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Abstract

Although infrequent, drug-induced agranulocytosis can be stimulated by antibiotics. Here, we analyzed the Japanese Adverse

Drug Event Report database to identify profiles of antibiotic-induced agranulocytosis. Ten of 60 antibiotics showed signals

for agranulocytosis; the reporting odds ratios (95% confidence intervals) for ampicillin/sulbactam, amikacin, cefmetazole, ce-

fozopran, clindamycin, ciprofloxacin, imipenem/cilastatin, kanamycin, teicoplanin, and vancomycin were 2.65 (1.79–3.80), 2.49

(1.91–4.34), 4.48 (2.27–6.92), 2.77 (1.88–3.95), 1.64 (1.04–2.47), 2.01 (1.40–2.82), 2.78 (2.11–3.60), 6.05 (2.16–13.7), 2.05 (1.31–

3.07), and 3.54 (2.73–4.54), respectively. The median times-to-onset of agranulocytosis for ampicillin/sulbactam, cefmetazole,

cefozopran, clindamycin, imipenem/cilastatin, kanamycin, teicoplanin, and vancomycin were 20, 6, 10, 16, 12, 3, 18, and 13

days, respectively. The 95% confidence intervals of the Weibull shape parameter β for these antibiotics were over and excluded

1, indicating that the antibiotics were the wear out failure type. These findings provided insights into the characteristics of

antibiotic-induced agranulocytosis.
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. Investigation of Antibiotic-induced Agranulocytosis

Keywords
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What is already known about this subject

Agranulocytosis can be caused by antibiotics, but it is a rare adverse event.

What this study adds

Ten antibiotics, including ampicillin/sulbactam, amikacin, cefmetazole, cefozopran, clindamycin,
ciprofloxacin, imipenem/cilastatin, kanamycin, teicoplanin, and vancomycin, may induce agranulocytosis.

Eight antibiotics (excluding amikacin and ciprofloxacin) were a wear out failure type, the profiles of amikacin
and ciprofloxacin were consistent with the random failure type.

Word count 1,548/2,000 words

Table count 2

Figure count 1

Abstract

Although infrequent, drug-induced agranulocytosis can be stimulated by antibiotics. Here, we analyzed the
Japanese Adverse Drug Event Report database to identify profiles of antibiotic-induced agranulocytosis. Ten
of 60 antibiotics showed signals for agranulocytosis; the reporting odds ratios (95% confidence intervals) for
ampicillin/sulbactam, amikacin, cefmetazole, cefozopran, clindamycin, ciprofloxacin, imipenem/cilastatin,
kanamycin, teicoplanin, and vancomycin were 2.65 (1.79–3.80), 2.49 (1.91–4.34), 4.48 (2.27–6.92), 2.77 (1.88–
3.95), 1.64 (1.04–2.47), 2.01 (1.40–2.82), 2.78 (2.11–3.60), 6.05 (2.16–13.7), 2.05 (1.31–3.07), and 3.54 (2.73–
4.54), respectively. The median times-to-onset of agranulocytosis for ampicillin/sulbactam, cefmetazole,
cefozopran, clindamycin, imipenem/cilastatin, kanamycin, teicoplanin, and vancomycin were 20, 6, 10, 16,
12, 3, 18, and 13 days, respectively. The 95% confidence intervals of the Weibull shape parameter β for these
antibiotics were over and excluded 1, indicating that the antibiotics were the wear out failure type. These
findings provided insights into the characteristics of antibiotic-induced agranulocytosis.

Introduction

Neutropenia is characterized as a decrease in the absolute neutrophil count, categorized as mild (1000–
1500/μL), moderate (500–1000/μL), or severe (< 500/μL) [1]. The most severe form, called agranulocytosis,
is a life-threating condition in which the patient becomes highly susceptible to infectious diseases and shows
a mortality rate of 10–20% [2]. Agranulocytosis can be caused by a wide range of medications, includ-
ing clozapine [3] and antibiotics [1], and infection control becomes particularly difficult in patients with
antibiotic-induced agranulocytosis. Furthermore, in patients who continue to have a fever, it is necessary to
switch to another antibiotic and add concomitant treatment with granulocyte-colony-stimulating factor [4].
Accordingly, there is an urgent need to identify antibiotics that have a low risk of inducing agranulocytosis.

Although the mechanisms of antibiotic-induced agranulocytosis remain unknown, Weitzman and Stossel [5]
speculated that antibiotic-induced agranulocytosis may be caused by opsonizing antineutrophil antibodies,
i.e., an IgG or IgM immune-mediated hypersensitivity reaction. However, because agranulocytosis is a rare
adverse event (AE) [6], it is difficult to collect a sufficient number of samples to conduct clinical studies.
Recently, spontaneous reporting systems (SRSs) have been shown to be useful for detection of rare AEs and
have been used as primary tools in postmarketing surveillance. In Japan, individual AEs are collected by
healthcare workers at the Pharmaceuticals and Medical Devices Agency (PMDA). The Japanese Adverse
Drug Event Report (JADER) database, which is available online, was established in April 2004 by the PMDA
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. and reflects the realities of clinical practice [7]. Thus, data mining using the JADER database can be used
as a screening tool for antibiotic-induced agranulocytosis.

In this study, we evaluated the expression profiles of antibiotic-induced agranulocytosis using the JADER
database.

Methods

Data source

The JADER database, including data from April 2004 to January 2021, was searched from the PMDA
website (https://www.info.pmda.go.jp/fukusayoudb/CsvDownload.jsp). The JADER database consisted of
four data tables, as follows: 1) DEMO (patients’ demographic information, including sex, age, and weight); 2)
DRUG (drug name, causality, etc.); 3) REAC (AEs, outcomes, etc.); and 4) HIST (medical history, primary
illness, etc.). We created relational database from the four data tables according to patient identification
numbers using Microsoft Access 2019 (Microsoft, Redmond, WA, USA). Because duplicate reports in the
SRS database may affect the evaluation from the relational database, we extracted only the latest of AE
reports based on the DEMO file. Data with inaccurate dates were excluded.

Drugs and AE names

The 60 antibiotics analyzed in the current study are shown in Table 1. We focused on agranulocytosis, the
most life-threatening type of neutropenia. Agranulocytosis was defined using the preferred term (PT) code
(10001507) according to the Medical Dictionary for Regulatory Activities version 23.1J.

Data analysis

We selected the reporting odds ratio (ROR) for the detection of signals associated with antibiotic-induced
agranulocytosis. As shown Fig. 1, the ROR and 95% confidence interval (95% CI) were calculated from a
two-by-two contingency table. Signal detection was defined as follows: ROR greater than 1, lower limit of
the corresponding 95% CI greater than 1, and case number greater than 2 [8]. Conversely, the condition of
ROR less than 1 was considered no exposure-event association. The adjusted odds ratio was not calculated
by multivariate analysis because of the small number of reports of agranulocytosis. Statical analysis was
conducted with SPSS Statistics version 27 (IBM Japan, Tokyo, Japan).

The median of period until agranulocytosis onset from the time of first administration for each patient was
evaluated using the Weibull shape parameter (WSP), which does not require a reference population [9]. The
elapsed time from the first administration was calculated by subtracting the first administration date from
the agranulocytosis expression date. Fifty cases were excluded because the date of first administration or
onset of agranulocytosis was not available. The combination of WSP β and 95% CI could be interpreted as
follows: when β was equal to 1 (random failure) and 95% CI of β included the 1, the hazard was estimated to
be constant over time; ifβ was greater than 1 (wear out failure) and the 95% CI (lower) of β exceeded 1, the
hazard was considered to increase over time; if β was less than 1 (early failure) and the 95% CI (upper) ofβ
was less than 1, the hazard was considered to increase at an early stage and then decrease. Time-to-onset
analyses were performed using JMP version 15 software (SAS Institute, Cary, NC, USA).

Results and Discussion

We extracted 72,723 reports of suspected AEs related to antibiotic treatment among the 1,048,576 reports
in the JADER database between April 2004 and January 2021. The number of reports of agranulocyto-
sis was 3,221. As shown Table 1, 10 of 60 antibiotics were detected as signals; the RORs (95% CIs) for
ampicillin/sulbactam, amikacin, cefmetazole, cefozopran, clindamycin, ciprofloxacin, imipenem/cilastatin,
kanamycin, teicoplanin, and vancomycin were 2.65 (1.79–3.80), 2.49 (1.91–4.34), 4.48 (2.27–6.92), 2.77 (1.88–
3.95), 1.64 (1.04–2.47), 2.01 (1.40–2.82), 2.78 (2.11–3.60), 6.05 (2.16–13.7), 2.05 (1.31–3.07), and 3.54 (2.73–
4.54), respectively. Because neutrophils are produced in bone marrow, we speculated that antibiotics with
high migration to bone marrow may have a high risk of inducing agranulocytosis before data mining. How-
ever, signals were not detected for antibiotics with high cerebrospinal fluid transferability, such as ceftriaxone
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. [10] and cefotaxime [11], whereas teicoplanin [12], an antibiotic with poor cerebrospinal fluid transferability,
was detected. Therefore, these findings suggested that the risk of agranulocytosis could not be clarified by
analysis of migration to the bone marrow only. A retrospective study reported that the development of
vancomycin-induced neutropenia was not associated with the dosage, trough concentration, or administra-
tion period [13]. Although other antibiotics also need to be investigated, antibiotic-induced agranulocytosis
may not be a cumulative toxicity.

The incidence of neutropenia induced by vancomycin is approximately 2–18% [14, 15]. In contrast, Smith et
al. reported that linezolid, an anti-methicillin-resistant Staphylococcus aureus (MRSA) agent, may be safe
and effective for the treatment of febrile neutropenia [16]. In addition, carbapenems targeting Pseudomonas
aeruginosa are empirically used for the treatment of febrile neutropenia [17], indicating that when using
antibiotics with anti-Pseudomonas aeruginosa or anti-MRSA activity in the empirical treatment of high-risk
patients, such as those with febrile neutropenia, it may be better to preferentially use antibiotics with the
same spectrum for which no signal was detected in this study.

In the clinical setting, aminoglycosides are often administered withβ -lactam antibiotics to induce synergistic
effects [18, 19]. Moreover, infective endocarditis caused by MRSA may be treated with vancomycin or
teicoplanin in combination with aminoglycosides [20]. In the current study, because amikacin and kanamycin
were detected as signals, we speculate that it may be better to use gentamicin as the aminoglycoside in
combination therapy.

In recent reports of SRS data mining, WSP analysis has been performed to evaluate the time-to-onset data
for target AEs [9]. For the time-to-onset analysis, we extracted 292 cases for the 10 antibiotics with signal
detection (Table 2). The median durations (interquartile ranges) of agranulocytosis onset following treatment
with amikacin, cefmetazole, ciprofloxacin, and kanamycin were within 1 week of the first treatment. The
difference in the onset time may have been related to the variations in pharmacokinetics of each antibiotic and
the onset mechanism of agranulocytosis; however, the details are unknown, and further research is needed.
Although the 95% CIs of WSP β for eight antibiotics (excluding amikacin and ciprofloxacin) were over and
excluded 1, indicating a wear out failure type, the profiles of amikacin and ciprofloxacin were consistent with
the random failure type (Table 2). Accordingly, time-to-onset analysis using WSP is likely to be a useful
tool for determination of the specific safety monitoring period for agranulocytosis.

Data mining using the JADER database has some limitations that should be considered because the JADER
database has several biases. First, because the JADER database does not contain information for control
patients, the intensity of RORs cannot be quantified and compared among antibiotics. Second, there are
also some reporting biases, such as under-reporting and lack of data. Third, the number of reports was small
and may have been underestimated because the PT codes 10018687 (granulocytopenia) and 10018681 (gran-
ulocyte count decreased) were not included in the current study. Fourth, because agranulocytosis may be
induced by severe infections [21], the agranulocytosis reported by SRS may not be caused by administration
of antibiotics.

In conclusion, this comprehensive analysis was the first report evaluating the incidences of antibiotic-induced
agranulocytosis. Despite the various limitations of using the JADER database, we identified 10 antibiotics
that may be associated with high risk of agranulocytosis, suggesting that absolute neutrophil counts in
patients taking these drugs should be monitored carefully in the clinical setting. Finally, further clinical
studies are needed to verify the mechanisms through which ampicillin/sulbactam, amikacin, cefmetazole,
cefozopran, clindamycin, ciprofloxacin, imipenem/cilastatin, kanamycin, teicoplanin, and vancomycin may
induce agranulocytosis.
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Figure Legends

Fig. 1. Two-by-two contingency table for the calculation of reporting odds ratios.
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