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Introduction: Understanding determinants that influence antibiotic use is crucial for developing effective stew-
ardship interventions that optimize the use of antibiotics and ultimately mitigate the burden of antibiotic resist-
ance. This study aims to find hospital-level predictors of antibiotic use among hospitals worldwide.

Methods: Antibiotic use data were collected from hospitals that participated in 2022-23 in the Global Point
Prevalence Survey (Global-PPS) basic inpatient and Healthcare-Associated Infection (HAI) modules from three coun-
tries with high participation degrees: Belgium, the Philippines and South Africa. A linear mixed model was applied to
predict hospital-level prevalence, considering all variables from the Global-PPS as potential predictors. Stepwise for-
ward and backward selection modelling were conducted to identify the best-fitting models per country separately.

Results: In total, data from 138 hospitals were retrieved, including 19 Belgian, 55 Philippine and 64 South African
hospitals. No predictors were shared across the three countries, such as hospital type, proportion of occupied
medical beds and proportion of available guidelines. However, the proportions of admitted patients with certain
invasive devices were significant predictors for increased odds of hospital-wide antibiotic prescribing, despite the
type of invasive device varying between countries.

Conclusions: Factors related to the patient mix, including the proportion of patients with an invasive device, are
associated with increased odds of antibiotic prescribing at hospital level. Considering substantial differences in
predictors associated with country-specific patient populations and hospital characteristics, more research is
needed to explore additional determinants, such as healthcare system and broader contextual factors that
may influence hospital-level antibiotic prevalence.

Introduction crucial for developing effective interventions that might optimize
the use of antibiotics and ultimately mitigate the burden of anti-

Antibiotic resistance is a globally recognized major healthcare biotic resistance.

threat, with over one million associated deaths in 2021 only,1 Previously identified factors associated with increased anti-

and is mostly attributed to the misuse and overuse of antibiotics  biotic use among admitted patients include several patient char-

worldwide. Understanding the factors that drive antibiotic use is ~ acteristics, such as male sex,?” racial groups,® age group® and
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religion,® as well as age group of the prescriber.’” Identified fac-
tors related to the healthcare system and setting include the
availability of clinical guidelines,® several financial and economic
factors,®® health and transport infrastructure,® and relative
humidity.®

Notably, there is alack of studies identifying organization-level
predictors of antibiotic use, such as hospital characteristics like
patient mix. Such factors can also be useful for hospitals to esti-
mate and compare their antibiotic prescribing patterns with
those of other institutions. However, large heterogeneity in anti-
biotic prescribing patterns,® and the wide variety in data collec-
tion techniques, may influence these organization-level
predictors of antibiotic use. Therefore, this study aims to find pre-
dictors for antibiotic prescribing among hospitals of three differ-
ent countries: Belgium, the Philippines and South Africa, taking
their heterogeneity into consideration.

Methods
Included data

Cross-sectional antibiotic prescribing data were gathered from the Global
Point Prevalence Survey (Global-PPS) inpatient dataset. We selected hos-
pitals that had participated in the basic inpatient with the optional
Healthcare-Associated Infection (HAI) module, which collects more de-
tailed information on the use of invasive devices for all admitted inpati-
ents and risk factors for antibiotic prescribing for those on at least one
antibiotic. Furthermore, we restricted inclusion to hospitals from coun-
tries where at least 10 hospitals had participated in the years under re-
view to maximize statistical power. Consequently, we retained 19
hospitals from Belgium, 55 from the Philippines (both year 2022), and
64 from South Africa (year 2023) (Table 1). The inpatient protocol and
data collection templates are described in Appendices I and II.

Model development

A linear mixed model®! was applied to predict hospital-level prevalence
of antibiotics (ATC code JO1) per country separately with hospital as a
random effect to correct for the association of the measurements with-
in hospitals. The logit-transformed prevalence was chosen as primary
outcome of the model to limit the prevalence between 0 and 1, since
it was defined as a proportion. An alternative way of modelling, such
as logistic regression, was not possible as detailed information of the pa-
tients without antimicrobial use was not included in the Global-PPS
protocol.

All available variables collected in the Global-PPS dataset were consid-
ered as candidate predictors, apart from treatment regimen and prophy-
laxis type (medical or surgical) (Appendix I1I). We retained the proportion
of patients receiving antibiotics with a community-acquired infection
(CAI) or HAI as predictors, even though they were derived from the
same underlying variable as the prophylaxis types, because both factors
are not necessarily direct characteristics of the treatment but might re-
present important characteristics of the patient mix and hence influence
overall antibiotic prescribing at hospital-level.

All predictors were calculated at hospital- or ward-level (Appendix I1I).
Hospital-level variables included level of care (‘hospital type’), teaching
status, presence of certain ward types, total number of surveyed beds
and bed occupancy rate, while ward-level variables include detailed infor-
mation on the admitted patients, such as proportion of patients receiving
targeted antibiotic treatment, patients with at least one invasive device,
patients with multiple morbidities, etc. (Table 1 and Appendix III).

Candidate predictors were included in the first step of the analysis if
the proportion/prevalence was non-missing. Predictors were excluded if

there was more than 50% missingness, or if the predictor was highly cor-
related with another variable, defined as having a Pearson ’s or
Spearman’s correlation of 0.95 or higher. From the two highly correlated
predictors, the easiest interpretable one was selected.

A final model was built for each country separately by forward model
selection and backward extraction. In forward model selection, starting
with a univariate linear mixed model, predictors were added one by
one to the model, beginning with the predictor that had the lowest P va-
lue. Predictors were added to the forward model using likelihood ratio
tests with a significance level of 20%.

In backward extraction, the predictors were excluded one by one
from the model obtained from forward selection, starting with the least
influential predictor, until all remaining model predictors were signifi-
cant at level 5%. The likelihood ratio test was applied to determine
significance.

To facilitate interpretation of the regression coefficients, we exponen-
tiated the coefficients of the final model, which included all selected pre-
dictors, to compute odds ratios (ORs). These represent the relative change
in the odds of hospital-wide antibiotic utilization associated with a
one-unit increase in each predictor, conditioned on the other predictors.
For predictors expressed as proportions, we additionally computed ORs
for 10% increments, calculated as OR"0.1. These increments were cho-
sen to facilitate clinical interpretation, since 100% increments for propor-
tional predictors are clinically improbable and generate extreme,
difficult-to-interpret estimates. All analyses were carried out in R (version
4.3.1).

Results

In total, 138 hospitals participating in 2022 and 2023 were in-
cluded, of which 19 Belgian hospitals, 55 Philippine hospitals
and 64 South African hospitals (Table 1). Data were merged at
hospital level for hospitals that had participated multiple times
within one year. One (0.7%) hospital declined participation in
this study.

Belgian model

Most Belgian hospitals included in this study were general hospi-
tals (94.7%). In total, 4722 admitted patients and 1407 patients
treated with an antibiotic were surveyed (Table 1). Most patients
were admitted to adult wards (93.3%) (Table 1). Peripheral vascu-
lar catheters were inserted in 45.5% of the admitted patients,
and urinary catheters in 14.5% (Table 1). Among patients treated
with an antibiotic, 50.3% were male, 34.7% underwent a surgical
procedure during their current admission, 22.3% had an HAL and
19.0% had ultimately or rapidly fatal disease according to the
McCabe score (Table 1). For most antibiotic prescriptions, guide-
lines were available (94.4%), a reason for the treatment was
documented (89.7%) and a stop/review date was recorded
(55.1%) (Table 1).

Our final model including 19 Belgian hospitals indicated that a
10% increase in the proportion of admitted patients with a urin-
ary catheter was associated with a 35% increase in the odds of
hospital-wide antibiotic utilization (OR=1.35, 95% CI: 1.24-
1.46), compared to a 21% increase in these odds per 10% in-
crease in the proportion of treated patients with a previous
non-ICU admission (OR=1.21,95% CI: 1.07-1.38), and a 31% de-
crease in the odds per 10% increase in the proportion of antibiotic
prescriptions with existing guidelines (OR=0.69, 95% CI: 0.51-
0.93) (Table 2 and Figure 1).

2 of 10

920z |1Mdy 91 uo Jasn AusieAlun 11@sseH Aq §529858/Z06.|p/z/8/81o1e/iwedel/wod dno-olwapeoe//:sdiy Wwolj papeojumo]



R

J

Identifying hospital-level predictors for antibiotic use

Downloaded from https://academic.oup.com/jacamr/article/8/2/dlag042/8586258 by Hasselt University user on 16 April 2026

0s0T (€'8) 8991

ov7S1 (6'ST) LOTE

(z9£) 58¢8 (8'G2) 95¢ST

(€T-0) € (5°2€-6) 81
(§°0%-G£°0T) S¢ (081-€9) 10T
(0-0) 0 (8-0) 0
(ST°69-GC°07) 'S¢ (09£2-599) 0%1
(082-00) 'S (#01-%2) 1§

(ST°L9T-ST6%) ¥8

(LEY-S'LET) 18T

(1) L9

(€9) 16¢

(€°€6) 0¥
(59-0) ¥
(65-9°67) 5%
(§'z-0) 0
(5°'68-25) 99
(§°81-5°01) ¢T
(00€-5"8€1) 90¢

(%) s3uanDd |DIDUOSU PIWPD N

(%) s3uanpd dppand pawpD N

(%) s3uanpd 1INPD PIIWIPD N

(401 ‘upipaw) spaq NI paidnado N
(¥OI ‘upipawl) spaq |paIpawl paidnado N
(¥OI ‘upipawl) spaq |pa1bins paidnado N
(401 ‘upipaw) spaq paidnddo N

(401 ‘UpipaWw) spaq NI N

(DI ‘UpipaWw) spaq D2pa N

(G°06-5°01) Sv¢E (§'80C-L€) €11 (26-9¢S) LL (¥OI ‘Ubipawl) spaq 1p21bINS N
(G£°19C-G2°9L) G°L¥T (6724-S€T0) vty (G"20%-961) 9€€ (401 ‘upipaw) spag N
(0o o (81 (684) ST (%) SP4DM UOIDIGDYS 4O “DLIIDLIRD ‘94Dd Wiid}-buo] yum sjoydsoy N
(6°01) £ (9€0) €1 (89¢) £ (%) p4pom ABojoduo-03pwIany Yym sipidsoy N
(1°€S) w¢ (9°¢y) v (9°29) 01 (%) p4om £H601029DUAD JO SD111915G0 Yum sjpydsoy N
(6°09) 6€ (7'96) €5 (5'69) L1 (%) p4om Q[ 40 Jupjdsupdi ‘NI Yam sjpudsoy N
(Te) e (9¢) ¢ (00) 0 (%) sipudsoy Jayjo N
(00)0 (9¢)¢ (00)0 (%) 1031dSoYy SasDBSIP SnodBUI N
(180 81 (L2L) o (€91 (%) sjpyudsoy Aipipe1 N
(8'89) #% (000 11 (L%6) 81 (%) sipydsoy (,Jo4auab,) Aiopuodas Jo Aipwiud N
(69%) 0€ (7'95) 1€ (€920) S (%) sipudsoy buiyooay N
s10321pad a3ppIpun)
(9%) SOT 9SDBSIP |DUSM JIUOIY) (8°€) LT sisonaeqnL  (%°ZT) %91 9SDASIP |DUS DIUOIYD
(7'5) vl sisojnaiaqgny (T°9) Ly saspasip bun) oluoiy) (9°91) 90¢ SUO1}IPUOD |P2160j0IN3U DIUOIY) (% ‘u) sd>noigruUD
(L79) €61 195uUpd pIjos Jo |p2Ib0ojoIPWSDH (z'8) 869 192UDd pIjos 4o |p21H0j0IDWISDH (%'91) L12 9spasIp buny oiuoay) yum paipai} syusind
(Ten) L1t sn}idW sa319gpid (5°6) €69 95D9sI([ 1pUIY d1UoIY) (%'L1) 0€C 192Upd PpIjos Jo |p2Ib0ojoIPWSDH Buowp sanIpigIowod
(S°61) Sy AIH/SAIV (891) zeTT SNy se19qpid (£°6T) 19C SNIBW S939gpIQ uowiwiod 3sow g doy
(06-€) 1€ (8G-C1) G€ (€8-89) TL (d401) s409A U sjusiRpd painal} Jo 96D UDIPS
(Tso)01¢ (592) T'9¢ (922 199 (@s) s4oaA ur syusnod paipaiy jo 6o upa|y
98¢ 0801 Vi S$21301QIIUD UM pa3jpal] Sa1puosu N
618 1161 08 $21101G1UD Y1IM Pa1Da4] UaIPYIYd N
LLee geeL 4} S$21101G11UD Y3IM Palpal} SYNpo N
%0°Ce %9°1S %8'6¢ 2ouaipAa.d dioIgRUY
78ve #8€01 L0%1 SJ101Q1IUD Y3M pa3nal3 syusind N
918% 7L0GT €091 suondusaid 21301g13uUDd N
S/801 1€10¢ Ly sjuailpd paniwpo N
€¢0¢ [44014 et SIDIA
89 00T 61 H(@INpow TyH +21sbg) sAanns
79 SS 61 s|pudsoy N
DILY YINos sauiddiiyd wnibjag SI13S1I230DIDY)

s|pydsoy ubduyy Yinos pup auiddijiyd ‘ubibiag ur asn 21301g1aup Joy sio3dipald jupiiodwil A413Uspl 03 |9pOW PaXIW DUl Y3 Ul pasn S213s14a39p4pyd Juanind pup joiidsoH T 81qplL

30f 10



Boven et al.

Downloaded from https://academic.oup.com/jacamr/article/8/2/dlag042/8586258 by Hasselt University user on 16 April 2026

'S9SA]DUD BY] WO0J) PAPN|IX3 94D SBNIDA UMOUNUN,

"DIDP BUISSIL JO JUNOWD B3 03 8NP DY LINOS pup saulddiiyd 43 404 SISAJOUD WIOJ) PEPNIOXS 24D DIDP JHIDUIOIG,

“Ipak Jad sAanins ¢ wnuwixow ul paipdiiund s)pidsoH,

(69€) 6411 (9%9) €€28 (1°GS) €98 591Dp MaIAR./dO}S PapI0dY
(9778) LL6€E (9°84) T#811 (£°68) SO%T ,uondussaid 10} uospas pajuswind0(q
(0°z6) 0gwy (z96) 505 %1 (¥'%6) 9951 ,suonduosaid dnoigruo buownp saunapinb Hunsixg
(%) “"yum suoipdudsaid di30iqiaup Jo jaquinyN
(9°2) 99¢ (1) T2 (TeD) Lee S311IpIgJIOW0d 3jdn Ny
(£°8%) £691 (T°6%) £60S (€°08) L0 sjuanod o
(L10) LSL (8°€T) 0EvT (6'57) %9¢ 35N 21101GIIUD SNOIABIY
(TL2) L6 (6'£7) T06C (L%€) 68% uoIssILpD 1ua.LNd Bulnp sainpasoid Jodibung
(7'GT) L€S (7°L1) 9081 (0°61) £9¢ o1 (24025 9qDDIW) BsL3SIP 03Dy AJpIdpI/AlBIDWIAIN
(620 861 (L°€1) 8Tv1 (9'82) 20% uonpzPIdsoy NDI-UOU SNOIAAI]
(09) LT (00 11e (L'1) 5T uonozipdsoy NI SNOIAI
(170 892 (T'81) €681 (€Co) s1g SUOI199}Ul P91DID0SSD-3JDIYI|D9H
(9°€5) 5981 (L°L%) 696y (€°65) 7€8 SuoIP3Ul palinbap-Ajunwiwo)
(8°21) 97% (Tz1) 6921 (0°€€) ¥9% JUBWID3J] J130IGIUD pa1dbin]
- - (1'89) LE€T ¢/IDWOIq U0 pasDq JUSUIDIL
(%) sanoiqnup buiniea. syuannd J)p buown yum syuaiod Jo JaquinN
(z-0)0 (6-0) € (L-50 ¢ (401) upipay
(1°G) 956 (5'6) 1261 (L) 8¥€ (%) syuanod N SUIDIp puUD S8gn} pauasu]
(1-0) 0 (G-0) T (1-0) 0 (¥O1) upipay
(60 61€ (€°5) 6501 (1) 09 (%) siuanod N uoiIPgNIUl [P3YIDII0PUS A10IRJIdSa) SAISDAUT
(1-0) 0 (7-0) T (1-0) 0 (4OI) uUpIpaly
(S vLT (9%) G€6 (6°0) ¥¥ (%) syuanod N UOIID]IIUSA 1DIIUDYI3W SAISDAUI-UON
(€-0) 0 (7-0) T (GL-T) % (4OI) uUbIpay
(0°9) 6€5 (89) LLET (8°£) L9€ (%) syuanod N 13194102 JDJNISDA 0J3US)
(67-9) €1 (€£-6) 6¢ (v€-99) 8T (¥O1) upipay
(TTY) 165y (0'14) ZogHT (5°5%) 6412 (%) syuanpd N 1933Y3p2 UDNSDA |DI1BYdLIg
(6-0) € (G1-0) ¥ (GT-T) L (4OI) uUpIpaly
(T°GT) 9%91 (€%1) 888¢ (S%T) €89 (%) syuanod N 19394300 Atoupin

sjuannd pajywpo |jp buown “ym suaiand

4 of 10



Identifying hospital-level predictors for antibiotic use

JAR

Table 2. Relative change in the odds of hospital-wide antibiotic utilization associated with a one-unit and 10% increase in each predictor from a linear

mixed model among 19 Belgian hospitals

Relative change in Relative change in odds for

Predictor N (%) Coefficient (95% CI) odds (95% CI) 10% increments (95% CI) P value®
Proportion of antibiotic prescriptions 1566 (94.4)  -3.72 (-6.72t0 0.69)  0.02 (0.00-0.50) 0.69 (0.51-0.93) 0.020
with existing quidelines
Proportion of patients with a previous 402 (28.6) 1.94 (0.66-3.21) 6.94 (1.94-24.84) 1.21 (1.07-1.38) 0.003
hospital (non-ICU) admission among
patients receiving antibiotics
Proportion of admitted patients with a 683 (14.5) 2.97 (2.14-3.81) 19.47 (8.47-45.27) 1.35(1.24-1.46) 0.000
urinary catheter
“Applies to both relative changes in odds.
Predictors QOdds ratio (95% ClI)

Prop. occupied medical beds

Prop. antibiotic prescriptions with existing guidelines

Hospital type (Infectious diseases hospital)

Hospital type (Other hospital)

Hospital type (Primary or Secondary hospital)

Peripheral vascular catheter

—— 1.3(1.1-1.6)
0.7 (0.5.0.9)
2.1(0.5-8.9)
2(05-8.2)
_— 2.8(1.5-5.3)
Prop. patients with ... among admitted patients
Country
#- Belgium
_.__ 12(1.1-1.4) 48 the Philippines
South Africa
Ea 14(1.2-15 Increment

Urinary catheter

®  1-unit increment

*  10% increment

Prop. patients with ... among patients receiving antibiotics

Community-acquired infection (CAl)

Healthcare-associated infection (HAI)

Previous non-ICU admission

0.5 1

—- 15(14-1.7)
—— 15(1.3-1.7)
Ay

2 5 10

Relative change in odds (log10 scale)

Figure 1. Relative change in the odds of hospital-wide antibiotic utilization associated with a one-unit and 10% increase in each predictor from a linear
mixed model among 138 Belgian, Philippine and South African hospitals. Values are presented on a logarithmic scale (base 10). Abbreviations: Prop. =

proportion.

Philippine model

Most Philippine hospitals were tertiary hospitals (72.7%) (Table 1).
A total of 20131 admitted patients and 10384 patients treated
with an antibiotic were surveyed. A majority of patients were ad-
mitted to adult wards (75.8%) (Table 1). Peripheral vascular ca-
theters (71.0%) and urinary catheters (14.3%) were frequently
inserted in admitted patients. Among patients treated with an
antibiotic, 49.1% were male, 27.9% underwent a surgical proced-
ure during their current admission, 17.4% had an ultimately or
rapidly fatal disease (McCabe score), 13.8% had previously

received antibiotics, and 18.2% had an HAI (Table 1). For many
antibiotic prescriptions, guidelines were available (96.2%), a rea-
son for the treatment was recorded (78.6%), and a stop/review
date was documented (54.6%) (Table 1).

In the final model containing data from 55 Philippine hospi-
tals, a 10% increase in the proportion of patients with a CAI
among those receiving antibiotics was associated with a 51% in-
crease in the odds of hospital-wide antibiotic utilization (OR=
1.51, 95% CI: 1.36-1.68) (Table 3 and Figure 1). This increase in
odds was 48% per 10% increase in the proportion of patients
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Table 3. Relative change in the odds of hospital-wide antibiotic utilization associated with a one-unit and 10% increase in each predictor from a linear

mixed model among 55 Philippine hospitals

Coefficient (95% Relative change in Relative change in odds for
Predictor N (%) (@) odds (95% CI) 10% increments (95% CI) P value®
Hospital type (Primary or Secondary 11 (20.0) 1.04 (0.42-1.67) 2.83 (1.52-5.29) — 0.002
hospital)
Hospital type (Infectious diseases hospital) 2 (3.6) 0.72 (-0.74-2.18)  2.06 (0.48-8.87) — 0.330
Hospital type (Other hospital) 2 (3.6) 0.69 (-0.73-2.10)  2.00 (0.48-8.15) — 0.331
Proportion occupied medical beds 45 (29.5-59) 2.95 (1.00-4.97) 19.20 (2.71-142.72)  1.34 (1.10-1.64) 0.004
Proportion of patients with ... among patients receiving antibiotics
Community-acquired infections as 4949 (47.7%) 4,14 (3.11-5.17) 62.78 (22.38-175.67) 1.51 (1.36-1.68) 0.000
indication
Healthcare-associated infections as 1893 (18.2%)  3.91 (2.66-5.14) 49.87 (14.30-171.20) 1.48 (1.30-1.67) 0.000
indication
Proportion of admitted patients with ... among all admitted patients
Peripheral vascular catheter 14302 (71.0%) 2.25 (1.20-3.29) 9.49 (3.33-26.89) 1.25 (1.13-1.39) 0.000

“Applies to both relative changes in odds.

Table 4. Relative change in the odds of hospital-wide antibiotic utilization associated with a one-unit and 10% increase in each predictor from a linear

mixed model among 64 South African hospitals

Coefficient Relative change in odds Relative change in odds for P
Predictor N (%) (95% CI) (95% CI) 10% increments (95% CI)  value®
Proportion of patients with ... among patients receiving antibiotics
Community-acquired infections as 1865 (53.6)  4.70 (3.60-5.81) 110.3 (36.53-333.03) 1.60 (1.43-1.79) 0.000
indication
Healthcare-associated infections as 768 (22.1) 5.54 (4.25-6.83) 225.21 (69.97-929.09) 1.74 (1.53-1.98) 0.000
indication
Proportion of patients with ... among admitted patients
Urinary catheter 1646 (15.1) 1.88 (1.16-2.61) 6.57 (3.18-13.58) 1.21 (1.12-1.30) 0.000
Peripheral vascular catheter 4592 (42.2%) 1.97 (1.00-2.94) 7.17 (2.73-18.88) 1.22 (1.11-1.34) 0.000

°Applies to both relative changes in odds.

with a HAI (OR=1.48, 95% CI: 1.30-1.67), 34% for the proportion
of occupied medical beds (OR=1.34, 95% CI: 1.10-1.64), and
25% for the proportion of admitted patients with a peripheral
vascular catheter (OR=1.25, 95% CI. 1.13-1.39) (Table 3).
Compared to tertiary care hospitals, primary or secondary hos-
pital types was associated with a 2.8-fold increase in the odds
of hospital-wide antibiotic utilization (OR=2.83, 95% CI: 1.52-
5.29), while infectious disease and other hospital types showed
no significant change in these odds (Table 3).

South African model

A total of 10875 admitted patients and 4816 patients treated
with an antibiotic were surveyed, mostly from general hospitals
(68.8%) (Table 1). Many admitted patients stayed in adult wards
(76.2%) and had a peripheral vascular catheter (42.2%) and a
urinary catheter (15.1%). Among patients treated with an anti-
biotic, 48.7% were male, 27.2% underwent a surgical procedure
during current admission, 21.7% previously received antibiotics,

22.1% had an HAI, and 15.4% had an ultimately or rapidly fatal
disease according to the McCabe score (Table 1). Guidelines
were available for 92.0% of all antibiotic prescriptions, a reason
for the treatment was recorded for 82.6%, and the stop/review
date was recorded for 36.9% (Table 1).

In the final model for South Africa, including 64 hospitals, a 10%
increase in the proportion of patients with an HAI among those re-
ceiving antibiotics was associated with a 74% increase in the odds
of hospital-wide antibiotic utilization (OR=1.74, 95% CI: 1.53-
1.98) (Table 4 and Figure 1). This increase in odds was 60% per
10% increase in the proportion of patients treated for a CAI
(OR=1.60, 95% CI: 1.43-1.79), 22% for the proportion of admitted
patients with a peripheral vascular catheter (OR=1.22, 95% CI:
1.11-1.34), and 21% for the proportion of admitted patients
with a urinary catheter (OR=1.21, 95% CI: 1.12-1.34) (Table 4).

The estimates of the linear mixed model and the type III
ANOVA tests for all three countries are included in the
supplementary materials (Appendices IV and V) (available as
Supplementary data at JAC-AMR Online).
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Discussion

While many point prevalence studies have described local, na-
tional, or cross-country antibiotic prescribing patterns, few have
explored the underlying determinants that drive these practices,
particularly across multiple countries. This study, therefore, inves-
tigated predictors for hospital-wide antibiotic utilization among
138 hospitals in Belgium, the Philippines and South Africa.

From the Global-PPS dataset, we identified no commmon pre-
dictors associated with increased odds of hospital-wide antibiotic
utilization across all three countries, although higher proportions
of admitted patients with invasive devices seemed key factors.
These and other factors related to the patient mix were asso-
ciated with increased odds of hospital-wide antibiotic utilization
in this study: in Belgium, key factors include higher proportions
of admitted patients with a urinary catheter and patients with
a previous non-ICU admission among those who received anti-
biotics. In both the Philippines and South Africa, identified predic-
tors include higher proportions of patients treated for a CAI or
HAI, as well as increased proportions of admitted patients with
a peripheral vascular catheter. In South Africa, elevated propor-
tions of admitted patients with urinary catheters were addition-
ally associated with greater odds of hospital-wide antibiotic
utilization.

These findings are not surprising, as antibiotics are frequently
prescribed in patients with invasive devices,'>'® CAIs'* or
HAIs.*>'® These predictors might reflect a greater case complex-
ity in wards with higher antibiotic prevalences, which is consistent
with previous research that found a correlation between in-
hospital antibiotic use and chronic use of urinary catheters,’
and between in-hospital antibiotic use and case mix index.!”*®
Nevertheless, invasive devices like peripheral vascular catheters
are commonly used to administer (parenteral) antibiotics,'??°
or may be used concurrently with antibiotic treatments to man-
age ongoing infections, which may alternatively explain the in-
creased odds of antibiotic use. Notwithstanding, we advise
caution when interpreting the association between increased
odds of hospital-wide antibiotic use and elevated proportions of
patients receiving antibiotics for a CAI or HAL as this might reflect
an association between antibiotic prevalence and therapeutic
prescribing rather than with characteristics of the patient mix.

Other factors related to the patient mix of a hospital were not
associated with antibiotic use, though this could be attributed to
the smaller number of specific cases included in the model, such
as the proportion of admitted patients with a central vascular
catheter, an invasive respiratory endotracheal intubation, tubes
and drains and non-invasive mechanical ventilation. While the
proportion of patients receiving antibiotics with ultimately or rap-
idly fatal disease (according to the McCabe score), multiple co-
morbidities, a surgical procedure during current admission, or
sex were not identified as predictors for hospital-level antibiotic
use in these models, previous studies have reported increases
in antibiotic use associated with chronic use of central venous ca-
theters,? prior antibiotic use,®* previous hospitalization,® co-
morbidities,** and male sex.”> One explanation is the
difference in setting and study design, as these studies were con-
ducted solely in high-income countries using logistic or negative
binomial mixed regression applied on longitudinal cohort data.?™
However, considering we use cross-sectional data, it is possible

that we lacked sufficient power to identify all important predic-
tors for hospital-wide antibiotic utilization.

This study additionally identified several hospital-level predic-
tors. In Belgium, a higher proportion of existing guidelines among
all antibiotic prescriptions was associated with decreased odds of
hospital antibiotic utilization. The Infectiology Guide of the
Belgian Society for Infectiology and Clinical Microbiology is na-
tionally widely adopted,?* and also serves as a reference for
the harmonization of local antibiotic guidelines which were sup-
ported financially through the HOST projects conducted between
2021 and 2025.%%3 In line with previous research that has estab-
lished the importance of antibiotic guideline implementation,?*
this finding suggests that the availability of guidelines curbs (un-
necessary) antibiotic use in hospitals and highlights the need for
freely available national guidelines for in-hospital antibiotic use in
Belgium.

In the Philippines, elevated proportions of occupied medical
beds were associated with significant increases in the odds of
hospital antibiotic utilization. A study investigating 16 Swiss long-
term care facilities described a similar finding: they reported a
positive association between the number of occupied beds and
antibiotic use.?® This might suggest that higher occupancy rates,
which potentially reflect higher patient turnover, influence anti-
biotic use. This effect might be direct, for instance when antibio-
tics are prescribed to treat HAIs transmitted in crowded wards,®
or indirect, through increased time pressure on healthcare
staff.?” The influence of overcrowding in hospitals on the de-
crease ininfection, prevention and control (IPC) and antimicrobial
stewardship (AMS) measures has additionally been observed dur-
ing the COVID-19 pandemic.?®

Additionally, primary or secondary hospital status was asso-
ciated with increased odds of antibiotic utilization compared to
tertiary hospitals in the Philippine model. Evidence from the lit-
erature is mixed: while some studies report higher antimicrobial
use patterns among primary care hospitals and decreased anti-
biotic use among hospitals with a university affiliation,*?° other
studies found no notable differences between hospital types.®>!

Interestingly, apart from hospital type, the availability of clin-
ical guidelines, and number and occupancy rate of medical beds,
other ward- and hospital-level factors were not associated with
significant changes in odds of antibiotic utilization, such as the
teaching status and the presence of haemato-oncology wards
and of long-term care, geriatric or rehabilitation wards. Limited
power may have obscured some key determinants of hospital-
level antibiotic use.

These findings have several implications. First, the association
between hospital-wide antibiotic use and elevated proportions of
patients with HAIs or invasive devices underscores the import-
ance of IPC measures, to reduce the transmission or incidence
of HAIs and ultimately curb antibiotic use. Second, the consider-
able heterogeneity in the predictors for antibiotic prescribing be-
tween the three countries suggests that, with the current data, a
uniform model cannot be developed. There may be a need to
broaden certain predictors to reduce the variability between
countries and enhance robustness, e.g. by combining all invasive
devices into one variable. Moreover, other factors may play a role
in the hospital’s antibiotic utilization. A recent systematic
review identified gender, education level and health status
of patients, as well as the work experience of prescribing
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physicians, as significant factors for hospital antibiotic prescrib-
ing.> Furthermore, it seems that AMS programmes are addition-
ally associated with reduced antibiotic use in inpatient and
outpatient care.?® This suggests hospital-level structure and pro-
cess indicators on AMS are important in surveillance activities.

Although future research could consider more variables in the
prediction modelling, for instance by incorporating variables from
additional healthcare-related or socio-economic databases into
the model, we believe that integrating prediction modelling in
feedback from surveillance studies on antibiotic use deserves
greater emphasis, to optimize comparison with similar hospitals
and ultimately facilitate integration of antibiotic stewardship re-
commendations. Therefore, future work should involve refining
and integrating prediction models in antibiotic surveillance feed-
back reports.

An important strength of this study was exploring the poten-
tial of point prevalence use data for identifying hospital-level
predictors for antibiotic use to ultimately enhance comparability
of point prevalence data between hospitals from different set-
tings. We used a stepwise method for variable selection to con-
sider the association between predictors and prevent loss of
information.

Other strengths of this study were the use of a large database
containing detailed data on antibiotic prescribing worldwide.
Furthermore, the standardized method for data collection al-
lowed for comparison between heterogeneous settings.

Limitations to this study include the lack of detailed patient
data for patients who did not receive an antimicrobial prescription.
While this is inherent to the Global-PPS design, it impairs the pre-
diction of antibiotic prescribing at patient-level in this study and
potentially biases the prevalence of patients with certain co-
morbidities or indications. This limitation was mitigated by com-
puting the prediction at ward- and hospital-level, which provides
insightful estimates for stewardship efforts, and by limiting the
prevalence of patients with certain comorbidities or indications
to the patients who received antibiotic treatment. Moreover, we
lack accurate information on the severity of infections, which is
likely an important predictor for hospital-wide antibiotic use.

Next, the results may not be fully generalizable to the in-
patient care settings in Belgium, the Philippines and South
Africa, due to the use of cross-sectional data across hospitals
and networks that participated on voluntary basis in Belgium
(19.4% of the total 103 hospitals in 2022),>* the Philippines (ap-
proximately 4.6% of at least 1200 licensed hospitals in 2022),**
and South Africa (11.7% of the total 544 hospitals in 2023).3°
This could result in non-response bias. Furthermore, clustering
at hospital- or ward-level could influence the results, although
this effect was mitigated by modelling hospitals as a random ef-
fect. Clustering could be further influenced by measurement bias,
although we tried to minimize this effect by using a simple proto-
col with automated data validation checks during data entry, and
by providing regular online training webinars with the opportunity
to ask any questions during or after the training.

In addition, a limitation of this study was the lack of informa-
tion on important known predictors for antibiotic use, including
country-wide burden of antibiotic resistance, health economic
status, hospitals’ resources and capacities, seasonality, and
broader contextual factors. The use of cross-sectional data rather
than longitudinal data was an additional limitation. Including

these broader contextual factors from detailed, longitudinal
data, was out of the scope of this study: we aimed to find import-
ant predictors from a point prevalence study that hospitals could
use to recognize whether they are at higher risk of antibiotic pre-
scribing within their hospital or ward.

Conclusion

In this study, we have explored the use of point prevalence data to
identify important predictors for antibiotic prescribing practices.
Among all potential predictors, only the proportion of invasive de-
vice utilization emerged as a shared key determinant of hospital-
wide antibiotic prescribing across the three countries. Although
the data were collected cross-sectionally and are not nationally
representative for the three countries, the findings nonetheless of-
fer valuable insights for future study. The observed variation in anti-
biotic prescribing predictors across the three countries underscores
the need for deeper research to achieve more precise findings.
Incorporating additional healthcare-related or socio-economic da-
tabases into the model could potentially yield more clinically rele-
vant results at country level.
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