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Abstract

Introduction Fishing populations constitute a suitable key population amongst which to conduct HIV prevention
trials due to very high HIV prevalence and incidence, however, these are highly mobile populations. We determined
the feasibility and acceptability of using fingerprinting and geographical positioning systems to describe mobility
patterns and retention among fisherfolks on the shoreline of Lake Victoria in South-western Uganda.

Methods Between August 2015 and January 2017, two serial cross-sectional surveys were conducted during

which fingerprinting of all residents aged 18-30 years on the shoreline of Lake Victoria was done. A mapper moving
ahead of the survey team, produced village maps and took coordinates of every household. These were accessed

by the survey team that assigned household and individual unique identifiers (ID) and collected demographic data.
Using the assigned IDs, individuals were enrolled and their fingerprints scanned. The fingerprinting was repeated 6
months later in order to determine the participant’s current household. If it was different from that at baseline, a new
household ID was assigned which was used to map migrations both within and between villages.

Results At both rounds, over 99% accepted to be fingerprinted. No fingerprinting faults were recorded at baseline
and the level was under 1% at round two. Over 80% of the participants were seen at round two and of these,
16.3%, had moved to a new location whilst the majority, 85%, stayed within the same village. Movements between
villages were mainly observed for those resident in large villages. Those who did not consider a fishing village to

be their permanent home were less likely to be migrants than permanent residents (adjusted odds ratio=0.37,
95%Cl:0.15-0.94).

Conclusion Use of fingerprinting in fishing populations is feasible and acceptable. It is possible to track this mobile
population for clinical trials or health services using this technology since most movements could be traced within
and between villages.

Keywords Biometric fingerprinting fishing migrations track HIV prevention research

*Correspondence:

Andrew Abaasa

Andrew.Abaasa@mrcuganda.org; andrew.abaasa@lshtm.ac.uk;
andrew.abaasa@yahoo.com

Full list of author information is available at the end of the article

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-023-17339-3&domain=pdf&date_stamp=2023-11-30

Abaasa et al. BMC Public Health (2023) 23:2383

Introduction

The HIV epidemic continues to be a global challenge
and Sub-Saharan Africa is disproportionately affected
[1]. The majority of the new HIV infections continue to
occur in this region [1]. The new infections are occurring
in the presence of a number of proven HIV prevention
interventions such as voluntary medical male circumci-
sion and pre-exposure prophylaxis. The continued need
to search for more effective interventions to complement
the existing efforts including the development of an HIV
preventive vaccine are necessary in order to achieve the
UNAIDS 95:95:95 targets for HIV elimination [2, 3]. HIV
vaccines currently being developed need to be tested in
efficacy trials. One of the critical elements of an HIV vac-
cine efficacy trial is the identification of populations with
high rates of new HIV infections who are willing to par-
ticipate and who can be efficiently recruited and retained
for the duration of the vaccine trial [4-6]. Fisherfolk
(fishermen and those in fishing related services on the
Lake shore) on the shoreline of Lake Victoria have been
identified as a population with the potential for inclusion
in future HIV vaccine efficacy trials because of their high
HIV prevalence>20% [7, 8] and incidence of more than
3/100 person years at risk [4, 9-11], willingness to par-
ticipate>90% [12] and reasonable levels of retention in
follow up (>70%) [13].

Mobility in these communities is however a major
challenge in access to health services or participating in
clinical trials. Therefore, new strategies for retention are
required to achieve the desired high levels of retention for
efficacy trials. In the International AIDS Vaccine Initia-
tive (IAVI) cohorts and other studies in the fishing com-
munities [13, 14], phone calls and home visits to remind
volunteers to attend follow up clinic visits have been used
to enhance retention. Yet despite this effort, the retention
in these communities has remained at approximately 75%
for all ages and as low as 70% in those aged 18-24 years
[13]. Individuals in the fishing communities move from
one community to another depending on fish catch lev-
els. Tracking them by home visits or phone calls is chal-
lenging because they often move to places with no access
to phone networks. During studies in which locator
information is continuously updated of any changes such
as phone numbers and physical locations, many changes
are observed. The high level of mobility, combined with
limited phone connectivity calls for the exploration of
alternative cost-effective strategies for recruiting, retain-
ing and identifying this population.

Biometric Identification Systems (BIS) have been used
for over 100 years in medical and legal inquiries [15].
Mobile BIS technologies have advanced to such a level
that portable scanners and adequate power backup sys-
tems are available for field use. Iris and fingerprint rec-
ognition technologies have been reported to have high
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accuracy rates, and are useful in matching records in
large relational databases [15]. This technology has previ-
ously been used successfully in studies such as the SonLa
study for identification of clinical trial participants in
Vietnam [16], tracking mobile pastoralists in Chad [17]
in Sub-Saharan Africa, and for linking health facility data
with demographic surveillance data in South Africa [18].
In this study, we used BIS technology for tracking move-
ments within and across fishing communities. Here, we
present the findings on the feasibility and acceptability of
the finger print technology and describe the movement
patterns of the fisherfolk.

Methods

Design

Two serial cross-sectional surveys consisting of demo-
graphic surveillance and fingerprinting were completed
between August 2015 and January 2017. The first (base-
line “census”) survey was conducted between August
2015 and February 2016, and round 2 from July 2016 to
January 2017.

Population and location

The study was conducted in 18 fishing villages, Fig. 1
below (coded sequentially) with an estimated total popu-
lation of 8,000 adults in 4000 households in Masaka and
Kalungu districts (unpublished data from census sup-
ported by IAVI in May 2013). Convenience sampling was
used to include villages that had a baseline population
size of at least 50 people and structures of a typical fishing
village (estimates provided in the IAVI Census of 2013).
The target study population were those aged between 18
and 30 years as our previous studies had shown this age
group to be the most mobile.

Recruitment

A trained mapper moving ahead of the survey team pro-
vided an identification (ID) number to every household
(coded from 1 to the last available number) stratified by
all participating fishing villages. For every household, the
mapper wrote the ID on the household main door and
recorded the geographical position system (GPS) coor-
dinates and the household identification number. The
mapper further drew a village map to facilitate/guide the
movement of the survey team. The survey team used the
village map and household numbers to complete the sur-
veys. In the initial round (round one), the survey team
provided every household member with a unique identi-
fier in form of a combination of fishing village number,
household number and individual’s number. The team
completed a census using a handheld computer linked by
internet to a central database hosted on a server at MRC/
UVRI & LSHTM Uganda research Unit field station in
Masaka City, about 40 km from the fishing villages. An



Abaasa et al. BMC Public Health (2023) 23:2383

offline mode of the database was also available in case of
poor internet connectivity.

A standard questionnaire was used to collect data on
personal characteristics such as age, sex, length of resi-
dence in the current place (census status), current and
past marital status, educational level, tribe, religion and
position in household (relationships). Due to the high
level of mobility of these communities, a module on
residence and mobility was included, with questions on:
whether this was the participant’s home, usual number of
nights away (e.g. for work), usual residence in this house-
hold during the last week and previous year, current pri-
mary fishing site and future residential village if a move
was planned.

Fingerprinting

Upon completion of the census, the survey team obtained
consent for enrolment into a fingerprinting exercise for
household members aged 18-30 years. Those consent-
ing had a field fingerprint reader ((TFT 500P VX 10.0
manufacturer Grinding technology co., Itd, China) scan
and record the left-hand thumb print at enrolment. The
machine automatically assigned a unique identification
number, date and time and provided a space for entry
of the study identification number (assigned during the
census). The survey team entered the household identi-
fier earlier assigned in the census for ease of future data
matching. Where the left-hand thumbprint was dam-
aged or could not be recorded, a right-hand print was
used. Two fingerprinting machines that could store up
to 10,000 unique prints were used for this exercise with
data collected on a daily basis. A computer on a local area
network acting as a server had a software (Comm Master
version 1.43) installed at the MRC/UVRI & LSHTM site
which was used to download and manage the fingerprint
templates. In a bid to have similar fingerprint data on
each scanner at all times, data from both machines was
merged and uploaded to both machines using an exter-
nal flash drive on a daily basis. Backups were done before
and after merging to avoid possible loss. At round two the
census and fingerprinting exercise was repeated, with the
same eligibility criteria as in round one. The participant’s
left-hand thumb was scanned and the system searched
the database on the machine for a matching fingerprint.
If the record already existed, the system would prompt
the field-worker showing that the participant was already
in the system and display their identification number
(ID). If the participant was still in the same village and
household as at round one, it was noted in the machine.
If the participant had relocated from another fishing vil-
lage or household or came from outside the fishing vil-
lages, a new ID was assigned at the current location using
same format. This person/participant ID was used to
map migration both within and between villages. At each

Page 3 of 9

fingerprinting cycle, any reason for fingerprint failure
such as; refusal, finger amputations or injuries, finger-
print reader or computer system malfunctioning due to
hardware or software failures etc. were recorded to help
improve future use of this technology.

Statistical analysis

Data collected at both rounds was managed in a Micro-
soft Access database (Microsoft Corporation, Redmond,
WA, 2003), cleaned and analysed in STATA version 15.0
(Stata Corp, College Station, TX, USA). For confidential-
ity purposes, fishing communities were identified using
identification code numbers instead of names. Relatedly,
to avoid participants and others identifying their place
of residence, where there were less than 4 participants
moving to another location, these were reported as ‘less
than 4’ instead of the actual number. The characteris-
tics of participants aged 18-30 years were summarized
using frequencies and percentages and stratified by sex.
To answer the feasibility and acceptability questions, we
estimated proportions of participants accepting finger-
printing at both rounds & numbers of machine failures.
To answer the primary objectives; mobility of fisherfolk,
we summarized the number completing each fingerprint-
ing round, those that moved from the baseline position,
using frequencies and percentages. We further exam-
ined whether participants’ characteristics were associ-
ated with mobility by fitting binomial logistic regression
models with 95% confidence intervals (CI). We developed
both bivariable and multivariable models. In the bivari-
able analysis, factors that showed a p-value < 0.20 for like-
lihood ratio test (LRT) were included in the multivariable
analysis. Sex, age group and time away from the fishing
village that were included based on a priori hypotheses
about their association with the outcome. Factors were
removed from the multivariable model using a backward
elimination algorithm if removing a factor did not make
the fit of the model significantly worse at the 5% level on
a likelihood ratio test. The map of migration patterns was
developed using the freely available R Statistical Software
v4.2.3 [19] (Fig. 1). Specifically the R packages leaflet [20]
and leaflegend [21] and the addFlows function in the R
package leaflet.minicharts [22] were used.

Results

Table 1, shows the characteristics of the participants’ fin-
gerprinted at enrolment. Of those aged 18-30 years, a
higher proportion of females (53.9%) than males (46.1%)
were available for fingerprinting. Of these, about two-
thirds were of Baganda tribe, the indigenous occupants
of the shoreline of Lake Victoria while the rest were
migrants into these fishing villages. About 90% of both
males and females, considered the fishing villages as their
permanent home. A slightly higher percentage of males
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Fig. 1 Map showing the location of the fishing communities in the study

(21.1%) than females (5.6%) spend at least a day in a typi-
cal week outside their home fishing village. Most of these
movements (moves each week) were to another fishing
village, 76.6% for males vs. 51.6% for females, Table 1.

Migrations tracked by fingerprints

Over the two fingerprinting rounds, over 80% completed
the fingerprinting exercise, with the highest percent-
age (93.6%) of the participants doing so at round one,
Table 2.

Those who did not consider a fishing village to be
their permanent home were less likely to be migrants
than permanent residents (adjusted odds ratio=0.37,
95%CI1:0.15-0.94) (Table 4).

The location of the fishing communities in the study
are shown below.
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In this figure, the blue arrows show the direction of the
migrations and the line thickness represent the number
of migrants moving between a pair of villages. The red
circles are scaled to represent the number of individuals
surveyed in each village. The labels represent the village
codes as used in this study. The figure indicates that the
majority of migrations were between the largest villages.

Migration information from proxy/neighbour comments

Among the people who had left a given fishing village
completely, most (15) had left for Kampala, Uganda’s cap-
ital and most populous city about 100 km to the North.
A further 7 had left for the “islands” of which there are
many in the northern part of Lake Victoria. Other des-
tinations included Mbarara City about 150 km inland to
the West of this area and the nearby city of Masaka about
15 km away. A few had crossed the border into Tanzania
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Table 1 Characteristics of participants available for fingerprinting in round one (age 18-30 years) n=2,158

Male (n=995) Female (n=1,163)

Variable Sub category n (%) n (%)
Age group (years) 18-24 461 (46.3) 623 (53.6)

25-30 534 (53.7) 540 (46.4)
Tribe Baganda 654 (65.7) 711(61.1)

Banyankole 96 (9.7) 171 (14.7)

Banyarwanda 82(8.2) 114 (9.8)

Ugandan Rwandese 45 (4 5) 60 (5.2)

Other 8(11.9) 107 (9.2)
Religion Christian 800 (80.4) 916 (78.8)

Muslim 95 (19.6) 247 (21.2)
Current location permanent home Yes 879 (88.3) 1082 (93.0)

No 6(117) 81(7.0)
Typical week time (days) spent away None 785 (78.9) 1098 (94.4)

1-6 41(14.2) 21(1.8)

>6 69 (6.9) 44 (3.8)
Where do you normally go to Another FV 157 (76.6) 32(51.6)

Home village outside FV 48 (23.4) 30 (484)
Fishing village (FV) identification number 1 239 (24.0) 272 (23.4)

2 47 (4.7) 87 (7.5)

3 20(2.0) 28 (24)

4 91(9.2) 114 (2.4)

5 56 (5.7) 60 (5.2)

6 73(74) 89 (7.7)

7 36 (3.6) 31(2.7)

8 62 (6.2) 63 (5.5)

9 22(22) 22(1.9)

10 40 (4.0) 25(2.1)

11 13(1.3) 18(1.6)

12 118(11.9) 142 (12.2)

13 9(09) 7(0.6)

14 49 (4.9) 74 (6.4)

23 4(0.4) 7(0.6)

25 55(5.5) 68 (5.9)

26 35(3.5) 32(2.8)

27 26 (2.6) 24.(2.1)

FV-Fishing village

about 150 km Southwest of this area or further afield. The
others were recorded as having relocated to other villages
or districts.

Among those who were absent temporarily, 28 were in
the Islands/Ssese Islands/Kalangala/landing site, and a
further 25 on “the Lake” These, it is implied, were away
working at fishing. A further 42 were described simply as
“away at work’, so probably also fishing. Of those remain-
ing: 10 were visiting Masaka (city), 11 in Lambu, one of
the larger local villages, 5 in Kampala, and 3 in Mbar-
ara. Some absences were described by proxies through
activity rather than location. Among these were 20 who
were at (boarding) school, 9 who had gone to hospital
for treatment, 5 had gone to work in “forestry’, at least
4 in farming, and several were described as working as
drivers, boda riders (local motorbike-taxi) or selling fuel.

Several were away “looking for work” The migration for
alternative work underlines the uncertainty of income
among the fishing community.

Discussion

In this study, we aimed to determine the feasibility and
acceptability of using fingerprint technology in fish-
ing communities to detect mobility and retain fisherfolk
in follow up. We found that the fingerprinting technol-
ogy was feasible and acceptable in these communi-
ties. At the initial round almost all eligible participants
accepted being fingerprinted and less than 1% declined at
the second round. There were isolated incidences where
fingerprinting was not feasible due to machine failure,
participant declining or having a damaged finger. The
results on mobility showed that one in six fisherfolk had
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Table 2 Number fingerprinted and reason for not finger printing
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Survey round Yes No Total Reason for not Num-
fingerprinting ber
One 2020 138 2,158 Away, within fishing Village 56
93.6% 6.4% 100% Away, outside fishing village 70
Willing, machine failure 0
Finger injured 0
Declined 12
Two 1687 400 2078 Away, within fishing Village 38
80.8% 19.2% 100% Away, outside fishing village 305
Willing, machine failure 33
Finger injured 14
Declined 10
Total 3707 538 4245
87.3% 12.7% 100%

In both rounds, the primary reason for there being no fingerprint recorded among those eligible was having relocated their permanent residence either to another
fishing village or another location outside the fishing villages. There were only 22 individuals who refused to participate across both rounds. At round one, two
participants were found in two different places within a fishing village before completion of this round. During round two, 275 of 1687 (16.3%) of those fingerprinted
had moved from their first households: 40 moving to other fishing villages and 235 moving within the same village, (Table 3)

moved from their baseline (initial) household position
and most of these (85%) moved to another household
within the same fishing village. While it is not known why
fisherfolks might move from one household to another
within the same village, it might be that these movements
are associated with evading paying rent or domestic vio-
lence [23]. Alternatively, movements to another fishing
village in such a short time have been associated with
search for better fish catch [24, 25] or farming in bigger
villages with adjacent farm land in seasons of low fish
catch [26]. We also note that some fisherfolks are tem-
porarily away from their homes as described by proxies;
they are in Islands, other landing sites or on the lake fish-
ing. There are those whose work was described as driv-
ers, boda riders (local motorbike-taxi) or selling fuel.
These are likely to return to the fishing village of origin.
Those described as looking for work in Masaka, Kampala
and Mbarara, cities a long distance away, are less likely
to return. There were no specific participant character-
istics statistically associated with movement to another
location from the baseline except for those that did not
consider the fishing village their permanent home. Par-
ticipants not considering fishing villages as their per-
manent home may not move within or across villages
probably because of lack of networks for work in the fish-
ing communities and are likely to be temporary visitors.
Though not identified as a factor linked to movement
within and between sites, sex work might influence sex
workers to move when their clients move. However, not
many women identify themselves as sex workers in these
communities. Generally, the retention was good, over
80% and suitable for HIV prevention trials. The results of
the movement pattern of fisherfolk show that much of the
movement is into and between the large villages. Because
of resource limitations, HIV prevention and healthcare

services and other social amenities such as schools can
be centred in the large villages to serve the entire fishing
communities. This information can also be used to locate
facilities providing health services such as HIV testing,
and provision of ART for these communities.

The strengths of this study included, establishment of
the village maps, taking of every household coordinates
and conducting a census. These were instrumental in
enabling fieldworkers to account for every member of all
the studied fishing villages. The fingerprinting machines
used had very minimal failure rates and could work for
long hours before running down the batteries. The study
is not without limitations; we studied about 50% of the
fishing villages on Lake Victoria shoreline in Masaka
district due to funding constraints and therefore could
not establish where some of the participants not seen at
round two had moved. It is possible that they moved to
adjacent villages not included in the study. We collected
data at two rounds and therefore missed the opportunity
to determine whether those that move ever return to the
baseline village and/or household. We included only par-
ticipants aged 18—30 who are thought to be highly mobile
but were found at home at study rounds, not those away
fishing. This could introduce a bias linked to obtaining
results only generalizable to those likely to be available at
home.

Conclusion

In conclusion, the use of fingerprinting technology is
feasible and acceptable in the fishing villages on the
shoreline of Lake Victoria. The study was able to dem-
onstrate that fisherfolk mainly move from one house-
hold to another within the same fishing village. While
there were a lot of movement between the large villages,
small villages also attract from and donate to one another
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Table 4 Proportions, unadjusted and adjusted factors associated with moving to different location at round two compared to the

baseline
Variable Category N (%) Moved N=275  uOR (95%Cl) LRT-p-value  aOR (95%ClI)
Overall 1709 (100) 275 (16.1)
Sex Male 694 (40.6) 1(17.4) 1.0 0.213 1.0

Female 1,015 (594) 154 (15 2) 0.85 (0.65-1.10) 0.81 (0.62-1.06)
Age group 18-24 885 (51.8) 143(16.2) 1.00 0.938 1.0

25-30 824 (48.2) 132 (16.1) 0.99 (0.76-1.28) 0.98 (0.76-1.28)
Population size <1000 1,107 (64.8) 168 (15.2) 1.0 0.165 1.0

1000+ 602 (35.2) 107 (17.8) 1.21(0.93-1.58) 1.22 (0.93-1.59)
Tribe Baganda 1,070 (62.6) 179 (16.7) 1.0 0403

Banyankole 236 (13.8) 30(12.7) 0.72 (0.48-2.00)

Banyarwanda 229 (134) 35(15.3) 0.90 (061-1.33)

Other 174(10.2) 31(17.8) 1.08 (0.71-1.64)
Religion Christian 1,345(78.7) 220 (16.4) 1.0 0.563

Muslim 364 (22.3) 55(15.1) 0.91 (0.66-1.25)
Consider fishing village permanent home ~ Yes 1,638 (95.8) 270 (16.5) 1.0 0.020 1.0

No 71(4.2) 5(7.0) 0.38 (0.15-0.96) 0.37 (0.15-0.94)
Time away (days/week) None 1,514 (88.6) 247 (16.3) 1.0 0479 1.0

1-7 195(11.4) 28(14.4) 0.86 (0.56-1.31) 0.86 (0.55-1.29)

uOR-Unadjusted odds ratio, aOR-Adjusted odds ratio, LRT-Likelihood ratio test, Cl-Confidence interval

probably due to seasonality in fish catch. The fingerprint-
ing technology together with mapping and recording of
village and/or household geographical position system
coordinates can be helpful in following up fisherfolk
and improving the delivery of HIV care to this vulner-
able population. A lot of individuals apparently reported
as lost to follow up, many have actually migrated within
or across fishing villages and could be identified through
the use of biometric fingerprinting. This can be a useful
resource in retaining in follow up participants enroll-
ing in future HIV prevention trials in these villages and
those seeking healthcare services. This technology can
also be used to prevent co-enrolments among migratory
populations.
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