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ABSTRACT
Background: Neutropenia is an adverse effect associated with the use 
of several antibiotics, including piperacillin–tazobactam (P/T). Previous 
findings have suggested that the risk of neutropenia in children is 
significantly higher with P/T than with ticarcillin–clavulanate.

Objectives: To compare the risk of neutropenia associated with P/T and 
with cefazolin in an adult population and to describe the characteristics 
of neutropenia episodes observed. 

Methods: This descriptive retrospective study involved patients aged 
18 years or older who received a minimum of 10 days of treatment 
with P/T or cefazolin between January 2009 and December 2013. 
Patients who experienced neutropenia (absolute neutrophil count 
< 1.5 × 109/L) were compared, using univariate and multivariate logistic 
regression models, between those who received P/T and those who 
received cefazolin.

Results: A total of 207 patients were included (104 who received P/T 
and 103 who received cefazolin). Ten episodes of neutropenia were 
observed, 5 with each antibiotic (4.8% and 4.9%, respectively; odds 
ratio 0.99, 95% confidence interval 0.278–3.527). The mean cumulative 
dose of piperacillin was 290.4 g among patients who experienced 
neutropenia and 247.0 g among all patients treated with P/T, and the 
mean treatment duration was 24.0 days and 21.0 days, respectively. The 
average time before the onset of neutropenia was slightly longer with 
P/T than with cefazolin (22.0 versus 17.2 days, p = 0.38). 

Conclusions: Although these results require confirmation in a larger 
clinical trial (to lessen possible attribution bias), the risk of neutropenia 
appeared to be similar between P/T and cefazolin.
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RÉSUMÉ 
Contexte : La neutropénie est un effet indésirable associé à l’utilisation 
de plusieurs antibiotiques, dont la pipéracilline-tazobactam (P/T). Des 
données récentes indiquent que le risque de neutropénie chez les 
enfants est significativement plus élevé avec la P/T qu’avec l’association 
ticarcilline-clavulanate.

Objectifs : Comparer le risque de neutropénie associé à la P/T et à la 
céfazoline chez une population adulte et décrire les caractéristiques des 
épisodes de neutropénie observés.

Méthodes : Cette étude rétrospective descriptive impliquait des patients 
âgés d’au moins 18 ans ayant reçu un traitement d’au moins 10 jours par 
P/T ou céfazoline entre janvier 2009 et décembre 2013. Les patients ayant 
présenté une neutropénie (nombre absolu de neutrophiles < 1,5 × 109/L) 
ont été comparés, à l’aide de modèles de régression logistique univariée 
et multivariée, entre ceux qui ont reçu de la P/T et ceux qui ont reçu de 
la céfazoline.

Résultats : Au total, 207 patients ont été inclus (104 ayant reçu de la P/T 
et 103 ayant reçu de la céfazoline). Dix épisodes de neutropénie ont été 
observés, 5 avec chaque antibiotique (4,8 % et 4,9 %, respectivement; 
rapport des cotes 0,99; intervalle de confiance à 95 % 0,278-3,527). La 
dose cumulée moyenne de pipéracilline était de 290,4 g chez les patients 
ayant présenté une neutropénie et de 247,0 g chez tous les patients traités 
par P/T. La durée moyenne du traitement était de 24,0 jours et 21,0 jours, 
respectivement. Le délai moyen avant l’apparition de la neutropénie 
était légèrement plus long avec la P/T qu’avec la céfazoline (22,0 contre 
17,2 jours, p = 0,38).

Conclusions : Bien que ces résultats nécessitent une confirmation dans 
un essai clinique de plus grande envergure (afin de réduire d’éventuels 
biais d’attribution), le risque de neutropénie semble être similaire chez 
les personnes ayant reçu de la P/T et ceux ayant reçu de la céfazoline.

Mots-clés : neutropénie, pipéracilline-tazobactam, céfazoline

INTRODUCTION

Hematologic toxic effects are well-known side effects of 
several drugs, including multiple classes of antimicrobials. 
β-Lactam antibiotics are particularly implicated and are 
among the most commonly used antimicrobials known to 

cause agranulocytosis.1,2 The pathophysiology of β-lactam–
associated neutropenia remains poorly defined and only a 
few case reports and literature reviews have been published 
on the subject; notably, no randomized studies regarding the 
risk of neutropenia secondary to piperacillin–tazobactam 
(P/T) relative to other antibiotics have been published.3-6 
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Antibiotic-associated neutropenia is characterized by a 
decline, either sudden or gradual, in circulating neutro-
phils. There is no consensual definition for drug-induced 
neutropenia, but it has been previously defined as an abso-
lute neutrophil count below 1.0 or 2.0 × 109/L for β-lactam 
antibiotics.6-9 Among other factors, increasing cumulative 
exposure to β-lactams has been linked to increases in the 
occurrence of neutropenia.3,6 

An initial study conducted in our centre in 2012 estab-
lished that there was a significantly higher risk of neutro-
penia among children who received P/T than among those 
who received ticarcillin–clavulanate.10 We wanted to con-
firm whether the higher risk of P/T-associated neutropenia 
was also present for adults. When we started the current 
study (with data collection beginning in 2009), ticarcillin– 
clavulanate was unavailable (on long-term back order). 
Since then, in 2015, the sole manufacturer of ticarcillin–
clavulanate ceased production in North America. As such, 
for the adult study, we could not use the same compara-
tor drug as was used in the pediatric study.10 In terms of 
a substitute comparator, few β-lactam antibiotics are used 
on a regular basis, for relatively long periods, at daily doses 
comparable to those of piperacillin. Cloxacillin would be 
one example, as it is typically used in amounts between 
8 and 12 g daily; however, it was seldom used in our cen-
tre. We therefore selected cefazolin, a parenteral β-lactam 
that is often used on a long-term basis, as the comparator, 
although the usual daily doses were predictably lower with 
cefazolin (6 g/day) than with P/T (12 g/day). 

The primary objective of this study was to compare the 
proportions of cases of neutropenia observed during treat-
ment with P/T or cefazolin in adult patients. The secondary 
objectives were to compare the following variables in the 
2 groups: duration of antibiotic therapy before occurrence 
of neutropenia, cumulative dose of each antibiotic, presence 
of confounding variables (age, sex, concurrent drug use), 
duration of neutropenia, and neutrophil recovery time.

METHODS

This retrospective cohort study was conducted in a uni-
versity teaching medical centre in Quebec City, Quebec. 
Cefazolin was chosen as the comparator drug for practical 
reasons, as outlined in the Introduction. Like P/T, this drug 
is widely used in practice for infections requiring prolonged 
courses of treatment in adults. 

The medical records of patients 18 years of age or older 
who had received at least 10 days of treatment with P/T or 
cefazolin between January 2, 2009, and December 3, 2013, 
were reviewed. The minimum of 10 days of exposure was 
selected because the time to onset of neutropenia associ-
ated with β-lactam antibiotics was previously estimated 
at 10–15  days.3,9-11 Potential participants were identified 
through a list of patients who received P/T or cefazolin, 

generated by the hospital pharmacy software. Patients were 
excluded if other antimicrobials had been administered in 
the week preceding prescription of P/T or cefazolin. Also 
excluded were patients with immunosuppression, those 
undergoing treatment for active malignancy (according to the 
list of antineoplastic drugs shown in Appendix 1, available at 
https://www.cjhp-online.ca/index.php/cjhp/issue/view/209), 
HIV infection, neutropenia at the start of treatment with P/T 
or cefazolin, or congenital abnormalities associated with the 
development of neutropenia. Patients treated concomitantly 
with drugs known to cause neutropenia (see Appendix  2, 
available at https://www.cjhp-online.ca/index.php/cjhp/issue 
/view/209), such as carbamazepine or antithyroid drugs, 
were not excluded, but the concomitant use of these drugs 
was taken into account in the analyses.2,11,12 

Episodes of neutropenia were defined by the first value 
of absolute neutrophil count less than 1.5 × 109/L observed 
after initiation of P/T or cefazolin until the end of the stud-
ied episode of care. The time to recovery was defined by 
the date when absolute neutrophil count greater than 1.5 × 
109/L was first reported following the original decline. 

Quantitative variables are reported as means with 
standard deviations (SDs) or medians with interquartile 
ranges and ranges, and qualitative variables are reported 
as frequencies with percentages. Bivariate analyses were 
performed using Wilcoxon Mann–Whitney tests, Student 
t  tests after normality verification, and χ2 or Fisher exact 
tests as appropriate. Crude and adjusted odds ratios (ORs) 
were estimated by univariate and multivariate logistic 
regression models. The goodness of fit of the logistic models 
was checked by the Hosmer and Lemeshow test. All sta-
tistical analyses were performed using SPSS 24 statistics 
software (IBM Corporation) and SAS 9.4 statistics software 
(SAS Institute) with 2-sided significance level set at p < 0.05. 

This study was approved by the clinical research eth-
ics review board of the CHU de Québec – Université Laval 
(approval number GU14-166 AQUEM 2013-11).

RESULTS

A total of 583 medical records were identified in which P/T 
or cefazolin was documented as the first antibiotic admin-
istered. A total of 207 records met the inclusion criteria 
and were included in the analysis. The primary reasons 
for exclusion of the remaining 376 records were treatment 
duration less than 10 days and unavailability of the med-
ical record at the time of data collection (n = 237, 63.0%), 
administration of another antibiotic within the 7 days pre-
ceding the prescription of P/T or cefazolin (n = 102, 27.1%), 
use of immunosuppressive drugs (n = 16, 4.3%; see Appen-
dix 3, available at https://www.cjhp-online.ca/index.php/
cjhp/issue/view/209, for a list of the immunosuppressive 
drugs used for these exclusions), and neoplasia or active 
chemotherapy (n = 21, 5.6%).

https://www.cjhp-online.ca/index.php/cjhp/issue/view/209
https://www.cjhp-online.ca/index.php/cjhp/issue/view/209
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Among the 207 patients who met the inclusion criteria, 
104 (50.2%) were in the P/T group and 103 (49.8%) in the 
cefazolin group. Table 1 summarizes patients’ character-
istics according to the antibiotic received. Patients in the 
P/T group were older and there was a lower proportion of 
men relative to the cefazolin group (p = 0.001 for both). 
In addition, patients in the P/T group had, on average, a 
higher baseline neutrophil count (10.5 × 109/L versus 7.6 × 
109/L, respectively; p < 0.001) and shorter duration of treat-
ment (median 17 versus 20 days, respectively; p = 0.058). 
The mean cumulative dose in the P/T group was 247.0 
(SD  145.0) g. Cefazolin was given primarily for skin and 
skin structure infections and for bone and joint infections 
(n = 84/103, 81.6%). P/T was given for a greater variety of 
indications (Table 1). 

Ten episodes of neutropenia were observed, 5 in 
each group (4.8% in the P/T group, 4.9% in the cefazolin 
group). The unadjusted logistic regression model showed 
no difference in the risk of neutropenia, whether patients 
received P/T or cefazolin (OR 0.99, 95% confidence interval 

0.278–3.527; p = 0.99). This difference remained statis-
tically nonsignificant after adjustment for age, sex, baseline 
neutrophil count, and presence of concomitant treatments. 
However, the 10 patients who experienced neutropenia 
were younger than those without neutropenia (mean age 49 
[SD 14] years, range 33–74 years, versus 60 [SD 17] years, 
range 21–94 years; p = 0.042). 

Table 2 summarizes the characteristics of the patients 
who experienced neutropenia. The neutropenia occurred in 
the P/T group after a mean cumulative dose of 290.4 g, which 
was slightly higher than the average dose administered in 
this group as a whole (247.0 g), but the difference was not 
statistically significant. The mean cumulative dose recorded 
for cefazolin among patients who experienced neutropenia 
was 145.2 g, less than the mean cumulative dose of P/T for 
patients with neutropenia (290.4 g), but similar to the mean 
dose within the cefazolin group overall (149.0 g). 

The mean time to onset of neutropenia and the 
neutrophil baseline value were slightly higher in the 
P/T group than in the cefazolin group, although these 

TABLE 1. Patient Characteristics

Study Group; No. (%) of Patientsa

Characteristic Piperacillin–Tazobactam (n = 104) Cefazolin (n = 103) p Valueb

Age (years) (mean ± SD) 63.0 ± 16.8 55.0 ± 15.8 0.001

Sex (male )  44 (42.3)  68 (66.0) 0.001

Initial ANC (× 109/L) (mean ± SD) 10.5 ± 5.5 7.6 ± 3.9 < 0.001

Cumulative dosec (g) (mean ± SD) 247.0 ± 145.0 149.0 ± 83.3 < 0.001

Treatment duration (days)
Mean ± SD 21.0 ± 14.2 23.0 ± 10.8 0.39
Median (IQR) 17.0 (13.5–24.5) 20.0 (15.0–29.0) 0.058

Occurrence of neutropenia  5 (4.8)  5 (4.9) > 0.99

Concomitant treatment
Phenytoin  1 (1.0) 0
Corticosteroids  3 (2.9)  5 (4.9)
Cotrimoxazole  1 (1.0) 0
Sulfasalazine 0  1 (1.0)
Clozapine  2 (1.9) 0
β-Lactam drugsd  3 (2.9)  5 (4.9)

Indicatione

SSS, bone, or joint infection  22 (21.2)  84 (81.6)
Intra-abdominal infection  48 (46.2) 0
Pulmonary infection  8 (7.7) 0
Urinary tract infection  2 (1.9) 0
ENT infection  1 (1.0)  2 (1.9)
Other  24 (23.1)  17 (16.5)

ANC = absolute neutrophil count; ENT = ear, nose, and throat; IQR = interquartile range; SD = standard deviation; SSS = skin and skin structure.
aExcept where indicated otherwise.
bStatistical significance defined as p ≤ 0.05.
cExpressed as grams of piperacillin content. 
dβ-Lactam drugs other than piperacillin–tazobactam or cefazolin that should be administered after treatment initiation with cefazolin or piperacillin–tazobactam.
eA patient could have been treated for more than one indication.
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differences were not statistically significant (time to onset 
22.0 days versus 17.2 days, respectively, p = 0.38; 11.8 × 109/L 
versus 7.0 × 109/L, respectively, p = 0.16). The neutrophil 
nadir was similar for the 2 antibiotics (1.1 × 109/L in the 
P/T group and 1.2 × 109/L in the cefazolin group; p = 0.49). 
Finally, the mean time for the bone marrow to recover after 
the antibiotics were stopped was twice as long in the cefazo-
lin group as in the P/T group (8.6 days versus 4.0 days, 
respectively; p = 0.20); the absence of statistical significance 
may have been related to the small sample sizes. 

DISCUSSION

In this study, the prevalence of neutropenia was similar 
between patients who received P/T and those who received 
cefazolin (4.8% and 4.9%, respectively), which suggests 
that the risk of this adverse effect was also similar in the 
2 groups. In 2 small studies published in the 1990s, the 

prevalence of neutropenia induced by P/T was between 1% 
and 4%, similar to the prevalence observed in the present 
study.13,14 A systematic review of case reports, retrospective 
cohort studies, and clinical trials describing neutropenia 
associated with piperacillin and P/T was published in 
2007.6 This review showed that the prevalence of neutro-
penia associated with piperacillin or P/T was less than 1%, 
but the authors stated that the true prevalence of piperacil-
lin- or P/T-associated neutropenia was unknown.6 Simi-
larly, the prevalence of cefazolin-associated neutropenia 
is not well defined and is mostly based on observational 
cohort studies. The prevalence of neutropenia in patients 
treated with cefazolin has been reported between 1.3% and 
3.3%, which is slightly lower than what we observed.15-18 
Table 3 summarizes the results of previous studies describ-
ing neutropenia associated with P/T and cefazolin.

The criteria for defining neutropenia strongly influence 
the reported rates of β-lactam–associated neutropenia. For 

TABLE 2. Characteristics of Episodes of Neutropenia (n = 10 Patients)

Case No. Sex
Age

(years)
Indication for 

Antibiotic

Treatment 
Duration 

(days)

Cumulative
Dosea

(g)
Time to 

Onset (days)
Initial ANC  
(× 109/L)

Nadir of 
Neutrophils

(× 109/L)

Recovery 
Timeb 
(days)

Piperacillin–tazobactam

1 M 50 Wound infection 19 228 19 14.2 1.4 NA

2 F 36 Suppurated 
adenopathy

18 216 18 11.1 0.9 2

3 F 33 Intra-abdominal 
infection

41 492 33 5.7 0.9 7

4 F 74 Abscess 21 252 20 19.9 1.0 4

5 F 60 Diverticulitis 
and abscess

22 264 20 8.0 1.1 3

Mean ± SDc 20% M 50.6 ± 17.0 NA 24.2 ± 9.5 290.4 ± 114.2 22.0 ± 6.2 11.8 ± 5.6 1.1 ± 0.2 4.0 ± 2.1

Cefazolin

6 F 63 Ear chondritis 26 156 26 3.1 1.4 10

7 M 55 Cellulitis 26 156 19 9.5 1.3 4

8 M 41 Prosthetic 
material infection

27 162 26 8.5 0.8 1

9 F 45 Cellulitis 12 72 12 2.2 1.1 16

10 F 33 Necrotizing 
fasciitis

30 180   3 11.6 1.4 12

Mean ± SDc 40% M 47.4 ± 11.8 NA 24.2 ± 7.0 145.2 ± 42.0 17.2 ± 9.8 7.0 ± 4.0 1.2 ± 0.3 8.6 ± 6.0

p valued > 0.99 0.74 > 0.99 – 0.38 0.16 0.49 0.20

ANC = absolute neutrophil count, F = female, NA = not available or not applicable, M = male, SD = standard deviation.
aCumulative dose of the antibiotic at the time when criteria for neutropenia were met.
bBone marrow recovery time, defined as the time to achieve ANC > 1.0 × 109/L.
cExcept where indicated otherwise.
dFor comparison between P/T and CFZ groups.
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instance, Scheetz and others6 defined neutropenia as abso-
lute neutrophil count less than 0.5 × 109/L, which is much 
more stringent than the definitions used by other authors 
(e.g., ≤ 2.0 × 109/L).8,13 The use of this criterion may have 
led Scheetz and others6 to underestimate the rate of neutro-
penia. We deliberately selected a cut-off of 1.5 × 109/L, half-
way between the definition often used in clinical practice 
(1.0 × 109/L ) and the definition selected in most studies 
(2.0 × 109/L).8,13 When we performed the same statistical 
analyses with a different definition of neutropenia (absolute 
neutrophil count < 1.0 × 109/L), the prevalence of antibiotic- 
associated neutropenia with the 2 antibiotics was predict-
ably lower, but still not significantly different (1.9% [2/104] 
for P/T versus 1.0% [1/103] for cefazolin). Similar results 
were obtained when neutropenia was defined as an abso-
lute neutrophil count below 2.0 × 109/L (7.7% [8/104] for P/T 
versus 5.8% [6/103] for cefazolin). 

Increased cumulative exposure to β-lactams has been 
linked to increases in the occurrence of neutropenia. A 
retrospective cohort study published in 2003 reported the 
occurrence of neutropenia at a threshold cumulative dose 
of P/T between 204 and 612 g.8 Patients treated with piper-
acillin who experienced neutropenia received an average 
cumulative dose of 330 g, whereas the average cumulative 
dose was lower, at 237 g, in the non-neutropenic group. In 
that previous study, neutropenia was defined by a neutrophil 
count of 2.0 × 109/L or less. In our study, the cumulative 

dose of P/T was only slightly higher among patients who 
experienced neutropenia than among those who did not 
experience neutropenia (290.4 g versus 244.8 g; difference 
not significant). This value is similar to the cumulative dose 
(284 g) described for an episode of neutropenia associated 
with the use of piperacillin in a young man after 21 days of 
treatment.19 Unsurprisingly, the cumulative dose of cefazo-
lin was lower than that of P/T, which reflects the respective 
dosing schedules of these medications. 

The defined daily dose (DDD) represents another way 
to appreciate the magnitude of antibiotic use. The DDD, a 
benchmarking tool developed by the World Health Organ-
ization (www.whocc.no), represents the assumed average 
daily maintenance dose for a drug when used for its main 
indication in adults. However, the DDD does not always 
reflect precisely the recommended or prescribed daily 
dose. For instance, the DDD for cefazolin is 3 g, whereas in 
our institution cefazolin is seldom prescribed at less than 
6 g/day. Conversely, the DDD for piperacillin is 14 g, which 
reflects more accurately its usual dosing range, between 12 
and 16 g/day. The mean amounts of antibiotic administered 
to patients who experienced neutropenia were 20.7 DDD for 
piperacillin and 48.3 DDD for cefazolin. However, if 6 g/day 
is used to represent the usual maintenance dose of cefazo-
lin, rather than 3 g/day, patients in the cefazolin group 
received an average of 24.2 DDD, which would be compar-
able to the DDD for piperacillin. To date, no clear threshold 

TABLE 3. Summary of Studies of Neutropenia Associated with Piperacillin–Tazobactam and Cefazolin in Adults

Reference, Grouped by 
Antibiotic Study Design

No. of 
Patients

Definition of 
Neutropenia

(× 109/L)

Mean 
Cumulative 
Dose (g)a

Delay to Onset 
of Neutropenia 

(days)

Prevalence of 
Neutropenia 

(%)

Piperacillin–tazobactam (P/T)

Peralta et al. (2003)8 Case series 43 2.0 330 26.8 34

Uzun et al. (2013)3 Case report 1 0.5 204 17.0 NR

Lang et al. (1991)13 Case series 6 2.0 144–750 16.0 33

Ruiz-Irastorza et al. (1996)14 Case report 1 0.5 240 17.0 NR

Current study Retrospective analysis 104
(P/T group)

1.5 290 22.0 4.8

Cefazolin (CFZ)

Youngster et al. (2014)16 Retrospective cohort study 119 1.0 NR NS 3.3

Turner et al. (2018)17 Retrospective cohort study 180 1.5 204 20b 2.7

Smith (1982)18 Prospective study 149 NR NR NR 1.3

Lee et al. (2015)15 Retrospective cohort study 38 1.5 NR NR 2.6

Current study Retrospective analysis 103
(CFZ group)

1.5 145 17.2 4.9

NR = not reported.
aExpressed as grams of piperacillin content.
bMedian value.
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cumulative dose leading to neutropenia has been identified 
for β-lactam antibiotics, and to our knowledge no study has 
examined this issue from the perspective of DDDs. 

Ceftaroline, a fourth-generation cephalosporin active 
against methicillin-resistant Staphylococcus aureus, has 
recently been associated with an increased risk of neutro-
penia, relative to other commonly used antistaphylococcal 
antibiotics, such as cefazolin, nafcillin, and vancomycin.17 
In that cohort study, cumulative dose and duration of 
exposure were not significant predictors of neutropenia, 
whereas age, baseline absolute neutrophil count, presence 
of a bone and joint infection, and use of ceftaroline were 
significantly associated with neutropenia.17

Neutropenia is an uncommon side effect of β-lactam 
therapy and usually requires more than 10 days of expos-
ure to the antibiotic.1,6,16 In our study, the time to onset of 
neutropenia observed in the P/T group (mean 22.0 days, 
median 20 days, IQR 19–20 days) was slightly longer than 
values previously reported.3,15 For cefazolin, the observed 
time to onset was shorter (mean 17.2 days, median 19 days, 
IQR 12–26 days) and similar to the value reported in a 
retrospective cohort study.17 The bone marrow recovery 
time after β-lactam–induced neutropenia is reported to be 
about 7 days,3,4,6,8,9,19 and Peralta and others8 reported an 
average recovery time of 3.8 days. This is in line with our 
observations for the P/T group (bone marrow recovery after 
a mean of 4.0 [SD 2.1] days). Mean bone marrow recovery 
time was longer for cefazolin (8.6 [SD 6.0] days), although 
the difference was not statistically significant (p = 0.20). 

Two mechanisms have been proposed to explain 
β-lactam–associated neutropenia. The first suggests an 
immunological phenomenon as the cause of the decrease in 
neutrophils. Circulating immunoglobulin G (IgG) directed 
against neutrophils was found in several patients who had been 
exposed to β-lactams and P/T.9 The IgG reacts with granulo-
cytes and platelets.6,18,19 Such an immunological hypothesis 
could explain in part the fact that “cross-neutropenia” is pos-
sible between β-lactam antibiotics.19,20 The second hypoth-
esis concerns a direct toxic effect of the antibiotic on the bone 
marrow, thereby hindering granulopoiesis.19,20 

The diversity in the infectious diseases observed in 
our study reflects the clinical usefulness and spectrum of 
antibacterial activity of both P/T and cefazolin. As might 
be expected, cefazolin was used mainly for treatment of 
skin, skin structure, and osteo-articular infections, whereas 
P/T, which displays a broader antibacterial spectrum, was 
used for a greater variety of situations, particularly for 
polymicrobial infections. However, the types of infections 
for which the patients were treated were so varied that we 
were unable to establish any association with the outcome 
(Table 2). Some potential confounding factors such as age, 
sex, and initial absolute neutrophil count were significantly 
different between the 2 groups. Therefore, we fitted a multi-
variate model with adjustment for these factors. However, 

the results of adjusted and crude models evaluating neutro-
penia in both the P/T and cefazolin groups were very similar.

Our study had some limitations, mainly because of 
the retrospective nature of the study design. In particular, 
the data were dependent on the time when white blood cell 
count was determined, which varied greatly depending on 
the length of stay and whether the treatment was admin-
istered on an outpatient basis. This limitation has a poten-
tial influence on the estimation of time to recovery from 
neutropenia. Finally, the small sample size limited the 
possibility of detecting a meaningful difference in the risk 
of neutropenia between the 2 antibiotics.

CONCLUSION
The results of this study suggest a comparable risk of 
neutropenia after 10 days of treatment with P/T or cefazo-
lin. The risk observed here was lower than that reported in 
the literature, at least for an adult population. Neutropenia 
associated with β-lactam antibiotics remains a poorly docu-
mented adverse effect. Further studies are needed to better 
establish the individual risk for each antibiotic, as well as 
other contributing factors, such as the cumulative dose.
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