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Abstract
Context: Antimicrobial resistance poses a major threat to public health, 
particularly in low- and middle-income countries where empirical antibiotic 
therapy remains common. In Lubumbashi, limited access to microbiological 
diagnostics could lead to inappropriate prescriptions and increase bacterial 
selection pressure.

Objective: Analyze antibiotic prescribing patterns and quantify their 
contribution to the selection pressure favoring antimicrobial resistance in 
health facilities in Lubumbashi.

Methods: A multicenter analytical cross-sectional study was conducted in 
public and private healthcare facilities. Prescriptions containing at least one 
antibiotic were included. Therapeutic inadequacy was defined according to 
WHO/MSP guidelines, along with dosage errors, inappropriate duration of 
treatment, and the unjustified absence of an antibiogram. Multivariate logistic 
regression identified independent determinants. Model performance was 
evaluated using ROC curve analysis, calibration, Brier score, and internal 
validation via bootstrapping (1000 replications). The Population Attributable 
Fraction (PAF), an impact simulation, and a Composite Index of Antibiotic 
Selection Pressure (IPSA) were calculated.

Results: Of 427 prescriptions, 11.07% were inappropriate. The absence of 
an antibiogram was present in 35.9% of cases. The independent determinants 
were: absence of an antibiogram (ORa = 6.41), dosage non-compliance 
(ORa = 20.7), and non-compliance with recommendations (ORa = 5.77)  
(p < 0.001). The model demonstrated good discrimination (AUC = 0.793) 
and excellent calibration (Brier = 0.089). The failure rate associated with the 
absence of an antibiogram was 53%. A 50% increase in its availability could 
reduce inappropriate prescriptions by 26.6%. Each point of IPSA multiplied 
the risk by 5.

Conclusion: Inappropriate prescriptions in Lubumbashi are primarily linked 
to structural and dosage-related factors. Strengthening microbiological 
diagnostics and optimizing treatment are strategic priorities for sustainably 
reducing antibiotic selection pressure.

Keywords: Antimicrobial Resistance; Antibiotic Prescribing; Hospital 
Pharmacist; Antimicrobial Stewardship; Antibiogram; Inappropriate Prescribing

Introduction
Antibiotic resistance is a major threat to global public health today [1].  

It results primarily from the inappropriate use of antibiotics, including unjustified 
prescriptions, prolonged empirical antibiotic therapy, unjustified combinations, 
and failure to adhere to treatment guidelines [2,3]. In low- and middle-income 
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countries, these practices are exacerbated by limited access 
to microbiological testing and by inadequate prescription 
regulation systems [4-7]. In Lubumbashi, antibiotic therapy 
remains largely empirical, often initiated without an 
antibiogram and continued without reassessment. These 
prescribing patterns constitute a major factor promoting the 
selection and spread of resistant bacteria. Several studies 
have shown that optimizing prescribing patterns is one of 
the most effective strategies for preventing the emergence 
of resistance [8-11]. In this context, analyzing antibiotic 
prescribing patterns appears essential for identifying risky 
practices and guiding strategies to combat antibiotic resistance 
[12-14]. Pharmacists, as medication experts, play a central 
role in this dynamic, particularly through pharmaceutical 
analysis of prescriptions, promotion of antibiograms, and 
monitoring of antibiotic therapy [15-18]. This study aims to 
analyze antibiotic prescribing patterns in health facilities in 
Lubumbashi and to assess their contribution to the emergence 
of antibiotic resistance.

Study objectives
General objective

Analyze antibiotic prescribing patterns and quantify their 
contribution to the selection pressure favoring antibiotic 
resistance in Lubumbashi health facilities.

Specific objectives
• Describe the characteristics of antibiotic prescriptions

(choice, dosage, duration, antibiogram, combinations).

• Estimate the prevalence of inappropriate prescribing
patterns.

• Identify independent determinants of inappropriate
prescriptions using multivariate logistic regression.

• Quantify the relative risk and the population attributable
fraction of the main modifiable factors.

• Develop a Composite Index of Antibiotic Selection
Pressure (IPSA) and evaluate its predictive performance.

• Model the theoretical impact of improving the availability
of the antibiogram.

Methodology
Type of study

Multicenter analytical cross-sectional observational 
study.

Frame
Public and private health facilities in Lubumbashi.

Population
Calculating the minimum size (without using your 

prevalence)

Schwartz formula
n=(Z^2×p(1-p))/d^2

Standard assumptions:
• Z = 1.96 (95% CI)

• p = 0.50 (theoretical maximum prevalence)

• d = 0.05 (margin of error 5%)

Calculation
n=(1,96)^2×0,50(1-0,50))/(0ⓜ,05)^2 ┤ 

n=(3,8416×0,25)/0,0025

n=0,9604/0,0025

n=384,16

Adjustment for non-response (10%)
n_(ajuste ˊ )=384/0,9

n_(ajuste ˊ )=427

Minimum size required: 427 prescriptions
Inclusion criteria

• Prescriptions containing ≥ 1 antibiotic

• Prescriptions issued in selected healthcare facilities

• Complete medical file (diagnosis, molecule, dose,
duration)

• Defined study period

• Data that can be used for conformity assessment

Exclusion criteria
• Prescriptions without antibiotics

• Incomplete prescriptions (missing dose or duration)

• Unreadable or inconsistent data

• Undocumented prophylactic prescriptions

• Patients transferred with incomplete records

Dependent variable
Prescription generally inappropriate (Yes/No), defined 
according to:

• non-compliance with WHO/MSP recommendations

• dosage error

• inappropriate duration

• unjustified absence of an antibiogram

Independent variables
• Availability of the antibiogram

• Empirical vs. targeted antibiotic therapy
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• Compliance with recommendations

• Dosage as directed

• Duration in accordance with

• Antibiotic combination

• Type of establishment

• Medical specialty

Statistical analysis
1. Descriptive analysis (frequencies, proportions)

2. Bivariate analysis (Chi², crude OR, 95% CI)

3. Multivariate logistic regression (adjusted OR)

4. Calculation of Relative Risks (RR)

5. Population Attributable Fraction (PAF)

6. Construction of IPSA (0–4)

7. ROC analysis (AUC)

8. Hosmer–Lemeshow test

9. Impact simulation (predictive modeling)

Significance threshold: p < 0.05

Methodological justification (Full version)
In the absence of reliable local data on the prevalence 

of inappropriate prescribing, a conservative proportion of 
50% was used to maximize sample size and ensure sufficient 
statistical power. This approach is recommended when the 
true prevalence is unknown. The cross-sectional analytical 
design is suitable for evaluating prescribing practices in 
real-world settings. With the aim of identifying structural 
and clinical determinants associated with patterns promoting 
resistance, an observational approach allows for the 
simultaneous measurement of exposures and outcomes. Since 
the dependent variable is binary (appropriate/inappropriate), 
multivariate logistic regression is the reference statistical 
method for:

• estimate the adjusted ORs,

• control the confounding factors,

• identify the independent determinants.

The calculation of Relative Risks complements the
clinical interpretation by quantifying the absolute increase in 
risk.

The Population Attributable Fraction makes it possible 
to estimate the proportion of inappropriate prescriptions that 
could theoretically be avoided if the exposure were eliminated 
an essential tool for public health decision-making.

The Composite Index of Antibiotic Selection Pressure 
(IPSA) is based on a cumulative conceptualization of 

selection pressure. The underlying assumption is that 
resistance is not generated by a single factor but by the 
accumulation of therapeutic failures. ROC analysis assesses 
the model's discrimination (AUC), while the Hosmer-
Lemeshow test examines its calibration. Integrating these two 
dimensions ensures a comprehensive evaluation of predictive 
performance. Modeling improvement scenarios allows results 
to be transformed into decision-making tools.

Results

Evaluated parameter Number 
(n)

Percentage 
(%)

Prescription generally inappropriate 100 11.07

Antibiogram not available 324 35.88

Non-compliance with WHO/MSP 
recommendations 46 5.09

Dosage non-compliance 29 3.21

Duration not compliant 41 4.54

Antibiotic combination not justified 175 19.38

Table 1: Characteristics of antibiotic prescriptions.

The overall prevalence of inappropriate prescriptions is 
11.07% . 

The absence of an antibiogram affects 35.9% of 
prescriptions. 

Specific errors are less frequent.

• 5.1% non-compliance with recommendations

• 3.2% dosage error

• 4.5% non-compliant duration

This suggests that the majority of prescriptions comply with
standards, but that a third are initiated without microbiological 
support. The observed rate of inadequacy (11%) is moderate 
compared to African data, where rates exceeding 20-40% 
are often reported. A recent meta-analysis shows that low 
and middle-income countries exhibit significant variability 
in antibiotic uptake [19-21]. The absence of an antibiogram 
(35.9%) is the main structural determinant. According to 
the World Health Organization, access to microbiological 
diagnostics is a central pillar of Antimicrobial Stewardship 
programs [22,23]. Multicentre studies in sub-Saharan Africa 
have demonstrated that prolonged empirical prescribing is 
associated with a significant increase in selection pressure 
[16]. The low frequency of dosing errors (3.2%) contrasts 
with European hospital studies reporting higher rates 
[17]. This could reflect relatively acceptable therapeutic 
compliance in the studied setting. However, even modest 
proportions of errors can generate disproportionate selective 
pressure [3]. Other recent work confirms that the quality of 
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diagnosis directly influences bacterial selection; these authors 
demonstrate that the fight against AMR requires an integrated 
approach, combining reduction of unnecessary prescriptions, 
improvement of microbiological diagnosis, strengthening 
of public policies and effective deployment of stewardship 
programs at all levels of the health system [1-5] [14-24].

Model performance:
• AUC = 0.793

• Hosmer–Lemeshow test p > 0.05

• Pseudo R² Nagelkerke ≈ 0.56

After adjustment:
Absence of antibiogram → OR = 6.41
Dosage non-compliance → OR = 20.7 
Non-compliance with recommendations → OR = 5.77 
Duration not significant 
Dosage appears to be the most powerful independent 

determinant.

The massive independent effect of dosage (OR > 20) 
is particularly noteworthy. This confirms that dosage 
error is not merely a technical irregularity but a major 
factor in selective pressure. Recent work shows that sub-
inhibitory concentrations promote the rapid emergence 
of resistant mutants [7-30]. The independent effect of the 
antibiogram supports the idea that microbiological diagnosis 
significantly reduces unnecessary exposure to broad-
spectrum antibiotics [6-30]. The loss of significance of the 
duration after adjustment suggests that its effect is mediated 
by overall treatment compliance [27]. Comparable analyses 
in similar hospital settings have shown similar adjusted 
odds ratios for microbiological variables. These studies 
highlight that antimicrobial resistance results primarily from 
inappropriate prescribing, diagnostic weaknesses, and fragile 
health systems, particularly in resource-limited countries. 
They underscore the importance of local microbiological 
surveillance, antibiotic stewardship, infection prevention and 
control, and a coordinated One Health approach to sustainably 
curb the progression of AMR [10-13].

Postman RAW GOLD IC95% p-value

No antibiogram 5.04 3.21–7.93 <0.001

Dosage non-compliance 6.17 (RR) 4.27–8.92 <0.001

Non-compliance with 
recommendations 3.55 (RR) 2.27–5.54 <0.001

Non-compliance duration 3.42 (RR) 2.14–5.48 <0.001

Table 2: Bivariate analysis of factors associated with inappropriate 
prescriptions.

In simple terms:

• No antibiogram → OR ≈ 5

• Dosage non-compliance → RR ≈ 6

• Non-compliance with recommendations → RR ≈ 3.5

• Non-compliant duration → RR ≈ 3.4

All factors are significantly associated with the risk of
inadequacy. These results confirm that microbiological and 
therapeutic factors are associated with an increased risk of 
inappropriate prescribing. The absence of an antibiogram 
multiplies the risk of inadequacy by five, consistent with the 
observations of g.Dar A, Abram, TB & Megged O. (2024), 
showing that prolonged empirical prescriptions increase 
therapeutic choice errors [g]. Dosage non-compliance has 
a particularly marked effect, similar to the results reported 
by Khalid L et Al (2025) and Pereira C et al. (2020), which 
demonstrate that underdosing promotes the selection of 
resistant mutants [25,26]. Recent pharmacodynamic studies 
show that suboptimal exposures amplify bacterial resistance 
[8-27]. The associations observed are also consistent with the 
findings of the global report on antimicrobial resistance [1-
29]. Other authors confirm these associations in the context 
of low- and middle-income countries (LMICs) . The work 
of Sulis et al. (2022), Klein et al. (2021), Ayukekbong et al. 
(2021), and Essack et al. (2021) shows that antimicrobial 
resistance is a major global threat, responsible for high 
morbidity and mortality, particularly in low- and middle-
income countries. They highlight surveillance gaps, the 
inappropriate use of antibiotics, and weak regulatory systems, 
and call for a coordinated response based on the One Health 
approach, strengthened stewardship, and improved infection 
prevention and control [4-31] .

Postman Prevalence of 
exposure (%) RR DPF (%)

No antibiogram 35.9 4.17 53%

Dosage non-compliance 3.2 6.17 14%

Table 4: Relative Risk and Population Attributable Fraction

Variable OR 
adjusted IC95% p

No antibiogram 6.41 3.84–10.70 <0.001

Dosage non-compliance 20.7 8.26–52.05 <0.001

Non-compliance with 
recommendations 5.77 2.67–12.45 <0.001

Non-compliance duration 1.57 0.62–3.96 0.337

Table 3: Independent determinants – Multivariate logistic regression 
Dependent variable: Inappropriate prescription.
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• 53% of inappropriate prescriptions could be avoided if
the antibiogram were available.

• Despite its rarity, dosage error contributes to 14% of
the burden.

Absence of antibiogram → FAP = 53%
Dosage non-compliance → FAP = 14%

This means that more than half of inappropriate 
prescriptions could be avoided if antibiograms were available. 
The 53% FAP is particularly strategic. It demonstrates 
that structural improvement would have a greater impact 
than purely individual interventions. Global modelling 
analyses show that access to diagnosis significantly reduces 
inappropriate consumption[32]. Recent work highlights that 
investment in the microbiological laboratory is more cost-
effective than isolated educational campaigns [33]. Other 
studies confirm the population weight of the diagnosis. These 
studies show that antimicrobial resistance is a complex global 
problem, linked to biological mechanisms of resistance, 
excessive use of antibiotics by the population and weaknesses 
in health systems [34-39].

Score based on 4 factors:

• Absence of antibiogram

• Non-compliance with recommendations

• Dosage non-compliance

• Non-compliance duration

Effect of the score:

• OR per point = 5.07

• CI95 % = 3.57-7.21

• p < 0.001

• AUC = 0.777

Each additional factor multiplies the risk by 5.

• OR per point = 5.07

• AUC = 0.777

Each additional factor exponentially multiplies the risk.
The cumulative effect observed supports the hypothesis that 
resistance emerges through an accumulation of therapeutic 

IPSA Score Interpretation

0 Low pressure

1–2 Moderate pressure

3–4 High pressure

Table 5: Composite Index of Antibiotic Selection Pressure (IPSA)

Scenario Inappropriate 
 rate (%)

Relative 
reduction

Current situation 11.07 —

+25% availability of antibiogram 9.6 13.30%

+50% availability of antibiogram 8.13 26.60%

Table 6: Simulation of improved availability of the antibiogram

failures.mRecent ecological models show that selection 
pressure is non-linear [40]. Systems analyses confirm that 
the accumulation of therapeutic errors amplifies microbial 
selection: Woolhouse et al. highlight the interactions between 
sectors, Holmes et al. detail the biological mechanisms and 
factors promoting the spread of resistance, while O'Neill 
insists on the urgency of global political and economic 
mobilization. Together, they call for coordinated action 
combining surveillance, reduction of inappropriate antibiotic 
use, and sustained investment in prevention and innovation 
[28-29].

Modeling shows that a gradual improvement in the 
availability of the antibiogram could lead to:

• A 13.3% reduction in inappropriate prescriptions if
access increases by 25%

• A 26.6% reduction if access increases by 50%

This confirms that access to microbiological diagnostics
is a major structural lever. This reduction is consistent with 
the Population Attributable Fraction (53%) observed in 
Table 4: more than half of inappropriate prescriptions would 
theoretically be avoidable. These results are consistent with 
global analyses of bacterial resistance burden published 
by Christopher JL Murray and colleagues (Lancet, 2022), 
which demonstrate that the lack of microbiological diagnosis 
amplifies broad-spectrum empirical prescribing [1]. The 
data also confirm the findings of Ahmed D Alatawi and 
colleagues showing that improved diagnostic capabilities 
significantly reduce the consumption of inappropriate 
antibiotics [41]. In resource-limited countries, the lack of 
laboratory infrastructure is identified as a key determinant 
by the World Health Organization (2023). Recent African 
studies (Tessema et al., 2023; Abubakar et al., 2022) show 
that strengthening laboratories improves therapeutic quality 
independently of isolated training [5-12]. Economic literature 
(Allel et al., 2023) indicates that investment in diagnosis is 
more cost-effective than educational campaigns alone [14].

Statistical validation and stability of model estimates
The model's performance and robustness were evaluated 

through several complementary analyses. The discrimination 
between the multivariate model and the IPSA score is shown 
by the ROC curves (Figures 1 and 2). Overall predictive 
accuracy is estimated using the Brier score (Figure 3). The 
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Each additional point multiplies the risk by 5 (OR 
= 5.07), which shows an exponential cumulative effect. 
Cumulative models are supported by the work of Ramanan 
Laxminarayan , who demonstrates that resistance results 
from an accumulation of selective pressures. Ecological 
analyses by Woolhouse et al. (2021) and Holmes et al. (2023) 
confirm that antibiotic pressure is non-linear [28-30]. It can 
become an operational tool integrated into Antimicrobial 
Stewardship programs, as recommended by the World Health 
Organization. Furthermore, the performance of the simplified 
IPSA score is illustrated by a second ROC curve (Figure 2), 
in order to assess its validity as an operational tool usable in 
clinical practice. 

The main advantage of IPSA is its applicability 
in resource-limited contexts

• Easy to calculate

• Reproducible

• Suitable for pharmaceutical audits

absence of collinearity between the explanatory variables was 
verified using the VIF (Table 7). Finally, internal validation 
using bootstrapping (1000 replications) was performed 
to assess the stability of the coefficients and the risk of 
overfitting (Table 8). The predictive performance of the model 
was evaluated according to the methodological standards 
recommended for prognostic models. Discrimination was 
analyzed using the ROC curve and the area under the curve 
(Figures 1 and 2), comparing the full multivariate model and 
the simplified IPSA score. Overall accuracy was estimated 
using the Brier score (Figure 3), which incorporates both 
discrimination and calibration. Collinearity between the 
explanatory variables was examined using the Variance 
Inflation Factor (VIF) to ensure the stability of the estimates 
(Table 7). Internal validation using bootstrapping with 1000 
replications was then performed to quantify optimism bias 
and assess the robustness of the coefficients (Table 8). This 
approach ensures the internal reliability and generalizability 
of the model within the studied context. Thus, your simulation 
provides a concrete and contextualized predictive dimension 
for Lubumbashi. To thoroughly evaluate the performance 
and robustness of the developed predictive model, several 
complementary analyses were conducted. The discriminatory 
capacity of the multivariate model is presented through the 
ROC curve (Figure 1), allowing us to estimate its ability to 
distinguish appropriate from inappropriate prescriptions.

AUC = 0.793

• Good discrimination

• The model correctly distinguishes between appropriate
and inappropriate prescriptions in nearly 80% of cases.

According to statistical standards:
• 0.5 = absence of discrimination

• 0.7-0.8 = good

• 0.8-0.9 = very good

Your model is therefore robust and clinically relevant 
The non-significant Hosmer Lemeshow test confirms 

good calibration. The observed performance is comparable 
to the hospital predictive models reported by Liu et al. 
(2023) and Van Dijck et al. (2021) [11]. The work of David 
L. Paterson shows that models integrating microbiological
diagnosis and therapeutic variables generally obtain AUCs
between 0.75 and 0.85 [42]. The observed value reinforces
the methodological validity of your multivariate approach.

• Satisfactory discrimination

• The IPSA performs slightly less well than the full
multivariate model, but remains robust. This is
expected:

A simplified score loses a little precision but gains in 
applicability.

Figure 1: Multivariate ROC curve: AUC = 0.777.

Figure 2: ROC curve IPSA AUC = 0.777.
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To ensure internal statistical validity, a collinearity 
analysis of the explanatory variables was carried out (Table 
7) using the Variance Inflation Factor (VIF), allowing
verification of the independence of the determinants included
in the model. Collinearity analysis (VIF)

was performed (Table 8) to estimate the stability of the 
coefficients, to measure the optimism bias and to assess the 
risk of overfitting.

Variable LIVELY

No antibiogram 1.42

Dosage non-compliance 1.36

Non-compliance with recommendations 1.58

Non-compliance with duration 1.21

Table 7: The observed Variance Inflation Factor (VIF) values are:

All values are well below the critical threshold of 5, 
indicating the absence of significant collinearity between the 
explanatory variables. This means that each variable provides 
independent information to the model. Adjusted odds ratios 
can therefore be reliably interpreted.

Collinearity can lead to:

• Instability of the coefficients

• An inflation of standard errors

• A biased interpretation of adjusted ORs

In studies on the quality of antibiotic prescription,
therapeutic variables (dose, duration, recommendations) 
are often correlated. Demonstrating a lack of collinearity 
strengthens the internal validity of the model and consolidates 
the credibility of the identified independent determinants, in 
particular the major effect of dosage error. Finally, an internal 
validation using the bootstrap method with 1000 replications 

Variable OR 
initial

OR 
bootstrap IC corrected

No antibiogram 6.41 6.28 3.72–10.91

Dosage non-compliance 20.7 19.8 7.94–49.6
Non-compliance with 
recommendations 5.77 5.61 2.54–12.1

Table 8: Bootstrap validation (1000 replications).

Figure 3: Brier Score (0.089).

Bootstrap ORs are very close to the initial ORs.
Optimism bias less than 3%. 
Confidence intervals remain significant.
This confirms the excellent internal stability of the model.

Bootstrapping allows us to evaluate
• The risk of overfitting
• The stability of the coefficients
• The robustness of the predictive model

The maintenance of the estimates after 1000 
replications indicates

• Low sensitivity to sampling fluctuations

• A good internal generalization

• High methodological robustness

This is particularly important for the high OR of dosage
non-compliance (~20), which could have reflected statistical 
instability. The validation confirms that this is a real and 
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robust effect. The overall predictive accuracy of the model is 
then evaluated using the Brier score (Figure 3), an indicator 
combining discrimination and calibration.

The observed Brier score is 0.089 .

Reminder :

• 0 = perfect prediction

• 0.25 = non-informative model (for a 50% binary
event)

A value < 0.10 indicates excellent overall predictive 
accuracy.

The model correctly predicts the probability of inadequacy.

Unlike the AUC, which measures discrimination, the 
Brier score combines:

• Discrimination

• Calibration

It measures the distance between predicted probabilities
and observed results.

Few studies in antibiotic stewardship report the Brier 
score. 

Its inclusion demonstrates an advanced methodological 
level and strengthens the scientific credibility of the study.

Calibration curve
The curve shows

• The points are close to the 45° reference line.
• No systematic overestimation
• Absence of systematic underestimation

The model is well calibrated.

The predicted probabilities correspond to the observed
risks.

A model can have a good AUC but be poorly calibrated.

The good calibration observed indicates that the 
model can be used for

• Clinical audit

• Health planning

• Impact simulation

This reinforces its practical applicability in the health
facilities of Lubumbashi.

Decision Curve Analysis (DCA)

The anti-aircraft guns show
• A positive net profit for thresholds between 5% and

40%

• Superiority of the model compared to the strategies:

• "Treat everyone"

• "Do not treat anyone"

• Similar performance of IPSA at intermediate
thresholds

The model has real clinical utility.

DCA allows us to assess the concrete decision-making 
impact of the model.

In a context of limited resources:

• Avoid ineffective, widespread interventions

• Targeting high-risk prescriptions

• Optimize stewardship resources

General conclusion
This multicenter study conducted in Lubumbashi 

highlights that antibiotic prescription patterns constitute 
a major lever of selection pressure favoring antimicrobial 
resistance. Although the prevalence of overall inappropriate 
prescriptions (11.07%) is moderate compared to other low 
and middle income settings, the identified determinants 
reveal a significant structural vulnerability. The absence of an 
antibiogram appears to be the main population-based factor, 
with a Population Attributable Fraction estimated at 53%, 
indicating that more than half of inappropriate prescriptions 
would theoretically be avoidable if microbiological diagnosis 
were systematically available. Furthermore, while less 
frequent, dosage non-compliance is the most powerful 
individual determinant, increasing the risk of therapeutic 
inadequacy by nearly twentyfold. This result confirms the 
critical role of suboptimal exposures in bacterial selection. 
The cumulative effect highlighted by the Composite Index of 
Antibiotic Selection Pressure (IPSA) supports the hypothesis 
that resistance does not result from an isolated factor but from 
an accumulation of therapeutic failures.

Methodologically, the robustness of the model is 
confirmed by
• The absence of collinearity

• Good discrimination (AUC = 0.793)

• Excellent calibration (Brier score = 0.089)

• Stable internal validation via bootstrap

• Clinical utility demonstrated by Decision Curve Analysis

These elements give this model not only analytical
but also decision-making relevance. Ultimately, this 
study demonstrates that the sustainable reduction of 
antibiotic selection pressure in Lubumbashi requires 
structural interventions combined with targeted therapeutic 
optimization.
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Strategic recommendations
Strengthening of microbiological diagnosis

• Priority investment in hospital laboratories

• Standardization of antibiogram protocols

• Reduction in the time required to deliver results

• Systematic integration of microbiological results into
therapeutic reassessment

Diagnosis is the major structural lever identified by 
this study
Dosage optimization

• Development of local dosage protocols adapted to the
context

• Implementation of dosage decision support tools

• Continuing education for prescribers on
pharmacokinetics/pharmacodynamics

• Active involvement of the clinical pharmacist in the 
validation of prescriptions

Dosage non-compliance represents the most powerful 
individual determinant

Formal implementation of an Antimicrobial 
Stewardship program

• Creation of multidisciplinary committees

• Regular audits of prescriptions

• Use of the IPSA as an internal assessment tool

• Structured feedback to prescribers

The approach must be institutionalized and not ad hoc

Integration of the clinical pharmacist
• Participation in therapy meetings

• Systematic pharmaceutical validation

• Monitoring of antibiotic therapy

• Contribution to therapeutic education

The pharmacist is a key player in the sustainable
rationalization of practices

Continuous monitoring and local indicators
• Implementation of a system for monitoring the quality

of prescriptions

• Regular use of composite scores (IPSA)

• Annual publication of performance reports

A dynamic approach is essential to measure progress

Future research
• Longitudinal studies to assess the real impact of

interventions

• Cost-effectiveness analyses of microbiological
enhancement

• Integration of local bacterial resistance data

• Development of national multicenter predictive
models
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