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2 Lay summary 

 

Lay Title:  Understanding the distribution, management and outcomes of COVID-19 in 

Kenya 

Formal Title:  Surveillance and epidemiologic evaluation of COVID-19 in Kenya 

(SEECK). 

What is the problem/background? 

The coronavirus disease 2019 (COVID-19) is an infectious disease caused by a 

recently identified virus called severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2). SARS-CoV-2 has also been referred to as the 2019 novel coronavirus (2019-

nCoV). The disease was first identified in late 2019 in China, and has since spread 

globally, resulting in more than 10 million infections and more than 500,000 deaths as of 

1st July 2020. In Kenya, the first case of SARS-CoV-2 infection was reported on 13th 

March. Since then, the number of confirmed cases steadily rose to more than 6,000 by 

1st July 2020. The Ministry of Health has established an Emergency Operation Centre 

(EOC) to coordinate the technical national response to the epidemic. At county level, 

Rapid Response Teams implement case identification, contact tracing and isolation. 

KEMRI-Centre for Geographic Medicine, Coast (CGMRC) has a longstanding 

partnership with the Ministry of Health, and provides technical support for research and 

capacity building through four scientific departments: Epidemiology and Demography, 

Biosciences, Clinical Research, and Health System and Research Ethics. This proposal 

describes a series of activities aimed at improving the understanding of COVID-19 in 

Kenya and supporting the national and county emergency response to the COVID-19 

pandemic. 

What questions are we trying to answer? 

Our aim is to collect and analyse data to help understand various aspects of COVID-19 

– such as the pattern of COVID-19 cases, the pattern of exposure to COVID-19 among 

different groups and individual characteristics that may increase or lower the risk of 

severe COVID-19, how health care is being provided – and to apply this knowledge to 

guide national planning to limit the negative effects of the pandemic in Kenya. For 

example, it would be of considerable benefit to the Ministry if they knew the groups of 
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individuals who are more likely to have poor outcomes and then use this information to 

plan for control measures to protect these groups. We will investigate questions such 

as:  

- How common is COVID-19 infection in children and adults admitted to hospital 

and healthy adults such as healthcare workers? 

- What proportion of the general population has been exposed to SARS-CoV-2? 

- How does COVID-19 affect patients that are undernourished or that have vitamin 

D/iron deficiency or that are infected with HIV? 

- How have hospitals tried to provide routine and COVID-19 related care  

Where is the study taking place, how many people does it involve and how are 

they selected? 

We plan to do this work in a range of groups of people across approximately 18 Kenyan 

Counties. Some of the work will take place in health facilities where we already have 

approval to work on research projects, such as those listed in Table 2. We will work with 

the Ministry of Health to identify other sites to collect data based on the priorities 

identified.  

The following individuals will be involved in the various studies: 

- Clinical surveillance of COVID-19.  

This will include: estimation of the rate of new COVID-19 cases (COVID-19 

burden); evaluation of the signs/symptoms, course of illness and outcome of 

illness and any differences in medically vulnerable children and adults; evaluation 

of factors that increase or decrease the risk of severe disease and death; and 

evaluation of the role that shedding of SARS-CoV-2 in stool. All adults and 

children with known or suspected1 SARS-CoV-2 infection, admitted to study 

health facilities (see Table 2) and meeting the criteria in Section 9.2.2 will be 

included. Of these individuals: 

 
1  Suspected COVID-19: Any person presenting with hotness of the body or cough or difficulty in breathing having 
history of travel from outside the country OR lived with or visited somebody known to have Coronavirus disease 
(Kenya Ministry of Health. Case definition for novel coronavirus disease (COVID-19) – V25032020. Available from: 
http://www.health.go.ke/wp-content/uploads/2020/04/COVID-19-Case-Definition-25-March-2020.pdf. Accessed 19 

April 2020) 

http://www.health.go.ke/wp-content/uploads/2020/04/COVID-19-Case-Definition-25-March-2020.pdf


   
 

9 
SERU 4085 version 2.4; 04 July 2022; OxTREC 44-20 

o All children and adults who provide consent for clinical follow-up in a 

cohort as well as consent for collection of blood and stool samples for 

research over 6 months after admission will be included. 

o All children and adolescents diagnosed with a rare complication of SARS-

CoV-2 infection called “multisystem inflammatory syndrome” will be invited 

to participate in a study that further investigates that complication. 

- Surveillance for active and past SARS-CoV-2 infection.  

o Healthcare workers (HCW) at health facilities listed in Section 10.2.1 will 

be invited to participate. About 1,500 HCW are expected to participate. 

o About 700 other ‘frontline’ workers – in other words, workers likely to be at 

high risk of being exposed to SARS-CoV-2 or working in jobs important for 

the functioning of the economy – from approximately 3 companies or 

sectors such as those listed in Section 10.2.1 will be included. This will be 

a total of approximately 2,100 non-healthcare frontline workers.  

- Surveillance for past SARS-CoV-2 infection. 

o 850 adults and children living within health and demographic surveillance 

systems (HDSS) such as those listed in section 11.2.1 will be selected by 

chance from lists of residents and invited to participate. This study will be 

conducted in about 3 HDSS for a total of approximately 2,550 adults and 

children. 

o Children and adults infected with SARS-CoV-2 but having no systems of 

recent, new illness (asymptomatic) will be identified from health facilities 

such as those listed in Section 11.2.2.5. About 200 are expected to be 

enrolled in the study. 

o Children and adults infected with SARS-CoV-2 and showing symptoms of 

recent, new illness (symptomatic) will be identified from health facilities 

such as those listed in Section 11.2.2.6. All who meet the criteria listed 

will be included.  

- Understanding the effect on hospitals of COVID-19 

o Hospital managers, senior and junior clinicians (approximately 20 doctors, 

nurses, pharamcists etc) will be asked about the changes made in 

hospitals to help provide care for COVID-19 cases (eg. use of new 
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equipment or reorganizing of wards) and how they have managed to 

sustain routine services 

- Other studies included in this protocol but not listed above – such as surveillance 

for past SARS-CoV-2 infection in antenatal clinic (ANC) clients, historical 

surveillance for past SARS-CoV-2 infection among previously hospitalized non-

COVID patients (adults and children), micronutrient testing, genetic testing and 

studies of how SARS-CoV-2 infection affects how cells function – will not directly 

enroll participants, but will use samples collected through other studies and 

activities. 

What does the study involve for those who are in it? 

- Clinical surveillance of COVID-19. 

o Surveillance for the rate of all suspected and confirmed COVID-19 cases 

(burden of COVID-19) as well as description of the presentation, course, 

outcomes and risk factors for outcomes in these cases will not directly 

involve individuals but will instead rely on routine hospital documents that 

are routinely collected for non-research purposes or national/ County 

COVID-19 surveillance documents. Use of routinely collected health 

facility data is approved under separate protocols for clinical surveillance, 

including waiver of individual consent. 

o The study of the presentation, course and outcomes of SARS-CoV-2 

infection in clinically vulnerable patients – such as severely malnourished 

children, individuals with micronutrient deficiencies, and adults with 

immunodeficiency or chronic non-communicable conditions – as well as 

the study of the role of fecal shedding will involve collection of blood (5 

milliliters; 1 teaspoon) and stool (faeces) samples at admission and 

discharge as well as 2 days, 5 days, 1 month, 2 months, 3 months, 4 

months, 5 months and 6 months after admission. Participants will provide 

consent for clinical follow-up as well as collection of blood and stool 

samples. 

- Surveillance for active and past SARS-CoV-2 infection. 
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o HCW and other non-healthcare frontline workers will provide a 

nasopharyngeal and oropharyngeal (NP/OP) sample and a 5 milliliter (1 

teaspoon) blood sample. Each HCW will provide samples at up to four 

separate timepoints over one year while each non-healthcare frontline 

worker will provide up to three samples over 6 months. NP/OP samples 

will be tested for active SARS-CoV-2 infection and blood samples will be 

tested to determine if workers had SARS-CoV-2 infection in the past. 

Additional NP/OP and/or blood samples will not be collected if routinely 

collected for public health surveillance among specific frontline workers, 

e.g., truck drivers. Clinical and demographic data will be collected from 

participants. Consent will not be sought for routine testing directed by 

Ministry of Health, e.g., among truck drivers. Consent will be sought from 

participants for research testing. 

- Surveillance for past SARS-CoV-2 infection. 

o HDSS residents: A single blood sample – 5 milliliters (1 teaspoon) – will 

be collected. In a small sub-population (10% of the participants), we will 

collect about 100µL of blood spots (two-hundreths of a teaspoon) using 

fingerpricks. Clinical and demographic data will be collected from 

participants. Consent will be sought from participants. 

o Asymptomatic and symptomatic SARS-CoV-2 infected individuals: Blood 

samples will be collected at 2 weeks, 4 weeks, 6 weeks, 8 weeks, 3 

months, 6 months, 9 months and 12 months after diagnosis (8 samples 

total over one year). At each sampling point, 5 milliliters (1 teaspoon) for 

adults and 2 milliliters (less than half a teaspoon) for children below the 

age 5 years will be collected. Clinical and demographic data will be 

collected from participants. Consent will be sought from participants. 

- Understanding the effect on hospitals of COVID-19 

o Hospital managers, senior and junior clinicians (doctors, nurses, 

pharamcists) will be asked to share their experiences as part of interviews 

or small group discussions that may be held online or face to face in 

hospitals during site visits as these become possible  
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What are the benefits and risks/costs of the study for those involved?   

For study questions that will not enroll individuals directly, no costs will be incurred and 

there are no individual benefits. COVID-19 patients enrolled in the clinical surveillance 

with 6 months follow-up will need to attend visits at the health facility after discharge and 

will be reimbursed to offset transport costs (depending on distance traveled) and KES 

350 to KES 650 for out-of-pocket expenses. Individuals enrolled in serosurveillance 

among HDSS residents will be asked to attend one visit at a health facility and will have 

transport costs reimbursed as well as KES 350 to 650 reimbursement for out-of-pocket 

expenses. Individuals enrolled in the serosurveillance study among healthcare workers 

will have transport costs reimbursed and be provided with KES 650 for out-of-pocket 

expenses if they have been transferred and are asked to attend to their health facility of 

enrollment for sample collection, or are asked to attend a study visit during their non-

working hours. Individuals enrolled in other surveillance studies of active and past 

SARS-CoV-2 infection will have samples collected at their (participant’s) physical 

location and therefore will not incur study-associated travel costs. No additional tests 

will be carried out. Follow up home visits will be integrated within the County COVID-19 

Rapid Response Team home-based care program and patient follow up. Participants 

will receive reimbursement for transport and out-of-pocket expenses for any follow up 

visits to the health facility. 

Individuals recruited into clinical surveillance will benefit from tests to guide treatment 

and close follow up from the research teams. Costs related to study procedures, 

including research clinical tests, will be fully met by the research team. Individuals will 

be asked to give their permission before they share any of their experiences and all 

information they provide will be kept confidential. The aim is to focus on general issues 

that emerge across multiple facilities so no individual or specific facility will be named in 

any report. Those being interviewed online will be reimbursed data costs in line with 

existing KEMRI-Wellcome policies. For a 30-60 minute meeting / interview we provide 

1GB of data (cost to KEMRI-Wellcome approximately 250/= KES). Those being 

interviewed at their place of work are not expected to incur any participant costs. 

How will the study benefit society? 
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The proposed work is expected to provide information that will improve the 

government’s planning in response to COVID-19 and care of COVID-19 patients and 

help them optimize future hospital services. We therefore expect that some of the 

findings may improve the health and livelihoods of those living in Kenya and may find 

use in other countries. The proposed work may also provide information that can help 

identify additional important topics for future COVID-19 research.    

If blood spots are shown to be acceptable, valid and easier to do in the sub-population, 

they may be adopted for large scale sero-surveillance projects by the Ministry of Health 

to improve the health of individuals living in Kenya.  

 

When does the study start and finish? 

We plan to begin surveillance work related to the national public health response from 

July 2020 and will continue to provide data that are prioritised by the Ministry of Health 

and counties for the duration of the pandemic and possibly beyond, depending on the 

requirements of the Ministry, counties and health facilities involved. Research activities 

will start upon approval of ethical approval and are expected to continue for one year in 

the first instance.  
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4 Abstract 

With more than 10 million confirmed SARS-CoV-2 infections, 500,000 deaths reported 

by 1st July 2020 and enormous costs to the global economy, the coronavirus disease 

2019 (COVID-19) pandemic ranks among the most urgent crises in recent history. While 

high-income countries appear to be approaching their first epidemic peak, most Low- 

and Middle-Income Countries (LMICs) are anticipating an exponential increase in 

cases. In Kenya, over 6,000 cases have been confirmed among more than 170,000 

individuals tested and close to 150 deaths reported as of 1st July 2020. The national 

COVID-19 response is led by the National Emergency Response Committee overseeing 

the Emergency Operation Centre (EOC). EOC coordinates technical activities at 

national level and with counties through Rapid Response Teams implementing case 

identification, contact tracing and isolation.  

RT-PCR assays from nasopharyngeal (NP) and oropharyngeal (OP) samples remain 

the molecular test of choice for the aetiologic diagnosis of SARS-CoV-2 infection 

currently taking place at six laboratories across the country (including KEMRI Centre for 

Geographic Medicine, Coast). The sudden increase in demand for nasopharyngeal 

swabs and viral transport medium generated by the pandemic has exerted pressure on 

global supply chains for these supplies and hampered mass testing in the country.  

The government has instituted measures to slow the progression of the pandemic in 

Kenya, including promotion of hand hygiene, cough etiquette, and wearing of face 

masks in public areas, limiting social gatherings, suspension of international passenger 

flights into and out of Kenya, extended school and workplace closures, introducing a 

nationwide curfew, restricting travel into and out of “hotspot” counties, and mandatory 

quarantine for suspected cases. These interventions are aimed at “flattening the 

epidemic curve” to avert deaths arising from a surge in demand for services exceeding 

the capacity of the health system. However, these measures are also associated with 

substantial economic and societal costs. Governments are therefore faced with the 

dilemma of choosing between minimizing deaths arising directly from COVID-19 and the 

negative secondary impact of the mitigation measures. The optimal solution to this 

dilemma relies on the availability of accurate and timely surveillance data to inform 

planning while strengthening health service delivery.  

KEMRI-CGMR-C has a longstanding partnership with the Ministry of Health providing 

technical support through research, policy engagement and capacity building through its 

four scientific departments, including well-established high quality clinical surveillance 

across various health facilities participating in the Clinical Investigation Network (CIN), 

the Childhood Acute Illness and Nutrition Network (CHAIN) and at the Kilifi County 

Hospital. This protocol describes a series of clinical and seroepidemiological surveillance 

and research activities aimed primarily at providing evidence to support the national 

COVID-19 response in Kenya. Specifically, we aim to (i) undertake surveillance to 

describe the clinical, demographic, and genomic profile, trends, clinical course and 
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outcomes of patients with acute respiratory illness including COVID-19 and including 

post-COVID-19 multisystem inflammatory syndrome, (ii) use serological assays to 

estimate the seroprevalence of SARS-CoV-2 antibodies among target populations in 

Kenya, (iii) to determine the quantity, duration and contribution to transmission of faecal 

shedding of SARS-CoV-2 in settings where risk of faecal-oral contamination is high (iv) 

examine the availability and utilization of resources and organization of health services 

for the management of COVID-19 and (v) describe the secondary effects of COVID-19 

on essential routine health services.  

The surveillance work, surveys and interviews proposed here will provide 

complementary data on COVID-19 in the Kenyan population, organization of available 

resources for clinical management, and how these change over time to refine existing 

models of the projected course of the epidemic. The findings will ultimately inform 

contextualised recommendations on where, among whom, and when existing control 

strategies should be modified and to inform planning for the possible escalation of the 

epidemic in Kenya. 
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5 Introduction 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a novel coronavirus 

of zoonotic origin, capable of causing a potentially fatal pneumonia-like illness, 

coronavirus disease 2019 (COVID-19). SARS-CoV-2 is the seventh known coronavirus 

to infect humans. The other six coronaviruses include four endemic viruses that cause 

predominantly mild respiratory illness (229E, HKU1, NL63 and OC43) and two 

zoonoses – SARS coronavirus (SARS-CoV), which caused a global outbreak of severe 

respiratory disease in 2003, and Middle East Respiratory Syndrome coronavirus 

(MERS-CoV), which has caused localized outbreaks of severe respiratory illness since 

2012 (1). SARS-CoV-2 was first reported in China in December 2019 and spread 

rapidly thereafter, prompting the World Health Organization (WHO) to declare COVID-

19 a pandemic in March 2020 (2). By 1st July 2020, there were more than 10 million 

confirmed SARS-CoV-2 infections and 500,000 deaths globally. Most confirmed cases 

as of 1st July 2020 were reported in the US (2.6 million), Brazil (1.4 million) and Russia 

(647,849) while most deaths were reported in the US (127,410), the UK (43,730) and 

Brazil (59,594). There were approximately 405,000 and 10,000 confirmed COVID-19 

cases and deaths, respectively, in Africa by 1st July 2020. Kenya reported its first case 

of COVID-19 on 13th March 2020 and by 1st July there were 6,673 confirmed cases 

among 173,355 individuals tested. In this dynamic situation, data on the number of 

confirmed SARS-CoV-2 infections and COVID-19 deaths are updated daily (3-5).  

5.1 Clinical epidemiology 

SARS-CoV-2 has been shown to be transmitted through close contact with infected 

persons, droplets and through fomites. Airborne transmission – for example during the 

conduct of medical procedures – is a theoretical route of SARS-CoV-2 infection, but has 

not been conclusively demonstrated. SARS-CoV-2 has been isolated from faecal 

samples in a limited number of cases, suggesting potential faecal-oral transmission; no 

case of faecal-oral transmission has been documented to date (6, 7). The duration from 

infection to transmission has been estimated to be approximately five days and the 

reproductive number (average number of susceptible individuals infected by a single 

infected individual) has been estimated at 2.0 using data from China and 1.8-3.5 in 

Kenya (8, 9).  

Infection with SARS-CoV-2 can be asymptomatic or cause illness ranging from mild 

respiratory symptoms to severe pneumonia and septic shock. Little is known about the 

true number of infected persons, the proportion that is asymptomatic, and the 

distribution of disease severity. Availability of data on these crucial parameters is 

hampered by limited capacity for virological and serological testing with acceptable 

specificity and sensitivity, variations in populations targeted for testing globally, as well 

as variations in healthcare-seeking practices and access to healthcare globally and at 

the sub-national level. For example, testing of asymptomatic close contacts is 

performed in Kenya, but is not routinely recommended in South Africa (10). In addition, 

disease transmission in the asymptomatically infected may be common. For example, 

on the Diamond Princess cruise ship epidemic of 634 passengers and crew who tested 

positive for SARS-CoV-2, 328 (52%) did not have any symptoms (11). Based on a study 
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of approximately 45,000 confirmed, symptomatic, predominantly adult (98%) COVID-19 

cases in China, the distribution of mild/moderate, severe and critical disease was 81%, 

14% and 5%, respectively, with death occurring in 50% of critically ill patients who also 

accounted for all deaths in the cohort. In Kenya, 2.093 cases had been confirmed as of 

2nd June 2020. Of the total positive (confirmed) cases, 1,777 (85%) reported no 

symptoms at the time of initial testing (12).  

Data from non-African populations indicate that progression to severe disease occurs in 

the second week after onset of disease (13, 14). Progression to severe COVID-19 has 

been associated with age >60 years, pre-existing comorbidities as a composite and 

hypertension, cardiovascular disease and chronic respiratory disease, specifically (15). 

Risk factors for COVID-19 death are largely similar with a suggestion of increased risk 

of death for individuals aged >68 years and increased risk of death in individuals with 

hypertension, cardiovascular disease, cerebrovascular disease, chronic respiratory 

disease, malignancy and diabetes (14, 16-18). Available data suggest that SARS-CoV-2 

infection causes severe illness less frequently in children and adolescents compared to 

adults.  

Emerging reports indicate a newly-identified syndrome of severe multisystem 

inflammation, rash and cardiac dysfunction occurring about one month after COVID-19 

exposure or infection among children and adolescents. Clinical features of this 

syndrome include rash, conjunctivitis, muco-cutaneous inflammation, hypotension, 

shock, myocardial dysfunction, coagulopathy and gastrointestinal problems (diarrhoea, 

vomiting, or abdominal pain). The precise pathophysiology, clinical course and long-

term outcome of this novel syndrome are currently unknown and will require detailed 

surveillance and follow up to develop understanding. This syndrome has been 

highlighted as a priority by the WHO (19, 20).   

There is currently no approved treatment for COVID-19. Several global research trials 

are underway to identify drugs and vaccines for treatment and prevention of COVID-19. 

Drugs under study include hydroxychloroquine/ chloroquine, remdesivir and lopinavir/ 

ritonavir while at least 10 inactivated, protein sub-unit and DNA candidate vaccines are 

under clinical study and more than 100 vaccine candidates in pre-clinical studies (21-

23). 

Evidence on the clinical course of disease and risk factors has largely been drawn from 

studies in China (15, 24) and there are currently no data  from sub-Saharan Africa 

(sSA). Whether the mechanistic underpinnings of adverse outcomes vary by risk factor 

remains unknown. A substantial proportion of individuals in sSA are predisposed to 

pulmonary-associated risk factors that are virtually non-existent in high income 

countries. For example, previous work has shown that the extensive use of biomass-

based fuels at the household level is driving a generally unnoticed epidemic of chronic 

lung disease in sSA, including chronic obstructive pulmonary disease whose onset age 

in sSA is 20-30 years earlier than in high-income settings (25, 26). In addition, other risk 

groups, including undernourished children and human immunodeficiency virus (HIV) 
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infected populations  – who are significantly more likely to die from more traditional 

pneumonia etiologies (27, 28) – may be especially at risk of death from SARS-CoV-2.  

Micronutrient deficiencies, such as iron and vitamin D deficiency, may also influence 
susceptibility and clinical outcome of COVID-19 infection. Studies suggest that 
dysregulation of iron status is a hallmark of COVID -19 infection. In Chinese and 
European patients respiratory failure and death were associated with reduced 
haemoglobin and iron levels and higher ferritin levels (14, 29). Iron deficiency impairs 
host immunity and is associated with susceptibility to respiratory tract infections (30). A 
recent systematic review and meta-analysis including 189 observational studies and 
57,563 COVID-19 patients indicated that low haemoglobin and high ferritin levels are 
strong predictors of disease severity and reduced survival (31).  It is thought that vitamin 
D status might explain variation in the incidence of clinical infection and the severity of 
COVID-19 infection (32). Vitamin D enhances cellular innate immunity, which can lower 
viral replication rates (33) and vitamin D supplementation protects from acute 
respiratory infections (34). Emerging literature indicates that COVID patients are more 
likely to be vitamin D deficient (35). A small randomized controlled trial (n=76) indicated 
that adjunctive vitamin D supplementation to COVID-19 patients reduced the need for 
ICU treatment and possibly mortality (36). There is no information on how iron and 
vitamin D deficiency might influence COVID-19 infection in Africa. 

5.2 Sero-epidemiology 

SARS–CoV-2 serological tests using clinical samples (e.g. blood or saliva), such as 

enzyme-linked immunosorbent assays or lateral flow assays, have the potential to 

detect SARS-CoV-2 infection beyond the acute phase and to provide rapid results in a 

wide range of settings. However, their diagnostic utility is thought to be limited early on 

in the disease before antibody responses have developed (37). Studies in COVID-19 

patients from China (Hong Kong, Chongqing, Shenzhen) and Europe (France, 

Germany) with a cumulative sample of 500 patients provide some limited 

heterogeneous information(38-41) on SARS-CoV-2 antibody kinetics. In these studies, 

anti-SARS-CoV-2 IgA, IgG and IgM responses were evaluated using ELISAs targeting 

either the entire SARS-CoV-2 spike (S) protein, receptor binding domain (RBD) of the S 

protein or nucleoprotein (NP). Seroconversion rates ranged from 65% (anti-RBD IgG) to 

100% (anti-spike, anti-RBD or anti-NP IgA, IgG and IgM). Time to median 

seroconversion ranged from 6-22 days post-symptom onset. While one study found that 

antibody levels were not correlated with disease severity,(40) others found that high IgG 

levels were associated with disease severity.(38, 41) One study found that IgG and IgM 

levels were not associated with chronological age.(40) There was heterogeneity in the 

sequence of IgM vs. IgG antibody responses, with IgM detected first in some 

individuals,(38, 41) IgG first in others(38, 40) and simultaneous detection of IgM and 

IgG in others.(38) One study found that antibody levels were positively correlated with 

viral neutralization titers(40) and another suggested waning in IgG titers three weeks 

post-symptom onset.(38) The longest observation period in these studies was 39 days 

post-symptom onset, therefore, there is no information available on long-term antibody 
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kinetics and the duration of immunity induced by SARS-CoV-2 infection remains 

unknown.  

Emerging estimates of population-level exposure to SARS-CoV-2 range from 0% 

among adult patients in a region of Finland and blood donors in a region of France to 

36% among contacts of a case at a high school in France (42). In Kenya, 

serosurveillance among blood donors – a presumed healthy population – indicated 5% 

seroprevalence by June 2020 (43). In some other settings, 5% seroprevalence has 

been observed after communities have gone through a pandemic wave. The blood 

donor seroprevalence data therefore suggest that Kenya was in an advanced stage of 

the pandemic locally by June 2020. Seroprevalence estimates will vary by epidemic 

phase, geographical distribution of the local epidemic and population included in 

serosurveillance, as can be seen in available seroprevalence data. The development of 

validated serologic (antibody) assays that assess prior infection and immunity to SARS–

CoV-2 will be essential for epidemiologic studies to estimate attack rates or case-fatality 

rates, population surveillance, vaccine trials, and policy decision making  to strategically 

deploy immune frontline staff  and to inform the release of control measures (44). 

Immunoassays are already on the market in some countries, however their diagnostic 

accuracy (sensitivity and specificity – using RT-PCR as the gold standard – in the 

presence of other circulating human coronaviruses) and clinical utility in defining 

immunity from subsequent reinfection remain undefined. 

Reliable serological assays with high throughput are essential for undertaking rapid 

surveys to determine the proportion of individuals in the general population or in high-

risk groups exposed to SARS-CoV-2. An increasing number of commercial assays are 

now available to support this need. However, the performance of these assays will need 

to be validated locally among confirmed cases and pre-pandemic specimens before 

deployment at scale. 

The SARS-CoV-2 pandemic exposed a  need for high quality disease sero-surveillance 

at a population level. Frequently, cost and lack of skilled manpower have impeded 

population-level based sero-surveillance programs. It is important to assess for 

technology that makes micro sampling (such as the use of dried blood spots [DBS]) 

both logistically feasible to implement and acceptable to the general population 

5.3 Host genetics 

The host genetic factors determining inter-individual variation in COVID-19 severity are 

not well understood. Previous studies on the human genetic basis of infectious disease 

have identified mutations in genes that result in resistance or susceptibility to severe 

diseases such as malaria caused by Plasmodium vivax (DARC) (45), severe 

pneumonitis caused by influenza virus or rhinovirus (IRF7, IRF9, TLR3, IFIH1) (46-50), 

encephalitis caused by herpes simplex virus (TLR3, TRAF3, IRF3) (51-53), and HIV 

(CCR5) (54-56). 

Variants in the human angiotensin converting enzyme 2 (ACE2) gene that encodes the 

host cell surface receptor for SARS coronaviruses, were identified in the previous 
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SARS-CoV outbreak, and these variants play an important role in the binding of the viral 

spike protein (57). More studies are needed to determine whether these variants 

modulate the current SARS-CoV-2 binding to the ACE2 receptor, and whether they 

might influence COVID-19 severity. More recent target gene studies have implicated 

variants in other genes with COVID-19 severity, including ApoE e4 genotype in a 

population from the United Kingdom (58), and the ABO locus in Chinese and American 

populations (59, 60). 

Hypothesis-free genome-wide association studies (GWAS) are also being carried out, 

with the latest study in individuals from Italy and Spain also implicating the ABO locus, 

with higher risk of infection for blood group A and a protective effect for blood group O 

(61). This GWAS has also identified a variant in a gene cluster that includes the 

SLC6A20 gene, which encodes the sodium/imino-acid (proline) transporter 1 (SIT1), an 

ACE2 interacting partner (62, 63). This cluster also contains chemokine receptor genes 

such as CCR9 and CXCR6, which play an important immunomodulatory role in 

influenza viral infections (64). Preliminary findings from a genome-wide association 

study in the United Kingdom utilizing UK Biobank samples has identified a variant in the 

XPNPEP2 gene in the X chromosome that confers a protective effect against infection 

(65). Preliminary findings from a genome-wide association study in the United Kingdom 

utilizing UK Biobank samples has identified a variant in the XPNPEP2 gene in the X 

chromosome that confers a protective effect against infection21. This gene encodes the 

protein aminopeptidase P, which degrades bradykinin, a potent vasodilator peptide that 

is also degraded by ACE2 (66, 67). Of note from this study is that the signal in 

XPNPEP2 was only significant in white European ancestry individuals only, and not in 

other ancestries. This underscores the importance of carrying out more host genetics 

studies in diverse populations, to further understand the nature of disease risk in 

different populations. Furthermore, combining genotype and gene-expression data 

using expression quantitative locus (eQTL) mapping approaches could further elucidate 

the functional effects of genetic variants in both coding and non-coding regions that are 

associated with COVID-19 severity. 

5.4 COVID-19 and health services 

To minimize the risk of transmitting the virus to either patients or health care workers, 

health facilities have decongested their clinical areas by reducing staff levels, and 

deferring elective and routine visits. Care-seeking behaviour may also be adversely 

affected by patients avoiding visits out of fear of exposure to infection. A surge in cases 

is anticipated to result in diversion of staff and resources from key service areas to the 

management of COVID-19 patients. The situation may be worsened further by 

absenteeism as a result of infection of hospital staff. Analyses from the previous Ebola 

outbreaks in West Africa suggest that preventable deaths caused by measles, malaria, 

tuberculosis and HIV, and attributable to failures of the health system exceeded deaths 

from Ebola (68-70). Secondary effects of COVID-19 on the health system require active 

monitoring and reporting, particularly in low resource settings to ensure continuity of 

essential services that are already overstretched.  
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5.5 Kenya National COVID-19 response 

The COVID-19 response in Kenya is coordinated by the National Emergency Response 

Committee, which oversees technical functions of the Emergency Operation Centre 

(EOC). Counties coordinate sub-national Rapid Response Teams (RRT) that report to 

the EOC. The COVID-19 response in Kenya has focused on early case identification, 

contact tracing and isolation. Physical distancing and hand hygiene have been 

promoted by the Ministry of Health as preventive measures. To promote physical 

distancing, the government has encouraged work-from-home, suspended large 

gatherings inclusive of school closures, and overnight curfews have been implemented 

nationally. In contexts where physical distancing may be challenging to implement, such 

as in supermarkets and on public transport, use of face masks is required. As 

containment measures, limited lockdowns have been implemented in the Nairobi 

metropolitan area (which has the largest number of cases), Kilifi, Kwale, Mombasa and 

Mandera Counties, and international commercial travel has been halted with a view of 

flattening the epidemic curve.  

KEMRI’s Centre for Geographic Medicine, Coast has a longstanding partnership with the 

Ministry of Health providing technical support through research, policy engagement and 

capacity building through its four scientific departments, including well-established high 

quality clinical surveillance across various health facilities participating in the Clinical 

Investigation Network (CIN), the Childhood Acute Illness and Nutrition Network (CHAIN) 

and at the Kilifi County Hospital. KEMRI-Wellcome Trust Research Programme (KWTRP) 

Kilifi laboratories are the designated COVID-19 testing centre for the Coast region. 

Additional engagement from KWTRP in the COVID-19 response includes: (i) 

epidemiological and health system modelling, (ii) development and implementation of 

COVID-19 case management guidelines (iii) evidence synthesis on effectiveness of 

available interventions and approaches to epidemic control (iv) direct support for sentinel 

surveillance, analytics and reporting systems for EOC, and (v) technical support to the 

Kilifi County RRT.  

This protocol describes the range of existing and planned surveillance activities 

contributing to the national COVID-19 response.  

6 Justification for the study 

This study will generate local data – such as the proportion of exposed individuals, 

those who become symptomatic, the distribution of disease severity among 

symptomatic cases, clinical course of disease and disease transmission patterns in 

Kenya – which can inform COVID-19 models but are currently not available. Modelling 

is an essential tool for forecasting the COVID-19 epidemic in Kenya and exploring the 

effect of varying levels of control measures on the epidemic..  

The clinical course of disease in Kenyan patients has not been well-described and the 

impact of locally relevant vulnerabilities such as malnutrition and HIV-infection on the 

clinical course of disease is unknown. Beyond input into disease models, understanding 

groups at increased risk of COVID-19 can help develop targeted disease control and 
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prevention measures at the national and sub-national level. Furthermore, locally-

relevant host genetic factors determining inter-individual variation in COVID-19 severity 

and disease molecular mechanisms in locally-relevant vulnerable groups - which could 

inform locally-appropriate therapeutics – are unknown. 

Symptomatic testing for viral infection will miss exposed asymptomatic individuals and 

mass testing for viral infection will miss previously exposed individuals and may 

generate non-representative data if not conducted using a specified methodological 

approach. Furthermore, symptomatic and mass testing are limited by availability of 

consumables, reagents and personal protective equipment (PPE). Serological studies 

can provide insights into the extent of exposure to SARS-CoV-2  in populations, i.e., 

they can inform estimates of the population that may have been exposed to SARS-CoV-

2 and mounted an immune response. In the local context, serological studies in various 

populations, collectively, can inform modifications to COVID-19 control measures. 

Throughout the course of the pandemic, contact with healthy representatives of the 

population will continue in antenatal care (ANC) clinics. In these settings, blood is 

routinely drawn for infection screening. Residual samples from ANC clients may be 

used to test for SARS-CoV-2 antibodies. While these data cannot be directly 

generalised to the population, the approach may provide rapid insights for urgent policy 

decision-making. Seroprevalence studies in more representative populations, such as 

HDSS residents, may be more logistically challenging to conduct given restrictions 

associated with COVID-19 control measures, but nevertheless will be important to 

inform pre- and/or post-epidemic population exposure to SARS-CoV-2. Furthermore, 

understanding the potency with which immunity is stimulated and longevity of the 

response across the spectrum of cases, including asymptomatic, PCR-confirmed 

SARS-CoV-2 cases, and symptomatic acute and convalescent patients may provide an 

indication of the extent of herd immunity thus informing decisions on how to limit the 

collateral effects of COVID-19 on health, the economy and society. 

At the same time, key frontline staff, such as healthcare workers (HCW) are at high risk 

of infection with SARS-CoV-2. For example, reports from HCWs unions indicate that 20 

(9%) of the 216 confirmed SARS-CoV-2 infected cases in Kenya as of 14th April 2020 

were HCW (nurses, doctors, clinical officers). Apart from worsening the already severely 

constrained pool of HCW available to deal with the pandemic, these HCW are at risk of 

transmitting the infection to patients under their care. Knowledge of the extent of 

infection among HCW is needed in order to guide decision-making on infection 

prevention and control measures in health facilities and in the community. 

Understanding the extent of SARS-CoV-2 exposure in workers serving in other key, 

front-facing, service areas such as port workers and truck drivers will be important for 

informing when and how to ease COVID-19 control measures for critical services. 

It will be important to validate seroprevalence estimates generated from local SARS-

CoV-2 serosurveys, such as the Kenya blood donor seroprevalence survey (43). One 

way to interrogate such data could be through retrospective serosurveys using samples 

collected in the periods before and after COVID-19 was thought to have been 
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introduced in Kenya. Anti-SARS-CoV-2 IgG seropositivity among blood donors in Kenya  

(43) may be explained by a few cases of COVID-19 infections in late February (71), 

before confirmation of the first COVID-19 case in the country on March 12, 2020. 

Should retrospective surveys suggest development of SARS-CoV-2 antibodies before 

March 2020, additional investigations would be needed to inform whether these results 

indicate true SARS-CoV-2 infection or whether any positive results are due to assay 

cross-reactivity with endemic coronavirus (eCoVs).. 

While establishing capacity to respond to increased cases of COVID-19, counties must 

maintain delivery of essential health services, especially those that serve women and 

children, who are particularly vulnerable during emergency situations. To ensure this is 

achieved, there is need to conduct regular audits of quality of care and organization of 

health services against the national standards, to examine the challenges faced in 

providing new and existing services and provide periodic reports to counties and MOH to 

guide action.  

KWTRP is collaborating with partners in response to a formal request from the Ministry 

of Health to support COVID-19 surveillance activities to inform policy decision making. 

This study will generate context-specific evidence to guide the national and sub-national 

response to COVID-19 in Kenya and inform regional and global strategies for pandemic 

control.  

There is a need to leverage technology to make micro-sampling both easier to 

do(logistically feasible) and more acceptable to general population. This study will pilot a 

micro-sampling technique ( the Mitra cartridge device) (72) that could make the collection 

of population-level sero-surveillance samples easier, more acceptable and ensure 

sample integrity.   

 

7 Null hypothesis 

A null hypothesis is not appropriate; these are a series of activities to describe the 

epidemiology of SARS-CoV-2 infection. 

8 Objectives 

8.1 Overall aim 

To evaluate the demographic and clinical characteristics, effects on health service, 

seroepidemiology, genomic and molecular mechanisms of COVID-19 in Kenya so as to 

inform national and county-level response to the COVID-19 pandemic and locally 

relevant scientific understanding of SARS-CoV-2 infection. 

8.2 Primary objective 

To estimate the burden of COVID-19 and prevalence of exposure to SARS-CoV-2 

among targeted populations in Kenya.  
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Incidence of suspected2 or confirmed3 COVID-19 will be described in hospitalized 

children and adults. Cumulative incidence4 of SARS-CoV-2 infection will be estimated in 

healthcare workers (HCW) and non-healthcare frontline workers. In all cases, clinical 

and demographic characteristics of infected individuals – including the proportion who 

are asymptomatic – will be described. Prevalence of exposure to SARS-CoV-25 – 

including age-sex specific prevalence of SARS-CoV-2 IgG/IgM and trends in 

seroprevalence over time – will be estimated in antenatal clinic (ANC) clients, HCW, 

non-healthcare frontline staff, asymptomatic6 individuals, pre-symptomatic7 individuals, 

symptomatic8 (acute and convalescent) individuals, hospitalized non-COVID children 

and adults, and demographic surveillance residents (except for trends in 

seroprevalence).  

Table 1: Summary of primary objective 

Target population Epidemiologic measure   

Hospitalized children and 
adults 

• Incidence of suspected or confirmed COVID-19 

• Age-sex specific seroprevalence of SARS-CoV-2 
IgG/IgM 

• Trends in seroprevalence of SARS-CoV-2 IgG/IgM 
over time 

Healthcare workers • Cumulative incidence of SARS-CoV-2 infection 

• Age-sex specific prevalence of SARS-CoV-2 
IgG/IgM 

• Trends in seroprevalence of SARS-CoV-2 IgG/IgM 
over time 

Non-healthcare frontline 
staff and  

• Cumulative incidence of SARS-CoV-2 infection 

 
2 Suspected COVID-19 Definition 1: A patient with acute respiratory illness (fever or cough or shortness of breath), 
AND a history of travel to a foreign country during the 14 days prior to symptom onset; OR having been in contact 
with a confirmed or probable COVID-19 case in the last 14 days prior to symptom onset.  
Suspected COVID-19 Definition 2: A patient with severe acute respiratory illness (fever or cough or shortness of 
breath; AND requiring hospitalization) AND in the absence of an alternative diagnosis that fully explains the clinical 
presentation (Kenya Ministry of Health. Case definition for novel coronavirus disease (COVID-19) – V25032020. 
Available from: http://www.health.go.ke/wp-content/uploads/2020/04/COVID-19-Case-Definition-25-March-

2020.pdf. Accessed 19 April 2020) 
3 Confirmed COVID-19: A person with laboratory confirmation of COVID-19 infection, irrespective of clinical signs 
and symptoms (Kenya Ministry of Health. Case definition for novel coronavirus disease (COVID-19) – V25032020. 
Available from: http://www.health.go.ke/wp-content/uploads/2020/04/COVID-19-Case-Definition-25-March-

2020.pdf. Accessed 19 April 2020) 
4 Cumulative incidence of SARS-CoV-2 infection: Number of new cases of COVID-19 as diagnosed by RT-PCR 
divided by all individuals at the start of the observation period 
5 Prevalence of SARS-CoV-2 exposure (seroprevalence): Number of individuals with SARS-CoV-2 antibodies divided 
by all individuals tested for SARS-CoV-2 antibodies 
6 Asymptomatic: Individuals with no signs or symptoms of acute illness 
7 Pre-symptomatic: Individuals with no signs or symptoms or acute illness at the time of COVID-19 diagnosis, but 
who develop signs or symptoms of acute illness post-diagnosis 
8 Symptomatic: Individuals with signs or symptoms associated with acute illness, not limited to those commonly 
associated with COVID-19 such as cough, fever and difficulty breathing. 

http://www.health.go.ke/wp-content/uploads/2020/04/COVID-19-Case-Definition-25-March-2020.pdf
http://www.health.go.ke/wp-content/uploads/2020/04/COVID-19-Case-Definition-25-March-2020.pdf
http://www.health.go.ke/wp-content/uploads/2020/04/COVID-19-Case-Definition-25-March-2020.pdf
http://www.health.go.ke/wp-content/uploads/2020/04/COVID-19-Case-Definition-25-March-2020.pdf
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• Age-sex specific prevalence of SARS-CoV-2 
IgG/IgM 

• Trends in seroprevalence of SARS-CoV-2 IgG/IgM 
over time 

ANC clients • Age-specific prevalence of SARS-CoV-2 IgG/IgM 

• Trends in seroprevalence of SARS-CoV-2 IgG/IgM 
over time 

Demographic surveillance 
system residents 

• Age-specific prevalence of SARS-CoV-2 IgG/IgM 
 

Asymptomatic, pre-
symptomatic SARS-CoV-2-
infected individuals  

• Age-specific prevalence of SARS-CoV-2 IgG/IgM 

• Trends in seroprevalence of SARS-CoV-2 IgG/IgM 
over time 

Symptomatic (acute and 
convalescent)  SARS-CoV-
2-infected individuals 

• Age-specific prevalence of SARS-CoV-2 IgG/IgM 

• Trends in seroprevalence of SARS-CoV-2 IgG/IgM 
over time 

 

8.3 Specific secondary objectives 

1. To describe the clinical presentation, course and outcomes and determine the 

quantity, duration and contribution to transmission of viable faecal shedding of 

SARS-CoV-2 in hospitalized COVID-19 patients. 

 

The clinical presentation, course and outcomes of COVID-19, including risk factors, 

will be described in all hospitalized cases as well as in more detail among highly 

vulnerable adults (such as those with HIV and chronic non-communicable diseases) 

and highly vulnerable children (such as those with malnutrition). We will also 

investigate whether micronutrient deficiencies, such as iron and vitamin D deficiency 

are associated with risk and clinical outcome. The description of clinical 

epidemiology in COVID-19 cases will include evaluation of multisystem inflammatory 

syndrome in children and adolescents. 

2. To describe and compare trends in hospitalization and mortality due to all causes 

and pneumonia in adults and children. 

3. To examine utilization of respiratory care interventions, up-referral, down-referral, 

criteria for discharge and determine the impact of local SARS-CoV-2 response on 

the ability of the Kenyan health system to continue to deliver other health services, 

including management of acute illness (diarrhoea, pneumonia, malaria, HIV), 

nutritional rehabilitation, follow-up care and prevention of mother to child HIV 

infection. 

4. To investigate host genetic determinants of susceptibility to COVID-19, and 

molecular mechanisms of SARS-CoV-2 severity and death in hospitalized adults 

with long-term biomass exposure and severe undernutrition. 
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Methods: Overview of included studies 

The table below summarizes the studies included under this protocol. This table is intended to orient the reader to the various 

studies included under this protocol and is not intended to be exhaustive. Detailed methods for each study are provided in 

Sections 9 -13. 

Study (design) Objective Sites Population Sample size Research 
samples 

Frequency 

Clinical surveillance and health services 

Incidence of 
suspected and 
confirmed COVID-
19 (population 
surveillance) 

Primary objective CIN/ CHAIN 
health facilities - 
Please see Table 
2,  
Kenyatta 
University 
Teaching, 
Referral and 
Research 
Hospital 

Children and adults All admitted to 
study health 
facilities 

None  

Clinical 
presentation, 
course and 
outcome, including 
risk factors 
(population 
surveillance) 

Secondary 
objective #1 

CIN/ CHAIN 
health facilities - 
Please see Table 
2,  
Kenyatta 
University 
Teaching, 
Referral and 
Research 
Hospital 

Children and adults All eligible patients 
with available data 

None  

Clinical 
surveillance for 
multisystem 
inflammatory 
syndrome (CHAIN-
COVID cohort) 

Secondary 
objective #1 

CIN/ CHAIN 
health facilities - 
Please see Table 
2 

Individuals <18 
years of age with 
multisystem 
inflammatory 
syndrome 
symptoms 

All meeting 
eligibility criteria 

Blood (5mL) 
NP swab* 
Faecal 
Rectal swab 

Enrollment; 2 
and 5 days 
post-
enrollment; at 
discharge; and 
1, 2, 3, 4, 5, 
and 6 months 
post-enrollment 
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Study (design) Objective Sites Population Sample size Research 
samples 

Frequency 

Clinical 
presentation, 
course and 
outcomes – 
including risk 
factors – in highly 
vulnerable adults 
and children 
(CHAIN-COVID 
cohort) 

Secondary 
objective #1 

CIN/ CHAIN 
health facilities - 
Please see Table 
2 

Children with and 
without acute 
malnourishment 
 
Adults with and 
without HIV and 
other chronic non-
communicable 
conditions 

600 children aged 
<15 years 
 
 
 
600 individuals 
aged ≥15 years 

Blood (5mL) 
NP swab* 
Faecal 
Rectal swab 

Enrollment; 2 
and 5 days 
post-
enrollment; at 
discharge; and 
1, 2, 3, 4, 5, 
and 6 months 
post-enrollment 

Quantity, duration 
and contribution to 
transmission of 
faecal shedding of 
SARS-CoV-2 
(CHAIN-COVID 
cohort) 

Secondary 
objective #1 

CIN/ CHAIN 
health facilities - 
Please see Table 
2 

Samples from 
CHAIN-COVID 
cohort 

200 samples (100 
positive by RT-
PCR at enrollment 
and Day 30) 

None – will use 
faecal and rectal 
swab samples 
from CHAIN-
COVID cohort 

N/A 

Trends in 
hospitalization and 
mortality due to all 
causes and 
pneumonia in 
adults (population 
surveillance) 

Secondary 
objective #2 

Kilifi County 
Hospital (KCH) 

Patients admitted to 
the KCH adult 
wards 

All admitted 
patients 

None  

Qualitative 
exploration of the 
challenges facilities 
face in providing 
COVID-19 and 
routine services 

Secondary 
objective #3 

CIN/ CHAIN 
health facilities - 
Please see Table 
2 and COVID 
specific facilities 

Senior and junior 
health workers who 
manage/lead 
services or provide 
care 

Between 20-30 
interviews and 4-6 
small group 
discussions (until 
the point no major 
new findings 
emerge) 

None N/A 
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Study (design) Objective Sites Population Sample size Research 
samples 

Frequency 

Micronutrient 
studies 

Secondary 
objective #1 

KCH, KNH, 
CGTRH, 
Mbagathi 
hospital, 
JOOTRH, Nairobi 
County, 
Mombasa County 
and Uasin Gishu 
County 

Samples from: 
- Asymptomatic 

serosurveillance 
cohort 

- COVID-19 
cases at KCH 

- HCW 
serosurveillance 
cohort 

All admitted 
symptomatic 
patients, 150 
asymptomatic 
cases and 300 
HCW 

None – residual 
blood (300µl) will 
be used 

N/A 

Virological and serological surveillance 

Virological and 
serological 
surveillance 
(longitudinal study) 

Primary objective - KCH 
- Kenyatta 

National 
Hospital (KNH) 

- Coast General 
Teaching and 
Referral 
Hospital 
(CGTRH) 

- Mbagathi 
County Hospital 

- Jaramogi 
Oginga Odinga 
Teaching and 
Referral 
Hospital 
(JOOTRH) 

- Aga Khan 
University 
Hospital 

HCW 4500 NP/OP swab 
Blood (5mL) 

Enrollment, 4, 8 
and 12 months 
post-enrollment 
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Study (design) Objective Sites Population Sample size Research 
samples 

Frequency 

Virological and 
serological 
surveillance 
(longitudinal study) 

Primary objective Up to three 
organizations 
sectors among: 
- Truckers 
- Kenya Ports 

Authority (KPA) 
- Kenya Airports 

Authority (KAA)  
- Kenya Airways 

Non-healthcare 
frontline workers 

2100 NP/OP swab 
Blood (5mL) 

Enrollment, 3 
months and 6 
months post-
enrollment 

Serological 
surveillance 
(repeated cross-
sectional survey) 

Primary objective - KCH 
- KNH 
- CGTRH 
- Mbagathi 

County Hospital 
- JOOTRH 

Antenatal clinic 
(ANC) clients 

8100 None – will use 
residual blood 
from samples 
collected at ANC 
appointments 

N/A 

Serological 
surveillance (cross-
sectional survey) 

Primary objective Kilifi Health and 
Demographic 
Surveillance 
System (HDSS) 
Nairobi HDSS 
Manyatta HDSS 

HDSS residents 
(adults and 
children) 

2550 Blood (5mL) Once (at 
enrollment) 

Serological 
surveillance 
(longitudinal study) 

Primary objective - Nairobi County 
- Mombasa 

County 
- Uasin Gishu 

County 

Asymptomatic PCR-
confirmed SARS-
CoV-2 infected 
adults and children 

200 Blood (2mL for 
children aged <5 
years; 5mL for 
individuals aged 
≥5 years) 

2 weeks, 4 
weeks, 6 
weeks, 8 
weeks, 3 
months, 6 
months, 9 
months and 12 
months post-
enrollment 
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Study (design) Objective Sites Population Sample size Research 
samples 

Frequency 

Serological 
surveillance 
(longitudinal study) 

Primary objective - Aga Khan 
University 
Hospital 

- KNH 
- Kenyatta 

University 
Teaching 
Research and 
Referral 
Hospital 

- Moi University 
Teaching and 
Referral 
Hospital 

Symptomatic PCR-
confirmed SARS-
CoV-2 infected 
adults and children 

All eligible  Blood (2mL for 
children aged <5 
years; 5mL for 
individuals aged 
≥5 years) 

2 weeks, 4 
weeks, 6 
weeks, 8 
weeks, 3 
months, 6 
months, 9 
months and 12 
months post-
enrollment 

Serological survey 
(retrospective 
study) 

Primary objective - Kilifi County 
Hospital 

Hospitalized non-
COVID children and 
adults 

Approximately 
1600 annually 

None. Will use  
stored samples 

N/A 

Host genetics studies 

Target gene 
analysis 
 

Secondary 
objective #4 

Clinical, 
virological and 
serological 
surveillance sites 

SARS-CoV-2 
infected and 
uninfected children 
and adults 

500 None – will use 
portion of blood 
samples collected 
from CHAIN-
COVID cohort, 
serological 
surveillance 
studies and other 
KWTRP studies 

N/A 

Genome-wide 
studies 

Molecular 
mechanisms 
study 

Secondary 
objective #4 

Clinical and 
virological 
surveillance sites 

SARS-CoV-2 
infected and 
uninfected children 
and adults 

500 None – will use 
residual NP 
samples collected 
from clinical and 
virological 
surveillance 

N/A 
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9 Clinical surveillance and health services studies 

9.1 Linked objectives 

9.1.1 Clinical surveillance objectives 

• To estimate the burden of COVID-19 (primary objective).  

• To describe the clinical presentation, course and outcomes and determine the 

quantity, duration and contribution to transmission of faecal shedding of viable 

SARS-CoV-2 in hospitalized COVID-19 patients (secondary objective #1). 

• To describe and compare trends in hospitalization and mortality due to all causes 

and pneumonia in adults and children(secondary objective #2). 

9.1.2 Health services assessment objectives 

• To examine utilization of respiratory care interventions, up-referral, down-referral, 

criteria for discharge and determine the impact of local SARS-CoV-2 response 

on the ability of the Kenyan health system to continue to deliver other health 

services, including management of acute illness (diarrhoea, pneumonia, malaria, 

HIV), nutritional rehabilitation, follow-up care, prevention of mother to child HIV 

infection, and immunization services (specific secondary objective #3) 

9.2 Design and methodology – Clinical surveillance and health services studies 

9.2.1 Sites 

9.2.1.1 Clinical surveillance 

Both paediatric and adult clinical surveillance will be conducted at health facilities with 

ongoing KWTRP clinical surveillance platforms: Clinical Information Network (CIN), 

Childhood Acute Illness and Nutrition Network (CHAIN) and Kilifi County Hospital. 

These health facilities may include those listed in Table 1. As such, COVID-19 clinical 

surveillance and health services studies will leverage ongoing surveillance and research 

work approved under KEMRI SERU #3459 (Clinical Information Network – A technical 

collaboration with the Ministry of Health and county hospitals to support and improve 

strategies for audit and health service evaluation), SSC #1433 (An effectiveness study 

in Kilifi District of 10-valent Pneumococcal Conjugate Vaccine administered through the 

routine childhood immunization programme) and SSC#1999 (Description of the profile 

of disease in adults admitted in Kilifi County Hospital). Additional health facilities will be 

invited to take part if they are recommended by the Ministry of Health or Counties, have 

an interest in engaging and there is capacity to include them.  

Table 2. COVID-19 clinical surveillance sites 

County Health facility   County Health facility  

Busia Busia County 
Referral Hospital 

 Embu Embu Level 5 
Teaching & 
Referral Hospital 

Bungoma Bungoma County 
Referral Hospital 

 Nakuru Naivasha County 
Referral Hospital 

Kisumu Jaramogi Oginga 
Odinga Teaching 

 Nakuru Level 5 
Hospital 
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County Health facility   County Health facility  

and Referral 
Hospital 

Kisumu County 
Hospital 

 Nairobi Mama Lucy 
Kibaki Hospital 

Homa Bay Homabay County 
Referral Hospital 

 Mbagathi County 
Hospital 
Kenyatta 
National Hospital 

Vihiga Vihiga County 
Referral Hospital 

 Pumwani 
Maternity 
Hospital 

Kakamega Kakamega 
County General 
Teaching & 
Referral Hospital 

 Nyeri Nyeri County 
Referral Hospital 

Trans-Nzoia Kitale County 
Hospital 

 Kirinyaga Kerugoya 
County Referral 
Hospital 

Migori  Migori County 
Hospital 

 Kiambu Kiambu Level 5 
Hospital 

Nyatike Sub-
County Hospital 
(Macalder) 
Hospital 

 Thika Level 5 
Hospital 

Machakos Machakos Level 
5 Hospital 

 Mombasa Coast General 
Hospital 

Kisii Kisii County 
Hospital 

 Kilifi Kilifi County 
Hospital 

 

9.2.1.2 Health services assessment 

Health system capacity monitoring will be based on the Ministry of Health’s COVID-19 

Health Facility Assessment Tools and aligned with the WHO’s Hospital Readiness 

checklist for COVID-19 . 

Monitoring will be conducted in health facilities where clinical surveillance will be 

conducted, which may include those health facilities listed in Table 1. 

Interviews or small group discussions will be conducted with senior clinical staff and 

managers as well as frontline workers (including physicians, clinical officers, nurses and 

pharmacists where appropriate) to explore the challenges they face in providing COVID-

19 specific care or maintaining existing services. 
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9.2.2 Study population 

9.2.2.1 Clinical surveillance 

9.2.2.1.1 Surveillance for all suspected or confirmed COVID-19 (primary objective #1 

and secondary objective #1)] 

We will seek to enrol all paediatric and adult patients including suspected and confirmed 

COVID-19 hospitalized cases at participating health facilities, defined as neonates, 

children and adults who meet the Kenyan National suspected or confirmed COVID-19 

case definition at presentation to hospital or during an inpatient stay. The Kenya 

National COVID-19 case definition is subject to change in this rapidly evolving situation. 

As of March 25, 2020, the following case definition applied: 

o “Suspect case: 

▪ A patient with acute respiratory illness (fever or cough or shortness 

of breath), AND 

• A history of travel to a foreign country during the 14 days 

prior to symptom onset; OR 

• Having been in contact with a confirmed or probable COVID-

19 case…in the last 14 days prior to symptom onset 

▪ A patient with severe acute respiratory illness (fever or cough or 

shortness of breath; AND requiring hospitalization) AND in the 

absence of an alternative diagnosis that fully explains the clinical 

presentation 

o Confirmed case: 

▪ A person with laboratory confirmation of COVID-19 infection, 

irrespective of clinical signs and symptoms” (73) 

All children and adolescents aged <18 years admitted to hospital will be assessed for 

SARS-CoV-2-associated multisystem inflammatory syndrome using the case definition 

below, adapted from the WHO preliminary case definition below  and if meeting these 

criteria, included in our cohort study and followed up for a period of 6 months to better 

understand health outcomes after discharge from hospital: 

Children 0-19 years of age with fever for ~3 days 

AND  

Two of the following: 

a. Rash or bilateral non-purulent conjunctivitis or muco-cutaneous 
inflammation signs (oral, hands or feet) 

b. Hypotension or shock 
c. Features of myocardial dysfunction, pericarditis, valvulitis, coronary 

abnormalities including ECHO findings or elevated Troponin/ NT-proBNP), 
or evidence of coagulopathy (PT, PTT, elevated d-Dimers) OR other 
evidence of cardiac dysfunction where these tests are not available* 

d. Acute gastrointestinal problems (diarrhoea, vomiting, or abdominal pain) 
 



   
 

40 
SERU 4085 version 2.4; 04 July 2022; OxTREC 44-20 

AND 

Elevated markers of inflammation such as ESR, CRP, or procalcitonin 

AND 

No other obvious microbial cause of inflammation, including bacterial sepsis, 

staphylococcal or streptococcal shock syndromes 

AND 

Evidence of COVID (RT-PCR test or serology positive), or likely contact with 

patients with COVID 

  *in italics, modified for surveillance in limited resource settings 

9.2.2.1.2 Sub-group eligibility criteria 

9.2.2.1.2.1 Quantity, duration and contribution to transmission of faecal shedding of SARS-CoV-

2 (secondary objective #1) 

Criteria for inclusion: 

• Planning to remain within the hospital catchment area and willing to come for 

follow-up visits (monthly visits for 6-months). 

• Patient willing to consent, or for children a parent or guardian who consents on a 

child’s behalf (where possible assent will also be sought from children over the 

age 13) 

Criteria for exclusion of all subjects 

• Previously enrolled in this study 

• Referred from another facility and having been a suspected case for longer than 

24 hours. 

• Suspected cases who have been at the study hospital for more than 24 hours. 

9.2.2.1.2.2 Clinical presentation, course and outcomes – including risk of death in the inpatient 

and post-discharge periods – in highly vulnerable adults and children (secondary 

objective #1) 

Criteria for inclusion: 

• Planning to remain within the hospital catchment area and willing to come for 

specified follow-up visits 

• Patient willing to consent, or for children a parent or guardian who consents on a 

child’s behalf (where possible - e.g. well-enough and with mental capacity to 

provide assent - assent will also be sought from children over the age 13) 

• Children aged 2 months – 15 years of age with WHO defined severe acute 

malnutrition and children without severe acute malnutrition  

• Individuals aged ≥15 years of age with existing diagnoses of chronic lung 

disease; moderate to severe asthma; heart failure; congenital heart disease; 
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immunocompromise (HIV, other immune deficiency, or currently taking 

immunosuppressive drugs including prolonged corticosteroids); diabetes; chronic 

kidney disease being treated by dialysis, chronic liver disease or severe obesity 

(BMI ≥40). 

Criteria for exclusion of all subjects 

• Previously enrolled in this study 

• Referred from another facility and having been a suspected case for longer than 

24 hours. 

• Suspected cases who have been at the study hospital for more than 24 hours. 

9.2.2.1.2.3 Micronutrient studies of vitamin D and iron status 

• Asymptomatic adults or children with COVID-19 from serosurveillance cohort 

(See Section 11) 

• COVID-19 cases at KCH 

• HCW serosurveillance cohort (See section 11) 

9.2.2.1.2.4 Trends in hospitalization and mortality due to all causes and pneumonia in adults 

(secondary objective #2) 

• All individuals admitted to KCH adult wards  

• Individuals admitted to KCH adult wards with clinical pneumonia. Clinical 

pneumonia is defined as the presence of any two of the following symptoms 

within the past 14 days before admission: cough, fever, chest pain, crackles, 

haemoptysis, dyspnea 

9.2.2.2 Health services assessments 

These activities will include simple inventories of available resources complemented by 

interviews and small-group discussion with health care workers who manage or provide 

services. Inclusion criteria: 

• Willing to provide consent 

• Hospital managers, senior and junior clinicians (doctors, nurses, pharamcists 

etc.) 

 

9.2.3 Sampling 

9.2.3.1 Clinical surveillance 

9.2.3.1.1 Estimation of the burden of COVID-19 (primary objective) 

All patients meeting eligibility criteria (Section 9.2.2.1.1.) will be included.   

9.2.3.1.2 Clinical presentation, course and outcomes – including risk factors – in all 

children and adults (secondary objective #1) 

All children and adults under clinical surveillance will be included.  
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Using a case-control analytic approach for risk factor analyses, the power to detect a 

doubling in the odds of mild, severe or fatal (in-hospital and post-discharge) COVID-19,  

assuming 5% or 10% prevalence of the risk factor in question, and equal numbers of 

cases and controls, is summarized in the table below for different sample sizes.  

Prevalence of risk 

factor in controls 

N SARS-CoV-2 

positive (cases) 

N SARS-CoV-2 

negative (controls) 

Power 

5% 

100 100 23% 

250 250 50% 

500 500 79% 

750 750 92% 

1000 1000 97% 

10% 

100 100 38% 

250 250 75% 

500 500 96% 

750 750 100% 

1000 1000 100% 

 

Using a cohort analysis approach for risk factor analyses, the power of the analysis to 

detect a doubling in risk of mild, severe or fatal (in-hospital or post-discharge) COVID-

19 is shown in the table below. This assumes a 5% significance level, a range of 

mortality rates and 5% or 10% risk factor prevalence in individuals without the 

respective outcome.  

5% risk factor prevalence  10% risk factor prevalence 

% 

deaths N  Power 

% 

deaths N  Power 

2% 

500 3% 

2% 

500 6% 

1000 5% 1000 13% 

2500 14% 2500 39% 

5000 34% 5000 76% 

7500 54% 7500 92% 

10000 70% 10000 98% 

5% 

500 6% 

5% 

500 17% 

1000 14% 1000 39% 

2500 44% 2500 85% 

5000 80% 5000 99% 

7500 95% 7500 100% 

10000 99% 10000 100% 

10% 

500 15% 

10% 

500 38% 

1000 33% 1000 72% 

2500 78% 2500 99% 

5000 98% 5000 100% 

7500 100% 7500 100% 
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5% risk factor prevalence  10% risk factor prevalence 

% 

deaths N  Power 

% 

deaths N  Power 

10000 100% 10000 100% 

N=cohort size, i.e. total number of COVID-19 cases 

% deaths is among the unexposed but since the prevalence of exposure is <10% this will correspond 

approximately to the death rate among COVID-19 patients as a whole  

9.2.3.1.3 Clinical presentation, course and outcomes – including risk of death in the 

inpatient and post-discharge periods – in highly vulnerable adults and 

children (secondary objective #1) 

The paediatric cohort focusing on a subpopulation of higher and lower vulnerable adults 

and children will include 300 children with WHO defined severe acute malnutrition and 

300 children without severe acute malnutrition. Children will not be excluded if they 

have additional comorbidities (such as HIV). Similarly, the higher and lower vulnerability 

adult cohort aims to recruit a total of 600 (300 individuals with HIV or chronic non-

communicable diseases and 300 individuals without these conditions). Both the 

paediatric and adult cohort will be followed for 180-days after enrollment and will receive 

monthly follow-up visits. This stratification is used to optimize statistical power, while 

minimizing the number of COVID-19 patients exposed to the research protocol. 

The sample size calculations are based on the ability to estimate the effect of host 

vulnerabilities on COVID-19 associated mortality and this aim  requires the most 

participants to achieve statistical power. 

For the paediatric cohort, the sample size calculation is conducted for a comparison 

between children with and without severe acute malnutrition. We assume 80% power, 

and alpha of 0.05 and that children without malnutrition will have mortality rate of 5% 

during the 180-days follow-up. Data from the CHAIN Network suggest that children 

presenting with severe malnutrition typically experience a 3-fold increased risk in 

mortality compared children without the condition across a broad range of acute 

illnesses.  Therefore, 226 severely malnourished and 226 not severely malnourished 

children will allow us to detect a slightly conservative estimate of a 2.7-fold increase in 

risk associated with malnutrition.  Accounting for a 20% loss to follow-up, this would 

yield a total sample size of 600 children, approximately 6-per week per-site.  

For the adult cohort, the sample size calculation is conducted for a comparison between 

adults with and without HIV infection or chronic non-communicable diseases. We 

assume 80% power, and alpha of 0.05 and that adults without these risk factors will 

have mortality rate of 3% during the 180-days follow-up. It is reasonable to also expect 

adults with HIV or chronic non-communicable diseases to experience a 3-fold increased 

risk in mortality compared to other adults.  Again, suggesting that a total sample size of 

600 adults should be recruited.  

For both cohorts, patients will be recruited consecutively across all sites until the target 

sample size is achieved. 
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9.2.3.1.4 Quantity, duration and contribution to transmission of faecal shedding of 

SARS-CoV-2 

All enrolled patients will be included.  Nasopharyngeal and faecal swabs will be 

collected at monthly follow-up visits for the duration of the 180 day follow-up. 

Participants will be asked to participate in fecal rectal swabbing in the clinical, and 

swabs will be stored at -80oC in appropriate medium for viral culture within 30 minutes 

of collection.  These swabs will have SARS-CoV-2 PCR and viral culture performed at a 

later date, and will be used to calculate monthly prevalence of SARS-CoV-2 shedding 

among included participants. The potential for fecal shedding to contribute to viral 

transmission will be assessed by comparing PCR to viral culture in an effort to 

understand if the prolonged faecal shedding that has been documented among children 

and some adults is viable virus or simply viral fragments unlikely to result in further 

disease transmission. 

9.2.3.1.5 Micronutrient studies: vitamin D and iron status 

Plasma samples will be collected in asymptomatic and hospitalized children/adults with 

COVID-19 and also from healthcare workers. The following measures of vitamin D and 

iron status will be assayed in stored plasma samples (300ul) at the KWTRP 

laboratories: 25-hydroxyvitamin D (25OHD), ferritin, iron, transferrin, soluble transferrin 

receptor and hepcidin. 

 

9.2.3.2 Health services assessments 

Purposeful sampling will be used to identify senior and junior staff with a variety of roles 

from different professions and different hospitals focused on maximizing the diversity of 

respondents. This sampling approach does not aim to ensure those interviewed are 

statistically representative of all health workers, instead it seeks to ensure multiple 

viewpoints are explored to uncover a wide range of challenges In this approach it is 

common to stop including more respondents when little new information is being 

gained, often this is after including 20-30 respondents. 

9.3 Procedures – Clinical surveillance and health services studies 

9.3.1 Clinical surveillance 

9.3.1.1 Screening and enrollment 

The CHAIN research staff will work with the MOH staff to identify suspected cases and 

collect nasopharyngeal swabs for COVID-19 surveillance in accordance with MOH and 

CIN protocols. CHAIN research staff will work with health facility staff to conduct 

surveillance for SARS-CoV-2-associated multisystem inflammatory syndrome, including 

collection of blood samples among suspected cases for diagnostic testing. Suspected 

COVID-19 adult and paediatric cases will then be screened for eligibility to the CHAIN-

COVID cohort against the criteria described in section 9.2.2, and full written consent will 

be taken from adults. The parents or legal guardians of eligible children will be asked to 

provide consent, and children aged 13-17 years will be asked to provide documented 

assent. Emergency assent will be sought for individuals who are clinically ill at 
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presentation to the health facility. The timing of consent, and subsequent data collection 

will be coordinated with MOH staff to ensure that research procedures do not delay, 

disrupt or replicate emergent care. The number of suspected cases recruited each week 

will be subject to a dynamic restriction coordinated by the central CHAIN team in Nairobi 

and based on the anticipated ratio of positive to negative test results. Data from other 

setting suggest, and early data from CHAIN suggests that approximately 1 in 10 tests 

are likely to be positive. 

After consent has been taken, enrolment data and samples will be collected (Appendix 

20.4.1). All enrolled participants will be followed until their test result is returned. 

Enrolled participants who test negative will have completed the study. 

Case investigation forms may be used to identify individuals that have undergone 

COVID-19 RT PCR testing. Ethical approval to collect clinical and demographic data 

from case investigation forms is sought through this protocol; individual consent will not 

be sought to collect data from case investigation forms.  

9.3.1.2 Assessment 

Baseline data of prognostic importance, including demographic and social information, a 

detailed clinical examination, and measurement of vital signs, including pulse oximetry, 

will be collected using a standard proforma. These standardized forms will be 

harmonized with the CIN surveillance tools to eliminate repetition.  Anthropometry will 

be performed (MUAC, subscapular skin fold thickness, weight and length).  

In addition to the nasopharyngeal swab collected for SARS-CoV-2 testing, a research 

blood sample (up to 5 millilitres) will be collected together with the routine clinical blood 

draw. Rectal swabs and faecal samples will also be obtained from all participants 

including adults. At admission, results of investigations performed for clinical care 

(complete blood count [CBC], biochemistry, glucose, provider-initiated HIV testing and 

counselling according to national guidelines, a detailed history of engagement in HIV 

services including antiretroviral and cotrimoxazole exposure, and any other routine 

laboratory investigations) will be utilised by the study. When the results of any of the 

clinically indicated tests are available, they will be returned to site clinicians caring for 

the patient.  Patients and their families with newly diagnosed infections will be referred 

to their local HIV Care Clinic for follow-up. 

Table 3. Study course, data collection and sample collection for children and adults 

admitted to hospital 
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MOH/CIN 
SURVIELLANCE  

X        

NP SWAB X   X X X X  

STANDARD CASE 
MANAGEMENT a 

X X X X X X X  

GIVE STUDY 
INFORMATION  

X    
  

  

INFORMED CONSENT X    
  

  

ANTHROPOMETRY  X X X X X X  

DATA COLLECTIONb
   X X X X X X X 

FAECAL SAMPLE  X  X X X X  

RECTAL SWAB  X  X X X X  

BLOOD SAMPLE   X  X X X X  

aAccording to national guidelines 

bAbstraction/ collection of medical chart data and laboratory test results 

During admission, participants will be reviewed daily and clinical features, progress and 

treatment received recorded on a structured case report form.  In the event of death in 

hospital, a standard cause of death (verbal autopsy) tool will be completed using the 

medical notes. Any additional tests performed for clinical management (for example, 

blood culture, blood gases, renal and liver function), will be recorded by the study.  

When clinical blood draws are scheduled for the same the day, research samples will 

be obtained from the same draw.  If no clinical blood draw is anticipated the research 

blood draw will be performed, and results will be made available to the child’s clinical 

care team. At discharge, anthropometry, a clinical assessment and blood, rectal swab 

and whole stool collected.  

All participants will have a standardized vital status, clinical data and sample set 

collection at day 2 & 5 and months 1,2,3,4,5 and 6 after enrolment.  It is anticipated that 

the 2- and 5-day assessments will be completed in the facility, and the monthly visits will 

be conducted as an outpatient. However, all timepoints will be standardized so that they 

may be completed as either an in- or outpatient review.  If any of these visits become 

contraindicated under Kenyan national COVID policy, they will be converted to 

telephone interviews where vital status is collected but in person contact is not made.  If 

the participant dies in the community a WHO standardized verbal autopsy will be 

completed by a trained staff member. 
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9.3.1.3 Clinical care 

Sites will be encouraged to follow national treatment guidelines for managing the 

participants suspected/confirmed COVID-19 and any other comorbidities. Whilst in 

hospital, participants will be reviewed daily by study clinicians, working together with the 

hospital team. This will ensure that at least a minimum standard of care, based on 

Kenyan National guidelines, is provided to all study participants.  Any clinically relevant 

laboratory test (per guidelines) will be made available.  At discharge or at follow up, 

participants will be referred to existing nutrition services for outpatient therapeutic or 

supplementary feeding according to national policy, WHO guidelines and other clinics 

for additional conditions identified. 

9.3.1.4 Data collection 

Data will be recorded on a standardised CRF (Appendix 20.4.1 and 20.4.7) in use at 

every site by trained study staff or the relevant data fields extracted from existing 

electronic clinical surveillance databases. The data from all sites will be held locally and 

uploaded to the secure central CHAIN/CIN Network server in Nairobi. This will be 

overseen by the central Data Manager who will run regular reconciliation to derive the 

final study database. Access to the study database will be restricted and password 

protected. 

An internal request will be made to KWTRP-Kilifi for COVID-19 case investigation form 

data to identify individuals that have been tested for COVID-19. Case investigation data 

will be reviewed to assess age, admission status and for collection of clinical and 

demographic data for risk factor analyses using a case-control approach.  

The data management system will generate automated queries and the data manager 

will generate manual queries. All queries will be passed through the study coordinator 

and clarified by the investigators and field staff with clear documentation.  The database 

will maintain an audit trail.  

The data management team will adapt analytic methods developed to support routine 

data management processes including near real-time dashboards currently in use within 

the CIN to report morbidity, mortality and quality of care indicators for use at facility, 

county, and national level for monitoring the epidemic and planning for resources 

needs. 

9.3.1.5 Sample collection and processing 

Laboratory assays will be a panel of tests done in real-time locally at a designated 

accredited laboratory, and stored for pooled analyses for the cohort.   

Standardised laboratory SOPs will be followed at each site to ensure comparability.  

The results of abnormal or relevant tests will be made available to clinicians managing 

the patients at all review time points. In accordance the sites laboratory capacities and 

the specific sub-studies being run at each the blood test that will be run vary by site. 

The site-specific samples are outlined in the Table 43 below.  
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Similar to other enrollments, children and adolescents with physical symptoms 

consistent with the multisystem inflammatory syndrome case definition (Section 9.2.2) 

at admission will have blood samples collected and processed for serum, EDTA plasma 

and cells to examine COVID-19 serology, organ function and inflammatory responses 

for diagnostic purposes. Research samples that can be used to examine host genetics 

and transcriptional responses (e.g. Paxgene/RNAlater) will also be collected from these 

suspected multisystem inflammatory syndrome patients. Samples may be added to 

sample sets being processed overseas where facilities are unavailable in Kenya or 

harmonisation of assays between centres is required, in order to better understand this 

syndrome and its consequences. 

In addition to the nasopharyngeal swab collected for SARS CoV-2 testing, a research 

blood sample will be collected together with the routine clinical blood draw to minimize 

the patient’s discomfort. The volume of blood taken will be up to a maximum of 5ml 

total. Rectal swabs and faecal sample will also be obtained from all participants. 

Storage aliquots will be processed by the site laboratory and the products will be stored 

at -80˚C for shipping to the CHAIN repository in Kilifi, Kenya. The tests expected be run 

on stored blood samples in a nested case control analysis are outlined in Table 5. Not 

all tests will be run on samples from all participants. Rectal swabs are easily obtained 

on a high proportion of participants, making them optimal for tests that do not require a 

large volume of stool. Stool samples are difficult to obtain at every time point, but are 

preferred for some laboratory procedures. Therefore this protocol includes both rectal 

swabs and faecal samples. Analyses will include molecular detection of pathogen 

nucleic acids, inflammatory markers and markers of organ disfunction.  

Stored samples will be shipped to the CHAIN sample biorepository at the 

KEMRI/Wellcome Trust Research Programme in Kenya to be stored as permitted by 

local regulatory authorities. These analyses will be undertaken in Kilifi, or where 

facilities or expertise is unavailable for example in advanced transcriptomics, shipped to 

network members and collaborators laboratories, including at the University of Oxford, 

UK, the University of Washington, USA and University of Toronto, Canada. Samples 

shipped overseas will contain no personally identifying information.  

Table 4. Samples to be taken and immediately processed or stored. 

Sample Test Admission Day 2 Day 5 
Months 

1,2,3,4,5,6 
Discharge 

NP swab 

SAR 

CoV-2 

testing 

Surveillance Research Research Research Research 

Blood CBC Clinical Research Research Research Clinical 

Blood Biochem Clinical Research Research Research Clinical 

Blood Glucose Clinical Research Research Research Clinical 
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Table 5:  Laboratory tests to be performed on stored blood samples taken at any site 

after selection as a case or control.  

TEST SAMPLE 
TYPE 

Biochemistry and markers of organ function including renal, 
hepatic and cardiac function 
 

Plasma 

Cytokines & chemokines – multiplex bead array or ELISA 
examining common inflammatory, lymphocyte, monocyte and 
neutrophil responses 
 

Serum 

Proteomics and Metabolomics – LCMS, HPLC, NMR to identify 
proteins and metabolites associated with clinical progression and 
outcomes 
 

Serum 

  
Vitamins, micronutrients, macronutrients (amino acids etc) 
 

Serum 

SARS COV-2 antibody testing 
 

Serum/DBS 

PBMCS – multiparameter flow cytometry to determine circulating 
immune cell surface markers 

EDTA 

Blood 
Malaria 

RDT 
Clinical       Clinical 

Blood HIV Clinical         

Blood 
Plasma 

Storage 
Research Research Research Research Research 

Blood 
Serum 

Storage 
Research Research Research Research Research 

Blood 

Whole 

blood 

Storage   

Research Research Research Research Research 

Dried blood spot Storage Research Research Research Research Research 

Rectal swab 

Stored for 

SARS 

CoV-2 

Culture 

Research Research Research Research Research 

Rectal Swab 

Stored for 

COVID-

19 PCR 

Research Research Research Research  Research 

Stool 

Stored for 

SARS 

CoV-2 

Culture 

Research Research Research Research Research 
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 Molecular pathogen detection – Taqman card array, singleplex 
PCR and pathogen rRNA sequencing to identify co-infections 
 

EDTA 

SARS CoV-2 PCR and culture Stool & 
Rectal swabs 

 

To determine the viability of SARS CoV-2 in faecal samples, 100 enrolment and 100 30-

day faecal samples, which have viral DNA detected by PCR, will be randomly selected 

by an independent scientist for viral culture in an appropriate level biosafety facility in 

Kenya.  A similar selection and analysis will be performed on the rectal swabs collected 

from these participants. 

9.3.2 Health services assessments 

During the study period, research staff at the COVID-19 clinical surveillance hospitals 

(Table 2) will conduct a health care capacity monitoring audit weekly, bi-weekly or 

monthly as appropriate and care will be taken to make sure the process does not 

interfere with routine operations of managers and frontline staff. 

The research staff will work with hospital teams to track how the hospital is being 

affected by the COVID-19 response more widely (e.g. whether referral systems are 

operational, ability to provide routine services etc.). The regular audit will utilize tools 

that are under development by the Ministry of Health to record a systemic observation 

of current capacity and will include essential medication availability, essential equipment 

availability and utilization (including oxygen, high flow oxygen, CPAP, ventilators, 

intravenous access tools, imaging capacity), human resources for health capacity, 

current discharge criteria, the distribution/awareness of updated COVID-19 guidance 

when it becomes available, and include basic semi-quantitative/ qualitative evaluations 

of health workers familiarity and confidence in undertaking key procedures (e.g. use of 

PPE or CPAP / ventilators). It will also examine up-referral (transfer to higher level 

facilities), down-referral (transfer from higher level facilities and data on costs. Where 

appropriate images of equipment, organizational arrangements and other resources that 

do not include healthworkers or patients may be used to illustrate hospitals’ responses 

(eg. images of their triage station or of sign-posting for zones where PPE must be used 

or of the type of ventilator in use). 

Essential medication will be assessed at the hospital level (i.e. in the pharmacy), all 

other assessments will done on in the newborn, paediatric and adult medical care 

wards, the maternity unit, the admitting facility (emergency room) and any additional 

ward delivering care to suspected or confirmed cases of COVID-19. 

Interviews and small group discussions to help identify the challenges of providing and 

sustaining services will be conducted with respondents after the purpose of the 

interview/discussion has been explained to them and with their permission / consent. It 

will be clear that participation is entirely voluntary and that any information shared will 
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be confidential and that their name will not be used in any report. Interviews / 

discussions will take place in a location that preserves confidentiality and at a time that 

is convenient to the respondent. Interviewers will use a guide such as the one provided 

in Appendix 20.4.7. We expect these conversations to take 30-60 minutes but they may 

often be shorter. Due to ongoing travel restrictions linked to the COVID-19 epidemic 

some interviews / discussions may take place online with the permission / consent of 

the respondent. 

9.3.2.1 Data collection 

Data will be entered electronically into mobile device-based REDCap standardized 

forms. These forms will be adapted from the Ministry of Health and WHO COVID-19 

assessment tools in addition to existing tools that have been used in previous surveys. 

Respondents such as nurse in charge of adult medical ward, pharmacist and hospital 

accountant will be purposely identified to provide information 

9.4 Data analysis – Clinical surveillance and health services assessment 

9.4.1 Clinical surveillance 

9.4.1.1 Primary objective. Burden of COVID-19  

Secondary objective 1. Clinical/ demographic characteristics of cases, including 

risk factors 

Routine data for children admitted to hospitals within the CIN include patient biodata, 

residence, information gathered during clinical assessment, admission and discharge 

diagnoses, treatments, and outcome (survival or death). Categorical data will be 

tabulated and summarised as proportions, whereas continuous variables will be 

reported as mean (SD) or median (IQR) as appropriate. Univariable and multivariable 

logistic regression models will be fitted to examine associations with outcomes of 

interest, e.g., mild COVID-19 versus severe COVID-19 and mortality for demographic 

and clinical characteristics with at least 50% of data available. We will calculate the 

monthly five-year age-specific incidence of suspected or confirmed moderate-severe 

COVID-19 in the catchment populations served by the study hospitals by dividing the 

monthly number of children admitted with pneumonia in the CIN hospitals from the 

estimated hospital catchment populations  by the mid-year population of the respective 

age group from the same area (74). Similar analyses will examine the age-specific 

incidence rate of suspected or confirmed moderate-severe COVID-19 among admitted 

children using the total admissions for the respective age bands as the denominator. 

9.4.1.2 Secondary objective 1. Risk of death in the inpatient and post-discharge periods 

among adults and children with SARS-CoV-2 and underlying vulnerabilities 

In order to estimate the contribution of underlying vulnerabilities to COVID-19 mortality , 

the data from all sites will be combined into a paediatric (under 15 years of age) and 

separate adult cohort. The primary analysis will compare the mortality in specific 

subgroups of interest (HIV infected adults, and severely malnourished children, to 

comparable individuals without these conditions/comorbidities. Specifically, the relative 

risk of mortality during follow-up will be calculated in multivariable Cox proportional 

hazard regression 
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9.4.1.3 Secondary objective 1. Quantity, duration and contribution to transmission of 

faecal shedding of SARS-CoV-2  

Secondary endpoints will be the proportion of COVID-19 patients with SARS CoV-2 

shedding in stool and nasopharyngeal swabs at 1, 2, 3, 4, 5 and 6 months after 

enrolment.  Risk factors for prolonged faecal shedding will explored using multivariate 

generalized linear models. These risk factors will include baseline clinical status and 

demographic, clinical therapies administered, duration of illness and peak severity of 

illness.  

To determine the potential importance of SARS CoV-2 faecal shedding to the onward 

transmission of the virus, a subset of faecal samples, rectal swab and nasopharyngeal 

swabs will be selected from storage and viral culture will be performed.  The potential 

for faecal shedding to contribute to viral transmission will be assessed by comparing 

PCR to viral culture in an effort to understand if the prolonged faecal shedding that has 

been documented among children and some adults is viable virus or simply viral 

fragments unlikely to result in further disease transmission. The proportion of enrolment 

and 30-day samples from which live virus can be culture will be estimated with 95% 

confidence intervals calculated under a binomial distribution 

9.4.1.4 Secondary objective 2. Trends in hospitalization and mortality due to all causes 

and pneumonia in adults 

Negative binomial regression model of admission incidence on calendar year and 

month over the period 2016, 2018 and 2019 will be used to project pneumonia and all-

cause incidence of hospitalization and death for 2020. The year 2017 will be excluded 

from the model because of doctors’ and nurses’ strike that disrupted inpatient services 

for most of 2017. Deviance goodness-of-fit test, z-score test for overdispersion, AIC and 

BIC statistics, and a comparison of predicted and observed hospital admissions will be 

used to assess the model fit. The resulting model will be used to project the expected 

number of admissions and deaths to KCH in 2020 and corresponding prediction 

intervals will be used to assess the uncertainty around the predictions. Observed vs. 

expected admissions and deaths in 2020 will be compared. 

9.4.2 Health services assessment 

Categorical data will be tabulated and summarised as proportions, whereas continuous 

variables will be reported as medians (IQR). 

Data from interviews / discussions will be captured using interviewer’s written notes and 

audio files if the respondent gives permission for this. All respondents will be given a 

specific and unique code that is linked to the interview data. A list of the respondents 

details (eg. profession, age, facility) will be kept that provides a link to these codes but 

will only be accessible to specific, named investigators and this list will be stored in a 

separate, secure location to the interview data. All interview data will be fully transcried 

into Word files, labelled with the unique code, and stored in password protected servers 

managed by KEMRI-Wellcome. The interview data will be imported into NVivo 10 

software for thematic analysis aimed at identifying the key challenges faced by health 

workers in providing COVID related and routine services. 
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10 Virological surveillance studies 

10.1 Linked objectives 

• To estimate the burden of COVID-19 and prevalence of exposure to SARS-CoV-

2 

10.2 Design and methodology – Virological surveillance studies 

10.2.1 Sites 

Two studies will contribute to virological surveillance: 

(1) A longitudinal study will be conducted among HCW at the facilities listed below. 

Additional health facilities will be involved if they are recommended by the 

Ministry of Health or Counties, have an interest in engaging and there is capacity 

to include them.  

• Kilifi County Hospital 

• Kenyatta National Hospital 

• Coast General Teaching and Referral Hospital 

• Mbagathi County Hospital 

• Jaramogi Oginga Odinga Teaching and Referral Hospital 

• Aga Khan University Hospital 

• Busia County Referral Hospital 

• Kocholia Sub-County Hospital 

• Alupe Sub-County Hospital 

 

(2) A longitudinal study will be conducted among non-healthcare frontline staff at 

companies/ sectors such as Kenya Ports Authority (Mombasa), Kenya Airports 

Authority (Nairobi), Kenya Airways (Nairobi), Kenya Prison Services and truckers 

(designated testing sites in Kilifi, Mombasa, Taita Taveta, Busia and Nairobi 

Counties). Companies/ sectors will be chosen with the approval and assistance 

of the Ministry of Health. A second and third survey will be conducted three and 

six months after the first, respectively. 

 

10.2.2 Study populations 

10.2.2.1 HCW virological surveillance 

We plan to recruit the following HCW of all cadres including: 

a) those in direct contact with patients e.g. nurses, doctors, clinical officers, porters 

etc., 

b) those not in direct contact with patients e.g. laboratory staff and non-clinical staff 

e.g. administrators 

Inclusion criteria 

• 18 years and above 
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• Participant is willing and able to give informed consent for participation in the 

study and agrees with the study and its conduct 

Exclusion criteria 

The participant may not enter the study if ANY of the following apply: 

• Inability to be followed up for the study period 

• Declines to give consent 

10.2.2.2 Virological surveillance in other frontline staff 

We will seek to include staff of all cadres at the selected companies/ organizations/ 

sectors, including casual employees and contractors. 

Inclusion criteria 

• Aged ≥18 years 

• Willing to provide consent 

Exclusion criterion 

• Medical contraindication for venipuncture and nasal sample collection 

10.2.3 Sampling 

10.2.3.1 HCW virological surveillance 

The estimated number of frontline HCW at the study sites is 9,000 of whom we estimate 

up to 1,500 will take part. The table below illustrates the precision obtained in 

prevalence estimates across a range of sample sizes and prevalences. 

Precision (+/–) 

Prevalence (%) 

1% 2% 5% 10% 20% 50% 

n n n n n n 

0.01 381 753 1825 3458 6147 9604 

0.02 96 189 457 865 1537 2401 

0.05 16 31 73 139 246 385 

0.1 4 8 19 35 62 97 

0.2 1 2 5 9 16 25 

 

10.2.3.2 Virological surveillance in other frontline staff 

For each organisation/ sector we will seek a list of employee ID numbers together with 

staff characteristics and will undertake a stratified sampling scheme to ensure adequate 

representation of age in three strata, of sex, and of blue-collar, office and managerial 

workers. If not feasible to undertake stratified sampling (e.g. for truckers) we will enrol a 

convenience sample. We will target 700 staff at each organisation/ sector at each 

survey. That sample size was selected to generate prevalence estimates with 

reasonable precision. For example, 700 participants in one age stratum (across the 



   
 

55 
SERU 4085 version 2.4; 04 July 2022; OxTREC 44-20 

three organizations/ sectors) would be sufficient to estimate 2% prevalence of SARS-

CoV-2 infection within a ±1% margin. 

10.3 Procedures – Virological surveillance 

10.3.1 Data collection 

HCW and non-healthcare frontline workers will be screened against the criteria in 

Section 10.2.2. Individuals meeting eligibility criteria will be consented.  

10.3.1.1 HCW virological surveillance 

We will work with the respective health facility and/or County administrations to obtain 

lists of all HCW who would be eligible to participate in the study. Where healthcare 

workers are transferred from their health facility of enrollment, they may be invited back 

to their health facility of enrollment for data collection.  

Personal data will be collected on the date of sampling, including the name and ID of 

the participant, age/dob, sex, cadre of staff, sublocation of residence and current 

symptoms (Appendix 20.4.2). 

10.3.1.2 Virological surveillance in other frontline staff 

Potential participants will be identified either through the HR department or at testing 

centres for sectors where testing is directed by MoH (e.g. truckers).   

Individuals will be invited to participate. Screening, consenting, data and sample 

collection will be undertaken at the employee health clinic or other physical location of 

the participant.  The survey will be repeated three and six months later. 

Personal data will be collected on the date of sampling, including the name and ID of 

the participant, age/dob, sex, cadre of staff, sublocation residence and current 

symptoms (Appendix 20.4.3).  

For individuals undertaking MoH-directed testing, consent will not be obtained as 

sample collection will be conducted as part of the national public health response. 

Personal data will be collected using the MoH Case Investigation Form as part of the 

national health response. Secondary use of data collected as part of the national public 

health response is requested. 

10.3.2 Sample collection and processing 

In all cases, samples will include (1) NP/OP swabs for RT-PCR testing and (2) 5mls of 

blood for plasma. The blood sample will be used for serosurveillance (see 

‘Serosurveillance’ section).  

A single nasal sample will be collected from each participant using a flocked rayon swab 

placed in viral or universal transport medium (VTM or UTM). Additional samples will not 

be collected where a sample is collected by the County Rapid Response Team as part 

of MoH-directed testing. Standard technique will be used for collection of the 

nasopharyngeal samples (75). Samples will be stored at 2-8 degrees Celsius or -20 

degrees Celsius, depending on when testing is expected to occur. Samples will be 

transported to the KWTRP laboratory for testing. As mentioned previously, the KWTRP 
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is the designated COVID-19 testing laboratory for the Coast region. Viral RNA will be 

purified from the nasopharyngeal sample using a commercial kit and analyzed for 

presence of two or more of the following: envelope (E) gene, replicase-encoding region 

(ORF1ab/RdRp) and nucleocapsid (NP) gene. The results of the RT-PCR test will be 

communicated to the participant. Positive results will be reported to the respective 

County RRT via the KEMRI Director General and MOH, or other protocols.  

10.3.2.1 HCW virological surveillance 

Where possible, the HCW will undergo repeated sampling every 4 months for up to 12 

months.  

10.3.2.2 Virological surveillance in other frontline staff 

Other frontline staff will undergo a total of three repeated samplings; the second and 

third samplings will be conducted three and six months after the first sampling, 

respectively. 

10.4 Data analysis – Virological surveillance studies 

In all cases, the prevalence of SARS-CoV-2 infection and proportion of symptomatic 

infections will be estimated. Stratified analyses will examine differences in these indices 

by location, cadre (for HCW and other frontline staff), age, sex and any other available 

characteristics. 

The cumulative incidence of SARS-CoV-2 infection will be estimated using standard 

epidemiologic methods. 

11 Serosurveillance studies 

11.1 Linked objectives 

• To estimate the burden of COVID-19 and prevalence of exposure to SARS-CoV-

2 (primary objective) 

 

11.2 Design and methodology – Serosurveillance studies 

11.2.1 Sites 

Six studies will contribute to serological surveillance: 

(1) A repeated cross-sectional survey among ANC clients. This study be conducted 

in the health facilities listed below. Additional health facilities will be involved if 

they are recommended by the Ministry of Health or Counties, have an interest in 

engaging and there is capacity to include them. 

• Kenyatta National Hospital 

• Kilifi County Hospital 

• Coast General Teaching and Referral Hospital, Mombasa 

• Mbagathi County Hospital, Nairobi 

• Jaramogi Oginga Odinga Teaching and Referral Hospital, Kisumu 

• Busia County Referral Hospital 
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(2) A longitudinal study among HCW (sites as described under virological 

surveillance) 

 

(3) A longitudinal study will be conducted among non-healthcare frontline staff (sites 

as described under virological surveillance) 

  

(4) Repeated cross-sectional surveys will be conducted among residents of the Kilifi, 

Nairobi and Manyatta Health and Demographic Surveillance Systems (HDSS) 

(76-78).  

 

(5) A longitudinal study among asymptomatic RT-PCR-confirmed SARS-CoV-2 

infected individuals as reported by the Ministry of Health Emergency Operations 

Centre (EOC) 

 

(6) A longitudinal study among symptomatic RT-PCR-confirmed SARS-CoV-2 

infected hospitalized individuals  

 

(7) A retrospective serosurvey will be conducted using stored samples collected 

from paediatric and adult patients hospitalized at Kilifi County Hospital who 

provided consent for storage of samples and use in future research.    

 

11.2.2 Study populations 

11.2.2.1 ANC serosurveillance 

The study population will include all the mothers attending ANC at one of the four 

specified referral hospitals.  

Inclusion criterion: 

• All women attending ANC for the first time who provide a routine ANC blood 

sample will be included in the study 

Exclusion criteria: 

• Any woman with a contraindication to venipuncture or who doesn’t provide a 

sample for the routine testing programme at ANC. 

• Any mother coming for a follow-up visit who has already had a routine bleed 

done at her first visit 

11.2.2.2 HCW serosurveillance 

As described under virological surveillance. 

11.2.2.3 Serosurveillance in other non-healthcare frontline staff 

As described under virological surveillance. 

11.2.2.4 HDSS resident serosurveillance 

Inclusion criteria 
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• Ordinarily HDSS resident of all ages 

• Willing to provide consent 

Exclusion criteria 

• Bleeding disorders and other medical contraindication for venipuncture or 

capillary blood sample collection.  

11.2.2.5 Serosurveillance among asymptomatic infected individuals  

Inclusion criteria 

This objective will target asymptomatic (at the time of initial assessment) SARS-CoV-2-

infected individuals residing within or around Nairobi, Mombasa, or Eldoret City  

• SARS-CoV-2-infected individuals  

• Willing to provide consent 

Exclusion criteria 

• Unreachable via mobile telephone 

• Currently hospitalised with severe illness  

• Deceased  

• Current residence beyond a 1-hour commute by road from Nairobi, Mombasa, or 

Eldoret Central Business District 

• Bleeding disorders and other medical contraindication for venipuncture and nasal 

sample collection 

11.2.2.6 Serosurveillance among symptomatic non-severe and severe SARS-CoV-

2 infected individuals  

Inclusion criteria 

This objective will target symptomatic (at the time of initial assessment) SARS-CoV-2-

infected patients receiving care as inpatients at Aga Khan University Hospital, Kenyatta 

National Hospital, Kenyatta University Teaching Research and Referral Hospital, Moi 

Teaching and Referral Hospital 

• SARS-CoV-2-infected individuals  

• Willing to provide consent 

Exclusion criteria 

• Patients who do not provide a routine blood sample for plasma or serum. 

11.2.2.7 Retrospective serosurvey among hospitalized children and adults 

Inclusion criteria: 

• Individuals admitted to KCH paediatric or adult wards    

• Provided consent for storage of samples and future use under SSC 1433 since 

2009 onwards 
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• No known active SARS-CoV-2 infection at the time of admission   

 

11.2.3 Sampling 

11.2.3.1 ANC serosurveillance 

With at least 135 samples per month from each site we would be able to estimate the 

seroprevalence with 3-7% precision (depending on the prevalence itself, Table 6). 

Table 6. Precision with which we would be able to estimate a range of seroprevalences 

if n=135  

Estimated 
seroprevalence  

Estimated 
precision 

n (mothers per month at 
each site) 

3% 3% 135 

10% 5% 135 

15% 6% 135 

20% 7% 135 

25% 7% 135 

 

11.2.3.2 HCW serosurveillance 

As described under virological surveillance. 

11.2.3.3 Serosurveillance in non-healthcare frontline staff 

As described under virological surveillance. 

11.2.3.4 HDSS resident serosurveillance 

For each serosurvey in each HDSS location, we will use the population register to select 

a random sample of residents across all age groups targeting 850 persons in an age-

stratified sample as 50 in each 5-year age band between 15-64 years, 50 among those 

65 years and above and 100 in each 5-year age band from 0-14 years. This target 

sample size will yield 300 participants <15 years which will be enough to estimate 1% 

seroprevalence with a 2% margin of error. It will also give 500 participants in the 15-64-

year-age group which will be enough to estimate a seroprevalence of 3-5% with <5% 

error margin (79). 

11.2.3.5 Serosurveillance among asymptomatic infected individuals 

All eligible individuals will be considered for enrolment in the cohort. We anticipate a 

sample size of approximately 200 for the final analysis accounting for ineligible 

participants including those who decline to provide consent (25%), and losses to follow 

up (20%) over the follow-up period. This sample size will allow for the estimation of 

seroprevalence at each interval survey within a margin of 7% at a 95% confidence 

interval assuming seroconversion rates of 50%. 
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11.2.3.6 Serosurveillance among symptomatic non-severe and severe SARS-CoV-

2-infected individuals 

All eligible individuals will be considered for enrolment in the cohort. We estimate a total 

of at least 50 eligible samples at the beginning of the study. This number is expected to 

increase as the epidemic progresses in Kenya. 

11.2.3.7 Retrospective serosurvey among hospitalized children and adults 

Comprehensive sampling will be undertaken. Approximately 1,600 plasma/ serum 

samples from adults and children hospitalized at KCH are stored annually under SSC 

1433. Sampling will be as follows: 

• All serum/ plasma samples collected from January 2020 onwards will undergo 

anti-SARS-CoV-2 IgG antibody testing 

• If the lower bound of the 95% confidence interval (CI) for anti-SARS-CoV-2 IgG 

seroprevalence is >2% – i.e., greater than the upper bound of the 95% CI for the 

assay’s false positive rate – in January or February 2020 (the period before 

SARS-CoV-2 was thought to be circulating in Kenya), all samples collected since 

December 2019 backwards will undergo anti-SARS-CoV-2 IgG antibody testing 

until there are two consecutive years in which seroprevalence is not higher than 

expected based on the assay’s specificity. 

o In the event that there are resource constraints to test all serum/ plasma 

samples for anti-SARS-CoV-2 IgG antibodies, samples will be randomly 

selected for testing. The table below summarizes the margins of error for 

various monthly seroprevalence estimates given random stratified (adult 

vs. pediatric) selection of 50% or 75% of samples. 

o To evaluate whether SARS-CoV-2 seropositivity in the period before 

SARS-CoV-2 was thought to be circulating in Kenya may be due to cross-

reactivity, all serum/ plasma samples tested for anti-SARS-CoV-2 IgG will 

also be tested for antibodies to eCoVs.  

o To evaluate whether SARS-CoV-2 seropositivity in the period before the 

virus was thought to be circulating in Kenya may be due to SARS-CoV-2 

infection, all samples collected in months when the lower bound of the 

95% confidence interval for anti-SARS-CoV-2 IgG seropositivity is >2%,  

and all samples in the 3 months preceding the last month when the lower 

bound of the the 95% CI for seropositivity is >2%, will undergo nucleic acid 

testing. 

 

% sampled 
(monthly N) 

95% CI 

 2% 
seroprevalence 

5% 
seroprevalence 

10% 
seroprevalence 

20% 
seroprevalence 

50% (33) +/- 6% +/- 8% +/- 10% +/- 14% 

75% (50) +/- 4% +/- 7% +/- 8% +/- 11% 
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11.3 Procedures – Serosurveillance studies 

11.3.1 Data collection 

With the exception of ANC serosurveillance, which will not enroll participants, 

individuals will be screened against the criteria in Section 11.2.2. Individuals meeting 

eligibility criteria will be consented 

11.3.1.1 ANC serosurveillance 

The objective is population screening using samples that are already taken for other 

tests. There is no intention in providing individual SARS-CoV-2 antibody test results to 

ANC clients. A positive antibody test will indicate past (likely not active) SARS-CoV-2 

infection, however, it would be unclear whether this confers any immunity and the 

duration of immunity is unknown. Therefore, providing antibody test results would not 

have any benefit to ANC clients or other groups of participants. A waiver of individual 

informed consent among ANC clients is requested given that the study would use 

residual blood collected for routine ANC care, i.e., blood will not be collected solely for 

research purposes. Routine identification data will not be collected. The nurse attending 

to the mothers at ANC will fill a short data collection form including: Date of collection, 

client’s date of birth, client’s sublocation of residence, Trimester of pregnancy or 

estimated day of delivery, and COVID-like symptoms in the last 1 month (Appendix 

20.4.4). A unique number will be used on the patient’s data collection form to 

anonymise the form, no identifiable information will be collected.  

11.3.1.2 HCW serosurveillance 

As described under virological surveillance. 

11.3.1.3 Serosurveillance in non-healthcare frontline workers 

As described under virological surveillance. 

11.3.1.4 HDSS resident serosurveillance 

Written informed consent will be obtained from all eligible residents. A questionnaire will 

be administered to all consenting participants to obtain demographic (as in section 

10.3.1.2) and COVID-19 exposure information, where known (Appendix 20.4.5). 

11.3.1.5 Serosurveillance among asymptomatic infected individuals 

Case Investigation Forms (Appendix 20.4.1) for all PCR-confirmed SARS-CoV-2-

infected individuals as reported by the Ministry of Health will be screened consecutively 

using assigned serial numbers for eligibility. Mobile telephone contact data will be used 

to trace potential study participants. Fieldworkers will be engaged through the EOC and 

Nairobi, Mombasa, and Uasin Gishu County Rapid Response Teams and trained on the 

study procedures including obtaining informed consent, infection prevention and control, 

sample collection and handling. Ahead of each visit, the fieldworkers will call study 

participants and provide details of the study, obtain initial verbal assent, and if 

successful, schedule an appropriate time for the visit for sample collection. Upon arrival 
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at the participant’s physical location, written informed consent will be sought. Consent 

for children under 18 years will be obtained from a parent or legal guardian. A 

questionnaire will be administered to each participant recruited into the investigation 

capturing residential, demographic, exposure, and clinical information (if these data are 

not accurately captured in the Ministry of Health Case Investigation Form; Appendix 

20.4.6). No additional identification data will be collected. 

11.3.1.6 Serosurveillance among symptomatic infected individuals 

Clinical records for all PCR-confirmed SARS-CoV-2-infected individuals admitted to the 

Aga Khan University Hospital, Kenyatta National Hospital, Kenyatta University Teaching 

Research and Referral Hospital, Moi Teaching and Referral Hospital will be screened 

for eligibility. For patients who are discharged, mobile telephone contact data will be 

used to trace potential study participants. Ahead of each visit, the fieldworkers will call 

study participants and provide details of the study, obtain initial verbal assent, and if 

successful, invite the study participant to come to the hospital at an appropriate time for 

sample collection or alternatively schedule a home visit. Upon arrival at the participant’s 

physical location, written informed consent will be sought. Consent for children under 18 

years will be obtained from a parent or legal guardian. A questionnaire will be 

administered to each participant recruited into the investigation capturing residential, 

demographic, exposure, and clinical information (if these data are not accurately 

captured in the clinical record; Appendix 20.4.1). No additional identification data will be 

collected. 

11.3.1.7 Retrospective serosurvey among non-COVID hospitalized children and 

adults 

Demographic, clinical and laboratory data will be extracted from the Centre-wide 

integrated surveillance databases.    

11.3.2 Sample collection and processing 

For ANC serosurveillance, once the patient’s routine blood sample is collected (5ml), 

the designated lab personnel will transfer not less than 0.5ml of the blood collected and 

not more than 2mls (depending on overall volume of the blood draw) to a vacutainer.  

For the serosurveillance studies listed below, 5ml of blood will be collected from 

participants aged 5 years and above, or 2-5 ml for those aged below 5 years. The 

frequency of blood sample collection per participant will be as follows: 

(1) HCW serosurveillance – One blood sample collected approximately once every 3 

months (4 samples total over one year) 

(2) Non-healthcare frontline worker serosurveillance – One blood sample collected 

at enrollment, three months post-enrollment and six months post-enrollment (3 

samples total over 6 months). Additional blood samples will not be collected 

where blood samples are collected by the County Rapid Response Team as part 

of MoH-directed testing. 

(3) HDSS residents – A single 5ml venous blood sample. In addition to venous 

blood, DBS samples will be collected from a conveniently sampled sub-set of 
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10% of participants at each site who provide consent. Blood spots will be 

collected using a filter card and a volumetric absorptive microsampling device 

(Mitra device). The total volume of blood spots to be collected per participant is 

about 100µL.   

(4) Asymptomatic cases – A blood sample will be collected 2 weeks, 4 weeks, 6 

weeks, 8 weeks, 3 months, 6 months, 9 months and 12 months after diagnosis (8 

samples total over one year) 

(5) Symptomatic cases – A blood sample will be collected 2 weeks, 4 weeks, 6 

weeks, 8 weeks, 3 months, 6 months, 9 months and 12 months after diagnosis (8 

samples total over one year) 

In all cases, blood samples will be labeled with a unique identifier linked to individual 

participants’ data collection form. Samples will be centrifuged and serum separated 

within 24 hours of collection. If collected at sites other than Kilifi, serum samples will be 

stored at -20C and transported to the KWTRP laboratories on dry ice. If collected in 

Kilifi the samples may be tested immediately after serum is separated or they may be 

stored for testing at a later date.  

For the retrospective serosurvey among hospitalized patients, one aliquot of plasma or 

serum will be retrieved from the biobank. A single aliquot is expected to contain ≤1000 

µl of plasma or serum. The aliquot will be thawed per standard operating procedures.  

Serum or plasma samples will be screened for the presence of COVID-19 virus specific 

IgM and IgG antibodies using an enzyme linked immunosorbent assay (ELISA; please 

see section 14). For either IgM or IgG positive samples, a plaque reduction 

neutralization test (PRNT) will be done to confirm the presence of SARS-CoV-2 

neutralizing antibodies.  

For SARS-CoV-2 serosurveillance among HDSS residents, blood group testing will also 

be performed. 

For the retrospective survey, testing for SARS-CoV-2 RNA using archived samples 

(blood products, urine, cerebrospinal fluid) will be performed as specified in the 

sampling section (11.2.3.7). Viral RNA will be purified from the sample using a 

commercial kit and analyzed for presence of two or more of the following: SARS-CoV-2 

envelope (E) gene, replicase-encoding region (ORF1ab/RdRp) and nucleocapsid (NP) 

gene. 

11.4 Data analysis – Serosurveillance studies 

The prevalence of exposure to SARS-CoV-2 will be calculated as a simple proportion of 

the samples tested that were positive for IgM or IgG to SARS-CoV-2. Prevalence 

estimates will be stratified by characteristics such as site, sublocation, age, sex (except 

ANC serosurveillance), trimester (ANC serosurveillance only) and blood group (HDSS 

serosurveillance).Seroprevalence over time will be presented. 
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The main outcomes for the HDSS serosurveillance are the age specific attack rate, the 

age specific cumulative incidence IgG/IgM antibodies to SARS-CoV-2 and the 

proportion of asymptomatic COVID-19 cases. 

Summary data on perceptions of dried blood spot sampling for serosurveillance will be 

generated, as well as assay validation data (Section 14). 

Where samples are collected as part of MoH-directed testing, secondary use of data 

collected as part of the national public health response is requested.   

12 Host genetics studies 

12.1 Linked objectives 

• To investigate host genetic determinants of susceptibility to COVID-19, and 

molecular mechanisms of SARS-CoV-2 severity and death in hospitalized 

children and adults with long-term biomass exposure and severe undernutrition 

(secondary objective #4) 

12.2 Design and methodology – Host genetics studies 

12.2.1 Sites 

Target gene analyses and genome-wide studies will be conducted using data and 

samples collected in the area surrounding the Center for Geographic Medicine 

Research - Coast (CGMR-C), Kilifi, Kenya. The laboratory work will be conducted at the 

CGMRC-C in Kenya, the Rockefeller University in the United States, and the Mahidol 

Oxford Tropical Medicine Research Unit in Thailand. 

12.2.2 Study populations 

The target gene analyses will include genetic data and/or material from participants 

from within the area served by the Kilifi Health and Demographic Surveillance System 

(KHDSS) who have already been involved in studies conducted under protocol SSC 

3420 (“Epidemiological and functional studies of candidate malaria-protective 

polymorphisms”; genetic data only), and SSC 3257 (“Genetics of iron status and 

susceptibility to childhood infections study”; genetic data and material).  

Both the target gene analysis and the genome-wide study will also include participants 

from COVID-19 surveillance work being carried within the KHDSS as described in this 

protocol, as well as those participating in the COPCOV and SOLIDARITY drug trials in 

Kilifi, Mombasa, Nairobi and Kisumu. We will target COVID-19 cases with 

asymptomatic, mild and severe manifestations of the disease, as well as healthy 

controls. 

12.2.3 Sampling 

We will collect and cryopreserve whole blood sample aliquots from study participants for 

establishing an archive of DNA and RNA samples for the host genetics studies. We aim 

to collect samples from 500 cases and controls or more.  

The sample size determination for this study is entirely pragmatic, and is based on the 

number of samples and data that will be available to us. The samples we collect here 
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will be used in host genetics studies conducted at the KWTRP, and will also be 

contributed to the COVID Human Genetic Effort international consortium, which aims to 

collect a minimum of 2000 cases and controls globally for whole genome-genotyping 

and exome sequencing. This sample size of 2000 cases and controls gives greater than 

80% power to detect genome-wide significant (p < 5x10-8) common genetic variants 

(disease allele frequency of ~0.35) associated with disease susceptibility with a 

genotype relative risk of 1.6 or greater (illustrated in graph (a) below). This assumes an 

additive disease model, where the risk of disease increases with each additional copy of 

the risk allele, with a disease prevalence of at least 1%. Depending on the phase of the 

epidemic, the disease prevalence is bound to change, and the table (b) below shows 

the power estimates for disease prevalences ranging from 0.1% to 10%. Power 

calculation done with the Genetic Association Study Power Calculator interface (80): 

http://csg.sph.umich.edu/abecasis/gas_power_calculator/index.html. 

 

12.3 Procedures – Host genetics studies 

12.3.1 Target gene analyses 

Using available genetic data from previous studies, polymorphisms in target genes of 

interest, such as the angiotensin-converting enzyme 2 (ACE2) viral receptor gene, and 

the transmembrane serine protease 2 co-receptor gene (TMPRSS2), will be analysed 

for their contribution to COVID-19 susceptibility. Allele frequency differences across 

populations, and association between these polymorphisms and different disease 

outcomes will highlight differences in disease manifestation across populations, and 

correlations with disease severity. The impact of these polymorphisms on variations in 

intermolecular interactions between the viral spike protein and the ACE2 host receptor 

will further elucidate the functional consequences of variations in these target genes, 

which could lead to susceptibility or resistance to SARS-CoV-2 infection. 

http://csg.sph.umich.edu/abecasis/gas_power_calculator/index.html
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12.3.2 Genome-wide studies  

We will also employ a hypothesis-free approach by studying the association of genome-

wide polymorphisms and transcriptomic signatures with different disease outcomes. 

This approach could identify novel genes involved in the pathophysiological processes 

that lead to disease onset, highlighting more potential therapeutic targets in both the 

virus and the host. To achieve this objective, we will collect and cryopreserve up to 2ml 

of whole blood samples in EDTA tubes from across different surveillance sites and drug 

trials. Remnant nasopharyngeal swabs from the testing procedures will also be 

cryopreserved. Genomic DNA and RNA will be extracted from archived blood samples 

and nasopharyngeal swabs using standard methods utilizing Qiagen kits (Qiagen blood 

Mini kits for DNA extraction and Qiagen RNeasy Plus Mini kits for RNA extraction from 

Qiagen, UK. The quantity and quality of the DNA and RNA will be assessed using the 

Agilent 2100 Bioanalyzer and kits (Agilent Technologies).  

Genome-wide genotyping of cases and controls will be done with the dense map 

Affymetrix SNP6.0 array (>906000 SNPs and >946000 probes for the detection of copy 

number variation), and results will be analysed with MERLIN software. In parallel, exon 

sequencing of all cases will be done with SureSelect Enrichment kit Whole exome 

(38Mb) and Illumina sequencer (76bp), and results will be analysed with MOSAIC 

software. Whole-genome sequencing will also be conducted in selected cases. For the 

transcriptomic studies, library prep and RNA sequencing will be conducted on Illumina 

HiSeq 2500 (commercially outsourced). 

All sample processing and target single nucleotide polymorphism (SNP) genotyping will 

be conducted at the CGMR-C, while genome-wide genotyping and whole-genome 

sequencing techniques will be conducted at the Rockefeller University in the United 

States. Whole transcriptome analysis will be commercially outsourced to achieve depth 

(30-50 million reads, per sample). All genomic data analysis will be conducted at the 

CGMR-C. 

12.4 Data analysis – Host genetics studies 

We shall investigate associations between target and genome-wide genotypes and 

transcriptomes with disease incidence using a case-control approach, comparing 

SARS-Cov-2 positive cases to negative controls using logistic regression models. 

Correlations between genotypes and transcriptomes with disease severity will be 

analysed using linear regression models, applying both a case-control approach, 

comparing genotypes of severe COVID-19 cases to negative controls, and a case-case 

approach, where genotypes and transcriptomes of severe cases will be compared to 

mild or asymptomatic cases. The regression models will be adjusted for age, sex, and 

known risk factors including comorbidities such as hypertension, diabetes, and 

cardiovascular disease. Unknown sources of variation in the genomic data, including 

population structure, will be controlled for by carrying out a principal components 

analysis and adjusting for the principal components representing the largest amounts of 

variation in the data.  

Expression quantitative trait locus mapping analysis will further be done using the Matrix 
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eQTL R statistical software package (81) to run linear regression models to test for 

associations between genome-wide polymorphisms and whole genome differential gene 

expression. This analysis will highlight potential functional roles of polymorphisms linked 

with susceptibility to COVID-19. 

13 Molecular mechanisms studies 

13.1 Linked objectives 

• To investigate host genetic determinants of susceptibility to COVID-19, and 

molecular mechanisms of SARS-CoV-2 severity and death in hospitalized adults 

with long-term biomass exposure and severe undernutrition (secondary objective 

#4) 

13.2 Design and methodology – Molecular mechanisms studies 

These studies will not sample human populations. 

13.3 Procedures – Molecular mechanisms studies 

Experiments under this section will rely on residual stored samples collected from the 

surveillance activities described in this protocol. Primary sample collection will not be 

undertaken to address the questions under this section. 

Samples will be collected from individuals with a positive lab diagnosis for SARS-CoV-2.  

Respiratory and serum samples collected from each participant at the time of acute 

disease as well as subsequent follow up time points until a negative result is recorded 

will be analysed. Samples used will be residues of samples collected for diagnosis or 

clinical management. Samples from age-matched controls who present with similar 

symptoms, but who are SARS-CoV-2 negative will also be analysed. Further analyses 

of control populations will utilise samples obtained from healthy age-matched individuals 

without any clinical symptoms consistent with COVID-19 disease. At the time of 

recruitment for the primary studies, clinical and demographic metadata will be obtained 

from the participant. These metadata will be used for subsequent risk stratification 

analysis. 

To identify the immunopathological mechanisms associated with adverse outcomes (i.e. 

death or severity of disease that is potentially life-threatening) will propose to adopt a 

multi-faceted series of systems investigations to identify molecular mechanisms in the 

respiratory tract and in blood that elevate the risk of death upon infection. We will 

examine whether exposure to risk factors such as biomass smoke exposure and 

undernutrition/overnutrition are linked to the pathological mechanisms of SARS-CoV-2-

associated severe disease. 

To examine responses to SARS-CoV-2 in the airway, we will use untargeted high-

performance liquid chromatography-based tandem mass spectrometry to identify and 

quantify airway proteins that are differentially expressed between cases and controls as 

well as by exposure to specific risk factors. Simultaneous analysis of the host 

microbiome will be conducted on these samples to identify whether SARS-CoV-2 leads 
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to perturbations of airway-resident microbiota or whether the intense airway 

inflammation that is characteristic of severe COVID-19 illness, induces a leakage of 

airway microbiota and its associated products into systemic circulation. Both sets of 

analyses (proteomics and metagenomics) will be conducted in respiratory samples and 

serum (see detailed methods below). In addition to these analyses, we propose to 

examine the cellular mechanisms through which SARS-CoV-2 might be driving severe 

illness. For this analysis, we will use respiratory samples collected from cases and 

controls to identify specific immune subsets in the respiratory tract and in peripheral 

blood mononuclear cells. 

13.3.1  Sample processing 

13.3.1.1 Proteomic analysis of respiratory tract samples and serum from SARS-

CoV-2-infected patients 

Samples will be centrifuged at 17,000xg for 10 mins at 4°C to obtain cell pellets which 

will be washed once using PBS and lysed by bead-vortexing for 10 minutes in cell lysis 

buffer (RLT, Qiagen, Germany). Proteins (as well as DNA and RNA) will be then 

extracted from the lysate using the AllPrep DNA/RNA/Protein Mini Kit (Qiagen, 

Germany) following the manufacturer’s instructions. The concentration of total protein 

obtained will be determined using the Bradford assay (Bio-Rad, USA). Thirty 

micrograms (30µg) of total protein from each sample will be then reduced with 10mM 

tris(2-carboxyethyl)phosphine (TCEP, Sigma-Aldrich, USA) at 55°C for 1h and 

subsequently alkylated with 18mM IAA (Sigma-Aldrich, USA) for 30 minutes at room 

temperature, while keeping the reaction protected from light. Protein precipitation and 

digestion will be conducted as described in our previous publications (82-84).   

13.3.1.2 Metagenomic analysis of airway and blood samples from SARS-CoV-2-

infected patients. 

Samples will be retrieved from storage, thawed on ice and cell pellets obtained by 

centrifuging samples for 10 minutes at 14,000 rpm, after which they will be washed 

once using sterile phosphate buffered saline (PBS). 350ull of a cell lysis buffer (RLT, 

qiagen) supplemented with beta-mercaptoethanol (1%) will be added to the pellet and 

vortexed briefly to break up the pellet. Glass beads will be then added to the sample 

and homogenization will be done by vortexing at maximum speed for 1 min. DNA 

extraction from the cell homogenate will be done using the AllPrep RNA/DNA/Protein kit 

(Qiagen), following the manufacturer’s instructions. DNA yields will be quantified using a 

Qubit 2.0 fluorometer (Thermo Fisher).  

The V3-V4 hypervariable region of the 16S rRNA gene will be targeted for sequencing. 

Primers targeting this region will be constructed with Illumina adapter overhang 

sequences added to the gene-specific primer sequences.   

13.3.1.3 Cellular analysis of immune cells in the airway and in systemic circulation 

Respiratory or peripheral mononuclear cells will be centrifuged at 17,000xg for 7 

minutes, after which 800ul of the supernatant will be removed and discarded. The 

remaining 200ul will be split into two aliquots of 100ul each. The first aliquot will be used 
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for neutrophil phenotyping assays and the other will be used for neutrophil phagocytosis 

assays. 20ul of a pre-constituted cocktail of the following antibodies (from 

ThermoFisher) will be used to label both aliquots – CD45, CD16, CD14, CD3, CD19, 

HLA-DR, CD66b, CD11b and a Live-dead marker. With the exception of the live/dead 

marker, all other antibodies will be diluted 1:100 in FACS buffer. The live/dead marker 

will be prepared at a 1:1000 dilution in FACS buffer. The phagocytosis functional assays 

and flow-cytometry data acquisition will be done as previously described (83).  

13.4 Data analysis – Molecular mechanisms studies 

For the proteomic analysis of respiratory tract samples and serum from SARS-CoV-2-

infected patients, raw mass spectrometer files will be analysed by MaxQuant software 

version 1.6.0.1. by searching against the human Uniprot FASTA database using the 

Andromeda search engine. 

For the metagenomic analysis, product amplification, library preparation and 16S rRNA 

gene sequencing will be done as described in our previous work (83). 

Flow cytometry data from the cellular analysis of immune cells will be analysed using 

FlowJo software. 

14 Antibody assays 

We will develop serological assays to detect antibodies against SARS-CoV-2 and use 

these for the serosurveys and immunological characterization described in this protocol. 

These assays will include a two-step ELISA method developed by Krammer and 

colleagues , alternative SARS-CoV-2 Spike-based ELISAs, and a pseudotyped 

neutralizing antibody assay, among others. Sera from lab-confirmed COVID-19 cases 

and recombinant monoclonal antibody against the SARS-CoV-2 Spike protein will be 

used as controls in these assays. International assay standards, whose production is 

currently being coordinated by the WHO, will be used once available. Confounding by 

potential cross-reactive antibody responses against other viruses (including NL63, 

OC43, MERS-CoV and others) will be ruled out by measuring antibody responses 

against these antigens using similar serological assays. Detailed characterization of 

antibody responses will include measurement of IgM, IgA and IgG (including IgG sub-

classes) isotypes, functional antibody assays (e.g. antibody dependent cell mediated 

cytotoxicity) and antibody avidity. IgA responses against SARS-CoV-2 antigens will be 

measured in nasopharyngeal fluid, where available. We will validate the performance of 

the commercial SARS-CoV-2 IgG immunoassays developed in the Kenyan population. 

Specificity will be determined using deidentified serum specimens from individuals 

sampled before SARS-CoV-2 was thought to be circulating in Kenya. To determine 

assay sensitivity, we will analyse serum specimens from patients who tested RT-PCR 

positive for SARS-CoV-2 in Kenya. We will compare performance of the commercial 

assay against the in-house assay using specimens collected in this protocol. We will 

also compare performance of the in-house assays using DBS. 
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15 Data management 

Data from standardised paper-based tools (Appendix 20.4) will be entered electronically 

into secure electronic databases with inbuilt checks by trained data clerks or research 

assistants. All paper records will be kept in a locked filing cabinet at the appropriate site, 

which is accessed only by the investigators and the study staff. For clinical surveillance 

of known and suspected COVID-19, all local computer entry and networking programs 

will be done with coded numbers and initials only and will be password protected. Only 

the investigators and the clinical monitors will have access to the records. Databases 

will be held on a dedicated secure server with routine, secure off-site backup. Data 

access and confidentiality will be overseen by the Manager, ICT department. 

Paper records will be stored for 5 years, or 10 years for patient notes, after study 

completion. When active, records will be stored on site and may be stored off site during 

the archival period, before destruction. Data in electronic databases will be archived for 

at least 10 years on KWTRP servers. The database holding contact information for 

participants consenting to future contact will be maintained indefinitely. De-identified 

data will be stored indefinitely in the KWTRP Data Repository. 

15.1 Data sharing 

Data generated from these studies will be shared between the research sites involved 

and the respective coordinating centre to support cross-site analysis. All systems for 

sharing data between sites will ensure data security and privacy. De-identified data from 

individual sites or across the collaboration may be shared with the funder and/or 

external institutions. All requests for access to study data will be reviewed by the 

KWTRP data governance committee. Personally identifiable data will not be shared with 

outside organizations as per KWTRP data sharing guidelines. 

15.2 Intellectual property 

Any intellectual property rights that arise from the work will be safeguarded according to 

current KEMRI guidelines and the Industrial Property Act of 2001, sections 32, 58 and 

80. The scientific and intellectual contributions of all persons involved in the research 

will be appropriately acknowledged in all publications and presentations arising from the 

work. 

16 Ethical considerations 

All CIN data are de-identified. Some of the activities in this master protocol are 

approved under a series of annually renewed protocols submitted to KEMRI Scientific 

and Ethical Review Unit: 

Activity Protocol number 

CIN SSC 3459 

Clinical surveillance in Kilifi SSC 1433 
SSC 1999 

Investigation of candidate gene 
polymorphisms 

SSC 3420 and SSC 3257 
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This protocol will be subject to ethical approval from SERU Nairobi, and the applicable 

institutional ethical committees for non-KEMRI investigators. 

Staff with participant contact will receive the appropriate training on personal protection 

and will be provided with personal protective equipment guided by Ministry of Health, 

County, Programme, and other applicable institutional clinical and laboratory guidelines. 

In the event of conflicting guidelines, PPE offering the higher level of protection will be 

chosen. Studies involving enrollment of human participants will conduct study 

procedures, including consenting, sample collection and data collection in observance 

of prevailing MoH and other national guidelines and measures to prevent SARS-CoV-2 

infection among study staff and participants such as physical distancing and hand 

hygiene practices.  

The study will maintain ethical standards through internal and external training, 

monitoring and standardisation of procedures. All investigators will have been required 

to complete research ethics training. Lead investigators for each objective are listed in 

Appendix 1 for ease of reference on individuals responsible for overall oversight and 

scientific coordination for the various activities included in this master protocol.   

As the sub-studies described under this protocol are observational, participation is not 

expected to introduce any exclusions to participate in therapeutic or prophylactic clincial 

trials. However, enrollment of participants in therapeutic or prophylactic clinical trials 

may preclude participation in the hospitalized COVID cohort and serosurveillance 

studies as treatments may impact the clinical course of disease or immune responses. 

As with all studies, participation in the sub-studies described under this protocol is 

voluntary and participants may choose to withdraw from any of the sub-studies in order 

to participate in therapeutic or prophylactic clinical trials. Study investigators will not 

impede participation of enrolled individuals in therapeutic or prophylactic clinical trials. 

Both the surveillance and the cohort provide a platform that can be transitioned trial use 

as we have previously done in both CIN (SSC 3459) and CHAIN 

(KEMRI/CGMRC/CSC/054:3318).  

In the specific case of interviews / discussions it will be clear to respondents that their 

participation is voluntary and they will be asked for permission / consent. They can ask 

to terminate any aspect of their participation at any stage and every effort will be made 

to ensure their confidentiality is preserved. In particular, no individual’s name nor facility 

name will be used in any report. Every effort will also be made to conduct interviews / 

discussions at times and in places that are convenient and preserved confidentiality. 

Taking part in interviews / group discussions is expected to take less than 30-60 

minutes and so should cause no more than minor inconvenience. Where interviews / 

group discussions are held online participants will have their data costs reimbursed in 

accordance with the existing KEMRI-Wellcome policy (1 GB of data; approximately Ksh. 

250). Where interviews / group discussions are held face to face at people’s place of 

work no direct compensation will be provided but where appropriate participants will be 

offered refreshment (eg. a soda or cup of tea) if the interview is held duing a working 

break. 
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16.1 Risks 

This study does not introduce risks to participants beyond those they would normally 

face in the context of illness or routine care, for example in the case of samples 

collected at ANCs. Sample collection from HCW, other frontline staff and HDSS 

residents will introduce risks associated with collection of blood samples and 

nasopharyngeal samples (HCW and other frontline staff only). Potential risks associated 

with collection of blood and nasopharyngeal samples include pain at the blood draw site 

and discomfort in the nasopharynges. These risks will be minimized by having sample 

collection conducted by competent staff trained in sample collection. For studies 

conducting RT-PCR testing, positive test results will be reported to the applicable 

County RRT. Individuals testing positive for SARS-CoV-2 by RT-PCR will be subject to 

national MoH guidelines, which may include  isolation at designated facilities as well as 

tracing and quarantine of contacts, potentially at government-designated facilities. 

Isolation and quarantine at government-designated facilities maybe at the expense of 

individuals testing positive. Staff will be trained on how to respond to participants 

questions regarding positive SARS-CoV-2 results. There is some risk that additional 

follow-up visits after discharge could risk further spreading SARS-CoV-2 or introduce 

risk of SARS-CoV-2 infection if participants use public transport to attend follow-up 

visits. Such visits for participants enrolled in the clinical COVID-19 cohort may be 

converted to a phone call to obtain vital status, without sample collection, if the visit 

appears to be in conflict with Kenyan National Guidelines at any point during the study. 

Follow up visits for participants in the longitudinal serosurveillance of asymptomatic and 

symptomatic confirmed COVID-19 cases will be integrated within the MoH RRT COVID-

19 home-based care program, minimizing the need to use public transport. There is a 

risk of breaching medical confidentiality. The principle of confidentiality and measures to 

protect confidential information will be part of staff training. Potential disadvantages for 

participants also include the time taken to attend follow ups and answer questions, and 

the potential for interviews to remind interviewees of difficult and disturbing incidents 

and situations in their lives. Training and standard SOPs will be implemented to help 

avoid these problems. Patients attending study follow-up visits at health facilities 

(CHAIN-COVID cohort) and HDSS residents attending the sample collection visit at a 

health facility will be have transport costs reimbursed (based on the distance traveled) 

and will be compensated for out of pocket expenses ranging from a minimum of KES 

350 to a maximum of KES 650 per visit; this range is in line with KWTRP guidelines. 

Transferred healthcare workers or those invited back to the study health facilities for 

sample collection during their non-working hours will be reimbursed their actual 

transport costs and will receive KES 650 for out-of-pocket expenses.  

Any potential risks from taking part in interviews / group discussions will be mitigated by 

preserving participants’ confidentiality.   

16.2 Benefits to patients and community as a whole 

Hospitalized patients will benefit from institutional training, standardisation of 

procedures and additional staffing. Where health or social problems are identified, 

participants in inpatient surveillance will be referred to appropriate services. Findings 
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from this study are expected to lead to improvements in the national response to 

COVID-19 by generating novel data about disease incidence, prevalence of exposure, 

virus’s effects on vulnerable populations, and the health systems challenges being 

faced by facilities mounting a response to the disease. 

16.3 Confidentiality 

Every effort will be taken to maintain normal medical confidentiality.  All records and 

transcripts will be kept in a locked filing cabinet at the appropriate site, which is 

accessed only by the investigators and the study staff. For CIN-specific surveillance, all 

participant data will be deidentified. Health service assessment data will be facility level 

data but in instances where they represent a health worker response data will be de-

identified (neither the name nor other personal identifiers collected). In the case of 

interviews / discussions all such data will only be linked to a unique code with a small 

number of named investigators having access to a file linking these codes to the 

respondents’ details (eg. their age, profession, facility). For ANC surveillance, all 

included mothers will have a serial number assigned to them that will anonymise their 

associated data collection form and blood sample; there will be no document that links 

the samples to the mothers. At KWTRP-Kilifi, data from the clinical, laboratory and 

demographic surveillance will be stored in an integrated database Kilifi CGMR-C server. 

Data access and confidentiality will be overseen by the Manager, ICT department, and 

routine off site back-ups will be conducted to ensure data security. Additional 

confidentiality measures are detailed within the associated protocols. Only the 

investigators and the clinical monitor will have access to these records.  Only de-

identified data will be shared with the funder or other investigators, as specified under 

the section on data sharing.  

16.4 Community engagement strategy 

Community engagement will primarily be through the inpatient wards, OPDs and follow-

up clinics at the hospital study sites and through the County Directors’ offices. Study 

teams will also establish or leverage existing linkages with county and hospital health 

promotion teams to support dissemination of hospital, County of MoH COVID-19 

educational materials.  Sub-County Health Management Teams and health facility 

administrators will also be engaged. Partnerships with some County, Sub-County and 

health facilities stakeholders have already been established for sites that have ongoing 

clinical surveillance conducted under the protocols listed in Section 17 and these 

existing partnerships will be leveraged. Referral clinics and hospitals will be informed 

through these means. At this time further Community sensitisation appears 

inappropriate as it would break with national social distancing recommendations. The 

community engagement strategy will be revised should national recommendations be 

revised. We will consult with the KWTRP Community Engagement team to explore the 

feasibility and suitability of using non-contact mass communication strategies for 

engaging the community, such as radio announcements. When working with other 

organizations, we shall engage the community engagement teams at the respective 

organizations to identify appropriate strategies for engaging community members. At 

the Programme level, KWTRP has engaged and continues to engage community 
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members in collaboration with the Kilifi Department of Health through guest speaking 

roles at local Coastal region radio stations during which Programme researchers have 

covered a wide range of COVID-19 topics.     

16.5 Stakeholder information giving 

The key stakeholders in this study are the hospitals hosting the study, the community 

engaged in the research, the Ministry of Health, County Health Departments, the 

investigators and the funders.  Written and oral (virtual/phone) information regarding the 

study’s purpose, processes and findings will be given to each of these parties.  The 

funders will be engaged through regular progress reports given by the scientific leads. 

16.6 Individual informed consent 

Individual informed consent will not be sought for the following activities: surveillance for 

suspected or confirmed COVID-19; ANC serosurveillance; retrospective serosurvey 

among hospitalized patients; and the analysis of trends in pneumonia and all-cause 

hospitalization and mortality within hospitalized adults at KCH. As described previously, 

the objective of ANC serosurveillance is population screening. There is no intention in 

providing individual test results to women. For this reason, routine identification data will 

not be collected. This is unlikely to cause any harm to the patients. The data to be 

collected includes age, parity, gravidity, gestational age and any new medical 

symptoms. Consent will be obtained from participating health facilities and the 

respective Counties to use the residual blood volumes to conduct public health 

surveillance of SARS-CoV-2. In the development of this protocol we request approval to 

publish the results of the population surveillance activities. The retrospective serosurvey 

will use stored samples from patients who consented to sample stored and future use 

under SSC 1433 (An effectiveness study in Kilifi District of 10-valent Pneumococcal 

Conjugate Vaccine administered through the routine childhood immunization 

programme). Through this protocol, we request approval to use these stored samples to 

assess for previous SARS-CoV-2 exposure in this population of patients without 

confirmed COVID-19. Pneumonia and all-cause admissions will be abstracted from the 

clinical surveillance database at KCH. Clinical and demographic characteristics are 

typically collected as part of KCH adult ward surveillance (SSC #1999).  

Consent will be sought for long-term clinical follow-up of COVID-19 cases; investigation 

of suspected multisystem inflammatory syndrome;  virological and serological 

surveillance of HCW and non-healthcare frontline staff; interviews / discussions with 

healthworkers, serological surveillance of HDSS residents, asymptomatic cases and 

symptomatic cases; as well as for host genetics studies. Studies involving individuals 

aged 13 to 17 years, inclusive, will seek written assent, in addition to parental consent. 

These studies will be carried out in conformity to the ICH-GCP principles for informed 

consent. These principles will be stated and explained clearly in an informed consent 

SOP. This will be the basis for training staff involved in obtaining informed consent. 

Patients, parents or guardians will receive an explanation of the study by a member of 

the study team in private and in an appropriate language (e.g., English, Kiswahili, 

Giryama or Dholuo). For hospitalized participants, consent will be obtained during the 
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stablisation period. They will be given a chance to ask questions before written consent 

for them, or their child, to be included in the study is sought. Potential participants 

needing time to consider participation will be allowed no less than 30 minutes but the 

time allowed may be longer for research activities where it is logistically feasible. In line 

with standard operating procedures, study staff will ask participants/ parents/ guardians 

questions to assess understanding. An impartial witness will be included in the event 

that the participant or parent/ guardian (for children) cannot read. Participants or their 

caregivers who are unable to write will be asked to provide a witnessed thumbprint. 

Written emergency assent will be obtained for patients severely ill at presentation to the 

health facility. As part of quality assurance, study documents will be reviewed to ensure 

that the applicable consent form is completed for each study participant. Participants/ 

parents/ guardians will be provided with a copy of the applicable signed consent 

document.  

For interviews / discussions only professional healthworkers will be invited to 

participate. They will be provided with an information sheet about the purpose of data 

collection and the process. This will either be sent to them online or when a researcher 

is visiting their facility. They will be given time to read the information and ask any 

questions and then asked to give their permission / consent for the interview / group 

discussion as appropriate. Where the interview / discussion is being conducted online 

the respondents will be asked to send a structured email or message to the interviewer 

confirming they give permission / consent to take part and to have the interview / 

discussion recorded by the interviewer. At the start of the audio recording the 

particpants will be asked to confirm verbally that they have given their permission / 

consented to providing information as part of the research. Where interviews / 

discussions are conducted face-to-face then written informed consent will be obtained 

including for audio recording. Respondents will at any time be able to withdraw their 

permission / consent or ask for any information they have shared to be withdrawn from 

the study. 

16.7 Training/ support for those involved in community engagement and 

administering consent 

Virtual or in-person training in community engagement and consent will be given to all 

study staff prior to enrolment beginning.  All persons administering consent with have 

research ethics and GCP training. Staff performing verbal autopsy will be trained in 

accordance with WHO recommendations by staff engaged with an existing verbal 

autopsy study. Recognizing that research managers, frontline researchers and field staff 

can face significant ethical dilemmas over the course of conducting their research, 

regular debriefs will be organized for staff to share any ethics dilemmas faced (85). 

These sessions will allow team members with different experience and expertise to 

share worries, carefully identify and explore any related ethical issues and researcher 

responsibilities, and agree on any appropriate action. 
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16.8 Feedback of information 

Results of the study will be fed back to the study communities through each research 

institution’s community representatives or community liaison group, public meetings 

(when government restrictions are eased), hospital and counties involved and the follow 

up clinics in each site, and nationally through the Emergency Operations Centre. 

Results will be shared through presentation at local and international scientific meetings 

as well as peer-reviewed publications. 

16.9 Sample storage 

Consent to participate will include permission to store samples for current research 

activities. Participants will indicate agreement to store samples for future research. Use 

of samples for future research will be contingent on ethical approval. Samples will be 

stored at the KWTRP biobank in Kilifi for the duration of the study. Access to the 

biobank is strictly controlled. After expiration of the storage period samples will be 

disposed of in accordance with the applicable institutional standard operating 

procedures for sample destruction. 

16.10 Role of contributing studies 

As described previously, the COVID-19 surveillance and epidemiologic evaluations 

described under this protocol will leverage data and/ or samples collected under other, 

SERU-approved protocols. The sections below summarize the scope of each 

contributing study and expected contributions to this protocol. The work described under 

this protocol will not subsume contributing studies as the scope of each of those studies 

extends beyond COVID-19 research.  

16.10.1 SSC 3459: A Clinical Information Network – A technical collaboration with 

the Ministry of Health and county hospitals to support and improve 

strategies for audit, health service evaluation 

Scope: To support: i) improved reporting to the Ministry of Health of routine morbidity, 

mortality and quality of care data from hospitals; ii) improved use of data to provide 

individual hospitals with regular reports on their morbidity, mortality and quality of care 

to promote quality improvement; iii) piloting the development of enhancements to local 

and national information systems to enable production of better health statistics; iv) and 

improved use of data for surveillance of mortality, morbidity and quality and for tracking 

the adoption of technologies and treatments recommended by the Ministry of Health 

across hospitals. 

Contribution to SEECK protocol: Morbidity and mortality data specific to suspected 

and confirmed COVID-19 and health facility assessments from health facilities 

participating in the Clinical Information Network.  

16.10.2 SSC 1433: An effectiveness study in Kilifi District of 10-valent 

pneumococcal conjugate vaccine administered through the routine 

childhood immunization programme 

Scope: To evaluate: 1) the impact of pneumococcal conjugate vaccine (PCV) use on 

invasive pneumococcal disease (IPD) by monitoring all individuals in the Kilifi HDSS for 
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both immunization events and morbidity events; 2) impact of PCV use on pneumonia 

and all admissions to hospital; 3) the cost-effectiveness of PCV; 4) population immunity 

following vaccine introduction; 4) pneumococcal transmission patterns; and 5) molecular 

strain structure of pneumococcus. 

Contribution to SEECK protocol: Clinical and laboratory data on hospitalized patients 

for assessment of trends in pneumonia and severe acute respiratory infection (SARI) 

hospitalization and mortality among patients admitted to Kilifi County Hospital. Stored 

samples for retrospective serosurvey.   

16.10.3 SSC 1999: Description of the burden of disease in adults admitted to Kilifi 

District Hospital  

Scope: To use routinely collected hospital and demographic data to determine the 

burden and rates of various clinical conditions in adults admitted to the medical wards at 

Kilifi District Hospital.  

Contribution to SEECK protocol: Routinely collected hospital and demographic data 

for assessment of trends in pneumonia and all-cause hospitalization and in-hospital 

mortality among adults admitted to Kilifi County Hospital.  

16.10.4 SSC 3420: Epidemiological and functional studies of candidate malaria-

protective polymorphisms 

Scope: To perform epidemiological and functional experimental studies with a view to 

gaining a better understanding of the manner in which malaria-protective 

polymorphisms affect the dynamics of the host-parasite interaction and prevent severe 

malaria episodes. 

Contribution to SEECK protocol: Identification of polymorphisms in target genes of 

interest for use in analyses of the contribution of polymorphisms to COVID-19 

susceptibility. 

16.10.5 SSC 3257: The genetics of iron status and susceptibility to childhood 

infections 

 Scope: To assess whether: 1) iron deficiency and other micronutrients impair natural 

and vaccine-induced immunity thus increasing the risk of infections such as malaria and 

bacterial infections; and 2) early micronutrient deficiencies might be associated with 

cardiometabolic disease.  

Contribution to SEECK protocol: Identification of polymorphisms in target genes of 

interest for use in analyses of the contribution of polymorphisms to COVID-19 

susceptibility. 

17 Expected application of findings 

This study will rapidly deepen our understanding of COVID-19 incidence, exposure 

prevalence, how COVID-19 effects vulnerable population, the toll which the COVID-19 

response has on the Kenyan healthcare system, potential role of host genetics and 

molecular mechanisms in the local context. This information may directly inform the 
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Kenyan and sub-Saharan African Response to SARS CoV-2. Secondly, it will identify 

the viability of SARS CoV-2 in faecal samples, which will inform how research 

laboratories should handle these samples during the pandemic, or during a future 

epidemic or endemic phase of this disease. This research will also provide data on the 

validity of antibody assays which will be informative for serological testing. This 

research will be vital to ensuring health science research after the pandemic is able to 

continue using faecal samples as a relatively low-risk, non-invasive sample type. 

18 Budget 

    KSH USD 

Personnel       

  Clinical surveillance In-kind contribution   

  
Virological and serological 
surveillance         95,560,215  1,005,897 

  Host genetics studies In-kind contribution   

  Molecular mechanisms studies In-kind contribution   

Training and 
supervision       

  Clinical surveillance 758,400 6,895 

  
Virological and serological 
surveillance              176,016  1,853 

  Host genetics studies N/A   

  Molecular mechanisms studies 
In-kind 
contribution    

Equipment       

  Clinical surveillance In-kind contribution   

  
Virological and serological 
surveillance In-kind contribution   

  Host genetics studies In-kind contribution   

  Molecular mechanisms studies 
In-kind 
contribution    

Transportation       

  Clinical surveillance N/A   

  
Virological and serological 
surveillance           9,532,775  100,345 

  Host genetics studies                1,425,000          15,000  

  Molecular mechanisms studies N/A   

Data collection - 
supplies and 
communication       

  Clinical surveillance 5,591,389 50,846 

  
Virological and serological 
surveillance           5,174,270  54,466 

  Host genetics studies In-kind contribution   

  Molecular mechanisms studies 
 In-kind 
contribution   

Data management and 
coordination       

  Clinical surveillance 812,897 7,390 

  
Virological and serological 
surveillance N/A   
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    KSH USD 

  Host genetics studies 500,000 5,263 

  Molecular mechanisms studies In-kind contribution   

Laboratory (supplies, 
sample collection, 
storage and testing)       

  Clinical surveillance N/A   

 
Dried blood spots cards and Mitra® 
devices  927,072 7,992 

  
Virological and serological 
surveillance 61,428,900 646,620 

  Host genetics studies                5,225,000          55,000  

  Molecular mechanisms studies 
 In-kind 
contribution   

PPE       

  
Virological and serological 
surveillance         10,254,015        107,937  

Sub-contracts       

  Clinical surveillance N/A   

  
Virological and serological 
surveillance         82,175,000        865,000  

  Host genetics studies N/A   

  Molecular mechanisms studies N/A   

        

Sub-total   280,446,964  2,940,041  

        

15% contingency   42,067,044  441,006  

        

Total   322,514,008  3,381,047  

 

18.1 Budget justification 

The described research activities will leverage ongoing work and as such a substantial 

proportion of costs will be covered by in-kind contributions as described in the 

respective line budget items above. The budget will support personnel costs for 

investigators, fieldworkers, clinicians and support staff involved in recruitment of 

participants for virological/ serological surveillance studies, sample collection and 

analysis. The budget will also support training for staff involved in clinical and 

virological/ surveillance as well as supervision during conduct of study activities. 

Equipment needed for the current activities will leverage existing equipment and 

therefore no equipment is budgeted to be purchased. Transport costs will include costs 

associated with travel for staff to collect samples and sample shipping costs locally and 

internationally. Funding will be needed to support data collection, including provision of 

data (internet) bundles to participants in the qualitative exploration of challenges in 

health service provision, and management including printing paper forms, coordination 

of staff across the different study sites and   collation/ management of data across the 

different study sites.   The budget will further support purchase of sample collection 

supplies , RT-PCR testing, antibody assays and genetic testing as described for the 
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different studies.  To minimize the risk of COVID-19 infection, personal protective 

equipment – as recommended by Programme/ MoH guidelines – will be purchased for 

staff. Serosurveillance of HDSS residents will involve collaboration with other HDSS 

outside Kilifi and costs for these independent HDSS will be covered under sub-

contracts.  
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19 Timeline 
 

Activity  
Q2 2020 

 
Q3 2020 Q4 2020 Q1 2021 Q2 2021 

Protocol and tool development      

County engagement/introductions      

Ethical approval      

Clinical surveillance      

Health services assessments      

Serosurveillance among ANC 

clients 

     

Serosurveillance among HCW      

Serosurveillance among key 

frontline workers 

     

Serosurveillance among DSS 

residents 

     

Serosurveillance among 

asymptomatic cases 

     

Serosurveillance among 

asymptomatic cases 

     

Host genetics and molecular 

mechanisms studies 

     

Dissemination event      
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20 Appendices 

20.1 Appendix 1 – Lead investigators by objective 

 

 Description Lead Comments 

P
ri

m
a

ry
 o

b
je

c
ti

v
e
 

To estimate the burden of COVID-19 and prevalence of exposure to SARS-CoV-2 

• Incidence of suspected and confirmed 
COVID-19 in hospitalized children and 
adults 

Dr Ambrose Agweyu Associated protocol: SSC 
3459 

• Cumulative incidence of confirmed 
COVID-19 and seroepidemiology of 
SARS-CoV-2 antibodies in HCW 

Dr Anthony Etyang  

• Seroepidemiology of SARS-CoV-2 
antibodies in ANC clients 

Dr Katherine Gallagher  

• Seroepidemiology of SARS-CoV-2 
antibodies in non-healthcare frontline staff 

Dr Wangeci Kagucia & 
Prof Anthony Scott 

 

• Seroepidemiology of SARS-CoV-2 
antibodies in HDSS residents 

Dr Ifedayo Adetifa  

• Seroepidemiology of SARS-CoV-2 
antibodies in asymptomatic PCR-
confirmed cases 

Dr Ambrose Agweyu  

• Seroepidemiology of SARS-CoV-2 
antibodies in symptomatic PCR-confirmed 
cases 

Dr Geofrey Omuse & Dr 
Daniel Maina 

 

• Retrospective SARS-CoV-2 serosurvey 
among hospitalized patients 

Prof Anthony Scott & Prof 
George Warimwe 

Associated protocol: SSC 
1433 

S
e

c
o

n
d

a
ry

 

o
b

je
c

ti
v

e
 #

1
 To describe the clinical presentation, course and outcomes - including risk factors – in all and highly 
vulnerable adults and children, such as those with HIV, chronic non-communicable diseases and 
malnutrition; determine the quantity, duration and contribution to transmission of faecal shedding of SARS-
CoV-2 in hospitalized COVID-19 patients 

• Clinical presentation, course and 
outcomes in all children and adults 

Dr Ambrose Agweyu Associated protocols: 
SSC 3459; SSC 1999 
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 Description Lead Comments 

• Clinical presentation, course and 
outcomes in highly vulnerable adults and 
children 

Prof Jay Berkeley Associated protocol: SSC 
3459 

• Quantity, duration and contribution to 
transmission of faecal shedding of SARS-
CoV-2 in hospitalized patients 

Prof Jay Berkeley Associated protocol: SSC 
3459 

Secondary 
objective 
#2 

To describe and compare trends in 
hospitalization and mortality due to all causes 
and pneumonia in adults and children 

Mr Mark Otiende & Prof 
Anthony Scott 

Associated protocols: 
SSC 1433 and SSC 1999 

Secondary 
objective 
#3 

To examine utilization of respiratory care 
interventions, up-referral, down-referral, criteria 
for discharge and determine the impact of local 
SARS-CoV-2 response on the ability of the 
Kenyan health system to continue to deliver other 
health services, including management of acute 
illness (diarrhea, pneumonia, malaria, HIV), 
nutritional rehabilitation, follow-up care, 
prevention of mother to child HIV infection, and 
immunization services 

Dr Jalemba Aluvaala & 
Prof Mike English & Dr. 
Jacquie Oliwa 

Associated protocol: SSC 
3459 

Secondary 
objective 
#4 

To investigate host genetic determinants of susceptibility to COVID-19, and molecular mechanisms of 
SARS-CoV-2 severity and death in hospitalized adults with long-term biomass exposure and severe 
undernutrition 

 • Host-genetic determinants Dr Silvia N. Kariuki & Dr 
Sarah Atkinson 

Associated protocols: 
SSC 3420 and SSC 3257 

 • Molecular mechanisms Dr Charles Sande  
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20.2 Appendix 2 – Investigator roles 
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A Abdi – Molecular 
biologist 

     Xc,d,e Xc,d,e Xc,d,e Xc,d,e Xc,d,e Xc,d,e     

I Adetifa – Clinical 
epidemiologist 

Xb,d   Xd  Xd Xd Xd X*a,b,d,e Xd Xd     

A Agweyu – Head, 
Epidemiology & 
Demography, KWTRP 

X* a,b,d,e Xb Xb Xb X a,b,d,e
 Xb,d Xb,d Xb,d Xb,d X* a,b,d,e Xb,d Xa,d,e Xb Xb Xb 

D Akech – Assistant 
Research Officer 

      Xb  Xb,c       

S Akech – Clinical 
epidemiologist 

X a,b,d,e    X a,b,d,e           

V Akelo – Clinical 
epidemiologist 

        Xa,b,d,e       

V Alegana - Epidemiologist X a,b,d,e               
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J Aluvaala – Clinical 
epidemiologist 

Xb,d,e Xb,d,e Xb,d,e  X*a,b,d,e           

R Aman – Chief 
Administrative Secretary, 
MoH 

Xa,b,d,e Xa,b,d,e Xa,b,d,e Xa,b,d,e Xa,b,d,e Xa,b,d,e Xa,b,d,e Xa,b,d,e Xa,b,d,e Xa,b,d,e Xa,b,d,e  Xb Xb Xb 

S Atkinson – Genetic 
epidemiologist 

            X*a,b,d,e   

BAT Barr – Director, 
Western Kenya CDC  

        Xa,b,d,e       

E Barasa – Nairobi 
Director, KWTRP 

    X a,b,d,e           

H Barsosio – Clinical 
Epidemiologist 

     Xb,d,e  Xb,d,e        

P Bejon – Executive 
Director KWTRP 

              X a,b,d,e 

J Berkley – Clinical 
epidemiologist 

Xa,b,d,e X*a,b,d,e X*a,b,d,e  X a,b,d,e
        Xa,b,d,e   
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M Chepkirui – Data 
Scientist 

X a,b,d,e    X b,d,e           

M English – Health 
Systems Researcher 

X a,b,d,e Xa,b,d,e Xa,b,d,e  X a,b,d,e           

A Etyang – Clinical 
epidemiologist 

Xb Xb  Xb,d,e  X*a,b,d,e Xd Xd Xd Xd Xd  Xa,b,d,e   

K Gallagher – 
Epidemiologist 

     Xa,d,e Xd Xa,b,d,e* Xd,e Xd Xd     

D Gathara – Clinical 
epidemiologist 

X a,b,d,e    X a,b,d,e
           

E Gicheru – Immunology 
technician 

             Xb,c  

G Githinji – 
Bioinformatician 

     Xc Xc         

M Hamaluba – Head, 
Clinical Research 

     X a,b,d,e          

G Irimu – Health Services 
Researcher 

X a,b,d,e    X a,b,d,e
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L Isaaka – Research 
Medical Officer 

X a,b,d,e               

C Kalu – Assistant 
Research Officer 

      Xb,d,e         

D Kamuya – Head, HSRE 
KWTRP 

    X a,b,d,e           

E Kagucia - Epidemiologist Xb,d Xb Xb Xa,d,e Xb Xd X*a,b,d,e Xb Xb,d,e Xb,d,e Xb,d,e Xa,b,d,e Xb Xb Xb 

A Karani – Microbiologist      Xc Xc Xc Xc   Xc    

H Karanja – Biomedical 
Laboratory Scientist 

     Xc Xc Xc Xc Xc Xc Xc   Xc,d,e 

SN Kariuki – Molecular 
epidemiologist 

            X*a,b,c,d,e   

S Kariuki – Chief Research 
Officer 

     Xb,d,e          

K Kasera – Head, EOC Xb Xb Xb Xb Xb Xb Xb Xb Xb Xb Xb     

M. Kimani – Clinical 
epidemiologist  

        Xa,b,e       
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20.3 Participant information sheets and consent forms (enclosed) 

20.3.1 Clinical surveillance 

(1) CHAIN-COVID Paediatric Ward Consent Form, version 1.1 

(2) CHAIN-COVID Paediatric Ward Assent Form, version 1.1 

(3) CHAIN-COVID Paediatric Ward Emergency Assent Form, version 1.1 

(4) CHAIN-COVID Adult Ward Consent Form, version 1.1 

(5) CHAIN-COVID Adult Ward Assent Form, version 1.1 

(6) CHAIN-COVID Adult Ward Emergency Assent Form, version 1.1 

20.3.2 Serological surveillance 

(1) SARS-CoV-2 Serosurveillance Studies among Healthcare Workers in Kenya 

Consent Form, version 1.3 

(2) SARS-CoV-2 Serosurveillance Studies among Frontline Workers in Kenya 

Consent Form, version 1.2 

(3) SARS-CoV-2 Serosurveillance Studies among Health and Demographic 

Surveillance System Residents in Kenya Consent Form, version 2.2 

(4) SARS-CoV-2 Serosurveillance Studies among Health and Demographic 

Surveillance System Residents in Kenya Assent Form, version 2.2 

(5) Seroepidemiology of Asymptomatic, PCR-confirmed SARS-CoV-2 Cases 

Consent Form, version 1.1  

(6) Seroepidemiology of Asymptomatic, PCR-confirmed SARS-CoV-2 Cases 

Assent Form, version 1.1 

(7) Seroepidemiology of Symptomatic, PCR-confirmed SARS-CoV-2 Cases 

Consent Form, version 1.1 

(8) Seroepidemiology of Symptomatic, PCR-confirmed SARS-CoV-2 Cases 

Assent Form, version 1.1 

20.3.3 Health services assessments 

(1) Qualitative exploration of the challenges facilities face in providing COVID-19 

and routine services – Information sheet and consent form 

20.4 Data collection forms (enclosed) 

(1) COVID-19 Hospital-based Sentinel Surveillance Case Investigation Form 

(2) Healthcare worker serosurveillance data collection form 

(3) Non-healthcare frontline worker serosurveillance data collection form 

(4) ANC serosurveillance data collection form 

(5) HDSS serosurveillance data collection form 

(6) Asymptomatic serosurveillance data collection form 

(7) Qualitative exploration of the challenges facilities face in providing COVID-19 

and routine services – Individual interview / group discussion guide 

 

 


