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Background: Tailored coronavirus disease 2019 (COVID-19) prevention strategies are needed for urban refugee 
youth in resource-constrained contexts. We developed an 8-wk interactive informational mobile health interven- 
tion focused on COVID-19 prevention practices informed by the Risk, Attitude, Norms, Ability, Self-regulation—or 
RANAS—approach. 

Methods: We conducted a pre-post trial with a community-recruited sample of refugee youth aged 16–24 y 
in Kampala, Uganda. Data were collected before (T1) and immediately following (T2) the intervention, and at 
the 16-wk follow up (T3), to examine changes in primary (COVID-19 prevention self-efficacy) and secondary 
outcomes (COVID-19 risk awareness, attitudes, norms and self-regulation practices; depression; sexual and re- 
productive health [SRH] access; food/water security; COVID-19 vaccine acceptability). 

Results: Participants (n = 346; mean age: 21.2 [SD 2.6] y; cisgender women: 50.3%; cisgender men: 48.0%; trans- 
gender persons: 1.7%) were largely retained (T2: n = 316, 91.3%; T3: n = 302, 87.3%). In adjusted analyses, COVID- 
19 prevention self-efficacy, risk awareness, attitudes and vaccine acceptance increased significantly from T1 to 
T2, but were not sustained at T3. Between T1 and T3, COVID-19 norms and self-regulation significantly increased, 
while community violence, water insecurity and community SRH access decreased. 

Conclusions: Digital approaches for behaviour change hold promise with urban refugee youth but may need 
booster messaging and complementary programming for sustained effects. 

Keywords: COVID-19, global health, humanitarian health, intervention, mHealth, sanitation, water insecurity. 
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Introduction 

Despite the largest number of forcibly displaced persons in his-
tory, surpassing 89 million at the end of 2021,1 there remain re-
search gaps regarding tailored approaches to coronavirus disease
2019 (COVID-19) prevention programming with this population.
These gaps are particularly notable in resource-constrained set-
tings, where the majority of refugees live and may experience
contexts of poverty, overcrowding and limited access to water,
sanitation and hygiene (WASH), which elevate risks for COVID-
19 and other infectious diseases.2 Urban refugee youth are un-
derserved by COVID-19 prevention strategies in contexts such as
Uganda,3 which hosts > 1.5 million refugees, of whom > 100 000
live in Kampala.4 Experiences, priorities and challenges of refugee
adolescents and youth accessing WASH and WASH-related inter-
ventions are underrepresented in research, and hand and respi-
ratory hygiene interventions at large.5 –7 This raises concerns for
understanding how we can tailor COVID-19 prevention in human-
itarian settings for young people, and also how we can adapt pre-
vention strategies for youth for other infectious diseases. 
Reflecting on the future of WASH in the context of COVID-

19, Stauber et al.8 (p.1017) describe: ‘We find ourselves at an in-
flection point in global WASH with an opportunity to build new
approaches with potentially more equitable, cost-effective, and
scalable solutions. Mobile health (mHealth) technology is an im-
portant and innovative tool for WASH advances.’ Such mHealth
opportunities include interactive SMS messaging, geotagging and
mapping, WhatsApp groups and user/provider feedback.8 , 9 In
South Africa, for instance, WhatsApp was used to provide COVID-
19 information and reply to concerns among the general pub-
lic, and cellphone networks were used for contact tracing.9 Mo-
bile applications were also used for contact tracing by community
health workers in Ugandan rural regions10 and in a humanitarian
setting in Bangladesh.11 
mHealth is cost-effective and congruent with the ways in

which youth learn and socialise, and helpful in times of physical
distancing. As most urban refugee youth in Kampala have access
to mobile phones,12 there is the opportunity to extend the po-
tential benefits of mHealth for WASH and infection control to this
group. To address this knowledge gap, we conducted an inter-
active informational mHealth pre-test/post-test intervention that
aimed to increase COVID-19 prevention with urban refugee youth
in Kampala, Uganda. 

Materials and Methods 
Study design and setting 
During April–October 2021, we conducted a single-group pre-
test/post-test intervention study (Kukaa Salama), nested within
a cluster randomised HIV self-testing trial (i.e. Tushirikiane trial)14 
among refugee youth living in informal settlements in Kampala,
Uganda. A control group design during this lockdown period in
Kampala was intentionally not used due to ethical concerns over
the potential withholding of any health benefits from this highly
vulnerable group during a pandemic.15 Data were collected at
three time points: baseline enrolment before the intervention
[T1], after the completion of the 8-wk intervention [T2] and at
108 
a 16-wk follow-up [T3]. Full details of the Kukaa Salama trial pro-
tocol have been published,16 and the trial is registered at Clinical-
Trials.gov (NCT04631367). 

Participants and recruitment 
All participants enrolled in the Tushirikiane trial14 were eligible for
enrolment into the Kukaa Salama substudy. Tushirikiane partici-
pants were recruited using purposive sampling methods with the
support of peer navigators (PNs), who are community-respected
self-identified refugees with experience of working as health or
peer educators.14 Inclusion criteria for participants into Kukaa
Salama were being a Tushirikiane participant, age 16–24 y at the
time of Tushirikiane enrolment, living in one of five informal set-
tlements in Kampala (Kabalagala, Kansanga, Katwe, Nsambya,
Rubaga), identifying as a refugee or displaced person, speaking
one of the study languages (English, French, Swahili, Luganda,
Kinyarwanda, Kirundi) and owning or having access to a mo-
bile phone for the duration of the study. Participants were free
to withdraw from the Kukaa Salama substudy while remaining
in the Tushirikiane trial; however, participants withdrawing from
Tushirikiane were automatically withdrawn from Kukaa Salama. 

Kukaa Salama intervention description 
In this single group pre-test/post-test intervention, all partic-
ipants received the 8-wk mHealth intervention of COVID-19
prevention messaging. The intervention is detailed elsewhere.16 
In brief, the intervention included three complementary mHealth
components using a web-based SMS platform hosted by
WelTel17 , 18 as well as moderated group interactions and photo
sharing using WhatsApp. The first mHealth component was a
weekly check-in message with follow-ups by PNs. The second
component was a weekly COVID-19 informational SMS and an
accompanying engagement question. The weekly messages
were developed based on a formative qualitative research
phase involving in-depth interviews with youth and were aligned
with the Risk, Attitude, Norms, Ability, Self-regulation (RANAS)
framework19 for behaviour change techniques. The weekly mes-
sages (Supplementary Table 1) covered the following topics:
mental health, vaccine hesitancy, handwashing, mask wear-
ing, economic stressors, symptoms and testing, stigma and
recovery, recap and community support.16 All weekly messages
were translated, and sent by SMS in the participant’s preferred
language, as indicated in the T1 pre-intervention survey. To
incentivise engagement, participant responses were collected,
reviewed and synthesized by the PNs and the most common
responses were shared with participants at the end of each week.
The third component was a small-group WhatsApp chat facil-
itated by PNs. Within each group, participants were prompted
to share multimedia images (e.g. photos, memes, GIFs) related
to the weekly topic. At each survey time point, participants
were offered a small honorarium ( ∼$5 CAD) and a COVID-19
prevention parcel including a face mask, soap, hand sanitiser
and a small food parcel (the total parcel was worth approxi-
mately $10 CAD). These honorarium amounts were decided as
contextually appropriate through community consultation with
the community-based implementing partner. 
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ata collection and outcome measures 
ata were collected using standardised questionnaires admin- 
stered by trained research assistants in person or by telephone 
t each time point. Interviews were conducted in all study lan- 
uages and data were recorded using a tablet-based survey ap- 
lication (SurveyCTO, Doblity, Cambridge, MA, USA). Sociodemo- 
raphic data were collected at T1, and linked to baseline data 
ollected from the Tushirikiane trial. Data on primary outcomes 
ability to practise COVID-19 prevention) and secondary out- 
omes (COVID-19 risk awareness; attitudes towards COVID-19; 
erceived COVID-19 norms; COVID-19 self-regulation practices; 
epression; sexual and reproductive health practices; and food 
nd water insecurity) were collected at each time point. At T3, 
e also collected information on participants’ experiences and 
atisfaction with mHealth intervention components. 

rimary outcome: ability to practise COVID-19 prevention 

bility to practise COVID-19 prevention was measured as self- 
eported self-efficacy to practise hand hygiene, respiratory hy- 
iene and physical distancing. Specifically, we used five self- 
fficacy questions covering ability, confidence and adherence 
rom the RANAS framework13 , 19 –21 applied to COVID-19 (present 
tudy Cronbach’s α= 0.83). At each time point, participants’ 
cores were calculated by taking the mean of the five question 
tems; scores ranged from 1 to 4, with higher scores indicating 
igher self-efficacy. 

econdary outcomes 

uestions from the RANAS framework were also adapted for the 
ollowing secondary outcomes: COVID-19 risk awareness, atti- 
udes towards COVID-19, perceived COVID-19 norms and COVID- 
9 self-regulation practices.13 , 19 –21 We collected two risk aware- 
ess outcomes: (i) personal perceived risk, which was assessed 
sing the question ‘How likely do you think you are to catch 
OVID-19?’, with responses coded using a four-point Likert scale 
not at all likely to very likely); and (ii) risk awareness, which as- 
essed participants’ knowledge of COVID-19 symptoms, sever- 
ty and routes of transmission. We measured attitudes towards 
OVID-19 at the community level through six questions covering 
erceived community attitudes towards transmission, infection 
nd prevention practices (present study Cronbach’s α= 0.64), and 
t the individual level through three questions covering personal 
eelings towards COVID-19 prevention practices (present study 
ronbach’s α= 0.65). COVID-19 norms were measured through 
ine questions assessing participants’ perceived behaviours ap- 
roved by others (i.e. social pressures) towards COVID-19 pre- 
ention practices, transmission and stigma (modified scale, eight 
f nine original questions; present study Cronbach’s α= 0.61). 
OVID-19 self-regulation was measured through three questions 
ssessing participants’ action plans for implementing COVID-19 
revention practices (present study Cronbach’s α= 0.83). At each 
ime point participants’ scores were calculated by taking the 
ean of the question items for each outcome; scores ranged 
rom 1 to 4, with higher scores indicating a better outcome. 
The patient health questionnaire nine-item (PHQ-9) scale was 

sed to measure depression symptoms22 (present study Cron- 
ach’s α= 0.89). We collected three outcomes related to sexual 
nd reproductive health (SRH) experiences and practices: per- 
onal experience with intimate partner violence (IPV), perceived 
hanges in community violence and perceived changes in com- 
unity access to SRH services. Experiences of physical/sexual IPV 
ere assessed using an adapted short form of the Conflict Tactics 
cale.23 Participants were categorised as yes if they reported ex- 
eriencing physical and/or sexual IPV in the last 3 months, other- 
ise they were categorised as no. We assessed increases in com- 
unity violence on a scale of 0 to 3, with participants reporting 
es or no to if they perceived an increase in community violence 
gainst each of women, men and children since lockdown. Ac- 
ess to SRH services was measured on a scale of 0 to 2, with par-
icipants reporting yes/no to if they perceived reduced commu- 
ity access to SRH services since lockdown. Food insecurity was 
ssessed using a single item question about how often partici- 
ants went to sleep hungry because they did not have enough 
ood to eat (categorised: ever/never).24 Water insecurity was as- 
essed using a single item question asking if participants did not 
ave enough water when needed for handwashing/bathing in the 
revious 2 wk (categorised: yes/no). 

ost-hoc analysis: vaccine acceptance 

iven the rapid development and distribution of COVID-19 vac- 
ines from study development to rollout, we collected data on 
OVID-19 vaccine acceptance and conducted a post-hoc analy- 
is. This was assessed using a single item four-point Likert scale 
uestion (‘not at all likely’ to ‘very likely’) on COVID-19 vaccine 
cceptance with demonstrated effectiveness and availability.25 

Health satisfaction: user experience and lifestyle consequence 

t T3, we measured participants’ experiences and satisfaction 
ith mHealth intervention components (i.e. SMS informational 
essages, WhatsApp multimedia group chat) using two sub- 
cales of the mHealth satisfaction questionnaire: (i) the six-item 

sability experience subscale (present study Cronbach’s α= 0.77); 
nd (ii) the four-item lifestyle consequence subscale (present 
tudy Cronbach’s α= 0.78).26 Scores were calculated by taking 
he mean of items for each subscale; scores ranged from 1 to 3, 
ith higher scores indicating higher usability/better lifestyle con- 
equences. 

ower and sample size 
 sample size of 52 participants (104 datapoints) was required to 
etect a medium effect size of 0.4 between pairs with a power 
f 80% and type 1 error rate of 5%, and assuming a correlation 
etween pre-test/post-test responses of 0.5. Based on participant 
etention rates, we anticipated that at least 85% (n = 340) of the 
ushirikiane cohort (n = 404) would participate in Kukaa Salama. 
his gave us sufficient power for conducting this analysis, as well 
s for covariate adjustment. 

tatistical analyses 
e used descriptive statistics to characterise the study 
opulation at baseline, stratified by gender. Number and 
109 
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Figure 1. Flowchart of participation of refugee youth enrolled in Kukaa 
Salama, a mobile health intervention for increasing COVID-19 prevention 
practices in Kampala, Uganda, 2021. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

proportion are reported for each categorical factor and mean
and SD are reported for each continuous factor. Differences in
sociodemographic factors between participants retained and
those lost to follow-up were examined using χ2 or Fisher’s
exact tests for categorical variables and t tests for continuous
variables. Among those still in the study at T3, we describe
participants’ self-reported use of, and satisfaction with, the SMS
and WhatsApp components of the intervention. 
To measure changes in outcomes over time, we used gener-

alised estimating equation (GEE) models with robust standard
errors accounting for within-subject correlation using an un-
structured correlation matrix.27 Logistic GEE models were used
for categorical outcomes and linear GEE models were used for
continuous outcomes with the time as the primary exposure.
Each model was first conducted without adjustment, followed by
adjustment for a priori determined variables of gender, age and
settlement. To assess the moderating effect of engagement with
the mHealth intervention, we examined interactions between
time and intervention engagement on pre-/post-score changes
of the primary outcome (COVID-19 prevention practices ability).
Participants’ mHealth engagement was divided into terciles (low,
medium, high) based on the number of weeks they responded
to the weekly SMS and participated in WhatsApp groups. 
Intervention effects are expressed as crude and adjusted ORs

(aORs) or β coefficients (a β ) , along with 95% CIs. All regression
analyses were performed using intention to treat. For scale out-
comes with missing item data, we used participant mean impu-
tation by assigning the mean of the answered items to the miss-
ing items. Participant mean imputation has been shown to be
valid and produce unbiased results when implemented for miss-
ing scale items.24 All analyses were two-sided with a significance
level of p ≤0.05, and were conducted in Stata 16.1 (StataCorp, Col-
lege Station, TX, USA). 

Results 
Participant characteristics 
A total of 346 refugee youths (mean age: 21.2 [SD: 2.6] y) were
enrolled into Kukaa Salama (Figure 1 ). About one-half identi-
fied as cisgender women (n = 174, 50.3%) and just under one-
half identified as cisgender men (n = 166, 48.0%), with a small
portion identifying as transgender (n = 6, 1.7%) (Table 1 ). Base-
line characteristics were similar between men and women, but
110 
differed among those identifying as transgender. Participant re-
tention dropped from T1 to T2 (n = 316, 91.3%) and T3 (n = 302,
87.3%), with participants reporting leaving the study sites and/or
becoming unavailable. Overall sociodemographic characteristics
of participants retained compared with those lost to follow-up
were similar, but those living in Uganda for > 10 y were more likely
to be lost at T2 and those living in Rubaga settlement were more
likely to be lost at T3 (Supplementary Table 2; Supplementary Ta-
ble 3). 

Primary outcome: COVID-19 prevention self-efficacy 
At baseline, participants reported a moderately high level of
COVID-19 prevention self-efficacy, referring to the ability to prac-
tise COVID-19 prevention (mean: 3.0, SD: 0.5). In adjusted anal-
yses, this increased significantly from T1 to T2 (a β= 0.09; 95% CI
0.03 to 0.15; p = 0.003), but reduced at T3 (a β= -0.06; 95% CI -
0.12 to 0.00; p = 0.037) (Table 2 ). Participants with higher mHealth
engagement levels reported higher scores for ability to practise
COVID-19 prevention at all three time points (Figure 2 ). Although
participants with high and medium engagement levels reported
greater increases between T1 and T2, there was no significant dif-
ference in scores over time by different engagement levels (e.g.
medium, high) (p-value for interaction = 0.623) (Figure 2 , Supple-
mentary Table 4). 

Secondary outcomes 
There were modest changes in secondary outcomes across time
(Table 2 ). Participants reported low personal perceived risk of
COVID-19 at baseline (mean: 1.8, SD: 0.9), with no significant
changes over time. COVID-19 risk awareness was high at base-
line (mean: 3.4, SD: 0.9) and significantly increased directly af-
ter the intervention (a β= 0.10; 95% CI 0.03 to 0.18; p = 0.008),
but was not retained during follow-up (p = 0.125). There were no
significant changes in attitudes towards COVID-19 prevention at
the community level; however, there was a significant increase
in positive attitudes towards COVID-19 prevention at the per-
sonal level at T2 (a β= 0.12; 95% CI 0.06 to 0.18; p < 0.001), but
this was not sustained at T3 (p = 0.883). Norms towards COVID-
19 significantly increased between T1 and T2 (a β= 0.19; 95% CI
0.14 to 0.23; p < 0.001) and were sustained at T3 (a β= 0.14; 95%
CI 0.09 to 0.19; p < 0.001), indicating a more positive perception
of behaviours approved by others (i.e. social pressures) towards
COVID-19 prevention practices. At baseline, participants reported
high COVID-19 self-regulation (mean: 3.2, SD: 0.5), and this signif-
icantly increased at T2 (a β= 0.21; 95% CI 0.15 to 0.27; p < 0.001).
Self-regulation attenuated at T3, but was still significantly higher
than at baseline (a β= 0.07; 95% CI 0.01 to 0.13; p = 0.021), in-
dicating more positive action plans for implementing COVID-19
prevention practices. 
There were no significant changes in depression over time

(Table 2 ). Participants reported lower levels of community vio-
lence over time, and this was significantly lower at T3 (a β= -
0.26; 95% CI -0.40 to -0.11; p = 0.001); however, there were no
significant differences in participants’ self-reported experiences
with IPV. Participants reported greater reductions in community
SRH access at both T2 (a β= 0.37; 95% CI 0.25 to 0.49; p < 0.001)
and at T3 (a β= 0.15; 95% CI 0.02 to 0.29; p = 0.022). At baseline,
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Table 1. Baseline sociodemographic characteristics of participants enrolled in Kukaa Salama, Kampala, Uganda, 2021 (n = 346) 

Total Men Women Transgender 
N = 346 N = 166 N = 174 N = 6 

Age, y, mean (SD) 21.2 (2.6) 21.7 (2.6) 20.6 (2.5) 24.8 (0.4) 
Place of birth, n (%) 
Democratic Republic of Congo 229 (66.2) 100 (60.2) 129 (74.1) 0 (0.0) 
Burundi 59 (17.0) 30 (18.1) 24 (13.8) 5 (83.3) 
Sudan/South Sudan 12 (3.5) 10 (6.0) 2 (1.2) 0 (0.0) 
Others1 46 (13.3) 26 (15.7) 19 (10.9) 1 (16.7) 

Length of time in Uganda, n (%) 
1–5 y 132 (38.2) 64 (38.6) 68 (39.1) 0 (0.0) 
6–10 y 125 (36.1) 61 (36.8) 62 (35.6) 2 (33.3) 
> 10 y 89 (25.7) 41 (24.7) 44 (25.3) 4 (66.7) 

Employment status, n (%) 
No employment 179 (51.7) 83 (50.0) 91 (52.3) 5 (83.3)
Student 78 (22.5) 33 (19.9) 45 (25.9) 0 (0.0) 
Employed (paid/unpaid) 89 (25.7) 50 (30.1) 38 (21.8) 1 (16.7)

Highest level of education, n (%) 
Less than secondary 106 (30.6) 35 (21.1) 71 (40.8) 0 (0.0) 
Some secondary 211 (61.0) 115 (69.3) 91 (52.3) 5 (83.3) 
Secondary + 29 (8.4) 16 (9.6) 12 (6.9) 1 (16.7) 

Main water source, n (%) 
Piped 186 (53.8) 90 (54.2) 92 (52.9) 4 (66.7) 
Public tap 130 (37.6) 66 (39.8) 64 (36.8) 0 (0.0) 
Well/spring 24 (6.9) 8 (4.8) 16 (9.2) 0 (0.0) 
Tanker truck 6 (1.7) 2 (1.2) 2 (1.2) 2 (33.3) 

Settlement, n (%) 
Kabalagala/Kansanga 98 (28.3) 50 (30.1) 48 (27.6) 0 (0.0) 
Katwe/Nsambye 103 (29.8) 45 (27.1) 58 (33.3) 0 (0.0) 
Rubaga 145 (41.9) 71 (42.8) 68 (39.1) 6 (100.0) 

1 Others includes Uganda, Kenya, Rwanda and Somalia. 
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ood insecurity was high (65.3%), and while there were no signifi- 
ant changes, this remained high over time. Water insecurity was 
lso high at baseline (48.7%); however, there were significant de- 
reases at both T2 (aOR = 0.71; 95% CI 0.54 to 0.92; p = 0.011) and
t T3 (aOR = 0.72; 95% CI 0.56 to 0.93; p = 0.012), indicating that
articipants reported becoming more water secure. 

OVID-19 vaccine acceptance 
t baseline, participants reported low levels of acceptance to- 
ards a COVID-19 vaccine (mean: 2.1, SD: 1.1). In adjusted anal- 
ses, COVID-19 vaccine acceptance increased significantly after 
he intervention at T2 (a β= 0.15; 95% CI 0.02 to 0.29; p = 0.022),
ut attenuated at T3 (a β= 0.13; 95% CI -0.01 to 0.27; p = 0.065)
Supplementary Table 5). 

Health satisfaction 
t the 16-wk follow-up, most participants reported using the Wel- 
el SMS informational messages (n = 256, 84.8%), with those us- 
ng the service reporting a positive user experience (mean: 2.7, 
D, 0.4) and positive lifestyle consequences (mean: 2.8, SD: 0.4) 
Table 3 ). A lower proportion of participants reported using the 
mall-group WhatsApp multimedia chats (n = 203, 67.4%); how- 
ver, those using the service also reported positive lifestyle con- 
equences (mean: 2.8, SD: 0.3). 

iscussion 

ur findings reveal significant increases in several dimensions 
entral to COVID-19 prevention practice uptake (self-efficacy; risk 
wareness; personal attitudes; vaccine acceptability) after the 8- 
k Kukaa Salama intervention; however, these changes were not 
aintained at the 16-wk follow up. There were sustained effects 
eported for increased positive COVID-19 norms and COVID-19 
elf-regulation. Taken together with the findings that most partic- 
pants engaged with the mHealth modalities, mHealth satisfac- 
ion was high, and those with higher mHealth engagement levels 
eported higher COVID-19 prevention scores across time, it ap- 
ears that mHealth approaches to COVID-19 behaviour change 
re feasible and hold promise for health promotion with urban 
111 
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Table 2. Distribution of COVID-19 prevention outcomes across time points and effectiveness of mHealth intervention among Kukaa Salama 
participants, Kampala, Uganda, 2021 

Unadjusted model1 Adjusted model2 

Outcome Time period N Mean (SD) β 95% CI p a β 95% CI p 

COVID-19 prevention self-efficacy 
Pre-intervention 346 3.0 (0.5) ref ref
Post-intervention 316 3.1 (0.4) 0.09 0.03, 0.15 0 .003 0 .09 0.03, 0.15 0 .003 
Follow-up 302 2.9 (0.3) −0.06 −0.12, −0.01 0 .030 −0 .06 −0.12, 0.00 0 .037 

COVID-19 personal perceived risk 
Pre-intervention 344 1.8 (0.9) ref ref
Post-intervention 314 1.8 (0.9) 0.01 −0.10, 0.12 0 .836 0 .01 −0.10, 0.12 0 .852 
Follow-up 302 1.8 (0.8) 0.01 −0.10, 0.12 0 .913 0 .00 −0.11, 0.11 0 .985 

COVID-19 risk awareness 
Pre-intervention 346 3.4 (0.9) ref ref
Post-intervention 316 3.5 (0.7) 0.10 0.02, 0.17 0 .010 0 .10 0.03, 0.18 0 .008 
Follow-up 302 3.5 (0.7) 0.06 −0.02, 0.14 0 .166 0 .07 −0.02, 0.15 0 .125 

COVID-19 community attitudes 
Pre-intervention 346 2.5 (0.5) ref ref
Post-intervention 315 2.5 (0.5) −0.01 −0.06, 0.05 0 .773 −0 .01 −0.06, 0.05 0 .809 
Follow-up 302 2.6 (0.4) 0.03 −0.02, 0.08 0 .248 0 .03 −0.02, 0.09 0 .221 

COVID-19 personal attitude 
Pre-intervention 346 3.1 (0.5) ref ref
Post-intervention 315 3.2 (0.3) 0.12 0.06, 0.18 < 0 .001 0 .12 0.06, 0.18 < 0 .001 
Follow-up 302 3.1 (0.3) 0.01 −0.05, 0.06 0 .864 0 .00 −0.05, 0.06 0 .883 

COVID-19 norms 
Pre-intervention 346 2.4 (0.4) ref ref
Post-intervention 316 2.6 (0.2) 0.19 0.14, 0.23 < 0 .001 0 .19 0.14, 0.23 < 0 .001 
Follow-up 302 2.5 (0.2) 0.14 0.10, 0.19 < 0 .001 0 .14 0.09, 0.19 < 0 .001 

COVID-19 self-regulation 
Pre-intervention 346 3.2 (0.5) ref ref
Post-intervention 316 3.4 (0.5) 0.21 0.15, 0.27 < 0 .001 0 .21 0.15, 0.27 < 0 .001 
Follow-up 302 3.2 (0.5) 0.07 0.01, 0.13 0 .018 0 .07 0.01, 0.13 0 .021 

Depression 
Pre-intervention 346 5.9 (5.8) ref ref
Post-intervention 316 6.4 (5.2) 0.53 −0.03, 1.09 0 .064 0 .53 −0.02, 1.09 0 .061 
Follow-up 302 6.2 (5.0) 0.15 −0.45, 0.76 0 .617 0 .20 −0.40, 0.81 0 .510 

Increased community violence 
Pre-intervention 346 1.1 (1.1) ref ref
Post-intervention 315 1.0 (1.1) −0.12 −0.26, 0.02 0 .085 −0 .12 −0.26, 0.01 0 .076 
Follow-up 302 0.9 (1.1) −0.25 −0.39, −0.10 0 .001 −0 .26 −0.40, −0.11 0 .001 

Reduced community SRH access 
Pre-intervention 346 0.6 (0.9) ref ref
Post-intervention 315 1.0 (0.9) 0.37 0.25, 0.49 < 0 .001 0 .37 0.25, 0.49 < 0 .001 
Follow-up 302 0.8 (0.9) 0.17 0.03, 0.30 0 .015 0 .15 0.02, 0.29 0 .022 

N n (%) OR 95% CI p aOR 95% CI p 
Experiencing IPV 

Pre-intervention 346 21 (6.1) ref ref
Post-intervention 315 29 (9.2) 1.57 0.97, 2.53 0 .068 1 .58 0.96, 2.60 0 .071 
Follow-up 302 16 (5.3) 0.85 0.49, 1.49 0 .579 0 .84 0.47, 1.50 0 .557 

Food insecurity 
Pre-intervention 346 226 (65.3) ref ref
Post-intervention 316 213 (67.4) 1.09 0.87, 1.37 0 .461 1 .09 0.85, 1.40 0 .509 
Follow-up 302 214 (70.9) 1.24 0.97, 1.58 0 .090 1 .25 0.96, 1.63 0 .103 

Water insecurity 
Pre-intervention 345 168 (48.7) ref ref
Post-intervention 316 130 (41.1) 0.74 0.58, 0.94 0 .015 0 .71 0.54, 0.92 0 .011 
Follow-up 302 129 (42.7) 0.75 0.60, 0.95 0 .018 0 .72 0.56, 0.93 0 .012 

Abbreviations: aOR, adjusted OR; IPV, intimate partner violence; SRH, sexual and reproductive health. 
1 Unadjusted intervention effect calculated using generalised estimating equation logistic or linear regression model with an unstructured 
correlation matrix. 
2 Adjusted intervention effect calculated using generalised estimating equation logistic or linear regression model with an unstructured corre- 
lation matrix, controlling for prespecified covariates (gender, age, settlement). 
Bolded p-values reflect statistically significant findings of p < 0.05. 
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Figure 2. Adjusted effectiveness of mHealth intervention on COVID-19 prevention self-efficacy by mHealth engagement among Kukaa Salama par- 
ticipants, Kampala, Uganda, 2021. 

Table 3. Self-reported use and satisfaction with mHealth intervention among Kukaa Salama participants in follow-up survey, Kampala, Uganda, 
2021 

Total 
Use of service 

N (%) 
Scale score 
Mean (SD) 

WelTel SMS Informational Messages 302 256 (84.8) 
Usability Experience Scale 2.7 (0.4) 
Lifestyle Consequence Scale 2.8 (0.4) 

WhatsApp Multimedia Groups 301 203 (67.4) 
Lifestyle Consequence Scale 2.8 (0.3) 
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efugee youth in Kampala. These approaches appear to have 
mproved COVID-19 prevention practices initially yet the effects 
ere not sustained, signalling the need for future research to 
xplore the role of information boosters, follow-up reminders 
nd/or complementary programming to bolster initial positive 
ehaviour changes. 
These findings corroborate research in other contexts,8 , 9 in- 

luding findings from a systematic review of digital interven- 
ions for household and community infection prevention.28 While 
e did not identify mHealth interventions conducted with urban 
efugee youth, a study with university students in Germany in- 
ormed by the Health Action Process framework focused on be- 
aviour change techniques for handwashing and found sustained 
ncreases at the 86-d follow-up.29 Taken together with the dearth 
f hand and respiratory hygiene studies in general with adoles- 
ents/youth in humanitarian settings,5 –7 findings highlight the 
eed for longer-term randomised controlled trials (RCTs) that ex- 
lore various ways of supplementing, supporting and scaffolding 
igital strategies with this population. 
Our findings that participants reported reduced SRH access 
aps onto global scoping review findings that document re- 
uced access to, and uptake of, SRH services, particularly among 
113 
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marginalised populations.30 Participants reported reduced per-
ceived community-level violence that could be linked to Kam-
pala’s long lockdowns, which restricted movement. While wa-
ter insecurity reduced over time, a significant proportion of par-
ticipants ( > 40%) consistently had insufficient water to engage
in COVID-19 prevention practices such as handwashing. How-
ever, barriers to accessing water during lockdowns may have
been addressed over time as communities adapted to find al-
ternative sources.31 Persistent food insecurity remained high
across time points, requiring a structural intervention. For in-
stance, cash transfers implemented with refugee settlement-
based adults in Uganda found positive effects on mental health
and food security—but not on COVID-19 preventive practices32 —
suggesting the potential for integrating behaviour change digital
strategies with structural interventions. We also did not observe
changes in depression: food24 and water33 insecurity were previ-
ously linked to refugee youths’ depression and may need to be
addressed to improve mental health in the context of resource
scarcity. This also indicates that a COVID-19 prevention mHealth
study is not sufficiently tailored to reduce depression among this
population. 

Strengths and limitations 
This study has some limitations. First, with no control group we
are not able to account for socioenvironmental changes regard-
ing COVID-19 over time. For instance, the Delta variant wave in
Uganda occurred over this timeframe and could have impacted
practices beyond the intervention; however, we note that par-
ticipants’ perceived risk remained low at each time point. Sec-
ond, the non-random sample limits generalisability. It is plausi-
ble that participants already enrolled in an HIV study may have
fewer barriers to research participation and higher health liter-
acy than refugee youth not engaged in research. Third, there was
differential loss to follow-up by length of time in Uganda and set-
tlement. This requires further exploration to better understand
mobility and migration patterns during the pandemic among
refugee youth, and implications for health promotion. Fourth,
vaccines were not readily available during the study, hence we
conducted post-hoc analysis for vaccine acceptance as that was
not an originally planned analysis; as only 31% of Uganda’s gen-
eral population were fully vaccinated for COVID-19 as of July
2022,34 our findings can inform future vaccine rollout. 
Despite these limitations, our study is unique in developing

and evaluating a RANAS13 theoretically informed mHealth inter-
vention in the pandemic with urban refugee youth, a group un-
derstudied in hand and respiratory hygiene literature at large.5 –7 
Results document that many COVID-19 prevention practice out-
comes changed over the short term and thus our study can in-
form future mHealth approaches. Future studies, for instance,
could employ RCT designs and combination intervention pack-
ages with structural approaches to tackle entrenched food and
water insecurity. 

Conclusions 
It is important to promote hand and respiratory hygiene in ur-
ban slums and humanitarian settings beyond COVID-19 to re-
duce global infectious disease burdens.35 For instance, lessons
114 
learned from our study about using mHealth approaches—such
as providing information boosters and reminders—can be used
for other infectious disease emergencies with urban refugee
youth, such as cholera and Ebola outbreaks. Thus community-
based youth mHealth strategies such as Kukaa Salama, with high
uptake and satisfaction, offer insight into the potential role for
mHealth in advancing infection prevention and control. There
remains an urgent need to better understand social determi-
nants and multilevel factors—spanning individual, community
and structural domains—shaping urban refugee youth health
practices in a pandemic. 
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Supplementary data are available at International Health online. 
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