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Abstract: Background: Gram-negative bacteremia, especially from Klebsiella spp., Escherichia coli, and
Pseudomonas aeruginosa, poses a significant public health threat due to multidrug resistance and high mortality
rates. Cost-effective treatments are essential in low-middle income countries as Colombia. Methods: This
descriptive, phase IV study was conducted in a tertiary care hospital in Colombia. Adult patients with Gram-
negative bacteremia treated with generic piperacillin/tazobactam (Penibactam®) were evaluated. Clinical and
microbiological responses were assessed over 12 months. Results: The study included 30 critically ill patients
with an average APACHE II score of 22.12. The clinical response at day 7 was 66% (n = 20), and the
microbiological response was 56.7% (n = 17). By the end of follow-up, clinical improvement was observed in
63.3% (n=19), with a mortality rate of 23% (n =7). The cardiovascular system was the most common infection
site. Conclusions: Generic piperacillin/tazobactam demonstrated effectiveness and safety comparable to
existing literature in treating Gram-negative bacteremia, offering a viable, cost-effective alternative for critically
ill patients in real-world settings.
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1. Introduction

Gram-negative bacteremia is a significant public health threat, particularly caused by Klebsiella
spp., Escherichia coli, and Pseudomonas aeruginosa. These pathogens, alongside Staphylococcus aureus
and Streptococcus pneumoniae, are leading causes of global mortality associated with bacterial
infections[1]. The healthcare systems face considerable challenges due to the high mortality rates of
these infections, which can reach high as 20-40%[2—4]. In Colombia, there is increasing concern over
Gram-negative bacteremia, particularly due to the rising issue of multidrug resistance [5,6]. A study
in a tertiary care institution in Colombia reported a 29% mortality rate, with Gram-negative
organisms being the most frequently isolated in 49.8% of cases, primarily affecting the vascular and
urinary systems [7]. To mitigate the impact of antimicrobial resistance, especially to carbapenems,
antimicrobial stewardship programs promote carbapenem-sparing strategies through the use of
active antibiotics such as piperacillin/tazobactam (PTZ) with good results [8,9]. However, this leads
to an increase in the use of piperacillin/tazobactam and the need to introduce not only the innovative
drug but other generics to facilitate access. In the literature, there is controversy about whether the
generic PTZ molecules have a different activity to the innovative one, while some studies describe
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differences in in-vitro or animal models [10,11], in equivalence and clinical studies the data are
inconclusive [12-14]. It is crucial to conduct real-life evaluations of frequently used generic drugs
with high clinical impact, such as PTZ. The present study aimed to describe the effectiveness of one
generic piperacillin/tazobactam in treating Gram-negative bloodstream infection in adults through
real-life study.

2. Materials and Methods

A descriptive phase IV study was conducted at a tertiary care hospital in Colombia from January
to December 2019.

The study population included adult patients who were 18 years or older and had a diagnosis
of bacteremia due to a Gram-negative bacillus that was confirmed by at least one positive blood
culture, identified using the automated MIC Microscan Walkaway® method. For susceptibility, we
evaluated the MIC reported for the system with a sensitive cutoff point of < 16. The physician
responsible for the patient's care was the one who, at his discretion, selected the use of PZT for
empirical management and, subsequently, based on the results of antimicrobial susceptibility,
maintained or changed it.

The definitions of infection for each anatomical site were based on those proposed by Calandra
and Cohen [15], and the definition of sepsis was based on sepsis criteria 3 [16]. To assess organ
dysfunction, the APACHE II score was used. Patients were excluded if they had a high degree of
immunosuppression (e.g., neutropenia or HIV-AIDS with a CD4/mm? cell count < 50 cells), had
chronic infections requiring prolonged antibiotic administration, or were pregnant. Additionally, 1)
patients who died before 48 hours from the start of PTZ, 2) receiving PTZ at the time of isolation, 3)
using another antibiotic with activity against Gram-negative bacilli, or 4) with concomitant use of
another antibiotic with activity against Gram- negative bacilli were also excluded, (Figure 1) shows
the flow diagram of patients included in this study.

A total of 382 patients with PTZ treatment were
assessed for eligibility.

Excluded:

* Patients died within 48 h. of start
with PTZ treatment (n=19)
PTZ treatment discontinued (n = 107)

Change of antibiotic regimen or PTZ used with
other Antibiotic (n=146)

Discharged or transferred to other hospital (n = 80)

Total patients included
N=30

Figure 1. Flow diagram of patients that met eligibility criteria, footnote: these include patients with
PTZ resistant bacilli, concomitant use of another antibiotic with activity against Gram- negative bacilli
or treatment discontinued.

Generic piperacillin/tazobactam (Penibectam®) was supplied as 4.5 g ampoules for intravenous
administration at doses of 4.5 g every 6 hours. In patients with altered renal function (GFR less than
50 ml/min), the dose was adjusted according to the attending physician’s criteria.

Clinical and microbiological improvements were assessed whenever possible to determine the
effectiveness of the study drug. Clinical response was deemed favorable when all signs and
symptoms of sepsis or systemic inflammatory response (SIRS) had resolved completely or when there
was partial improvement due to a decrease in the signs and symptoms of sepsis or SIRS without
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complete resolution of the infectious picture. The persistence of signs and symptoms of infection at
the time of evaluation in the absence of another pathogen or causative agent was considered an
unfavorable clinical response. A favorable microbiological response was established as the absence
of isolation of the infection-causing organism in blood cultures collected seven days after the start of
antibiotic treatment. In cases where the infection-causing organism persisted, the response was
recorded as an unfavorable microbiological response. A complete favorable response was defined as
the complete resolution of all signs and symptoms of sepsis and favorable clinical and microbiological
responses. This evaluation was carried out during and at the end of treatment (admission, one week,
two weeks, and 28 days). For patients who were not hospitalized at 28 days, the follow-up was
conducted via a telephone call by one of the investigators.

Demographic and clinical characteristics were described, categorical variables presented as
absolute and relative frequencies, and quantitative variables described with averages and standard
deviation or median and interquartile range, depending on whether they had a normal distribution.
Finally, an exploratory analysis was conducted using Cox regression for proportional risk models to
explore and control for potential confounding variables related to cure and overall mortality. This
study was approved by the Institutional Ethics Committee of Hospital Cardiovascular de
Cundinamarca, meeting minutes No. 009, approved on 24 May 2018

3. Results

Thirty patients (median age, 62 years) were included in this observational clinical study. Most
infections were acquired in the community, and the cardiovascular system was the most common
site of infection. No significant prior use of antibiotics or previous surgery was observed in the
evaluated patients.

The most common underlying diseases were hypertension, heart failure, and diabetes mellitus.
Table 1 displays the complete demographic data, including the patients' baseline laboratory and
clinical evaluation results, before the initiation of antibiotic therapy. The control laboratory values
obtained upon admission to the cohort and on days 7 and 14 of hospitalization are also shown; they
display median values within normal ranges for C-reactive protein (CRP) and do not indicate
leukocytosis.

Table 1. Baseline characteristics of 30 Patients with Gram-negative Bacteremia Treated Empirically or
Directed with Piperacillin-Tazobactam Therapy.

Characteristics All Cases
(Total n = 30)
Age (mean (SD)) 14 (46.7)
Male (%) 13 (43.3)
Place of origin of bacteremia = Community (%)
Anatomical origin of bacteremia (%)
Abdominal 3 (10.0)
Cardiovascular 19 (63.3)
Pulmonary 3 (10.0)
Urinary 5(16.7)
Previous antibiotic use (%) 3(10)
Previous surgery = YES (%) 3 (10)
APACHE II score (mean (SD)) 22.12 (18.97)
Heart rate (mean (SD)) 89.20 (17.78)
Mean Blood Pressure (mean (SD)) 84.50 (19.36)
Respiratory frequency (mean (SD)) 18.57 (2.37)
Fever 9 (30)
Presence of leukocytosis or leukopenia (mean (SD)) 14.14 (7.94)
O2 Saturation (mean (SD)) 91.86 (2.74)
Use of mechanical ventilation = YES (%) 7 (23.3)
Use of bladder catheter = YES (%) 8 (26.7)

Use of intravascular catheters = YES (%) 10 (33.3)
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Creatinine (mean (SD)) 2.73 (3.61)
Platelets (mean (SD)) 3752.17 (19312.10)
C Reactive Protein (mean (SD)) 14.26 (9.26)
Concomitant Diseases (%)

Arterial Hypertension 16 (53.3)

Heart Failure 7 (23.3)

Diabetes 6 (20)

Nephropathy 4(13.3)

COPD 4 (13.3)

Hypothyroidism 1(3.33)

No history 3 (10)

The main microorganisms isolated were Serratia marcescens (33%) and Escherichia coli (26%),
followed by Pseudomonas aeruginosa (13%) (Table 2). Of the 29 isolated bacilli, 27 were susceptible,
one (3.3%) was resistant, and one (3.3%) was considered intermediate susceptibility. However, given
the clinical evolution, the attending clinical team continued PZT therapy.

Table 2. Susceptibility to piperacillin/tazobactam of Gram-negative bacilli isolated from blood

cultures.
Susceptibility for . . K. P. E. cloacae P vulgaris
S. marcescens E. coli P.aeruginosa . s
TZP pneumoniae mirabilis
Sensitive 8 8 4 3 2 1
Intermediate 1 0 0 0 0 0 0
Resistant 1 0 0 0 0 0

The clinical response on day 7 was 66% (n = 20), and the microbiological response was 56.7% (n
=17), with the persistence of one pathogen (S. marcescens) and isolation of a new pathogen (S. hominis).
In the second week of evaluation, clinical improvement was 70% (n = 21) and microbiological
improvement was 60% (n = 18) without isolating new pathogens. At the end of follow-up, a clinical
response was observed in 63.3% (n = 19) of patients, with a mortality rate of 23% (n = 7). Figures 2
and 3 show patients' clinical and microbiological responses receiving PTZ therapy. Of the patients,
73.3 % (n = 22) required management in the intensive care unit, with a median stay of 5 days (RIQ 2-
15 days). The median duration of PTZ use was 10 days (RIQ 7-14).
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Figure 2. KM plot for response time. (a) Clinical response, (b) Microbiological response.
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Mortality was assessed (Figure 2) regarding HR related to clinical and paraclinical characteristics
such as age, sex, APACHE II score, length of stay in the ICU, source of infection, presence of septic
shock, and compromised organs. The APACHE Il score was an important factor for patient mortality,
with a HR of 1.06 (IC95% 1.03-1.13), p of 0.001. When adjusting for the site of infection as a
confounding factor, we obtained an HR of 1.14 (IC95% 1.05-1.23), p=0.001, for the APACHE score,
making it the most important factor in mortality.

Mortality of Gram-negative bacteremia: HR (95% CI, p-value)

Age - 1.01 (0.97-1.06, p=0.576) H

Sex M 1.22(0.29-5.10, p=0.788) } {
APACHE - 1.06 (1.03-1.09, p<0.001) -

Days.in.ICU - 1.00 (0.96-1.05, p=0.863) u

Infection Healthcare-Associated Infections 0.81(0.20-3.29, p=0.768) I J‘

HR, 1an)"/u cl
Figure 3. Forest plot for mortality of Gram-negative bacteremia.

4. Discussion

Given the emergence of carbapenem-resistant Gram-negative bacilli, WHO consider these
pathogens of public health importance to guide research, development and strategies to prevent and
control antimicrobial resistance [17] and prudent use of carbapenem-sparing antibiotics is becoming
an important strategy in antimicrobial stewardship programs [18]. PTZ is currently indicated for
severe respiratory, intra-abdominal, urinary, and bacteremia infections [19]. The increasing use of
this antibiotic has led to the marketing of multiple molecules, with at least ten PZT products currently
authorized for sale in Colombia [20]. Although the utilization of generics drugs enables access to
population, their introduction often leads to controversies concerning discrepancies that may arise
compared to the innovative product. PZT is no exception, and several publications corroborate the
equivalence or effectiveness of various generic products as well as some that have reported
differences in potency or clinical effectiveness [12-14].

The effectiveness of a generic formulation of PTZ at standard doses in managing bacteremia
obtained in this study is consistent with the available literature. A clinical trial by Rafati et al. in
patients with sepsis and critical illness showed a mortality rate of 25-30% [21]. Another study by
Abdul in 85 patients in the intensive care unit showed an 18.4%—42.6% rate, depending on the dosing
scheme used in these patients [22]. Several observational studies demonstrated similar clinical cure
rates to ours with the dosing regimen used, with cure rates between 56.2% and 82% [23,24]. A study
by Machado et al. evaluated the effectiveness of piperacillin/tazobactam in real-world patients who
received therapy with various infections and found a mortality rate of 22.9%. The study included 37
patients with bacteremia, of whom 11 received a generic formulation of PTZ without further
information on their outcomes [25,26].

There are barriers between developing and researching these molecules and their use in daily
clinical practice. Some initiatives have been developed to take advantage of real-world evidence for
the optimization and appropriate use of antibiotics and the development of clinical practice
guidelines [27,28]. It is crucial to highlight that the clinical scenario under which the antibiotic is being
evaluated in patients with confirmed bacteremia caused by Gram-negative bacteria is putting the
drug to the test in terms of highly demanding pharmacokinetic and pharmacodynamic parameters.
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If the antibiotic does not act bactericidal quickly and appropriately, it can lead to serious
complications and mortality.

Gram-negative Bacteremia is a serious complication that significantly increases mortality rates
in infected patients [19-21]. Our study's mortality rate of 23% is within the expected range,
highlighting the importance of quality generic product. The outcomes and response to therapy are
dependent on the pharmacological behavior of the drug [29] and are of greater importance in
critically ill patients. Roberts et al. demonstrated that the behavior of piperacillin/tazobactam in
patients with sepsis could be affected by an increased volume of distribution and protein binding,
among others [30], in which the real-world scenario and the outcomes achieved in this population
serve as indicators of effectiveness. The results of this study demonstrate the therapeutic potential of
this generic PTZ in managing severe infections. The observed outcomes align with the current
understanding of the pharmacological behavior of PTZ in patients with sepsis. A mortality rate of
23% and evidence of clinical and microbiological improvement indicate that this generic PTZ
(Penibactam®) could be a suitable option for the target patient population.

The main limitations of this study are its descriptive nature, having been conducted at a single
center, and the sample size, which allows for generating hypotheses, but not for drawing definitive
conclusions regarding risk factors and mortality. Nonetheless, it is important to highlight the
confirmed diagnosis, clear definitions used to evaluate the clinical response and microbiological
outcomes, accompanied by strict patient follow-up with microbiological confirmation through
culture, which contributes to the confirmation of the effectiveness of the study medication using
rigorous standards and outcomes in a complex scenario. On the other hand, this study did not
evaluate safety, given that we consider that both the PTZ molecule and this generic presentation have
already been approved by the Colombian regulatory agency, INVIMA and that clinical concern is
precisely focused on effectiveness.

5. Conclusions

The present study highlights the effectiveness of a generic piperacillin/tazobactam
(Penibactam®) for treating Gram-negative bacteremia. This study included a critical patient
population with significant underlying health conditions such as arterial hypertension, heart failure,
and diabetes. Despite the high average APACHE II score indicating severe disease, this study
revealed that the use of generic PTZ in a real-world clinical setting resulted in mortality and
microbiological cure rates within the expected ranges over a 28 days of follow-up period that
included both microbiological and clinical monitoring. These results are promising, especially
considering the challenges in treating such infections and the need for cost-saving and accessible
therapeutic options in clinical practice.
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