
ORIGINAL ARTICLESIMAJ • VOL 28 • SEPTEMBER 2026

557

A Retrospective Before-and-After Study Evaluating 
the Impact of Clinical Pharmacist Involvement 
on Patients Hospitalized with Bacteremia
Yael Givon Cohen MD1,2, Matan Milles Pharm MSC3, Orly Shimony PharmD2,3, Anna Nikonov PharmD3, 
Tehilah Meged-Book MD2,4, Hovav Azulay MD1,2, Tal Schlaeffer-Yosef MD1,2, Tali Shafat MD1,2, and Lior Nesher MD1,2

1Department of Infectious Disease, Soroka University Medical Center, Faculty of Health Sciences, Ben Gurion University of the Negev, Beer Sheva, Israel 
2Faculty of Health Sciences, Ben Gurion University of the Negev, Beer Sheva, Israel 
3Department of Pharmacy, Soroka University Medical Center, Faculty of Health Sciences, Ben Gurion University of the Negev, Beer Sheva, Israel 
4Department of Internal Medicine, Soroka University Medical Center, Faculty of Health Sciences, 
Ben Gurion University of the Negev, Beer Sheva, Israel

ABSTRACT	� Background: Bloodstream infections (BSI) are associated 
with high morbidity and mortality. Inappropriate empirical 
antimicrobial therapy leads to poor outcomes.

	� Objectives: To evaluate the impact of clinical pharmacist in-
tervention on the appropriateness of antibiotic treatment in 
patients hospitalized with bacteremia.

	� Methods: A retrospective study was conducted at the So-
roka Medical Center in Israel. The intervention was imple-
mented starting in July 2018. We compared 170 patients 
who received pharmacist intervention (August 2018 to 
June 2019) to 173 control patients (January 2017 to July 
2018). The primary outcome was a composite of appropri-
ate antibiotic choice and dosage.

	� Results: Pharmacist intervention significantly improved ap-
propriate antibiotic dosing (97.6% vs. 91.3%, P = 0.011) and 
selection based on pathogen sensitivity (100% vs. 95.4%, 
P = 0.007). The most significant effect was observed in patients 
with intermediate renal function (CrCl 30–60 ml/min). Multi-
variate analysis confirmed pharmacist intervention as a strong 
predictor of appropriate treatment (odds ratio 5.00, 95% confi-
dence interval 1.64–15.25, P = 0.005). The intervention group 
had longer hospital stays (median 15 vs. 9 days, P < 0.001) and 
lower 7-day relapse rates (2.4% vs. 8.7%, P = 0.010).

	� Conclusions: Clinical pharmacist interventions significant-
ly improved the appropriateness of antibiotic treatment in 
patients with bacteremia, particularly in those with interme-
diate renal function. Despite longer hospital stays, the inter-
vention group had lower early relapse rates than the con-
trol group. These findings support the integration of clinical 
pharmacists into antimicrobial stewardship programs.
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Bloodstream infections (BSI) are associated with high 
morbidity, mortality, and increased healthcare costs 

[1,2]. Alarmingly, 11–30% of patients with BSI receive 
inappropriate empirical antimicrobial therapy [3], which 
is linked to significantly higher mortality rates [4-7]. 
Managing BSI is complex due to its heterogeneous na-
ture, necessitating strategies such as source control, ear-
ly complication detection, and appropriate antimicrobial 
stewardship [8].

Infectious disease specialists (IDS) have been 
shown to improve prognosis, reduce broad-spectrum 
drug use, and facilitate appropriate treatment [9,10]. 
However, international guidelines increasingly rec-
ognize the essential role of clinical pharmacists in 
antimicrobial stewardship (AMS) [11]. Pharmacists 
help optimize regimens, audit outcomes, and educate 
healthcare professionals. Studies have demonstrated 
that pharmacist involvement leads to improved anti-
microbial therapy, reduced costs, and enhanced patient 
care [11,12].

While previous interventions often focused on spe-
cific pathogens like Staphylococcus aureus [13-15] or 
specific drugs like vancomycin [16], few studies have 
examined the broader impact of pharmacist interven-
tion on antibiotic appropriateness across a wide range 
of pathogens. At Soroka Medical Center, a clinical 
pharmacist intervention program was implemented 
for all bacteremia patients. In this study, we aimed to 
evaluate antibiotic treatment appropriateness before 
and after this intervention, focusing on treatment ac-
curacy, renal dose adjustment, and adherence to sen-
sitivity results.
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PATIENTS AND METHODS

STUDY DESIGN AND SETTING
This retrospective before-and-after study was conducted 
at Soroka Medical Center, a large tertiary care facility in 
southern Israel, between December 2016 and March 2019.

PARTICIPANTS

We included 343 adult patients with confirmed bacteremia. 
The intervention group comprised 170 patients hospital-
ized after 1 August 2018, when a pharmacist's review of 
antimicrobial therapy was implemented. The control group 
included 173 patients hospitalized prior to the intervention. 
The pharmacist-led intervention was initiated in July 2018. 
For the control group, we selected a convenience sample of 
patients diagnosed with BSI before this date. The sample 
was non-consecutive and did not include all eligible pa-
tients. The inclusion criteria were not being admitted to the 
intensive care unit at admission, aged ≥ 18 years, a positive 
blood culture confirmed to have true bacteremia. Cases 
considered likely to be contaminants were excluded, such 
as single positive cultures of coagulase-negative staphylo-
cocci or anaerobic organisms without clinical correlation.

Exclusion criteria for confirmed bacteremia cases 
included death before culture review, infectious disease 
specialist involvement before pharmacist intervention, 
missing data, or pre-intervention pharmacist consulta-
tions requested by physicians.

DATA COLLECTION

The blood culture database was screened, and baseline 
data was collected for eligible patients. The data collect-
ed included demographics, medical history (Charlson 
Comorbidity Index), laboratory values (glomerular filtra-
tion rate, white blood cells, and C-reactive protein), acute 
kidney injury level as defined by the Acute Kidney Injury 
Network (AKIN) stage, and bacteriological information 
(species, resistance, and antibiotic treatment).

INTERVENTION

The intervention involved a clinical pharmacist consulta-
tion for all eligible patients with positive blood cultures 
between August 2018 and June 2019. Pharmacist inter-
ventions were categorized as follows: dose adjustment 
according to renal function, appropriate dose adjustment, 
narrowing of antibiotic selection according to pathogen 
and resistance pattern, addressing drug-drug interactions, 
and recommending infectious disease consultation.

OUTCOMES

The primary outcome was a composite index of appro-
priate antibiotic choice (based on bacterial sensitivity) 
and dosage (according to kidney function). Blood cul-
tures and antibiotic sensitivity testing were performed 
using standardized methods (Kirby-Bauer disk diffusion 
or VITEK® 2 system [bioMérieux, USA]) according to 
the Clinical and Laboratory Standards Institute (CLSI) 
guidelines. Appropriate antibiotic choice was assessed 
post-susceptibility by clinical pharmacists, based on con-
cordance with in vitro bacterial sensitivities according to 
CLSI standards. Dosing appropriateness was determined 
concurrently based on bacterial species and kidney func-
tion (AKIN classification and MDRD-calculated creati-
nine clearance), guided primarily by the Sanford Guide 
to Antimicrobial Therapy. 

STATISTICAL ANALYSIS

Statistical analyses were performed using IBM Statisti-
cal Package for the Social Sciences statistics software, 
version 25 (SPSS, IBM Corp, Armonk, NY, USA). A 
P-value < 0.05 was considered statistically significant. 
Descriptive statistics were reported as means and stan-
dard deviations (normal distribution), medians and in-
terquartile ranges (non-normal distribution), or numbers 
and percentages (categorical variables). Univariate anal-
ysis was used to examine the relationships between in-
dividual variables and the primary outcome. Chi-square 
tests were used to compare categorical variables, whereas 
t-tests or Mann-Whitney tests were used for continuous 
variables. Multivariate logistic regression was used to 
analyze variables showing strong relationships or high 
clinical significance to determine their direct effects on 
the primary outcome.

RESULTS

Of the 508 patients with positive blood cultures, 343 met 
the inclusion criteria and were included in the study (170 
in the intervention group and 173 in the control group). 
Exclusions (n=165) were due to missing medical infor-
mation (n=63), complex infections requiring intensive 
care unit care (n=48), nonpathogenic bacteria in the blood 
(i.e., contaminants) (n=43), and other reasons (n=11).

Analysis of the baseline characteristics showed that both 
groups were similar in terms of sex distribution (approx-
imately 60% men in both groups) and other key charac-
teristics. However, there were some differences between 
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the intervention and control groups. Patients in the control 
group were older (mean age 69.8 vs. 65.7 years, P = 0.018) 
and had higher rates of diabetes with complications (15.6% 
vs. 8.8%, P = 0.040), dementia (22% vs. 10%, P = 0.003), 
and ischemic heart disease (8.1% vs. 2.9%, P = 0.037). The 
groups had the same median Charlson Comorbidity Index 
score (5.0, P = 0.481) but the patients in the intervention 
group had a higher prevalence of hematological malignan-

cies (11.8% vs. 5.2%, P = 0.029). The baseline characteris-
tics are presented in Table 1. 

Analysis of the microbiological characteristics re-
vealed some differences between the intervention and 
control groups of the study. Gram-positive bacteria were 
more prevalent in the control group (52.6% vs 45.3%, 
P = 0.037), while Gram-negative bacteria were more 
common in the intervention group (54.7% vs 47.4%, P = 

Table 1. Baseline demographic and clinical characteristics of study population

P–valueControl group (n=173)Intervention group (n=170)Variable 

0.01869.8 ± 15.965.7 ± 16.1Age, years (mean ± SD)

0.36026.1 ± 7.2
(n=130)

26.8 ± 5.6
(n=125)BMI kg/m2 (mean ± SD) (n=255)

0.414
86 (49.7)92 (54.1)Male 

Sex, n (%)
87 (50.3)78 (45.9)Female

0.040
38 (22.2)54 (31.8)Without complications

Diabetes, n (%)
27 (15.6)15 (8.8)With complications

0.244
7 (4.0)10 (5.9)Mild 

Liver disease, n (%)
2 (1.2)6 (3.5)Moderate–severe 

0.56314 (8.1)11 (6.5)Chronic pulmonary disease, n (%)

0.20840 (23.1)30 (17.6)SevereRenal disease, n (%)

0.96036 (20.8)35 (20.6)Congestive heart failure, n (%)

0.03714 (8.1)5 (2.9)Ischemic heart disease, n (%)

0.9718 (4.6)8 (4.7)Cerebrovascular disease, n (%)

0.052
23 (13.3)11 (6.5)Local 

Solid malignancy, n (%)
11 (6.4)18 (10.6)Metastatic 

0.0299 (5.2)20 (11.8)Hematologic malignancy, n (%)

0.00338 (22.0)17 (10.0)Dementia, n (%)

0.4815 [3–7]5 [3–6]Charlson Comorbidity Index (1–10), median [IQR]

0.345129 (74.6)119 (70.0)Charlson Comorbidity Index > 4, n (%)

Laboratory values

0.149

39 (22.9)58 (34.1)> 90

Estimated GFR 
(MDRD, L/
min/1.73m²), n (%)

38 (22.4)32 (18.8)60–90

44 (25.9)40 (23.5)30–60

49 (28.8)40 (23.5)< 30

0.595100 (58.1)94 (55.3)Leukocytosis (> 10.8 K/µL), n (%)

0.098125 (91.2)
(n=137)

98 (84.5)
(n=116)Elevated CRP (> 5 mg/L), n (%) (n=253)

0.079

97 (61.0)108 (71.1)0

AKIN stage, n (%)
(n=311)

44 (27.7)36 (23.7)1

18 (11.3(
(n=159)

8 (5.3)
(n=152)

2–3

AKIN = acute kidney injury network, BMI = body mass index, CRP = C-reactive protein, GFR = glomerular filtration rate, MDRD = modification of diet 
in renal disease 
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Table 2. Bacteriological characteristics

P-valueControl group (n=173)Intervention group (n=170)Variable 

0.01922 (12.7)38 (22.4)MSSA 

Blood culture, 
microbiology, n (%)

0.3737 (4.0)4 (2.4)MRSA 

0.4558 (4.6)11 (6.5)CONS 

0.96810 (5.8)10 (5.9)Streptococci 

0.42714 (8.1)18 (10.6)Enterococci 

0.00469 (39.9)43 (25.3)Enterobacteriaceae sensitive 

0.02346 (26.6)28 (16.5)Enterobacteriaceae MDR/
ESBL/CPE

0.3368 (4.6)12 (7.1)Pseudomonas aeruginosa 

0.6673 (1.7)2 (1.2)Acinetobacter baumanii 

0.5034 (2.3)6 (3.5)Anaerobes 

0.3681 (0.6)3 (1.8)Fungi 

0.1701 (0.6)4 (2.4)Other 

0.47282 (47.4)74 (43.5)Resistant bacteria* (%)

0.01722 (12.7)9 (5.3)Polymicrobial infection, n (%)

<0.001130 (75.1)160 (94.1)Any empiric antibiotic treatment, n (%)

0.11026 (20.0)45 (28.1)Penicillin 

Empiric antibiotic 
treatment, n (%)
(N=290)

0.40777 (59.2)87 (54.4)Cephalosporin

0.9297 (5.4)9 (5.6)Carbapenem

0.39921 (16.2)32 (20.0)Vancomycin 

0.8225 (3.8)7 (4.4)Clindamycin 

0.1077 (5.4)17 (10.6)Quinolone

0.93915 (11.5)18 (11.3)Metronidazole 

0.23830 (23.1)28 (17.5)Aminoglycosides

0.93111 (8.5)14 (8.8)Other**

0.02342 (24.3)60 (35.5)Penicillin 

Directed antibiotic 
treatment, n (%)

0.28575 (43.4)83 (49.1)Cephalosporin

0.50428 (16.2)32 (18.9)Carbapenem

0.03134 (19.7)17 (10.1)Vancomycin 

0.4983 (1.7)5 (3.0)Clindamycin 

0.69141 (23.7)37 (21.9)Quinolone

0.24516 (9.2)10 (5.9)Metronidazole 

0.11431 (17.9)20 (11.8)Aminoglycosides

0.25322 (12.7)15 (8.9)Other***

*Resistant bacteria were defined as MSRA, CONS, Enterococci, Enterobacteriaceae MDR/ESBL/CPE, Pseudomonas aeruginosa, Acinetobacter 
baumanii, fungi

**Other empiric antibiotic treatment regimen included chloramphenicol, macrolides, TMX–SMX, tetracyclines, fosfomycin, and azoles 

***Other directed AB treatment regimen included chloramphenicol, macrolides, TMX–SMX, tetracyclines, fosfomycin, tigecycline, rifampin, 
daptomycin, linezolid, colistin, caspofungin, azoles

CPE = carbapenem resistant enterococcus, CONS = coagulase negative staphylococcus, ESBL = extended spectrum beta lactamase, MDR = 
multidrug resistant, MRSA = methicillin resistant Staphylococcus aureus, MSSA = methicillin susceptible staphylococcus aureus
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Table 3. Admission outcomes

P-valueControl group (n=173)Intervention group (n=170)

< 0.0019 [5–16]15 [9–26]Length of stay in days, median [IQR]

0.5013 (1.7)5 (2.9)Intensive care unit transfer, n (%)

0.39930 (17.4)24 (14.1)In-hospital mortality, n (%)

0.16533 (19.1)23 (13.5)30-day mortality (since admission), n (%)

0.91260 (34.7)58 (34.1)6-month mortality (since admission), n (%)

0.01015 (8.7)4 (2.4)7-day relapse, n (%)

0.67252 (30.2)55 (32.4)30-day readmission, n (%)

< 0.000 151 (87.3)166 (97.6)Total 

Appropriate treatment, n (%) 0.007165 (95.4)170 (100)Culture-based treatment 

0.011158 (91.3)166 (97.6)Adjusted to renal function

IQR = interquartile range

0.037). The most frequent pathogens in both groups were 
Escherichia coli (28.8% in the intervention group vs. 
24.9% in the control group) and Klebsiella pneumoniae 
(11.2% in the intervention group vs. 9.2% in the control 
group). Notably, Staphylococcus aureus infections were 
significantly more frequent in the control group (15% vs. 
10.6%, P = 0.047). The bacteriological characteristics are 
shown in Table 2.

Although there were some differences between the in-
tervention and control groups of the study, overall, the 
intervention group received more tailored treatment than 
the control group (97.6% vs. 87.3%, P < 0.001). When 
interventions were performed, dose correction (12.2%) 
and antibiotic changes based on culture results were the 
most common, followed by renal considerations (6.7%). 
All patients in the intervention group received sensitiv-
ity-adapted treatment, compared to 95.4% in the con-
trol group (P = 0.007). Treatment appropriate to kidney 
function was higher in the intervention group (97.6% vs. 
91.3%, P = 0.011). However, in the intervention group, 
66.5% of cases did not require any change in treatment.

Median hospitalization length was longer in the in-
tervention group (15 days [IQR 9–26] vs. 9 days [IQR 
5–16], P < 0.001). Seven-day relapse rates were lower 
in the intervention group (2.4% vs. 8.7%, P = 0.010). No 
significant differences were found in mortality during 
hospitalization (14.1% vs. 17.4%, P = 0.399), at 30 days 
(13.5% vs. 19.1%, P = 0.165), or at 6 months (34.1% vs. 
34.7%, P = 0.912). The 30-day readmission rate was sim-
ilar between the groups (32.4% vs. 30.2%, P = 0.672). 
The outcomes are summarized in Table 3.

Univariate analysis of appropriate treatment found 
that the relative contribution of clinical pharmacist inter-
vention was the strongest positive contributor (odds ratio 
[OR] 6.05, 95% confidence interval [95%CI] 2.04–17.95, 
P = 0.001). Dividing kidney function into three levels, a 
distinct positive trend was found in both the intermediate 
group with CrCl 30-60 (OR 0.14, 95%CI 0.03–0.65, P = 
0.012) and the CrCl < 30 group (OR 0.19, 95%CI 0.04–
0.89, P = 0.035). However, multivariate analysis found 
significance only for the intermediate group (OR 0.22, 
95%CI 0.05–0.97, P = 0.045) and for the pharmacist in-
tervention (OR 5.00, 95%CI 1.64–15.25, P = 0.005). The 
analysis results are presented in Table 4.

DISCUSSION

In this study, we evaluated the impact of clinical phar-
macist intervention on the appropriateness of antibiotic 
treatment in patients hospitalized with bacteremia. Our 
findings demonstrate significant improvements in an-
tibiotic selection and dosing. Unlike previous studies 
that addressed specific bacteria or regimens [11,16], our 
study examined a broad range of pathogens.

Clinical pharmacist involvement significantly increased 
the rate of appropriate antibiotic dosing according to renal 
function and the selection of antibiotics matching patho-
gen sensitivity. This finding aligns with previous research 
demonstrating that pharmacist involvement enhances 
patient care [12-15]. The most significant effect was ob-
served in patients with intermediate renal function (CrCl 
30–60 ml/min). This group is often at risk of being missed 
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for dose adjustments, highlighting the value of pharmacist 
expertise in addressing this critical gap.

While physicians generally made sound decisions 
based on sensitivity data, the additional improvement 
with pharmacist involvement demonstrated the value of 
dedicated antimicrobial stewardship. Pharmacists con-
tribute beyond mere access to information, likely due to 
their proactive evaluation of patient-specific factors and 
drug interactions. This condition underscores the impor-
tance of multidisciplinary collaboration where pharma-
cists complement physicians' clinical knowledge.

We observed a longer length of stay in the interven-
tion group, contrasting with some previous studies [17]. 
However, the intervention group also had a significant-
ly lower 7-day relapse rate, suggesting that longer stays 
may have facilitated more thorough treatment. Future re-
search should investigate the relationship between length 
of stay, treatment adequacy, and long-term outcomes.

Several limitations exist. First, this was a single-cen-
ter study, limiting generalizability. Second, the control 
group was a non-consecutive convenience sample ne-

cessitated by time and staffing constraints during manual 
chart review, which introduces selection bias. Third, as 
a retrospective before-and-after study, our findings may 
have been influenced by unmeasured temporal changes 
or concurrent interventions. Fourth, baseline differences 
were observed: the control group was older with more 
co-morbidities. However, multivariate regression analy-
sis confirmed the intervention as an independent predic-
tor of appropriate treatment.

CONCLUSIONS

A clinical pharmacist intervention program can signifi-
cantly improve the appropriateness of antibiotic treatment 
in patients with bacteremia, particularly in terms of dos-
ing adjustments for renal function and antibiotic selec-
tion based on pathogen sensitivity. The most pronounced 
effect was observed in patients with intermediate renal 
function, addressing a critical gap in care. Although the 
intervention was associated with longer hospital stays, it 
also resulted in lower early relapse rates, suggesting more 
comprehensive treatment. These findings underscore the 

 Table 4. Univariable and multivariable analysis (logistic regression) for appropriate treatment

P-value for 
multivariable analysis

P-value for 
univariable analysis

95% confidence 
intervalOdds ratioVariable 

0.0050.0012.04–17.956.05Intervention 

0.0250.94–0.990.97Age 

0.0350.0300.16–0.910.38Sex, female 

0.5110.48–4.341.45Severe chronic renal disease 

0.9480.45–2.341.03Diabetes 

0.4910.27–15.782.05Liver disease 

0.4890.49–4.421.47Congestive heart failure

0.6200.15–3.120.68Ischemic heart disease

0.0990.09–1.230.33Cerebrovascular event

0.1610.66–12.432.86Malignancy 

0.0540.0020.11–0.620.27Dementia 

0.3200.22–1.640.60Charlson Comorbidity Index score ≥ 4

0.4270.2300.06–1.950.3560–90
Estimated GFR (MDRD, ml/min/1.73m²) 
(with > 90 as reference) 0.0450.0120.03–0.650.1430–60

0.0870.0350.04–0.890.19< 30

0.1680.22–1.300.53Stage 1
AKIN (with stage 0 as reference) 

0.7930.17–3.820.81Stage 2–3

0.3750.31–1.550.70Antibiotic-resistant bacteria* 

AKIN = Acute Kidney Injury Network, GFR = glomerular filtration rate, MDRD = modification of diet in renal disease

*Antibiotic-resistant bacteria defined as MRSA, CONS, Enterococci, Enterobacteriaceae MDR/ESBL/CPE, Pseudomonas aeruginosa, Acinetobacter 
baumanii, fungi
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value of integrating clinical pharmacists into antimicro-
bial stewardship programs and bacteremia management.
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Capsule

Metabolite glues as a means of purine sensing and chemotherapeutic response
Small endogenous metabolites are traditionally viewed 
as substrates or signaling molecules. Witus et al. 
discovered an unexpected mechanism whereby purine 
metabolites function as endogenous molecular glues, 
stabilizing protein-protein interactions that regulate 
purine biosynthesis. The study demonstrated that purines 
directly promote binding between a rate-limiting enzyme 
in the purine synthesis pathway and its endogenous 
inhibitor, thereby providing a feedback mechanism 
that tightly controls nucleotide production. Structural 

and biochemical analyses revealed how metabolite-
dependent protein interactions regulate metabolic 
homeostasis. The authors further showed that this 
mechanism influences cellular responses to thiopurine 
chemotherapy. Manipulating metabolite glue formation 
enhanced sensitivity to thiopurine drugs, suggesting 
a novel strategy to improve treatment efficacy while 
potentially reducing toxicity.
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