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Abstract
Drug-induced thrombocytopenia (DITP) has been described as a sudden and severe hematologic complication of pipera-
cillin/tazobactam. The proposed mechanism by which piperacillin/tazobactam causes DITP involves the formation of a 
covalent bond to platelet membrane protein thereby inducing a humoral immune response. Given the immunogenic nature 
of this adverse event and the structural similarities across beta-lactam antibiotics, the potential for cross-reactivity between 
agents within the class should be considered. However, the structural moiety of piperacillin/tazobactam responsible for this 
immunogenic response has not been identified—the relationship between structure and activity for this phenomenon remains 
unknown. Data on the safety and cross-reactivity of other beta-lactam agents in this setting is lacking. We report the first case 
of piperacillin/tazobactam DITP successfully challenged by the use of cefepime for the treatment of aspiration pneumonia. 
Further studies are needed to determine the structural moiety of piperacillin/tazobactam responsible for this immunogenic 
response and evaluate the safety of other beta-lactam antibiotics in this clinical setting.
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Highlights

• Piperacillin/tazobactam drug-induced thrombocytopenia 
(DITP) is immunogenic in nature.

• Data on the safety and cross-reactivity of other beta-
lactam agents in this setting is lacking.

• We report a case of piperacillin/tazobactam DITP suc-
cessfully challenged with cefepime.

• Studies are needed to assess the use of other beta-lactam 
agents and structural moiety involved.

Introduction

Thrombocytopenia is a serious hematological finding with 
a reported incidence ranging from 15–58% in intensive 
care unit (ICU) patients [1]. A platelet count nadir below 
100,000/µL and a decrease in platelet count of ≥ 30% has 
been associated with higher mortality in this patient popula-
tion [2]. Although this condition is commonly encountered 
in clinical practice, diagnosis remains a challenge. The etiol-
ogy of thrombocytopenia is often complex and multifactorial 
[3, 4].

Several medications can be implicated in the development 
of thrombocytopenia [5]. As such, drug-induced thrombo-
cytopenia (DIT) should always be considered in the initial 
evaluation. DIT is further classified based on the mechanism 
of thrombocytopenia. Medications can either decrease plate-
let production secondary to myelosuppression or accelerate 
platelet destruction via immune-mediated processes [6]. 
Although beta-lactam antibiotics may cause bone marrow 
suppression, drug-induced immune-mediated thrombocy-
topenia (DITP) is more common with this class [7–9]. In 
contrast to myelosuppression, DITP often presents earlier. 
In treatment-naïve patients, profound thrombocytopenia can 
be observed within 7–14 days [10]. However, a decline in 
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platelet count to below 5,000/µL as early as 2.5 hours post-
dose has been described in a patient with prior exposure [7].

Two mechanisms underlying piperacillin/tazobactam-
induced immune-mediated thrombocytopenia have been 
proposed [5]. Piperacillin may bind covalently to platelet 
membrane protein and form immunogenic drug-protein 
adducts thereby inducing antibody production [5]. The drug 
may also stimulate the production of pre-existing antibodies 
that develop a higher affinity to platelet membrane protein 
only in the presence of the soluble drug [5, 10–13]. Due to 
the immunogenic nature of this reaction and the structural 
similarities between beta-lactam antibiotics, cross-reactivity 
may exist between certain agents within the class. How-
ever, the safety of other beta-lactam antibiotics in patients 
with piperacillin/tazobactam DITP remains uncertain. We 
report a case of piperacillin/tazobactam-mediated immune 
thrombocytopenia, subsequently treated successfully with 
cefepime.

Case presentation

A 40-year-old woman presented with a pontine hemorrhage 
in the setting of malignant hypertension. Her medical his-
tory was significant for type 1 diabetes, and systemic lupus 
erythematosus (untreated). She had also sustained a recent 
tibial fracture, for which she was started on thromboembo-
lism prophylaxis with enoxaparin following operative fixa-
tion. Upon arrival to the emergency department, she was 
noted to have altered mental status with active vomiting and 
required intubation for airway protection. On ICU day 2, 
she was started on broad-spectrum antibiotic coverage with 
vancomycin and piperacillin/tazobactam for suspected aspi-
ration pneumonia. Her baseline complete blood count (CBC) 
revealed a hemoglobin of 11.5 g/dL, a white blood cell count 
of 13,700/µL and a platelet count of 295,000/µL. Owing to a 
low suspicion of methicillin-resistant Staphylococcus aureus 
infection, vancomycin was discontinued on ICU day 5 and 
a 7-day treatment course was completed with piperacillin/
tazobactam.

On ICU day 9, the patient was liberated from mechani-
cal ventilation but subsequently aspirated and required re-
intubation two days later. In light of her acute pulmonary 
deterioration, fever, rising leukocytosis, and computed 
tomography (CT) of the chest consistent with pneumonia, 
vancomycin and piperacillin/tazobactam were resumed. The 
platelet count was 455,000/µL prior to the first dose of anti-
biotics. Her medication regimen had otherwise remained 
unchanged. On ICU day 11, a CBC obtained two hours after 
re-exposure to piperacillin/tazobactam revealed a platelet 
nadir of < 2,000/µL and a hemoglobin of 6.7 g/dL. She was 
noted to have an increase in bleeding from her oropharynx 
and ventilator circuit. Furthermore, a repeat head CT showed 

an interval increase in pontine hemorrhage. The patient sub-
sequently received one additional dose of piperacillin/tazo-
bactam before the medication was discontinued.

Given the timing and rate of decrease in platelet count, a 
diagnosis of piperacillin/tazobactam DITP was made. After 
hematology consultation, she was transfused two units of 
packed red blood cells on ICU day 12. Treatment with dex-
amethasone and intravenous immunoglobulin (IVIG) was 
started and her antibiotic regimen was changed to cefepime 
and metronidazole. She was placed back on subcutaneous 
heparin and acetaminophen. Her platelet count remained 
undetectable until 45 hours after the last dose of piperacil-
lin/tazobactam and continued to recover thereafter (Fig. 1). 
She was subsequently treated for aspiration pneumonia with 
a  7-day course of cefepime without complications.

On ICU day 17, blood samples were sent to the Blood 
Center of Wisconsin for the detection of drug-dependent 
platelet-reactive antibodies to piperacillin/tazobactam using 
immunofluorescence by flow cytometry. However, per the 
platelet and neutrophil immunology laboratory at the Blood 
Center of Wisconsin, the 6-day delay between the last dose 
of piperacillin/tazobactam and blood sample collection 
resulted in failure to detect the presence of piperacillin-
dependent platelet-reactive antibodies. Other factors that 
may have reduced the likelihood of detection included the 
administration of immunoglobulin and corticosteroids. As 
such, these results could not be used to rule out a diagnosis 
of DITP.

Discussion

Thrombocytopenia is a common hematological finding in 
critically ill patients [1, 14], with several pre-existing condi-
tions and exogenous factors as potential causes [3, 4]. The 
effect of beta-lactam antibiotics on blood components has 
been described in the literature [13], with thrombocytopenia 
noted as one of their potential adverse sequelae [13].

DITP has been described as a sudden and severe hemato-
logic complication of piperacillin/tazobactam [15–17]. The 
difficulty in determining which moiety of the medication’s 
chemical structure is responsible for the immune response 
further complicates our ability to ascertain the risk of cross-
reactivity between other beta-lactam antibiotics.

To date, four reports have described the use of carbapen-
ems in patients with piperacillin/tazobactam DITP [8, 9, 11, 
17]. Only one case reports the substitution of piperacillin/
tazobactam with a different cephalosporin, cefoperazone, in 
this clinical setting [11]. The case of our patient is unique 
as it describes the use of cefepime for the treatment of aspi-
ration pneumonia in a patient with piperacillin/tazobactam 
DITP.
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The rate of platelet decline, absolute platelet count, and 
timing between critical platelet count drop and administra-
tion of piperacillin/tazobactam in the present case fits most 
closely with immune-mediated platelet destruction, as seen 
in DITP [5]. A platelet nadir of < 2,000/µL was observed on 
ICU day 11, two hours after piperacillin/tazobactam was 
reintroduced, and after the patient had completed a 7-day 
treatment course (ICU day 2–8). The platelet count recov-
ered after the medication was discontinued.

Diagnosis of DITP secondary to piperacillin/tazobactam 
was further supported by the Naranjo Adverse Event Prob-
ability Scale [18]. Points were given for the existence of 
previous conclusive reports on this reaction (+1), the reac-
tion improving when the medication was discontinued (+1) 
and the adverse event occurring after the suspected drug was 
administered (+2). The total score of four points catego-
rizes this clinical outcome as a ‘possible’ adverse reaction 
to piperacillin/tazobactam.

Since thrombocytopenia is often multifactorial, other 
potential etiologies were investigated. Given the patient’s 
past medical history of lupus erythematous, we examined 
immune thrombocytopenia purpura (ITP), splenomegaly, 
and platelet consumption in the setting of a thrombotic 
microangiopathic process as potential causes. As the 
patient’s thrombocytopenia coincided with anemia and her 
platelet count varied considerably in the presence of con-
current illnesses and treatments, clinical suspicion for ITP 
was low. The absence of schistocytes on blood smear and 

a normal total bilirubin (0.5 mg/dL) led to the exclusion 
of microangiopathic processes. Although critical illness is 
a significant risk factor for thrombocytopenia, coagulation 
factors on ICU day 12 did not fit the classic diagnostic pro-
file of disseminated intravascular coagulation (prothrombin 
time = 14.5 s, activated partial thromboplastin time = 33 s, 
fibrinogen = 594 mg/dL). Lastly, splenic sequestration was 
deemed unlikely as CT imaging of the abdomen/pelvis did 
not reveal splenomegaly.

Other concurrent medications implicated as potential 
triggers of DIT were also examined. Although heparin can 
be associated with low platelet count, a low pretest clini-
cal probability score  (4T score) of one to two, a negative 
antiplatelet 4/heparin enzyme-linked immunosorbent assay 
(Optical density = 0.494) and a negative serotonin assay 
ruled out heparin-induced thrombocytopenia (HIT) [14]. 
Furthermore, subcutaneous heparin was later resumed with-
out complications and the degree of platelet drop did not fit 
the typical presentation of heparin-induced thrombocytope-
nia. Other medications that have previously been described 
as potential causes of thrombocytopenia and administered 
to our patient include vancomycin, metronidazole, acetami-
nophen, hydrochlorothiazide, fluconazole, furosemide, and 
hydralazine (Fig. 1) [19]. However, administration of those 
medications (except vancomycin) was resumed shortly after 
the platelet count nadir occurred and continued as the plate-
let count simultaneously recovered (Fig. 1). Although van-
comycin was discontinued on ICU day 12, a sub-therapeutic 

Fig. 1  Depiction of the patient’s time course of thrombocytopenia and exposure to potential medication causes
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level remained during platelet recovery, as evidenced by a 
random vancomycin level of 5.1 mg/L on ICU day 16. As 
vancomycin-induced thrombocytopenia has previously been 
reported at such levels, vancomycin DITP was also ruled 
out [20].

In conclusion, we report the first case of piperacillin/tazo-
bactam DITP successfully challenged by the use of cefepime 
for the treatment of aspiration pneumonia. In light of the 
immunogenic nature of this adverse event and the structural 
similarities between beta-lactam antibiotics, the potential 
for cross-reactivity between agents within that class should 
be considered. Further studies are needed to determine the 
structural moiety of piperacillin/tazobactam responsible for 
this immunogenic response and evaluate the safety of other 
beta-lactam antibiotics in this clinical setting. Particular 
emphasis should be placed on the role of chemical structure 
in determining the risk of DITP between beta-lactam agents.
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