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Background. Inappropriate antibiotic prescriptions significantly contribute to antimicrobial resistance and are common
in urinary tract infections (UTI) in primary health care. Tunisian guidelines were developed to improve UTI management for General
Practitioners (GPs).

Objectives. This study aimed to evaluate GP adherence to Tunisian guidelines when prescribing antibiotics and the use of diagnostic
tools for UTls, as well as to compare current costs to those expected from guideline adherence.

Material and methods. This descriptive, cross-sectional study enrolled GPs managing patients with UTI in Sousse, Tunisia. Appropriate
use of diagnostic tools and antibiotic prescriptions was evaluated. A costing model was built to compare costs between current practice
and guideline adherence from a patient and country perspective for cystitis.

Results. 330 prescriptions were collected from 76 GPs. Simple cystitis was most commonly diagnosed (69.4%). Urine dipsticks were
appropriately used to diagnose 20% of cystitis cases. Urine cultures were used despite not being recommended in 45% of cystitis cases.
The antibiotic prescription rate for UTI was high (92%). Overall, 20.7% of cases adhered to the guidelines. Adherence was correlated
to work in the public sector and reading the guidelines. The costing model predicted that the full adherence of antibiotic prescriptions
and diagnostic tool use to cystitis guidelines could save EUR 1,698,403 annually.

Conclusions. In Tunisia, GP adherence to UTI treatment guidelines is low. Our costing model indicates guideline adherence could result
in substantial savings.
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Background

Over the past few decades, it has been reported that antimi-
crobial resistance (AMR) and antimicrobial misuse are resulting
in higher morbidity and mortality worldwide [1, 2]. This global
public health issue is also associated with an economic burden,
due to increased healthcare costs and loss of productivity [3].

In 2015, Tunisia was ranked second worldwide for consump-
tion rate of antibiotics, with an increase in 25 daily defined dos-
es per 1,000 inhabitants since 2000 [4]. Urinary tract infections
(UTI) are some of the most common diagnoses requiring antibi-
otic prescriptions, representing 1.6% of consultation complaints
in primary care, second only to respiratory tract infections [5].
Several strategies, known as antimicrobial stewardship (AMS),
have been used to address the appropriate use of antibiotics.
These include adopting a national action plan against AMR and
developing national evidence-based guidelines for the man-
agement of community-acquired UTI [6, 7]. These strategies,
adapted to the context of each country and their healthcare
setting, are supported by interventions aiming to either enable
responsible antimicrobial use (e.g. decision support tools, audit
and feedback) or to restrict inappropriate or unnecessary anti-
microbial use (e.g. selective reporting of susceptibility testing,
formulary restrictions) [8]. While investing in AMS interventions
could be costly for a healthcare system in the short term, there
are clinical benefits such as reduced morbidity and cost savings
in the long term [9].

Objectives

The aim of this study was to evaluate the adherence of pri-
mary care general practitioners (GPs) in Sousse, Tunisia, to the
2018 Tunisian guidelines for community-acquired UTI when pre-
scribing antibiotics and ordering diagnostic tools (urine dipstick
and cyto-bacteriological analysis). Additionally, the study aimed
to compare the annual cost for patients with cystitis in Tunisia
in two alternative scenarios: 1) the current practice scenario
(or current scenario) within the study population, and 2) a sce-
nario in which there is full adherence (100%) to guidelines for
both antibiotics prescriptions and diagnostic tool use, called the
stewardship scenario.

Material and methods

Study design and participants

This was a descriptive, cross-sectional study that included
all consenting GPs in Sousse, Tunisia, managing patients with
UTI between 15 June and 15 September 2019.

Eligible patients were adults (> 18 years of age) with a UTI
diagnosis being treated by a consenting and available GP.

Variables and Gyssens algorithm

Two diagnostic tools were available to order for each UTI
case: a urine dipstick, an instant tool to test for infection, indi-
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cated for cystitis, and/or a urine culture, a cytobacteriological
analytic tool that tests for bacteria culture and susceptibility to
antibiotics, indicated for UTIs with risk of complication.

A questionnaire was developed and administered to GPs,
to be completed anonymously for every included patient. The
guestionnaire was composed of five sections:

e Doctor’s characteristics (sector of work, years of expe-

rience, current students in training),

e  Patient’s characteristics (gender, age, medical history),

e  Diagnosis (simple cystitis, recurrent cystitis, cystitis

with risk of complication, pyelonephritis, gestational
UTI, male UTI),

e  Ordered tools (urine dipstick and/or urine culture),

e |nitial antibiotic prescription (molecule, dose and dura-

tion),

e Issues encountered when prescribing antibiotics and/or

ordering diagnostic tools.

Each antibiotic prescription was evaluated using a modified
Gyssens algorithm using the following 1-5 grading system [10]:

e 5:If the molecule is not indicated for the given diag-

nosis,

e 4:If the right molecule is indicated, but there is a bet-

ter alternative according to the guidelines,

e  3:lIf there are no other alternatives, but the dose is in-

correct,

e  2:If the dose is correct, but the duration is incorrect,

e 1:If all criteria above are correct, the prescription ad-

heres to guidelines.

The modified Gyssens algorithm was applied to every pre-
scription manually. The resulting data was analysed using SPSS
22.0 utilising descriptive and analytical tests, including mean,
univariate and multivariate analysis. Differences were statisti-
cally significant when p < 0.05.

Cost scenarios development

The relevant costs for cystitis were collected from a patient
perspective, including those who were covered by health insur-
ance, from official healthcare institution sources (hospital phar-
macy, private pharmacies). These costs included antibiotics,
urine culture and urine dipstick from both the public and private
sector. Healthcare resource use (e.g. healthcare staff employed)
was not included in the costs.

For simple and recurrent cystitis diagnoses, three antibiotics
are recommended (fosfomycin, pivmecillinam, nitrofurantoin),
with a similar dose and duration, allowing a single average antibi-
otic cost to be calculated for both diagnoses. For cystitis with risk
of complication, a list of antibiotics is recommended depending
on the timing of the prescription (before and after the antimicro-
bial susceptibility results). Their respective antibiotic costs were
calculated as average between the empiric and targeted treat-
ment cost. For all cystitis cases, the guidelines recommend urine
dipsticks, which are free for the patient (the cost is included in

Table 1. Diagnostic tools ordering according to the diagnosis

Diagnosis Dipstick only

n (%)

n (%)

Urine culture only

the consultation fees), while urine culture tests are not recom-
mended for simple cystitis and are costly for the patient.

Cystitis incidence rate and population data [11, 12] were
used to calculate the total annual costs for all simple, recurrent
and with risk of complication cystitis patients under each sce-
nario, with the assumption that the study population is repre-
sentative of the country.

The cost savings associated with adherence to the national
guidelines was then calculated as the difference (both at the pa-
tient and country level) between the current practice and the
stewardship scenarios. These scenarios and differences were
developed within Microsoft Excel.

Ethical considerations

This study was submitted and accepted for ethical approv-
al by the ethics committee of the University Hospital Farhat
Hached Sousse, Tunisia (number 00008931).

Results

Baseline patient and disease characteristics

In total, 330 prescriptions were collected from 76 GPs. 75%
(n = 57) of GPs were from the private sector; 63% (n = 48) had
over 15 years of experience. 58% (n = 44) of GPs reported having
read the national guidelines. The mean number of prescriptions
per GP was 4.0 [2.0].

Most patients were female (77%, n = 256). The mean age
was 47 years (standard deviation: 17 years). The most common
comorbidities were diabetes (20.6%; n = 68) and hypertension
(18.2%; n = 60). 9.3% (n = 31) of patients had an underlying uri-
nary pathology.

Simple cystitis was the most predominant diagnosis (51.2%;
n =169), followed by male UTI (21.8%; n = 72), recurrent cystitis
(12.7%; n = 42), pyelonephritis (6.1%; n = 20), cystitis with risk
of complication (5.4%; n = 18), gestational cystitis (2.4%; n = 8)
and asymptomatic bacteriuria (0.3%; n = 1).

Appropriate use of diagnostic tools and antibiotics

Urine dipstick tests were appropriately ordered for 20%
(n = 46) of cystitis cases. Urine cultures were ordered for 60.3%
(n =199) of patients. Urine cultures were appropriately ordered
for 73.7% (n = 88) of UTI cases with risk of complication and
were inappropriately ordered for 45% (n = 76) of simple cystitis
cases (Table 1).

Antibiotics were prescribed in 304 cases (92%), represented
mainly by fluoroquinolones, fosfomycin, nitrofurantoin, pivme-
cillinam and cefixime (Figure 1). Fluoroquinolones were overall
the most commonly prescribed antibiotics (42.8%), particularly
for male UTI and pyelonephritis, in 67% and 66% of cases, re-
spectively. The prescription of fluoroquinolones in cystitis, di-
agnoses for which they are not indicated, varied between 33%

No ordered tools Total
n (%) n

Dipstick and culture
n (%)

Simple cystitis 42 (24.9) 56 (33.2) 20(11.8) 51 (30.2) 169
Recurrent cystitis 4(9.5) 29 (69) 6(14.3) 3(7.2) 42
Cystitis with risk of complication 0(0) 8 (44,5) 7 (38,9) 3(16,6) 18
Pyelonephritis 3(15) 13 (65) 3(15) 1(5) 20
Gestational cystitis 4 (50) 1(12,5) 2 (25) 1(12,5) 8
Asymptomatic bacteriuria 0 1(100) 0 0

Male UTI 6(8,4) 39 (54,2) 14 (19,4) 13 (18) 72
Total 59 147 52 72 330

UTI — Urinary Tract Infection.
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Figure 1. Antibiotic prescription trends for different UTI diagnoses

CP — Cystitis in Pregnancy, CWRC — Cystitis with Risk of Complication, MUTI — Male Urinary Tract Infection, PN — Pyelonephritis, SC — Simple Cystitis,

UTI = Urinary Tract Infection.

Table 2. Distribution of the Gyssens score rate for each diagnosis

CP(n=38)

MUTI (n=72)

Score, n (%) 1 2 3 4 5 Total
Cystitis 50 (24.0) 3(1.4) 6(2.9) NA 150 (71.8) 209
simple cystitis 45 (28.6) 2(1.3) 3(1.9) NA 107 (68.2) 157
recurrent cystitis 5(14.3) 0(0) 2(5.7) NA 28 (80) 35
cystitis with risk of complication 0(0) 1(5.8) 1(5.8) NA 15 (88.2) 17
Pyelonephritis 3(17.6) 9(52.9) 2(11.7) NA 3(17.6) 17
Gestational cystitis 2 (25) NA NA 5(62.5) 1(12.5) 8
Male UTI 8(11.4) 27 (38.6) 9(12.8) 1(1.4) 25 (35.7) 70
Total 63 (20.7) 39 (12.8) 17 (5.6) 6(2) 179 (58.9) 304

NA — Not available, UTI — Urinary Tract Infection.

Table 3. Cost per research population

Simple cystitis

Current scenario cost (TND)

Stewardship scenario (TND) Stewardship cost savings (TND)

Antibiotic 2,417 2,171 246

Dipstick* 0 0 0

Urine culture 1,613 0 1,613

Total cost 4,030 2,171 1,859

Recurrent cystitis Current scenario cost (TND) Stewardship cost savings (TND)
Antibiotic 783 540 243

Dipstick* 0 0 0

Urine culture 650 804 -155

Total cost 1,433 1,344 89

Cystitis with risk of complication Current scenario cost (TND) Stewardship cost savings (TND)
Antibiotic 353 443 -90

Dipstick* 0 0 0

Urine culture 355 409 -55

Total cost 708 852 -144

* Dipstick cost is free for patients, TND — Tunisian Dinar.

and 55%. Fosfomycin, which is prescribed for cystitis, was pre-
scribed for between 6% and 22% of all types of cystitis cases.
Nitrofurantoin was prescribed in 7% and 5% of simple cystitis
and recurrent cystitis cases, respectively, and is indicated for
both diagnoses. Pivmecillinam was not prescribed for any cys-
titis case, despite being indicated for these diagnoses. Cefixime
was prescribed mainly for cystitis in pregnancy (80%), as recom-
mended. However, in 16—17% of cases, it was inappropriately
prescribed for other types of cystitis.

Overall, 20.7% of antibiotic prescriptions adhered to the
national guidelines; adherence was 24% for all cystitis cases
(Table 2). There was an association between adherence to

guidelines and the public sector, reading the guidelines, current
students in training, more than 15 years of practice experience
and the female gender of patients. Multivariate analysis dem-
onstrated statistically significant correlations between guideline
adherence and working in the public sector (p = 0.008) or read-
ing the guidelines (p = 0.001).

Costing model

In the costing model, a saving of Tunisian Dinar (TND) 1,859
was estimated for simple cystitis in the stewardship scenario
(Table 3). This mainly represented a saving in urine culture costs.
The results showed a smaller cost savings with the stewardship
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Table 4. Costing model results per patient and annual cost for Tunisia for cystitis management

Simple cystitis Current scenario cost (TND)

Stewardship scenario (TND)

Stewardship cost savings (TND)

Antibiotic 14 13 1

Dipstick 0 0

Urine culture 10 10

Total cost 24 13 11
Recurrent cystitis Current scenario cost (TND) Stewardship scenario (TND)

Antibiotic 19 13 6

Dipstick 0 0 0

Urine culture 15 19 -4

Total cost 34 32 2

Cystitis with risk of complication Current scenario cost (TND) Stewardship scenario (TND)

Antibiotic 20 25 -5
Dipstick 0 0 0

Urine culture 20 23 -3

Total cost 39 47 -8
Annual cost per country (cystitis) Current scenario cost (TND) Stewardship scenario (TND) Stewardship cost savings (TND)
Antibiotic 22,649,113 20,264,084 2,385,029
Dipstick 0 0 0

Urine culture 5,486,184 2,542,889 2,943,295
Total cost 28,135,296 22,806,973 5,328,323

TND - Tunisian Dinar.

scenario for recurrent cystitis (TND 89) and no cost-saving for
cystitis with risk of complication (TND144).

For a simple cystitis episode, the model estimated an av-
erage saving of TND 11 (TND 1 saved for antibiotics and TND
10 for urine culture) for a patient in the stewardship scenario
(Table 4). When calculated for the whole population of Tunisia,
the model estimated that the patient cost per year for the to-
tal population under the current scenario is TND 28,135,296,
compared with a cost of TND 22,806,973 under the stewardship
scenario with full adherence to national guidelines. Overall, the
model estimated that full adherence leads to a cost savings of
TND 5,328,323 (approximately EUR 1,698,403 using current ex-
change rates; Table 4).

Discussion
Main findings

This study aimed to evaluate real-life UTI management in
primary health care compared to national guidelines, as well
as the direct economic implications from a patient and country
perspective for cystitis.

A low rate of adherence to guidelines was found (20.7%). The
economic model demonstrated that it was cost saving to adopt
a stewardship scenario for cystitis management (TND 5,328,323).

Antibiotic prescriptions and conformity to recom-
mendations

Despite the high rate of cystitis in our findings (69%), we
noted low prescriptions of fosfomycin (16.4%) and nitrofuranto-
in (5.2%) and no prescription of pivmecillinam; these antibiotics
representing the first line of treatment for cystitis, compared to
quinolones, which are not recommended and were prescribed
in 44% of cases.

A Danish study in 2019 (Holm et al.) in primary health care
showed that pivmecillinam was the most prescribed antibiotic
for lower acute UTI (45.8%), followed by sulfonamides (27%);
both antibiotics being the first-line recommended treatment, as
well as quinolones (19.7%) [13].

The prescription of fluoroquinolones is not indicated in cys-
titis, despite its large antimicrobial action, due to the high risk
of resistance development [14]. Nonetheless, we noted a high
rate of fluoroquinolones prescriptions (46.5%), particularly for
cystitis.

Kobayashi et al. conducted a retrospective study on out-
patient visits in the USA regarding UTI from 2002 to 2011 and
found that out of 7111 visits, about 80% were treated with an-
tibiotics, and almost half was fluoroquinolones [15]. This con-
cern regarding the high use of fluoroquinolones does not only
result from an ecological standpoint. Noting its ease of dosing,
expanded spectrum of activity and favourable pharmacokinet-
ics, quinolones represent the most prescribed antibiotics in am-
bulatory care [16].

The Gyssens algorithm was selected to evaluate antibiotic
prescriptions, as it is simple to use. In a French study conducted
in 2011, using a similar algorithm, results showed 20% adher-
ence to guidelines for UTI management. A Spanish study con-
ducted in 2011 found that only 17.7% of antibiotic prescriptions
for cystitis and 17.5% of antibiotic prescriptions for complicated
cystitis conformed to guidelines [18].

Antibiotic prescription drivers

Poor adherence to guidelines has been linked to the hab-
its of the GPs, their training and post-graduate education [19].
However, other factors can explain this low rate, including
healthcare system management, available resources (antibiot-
ics and diagnostic tools), the culture of antibiotic consumption,
as well as patients’ opinions and healthcare coverage having an
impact on shared medical decisions between the patient and
the GP [19]. A systematic review concluded that prescription
behaviour is a complex process based on a range of internal and
external factors [20]. Dominant among these is the prescriber’s
perception that patients want antibiotics and the fear of what
might happen if antibiotics are not forthcoming [20].

The use of fluoroquinolones is an example of the high rates
of inappropriate prescriptions associated with treatment avail-
ability, efficiency and a wide spectrum of activity [14].
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In our study, the association between adhering to guidelines
and reading the guidelines or training students was statistically
significant (p < 0.0001). This suggests it is important to endorse
AMS interventions and monitor their impact on GP practices.
This could begin with implementation of training during the
first years of medical schools through to post-graduate training
courses. Once GPs are qualified and practicing, continued AMS
education could be implemented though continuous profes-
sional development with certified training, online courses and
access to decision-making tools [21]. In the UK, the ‘Stemming
the Tide of Antibiotic Resistance’ (STAR) programme has been
developed to build on behaviour change theories, integrating
a blend of learning techniques online and within the general
practice setting, including promotion of the evidence base and
reflection on practice [22]. The impact was demonstrated by the
GPs in their feedback on self-reported improvement in knowl-
edge [23]. A randomised controlled trial showed a reduction of
4% in overall prescription of antibiotics in practices receiving the
STAR training package [24].

Costing model implications

The costing model developed compares the costs for cysti-
tis management from a patient perspective, including diagnos-
tic tests and antibiotics, under a current practice scenario and
a stewardship scenario. The stewardship scenario aligned with
the Tunisian guidelines for UTI management and allowed for an
estimation of the cost for the patients if there was 100% adher-
ence to the guidelines when prescribing antibiotics for female
patients with cystitis.

This model only considered cystitis management, as cystitis
diagnoses were found to be the most common diagnoses and
had clear AMS guidelines. The results demonstrated a clear cost
savings with AMS, particularly for simple cystitis (the most com-
mon diagnosis, with 69% out of all diagnoses). These savings
were largely found in diagnostic tools (saving TND 1,613 in the
research population) but also in antibiotics (saving TND 246 in
the research population).

This model can be duplicated for any primary care setting, for
UTI or any other common infection (e.g. skin or respiratory infec-
tion) considering the diagnosis tools, recommended antibiotics
and their relevant costs, as well as if there are official guidelines
that can be used as reference to build a stewardship scenario.

Other AMS programmes have shown long-term economic
benefits for patients, with a 33.9% reduction in antibiotic costs
for all types of infections and a 4.5% reduction in the cost of

bacterial infections after the implementation of the AMS pro-
gramme [25, 26]. However, these studies were completed in
hospital settings and took into consideration duration of hos-
pital stay, drug resistance and antibiotic costs over a longer
time period than the current study. There is very little evidence
concerning the economic evaluation of AMS in a primary care
setting, particularly for UTIs. Gillespie et al. published a case-
control study in 2016 between two intervention arms of AMS
programmes for UTI management and one control arm. The
study compared several types of costs for patients (intervention
set-up, audit and feedback, GP visits, laboratory tests, antimi-
crobial prescriptions), finding a cost per patient of EUR 84.20,
88.72 and 67.00 for the two intervention arms and control arm,
respectively [27]. This difference in cost may not be compara-
ble, but the context is similar to this study. Further longitudinal
primary healthcare studies are needed to measure the impact
of AMS programmes, such as the number of GP revisits, drug-
resistant infections, need for hospitalisation, morbidity and
mortality.

Conclusions

In the fight against antimicrobial resistance, AMS represents
a series of public health interventions. In Tunisia, guidelines
have been developed to address the management of UTls in
primary health care, but few initiatives are in place to monitor
the impact of their implementation. This study found that ad-
herence to guidelines for UTl in primary care is low and may be
improved by increasing recommended antibiotic availability and
providing training for GPs. Furthermore, a costing model esti-
mated that substantial savings could be made through guideline
adherence, including using the recommended antibiotics (mol-
ecule, dose and duration) and diagnostic tool (dipstick and/or
urine culture). This costing model can be used freely and dupli-
cated for any primary care setting, for UTI or any other common
infection where guidelines are available. In this way, it could
serve as an advocacy tool to encourage healthcare authorities
to invest and implement effective AMS interventions through
demonstrating the possible economic benefits.
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