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Purpose: This study evaluated Ceftriaxone use in Regional Referral Hospitals (RRHs) in Uganda against treatment guidelines,
identified drivers of irrational use, and provided evidence-based recommendations to inform a future framework for improving
Ceftriaxone utilization.

Methods: We conducted a prospective mixed-methods study in three RRHs. Quantitative data on Ceftriaxone use were collected
using structured questionnaires from 753 inpatients, while key informant interviews explored factors influencing inappropriate use and
mitigation strategies in place. Quantitative data were summarized using proportions, means, and standard deviations. Logistic
regression analyses (univariate and multivariate) were conducted to determine factors associated with appropriate dosing, frequency,
combination therapy, and prescribing. Qualitative data were analysed using content analysis to identify emerging themes.

Results: Overall, appropriate Ceftriaxone use was 68.5% (516/753). Ceftriaxone was mostly prescribed for surgical prophylaxis
(41%), as 2 g doses (65.7%), once daily (97.7%), for 5 days (53%). Complete blood count was the most performed test (70.4%);
culture and sensitivity testing was only 1%. Appropriate use was associated with the admission ward (surgical; AOR=4.55, p<0.0001),
and the hospital; Lacor RRH (AOR=2.4, p=0.016), and Hoima RRH (AOR=2.6, p=0.002). Staying in hospital >7 days reduced odds of
appropriate use (AOR=0.5, p=0.047). Drivers of inappropriate use included lack of prescription restrictions, non-adherence to
guidelines, inadequate supervision, poor drug administration, stockouts, heavy workloads, and limited prescriber knowledge.
Conclusion: Ceftriaxone was appropriately used in 68.5% of cases across three RRHs, indicating suboptimal adherence to national
guidelines. A national framework should include prescription restrictions, strengthened culture and sensitivity capacity, and anti-
microbial stewardship training for all prescribers.
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Introduction
Ceftriaxone is a beta-lactam antibiotic administered intravenously or intramuscularly for a broad range of susceptible
infections. It is a third-generation cephalosporin and is highly efficacious and largely safe, which underlies its popularity
in clinical use in many parts of the world.' In Uganda, Ceftriaxone is the most commonly prescribed antibiotic for
patients in hospitals, with 80% exposure among all patients admitted in Mulago National Referral Hospital.* Findings
from different drug utilization studies done in hospitals in Spain, Ethiopia, and South Korea have provided similar
outlooks on Ceftriaxone utilization. '~

Media reports in Uganda have highlighted concerns about antibiotic inefficacy, including Ceftriaxone, reflecting
scientific data on rising resistance.’ Infections caused by non-susceptible organisms cause higher rates of morbidity and

mortality and significantly cost more to treat than those due to susceptible organisms.”
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The current crisis of declining antibiotic efficacy stems from the rapid emergence of non-susceptible microorganisms
to nearly every antibiotic in clinical use. Resistance to Ceftriaxone has been reported to increase over time from 8.3% in
2018 to 78.6% in 2021 amongst gram-negative bacteria, with national surveillance showing persistently high resistance
levels through 2024.° This rate of decline in Ceftriaxone efficacy has been associated with several factors, including
irrational use of antibiotics (overuse, misuse), supposed low-quality antibiotics,® and the acquisition and spread of
specific resistance genes, particularly extended-spectrum B-lactamases and mosaic penA alleles.’

In low- and middle-income countries (LMICs), factors associated with inappropriate Ceftriaxone use include lack of
formularies, weak regulatory enforcement, high patient loads, limited diagnostic capacity, and prescriber habits favouring
broad-spectrum antibiotics despite available guidelines.®’ Previous related studies have reported a high prevalence of
inappropriate use of Ceftriaxone in Uganda. For instance, over 81% of cases of inappropriate administration of
Ceftriaxone have been reported, with culture and sensitivity testing as low as 7%.'° In 2021, we carried out a
retrospective Ceftriaxone utilization evaluation study in nine health facilities in Uganda to obtain a wider perspective.
Inappropriate Ceftriaxone use was determined to be 30%, with over 42% of prescribed doses not administered to
completion. This study, however, faced a great limitation of poor documentation and filing of patient records, especially
at public health facilities.”

Irrational Ceftriaxone use contributes to increased therapy costs (up to 3-fold higher in some LMIC settings),
prolonged hospitalization (average 4-7 extra days), delayed patient recovery, and accelerated antimicrobial resistance,
with resistance rates exceeding 75% in some Ugandan hospitals.™® In this study, therefore, we conducted a prospective
Ceftriaxone utilization evaluation in three high-volume public Regional Referral Hospitals in Uganda to obtain a deeper
perspective. Rational use of Ceftriaxone was determined by comparing the use of Ceftriaxone with the Uganda Clinical
Guidelines 2023.

Materials and Methods
Study Area

The study was conducted in three Regional Referral Hospitals (RRHs) in Uganda. Two of the hospitals are government-
owned (Hoima RRH and Mbale RRH), while one is a Private Not for Profit (PNFP — St. Mary’s Hospital Lacor). These
hospitals are referral centres for many districts: Lacor (8 districts and 1 city), Mbale RRH (16 districts and 1 city), and
Hoima RRH (8 districts and 1 city), each serving a population of 2—4.5 million per annum. Mbale RRH and Hoima RRH
have bed capacities of 455 and 308, and estimated inpatient admissions per annum of 54,845 and 26,069 patients,
respectively.'! Lacor RRH has a bed capacity of 482 and an estimated inpatient admissions per annum of 58,294.'* The
study was conducted at the medical, surgical, paediatric, and maternity wards of the three hospitals since these are the
high-volume wards where antibiotics are used most. These four wards account for over 85% of inpatient antibiotic use in
Ugandan RRHs based on previous point prevalence surveys,® making them representative of high-volume Ceftriaxone
prescribing. The three RRHs were purposefully selected to represent geographic diversity (western, eastern, northern
Uganda) and different ownership models (two government, one PNFP) to allow comparison of Ceftriaxone use across
different healthcare system governance structures.

Study Design

This prospective observational study employed a mixed-methods triangulation design, combining quantitative patient
record review with qualitative key informant interviews, from June 2021 to February 2023. For the quantitative study, the
medical records of inpatients who received Ceftriaxone were reviewed prospectively until the patient was discharged, the
patient’s treatment was switched, the patient was referred, the patient died, or up to seven days, whichever came first,
over the study period. The most common Ceftriaxone dose durations prescribed are 3—5 days, and the patients’ admission

period is 2-7 days.'®!>!
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Sample Size and Sampling Procedure

The single proportion formula was used to determine the sample size, assuming a 95% confidence level, an estimated
prevalence (p) of 50% for appropriate Ceftriaxone use, a precision of 5%, and a 10% contingency level, yielding a
sample size of 1255. The sample size was adjusted based on the total number of patients estimated to receive Ceftriaxone
over the study period, based on the fact that over 66% of patients admitted receive Ceftriaxone,* giving a sample size
of 828.

Proportionate sampling was used to determine the number of patients to include in the study from the four wards in
each hospital based on bed capacity per ward. The patients who met the inclusion criteria were selected by simple
random sampling.

Eighteen key informants were interviewed (six from each study site), and they included heads (or their deputies) of
medical, surgical, paediatrics, obstetrics and gynaecology, and laboratory departments, and Medicines Therapeutics
Committees.

Inclusion and Exclusion Criteria

We included all inpatients who were prescribed Ceftriaxone during the study period at each of the selected wards.
Patients were excluded if their medical records contained insufficient or illegible information, if they declined to provide
additional clinical details upon request, or if their clinicians could not provide the necessary information to enable
assessment of appropriate Ceftriaxone use.

Data Collection Procedure
Data were collected using both qualitative and quantitative techniques.

Quantitative Data Collection

Data were collected prospectively daily from inpatient medication charts and medical records using a data capture tool.
Data were collected by three trained research assistants at each facility under direct supervision by a research team
member to ensure accuracy and consistency. The data collection tool comprised two main sections. Section one: patient
and clinical characteristics, including demographic data (age, sex), admission and discharge date, co-morbidities,
diagnosis, laboratory, and diagnostic results. Section two: Ceftriaxone-specific data, including brand name, indication,
dose, dosing frequency, duration of therapy, dispensing details, co-prescribed medications, any subsequent antibiotic
switches (and the reasons), category of prescriber, and treatment outcome. The appropriateness of Ceftriaxone use was
evaluated against a standard treatment protocol adapted from the WHO Drug Use Evaluation guidelines and the
American Society of Health-System Pharmacists Criteria for Drug Use Evaluation.'>'® These criteria were aligned
with the Uganda National Treatment Guidelines 2023 to ensure local clinical relevance. Missing clinical information was
obtained by direct consultation with the relevant medical team.

Qualitative Data Collection

Qualitative data were collected through semi-structured key informant interviews. The interview guide was organized
around five core thematic areas: (1) the clinical and contextual determinants influencing the initiation or discontinuation
of ceftriaxone therapy; (2) perceived drivers of inappropriate or non-guideline-concordant use; (3) existing institutional
mechanisms — such as protocols, guidelines, and stewardship activities — designed to promote appropriate prescribing;
(4) clinician observations regarding ceftriaxone’s lack of efficacy or treatment failure; and (5) patterns of laboratory
utilization and the capacity of diagnostic services to guide antimicrobial decisions.

Data Quality Control
The data collection tools were pretested in Mulago National Referral Hospital for clarity and relevance. Additionally, all
data collectors were trained on how to use the data collection tools, ethical patient interaction, and appropriate
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engagement with the health care staff. Throughout the seven-day patient follow-up period, a dedicated research super-
visor stationed at each study site conducted ongoing monitoring to verify data completeness and accuracy.

Data Analysis

Data were entered in Epidata software version 3.1 and exported to Stata 16 for analysis. Categorical variables were
summarized as frequencies and percentages, while continuous variables like age and weight of patients were summarized
using means, standard deviations, and ranges.

Appropriateness of ceftriaxone use was assessed using a composite score based on four criteria: (1) appropriate
prescription (indication), (2) appropriate dose, (3) appropriate dosing frequency, and (4) appropriate combination therapy.
A total score of 4 was classified as appropriate use; a score below 4 was classified as inappropriate use.

Bivariate associations between each independent variable and appropriate ceftriaxone use were first assessed using
univariable logistic regression. This provided unadjusted odds ratios (ORs) with 95% confidence intervals (CIs) and
p-values. Variables with a p-value <0.25 in the univariable analysis were selected for inclusion in the initial multivariable
logistic regression model. The multivariable model was constructed using backward elimination to identify independent
determinants of appropriate use, while controlling for potential confounders. Results are presented as adjusted odds ratios
(aORs) with 95% Cls; a p-value <0.05 was considered statistically significant. Model fit was assessed using the Hosmer-
Lemeshow test. The responses of the key informants were analysed using thematic content analysis.

A STROBE flow chart was used to present participant enrolment and exclusions (Figure 1).

Results

Participant Flow

A total of 753 eligible patients were enrolled (91.0% of the target 828). Although the initial target was not fully met due
to fewer eligible patients during the study period, the achieved sample provided sufficient statistical power. Of the 753
patients, 516 (68.5%) had appropriate Ceftriaxone use, and 237 (31.5%) had inappropriate use. With 15 predictor
variables in the multivariate model, the events per variable (EPV) were 34.4 for appropriate use and 15.8 for
inappropriate use. Both values exceed the minimum recommended EPV of 10,'” confirming that the study was adequately
powered for all planned analyses with low risk of model overfitting.

'a R
Assessed for eligibility
All inpatients prescribed Ceftriaxone across 3 Regional Referral Hospitals e : D A
= (June 2021 — February 2023) 2T LI
E \ 3 J_» — Incomplete medical records
= s 2 — Unintelligible patient information
o) Required sample size (calculated n = 828) — Patient unable to provide additional
74 Met all inclusion criteria - Signed informed consent clinical details
E : \2 : — Clinician unable to provide required
Participants that met the eligibility criteria (n = 753) \lnformanon J
| v J
Mbale RRH } [ Lacor RRH ] [ Hoima RRH
L n =271 n =254 n =228
2 }
‘>’2 4 \
I
Z Analysed (n=753) — Overall appropriateness: 68.5% (516 /753)
= Logistic regression - Descriptive statistics - 18 key informant interviews

Figure | STROBE flow chart of participant enrolment and analysis. Of 828 targeted patients, 753 met the inclusion criteria and provided informed consent across three
RRHs (Mbale: 271, Lacor: 254, Hoima: 228). All 753 were analysed, with overall appropriate Ceftriaxone use of 68.5% (516/753).
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Demographic Characteristics

Of the 753 participants, the majority were female (387, 51%), of whom 148 (38%) were pregnant. First-time admissions
were the highest, at 513 (68%), and referrals were the lowest, at 106 (14%). Age was recorded in 737 (98%) of the
patients, ranging from 0 to 99 years, with a median age of 22 years and a mean of 26.7 &+ 21.7 years (range 0-99). Weight
was recorded for only 337 (44.7%) patients, with a mean of 33.4 + 22.9 kg (range 1.8-91 kg) and a median of 25 kg.
Most patients were from the paediatric ward (188, 25%) and the surgical ward (188, 25%). Most prescribers were interns
(371, 49.3%), and Medical Officers (281, 37.3%) (Supplementary Tables 1-6).

Temperature Monitoring

Temperature at admission was recorded for only 483 of 753 patients (64.1%). The average temperature on admission was
37.6°C = 1.1 (range 31.2-40.1), while the mean temperature on discharge was 36.8°C £ 0.8 (range 35-39.1). Patient
temperatures on day 2 or 3 during treatment were not being recorded.

Signs and Symptoms Reported

The majority of patients presented with fever and abdominal pain (367, 49%). Other symptoms reported included
productive cough (15%), vomiting (14%), wounds (14%), headache (8%), swelling (8%), difficulty in breathing (5%),
chest pain (5%), joint pain (3%), dizziness (2%), bloody urine (2%), back pain (2%), convulsions (2%), restlessness, and
bloody diarrhoea.

Conditions for Which Ceftriaxone Was Prescribed

Ceftriaxone was mostly prescribed for pre-operative prophylaxis (309, 41%), septicaemia (93, 12.4%), and pneumonia
(78, 10.4%). Caesarean section cases accounted for 91 (29.4%) of the 309 surgical prophylaxis cases (Table 1).

Table | Common Conditions for Which Ceftriaxone Was Prescribed Among
Inpatients (N=753) at Three Regional Referral Hospitals in Uganda, June 2021-
February 2023

No | Condition Frequency (N = 753) | Percentage (%)
l. Surgical prophylaxis 309 41.0
2. Septicemia 93 12.4
3. Pneumonia 78 10.4
4. Sickle cell disease 45 6.0
5. Severe malaria 35 4.6
6. Severe anemia 29 39
7. Urinary tract infections 26 35
8. Acute gastroenteritis 18 24
9. Peritonitis 15 2.0
10. | Diabetes mellitus 13 1.7
1. | Other infections I 1.5
12. | Other conditions I 1.5
13. | Chronic kidney disease 10 1.3
(Continued)
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Table | (Continued).

No | Condition Frequency (N = 753) | Percentage (%)

14. | Meningitis 9 1.2

15. | Upper respiratory tract infections | 8 I.1

16. | Musculoskeletal disease 8 I.1
17. | Cancers 8 I.1
18. | Liver disease 7 0.9
19. | Peptic ulcer disease 7 0.9
20. | Pulmonary tuberculosis 7 0.9
21. | Heart disease 6 0.8

Ceftriaxone was also prescribed for non-recommended indications such as stroke (n=6), peptic ulcer disease (n=7), acute
gastroenteritis (n=18), hypertension (n=12), and asthma (n=8). This was backed by a key informant who said,

Ceftriaxone is the basic drug for any disease. When the person has come with an accident, maybe an injury, or a cut wound, the
starting antibiotic is Ceftriaxone. And from that, you can go to any other drug, depending on the microorganisms that have
invaded the wound. (KI-M04)

Only 530 (70.4%) patients had a final diagnosis indicated. Of these, 197 (37.2%) were confirmed as bacterial infections
by complete blood count and/or culture and sensitivity test, while 209 (39.4%) were surgical prophylaxis cases.

History of Antibiotic Use Before Admission

On admission, 108 (14.3%) patients had previously used antibiotics (Supplementary Table 5). The antibiotics used
included Ceftriaxone (159, 21.1% of reported uses), Metronidazole (140, 18.6%), Ampicillin (115, 15.2%), Ampicillin
and Cloxacillin combination (102, 13.6%), Gentamycin (77, 10.2%), Ciprofloxacin (57, 7.6%), Amoxicillin (57, 7.6%),
Cloxacillin (19, 2.5%), Levofloxacin (19, 2.5%), and Erythromycin (6, 0.8%).

Laboratory Assessment

A total of 530 of 753 (70%) patients had at least one laboratory test conducted before medication. Of the 530 tests
conducted, complete blood count was the most common (450, 85%), followed by malaria rapid diagnostic test (365,
68%), liver and renal functionality tests (81, 15%), grouping and cross-matching (44, 8%), urinalysis and serum
electrolyte (34, 6%), tuberculosis test (19, 4%), scan (12, 2%), haemoglobin test (12, 2%), and culture and sensitivity
(7, 1%).

Other Antibiotics Prescribed Alongside Ceftriaxone

For the 753 patients for whom Ceftriaxone was prescribed, other antibiotics co-prescribed included Metronidazole (365,
48%), Gentamycin (95, 13%), Azithromycin (52, 7%), Ciprofloxacin (29, 4%), Cloxacillin (23, 3%), Ampicillin (18,
2%), Ampiclox® (Ampicillin/Cloxacillin) (11, 1%), Levofloxacin (7, 1%), Amoxicillin (3, 0.4%), and Doxycycline
(2, 0.3%).

Prescription of the Appropriate Dose of Ceftriaxone

The doses given ranged from 100 mg to 2 g. The majority were given 2 g (495, 65.7%), followed by 1 g (120, 15.9%),
1.5 g (37, 4.9%), 500 mg (28, 3.7%), 100-250 mg (9, 1.2%), and 750 mg (4, 0.5%). In 60 (8%) patients, the dose of
Ceftriaxone was not specified (Table 2 and Supplementary Table 7). Overall, the Ceftriaxone dose prescribed was correct
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Table 2 Ceftriaxone Prescribing Patterns Among Inpatients (N=753) at Three Regional
Referral Hospitals in Uganda, June 202 |—February 2023

No | Prescribing parameter | Category Frequency (n) | Percentage (%)
1. Dosing frequency
Once daily (OD) 736 97.7
Twice daily (BD) 15 2.0
Not specified 2 0.3
2. Duration prescribed (days)
0 4 0.5
| 4 0.5
2 24 32
3 278 36.9
4 8 1.1
5 399 53.0
7 29 39
8 7 0.9
3. Dose given
100-250 mg 9 1.2
500 mg 28 37
750 mg 4 0.5
Il g 120 15.9
I.5g 37 4.9
2g 495 65.7
Other / unspecified | 60 8.0

in 681 (90.4%) of cases (Supplementary Table 10). When multivariate analysis was conducted, the ward to which one

belonged was the only factor associated with giving an appropriate dose. The odds of giving an appropriate dose in the
maternity ward were 14 times those in the paediatrics ward (aOR=14.5, 95% CI 1.03-204.5, p=0.048), and 3 times in the
medical ward (aOR=3.0, 95% CI 1.2-7.7, p=0.023) (Table 3).

Although the prescriber was not statistically significant in giving the right prescription, key informant interviews
indicated a lack of restrictions on prescribers as a potential cause of inappropriate use of ceftriaxone:

Patients are seen by various cadres, some by specialists, others by medical officers, others by interns, others by nurses, others by
students. Because of a lack of restrictions, you find Ceftriaxone is even used for infections like mild UTIs. (KI-HOS5)

Prescription of Appropriate Dosing Duration and Frequency

Ceftriaxone was prescribed for 0 to 8 days. The drug was prescribed for 1 day (4, 0.5%), 2 days (24, 3.2%), 3 days (278,
36.9%), 4 days (8, 1.1%), 5 days (399, 53%), 7 days (29, 3.9%), and 8 days (7, 0.9%). Ceftriaxone was prescribed with
a dosing frequency of once daily (736, 97.7%), twice daily (15, 2.0%), and unspecified in 2 (0.3%) cases (Table 2 and
Supplementary Tables 8 and 9).
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Table 3 Factors Associated with Giving an Appropriate Dose of Ceftriaxone Among Inpatients at Three Regional Referral Hospitals in
Uganda (N=753)

No | Variable Appropriate dose Appropriate dose Crude OR p-value | Adjusted OR p-value
(Yes) n=681 (No) n=72 (95% CI) (95% CI)
I. Health facility
Mbale RRH 235 36 | (reference) | (reference)
Lacor RRH 236 18 2.0 (1.1-3.6) 0.020 1.0 (0.68-5.34) 0.221
Hoima RRH 210 18 1.8 (0.98-3.3) 0.054 I.1 (0.35-3.4) 0.873
2. Ward
Pediatrics 141 47 | (reference) | (reference)
Obstetrics & 157 2 26.0 (5.7-120.3) | <0.0001 | 14.5 (1.03—204.5) | 0.048
gynecology
Surgical 188 0 _ _ _ —
Medical 115 20 1.9 (1.1-3.4) 0.026 3.0 (1.2-7.7) 0.023
Casualty 63 0 _ _ _ -
Other wards 17 3 1.9 (0.5-6.8) 0.960 _ _
3. Pregnancy status
Not pregnant 206 33 | (reference) | (reference)
Pregnant 147 | 23.5 (3.0-184.0) | 0.001 6.6 (0.47-93.6) 0.161
4. Laboratory test
performed
No 210 13 | (reference) | (reference)
Yes 471 59 0.49 (0.2-0.9) 0.020 0.70 (0.24-2.04) 0.512
Note: Dashes (-) indicate values that could not be calculated due to zero cells in the subgroup.

Abbreviations: OR, odds ratio; Cl, confidence interval; RRH, Regional Referral Hospital.

The correct frequency of Ceftriaxone was given in 681 (90.4%) patients, while the correct duration was given in 668
(88.7%) (Supplementary Tables 11-12). The only factor associated with the prescription of appropriate dosing frequency

at multivariable analysis was the ward to which one belonged. The odds of giving an appropriate dosing frequency in the
medical ward were 2.5 times those of the paediatrics ward while controlling for hospital, laboratory test, pregnancy
status, and the prescriber (aOR=2.58, 95% CI 1.04—6.37, p=0.04) (Table 4).

Prescription of an Appropriate Medicine in Combination with Ceftriaxone
An appropriate combination was given in 531 (70.5%) patients (Supplementary Table 13). Factors associated with giving

an appropriate combination of Ceftriaxone with other drugs included the hospital and the ward in which the patient was
admitted. Compared to Mbale RRH, the odds of giving an appropriate drug combination with Ceftriaxone were 3 times
in Lacor hospital and 2.9 times in Hoima RRH (aOR=3.1, 95% CI 1.56-6.19, p=0.001; and aOR=2.95, 95% CI
1.63-5.34, p=0.0001, respectively), while controlling for ward, nature of admission, sex of patient, laboratory test, and
prescriber (Table 5).
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Table 4 Factors Associated with Prescribing Ceftriaxone at Appropriate Frequency Among Inpatients at Three Regional Referral
Hospitals in Uganda (N=753)

No | Variable Appropriate Frequency | Appropriate Crude OR p-value | Adjusted OR p-value
(Yes) n=681 Frequency (No) n=72 (95% CI) (95% CI)
I. Health facility
Mbale RRH 235 36 | (reference) | (reference)
Lacor RRH 236 18 2.0 (1.1-3.7) 0.020 1.75 (0.63-4.86) | 0.286
Hoima RRH 210 18 1.7 (0.98-3.3) | 0.054 1.34 (0.46-4.03) | 0.598
2. Ward
Pediatrics 142 46 | (reference) | (reference)
Obstetrics & 157 2 25.4 0.001 12.75 0.058
gynecology (5.5-116.7) (0.92-176.5)
Surgical 188 0 _ _ _ _
Medical 113 22 1.67 0.076 2.58 (1.04-6.37) | 0.040
(0.94-2.94)
Casualty 63 0 _ _ _ _
Other wards 18 2 291 0.145 _ _
(0.64-13.2)
3. Pregnancy status
Not pregnant 206 33 | (reference) | (reference)
Pregnant 147 | 23.6 0.001 6.16 (0.44-86.1) | 0.177
(3.0-184.1)
4. Laboratory test
performed
No 210 13 | (reference) | (reference)
Yes 471 59 0.49 0.024 0.60 (0.21-1.69) | 0.331
(0.26-0.92)

Note: Dashes (-) indicate values that could not be calculated due to zero cells in the subgroup.
Abbreviations: OR, odds ratio; Cl, confidence interval; RRH, Regional Referral Hospital.

Treatment Outcomes
The majority of patients (613, 81%) recovered, 94 (12%) were still on the ward after 7 days of follow-up, 29 (4%) died,
13 (2%) were referred, and 4 (1%) self-discharged (Figure 2).

Overall Appropriate Use of Ceftriaxone
The proportion of prescriptions that were overall appropriate was 516 (68.5%) (Supplementary Table 14). Factors

associated with the appropriate use of Ceftriaxone were the health facility of admission, the ward of admission, and
the cadre of the prescriber. The odds of using Ceftriaxone appropriately were 51 times higher in the casualty ward
(OR=51.2, 95% CI 5.8-453.2, p=0.0001), 2.5 times higher in the obstetric and gynaecological ward (OR=2.5, 95% CI
1.6-4.1, p=0.0001), and 2.7 times higher in the surgical ward (OR=2.7, 95% CI 1.7-4.3, p<0.0001) compared to the
paediatrics ward. Lacor hospital had 2.9 times the odds of using Ceftriaxone appropriately (OR=2.9, 95% CI 2.0-4.4,
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Table 5 Factors Associated with an Appropriate Combination While Prescribing Ceftriaxone Among Inpatients at Three Regional
Referral Hospitals in Uganda (N=753)

No | Variable Appropriate Appropriate Crude OR p-value | Adjusted OR p-value
Combination (Yes) Combination (No) n=222 | (95% CI) (95% CI)
n=531
l. Health
facility
Mbale RRH 163 108 I (reference) | (reference)
Lacor RRH 212 42 334 <0.0001 | 3.10 (1.56-6.19) | 0.001
(2.19-5.12)
Hoima RRH 156 72 1.43 0.555 2.95 (1.63-5.34) | <0.0001
(1.00-2.08)
2. Ward
Pediatrics 110 78 | (reference) | (reference)
Obstetrics & 120 39 2.18 0.001 1.48 (0.51-4.28) | 0.465
gynecology (1.36-3.50)
Surgical 146 42 246 <0.0001 | 3.68 (1.62-8.38) | 0.002
(1.56-3.90)
Medical 77 58 0.94 0.792 1.15 (0.57-2.24) | 0.698
(0.60—1.47)
Casualty 62 | 44.0 <0.0001 | _ _
(5.09-379.7)
Other wards 16 4 2.84 0.062 _ _
(0.90-8.92)
3. Pregnancy
status
Not pregnant 161 78 | (reference) | (reference)
Pregnant 114 34 1.62 0.042 2.11 (0.75-5.92) | 0.157
(1.01-2.60)

Note: Dashes (-) indicate values that could not be calculated due to zero cells in the subgroup.
Abbreviations: OR, odds ratio; Cl, confidence interval; RRH, Regional Referral Hospital.

p<0.0001) compared to the other two facilities (Table 6). Specialists were 3 times as likely as intern doctors to use
Ceftriaxone appropriately (OR=3.3, 95% CI 1.5-6.9, p=0.0009) (Table 7).

Drivers of Irrational Use and Mitigation Strategies

Key informant interviews were conducted to obtain a deeper understanding of the conditions for which Ceftriaxone is
recommended, the reasons for stopping Ceftriaxone treatment before the prescribed dose is completed, the drivers of
irrational use of Ceftriaxone, and strategies that can ensure appropriate use of Ceftriaxone.

Ceftriaxone was reported by all respondents as the medicine of choice for severe bacterial infections and for surgical
prophylaxis. Major examples of infections for which Ceftriaxone is prescribed include pneumonia, sepsis, complicated
urinary tract infections, gastroenteritis, meningitis, and acute chest syndrome, among others. However, respondents also
highlighted high levels of misuse regarding indications for which it is prescribed.
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Figure 2 Treatment outcomes of patients prescribed Ceftriaxone (N=753). Discharged: 613 (81%); still on ward after 7 days: 94 (12%); died: 29 (4%); referred: 13 (2%); self-

discharged: 4 (1%).

In Uganda as a whole, and in this facility, there is some misuse of Ceftriaxone for those infections where you don’t need it. If
someone is having just lower abdominal pain, she’s pregnant, it could be early labour, it could be false labour, or it could be

Braxton-Hicks contractions. They also give them Ceftriaxone. So, we are misusing it. We are not using it in a proper way. Even

for prophylaxis, the recommendation before was to use Ampicillin IV, and it was working well. But people prefer prescribing
Ceftriaxone. (KI-HO05)

Table 6 Factors Associated with Correct Prescription of Ceftriaxone Among Inpatients at Three Regional Referral Hospitals in

Uganda (N=753)

No | Variable Correct Prescription Correct Prescription Crude OR p-value | Adjusted OR p-value
(Yes) n=516 (No) n=238 (95% CI) (95% CI)
I. Health facility
Mbale RRH 159 112 | (reference) | (reference)
Lacor RRH 205 49 2.95 <0.0001 | 2.94 (1.49-5.81) | 0.002
(1.96-4.42)
Hoima RRH 152 77 1.38 0.083 2.80 (1.57-5.11) | 0.001
(0.96-1.99)
2. Ward
Pediatrics 103 85 | (reference) | (reference)
Obstetrics & 120 39 2.54 <0.0001 | 1.56 (0.54-4.49) | 0.409
gynecology (1.58—4.08)
Surgical 144 44 2.70 <0.0001 | 4.00 (1.76-9.09) | 0.001
(1.71-4.26)
(Continued)
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Table 6 (Continued).

No | Variable Correct Prescription Correct Prescription Crude OR p-value | Adjusted OR p-value
(Yes) n=516 (No) n=238 (95% CI) (95% CI)
Medical 71 64 0.91 0.697 1.0l (0.50-2.05) | 0.970
(0.59-1.43)
Casualty 62 | 51.2 <0.0001 | _ _
(5.78-453.0)
Other wards 15 5 248 0.084 _ _
(0.85-7.16)
3. Pregnancy
status
Not pregnant 156 83 | (reference) | (reference)
Pregnant 114 34 1.78 0.014 2.10 (0.76-5.95) | 0.152
(1.11-2.86)
4. Prescriber
qualification
Intern 245 126 | (reference) | (reference)
Medical officer 190 9l 1.07 0.672 0.95 (0.55-1.64) | 0.866
(0.77-1.49)
Specialist 58 9 331 <0.0001 | 1.25 (0.41-3.80) | 0.697
(1.57-6.98)
Clinical officer 15 9 0.86 0.724 1.64 (0.21-12.6) | 0.635
(0.36-2.01)
Nurse/midwife 7 3 1.20 0.794 3.20 (0.35-30.7) | 0.297
(0.304.73)

Note: Dashes (-) indicate values that could not be calculated due to zero cells in the subgroup.
Abbreviations: OR, odds ratio; Cl, confidence interval; RRH, Regional Referral Hospital.

Table 7 Factors Associated with Overall Appropriate Use of Ceftriaxone Among Inpatients at Three Regional Referral Hospitals in

Uganda (N=753)

No | Variable Appropriate use (Yes) | Appropriate use (No) | Crude OR p-value | Adjusted OR p-value
n=516 (%) n=237 (%) (95% CI) (95% CI)
l. Health facility
Mbale RRH 159 (58.6) 112 (41.3) | (reference) | (reference)
Lacor RRH 205 (80.7) 49 (19.3) 2.9 (2.044) <0.0001 | 2.4 (1.2-4.9) 0.016
Hoima RRH 152 (66.7) 76 (33.3) 1.4 (1.0-2.0) 0.067 2.6 (1.4-4.38) 0.002
2. Ward
Pediatrics 103 (54.8) 85 (45.2) | (reference) | (reference)
Obstetrics & 120 (75.5) 39 (24.5) 2.5 (1.64.1) <0.0001 | 1.5 (0.5-4.9) 0.435
gynecology
Surgical 144 (76.6) 44 (23.4) 2.7 (1.74.3) <0.0001 | 4.5 (1.9-10.6) <0.0001
(Continued)
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Table 7 (Continued).

No | Variable Appropriate use (Yes) | Appropriate use (No) | Crude OR p-value | Adjusted OR p-value
n=516 (%) n=237 (%) (95% CI) (95% ClI)
Medical 72 (53.3) 63 (46.7) 0.9 (0.6-1.5) 0.796 1.0 (0.5-2.1) 0916
Casualty 62 (98.4) 1 (1.6) 51.2 <0.0001 | _ _
(5.8-453.2)
Other wards 15 (75.0) 5 (25.0) 2.5 (0.8-7.2) 0.084 _ _
3. Pregnancy status
Not pregnant 156 (65.3) 83 (34.7) | (reference) | (reference)
Pregnant 114 (77.0) 34 (23.0) 1.8 (1.1-2.8) 0.015 2.1 (0.7-6.0) 0.161
4. Prescriber
qualification
Intern 246 (66.3) 125 (33.7) | (reference) | (reference)
Medical officer 190 (67.6) 91 (324) I.1 (0.8-1.5) 0.725 1.0 (0.6-1.8) 0.868
Specialist 58 (86.6) 9 (13.4) 3.3 (1.5-6.9) <0.0001 | 1.6 (0.5-5.0) 0.453
Clinical officer 15 (62.5) 9 (37.5) 0.8 (0.4-2.0) 0.703 1.5 (0.2-11.3) 0.716
Nurse/midwife 7 (70.0) 3 (30.0) 1.2 (0.34.7) 0.060 3.5 (0.4-324) 0.272
5. Treatment
outcome
Discharged 432 (70.5) 181 (29.5) | (reference) | (reference)
Referred 7 (53.8) 5 (46.2) 0.5 (0.2-1.5) 0.195 0.8 (0.1-5.1) 0.854
Self-discharged 2 (50.0) 2 (50.0) 0.4 (0.05-3.0) 0.372 _ _
Died 16 (65.5) 10 (34.5) 0.7 (0.4-1.7) 0.569 0.8 (0.174.3) 0.848
Still in the ward 56 (59.6) 38 (40.4) 0.6 (0.4-1.0) 0.034 0.5 (0.2-0.99) 0.047
after 7 days

Note: Dashes (-) indicate values that could not be calculated due to zero cells in the subgroup.
Abbreviations: OR, odds ratio; Cl, confidence interval; RRH, Regional Referral Hospital.

Most respondents considered the quality of Ceftriaxone utilization at their facility as poor. Reasons included prescribing
Ceftriaxone without supporting laboratory results, patient attendants with medical backgrounds administering
Ceftriaxone to their patients without notifying ward staff, poor adherence to Ceftriaxone administration times, and a
lack of restrictions on who should prescribe.

The staff who administer the medication do not strictly follow the administration schedule. When you look at treatment charts,
you find that Ceftriaxone has not been given at the required time or the dose has been missed completely. The mismanaged
schedule is mainly because of heavy workloads that staff on duty have. (KI-M03)

Various factors were mentioned as major drivers of irrational Ceftriaxone use, including lack of restrictions on who can
prescribe Ceftriaxone, failure to adhere to prescribing guidelines, inadequate supervision by hospital administration and
external agencies, initiating treatment without laboratory investigations, poor drug administration practices (missed
doses, prior reconstitution), self-medication, stockouts, heavy patient loads, and lack of adequate knowledge among

prescribers.
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Because of the big patient numbers, sometimes ward staff do early reconstitution of Ceftriaxone to administer the required doses
swiftly. But this means that reconstituted Ceftriaxone will be standing for longer periods before it’s administered. (KI-L03)

We have had a lot of stockouts in our hospital. Not once, not twice, but it happens almost every other week or so... they send
the patients to buy, and some can’t afford, others just buy alternatives. (KI-M03)

At the study sites, various strategies have been put in place to promote rational use of Ceftriaxone and other antibiotics.
These include standard operating procedures/guidelines for prescribing, routine point prescription surveys, routine
continuing medical education sessions, routine supportive supervision, and alternative antibiotic recommendations
based on culture and sensitivity results.

Currently, we are trying to promote the use of laboratory data. In the Obs/Gynae, for example, we are promoting the use of
Ampicillin/Cloxacillin and have phased out the use of Ceftriaxone based on data from culture and sensitivity, which shows that
resistance against Ceftriaxone is high. (KI-MO01)

Our reports indicate that close to 96% of the organisms within this hospital are resistant to Ceftriaxone, and there is a need for
action on that to see how that resistance can be brought down. (KI-M02)

There were mixed opinions among respondents regarding Ceftriaxone brands on the market, with differing efficacy.
Some thought that some Ceftriaxone brands supplied were of questionable quality, while others blamed the increase in
inefficacy solely on irrational use.

Currently, we are having several patients not responding to the Ceftriaxone brand that is mainly supplied by the government.
Though we see more improvement with those on other brands, such as Epicephin®. (KI-HO1)

Various long-lasting strategies were suggested to ensure appropriate use of Ceftriaxone and other antibiotics, including
instituting prescription controls for antibiotics, routine supervision at the health facility level to ensure rational medicine
use, establishing and ensuring routine review of standard operating procedures for clinicians, routine continuing medical
education for health workers (especially on alternative antibiotics and resistance patterns), improving financing for health
facility laboratories, publishing culture and sensitivity test results widely and using them to update medicine lists and

procurement plans, and increasing medicine financing to avert rampant stockouts.

Discussion
Irrational antibiotic use results in the emergence of resistant pathogens that, in turn, compromise antibiotics’ effective-
ness, leading to treatment failure, compromised patient safety, and increased cost of therapy.®’

This study evaluated the use and drivers of irrational use of Ceftriaxone in three Regional Referral Hospitals. Overall
appropriateness of Ceftriaxone prescription was 68.5%, hence an inappropriateness value of 31.5%, which is within the
range of 34% to over 70% as reported in various studies.®'*'®!® This lower prevalence of inappropriate prescribing
could be attributed to the fact that our study included only health facilities at the level of regional referral, and these
usually have higher-cadre prescribers and also have better systems of supervision and control, including having active
Medicines Therapeutic Committees.”® The factors associated with the appropriate use of Ceftriaxone were the ward to
which one was admitted, the hospital to which one was admitted, and the prescriber. Appropriate use of Ceftriaxone was
more likely in the casualty ward, which can be explained by the fact that admission periods are shorter and start doses of
Ceftriaxone are given as the patient is being managed before transfer to other wards. The PNFP referral hospital had
better utilization of Ceftriaxone compared with the public RRHs, since private health facilities usually have better control
systems in place.’ Furthermore, specialists have been reported to better prescribe antimicrobials compared to lower-cadre
prescribers.?!

Our qualitative findings align with studies from Ethiopia and Tanzania,”? where lack of prescription restrictions and
heavy workloads drive irrational use. One key informant noted, ‘“Patients are seen by various cadres... even students”
(KI-HOS5), reflecting the absence of restrictive prescribing systems common in many LMICs.” Another highlighted
stockouts and patient affordability as barriers.
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The use of Ceftriaxone is always higher in surgical than in medical wards because the medical ward is used for
admissions of referral cases and non-infectious diseases, while the surgical ward usually admits pre- and post-operative
patients that require surgical prophylaxis. Use of Ceftriaxone for surgical prophylaxis was the most common indication
(41%), as also reported in related studies.'®'®?® Ceftriaxone was also prescribed in multiple cases without any
documented diagnosis. The preference for prescribing Ceftriaxone in most circumstances is due to its broad-spectrum
activity and cost-effectiveness as an antibiotic, as highlighted in previous studies.'®'® This was indeed also confirmed by
the key informants in our study.

Some key informants said the efficacy of Ceftriaxone varied according to the brand, with the brands from Germany
being reported as being more efficacious than those from elsewhere. This finding is in agreement with a study conducted
in Mbarara municipality, Uganda, where some brands were reported to have an extremely low potency.® However,
studies from other countries, like Tanzania and Afghanistan, reported no difference based on brands.>**

The majority of the population in this study was female, with 38% being pregnant. Antimicrobial agents are among
the most commonly prescribed drugs during pregnancy due to increased susceptibility to infections.”” Over 68% of
participants were first-time admissions. Various antibiotics, including Ceftriaxone, are widely available in the private
sector and can even be accessed without a prescription at private pharmacies in many LMICs, including Uganda.?® This
could explain why over 15% of patients enrolled had received prior antibiotic treatment at admission, with over 21% of
these having received Ceftriaxone. Ceftriaxone was still prescribed for such patients without doing culture and sensitivity
testing (only 1% testing rate), despite the reported increase in bacterial resistance against Ceftriaxone and other
antibiotics.>?’

In this study, Ceftriaxone was found to be prescribed mainly once daily, with 2 g being the most common dose
given.”® There was a high rate of laboratory investigations (70%) to justify the decision to prescribe Ceftriaxone, with the
major test being complete blood count (85%). In most clinical settings, a complete blood count test is done to monitor
conditions that affect blood cell counts. Antibiotics like Ceftriaxone are usually given empirically until culture and

2939 and such delays

sensitivity results are available.?' Culture and sensitivity testing requires 2—3 days to produce results,
could compromise the health status of patients in the paediatric and surgical wards, where patients need to be managed
urgently. All three hospitals reported undertaking routine antibiograms for the region to inform resistance patterns and
antibiotics of choice. However, as also indicated by key informants, most prescribers are adamant about prescribing
Ceftriaxone instead of, for instance, ampicillin/cloxacillin, which has shown better efficacy in drug resistance studies.

A key strength of our mixed-methods approach is that qualitative data revealed why inappropriate use occurs — not
just how often. For example, quantitative data showed low culture testing (1%), but interviews explained this is due to
48-72-hour turnaround times (KI-MO02). Similarly, while quantitative data identified dose appropriateness, interviews
revealed that nurses miss doses due to heavy workloads (KI-M03), and information is unavailable from chart review
alone.

Ceftriaxone is a “Watch drug,” supposed to be used as a lifesaving drug against confirmed infections and not
prescribed routinely, and only used after confirmed resistance to first-line antibiotics. Despite this, Ceftriaxone was found
to be prescribed for mild bacterial infections and other non-recommended conditions such as asthma, acute gastroenter-
itis, stroke, and hypertension, just as in related studies.”>' This inappropriate use has been attributed to a lack of and non-
adherence to standard operating procedures, lack of prescription controls, lack of routine supervision, limited knowledge
among prescribers, and heavy workload.?> Heavy workload was reported by some key informants as a key driver of
inappropriate dispensing of prescribed Ceftriaxone doses since health workers get overwhelmed and end up missing
some doses.

Despite the above challenges, over 81% of patients followed up in this study were discharged. This is probably
because Ceftriaxone is a broad-spectrum antibiotic with activity against a wide range of pathogens and because it was
mostly used for prophylaxis. Otherwise, the over 96% resistance to Ceftriaxone reported by one key informant from the
hospital laboratory and the national average of 76%"> are reasons to worry when it comes to the use of Ceftriaxone for
therapeutic purposes.
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Limitations

Several limitations should be acknowledged. First, the 7-day follow-up period may not capture late treatment failures or
delayed adverse events. Second, findings may not generalize to lower-level health centres (health centres II-IV) where
prescribing practices and resources differ substantially. Third, social desirability bias may have affected key informant
responses, despite assurances of confidentiality. Fourth, the study was conducted in only three of Uganda’s 15 RRHs, and
while selected for geographic and ownership diversity, results may not represent all RRHs. Fifth, missing data (e.g.,
weight in 55% of patients, temperature in 36%) limited some analyses.

Conclusion

Overall, Ceftriaxone was appropriately used in 68.5% of cases across the three RRHs, indicating suboptimal adherence to
national treatment guidelines. Factors associated with appropriate use included hospital type and ward. Qualitatively, the
major drivers of irrational Ceftriaxone use were lack of and non-adherence to standard operating procedures, lack of
prescription controls, lack of routine supervision, inadequate laboratory services (especially culture and sensitivity), and
limited knowledge among prescribers.

These findings directly inform the development of a national framework that should include: mandatory prescription
audits for “Watch” antibiotics, antibiotic stewardship training for all prescribers, rapid diagnostic capacity expansion
(especially for culture and sensitivity), restricted prescribing privileges for Ceftriaxone, routine supportive supervision,
and ensuring continuous availability of alternative first-line antibiotics such as Ampicillin/Cloxacillin. Specific recom-
mendations include: (1) implement prior approval for Ceftriaxone use, (2) expand on-site culture testing with reduced
turnaround time, (3) conduct quarterly antimicrobial stewardship training, (4) mandate routine prescription audits, and (5)
ensure continuous availability of alternative first-line antibiotics.
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