Untangling interdependencies of antibiotic misuse and socioeconomic factors in
Urinary Tract Infections in Tanzania: a case for Bayesian belief networks
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Introduction. The increase of antibiotic resistant pathogens
is a concern for modern medical practices which rely on an-
tibiotics to treat many common infections [Shallcross|2014,
Vedadhir et al.|[2020. Exposure to these treatments at non-
lethal levels (e.g., through the inappropriate use of drugs,
poor drug quality, environmental contamination, etc.) is a
known biological catalyst for this process Hughes and An/{
dersson|2012, |Andersson and Hughes|2014, Amongst the
most common infections for which antibiotics are required
and prescribed are Urinary Tract Infections (UTIs); these
are estimated to account for one-sixth of all prescribed an-
tibiotics in primary care Shallcross|2014, [Wagenlehner et al.
2020, Countries wherein increasing access to antibiotics is
paired with unevenly distributed infrastructure and health-
care, gross socioeconomic inequalities, and costly and under-
regulated healthcare systems, can contribute to a climate
which incentivizes misuse of antibiotics (e.g., conserving
treatment for future use, seeking alternative non-medical
advice, limited education on the mechanisms of resistance).

Tanzania is an example of a country in socioeconomic tran-
sition (see Tanzania overview [The World Bank, [2022]),
wherein previous assumptions around behaviour and dis-
ease are often unsupported (see Msisha et al.| [2008]]). An
increasing trend of resistance amongst UTI isolates to com-
monly used antibiotics in the region is cause for concern
[Mshana et al.| 2013|]. Understanding the sub-national com-
plex social factors that modulate the risk of non-lethal ex-
posure to antibiotics is essential for reducing the burden
of disease, slowing the rate of resistance, and implement-
ing policy and interventions in this region, which conserve
these treatments for future generations. Bayesian Belief Net-
works (BBN) provide a useful tool for these type of complex
interdependent data. Drawing on both BBN outcomes and
BBN-derived Predictive Probabilities (PPs), we demonstrate
the value of this method for untangling the relationships be-
tween socioeconomically and contextually complex factors,
and antibiotic misuse behaviours in the socioeconomic het-

erogeneous and complex context of Tanzania.

Methods. Data for this analysis were obtained from the
Holistic Approach to Unravel Antibacterial Resistance in
East Africa (HATUA) consortium [[Asiimwe et al., [2021]].
Data was collected between February 2019-September 2020,
with data on 3,348 UTI-symptomatic patients from Tanzania
used here. After sub-setting the data by relevant variables
and removing incomplete observations, 2,972 (11% loss)
observations were available. The subset contained variables
of misuse (skipping a dose, not completing a course, self-
medicating and self-administrating to prevent infection), so-
cioeconomic measures of deprivation (education, electricity,
assets, sanitation, employment, ability to pay medical costs
and patient health-insurance status), demographic measures
(age, gender and chronic health), area measures (site, rural
location, attendance at a tertiary hospital) as well as vari-
ables related to stigma, medical advice, knowledge of the
term “antibiotic” and familiarity with antibiotic types.

Banjo [Yu et al., 2004] was used to learn the BBN. Due to
imbalanced discrete states, a pairwise chi-squared filtering
(with a 0.25 p-value threshold) was used to to identify unsup-
ported variable links [Milns et al., 2010]. These disallowed
links were specified together with a maximum parent size
of 4 (based on|Yu| [2005[) in Banjo. Based on outputs from
the visualisation tool BayesPiles [Vogogias et al., 2018]), a
simulated annealing (as opposed to greedy) search strategy
was used. Results of a longer search suggested the top net-
work had roughly the same equivalence class as short runs.
The BBN top network structure was imported into RStudio
where bnlearn and Rgrain packages were used to develop a
table of predicted probabilities (PPs) for all misuse variables
(state: ‘yes’). These PPs were developed for each different
directly-linked and socioeconomic measure node state.

Results and Discussion. All 20 variables were linked in
the top network structure. All, except for two, of the nodes
with a direct link to at least one misuse variable were related
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to area measures (i.e., site location, rural/urban classifica-
tion, attendance at a tertiary hospital). The other variables
with a direct link were medical advice and knowledge of
the term “antibiotic”. Across all node states, the PPs of all
forms of misuse were less than 0.5, with the misuse variable
skipping a dose having the three highest PPs (‘Mbeya’ site
(PP= 0.45), ‘attending a tertiary hospital’ (PP=0.40) and
being ‘rural’ (PP=0.36). No socioeconomic nodes are di-
rectly linked to any misuse node and, associated PPs are
surprisingly consistent across the differing states of tradi-
tional indicators of structural poverty and deprivation (e.g.
sanitation, education), although there is some variation ac-
cording to health insurance and employment status. The PPs
for not completing course are lower but follow a similar
trend to skipping a dose. The other forms of misuse, using
antibiotics prophylactically and self-medicating, have small
PPs, which show, with the exception of three, little variation
between node states. In relative terms, ‘some’ knowledge
of antibiotics has a PP of using antibiotics prophylactically
2.6 times higher than none, having health insurance has
a PP of using antibiotics prophylactically 1.4 time higher
than having none and, the PP of self-medicating is 1.8 times
higher if a patient had consulted a ‘health worker’ for ad-
vice than if they had not. Although some PPs of misuse vary
more than others, this variation underlines the importance of
changing contexts (even sub-nationally) for understanding
misuse and are in-line with other evidence from low- and
middle-income regions [Torres et al.,[2019, |Do et al., [2021]].

Conclusion. Bayesian Belief Networks (BBNs) offer a
novel approach for identifying the complex interdependen-
cies within social science data. Here we have demonstrated
the value of using PPs in conjunction with BBNs for explor-
ing complex, interdependent—both indirectly and directly
linked—contextual factors in social science data. Given our
results suggest a direct link between area measures and an-
tibiotic misuse, how socioeconomic states vary by area may
be a way to further investigate the dynamics of this system.
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