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Antibiotics are agents used to treat and manage confirmed or 
suspected bacterial infections. These include, among others, 
urinary tract infections, meningitis, pneumonia, intra-abdominal 
infections and bloodstream infections that can originate in hospital 
or community settings.[1] In surgical procedures, they are used as 
prophylaxis to prevent infections during or after a procedure.[1] The 
use of antibiotics in hospital settings is considered a cornerstone of 
contemporary medicine.[2]

Intravenous (IV) antibiotic use, common in both low- and high-
income countries, plays a crucial role in saving lives, especially 
by treating and managing life-threatening bacterial infections.[3] 
Antibiotics are administered intravenously to efficiently achieve 
serum peak concentrations in the shortest possible time, consequently 
reducing mortality.[4,5] It is commonly believed that IV antibiotics 
are superior to oral formulations, especially when treating severe 
infections.[6] In South African (SA) hospitals, a study evaluating 
antibiotic use indicated that >50% of the prescribed antibiotics 
were administered intravenously.[7] The overuse and misuse of IV 
antibiotics when oral formulations with equivalent efficacy are 
available is a form of irrational antibiotic use that can compromise 
patient outcomes and strain healthcare systems financially owing 

to increased costs associated with IV administration and prolonged 
hospital stays.[8]

The overuse and misuse of IV antibiotics enable antibiotic resistance 
(ABR) that causes antibiotics to lose their effectiveness against various 
pathogens.[9,10] ABR is a global public health crisis that can lead to 
increased mortality, morbidity and healthcare costs.[11] By 2050, it 
is estimated that ABR will have caused >10  million deaths.[12] This 
figure can be reduced by implementing global and national action 
plans that aim to reduce the spread of ABR through surveillance, 
effective communication, training and research.[13] The World 
Health Organization (WHO) has introduced the AWaRe (Access, 
Watch and Reserve) classification, which aims to promote rational 
antibiotic use and reduce the prevalence of ABR by encouraging 
the use of antibiotics from the Access group rather than the Watch 
and Reserve groups.[14] Antibiotics in the Access group have a lower 
chance of resistance and are active against commonly isolated 
bacterial pathogens, while those in the Watch group are used to 
treat a limited number of specific bacterial infections and have a 
higher chance of resistance.[14] Antibiotics in the Reserve group 
should only be used for confirmed or suspected bacterial infections 
caused by multidrug-resistant pathogens.[14] Irrational use of IV 
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antibiotics can also be associated with risks that may compromise 
patient clinical outcomes.

The risks associated with IV antibiotic use include IV-line 
complications, dose miscalculations, and errors in IV preparation 
and administration.[15] Antibiotic utilisation monitoring programmes 
in healthcare institutions have implemented measures such as IV-to-
oral switches to reduce these adverse effects.[16] The IV-to-oral switch 
in clinically suitable patients who can tolerate oral formulations is a 
recommendation of global and local initiatives to guide antibiotic 
prescribing practices.[17,18] Short-term administration of IV antibiotics 
for 2 - 3 days, followed by an oral formulation, can be implemented in 
the treatment plan for bacterial infections.[18-20] The IV-to-oral switch 
is associated with a shorter length of hospital stay (LOS), reduced 
adverse effects, and a reduction in expenditure associated with IV 
antibiotic use.[21]

IV antibiotic de-escalation is an intervention that is associated with 
reduced adverse effects, optimal clinical outcomes, and a decrease in 
the spread of ABR. It entails discontinuing one or more antibiotics 
during empirical therapy and switching to a narrow-spectrum 
antibiotic specifically targeting the isolated bacterial pathogen.[22,23] 
De-escalation in IV antibiotic therapy is an important concept that 
monitoring programmes and international guidelines on antibiotic 
use have adopted.[24] However, in some instances, antibiotics are 
used in combination to broaden the spectrum of antibiotic activity, 
promote the rapid killing of bacterial pathogens, and delay the 
emergence of resistance. Combination therapy is associated with 
optimised clinical outcomes, but it is expensive and increases the risk 
of adverse effects.[25]

Surveillance strategies have been implemented as part of a 
worldwide healthcare standard to measure IV antibiotic use and 
improve antibiotic prescribing practices in hospitals. They include 
defined daily dose (DDD), days of therapy (DOT) and length of 
therapy (LOT) methods.[26] These methods aim to improve the 
quality of patient care by reducing unnecessary and excessive 
antibiotic use, thus reducing the spread of ABR.[27] Through the 
present study, we aimed to contribute to the existing knowledge 
base and to shed light on the patterns of IV antibiotic use in North 
West Province, SA. It is part of a surveillance strategy to monitor IV 
antibiotic prescribing practices at a private hospital in North West 
Province by describing IV antibiotic use, stratified by the name of 
the active pharmaceutical ingredient (API), clinical indication, dose 
and dosing frequencies, treatment periods, and actions taken after 
IV treatment review.

Methods
Study design and setting
A cross-sectional study design was followed using retrospective data 
from 1 January 2022 to 31 December 2022 from a private hospital 
in North West Province. The hospital provides healthcare services 
exclusively to people working in the mining area and is affiliated with 
the company’s medical plan. It has 236 beds and four wards, namely 
general, medical, female and surgical wards. The female ward has a 
section within the ward that admits paediatric patients.

Study population
An all-inclusive sampling method was adopted for patient records 
that met the following inclusion criteria: (i) admitted patient who 
received at least one IV antibiotic, regardless of their age and sex; and 
(ii) admitted in one of the four wards of the private hospital. The study 
excluded patient records of outpatient department consultations, 
patients admitted as theatre cases, and patients admitted for a medical 
emergency and not affiliated with the company’s medical plan.

Data collection
Data were collected on an Excel spreadsheet, Microsoft Office 
2021 (Microsoft, USA), using a data collection tool based on 
the WHO process and outcome indicators for IV antibiotic 
use.[28] Primary data sources were patient hard-copy files and 
the hospital’s electronic healthcare software (TriMed, version 
2022.1.0; TriFour Systems, SA). The information captured from 
the data sources included demographic information, treatment 
plans and clinical notes. Demographic information such as age, 
sex, ward and comorbidities was collected from the patient 
file and the TriMed system and recorded for each patient 
profile that met the inclusion criteria. Ages were stratified into 
different groups to indicate paediatrics (<12 years), teenagers 
(12  - 17 years), working age groups (18  - 24 years, 25  - 39 years 
and 40  -  59 years), and pensioners (≥60 years). Information on 
IV antibiotic use, including provisional diagnosis on admission, 
micro-organism identified (if a microbiology test was conducted), 
name of the API, dose (in mg), dosing frequency, treatment 
period, review action and LOS (in days), was collected from the 
patient files and recorded for each time the patient was admitted. 
Themes were generated to report on provisional diagnoses by 
grouping them based on the human anatomical system, and 
the provisional diagnoses frequently recorded. Each API name 
was recorded together with the WHO classification of Access, 
Watch and Reserve. The dosing frequency was expressed as daily, 
immediate dose (stat), twice a day (bd), three times a day (tds) and 
four times a day (qid). The review actions were recorded in five 
categories: add IV to IV, add oral to IV, de-escalation, stop, and 
IV-to-oral switch. The collection of information using the patient 
file in hard copy and the TriMed system ensured the accuracy and 
validity of the collected data.

Data analysis
The collected data were analysed using Statistical Package for the 
Social Sciences (SPSS) software, version 27 (IBM, USA). Descriptive 
statistics were calculated for all study variables. Categorical variables 
were expressed as frequencies and percentages, while continuous 
variables were expressed as means and standard deviations (SDs).

Ethical considerations
All ethical requirements as predefined by North-West University 
and the study setting were followed. Approval to conduct the study 
was obtained from the hospital management and the North-West 
University Health Research Ethics Committee (ref. no. NWU-
00056-23-A1).

Results
Demographic information
A total of 677 patient profiles were retrospectively recorded. Male 
patients represented 53.8% (n=364) of the total admissions, while 
females represented 46.2% (n=313). The mean (SD) age at the time 
of admission was 40 (19.81) years, and the median (interquartile 
range (IQR)) age was 42 (26) years. The youngest patient recorded 
in the study was 1 year old, while the oldest was 88. Fig. 1 illustrates 
the age and sex distribution of the admitted patients in the different 
age groups.

Of 677 patient profiles, 48.1% (n=326) were reported without 
comorbidities. HIV was a comorbidity in 20.8% (n=140) of the 
total patient profiles. Hypertension was the highest recorded non-
communicable comorbidity, representing 25.8% (n=175) of the 
patient profiles. Multiple comorbidities were present in 18.1% 
(n=123) of the patient profiles.
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Fig. 1. Age groups by sex distribution.

Table 1. Frequencies of indications for IV antibiotic use according to provisional diagnosis
Types of conditions treated with IV antibiotics n (%)
Upper and lower respiratory tract disorders

�Bronchopneumonia, COPD, bronchitis, tonsillitis, community-acquired pneumonia, pulmonary TB, respiratory distress 
syndrome, asthma 

184 (25.2)

Pain and musculoskeletal disorders
Fractures, injuries and assault cases, osteomyelitis, foot ulcer

168 (23.0)

Abscesses and cellulitis
Local infection of skin and subcutaneous tissue, abscess in any region of the body (anal, mouth, armpit, peri-apical area)

61 (8.3)

Digestive and gastrointestinal disorders
�Acute appendicitis, acute haemorrhagic gastritis, acute cholecystitis, bilateral inguinal hernia, gastroenteritis, peptic ulcer, 
vomiting, acute dilation of the stomach and abdominal pain, intestinal cystitis, calculus of gallbladder

56 (7.7)

Uncontrolled chronic diseases
Type 2 diabetes with coma, hypoglycaemia, acute ischaemic heart disease, diabetic ketoacidosis, embolism 

53 (7.3)

Gynaecological disorders
�Post caesarean section delivery, abnormal vaginal bleeding, UTI in pregnancy, follicular cyst of ovary, spontaneous abortion, 
pelvic inflammatory disease

51 (7.0)

Lipomas and neoplasm disorders
Benign and malignant neoplasms, lipoma, acute myeloblastic leukaemia

33 (4.5)

Central nervous system disorders
Febrile convulsions, meningitis, severe headache, migraine, delirium

19 (2.6)

Urinary tract disorders
Haematuria, urinary retention, UTI

18 (2.5)

Renal and hepatic-related disorders
�Acute hepatic failure, unspecified jaundice, calculus of kidney, hepatic fibrosis, liver disease, acute tubulo-interstitial nephritis, 
chronic kidney disease

17 (2.3)

Ear and eye disorders
Acute otitis media, senile incipient cataract, pterygium

6 (0.8)

Others
�Iron deficiency, malaise and fatigue, epistaxis, third-degree haemorrhoids, adrenocortical overactivity, newly diagnosed HIV, 
tachycardia, recurrent prepuce, left ventricular failure

65 (8.9)

Total admissions 731 (100)

IV = intravenous; COPD = chronic obstructive pulmonary disease; TB = tuberculosis; UTI = urinary tract infection.



29       July 2025, Vol. 115, No. 6

RESEARCH

Frequency of hospital admissions
A total of 731 hospital admission episodes were recorded. The female 
ward, including the paediatric section, had the highest number of 
admissions (52.7%; n=385). This was followed by the surgical (18.3%; 
n=134), medical (17.4%; n=127) and general (11.6%; n=85) wards, 
which admitted males only.

Indications for in-hospital IV antibiotic use
The most common indications for in-hospital IV antibiotic 
use, according to the provisional diagnosis based on the total 
admissions, were respiratory tract disorders and musculoskeletal 
disorders. They represented 25.2% (n=184) and 23.0% (n=168) of 
the total admissions, respectively. Table 1 retrospectively reports on 
indications for in-hospital IV antibiotic use as per the provisional 
diagnosis.

A total of 179 microbiology tests were conducted, of which 78 
yielded no growth. Staphylococcus aureus was the most commonly 
identified micro-organism following microbiology testing, 
representing 22.8% (n=23) of total micro-organisms. Fig. 2 shows the 
most commonly isolated micro-organisms in admitted patients who 
received IV antibiotics.

Patterns of IV antibiotic use
IV antibiotics were initiated 885 times. The most used IV antibiotic 
was amoxicillin-clavulanic acid (51.2%) in the Access group, 
ceftriaxone (14.6%) in the Watch group, and linezolid (1.2%) in 
the Reserve group (based on the WHO AWaRe classification). The 
overall IV antibiotic usage as per the WHO AWaRe classification 
revealed that 72.4% were in the Access group, followed by 25.7% 
in the Watch group and 1.8% in the Reserve group. Table  2 shows 

the frequency of the IV antibiotic APIs and their WHO AWaRe 
classifications.

Dosing and dosing frequency of IV antibiotic use
A dose of 1 200 mg, representing 48.2% (n=427) of the total IV 
antibiotics initiated, was mostly used for amoxicillin-clavulanic acid, 
which is the most used IV antibiotic in the study setting. The second 
most prescribed dose was 1 000 mg for ceftriaxone at 34.0% (n=301). 
IV antibiotics were used primarily at tds frequency, representing 
72.3% (n=640) of the total IV antibiotics used. The dosing frequency 
of tds correlated with the recommended dosing frequency for both 
amoxicillin-clavulanic acid and ceftriaxone, which were the most 
used IV antibiotics.

Treatment period of IV antibiotics
The average duration of continuous IV antibiotic use in admitted 
patients was 3.4 days, with an SD of 4.4 and a median of 2.0 days. 
Thereafter, the IV antibiotic was stopped, changed, or switched to 
an oral formulation. The longest recorded duration of continuous 
IV antibiotic use was 67.0 days, for a patient with hypertension and 
diabetes who was admitted for abscess and cellulitis infection, where 
a microbiology test identified Escherichia coli.

Duration of hospital stay
The mean (SD) LOS was 5.8 (7.4) days, and the median (IQR) 7.4 (4.0) 
days. A high SD indicates significant variability in the LOS. A total of 
45 of 731 admissions were for ≥10 days. The longest recorded duration 
of hospitalisation was 84.0 days, while the shortest was 0 days. The LOS 
correlated with the duration of continuous IV antibiotic use; the longer 
the duration of IV antibiotic, the longer the LOS.
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Review of IV antibiotics
A total of 806 review actions were performed on IV antibiotics 
initiated. The review actions were grouped into five categories: 
add IV to IV, add oral to IV, IV antibiotic de-escalation, stop IV 
antibiotics, and IV-to-oral switch. The IV-to-oral switch represented 
49.0% (n=395) of the total reviews, while 41.3% (n=333) represented 
discontinuation of IV treatment after the review. Table 3 indicates the 
review actions, frequencies and percentages.

The average duration of hospital stay after treatment review was 
2.0 days, with a mode of 0 days.

Discussion
This study evaluated IV antibiotic use and the review actions taken 
after initiating IV antibiotics. The following are the key findings: 
respiratory and musculoskeletal disorders were the most commonly 
recorded provisional diagnoses at admission, while S. aureus was the 
most commonly identified micro-organism after microbiological 
testing. Amoxicillin-clavulanic acid was the IV antibiotic agent 
most commonly used in the study setting, with the majority of 
IV antibiotics prescribed falling into the Access group. The most 
commonly prescribed dose was 1 200 mg for amoxicillin-clavulanic 
acid, representing >48% of the prescribed doses, while 72.3% of the 
IV antibiotics were prescribed at a dosing frequency of tds. The 
dosing frequency of tds could indicate compliance with the SA dosing 
guidelines for the use of amoxicillin-clavulanic acid and ceftriaxone, 
which were the most commonly used IV antibiotics in the study.

In some instances, the IV antibiotics were continuously 
administered for durations longer than recommended, and during 
the treatment review, IV antibiotics were mainly switched to oral 
formulations or stopped, based on the clinical presentation of the 

patient, microbiology results, and whether or not the patient was 
able to tolerate oral formulations.[18] The duration exceeding the 
normal recommended duration was noted in a patient provisionally 
diagnosed with cellulitis and given IV antibiotics for over 2 months, 
with E. coli being the identified micro-organism. A study on E. coli 
cellulitis in immunocompromised patients indicated that patients 
clinically improve after 11 days of IV antibiotic therapy, and thereafter 
the treatment regime should be downgraded to oral antibiotic 
formulations.[29] The prevalence of IV antibiotic de-escalation was 
low, indicating that antibiotic de-escalation was rarely done in the 
study setting.

The study was conducted in a private hospital in North West 
Province, where most admitted patients were males between 25 
and 59 years old, representing the ‘working group’ in the SA 
population. The female ward had the highest admission rate, as it 
uniquely accommodated both female and paediatric patients, unlike 
the other three wards, which exclusively admitted male patients. 
Upper and lower respiratory tract disorders, followed by pain and 
musculoskeletal disorders, represented the highest percentages of 
admissions. This finding could be because the working environment 
of the private company is characterised by strenuous working 
activities and air pollution.[30,31] Guidelines specifically targeting IV 
antibiotic use in respiratory and musculoskeletal disorders must be 
strengthened to optimise the clinical outcomes of patients presenting 
with these disorders.

Amoxicillin-clavulanic acid in the Access group was the IV 
antibiotic used the most, representing just over 50% of all IV 
antibiotics used. With regard to overall usage of antibiotics, 72.4% 
were in the Access group, followed by 25.7% in the Watch group. 
The WHO has recommended that by 2023, Access antibiotics 

Table 2. Frequency of IV antibiotic APIs used and their WHO AWaRe classification
Name of the API in the IV antibiotic used n (%) AWaRe classification
Amoxicillin-clavulanic acid 453 (51.2) Access
Ceftriaxone 129 (14.6) Watch
Cefazolin 107 (12.1) Access
Meropenem 44 (5.0) Watch
Cloxacillin 26 (2.9) Access
Ampicillin 24 (2.7) Access
Gentamicin 19 (2.1) Access
Cefuroxime 17 (1.9) Watch
Linezolid 11 (1.2) Reserve
Amikacin 8 (0.9) Access
Ertapenem 8 (0.9) Watch
Ciprofloxacin 6 (0.7) Watch
Imipenem 5 (0.6) Watch
Piperacillin/tazobactam 5 (0.6) Watch
Tigecycline 5 (0.6) Reserve
Ceftazidime 4 (0.5) Watch
Co-trimoxazole 3 (0.3) Access
Vancomycin 3 (0.3) Watch
Erythromycin 2 (0.2) Watch
Cefotaxime 1 (0.1) Watch
Clarithromycin 1 (0.1) Watch
Clindamycin 1 (0.1) Access
Levofloxacin 1 (0.1) Watch
Penicillin G 1 (0.1) Access
Teicoplanin 1 (0.1) Watch
Total 885 (100)
IV = intravenous; API = active pharmaceutical ingredient; WHO = World Health Organization; AWaRe = Access, Watch and Reserve.
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should represent at least 60% of all antibiotics used; the research 
findings therefore show that the hospital was adherent to the WHO 
guidelines.[14] In some settings, a lack of institutional antibiotic 
usage guidelines could be the possible cause of non-adherence 
to the specific recommendations of the WHO.[32] Antibiotic 
monitoring programmes such as antibiotic stewardship involving 
multidisciplinary healthcare professionals can ensure compliance 
and improve antibiotic usage through education, training, updating 
of guidelines, and active monitoring of antibiotic use.[33]

Our study further revealed that the average duration of continuous 
IV antibiotic use was 3.4 days (˃72 hours), and IV treatment was 
reviewed after that. The time it takes to review IV antibiotics from 
the date of initiation is of paramount importance in ensuring that 
patients receive optimal clinical care in the shortest time possible.[34]

The study found a 91.1% prevalence of IV treatment reviews, 
primarily involving IV-to-oral switches (49.0%) or stopping IV 
antibiotics (41.3%), with limited de-escalation (7.2%), and an average 
continuous IV antibiotic use of 3.4 days before review. A 100% 
prevalence of IV treatment review is encouraged, as it indicates a 
complete review of all IV antibiotics prescribed. An IV-to-oral switch, 
representing 49.0% of the total reviews, could have been influenced 
by the many patients whose IV antibiotics were stopped after review. 
The practice of IV-to-oral switch has been proven beneficial for both 
the patient and the hospital setting.[16] An Austrian study indicated 
that an IV-to-oral switch 48  -  72 hours after initiation reduces the 
readmission rate, minimises the reoccurrence of infections, and has 
been proven to avoid >6 000 doses of IV antibiotics.[4] An IV-to-
oral switch can therefore be practised in clinically stable patients to 
reduce LOS, which was recorded as 5.8 days in the present study. 
Antibiotic de-escalation occurred 58 times, representing 7.2% of 
the total reviews. Antibiotic de-escalation is essential to reduce the 
spread of ABR by using narrow-spectrum antibiotics that specifically 
target the cultured pathogen and limit the use of broad-spectrum 
antibiotics, which are associated with spread of ABR when misused 
or overused.[35]

The present study showed that most patients were discharged after 
IV treatment was reviewed and switched to an oral formulation. 
This finding could indicate that the IV-to-oral switch was conducted 
because the patient had to be discharged, and it was not necessarily an 
in-hospital intervention. The study also revealed 14 instances where 
oral antibiotics were added to IV antibiotics during treatment review. 
This addition could have been because the API of the specified 
antibiotic agent was procured only in oral formulation in the study 
setting. Adding an oral formulation to the IV antibiotic indicates that 
the patients qualified to take oral formulations, yet were put on IV 
antibiotics. Ward rounds with the involvement of a pharmacist are 
recommended to assist in addressing pharmacokinetic concerns and 
ensuring that the appropriate IV-to-oral switch is performed to treat 
patients optimally.[36]

Study limitations
The study was conducted in a single setting in North West Province, 
and as a result the findings cannot be generalised to all hospitals in 
SA or even North West Province. The study population is a mining 
community, so the findings cannot be generalised to the ordinary 
population outside the mining community or patients in private 
hospitals in North West Province. The study did not assess whether 
the dose and frequency of the prescribed antibiotics were appropriate 
for the identified diagnosis, so conclusions on the appropriateness of 
antibiotic prescribing cannot be drawn.

Conclusion
The study results highlight the need to monitor IV antibiotic use 
in hospital settings. Appropriate monitoring will help minimise 
unnecessary use of IV antibiotics when patients can be managed 
effectively with oral formulations, and limit the use of broad-
spectrum antibiotics through de-escalation. IV antibiotic use in 
hospitals can also be improved by encouraging the selection of 
antibiotic agents in the WHO Access group and reducing the use of 
Watch and Reserve antibiotics at the point of initial admission, thus 
assisting in minimising the spread of ABR. The study also identified 
a gap in the practice of IV antibiotic de-escalation. We propose 
future research studies focusing on factors that hinder the practice 
of antibiotic de-escalation when conducting IV treatment reviews.
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