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Abstract

Objective: To investigate factors associated with COVID-19 among household members of

patients in home-based care (HBC) in western Uganda.

Methods: We conducted a case-control and cohort study. Cases were RT-PCR-confirmed
SARS-CoV-2 diagnosed 1-30 November 2020 among persons in HBC in Kasese or Kabarole
Districts. We compared 78 case-households (>1 secondary case) to 59 control-households (no
secondary cases). The cohort included all case-household members. Data were captured by

in-person questionnaire. We regressed to calculate odds and risk ratios.

Results: Case-households were larger than control-households (mean 5.8 vs 4.3 members,
p<0.0001). Having >1 household member per room (@OR=4.5, 95%CI 2.0-9.9) or symptom
development (aOR=2.3, 95%CI 1.1-5.0), interaction (aOR=4.6, 95%CI 1.4-14.7) with
primary case-patient increased odds of case-household status. Households assessed for
suitability for HBC reduced odds of case-household status (aOR=0.4, 95%CI1=0.2-0.8).
Interacting with primary case-patient (aRR=1.7, 95%CI 1.1-2.8) increased the risk of

individual infection among household members.

Conclusion: Household and individual factors influence secondary infection risk in HBC.

Decisions about HBC should be made with these in mind.

Key words: Screening, COVID-19, Pandemic, Home based care(HBC), Uganda
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INTRODUCTION

The COVID-19 pandemic has stressed healthcare systems, economies, and social systems
around the globe. Control of spread of the causative agent, the SARS-CoV-2 virus, requires
effective contact tracing and isolation of all persons testing positive until they are no longer
infectious(World Health Organization. 2021). In middle- and high-income settings, isolation
is often possible at home if there are separate rooms, sufficient ventilation, and dedicated
hygiene facilities for the primary case(Patwardhan 2020). However, many households (HH)

in low-income countries, including Uganda, do not have these features.

Due to the challenges with home isolation for much of the Ugandan population, institutional
isolation was mandatory for confirmed cases early during the outbreak. Isolation was initially
continued until the infected person tested negative, and subsequently for 10-14 days after
their positive test. After the first case was identified in Uganda on March 21, 2020, the
outbreak grew relatively slowly, and institutional isolation of all cases was feasible(Migisha
et al. 2020). Starting in August 2020, however, cases began increasing rapidly, and as of late
October 2020, approximately 12,500 cases had been confirmed, with about half occurring

since August(Uganda Ministry of Health 2020).

As cases increased, healthcare facilities became stressed, and many ran out of space. Some
began charging exorbitant prices for treatment outside the reach of most patients. Patients
expressed increasing reluctance to go to the healthcare facilities due to the hospital costs,
lack of space, stigma, and myths circulating in the community about treatment(Think Well
Global 2020). As a result, towards the end of 2020, the practice for patients with COVID-19
in Uganda began shifting from hospital care to home-based care (HBC).

4
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In Uganda, HBC is intended to reflect an integrated and flexible approach to patient care and
management, with a focus on family solidarity(The African Field Epidemiology
Network(AFENET) 2021). It also emphasizes basic traditional care patterns in Uganda,
which include family members taking responsibility for providing care for their loved ones.
However, those guidelines can be challenging to follow in traditional homes in Uganda,
which frequently have only a single room and poor ventilation. Critical elements of HBC
such as social distancing and wearing masks inside are often both socially challenging and

logistically impossible(Neilson 2016),(Pang et al. 2003).

In October 2020, there were no formalized HBC guidelines in Uganda, yet persons were
beginning to be treated at home in large numbers. During November 2020, more than 750
cases had been reported in the districts of Kasese and Kabarole Districts, many of which were
reported among the household members of case-patients in HBC. We sought to identify
household-specific factors and individual factors associated with COVID-19 infection among

household members of COVID-19 case-patients in Kasese and Kabarole Districts.

METHODS

Study Setting

The study was carried out in the communities of Kasese and Kabarole Districts, in
southwestern Uganda. Fort Portal town in Kabarole District was highly affected and was the
focus of the study in this district. Kasese District is located to the east of the Democratic
Republic of Congo and to the west of Kabarole District. The population of Kasese District is
approximately 750,000, and the population of Fort Portal town in Kabarole district is

approximately 55,000(Uganda Bureal of Statistics 2020).
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Study design

We conducted a case-control and cohort study that came from the case-households during
December 2020. To be eligible, all households had to have at least one case-patient with
confirmed SARS-CoV-2 infection being cared for in HBC settings for COVID-19. The
person with the first confirmed infection in each household was defined as the primary case.
At the time of this study, guidelines for HBC in Uganda were still being drafted. Despite this,
some households were assessed by district health teams for their suitability before persons
were enrolled in HBC. Although the criteria for selecting the households for assessment were
not standardized, households were generally considered suitable for HBC if they had a
dedicated separate room for the confirmed case(s); however, the decision about whether or
not to place a patient in HBC was also made depending on the severity of illness and the
absence of other underlying medical conditions. Only cases with asymptomatic, mild, or

moderate disease were considered for HBC.

Case-control study

The case-control study was designed to identify factors associated with infection among
household members of persons in HBC. These included household structure, crowding
(defined as a ratio of >1 household member per household room), ventilation (defined as >1
window per bedroom), and primary case characteristics. Cases were persons with reverse
transcription polymerase chain reaction (RT-PCR)-confirmed infection during 1-30
November, 2020 in Kasese District or Kabarole town. Case-households were defined as those
in which at least one other household member beyond the primary case was infected, while

control-households were those in which no other household members became infected.
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Cohort study

Using the case-households from the above-described study, we conducted a retrospective
cohort study to identify individual risk factors for contracting SARS-CoV-2 infection among
all household members of primary COVID-19 patients in HBC. We collected data about each
household member using a questionnaire, administered either to the household member or
their guardian. Data collected included demographic factors; use of protective measures such
as alcohol-based hand rub (ABHR); having and using face masks and handwashing stations;
comorbidities; interactions with the primary case; and knowledge about caring for the
primary case. We compared exposures and outcomes among household members of case-

patients to identify risk factors associated with infection.

Inclusion and exclusion criteria

All homes with at least one person with RT-PCR-confirmed SARS-CoV-2 infection,
diagnosed 1-30 November 2020 and being treated in HBC in Kasese and Kabarole districts
were included in this study. Primary cases were tested for SARS-CoV-2 by RT-PCR either
because they were symptomatic or because they were contacts of cases outside their
households. Almost all household members of the primary cases were tested for SARS-CoV-
2 by RT-PCR following the primary case’s positive test; however, there was no protocol for
this testing, and the timing of the test after the primary case’s positive test varied to some
extent. We excluded army barracks, orphanages, or live-at-work factories from our study due
to the likelihood of their having different approaches to HBC. Households with no caretakers
available, those that had relocated, and those where the head of household did not consent

were excluded (Figure 1).

Data collection and analysis
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For both the case-control and the cohort study, we collected data by administering
standardized questionnaires to surviving case-patients and their family members. We
collected data on household construction materials, number of rooms (bedrooms and other
rooms), number of household members, bedrooms and windows in a household, and the
presence of electricity. We defined ‘adequate ventilation’ as household with at least a
window per room. We collected data from primary cases on demographic and clinic factors
including age, sex, symptoms and comorbidities, and clinical outcomes. We collected
exposure data including whether or not a household was assessed for HBC suitability before
the primary case-patient was placed in HBC, whether or not the case isolated or received
information on how to isolate, whether or not the primary case had a single dedicated
caretaker at home, interpersonal interactions and shared materials at home, the presence of a
dedicated toilet or hand-washing facility for the primary case, and the availability of face
masks or alcohol-based hand rub. The facemasks that were being used at the time were
double-layered cloth masks, which had been issued by the Ugandan Ministry of Health. The
efficacy of these cloth masks has been described previously(Mboowa et al. 2021). In

households where the primary case had died, an adult family member was interviewed as a

proxy.

In the case-control study, we used bivariate analysis to explore the association of potential
risk factors with being a case-household. Exposures with p-values <0.20 were included in
multivariable models. For the multivariable model, the likelihood ratio test was used to
determine if inclusion of additional covariates improved the fit of the model. Odds ratios and
their associated 95% confidence intervals (CIs) were used as measures of effect size. For the
comparison of case- and control-households, we calculated crude and adjusted odds ratios.

For the comparison of primary cases in case- and control households and for the cohort study,
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we used bivariate regression to fit univariate and multivariate generalized linear mixed effects
models to identify a risk factor for secondary infections in households caring for COVID-19
patients. We reported risk ratios as our measures of association. We included variables as
categorical fixed effects nested within fixed Households identifiers to account for clustering,
we assumed normal distribution of the random effects. Data analyses were performed using

Stata software version 15 (Stata Corp, College Station, Texas).

Ethical considerations
This activity was reviewed by CDC and was conducted consistent with applicable federal law

and CDC policy.

RESULTS

During November 2020, a total of 295 households with at least one member with laboratory-
confirmed SARS-CoV-2 infection were reported to the MoH from the Kasese district.
Among these, 137 were eligibie for inclusion. Seventy-eight (57%) were case-households and

59 (43%) were control-households (Figure 1).

Case-control study

About 2/3 of both case-households and control-households were located in urban settings
(towns or cities, as opposed to villages). Case-households had more household members on
average than control households (5.8 vs 4.3; p<0.001) (Table 1). They also had fewer rooms

than control households (mean 3.6 vs 4.5; p=0.003).

Household factors associated with case-household status

Among case-households, the mean number of infected contacts was 4.1 (median 4; range: 2—
8). Crowding (aOR=4.5; 95% CI 2.0-9.9) increased the odds of having a secondary case at

9
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home. Having had the home assessed for suitability for COVID-19 HBC reduced odds of
case-household status (aOR=0.4, 95%CI 0.2-0.8). Having brick walls increased the odds of
case-household status threefold (aOR=3.2, 95%CI 1.1-9.7). No differences were found
between case- and control-households in terms of location, ventilation, having dedicated
drinking water containers or piped water for the primary case, or the presence of electricity or

trash bins at home (Table 1).
Primary case factors associated with case-household status

The age of the primary case-patient was similar in control- vs. case-households (41+ 14.4 vs
37+ 11.9 years). Having a primary case with cough (OR=7.3, 95% CI 2.7-20.0) or fever
(OR=3.0, 95% CI 1.2-7.4) increased odds of case-household status (Table 2). Having a
primary case-patient who interacted with a household member while ill increased the odds of
having a secondary case (OR=6.6, 95% CI 2.5-17.8). Specifically, having someone bringing
food/water (OR=4.7, 95% CI 1.9-11.6), removing dishes (OR=2.3, 95% CI 1.1-4.7), washing
clothes (OR=2.6, 95% CI 1.3-5.5), or sitting with the primary case-patient inside the room
(OR=3.6, 95% CI 1.5-8.6) increased the odds of having a secondary case at home, at
Multivariate being symptomatic (aOR=2.3, 95% CI 1.1-5.0), any interaction with the primary

case (aOR=4.6, 95% CI 1.4-14.7) increased the odds of having a secondary case at home

HOUSEHOLD MEMBER EXPOSURE FACTORS FOR COVID-19

Cohort characteristics
In the 78 case-households, there were 315 household members (excluding the primary cases).
Among these, 296 (94%) received a RT-PCR test for COVID-19. Among those tested, 184

(62.2%) tested positive (Table 3). Among the 296 cohort members, the median age was 21

10
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(range: 1-71) years. Mean days between the primary case’s sample collection and the cohort

member’s sample collection was 5.7 (median: 4, range 0-19) (Table 3).

Household members >12 years of age had an elevated risk of infection, compared to those <5
years, and infection risk increased modestly with age of the household member (Table 4).
When compared to the daughter/son of the primary case, all other household members were
at increased risk of infection. Household members with hypertension (all of whom were >40
years of age) were at increased risk of infection (RR=1.7, 95%CI 1.6-1.9) compared to those
with no comorbidities. Compared to household members who did not report interacting with
the primary case, those self-reporting any form of interaction with the primary case had an
increased risk for infection (RR=2.0, 95% CI 1.4-2.9). Not knowing how to care for the
primary case (by self-report) was associated with increased risk of infection (RR=1.3, 95%
CI11.0-1.5), while access to alcohol-based hand rub (RR=0.7, 95% CI 0.5-0.8) or masks
(RR=0.7, 95%CI 0.6-0.8) was associated with a reduced risk of infection (Table 4).
Investigation of the individual impact of the interventions suggested that a combination of
having a face mask plus alcohol-based handrub or a handwashing station were protective on
an individual level, compared to having a face mask alone, while the lack of a face mask was
associated with increased risk (Supplementary Table 1). At multivariate model those that
reported having any interaction (aRR=1.7, 95%CI 1.1-2.8) were associated with increased

risk of secondary infection in these households.

11
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DISCUSSION

We identified multiple factors associated with infection among household members of
COVID-19 patients in HBC in Uganda. These findings have important implications in
Uganda, where safe HBC is critical to stemming the epidemic. Crowding at home and having
a coughing or febrile primary case-patient were associated with increased risk of infection
among household members, as were interactions with the primary case. Specific household
members were also at increased risk, with increasing age being significantly associated with
infection. Having access to some protective measures, but not others, was associated with
lower risk of individual infection, as was self-reported knowledge about how to care for the

primary case.

Increasing household size was associated with increased risk for infection. This is to be
expected as additional household members increase the opportunity for onward transmission.
To account for this, we used a crowding metric to evaluate household risk, and found that
crowding at home increased odds of having secondary cases more than four-fold. Crowding
has previously been associated with both increased transmission and severity of respiratory
infections(Cevik et al. 2020), possibly related to limited space in a household, fewer
opportunities for ventilation, and/or longer or more direct exposure to index cases(Leclerc et
al. 2020), (Villela 2021). This reflects a particular challenge in Uganda, where the average
household size is 4.6 persons, yet 45% of households have only one room for
sleeping(Uganda Bureau of Statistics 2019),(Okonkwo et al. 2020). Uganda’s guidelines for
HBC do recommend a separate room be made available for a patient in HBC, but do not

address alternate approaches if there is crowding(Uganda Ministry of health 2021). As an

12
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alternative, they suggest a separation of 2 meters between shared spaces, which might not

always be possible, especially in rural Ugandan settings.

We also identified that having brick walls, compared to mud walls, was an independent risk
factor for case-household status. This finding was somewhat unexpected, as having brick
walls is considered to be associated with a higher household socioeconomic status than
having mud walls, and lower SES has been shown to be associated with both COVID-
19(Foster et al. 2022) and influenza risk(Mamelund, Shelley-Egan, and Rogeberg 2021) in
other settings. In Uganda, an association between higher-quality housing (as measured by
having brick versus mud walls) and risk of household COVID-19 transmission may have
been driven by other unmeasured factors, including ventilation of the households. For
example, brick-walled households could have been more likely to have other more costly
structural factors, such as closed glass windows, compared with mud-walled households,
which might be more likely to have open-air windows. Natural ventilation has been shown to
reduce transmission of other airborne diseases, such as TB(Melissa Lygizos 2013),(Adrian
Roderick Escombe 2007). We measured ventilation only by the presence or absence of
windows, rather than the window material or actual ventilation. Measurement of actual

ventilation in future studies might inform the underlying reasons for this difference in risk.

Although spreading of COVID-19 from asymptomatic persons to contacts has been clearly
demonstrated(Wilmes et al. 2021; Luo et al. 2020), it is thought to be associated with a lower
secondary attack rate when compared to spread from symptomatic individuals(Li et al. 2021).
In our study, having a coughing or febrile primary case was independently associated with
increased odds of subsequent infection in the household. The HBC guidelines for Uganda

recommend use of control measures such as mask-wearing and social distancing for all

13
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household members to reduce transmission risk(Uganda Ministry of health 2021). However,
we noted that mask access among primary cases — typically considered a protective
intervention against both aerosol- and droplet-transmitted infections(Sterr et al. 2021; Kéhler
and Hain 2020)- did not protect household members, while mask access by other household
members was protective for them. In addition, interactions between the primary case and
household members increased risk for household members and access to alcohol-based hand
rub was protective. These results suggest that fomite or droplet spread may play a role in
household transmission of COVID-19. However, it may also relate to inadequate mask
materials, poor mask fit, or poor adherence to mask use by the primary case, which we did
not measure in this study. Interestingly, direct contact with the primary case did not increase
risk. However, this may reflect that bedroom-sharing in Uganda often includes the entire
family, rather than just the spouse(Uganda Bureau of Statistics 2019). In homes with other
risk factors for infection among household members, it may be worth considering the
symptomatology of the primary case when making decisions about the appropriateness of
HBC. In addition, simple and inexpensive interventions such as alcohol-based hand rub and
sufficient masks for the duration of infectiousness of the primary case could be considered as

part of a package distributed to or recommended to home-based care households.

At the time of this study, assessment of households for suitability for HBC before enrolment
in HBC was irregular, enabling us to study this variable as a risk factor for secondary
infections in households caring for COVID-19 patients. Both having the household assessed
for suitability for HBC and self-reported knowledge about how to care for the primary case at
home were protective. provision of educational content on how to care for patients during
HBC. Currently, multiple materials exist to guide persons on appropriate HBC(Uganda

Ministry of health 2021),(Centers for Disease Control and Prevention 2020). During periods

14
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when HBC care is occurring, these could be disseminated broadly in Uganda in ways that are
appropriate for the setting, such as newspaper, radio, television, and community leaders, and

in local languages.

This study had some limitations. First, we were unable to confirm conclusively which
persons was the true primary case in case-households. While many household members were
tested after the primary case, in some cases the testing was done on the same day as the
primary case. In these situations, we relied on the first report of symptoms to identify the
likely primary case. However, we could not rule out another household member being the
true primary case, or alternately a common exposure between soime case-patients who were
household members. While this could have confounded some of our analyses of individual
risk factors, it is unlikely to impact the assessment of household risk factors. Second, it is
possible that household members were exposed in multiple ways, such as from ongoing
exposure to community transmission; the primary case might not have been the source of
infection among other household members. Unfortunately, we did not ask about other
potential sources of infection for household members and were unable to assess this. Third,
some misclassification may have taken place among control households; it is possible that
secondary cases occurred but were not identified. This would lead to an overestimation of
odds ratios for the association between household factors and illness. Fourth, some members
of case-households could have developed infection after the first round of testing of
household members, resulting in misclassification of some infected persons as uninfected,
which could have overestimated odds ratios for individual risk factors for illness. Fifth, we
interviewed proxies in households where the primary case-patient had died, which could have
introduced recall bias, although this bias is not likely to be differential across case- and

control-households. Finally, it is possible that there might have been recall bias among case-

15



Journal Pre-proof

households due to the multiple cases in a single home, leading contacts to recall more
carefully their interactions with the primary case than in control households. This would have

the likely effect of increasing the apparent association between the exposure and the outcome.

Recommendations

HBC in Uganda requires special considerations, given the local setting and practices. Small,
crowded homes, those in which a household member has underlying disease, or situations in
which the primary case is symptomatic or actively coughing may not be appropriate for HBC.
Homes should be assessed for suitability and provided with or encouraged to purchase hand
sanitizer and masks, and interactions between the primary case- and household members
should be minimized as much as possible. A clear, muitilingual manual for homes engaging

in HBC on how to care for persons with COVID-19 may also be useful.

Disclaimer

The findings and conclusions in this report are those of the authors and do not necessarily

represent the views of the U.S. Centers for Disease Control and Prevention.

Conflict of Interest

The authors declare no conflict of interest.

Funding Source
No funding was received for this work, this project was supported by the President’s
Emergency Plan for AIDS Relief (PEPFAR) through the US Centers for Disease Control and

Prevention Cooperative Agreement number GH001353-01 through Makerere University

16



Journal Pre-proof

School of Public Health to the Uganda Public Health Fellowship Program, MoH. Its contents
are solely the responsibility of the authors and do not necessarily represent the official views
of the US Centers for Disease Control and Prevention, the Department of Health and Human
Services, Makerere University School of Public Health, or the Uganda MoH. The staff of the
funding body provided technical guidance in the design of the study, ethical clearance and

collection, analysis, and interpretation of data and in writing the manuscript.

Ethical Approval statement

Ethics approval and consent to participate as this work is part of the routine monitoring of the
COVID-19, ethics approval was not required. However, the authors strictly followed the
research standards.

Authors’ contributions

GA, PE, JH, made substantial contributions from conception of the idea to the study design;
PE, AA, GA and JH made important contributions to the design data analysis and
interpretation of result of the study; RM, PE, GA, AA and DK contributed to the
interpretation of results, writing of the manuscript, and reviewed the paper. All authors have
approved edited read and approved the final manuscript.

Acknowledgements

We would like to express immense gratitude to the Uganda Public Health Fellowship
Programme, specifically Dr. Ario Riolexus Alex for continued mentorship, the districts of
Kasese and Kabarole leadership for having input at initial stages and providing a platform
required for this investigation, the HBC sub pillar for review and providing technical input,
the Ministry of Health for substantial input and providing the required data and support for

this work.

17



Journal Pre-proof

References

Adrian Roderick Escombe, David A. J Moore, Jon S Friedland, Carlton A Evans, and Robert
H Gilman. 2007. “Natural Ventilation for Prevention of Airborne Contagion: Authors’
Reply.” PLOS ONE, May. https://doi.org/10.1371/journal.pmed.0040195.

Centers for Disease Control and Prevention. 2020. “Interim Guidance for Implementing
Home Care of People Not Requiring Hospitalization for Coronavirus Disease 2019
(COVID-19).” Https://Www.Cdc.Gov/Coronavirus/2019-Ncov/Hcp/Guidance-Home-
Care.Html. October 16, 2020.

Cevik, Muge, Julia L Marcus, Caroline Buckee, and Tara C Smith. 2020. “Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) Transmission Dynamics Should
Inform Policy.” Clinical Infectious Diseases, September.
https://doi.org/10.1093/cid/ciaal442.

Clark, Christopher E., Sinead T.J. McDonagh, Richard J. McManus, and Una Martin. 2021.
“COVID-19 and Hypertension: Risks and Management. A Scientific Statement on
Behalf of the British and Irish Hypertension Society.” Journal of Human Hypertension.
Springer Nature. https://do1.org/10.1038/s41371-020-00451-x.

Erener, Suheda. 2020. “Diabetes, Infection Risk and COVID-19.” Molecular Metabolism 39
(September): 101044. https://doi.org/10.1016/J.MOLMET.2020.101044.

Fang, Lei, George Karakiulakis, and Michael Roth. 2020. “Are Patients with Hypertension
and Diabetes Mellitus at Increased Risk for COVID-19 Infection?”” The Lancet
Respiratory Medicine. Lancet Publishing Group. https://doi.org/10.1016/S2213-
2600(20)30116-8.

Foster, Hamish M. E., Frederick K. Ho, Frances S. Mair, Bhautesh D. Jani, Naveed Sattar,
Srinivasa Vittal Katikireddi, Jill P. Pell, et al. 2022. “The Association between a

Lifestyle Score, Socioeconomic Status, and COVID-19 Outcomes within the UK

18



Journal Pre-proof

Biobank Cohort.” BMC Infectious Diseases 22 (1): 273. https://doi.org/10.1186/s12879-
022-07132-9.

Kéhler, Christian J., and Rainer Hain. 2020. “Fundamental Protective Mechanisms of Face
Masks against Droplet Infections.” Journal of Aerosol Science 148 (October).
https://doi.org/10.1016/j.jaerosci.2020.105617.

Leclerc, Quentin J., Naomi M. Fuller, Lisa E. Knight, Sebastian Funk, and Gwenan M.
Knight. 2020. “What Settings Have Been Linked to SARS-CoV-2 Transmission
Clusters?” Wellcome Open Research 5 (May): 83.
https://doi.org/10.12688/wellcomeopenres.15889.1.

Li, Fang, Yuan Yuan Li, Ming Jin Liu, Li Qun Fang, Natalie E. Dean, Gary W.K. Wong,
Xiao Bing Yang, et al. 2021. “Household Transmission of SARS-CoV-2 and Risk
Factors for Susceptibility and Infectivity in Wuhan: A Retrospective Observational
Study.” The Lancet Infectious Diseases 21 (5): 617-28. https://doi.org/10.1016/S1473-
3099(20)30981-6.

Luo, Yi, Edwin Trevathan, Zhengmin Qian, Yirong Li, Jin Li, Wei Xiao, Ning Tu, et al.
2020. “Asymptomatic SARS-CoV-2 Infection in Household Contacts of a Healthcare
Provider, Wuhan, China - Volume 26, Number 8—August 2020 - Emerging Infectious
Diseases Journal - CDC.” Emerging Infectious Diseases 26 (8): 1930-33.
https://doi.org/10.3201/E1D2608.201016.

Maher, Dermot, Laban Waswa, Kathy Baisley, Alex Karabarinde, and Nigel Unwin. 2011.
“Epidemiology of Hypertension in Low-Income Countries: A Cross-Sectional
Population-Based Survey in Rural Uganda.” Journal of Hypertension 29 (6): 1061-68.
https://doi.org/10.1097/HJH.0B013E3283466E90.

Mamelund, Svenn-Erik, Clare Shelley-Egan, and Ole Rogeberg. 2021. “The Association

between Socioeconomic Status and Pandemic Influenza: Systematic Review and Meta-

19



Journal Pre-proof

Analysis.” PLOS ONE 16 (9): e0244346. https://doi.org/10.1371/journal.pone.0244346.

Mboowa, Gerald, Derrick Semugenze, Hellen Nakabuye, Douglas Bulafu, and Dickson
Aruhomukama. 2021. “Efficacy of Face Masks Used in Uganda: A Laboratory-Based
Inquiry during the COVID-19 Pandemic.” The American Journal of Tropical Medicine
and Hygiene 104 (5): 1703-8. https://doi.org/10.4269/ajtmh.21-0030.

Melissa Lygizos, Sheela V Sheno, Ralph P Brooks, Ambika Bhushan, James CM Brust,
Daniel Zelterman, Yanhong Deng, Veronika Northrup, Anthony P Moll, and Gerald H
Friedland. 2013. “Natural Ventilation Reduces High TB Transmission Risk in
Traditional Homes in Rural KwaZulu-Natal, South Africa.” BMC Infect Dis.
https://doi.org/doi: 10.1186/1471-2334-13-300.

Migisha, Richard, Benon Kwesiga, Bernadette Basuta Mirembe, Geofrey Amanya, Steven N.
Kabwama, Daniel Kadobera, Lilian Bulage, ¢t al. 2020. “Early Cases of SARS-CoV-2
Infection in Uganda: Epidemiology and Lessons Learned from Risk-Based Testing
Approaches — March-April 2020.” Globalization and Health 16 (1): 1-9.
https://doi.org/10.1186/s12992-020-00643-7.

Musinguzi, Geofrey, and Fred Nuwaha. 2013. “Prevalence, Awareness and Control of
Hypertension in Uganda.” PLoS ONE 8 (4): e62236.
https://doi.org/10.1371/journal.pone.0062236.

Neilson, Shane. 2016. “The Surgical Mask Is a Bad Fit for Risk Reduction.” CMAJ.
Canadian Medical Association. https://doi.org/10.1503/cmaj.151236.

Okonkwo, Nneoma E, Ugochi T Aguwa, Minyoung Jang, Iman A Barré, Kathleen R Page,
Patrick S Sullivan, Chris Beyrer, and Stefan Baral. 2020. “COVID-19 and the US
Response: Accelerating Health Inequities.” BMJ Evidence-Based Medicine 0 (June):
bmjebm-2020-111426. https://doi.org/10.1136/bmjebm-2020-111426.

Pang, Xinghuo, Zonghan Zhu, Fujie Xu, Jiyong Guo, Xiaohong Gong, Donglei Liu, Zejun

20



Journal Pre-proof

Liu, Daniel P. Chin, and Daniel R. Feikin. 2003. “Evaluation of Control Measures
Implemented in the Severe Acute Respiratory Syndrome Outbreak in Beijing, 2003.”
Journal of the American Medical Association 290 (24): 3215-21.
https://doi.org/10.1001/jama.290.24.3215.

Patwardhan, Anjali. 2020. “Sustained Positivity and Reinfection With SARS-CoV-2 in
Children: Does Quarantine/lsolation Period Need Reconsideration in a Pediatric
Population?” Cureus 12 (12). https://doi.org/10.7759/cureus.12012.

Poletti, Piero, Marcello Tirani, Danilo Cereda, Filippo Trentini, Giorgio Guzzetta, Giuliana
Sabatino, Valentina Marziano, et al. 2020. “Probability of Symptoms and Critical
Disease after SARS-CoV-2 Infection,” June. http://arxiv.org/abs/2006.08471.

Sanyaolu, Adekunle, Chuku Okorie, Aleksandra Marinkovic, Risha Patidar, Kokab Younis,
Priyank Desai, Zaheeda Hosein, Inderbir Padda, Jasmine Mangat, and Mohsin Altaf.
2020. “Comorbidity and Its Impact on Patients with COVID-19.” Sn Comprehensive
Clinical Medicine 2 (8): 1. https://doi.org/10.1007/S42399-020-00363-4.

Sterr, Christian M., Inga-Lena Nickel, Christina Stranzinger, Claudia I. Nonnenmacher-
Winter, and Frank Giinther. 2021. “Medical Face Masks Offer Self-Protection against
Aerosols: An Evaluation Using a Practical in Vitro Approach on a Dummy Head.”
PLOS ONE 16 (3). https://doi.org/10.1371/journal.pone.0248099.

The African Field Epidemiology Network(AFENET). 2021. “Supporting the COVID-19
Response in Uganda through Implementation of the Home-Based Care Strategy.” 2021.
http://afenet.net/index.php/news/news/870-supporting-the-covid-19-response-in-uganda-
through-implementation-of-the-home-based-care-strategy.

Think Well Global. 2020. “Uganda’s Emergency Response to the COVID-19 Pandemic: A
Case Study.” https://thinkwell.global/a-necessity-not-a-choice-the-case-for-purchasing-

covid-19-services-from-the-private-sector-in-uganda/.

21



Journal Pre-proof

Uganda Bureal of Statistics. 2020. “Uganda Popualtion Census.” Angewandte Chemie
International Edition, 6(11), 951-952.

Uganda Bureau of Statistics. 2019. “Uganda National Housing Survey(UNHS).” 2019.
https://www.ubos.org/.

Uganda Ministry of health. 2021. “Basic Information for Covid-19 Patients Undergoing
Home Based Isolation and Care.” Https://Www.Health.Go.Ug/Causes-
Category/Guidelines/. December 19, 2021.

Uganda Ministry of Health. 2020. “Covid-19 Tracker.” Https://Covid19.Gou.Go.Ug/. 2020.

Villela, Daniel Antunes Maciel. 2021. “Household Crowding Hampers Mitigating the
Transmission of SARS-CoV-2.” Revista Da Sociedade Brasileira de Medicina Tropical
54. https://doi.org/10.1590/0037-8682-0821-2020.

Wang, Bolin, Ruobao Li, Zhong Lu, and Yan Huang. 2020. “Does Comorbidity Increase the
Risk of Patients with COVID-19: Evidence from Meta-Analysis.” Aging (Albany NY) 12
(7): 6049. https://doi.org/10.18632/AGING.103000.

Wilmes, Paul, Jacques Zimmer, Jasmin Schulz, Frank Glod, Lisa Veiber, Laurent
Mombaerts, Bruno Rodrigues, et al. 2021. “SARS-CoV-2 Transmission Risk from
Asymptomatic Carriers: Results from a Mass Screening Programme in Luxembourg.”
The Lancet Regional Health - Europe 4 (May): 100056.
https://doi.org/10.1016/j.lanepe.2021.100056.

World Health Organization. 2021. “Interim Guide on Contact Tracing in the Context of
COVID-19,” February. https://apps.who.int/iris/bitstream/handle/10665/339128/WHO-

2019-nCoV-Contact_Tracing-2021.1-eng.pdf?sequence=24&isAllowed=y.

22



Journal Pre-proof

Table 1
Comparison of case- and control-household characteristics in COVID-19 HBC

investigation in Kasese and Kabarole Districts, Uganda, November 2020*

Characteristic Case HH Control P P
n=78 HH Valu Valu
N=59 e e
n (%) n (%) Unadjuste 95 Adjuste 95
dOR % d OR %
Cl Cl
Location
Urban 5 (69.2 3 (66.1 Ref
4 ) 9 )
Rural 2 (30.8 2 (339 09 (04 0.69
4 ) 0 ) - 8
1.8)
Household 58+1.68 43+24
members
(mean, SD)
Household
member
<4 1 (218 3 (66.1 Ref
7)) 9)
5+ 6 (782 2 (33.9 70 (3.3 0.00
1) 0) - 0
15.0
)
Household
wall material
Mud 6 (7.7) 1 (237 Ref
4)
Brick 7 (923 4 (773 3.7 (1.3 0.01 3.2 (11 0.03
2 ) 5) - 2 - 7
10.4 9.7)
)
Household
floor material
Mud 1 (16.7 1 (20.3 Ref
3 ) 2 )
Concrete 6 (833 4 (79.6 1.3 (05
5) 7)) - 0.58
3.0 2
Household
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roof material

Plant material 4 (5.1) 4 (6.8) Ref
Tiles / iron 7 (949 5 (932 1.3 (0.3 0.68
sheets 4 ) 5) - 4
5.6)
Rooms in HH 3.6£17 45+33
(mean, SD)
Rooms in HH
3+ 1 (16.7 2 (49.1 Ref
3 ) 9 )
<2 6 (83.3 3 (50.9 48 (22 0.00
5 ) 0 ) - 0
10.6
)
Bedrooms in 24+11 31+17
HH (mean,
SD)
Bedrooms in
HH
<3 6 (80.7 4 (67.8 Ref
3 ) 0 )
4+ 1 (192 1 (322 05 (0.2 0.08
5 ) 9 ) - 4
1.1)
Crowding
index (HH
members/roo
ms)
<1 HH 1 (19.2 3 (50.9 Ref
member /room 5 ) 0)
>1 HH 6 (80.8 2 (49.1 43 (20 0.00 45 (2.0 0.00
member /room 3 ) 9 ) - 0 - 0
9.3) 9.9)
Presence of
trash bin in
home
No 3 (46.1 3 (559 Ref
6 ) 3 )
Yes 4 (539 2 (441 1.4 (0.8 0.25
2 ) 6 ) - 8
2.3)
HH assessed
for suitability
for HBC
No 3 (436 1 (203 Ref
4 ) 2 )
Yes 4 (56.4 4 (79.7 0.3 (0.2 0.00 04 (0.2 0.01
4 ) 7)) - 5 - 7
0.7) 0.8)
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HH: household

*Qther characteristics assessed that did not have an association with outcome included the
presence of >1 window in each bedroom, having a dedicated jerrycan for the home, having
electricity, having a dedicated piped water source for the home. The variables for household
members and number of rooms in household were excluded from multivariable model due to

collinearity with crowding index variable

Table 2
Characteristics of primary case-patients in COVID-19 HBC investigation in Kasese and
Kabarole Districts, Uganda, November 2020*

Control
Case HH HH 95 P 95 P
Characterist n=78 N=59  Unadjuste % Valu Adjuste %  Valu
ic n (%) n(%) dOR Cl e dOR Cl e
Age (mean, 37£119 41+144 -
SD)
Age
<20 1 (128 4 (6.8) Ref
0 )
20-39 4 (55.1 2 (424 0.7 (0.2- 0.504 0.5 (0.1- 0.361
3 ) 4 ) 2.4) 2.3)
40+ 2 (321 3 (542 03 (0.1- 0.102 0.2 (0.1- 0.076
5 ) 2 ) 1.2) 1.1)
Male sex 4 (564 3 (542 11 (0.6- 0.800
4 ) 2 ) 2.2)
Symptoms
Asymptoma -~ 2 (346 3 (61.0 Ref
tic 7 ) 6 )
Symptomat 5 (654 2 (39.0 3.0 (1.5- 0.002 2.3 (1.1- 0.031
ic (cough, 1 ) 3) 6.0) 5.0)
fever, or
difficulty
breathing) *
Cough (vs 3 (55.0 6 (143 73 (2.7- 0.000
asymptomatic 3 ) ) 20)
)
Fever (vs 2 (471 1 (227 3.0 (1.2- 0.015
asymptomatic 4 ) 0 ) 7.4)
)
Difficulty 6 (182 5 (128 15 (0.4- 0.535
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breathing (vs ) ) 5.5)
asymptomatic
)
Number of
HH
caretakers
while ill
Had (35.9
multiple 8 )
caretakers
while ill
Had single
dedicated
caretaker while
ill
Interactions

N

(55.9 Ref

w w

N

(64.1 (441 2.3 (1.1- 0.020 1.2 (0.6- 0.675
) 6 ) 4.5) 3.0)

o o

with HH
members
while ill
None 6 (7.7) 2 (35.6 Ref
1)
Any 7 (923 3 (644 6.6 (2.5- 0.000 4.6 (1.4- 0.070
interaction 2 ) 8 ) 17.8 14.7
(includes any ) )
of the
below)*
Brought 6 (895 3 (644 4.7 (1.9- 0.000
food/water 8 ) 8) 11.6
)
Tookaway 5 (705 3 (509 23 (1.2- 0.020
dishes/cups 5) 0) 4.7)
Changed 2 (333 1 (220 18 (0.8- 0.149
bedding 6 ) 3) 3.8)
Washed 3 (474 1 (254 26 (1.3- 0.009
clothes 7)) 5) 5.5)
Sat with / 2-(359 8 (136 3.6 (1.5- 0.004
played / 8 ) ) 8.6)
talked inside
room
Direct
contact with
HH
members
while illy
None 2 (295 2 (35.6 Ref
3 ) 1)
Any direct 5 (705 3 (644 1.3 (0.6- 0.449
contact 5 ) 8 ) 2.7)
Isolation at
home during
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illnessi
Notisolated 2 (25.6 1 (16.9 Ref
0 ) 0 )
Isolated 5 (744 4 (831 0.6 (0.3- 0.295
8 ) 9 ) 1.4)
Dedicated
facilities for
patient
during
illness§
No 4 (513 3 (644 Ref
dedicated 0 ) 8 )
facilities
Any 3 (487 2 (356 0.6 (0.3- 0.126 0.7 (0.3- 0.304
dedicated 8 ) 1) 1.2) 1.4)
facilities
Handwashin
g practices
while ill
Several 6 (80.8 5 (86.4 Ref
times a day 3 ) 1)
Once a 1 (192 8 (136 1.2 (0.8- 0.381
day/never 5) ) 1.9)
Frequency of
face mask
use at home
while ill
Rarely/neve 1 (128 7 (11.9 Ref
r 0 ) )
Most or all 6 (87.2 5 (83.1 0.9 (0.3- 0.867
of the time 8 ) 2 ) 2.6)

HH: household

* Some variables like Brought food/water, took away dishes, washed clothes,
sat/played/talked inside rooms were excluded at multivariable analysis due to collinearity
with any interaction, also excluded at multivariable analysis were cough and fever due to
collinearity with symptoms.

+ Included sharing a bed with other household members, sleeping in the same room as other
household members, or using the same mobile phone as other household member. Individual
variables were collinear and were therefore grouped together in analysis.

1 Isolated at home was defined as not being in the same room as other household members
while ill

§ Dedicated facilities included dedicated toilet, handwashing station/sink, and
dishware/silverware
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Table 3
Cohort member characteristics (=315 HH members) in COVID-19 HBC investigation
in Kasese and Kabarole Districts, Uganda, November 2020.

Characteristic n (%)
Sex
Male 105 (33.1)
Female 210 (66.7)
Age group
Age (median) (range) 21(1-71)
<5 22 (7.0
5-11 59 (18.7)
12-19 75 (23.8)
20-39 117 (37.2)
40+ 42 (13.3)
Relationship with primary case
Daughter/son 102 (32.4)
Husband/wife 58 (18.4)
Sibling 53 (16.8)
Maid 45 (14.3)
Mother/father 30 (9.5
Other relative 27 (8.6)
Had underlying disease 62 (19.7)
Diabetes 8 (2.5
Hypertension 15 (4.8)
HIV 0 (0.0
Heart disease 12 (3.8)
Lung disease 7 (2.2)
Became symptomatic 177 (56.2)
Tested for COVID-19 296 (94.0)
Tested positive for COVID-19 184 (62.2)
Tested negative for COVID-19 112 (37.8)
Mean (median) (range) days between primary case-patient 5.7 (4.0), (0-19)

sample collection and HH member sample collection
HH: household
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Table 4
Risk factors for secondary COVID-19 infection among cohort members (among 296 tested)

in COVID-19 HBC investigation in Kasese and Kabarole Districts, Uganda, November 2020.

Variable Teste Positive (N, Unadjuste 95 P Adjuste P
d %) dRR % valu dOR 95% valu
Cl e Cl e
Sex
Female 101 61 (60.4) Ref
Male 195 12 (62.6) 09 (0.7- 0.78 - - -
4 13) 2
Age group
<5 16 8 (50.0) Ref
5-11 55 34 (61.8) 2.0 (0.7- 0.20 2.1 (0.6- 0.21
56) 8 11.0 2
)
12-19 71 52 (72.3) 25 (0.9- 0.07 24 (0.5- 0.25
70) 5 108 1
)
20-39 112 77 (68.8) 2.6 (0.9- 0.06 19 (0.4- 0.39
71) 2 89) 5
40+ 42 35 (85.7) 3.3 (1.2- 0.02 22 (0.5- 0.31
94) 3 108 1
)
Relationship
to primary
case
Daughter/s 96 40 (41.7) Ref
on
Husband/ 56 47 (83.9) 2.0 (13- 0.00 1.6 (0.9- 0.11
wife 31) O 30) O
Sibling 47 29 (61.7) 15 (0.9- 0.10 1.4 (0.8- 0.19
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23) 7 24) 4
Maid 42 28 (66.7) 1.6 (0.9- 0.05 15 (0.9- 0.15
2.6) 6 27) 6
Mother/fat 29 20 (68.9) 1.7 (0.9- 0.06 15 (0.8- 0.16
her 28) 6 28) O
Other 26 20 (76.9) 1.8 (1.1- 0.02 1.7 (0.8- 0.12
relative 32) 5 31) 3
Comorbidities
None 235 13 (58.3) Ref
7
Any 61 47 (77.1) 1.3 (0.9- 0.09 1.0 (0.6- 0.98
1.9) 9 14) 8
Has 15 15 (100.0 1.7 (0.9- 0.05 1.4 (0.7- 0.32
hypertension ) 28) 9 27) 6
Has 8 4 (50.0) 0.9 (0.2- 0.65 - - -
diabetes 21) 9
Has heart 12 8 (66.7) 1.1 (0.5- 0.84 - - -
disease 16) O
Has lung 7 4 (57.1) 09 (0.3- 0.86 - - -
disease 25) 5
Interaction
with primary
case
None 57 20 (35.1) Ref
Any 239 16 (68.6) 20 (L.2- 0.00 1.7 (1.1- 0.02
interaction 4 31 5 28) 8
Mask access
No 76 56 (71.1) Ref
Yes 220 12 (59.1) 0.6 (0.4- 0.01 38 (0.4- 0.20
8 09 1 196 5
)
Glove access
No 279 17 (62.0) Ref
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3
Yes 17 6 (35.3) 09 (0.5- 089 - - -
1.7) 1
Alcohol-
based hand
rub access
No 222 15 (83.7) Ref
4
Yes 74 30 (16.3) 0.6 (0.4- 0.00 0.2 (0.1- 0.10
09) 7 14) 2
Handwashing
station at
home
No 61 42 (68.9) Ref
Yes 235 14 (60.4) 0.9 (0.6- 0.45 - -
2 12) 7
Knowledge
about how to
care for
COVID-19
patient at
home
Knew how 154 87 (47.3) Ref
Did not 142 97 (54.9) 1.3 (0.9- 013 13 (0.9- 011
know how 1.7) O 18) 5

HH: household. RR: risk ratio
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