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Abstract: Background: Antimicrobial resistance (AMR) poses a significant threat to human and
animal health, with 27.3 deaths per 100,000 infections in sub-Saharan Africa. Tanzania has developed
systems to fight misuse of antibiotics causing AMR but little is known about the Antimicrobial Use
(AMU) of commonly prescribed antibiotics in Mbeya, Tanzania. The main objective was to determine
AMU for extended-spectrum Penicillin, Ceftriaxone and Azithromycin at Mbeya Regional Referral
Hospital (MRRH) and Mbalizi District Designated Hospital (MDDH). Methods: The quasi-
experiment was conducted in two multidisciplinary Antimicrobial Stewardship (AMS) teams at
MRRH and MDDH. The teams performed a baseline assessment on 2nd June 2022 and a follow-up
assessment on 7th and 8th September 2022, using G-PPS online methodologies for extended-
spectrum Penicillin, Ceftriaxone and Azithromyecin. Interventions on guided prescriptions were done
by Continuous Medical Education (CME) and Continuous Quality Improvement (CQI) monitored
changes in comparison with other subsets of African hospitals of the same level. Results: At MRRH,
the baseline was 97 prescriptions for 47 patients, after the CME interventions, the AMU was 107
prescriptions for 59 patients. Penicillin with extended-spectrum was initially prescribed at 24.7% and
after CME at 20.6%. Third—generation cephalosporin was initially prescribed at 29.9% and 21.5% after
CME. Azithromycin was prescribed at 8.5% and 2.8% after CME. At MDDH baseline was 56
prescriptions for 38 patients and a follow-up of 52 prescriptions, 33 patients) with extended-spectrum
Penicillin at 1.8% raised to 1.9%. Third—generation cephalosporin changed from 26.8% to 19.2%.
Azithromycin was not given in May and September. Conclusion: The data on the AMU by G-PPS
guided the improvement of AMU through changes by CME in Mbeya. Our data is a best practice
measure of AMU to fight AMR in Africa.

Keywords: antimicrobial use; antimicrobial stewardship; continuous medical education; global Point
prevalence survey
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1. Introduction

The global burden of antimicrobial resistance (AMR) has been growing fast with a prediction of
700,000 deaths per year estimated by WHO and the UN and makes the predicted "10 million deaths
due to AMR by 2050" (and its economic impact) [1]. The sub-Saharan African (SSA) countries are
more affected, especially among hospitalized adults [2]. The hospitalized patients are currently
presenting with a rise of nosocomial infections (40% K. pneumoniae and 35.4% E. coli isolates were
ESBL producers [3]). The overall prevalence of ESBLs in all gram-negative bacteria is reported at 29%
from 377 clinical isolates with 64% in K. pneumonia and 24% in E. coli in sputum and wound samples
[4]. In Mwanza, Tanzania that used swab samples from the tonsillar surface revealed Methicillin-
resistant Staphylococcus aureus (MRSA) was observed in 39% of isolates [5]. Most of these isolates have
been associated with poor outcomes [6].

Despite the availability of a wide range of antimicrobials, treatment failure due to poor
adherence to medication, drug toxicities and use of antimicrobials with lower genetic barriers are
very common [7]. Clinicians working in rural primary care settings in developing countries like
Tanzania are potentially overwhelmed with patients and thus present a potential risk of unguided
antimicrobial use. Despite the availability of surveillance tools [8] like WHONET [9], GLASS [10] and
WHO TAP [11], the prescription behaviour change test and reporting of antimicrobial Use (AMU)
have been found to be rare [12]. The WHO AWaRe classification system categorizes antibiotic use
into Access, Watch, and Reserve groups to promote appropriate antibiotic use and combat
antimicrobial resistance. The goal is to increase the use of Access antibiotics (those with lower
resistance risk) while reducing reliance on Watch and Reserve antibiotics, which are critical for
treating severe infections [13].

The antimicrobial stewardship programs (ASPs) have repeatedly reported the inappropriate use
of antimicrobials due to missed guidance [8] has resulted in inappropriate prescription of extended-
spectrum Penicillin, Ceftriaxone and Azithromycin by drug dose, frequency, and route of
administration[14]. Evidence exists that these three antibiotics are haphazardly given due to the
missed AMU metrics in the hospital facilities [15-17] and misunderstanding the AWaRe classification
system. It is, therefore, important to measure AMU by demand, indication, dose, frequency and
duration in addressing the second and fourth objectives of the global action plan for antimicrobial
resistance. This highlights the need for local antimicrobial stewardship (AMS) and reporting to
support AMS teams [18].

We conducted the one-day Global Point Prevalence Survey (G-PPS) in 2 hospitals in, Tanzania
to assess and compare the quantity and quality of antimicrobial use by AWaRe classification systems
among the admitted adults, children and neonates. We focused on the control of AMU for extended-
spectrum Penicillin, Ceftriaxone and Azithromycin in Mbeya, Tanzania.

2. Methods
2.1. Study Design

The University of Dar es Salaam (UDSM)—Mbeya College of Heath and Allied Sciences
(MCHAS) and Henry Jackson Foundation Medical Research International (HJFMRI) conducted a
one-day cross-sectional survey conducted in three phases in 2 hospitals of Mbeya, Tanzania. Before
the surveys, two multidisciplinary Antimicrobial Stewardship (AMS) teams were established at
Mbeya Regional Referral Hospital (Mbeya RRH) and Mbalizi Designated District Hospital (Mbalizi
DDH). The teams performed a baseline assessment and a follow-up assessment using G-PPS
methodologies for all available antimicrobials with a focus on extended-spectrum Penicillin,
Ceftriaxone and Azithromycin. Between the surveys, the teams shared the progress data, provided
mentorships on prescription in the hospital Continuous Medical Education (CME) sessions and used
the continuous quality improvement CQI by plan—-do-study-act approach [19,20] in monitoring
prescriptions improvement.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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2.2. Settings, Duration and Interventions

The surveys used the Global Point Prevalence Survey (PPS) [21] of antimicrobial (antibiotics)
consumption at Mbeya Regional Referral Hospital (Mbeya RRH) and Mbalizi Designated District
Hospital (Mbalizi DDH) Southern Highlands of Tanzania. The GPPS uses a web-based tool to
measure and monitor antimicrobial use with the descriptive intermittent GPPS data collection data
analysis, and interpretation in a single day [22]. In our setting, we conducted GPPS on 2nd June 2022
and repeated on 8th September 2022 view of the national Standard Treatment Guideline for
indication, dosing, frequency and duration.

These G-PPS were performed in one day by recruiting all admitted patients who were on
antimicrobials from 08:00 am on the day of the survey at the two primary facilities of Mbeya,
Tanzania. The G-PPS allowed the automatic determination of prescription errors, mistakes, and
inappropriate allocation of antibiotics. The (G-PPS) tools also gave a summary comparison to the rest
of the average African hospitals and Global AMU data.

The use of Continuing Medical Education (CME) was done as a part of morning clinical meetings
for professional development for physicians, nurses and pharmacists in improving their knowledge,
skills, and competence for prescriptions and dispensing. AMS teams provided learning sessions with
abreast of the latest advancements on WHO guides for AwaRe categorization and the use of the
Standard Treatment Guidelines and Essential Medicines List of Tanzania (STG/NEMLIT) [23].

2.3. Participants

All patients found admitted to the hospital on the day of the survey were recruited with the total
admitted patients in the ward providing the departmental data (Ward data) being the denominator
data and entries from patients recorded in the patient form (numerator data).

2.4. Eligibility
2.4.1. Inclusion Criteria

Any patient who was on at least one antimicrobial at 8 am on the day of the G-PPS was included
to provide the numerator data of the survey. Any patient with any active and ongoing antimicrobials:
include an ongoing antimicrobial prescribed e.g., 3 times/week but until the day of the survey was
included in the survey. Any patient who was on Antimicrobials under surveillance (according to
WHO ATC classification; this is done automatically during data-entry by the Global-PPS
programme), Antibacterials for systemic use: J01, Antimycotics and antifungals for systemic use: J02
and DO1BA, Antibiotics and other drugs used for treatment of tuberculosis: J04A, Antibiotics used as
intestinal anti-infectives: A07AA, Antiprotozoals used as antibacterial agents, nitroimidazole
derivatives: PO1AB, Antivirals: J05, Antimalarials: PO1B,

2.4.2. Exclusion Criteria

Any patient who was on Antimicrobials for topical use was excluded. Patients admitted on the
Day of hospitalization and those admitted for ambulatory care were excluded. Patients admitted to
the ward after 8 am on the day of the survey even if were on antimicrobials were excluded.

2.5. Data Sources, Variables and Measurements

The survey used Global-PPS tools to assist in the collection and reporting of the detailed
institutional, infectious wards and patients prescribed with antimicrobial agents. The Global Point
Prevalence Survey of Antimicrobial Consumption and Resistance (Global-PPS) gave a simple, freely
available web-based data management from all patients admitted with a measurement of
proportional correct naming, indications, dose and frequency antimicrobial prescribing that can be
linked to hospital-based resistance and compared to other centres worldwide.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Data collected from all wards (units/departments) of the hospital will be included once. Surgical
departments were not surveyed after a weekend or holiday in order to allow retrospective data
collection on surgical prophylaxis. Data was therefore collected on a weekday, not on the weekend
or a holiday.

Wards were mainly categorized as Adult wards or Pediatric Wards which were further sub-
categorized as Adult medical wards, Adult Surgical wards, Adult Intensive Care wards, Pediatric
Medical Wards, Neonatal Medical wards and Neonatal Intensive care wards. Patients admitted for
medical reasons who were placed in the designed surgical wards were recognized as patients in
mixed wards and those with surgical or ICU treatments admitted in medical wards were also termed
as admitted in the mixed wards.

2.6. Bias

There was little information bias on the patients identified as those admitted in the mixed wards.
Based on the nature of the surveys and timings it was difficult to use data from the same patients in
all surveys.

2.7. Quantitative Variables

The proportions of antimicrobial agent/s (substance level —generic name) per facility, Start date
antimicrobial (optional), Dose per administration—number of doses/day —route of administration,
Reasons for treatment (anatomical site of infection). The indication of What the clinician intends to
treat as an Indication for therapy (community-acquired or Healthcare healthcare-associated infection;
Medical or Surgical Prophylaxis) was recorded.

2.8. Statistical Methods

A descriptive statistic on the proportion of antimicrobials was given by age, hospital name, need
for antibiotics, category of patient admitted and quality indicators for antibiotic use.

2.9. Ethics

This study was conducted in accordance with the Declaration of Helsinki and had been reviewed
and approved by the local Institutional Review Board (IRB) in Mbeya i.e., Mbeya Medical Research
and Ethics Review Committee (MMREC) through the certificate number SZEC —2439/R.A/24/10, and
National Institute for Medical Research (NIMR)—National Health Research Ethics Committee
(NatHREC), through the certificate number NIMR/HQ/R.8a/Vol.IX/4811. Patients were asked for
consent before data collection on AMU and patents as well and the hospital data were handled with
the utmost confidentiality.

3. Results

A total of 177 patients were studied in the two hospitals of Mbeya RRH and Mbalizi DDH
Southern Highlands of Tanzania.

On 2nd June 2022—8.00 am, at Mbeya RRH: 97 prescriptions, there were 47 treated patients;
African Continent: 5368 prescriptions, 49 hospitals, 52 surveys; Secondary Level: 384 prescriptions, 5
hospitals, 6 surveys, Europe: 5880 prescriptions, 68 hospitals, 70 surveys. On the same day, at Mbalizi
DDH: 56 prescriptions, and 38 treated patients.

On 8th September 2022—8.00 am at Mbeya RRH there were 107 prescriptions, 59 treated
patients; African Continent: 5,943 prescriptions, 34 hospitals, 41 surveys; Secondary level: 719
prescriptions, 8 hospitals, 11 surveys, Europe: 6475 prescriptions, 76 hospitals, 78 surveys.

On the same day at Mbalizi DDH: 52 prescriptions, 33 treated patients; African Continent: 6,431
prescriptions, 36 hospitals, 43 surveys; Primary level: 719 prescriptions, 8 hospitals, 11 surveys
Europe: 6799 prescriptions, and 77 hospitals in 79 surveys.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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3.1. Antibiotic Prescriptions for the Selected Conditions

The study found a change in the top most used antibiotics at MRRH. The change was from 1st
Azithromycin 25%, 2nd Ceftriaxone 15%, 3rd Ceftriaxone and beta-lactamase inhibitor 14%, 4th
metronidazole 13%, and 5th Ampicillin 10% being the top prescribed in June 2022 to Gentamycin
being the 1st (29%), Ampicillin (18%), a combination of penicillin (17%), Trimethoprim-
Sulfamethoxazole (16%), Amoxycillin and enzyme inhibitor (9%) in September 2022. The study also
found a change in the top most used antibiotics at MDDH from Ceftriaxone 35%, a combination of
penicillin 34%, gentamycin 22%, metronidazole parenteral 11%, Amoxycillin with enzyme inhibitor
2% being the top prescribed in June 2022 that changed to Gentamycin 30%, Benzathine penicillin 15%,
benzylpenicillin 14%, ceftriaxone 13.5%, a combination of penicillins 13%. For details see Figure 1

and Figure 2.
2nd June 2022, Top 5 most used antibiotics for | 8th September 2022, Top 5 most used antibiotics
pneumonia in adults and children for pneumonia in adults and children
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Figure 1. Selected conditions at Mbeya RRH.
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Figure 2. Selected conditions at Mbalizi DDH.

3.2. The Patterns of All Prescriptions in GPPS

At MRRH, the prescription rates for several antibiotic classes decreased between May and
September 2022. Specifically, the use of extended-spectrum penicillins dropped from 24.7% to 20.6%,
third-generation cephalosporins from 29.9% to 21.5%, and macrolides from 5.2% to 2.8%. In contrast,

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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prescriptions for beta-lactamase-resistant penicillins increased from 7.2% to 9.3% during the same
period (For details see Figure 3).

AtMDDH, the prescription rate for third-generation cephalosporins declined from 26.8% in May
2022 to 19.2% in September 2022. Additionally, fluoroquinolones were no longer prescribed for
urinary tract infections (UTIs) and were replaced by nitrofurantoin (Figure 4).

2nd June 2022, Proportional antibiotic use | 8th September 2022; Proportional antibiotic use

in all prescriptions in all prescriptions

ATC4 Antibiotics Subgroup Our Hospital Country Continent Type Europe ATC4 Antibiotics Subgroup Our Hospital Country Continent Type Europe
JOICA  Penicilling with extended spectrum 47 82 83 50 JO1CA  Penicillins with extended spectrum 20.6 72 83 49
JUCF - Bata-laciames resistank peniciing 72 32 43 15 JO1CR  Penicillins incl. beta-lactam. inh 93 63 113 262

JOICR  Penicilins incl. beta-lactam. inh. 1.0 95 141 273
100D Third-generaion cephalosporins 29 54 242 178 JOIDB  First-generation cephalosporing 1.9 08 04 78
JO1DD  Third-generation cephalosporins 215 33 215 19.2

JO1IEE  Comb. Sulfenamides/trimethoprim 21 14 13 24
JO1EE  Comb. Sulfonamides/trimethoprim 56 1117 23

J01FA Macralides 52 45 34 35
X JO1FA Macrolides 28 29 26 32

J01GB Other aminoglycosides 13 99 109 31
J0TMA Flucroquinclones 41 74 39 82 JO1GB Other aminoglycosides 24 95 124 29
JOIXD Imidazole derivatives 144 143 167 49 JO1XD Imidazole derivatives 15.9 174 181 47

Figure 3. All prescriptions at MRRH.

2nd June 2022, Proportional antibiotic use | 8th September 2022; Proportional antibiotic use

in all prescriptions in all prescriptions
ATC4 Antibiotics Subgroup Our Hospital Country Continent Type Europe
ATC4 Antibiotics Subgroup Our Hospital Country Continent Type Europe J01BA Amphenicols 19 00 03

JO1CA  Penicillins with extended spectrum 1.8 82 28 5.0
JO1CR  Penicillins incl. beta-lactam. inh 375 95 185 213 JOICA  Penicilins with extended spectrum 19 73 83 46
) ) . JO1CE  Beta-lactamase sensitive penicillins 38 61 56 05
JOTDB - First-generalion cephalosporins 18 1203 74| gigR Penicilins incl. beta-lactam. inh. a7 79 13 250

J01DD  Third-generation cephalosporins 268 254 223 17.8
X . J01DD Third-generation cephalosporins 192 298 275 208

Jo1GB Other aminoglycosides 71 99 108 31
) JO1GB Other aminoglycosides 115 91 124 29

JOIMA Fluoroquinolones 1.8 74 38 8.2
. . JO1XD Imidazole derivatives 269 167 181 47
Jo1XD Imidazole derivatives 232 143 174 49 JOIXE Nilrofuran derivaives 10 02 03 07

Figure 4. All prescriptions at Mbalizi DDH.

3.3. Quality Indicators

At MRRH, the medical department showed improvements from May to September 2022 in
several antimicrobial stewardship indicators: documentation of reasons for prescription increased
from 83.9% to 87.2%, guideline compliance from 53.6% to 82.8%, and recording of stop/review dates
from 90.3% to 97.9%. In the ICU, three indicators of reasons for prescription (58.3%), guideline
compliance (83.3%), and stop/review date (91.7%) rose to 100% (For details see Figure. 5).

AtMbealizi DDH, the medical unit saw increases in reasons for prescription (from 71.4% to 100%)
and stop/review date documentation (from 90.5% to 100%). In the surgical unit, both indicators also
improved from 69.7% to 100% (For details see Figure 6). However, due to the low number of ICU
cases at MDDH, its impact could not be assessed.

Distributed under a Cre CC BY license.
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2nd June 2022, Summary of Quality Indicators | 8th September 2022; Summary of Quality
on Antimicrobial Use Indicators on Antimicrobial Use
Qur hospital " . Our hospital
2022-P2 Country Continent Hospital type Europe 2022-P3 Country Continent Hospital type Europe
N % N % N % N o N % N % N % N % N % %
Medical Medical
26 839 1854 68.6 159 79.5 2833 883 49 82 2582 79.6 289 801 3018 877
0 0.0 858 31.8 75 315 471 147 0 0.0 666 20.5 75 208 483 140
10 556 932 815 39 60.0 1720 80.6 24 828 1180 709 112 647 1868 80.6
28 903 1657 61.3 190 95.0 1440 449 46 979 1924 593 343 950 1598 464
Surgical Surgical
42 1000 1484 66.6 1M1 766 1699 839 36 100.0 1683 74.9 221 759 1906 837
0 0.0 982 441 40 276 439 217 0 0.0 576 256 40 137 443 194
18 100.0 507 724 43 M7 915 787 21 100.0 650 61.7 100 66.7 1069 764
42 1000 1512 678 126 86.9 1112 549 34 944 1236 55.0 260 893 1256 551
IcU icu
14 583 304 696 25 641 580 012 24 100.0 335 743 51 T76.1 691 916
0 00 241 551 11 282 140 217 0 00 80 17.7 1 164 141 187
10 833 81 711 12 750 32 828 13 100.0 167 749 27 844 388 833
2 917 195 448 3% 903 264 409 24 100.0 235 521 64 955 339 450

Figure 5. Quality indicators on antibiotic use at Mbeya RRH.

2nd June 2022; Summary of Quality Indicators | 8th September 2022; Summary of Quality
on Antimicrobial Use Indicators on Antimicrobial Use
Ourha?)ilal
2022-P2 Country Continent Hospital type Europe
Noo N % N % N % N % Our hospital
Medical 2022-P3 Country Continent Hospital type Europe
N % N % N % N % N %
15 714 1854 686 133 787 2833 883 Medical
0.0 858 318 75 444 a7 147 29 1000 2769 799 289 80.1 3133 877
58.3 932 815 29 617 1720 806 0 00 667 193 75 208 484 135
19 905 1657 613 162 959 1440 449 6 300 1332 720 12 647 1958 805
29 1000 1980 57.2 343 950 1748 48.9
Surgical Surgical
23 67 1484 666 69 670 1699 839 2 1000 1808 736 21 169 2000 848
0 00 982 441 40 388 439 217 0 00 585 230 0 137 443 185
ZW‘ 87.5 507 724 25 595 915 787 9 600 745 616 100 66.7 1171 78.0
23 697 1512 678 84 816 1112 549 23 1000 1287 524 260 893 1385 57.7
Icu (=)
0 0.0 387 7157 51 761 740 896
1500 304 696 1 733 589 912 0 oo 81 159 1 164 141 171
0 00 241 551 1M 733 140 217 0 o0 208 776 P 418 812
1 50.0 81 71 2 500 322 828 0 0.0 251 491 64 855 408 494
2 100.0 195 446 14 933 264 409

Figure 6. Quality indicators on antibiotic use at Mbalizi DDH.

3.4. Proportional Antibiotic Use in Adult Medical Ward in the GPPS

At MRRH, between May and September 2022, the use of extended-spectrum penicillins
decreased significantly from 18.6% to 9.6%. Conversely, prescriptions for penicillins with beta-
lactamase inhibitors increased from 1.4% to 7.7%. Use of third-generation cephalosporins slightly
declined from 38.6% to 36.5%, while fluoroquinolone prescriptions were completely discontinued
(previously 2.9%). Aminoglycoside use also rose slightly, from 1.4% to 1.9% (For details see Figure.
7).

At MDDH, third-generation cephalosporin prescriptions increased from 18.8% to 24%.
Fluoroquinolones were no longer prescribed (previously 6.2%), and the use of penicillins with beta-
lactamase inhibitors dropped from 68.8% to 32%. In addition, prescriptions for extended-spectrum
penicillins were discontinued entirely (For details see Figure 8).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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2nd June 2022; Proportion of all antibiotic use | 8th September 2022; Proportion of all
(%) in adult medical ward antibiotic use (%) in adult medical ward
ATC4 Antibiotics Subgroup Our Hospital Country Continent Type Europe ATC4 Antibiotics Subgroup Our Hospital Country Continent Type Europe
JO1CA  Penicling with extended spectrum 186 o1 54 JO1CA  Penicilins with extended spectrum 96 7460 54
JOICF  Beta-lactamase resistant penicillng 100 16 48 21 DICR  Penicilinsinc). beta-lactam. ith 77 63 12 150
JOICR Penicillins incl. beta-lactam. inh. 14 97 150 352
JO1DD Third-generaton cephalosporing 86 01 308 124 JO1DB - Firt-generalon cephaosporins 38 05 05 23
J01DD  Third-generation cephalosporins 365 %0 87 128
JOIEE  Comb. Sulfenamides/trimethoprim 29 22 24 25
J1EE  Comb. Sulfonamides/trimethoprim 96 22 29 24
JO1FA Macrolides 43 90 38 51
J01FA Macrolides 58 58 34 49
J01GB Other aminoglycosides 14 38 34 21
J01NA Fiucroquinclones 29 85 39 103 168 Other aminoglycosdes 19 o4
1010 \midazole derivatives 200 161 179 16 J1XD Imidazole derivatives 250 216 204 36

Figure 7: Proportional Antibiotic Use in the Adult medical ward at Mbeya RRH

2nd June 2022; Proportion of all antibiotic use | 8th September 2022; Proportion of all antibiotic
(%) in Adult medical ward use (%) in adult medical ward

ATC4 Antibiotics Subgroup Our Hospital Country Continent Type Europe ATC4 Antibiotics Subgroup Our Hospital Country Continent Type Europe
JOICA  Penicillins with extended spectrum 62 77 15 54 Jo1cE Eelaf\a.m.maf.e sensitive penicillins 4.0 42 50 05
JOICR  Penicillins incl. beta-lactam. inh. 688 87 219 352 J01CR  Penicillins incl. beta~iactam. inh 20 70 112 328
JO1DD  Third-generation cephalosporins 188 201 270 124 J01DD  Third-generation cephalosporins 240 340 37 152
JOTMA Fluoroquinolones 6.2 85 44 10.3 JO1XD Imidazole derivatives 40.0 206 204 34

Figure 8. Proportional Antibiotic Use in the Adult medical ward at Mbalizi DDH.

4. Discussion

This study describes the impact of continuous medical education in improving the change of
practice among healthcare provider prescribers following the presentation of PPS data in Tanzania.
The study has highlighted the impact of the AMS team on training, reminding and giving feedback
to the prescribers in Tanzania. The study highlights the reduction of unnecessary prescription of
Penicillin with extended-spectrum from 24.7% to 20.6% at MRRH. There was also a reduction of
unnecessary prescriptions for third-generation cephalosporin 29.9% to 21.5%Azithromycin
prescription was controlled from 8.5% to 2.8% at MRRH.

In selected conditions that need antibiotics routinely, our study found a better pattern of Access
group prescriptions after the CME in both hospitals where the top 3 prescribed antibiotics changed
from Watch group to Access group as recommended by the WHO [13]. We found 1st Azithromycin,
2nd Ceftriaxone, 3rd Ceftriaxone and beta-lactamase inhibitor as the top 3 antibiotics with
Gentamycin being the 1st, Ampicillin the 2nd, and a combination of penicillin the 3rd at MRRH. The
was a change for the first antibiotics from Ceftriaxone to Gentamycin. Although there could be a
change in the type of patients admitted in June and September 2022, we anticipate the 2 hospitals to
have similar cases of patients admitted in Mbeya settings. Similar findings were reported in a cross-
sectional study conducted for one year (September 2021-September 2022) at Mbeya Zonal Referral
Hospital, a public hospital in the southern highlands zone of Tanzania [24].

When studying the patterns of all prescriptions, our project provided control of the use of
extended-spectrum penicillins that dropped from 24.7% to 20.6%, third-generation cephalosporins
from 29.9% to 21.5% at MRRH and at MDDH, the prescription rate for third-generation
cephalosporins declined from 26.8% to 19.2%, and macrolides from 5.2% to 2.8% while there was a
useful guided prescription for beta-lactamase-resistant penicillins that increased from 7.2% to 9.3%
during the same period and similarly recommended by Kronman and colleagues for acute
respiratory tract infections (ARTIs) [25]. The study also found that fluoroquinolones were no longer
prescribed for UTI and were replaced by nitrofurantoin at MDDH. These patterns urge the
development of antibiograms in the hospitals of Tanzania and other sub-Saharan African countries
based on AMU data mainly because hospital-wide and unit-specific antibiograms can reflect and be
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used to assess the relationship of ASP interventions to changes in resistance [26]. Additionally,
antibiogram is the key communication tool to clinicians and subsequent monitoring of its influence
on prescribing indicators as proven in Ghana [27].

When studying the quality indicators for prescriptions, we found an increase in quality scores
for documentation of reasons for prescription, guideline compliance, and recording of stop/review
dates in both hospitals for medical as well as ICU prescriptions. The surgical Unit of MDDH had a
better pattern of guideline use and note recording. However, due to the low number of ICU cases at
MDDYH, its impact could not be assessed. This reminds us of the use of evidence for prescription as
emphasized by Arcenillas and colleagues [28]. Our quality indicators (QI) for the use of standard
treatment guidelines [29,30] reasons in notes [31] and review date being shown [32] are found to be
useful and applicable to clinical practice and proved useful for identifying areas with room for
improvement within hospitals of Tanzania and SSA [33].

Our study described the proportions of antibiotic use in adult medical wards for both hospitals
where prescriptions for penicillins with beta-lactamase inhibitors increased from 1.4% to 7.7%. And
the use of third-generation cephalosporins slightly declined from 38.6% to 36.5%, while
fluoroquinolone prescriptions were completely controlled mostly for UT 1[34] (previously 2.9%).
Aminoglycoside use also rose slightly, from 1.4% to 1.9% probably in the control of similar conditions
but with more interest in the use of Access groups in line with the WHO AWaRe recommendations.
Surprisingly, MDDH presented a confusing pattern of an increase for the third-generation
cephalosporin from 18.8% to 24%, a 50% drop of penicillins with beta-lactamase inhibitors from 68.8%
to 32% and colourful control of Fluoroquinolones which were no longer prescribed (previously 6.2%)
[35].

The findings in this study show that the CME interventions improved AMU in Mbeya after a
close follow-up for the WHO AWaRe categorization guided by hospital-based antimicrobial use
reported in the GPPS.

4.1. Limitations

Our study faced a funding limitation such that we could not study multiple hospitals in Mbeya
on the same survey dates. We found a relatively smaller volume of hospitals at MDDH compared to
MRRH which could raise a query as to whether the 2 hospitals are comparable.

5. Conclusions

The G-PPS guided the improvement of AMU for the selected antibiotics in the two selected
hospitals. Instituting hospital AMS teams and utilizing CQI and CME methods to improve AMC and
AMU should be considered countrywide to reduce AMR risks, in addition to routine monitoring
through G-PPS.

6. Recommendations

Structured use of G-PPS is simply more useful in multiple antimicrobial consumption
monitoring following a specific need. The G-PSS and CME guidance offers the fundamental tools for
AMS teams in developing countries.
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Research International HJRMRI as a special public health activity under the supply chain and local partners
engagement for AMR in Mbeya, Tanzania.
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