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Abstract

A case of post-operative agranulocytosis which occurred in a 66-year-old woman following 
surgery for endometrial carcinoma is reported. The agranulocytosis had a rapid onset, being 
detected on the fi rst post-operative day. The causative agent, cefazolin was given to the patient 
intraoperatively. The agranulocytosis persisted until the 22nd postoperative day. A bone marrow 
biopsy performed on post-operative day four showed a left-shifted myeloid maturation pattern 
but not a maturation arrest. The pathogenesis of drug-induced neutropenia/agranulocytosis is 
discussed. It is postulated that reversible binding of cefazolin to albumin accounts for the prolonged 
duration of agranulocytosis.
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Introduction
Drug-induced neutropenia/agranulocytosis is a well-

recognized phenomenon [1-4]. The cephalosporin class of 
drugs is a group of drugs that are frequently implicated as 
the causative agent of neutropenia/agranulocytosis [5-7]. In 
most cases, there is a prolonged period of drug exposure prior 
to developing neutropenia, with an average time reported 
between 1 and 6 months [2-4]. This prolonged length of 
exposure is consistent with the need for a hypersensitivity 
type reaction to the drug to evolve. Although some have 
suggested that toxic effects on the bone marrow with 
maturation arrest may contribute to the pathogenesis of the 
neutropenia [7], most evidence is consistent with antibody-
mediated immune pathogenesis [4]. Like the pathogenesis 
of penicillin-mediated neutropenia [8], the pathogenesis 
of cephalosporin-associated neutropenia is thought to be 
secondary to the presence of drug-dependent anti-neutrophil 
antibodies [6,9]. The duration of drug-induced neutropenia 
has been reported to be an average of 8 days with a range 
of 4-24 days [1]. The half-lives of the drugs implicated in the 
pathogenesis of neutropenia/agranulocytosis have half-lives 
of much shorter duration compared to the reported lengths 
of the duration of prolonged neutropenia/agranulocytosis 
with drug half-lives in the range of hours and not days. The 
dilemma of how a drug-dependent antibody reaction could 
persist for up to 24 days has not been addressed.

Case report
A 66-year-old woman presented with vaginal bleeding. 

A subsequent endometrial curettage demonstrated a FIGO 
grade 1 endometrial adenocarcinoma. The patient was 
scheduled for a robotic-assisted laparoscopic hysterectomy 
with bilateral salpingo-oophorectomy with sentinel lymph 
node biopsies. A pre-operative complete blood count showed 
a white blood cell count of 6.8 K/uL with 64% neutrophils 
and an absolute neutrophil count of 4.3 K/uL. The operation 
was uneventful and the pathologic ϐindings showed an 
endometrial adenocarcinoma, FIGO grade 1 with no evidence 
of myometrial invasion. Right and left pelvic sentinel lymph 
node biopsies were negative for metastatic carcinoma.

On the ϐirst postoperative day, the patient developed 
a fever. A complete blood count showed a white blood cell 
count of 1.93 K/uL with 0% neutrophils. The review of 
intraoperative medications revealed an intravenous injection 
of 2 g cefazolin during the operation. 

Other medications administered during the operation 
included fentanyl, midazolam, propofol, succinylcholine, 
rocuronium, phenylephrine, glycopyrrolate, neostigmine, 
metoclopramide, dexamethasone, and ondansetron. Of 
all medications administered, cefazolin was the one most 
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clearly associated with neutropenia and agranulocytosis. 
The complete blood count documenting agranulocytosis was 
taken exactly 34 hours after the intravenous administration 
of the drug cefazolin.

The patient was treated with vancomycin and cefepime. 
The patient was also administered a 7-day course of the 
granulocyte colony-stimulating factor granix at 480 mg 
per day. The patient had a bone marrow biopsy performed 
4 days after her operation. The bone marrow biopsy with 
ϐlow cytometry demonstrated marrow cellularity of an 
estimated 50%. The myeloid:erythroid ratio was estimated at 
2:1. A markedly left-shifted myeloid maturation pattern was 
noted on the cell count (Table 1) and by ϐlow cytometry. Flow 
cytometry also demonstrated a mild mature monocytosis 
(20%) and eosinophilia (11%). Cytogenetic studies and 
myelodysplasia FISH studies were normal. Bone marrow 
biopsy ϐindings are demonstrated in Figure 1.

The patient was monitored closely with complete blood 
counts and a prolonged period of agranulocytosis was 
documented. On postoperative day 21, the white blood cell 
count was 3.65 K/uL with 0% neutrophils. However, on a 
post-operative day, 22 white blood cell count was 5.27 K/uL 

with 32% neutrophils and an absolute neutrophil count of 
1.81 K/uL. Post-operative day 24 white blood cell count was 
7.74 K/uL with 50% neutrophils and an absolute neutrophil 
count of 3.83 K/uL. The clinical course of the agranulocytosis 
is summarized in Table 2. During this prolonged period 
of agranulocytosis, the patient had intermittent fevers 
which were treated with a variety of antibiotics including 
vancomycin, cefepime, minocycline, and Levaquin. The 
patient was receiving cefepime at the time her neutrophil 
count began rising. After the onset of the agranulocytosis, 
it was noted that the patient had had a knee replacement 
operation 35 months previously. During that operation, the 
patient also received 2 grams of intravenous cefazolin.

Discussion
Cephalosporin-associated neutropenia and agranu-

locytosis are well-known adverse reactions to these 
medications [6]. However, there are unusual features 
demonstrated by this case. In most cases of cephalosporin-
associated neutropenia, there has been an extended course 
of antibiotics. The average time of drug exposure to the 
development of neutropenia has been cited as between 1 and 
6 months [2-4]. Our patient received a single intravenous 
dose of cefazolin 35 months prior to the second dose which 
resulted in agranulocytosis. Outside of these 2 intraoperative 
intravenous infusions of cefazolin, the patient never had 
exposure to this drug. This suggests that in a susceptible 
host that a single high-dose intravenous infusion of this 
antibiotic is sufϐicient to sensitize the host to form drug-
dependent anti-neutrophil antibodies. In addition, the 
rapid onset of agranulocytosis in our patient suggests that 
these antibodies can persist for at least 35 months, as that 
is the period of time between the 2 intravenous infusions 
of cefazolin in this patient. The median time to recovery 
of neutrophil counts in cases of cephalosporin-associated 
neutropenia/agranulocytosis is reported to be in the 2-7 day 
range, although there are reports with cases extending the 
length of time to 18 days [7]. In addition, the average time 
for full recovery of neutrophil count for all drugs implicated 
in this adverse reaction has been cited as 8 days with a range 
of up to 24 days [1]. The time to recovery in the patient 
we report was clearly documented at 21 days, which is a 
prolonged recovery period, particularly given the reported 
half-live of cefazolin, the drug implicated as the cause of the 
agranulocytosis, is only 1.6 hours.

The pathogenesis of drug-induced neutropenia and 
agranulocytosis have been well investigated, however, 

Figure 1: Post-operative day 4 bone marrow aspiration and biopsy fi ndings.
A) Bone marrow aspirate with spectrum of left-shifted myeloid cells, including 
promyelocytes, myelocytes, and metamyelocytes. B) Bone marrow aspirate with 
spectrum of left-shifted myeloid cells and admixed eosinophils. (A and B: Wright 
Giemsa stain; 1,000x original magnifi cation).  C) Bone marrow core biopsy showing 
50% cellular marrow. (Hematoxylin and eosin stain; 40x original magnifi cation).  
D) Bone marrow biopsy with myeloperoxidase immunohistochemistry stain 
demonstrating granulocyte precursors. (100x original magnifi cation).

Table 1: Post-operative day 4 bone marrow aspirate 500 cell diff erential count.
Blasts: 3%

Promyelocytes: 6%
Myelocytes: 26%

Metamyelocytes: 7%
Bands/Neutrophils: 3%

Monocytes: 4%
Eosinophils: 6%.

Erythroid precursors: 25%
Lymphocytes: 16%
Plasma cells: 4%

Table 2: Clinical Course of agranulocytosis.
Peripheral blood WBC (k/uL) % Neutrophils ANC

Pre-operative 6.8 64 4.3
Post-operative day 1 1.93 0 0

Post-operative day 21 3.65 0 0
Post-operative day 22 5.27 32 1.81
Post-operative day 24 7.74 50 3.83

WBC: White Blood Cell Count; ANC: Absolute Neutrophil Count
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there has never been a clear explanation for the cases with 
a prolonged recovery time to normal circulating neutrophil 
levels. Both immunologic mechanisms leading to neutrophil 
destruction and toxic suppressive effects on the bone marrow 
have been postulated as pathogenetic mechanisms for drug-
induced neutropenia [2-4]. It has also been suggested that 
when there is delayed recovery from neutropenia that this 
may indicate marrow toxicity and maturation arrest [7]. The 
bone marrow biopsy at day 4 showed a left-shifted marrow, 
but not a complete maturation arrest, with maturation arrest 
deϐined as an arrest of maturation of the granulocytic series 
at the progranulocyte stage [2]. The marrow cellularity was 
normal to slightly hypercellular for the patient’s age (50%). 
In addition, there was not an arrest at the progranulocyte 
stage of differentiation. This supports the interpretation 
that the absence of circulating neutrophils was not due to a 
production deϐiciency.

Most of the evidence supports immunologic destruction 
of neutrophils rather than a production arrest. Early evidence 
for immune-mediated destruction of neutrophils came from 
a remarkable transfusion experiment that could not be 
repeated today. The investigators took serum from a patient 
with pyramidon (aminophenazone)-induced neutropenia 
at the nadir of the neutrophil count and transfused it into 
2 normal subjects. In these hosts the white blood cell count 
fell from 5.0 to 0.8 K/uL and 8.4 to 1.7 K/uL in the ϐirst 40 
minutes, followed by a rapid recovery at 4 hours. Control 
transfusions caused no drop in the white blood cell counts. 
Two weeks later, these 2 normal subjects took a one-week 
course of the pyramidon and there was no change in the white 
blood cell count [10]. In an investigation of penicillin-induced 
neutropenia, complement-ϐixing IgG penicillin antibodies 
reacting with granulocytes in the presence of penicillin were 
detected [8]. Additional evidence for an immune-mediated 
process includes the additional clinical features of these 
reactions. 1) There needs to be prior sensitization to the drug 
or there needs to be prolonged administration of the drug 
so that there is sufϐicient time for a hypersensitivity reaction 
to occur. 2) There is a rapid recurrence of the neutropenia 
on rechallenge with the sensitizing drug. 3) The appearance 
of eosinophilia in association with these reactions. 4) The 
association of certain HLA types with idiosyncratic drug 
reactions [4].

In our case, there was a prior intravenous administration 
of cefazolin which we believe served as the sensitizing 
event. Given the body of evidence on similar drug-induced 
neutropenia cases, we believe that a drug-dependent anti-
neutrophil antibody was responsible for the agranulocytosis. 
We believe there is an explanation for the prolonged 
recovery period. Although the half-life of cefazolin is only 
1.6 hours, this drug is known to bind to albumen [11,12]. 

Albumen has a half-life of 19 days [13]. However, the binding 

to albumen is reversible and cefazolin can be displaced from 
the albumen by bilirubin, fatty acids, and a number of drugs 
[11]. It is known that cephalosporins, like penicillin, can 
bind covalently to neutrophils and form a hapten structure 
on the surface of the neutrophil which in an idiosyncratic 
setting can be immunogenic and lead to the production of 
an immune reaction with subsequent formation of drug-
dependent anti-neutrophil antibodies [3,6,7]. We suggest that 
in a competitive binding setting that the albumen-associated 
cefazolin will strongly prefer binding to neutrophils. Given 
the long half-life of albumen (19 days), this would explain the 
presence of the drug available for binding to neutrophils for 
an extended period of time and would account for the 21 day 
recovery period seen in our case.

The ϐinal question revolves around the method of 
neutrophil destruction. In an examination of penicillin-
associated neutropenia, it has been suggested that the drug-
dependent antibodies cause agglutination of neutrophils 
with subsequent sequestration in a variety of sites including 
the spleen, liver, and lung [8]. A second hypothesis is 
that since these drug-dependent antibodies are IgG 
complement-ϐixing antibodies, it is complement ϐixation and 
activation that results in neutrophil lysis. In this regard, it is 
interesting to note a report of intravenous immunoglobin 
therapy leading to a short-term reversal of drug-induced 
neutropenia [14]. Intravenous immunoglobulin therapy in 
the treatment of autoimmune and inϐlammatory diseases 
has multiple proposed pathophysiologic mechanisms 
[15,16]. Complement ϐixing immunocomplexes result in the 
production of membrane attack complexes, and it has been 
proposed that the anti-inϐlammatory activity of intravenous 
immunoglobulin is at least partly mediated by its ability 
to prevent the formation of membrane attack complexes 
[15,16]. This would lend some support to the hypothesis that 
rather than agglutination of the neutrophils and subsequent 
removal by the reticuloendothelial system, neutrophil 
destruction is mediated by a neutrophil membrane attached 
immune complex activation of complement and formation of 
a membrane attack complex with subsequent cell lysis.

In summary, we report a case of postoperative agranu-
locytosis secondary to cefazolin which had a prolonged 
recovery time to normal neutrophil levels. The case was 
remarkable also for the method of sensitization to the 
drug cefazolin. There was only a single prior intravenous 
administration of this drug, 35 months previous to the 
agranulocytosis-causing second dose of cefazolin, which 
served as the sensitizing event. We have proposed an 
explanation of the prolonged period for recovery which 
relies on the presence of drug-dependent anti-neutrophil 
antibodies, and which explains the prolonged presence of the 
drug cefazolin by invoking its known binding/attachment 
to albumen and postulating a competitive binding scenario 
which is greatly in favor of binding to sites on the neutrophil 
membrane, as opposed to the albumen binding.
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Subsequent complement ϐixation and activation with 
the formation of a membrane attack complex results in 
neutrophil lysis.
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