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OBJECTIVES We studied the frequency and characteristics of antibiotic-induced neutropenia in otherwise 
healthy children receiving antibiotic therapy for hematogenous osteoarticular infections (OAIs).

METHODS We retrospectively enrolled otherwise healthy children between 1 month and 18 years of age 
discharged with an OAI from our institution over an 11-year period. An absolute neutrophil count (ANC) 
≤1500 cells/µL was defined as neutropenia. We recorded demographic and clinical information, as well as 
the value and timing of each ANC in relation to changes in antibiotic therapy. A multivariable regression 
model assessed the contributions of various risk factors. 

RESULTS A total of 186 children were enrolled (mean age, 7.6 years; 67.2% boys). β-Lactams represented 
61.2% of all prescriptions. During treatment, 61 subjects (32.8%) developed neutropenia (median time to 
onset, 24 days). An ANC < 500 cells/µL occurred in 7 subjects (3.8%). Neutropenic subjects (mean age, 6.0 
years) were significantly younger than those without neutropenia (mean age, 8.5 years) (OR = 0.86; 95% CI: 
0.79–0.93; p < 0.001) and received significantly longer courses of total (89.3 vs. 55.8 days) and parenteral 
(24.6 vs. 19.9 days) antibiotic therapy (OR = 1.01; 95% CI: 1.01–1.02; p = 0.004 and OR = 1.02; 95% CI: 1.01–
1.04; p = 0.041, respectively). Recurrent neutropenia occurred in 23.0% of all neutropenic subjects and was 
significantly more common in those with a longer mean duration of parenteral therapy (OR = 1.05; 95% CI: 
1.02–1.09; p = 0.004.). No complications from neutropenia occurred. 

CONCLUSIONS Neutropenia was common in our cohort of children receiving prolonged antibiotic therapy 
for OAIs. Younger age and longer courses of therapy were associated with an increased risk of neutropenia. 

ABBEVIATIONS ANC, absolute neutrophil count; IQR, interquartile range; OAI, osteoarticular infection
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Introduction
Neutrophils are the most predominant leukocyte in 

human blood and are involved in the phagocytosis of 
a variety of organisms.1 As such, they play an impor-
tant role in the prevention and control of infection. 
Neutropenia is a decrease in the absolute number of 
circulating neutrophils, typically defined as ≤1500 cells/
µL.1–6 In children, this may result from a variety of insults, 
including medication toxicities, congenital processes, 
viral infections, and overwhelming bacterial sepsis.2,7 
Neutropenia may predispose a patient to an increased 
risk of infection, particularly with some forms of medi-
cally induced immunosuppression (e.g., chemotherapy 
received by oncology patients).2,8 

Antibiotics are one of the most commonly used 
medications in children, with up to one-third of all hos-
pitalized children receiving at least 1 antibiotic during 
their stay.9 Although most antibiotics are perceived as 
relatively safe, up to one-third of children may experi-

ence adverse effects from their use, which may include 
neutropenia.10–13 Risk factors for antibiotic-induced neu-
tropenia in adults have been hypothesized to include 
a prolonged duration of therapy (particularly treatment 
courses in excess of 3 weeks),14 use of β-lactam agents, 
increasing age,8 and potentially the use of higher dos-
ages of antibiotics.14,15 Of note, the onset of antibiotic-
induced neutropenia has been reported to be very low 
after 30 days of therapy in adults, indicating a potential 
high-risk period between 2 and 4 weeks of treatment in 
those receiving prolonged courses of therapy. 

The mechanisms behind antibiotic-induced neu-
tropenia are complex, poorly studied, and potentially 
multifactorial.8,14,16 After initial reports of this finding 
emerged, early studies suggested an immunologically 
mediated phenomenon with the generation of antineu-
trophil antibodies with β-lactam agents, similar to the 
mechanisms underlying drug-induced hemolytic ane-
mia.16–19 Subsequent reports highlighted a potentially 
direct myelosuppressive effect of antibiotics. Bone 
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marrow aspirates of subjects with antibiotic-induced 
neutropenia demonstrated an increase in immature 
granulocyte precursors and a dearth of differentiated 
myeloid elements, while in vitro exposure of myeloid 
progenitor cell cultures to β-lactam agents resulted in 
a dose-dependent inhibition of granulopoiesis.15 Re-
cent studies have described an effect of the intestinal 
microbiota on hematopoiesis in a murine model, with 
the diversity of the fecal microbiota of mice correlating 
with hematopoiesis and reduced stimulation of terminal 
granulocyte maturation.20–22 The fecal microbiota has 
also been shown to regulate the longevity of neutro-
phils in circulation (which in turn positively correlates 
with proinflammatory activity).22 These lines of evidence 
suggest that the effects of antibiotics on the microbiota 
of patients may also play a role in antibiotic-induced 
neutropenia.20,21 

Osteoarticular infections (OAIs) are one of the most 
common indications for prolonged antibiotic therapy in 
children and as such, present a risk for neutropenia dur-
ing treatment.23,24 Children typically receive up to 4 to 6 
weeks of therapy for osteomyelitis or septic arthritis,24 
and potentially longer courses should complications 
ensue (such as chronic osteomyelitis or suppurative 
complications).25 As such, this condition provides a 
good setting for the study of antibiotic-induced neutro-
penia in a relatively homogenous population. However, 
to our knowledge, no prior study has been dedicated to 
characterizing the association of antibiotic therapy and 
neutropenia in children in a detailed fashion. Herein we 
describe the frequency, severity, timing, risk factors for 
and outcomes of neutropenia in a cohort of otherwise 
healthy children receiving antibiotic treatment for he-
matogenous OAIs.

Materials and Methods
Subjects from 1 month to 18 years of age discharged 

from the University of New Mexico Health Sciences 
Center from January 1, 2003, to March 1, 2014, were 
retrospectively assessed for 1 of 40 different Interna-
tional Classification of Diseases, Ninth Edition codes 
consistent with OAI. The electronic medical record was 
reviewed by Pediatric Infectious Disease faculty (WD) 
to verify the diagnoses. Immunocompromised subjects, 
those with postoperative OAI and OAI associated with 
orthopedic implants were excluded, as were subjects 
with incomplete antibiotic dosing data, those who did 
not have a baseline absolute neutrophil count (ANC) 
within 24 hours of the first antibiotic dose documented, 
and those without subsequent ANC values after anti-
biotic therapy was begun. Neutropenia was defined 
as an ANC ≤ 1500 cells/µL, with severe neutropenia 
defined as an ANC < 500 cells/µL.5–8 Each episode of 
neutropenia recurring after normalization of the ANC 
was considered a separate episode. Demographic 
data were collected, as was every ANC value obtained 
during the course of antibiotic therapy from the elec-

tronic medical record, in addition to any complications 
felt to be related to neutropenia (assessed via review 
of inpatient and clinic notes, laboratory values, and 
home health records for each neutropenic subject by 
Pediatric Infectious Disease faculty [WD]). Each day 
of antibiotic therapy was counted as 1 day of treat-
ment, regardless of whether the subject was receiv-
ing multiple antibiotic agents concurrently. Change in 
antibiotic to a new agent or a new dose was recorded 
as well. Any interventions used for the neutropenia 
were recorded (drug holiday, dose reduction, change 
of therapy, use of granulocyte-colony stimulating fac-
tor, observation), as well as the duration between the 
onset of the intervention and the resolution of the 
neutropenia. A failure of an intervention to resolve a 
neutropenic episode was defined as an ANC that did 
not increase above 1500 cells/µL while receiving one 
of the interventions above prior to cessation of therapy 
or introduction of a different intervention. Standard 
protocol at our institution during the study period was 
to obtain a complete blood count with differential ap-
proximately every week while on parenteral antibiotic 
therapy and every 2 weeks while on oral therapy, with 
more frequent monitoring if neutropenia was detected. 
Dosing for OAI for the most common antibiotic agents 
used was standardized at our institution and included: 
cephalexin and cefazolin 100 mg/kg/day, maximum 1 g/
dose; clindamycin 30 to 40 mg/kg/day, maximum 600 
mg/dose; vancomycin 60 mg/kg/day, maximum 1 g/dose 
for initial dosing, with subsequent dosing as required 
to maintain a serum trough concentration between 15 
and 25 mg/L; ceftriaxone 100 mg/kg/day, maximum 2 
g/dose; nafcillin, 200 mg/kg/day, maximum 12 g/day. 
Dosing of these and other antibiotics was based off of 
accepted references.26-47

Data were entered into an Excel spreadsheet and 
downloaded to Stata (v. 12.1, StataCorp, College Station, 
TX) for analysis. To investigate the possible association 
of various clinical variables with the outcome of neu-
tropenia and recurrent neutropenia, those variables 
significantly associated with the binary dependent 
outcome of the presence of neutropenia or recurrent 
neutropenia on univariate analysis (Wald t test) were 
entered into a multivariable logistic regression model 
specifically created for either outcome. Independent 
variables included age, gender, ethnicity, duration of 
antibiotic therapy (total and parenteral), number of an-
tibiotics received, use of a β-lactam or a cephalosporin, 
presence of concomitant bacteremia at admission, 
the need for surgery and the number of surgeries per-
formed, the presence of septic arthritis, osteomyelitis 
or both, the length of hospital stay, and the use of 
concomitant prescription medications that could affect 
the ANC. For the latter, any prescription medication the 
subject was receiving that was listed as possessing the 
potential to produce myelosuppression as an adverse 
effect in the Lexi-Comp database was included.26 Odds 
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ratios with 95% CIs were calculated for each variable 
included in the model, with a Wald test performed to 
assess whether each OR differed significantly from 1.0. 
Adjusted analyses were conducted with a likelihood 
ratio test comparing the model with and without the 
independent variable(s) of interest. 

The mean time to resolution of neutropenia was 
calculated for any intervention used (e.g., drug holiday, 
dose reduction, change of therapy, observation, etc.), 
and a pairwise comparison of means with a Tukey 
Honest Significant Difference test was conducted to 
assess for significant differences between means. 
Simple comparison of 2 independent means used a 
Welch’s t test. This project was approved by the Hu-
man Research Review Committee at the University of 
New Mexico (HRRC#14-099), which determined that 
informed consent was not required. 

Results
Of 239 subjects identified with OAI, 53 were ineligible 

for enrollment (9 subjects were without a baseline ANC 
value, 17 were missing information on antibiotic dos-
ing, 6 were immunocompromised, 9 were neonates, 5 
suffered from orthopedic implant infections, 3 suffered 
from postoperative infections, and 4 were without a 
postbaseline ANC value).

The mean age of the remaining 186 subjects was 
7.6 years (median, 7.3 years; interquartile range [IQR] 
0.4 years to 17.8 years). Overall, 61 subjects (32.8%) 
developed neutropenia, with 51 of these 61 subjects 
(83.6%) developing neutropenia in the first 60 days of 
treatment (median time to onset day 24 of therapy, IQR, 

15-42 days; Figure). In addition to 14 recurrent episodes, 
this represented 75 separate episodes of neutropenia. 
Subjects with neutropenia were significantly younger 
than those without (mean age, 6.0 vs. 8.5 years, p < 
0.001) (Table). Boys represented 67.2% of all subjects. 
Caucasian race was reported in 39.8% of subjects, with 
21.5% Native American, 14.5% Latino, 12.9% not stated, 
9.7% “other,” and 1.6% African American. There was no 
difference between those with neutropenia and those 
without regarding gender and race. Osteomyelitis 
was diagnosed in 109 subjects (58.6%), septic arthritis 
in 49 (26.3%), and septic arthritis and osteomyelitis in 
28 (15.1%). Neither the presence of osteomyelitis (p = 
0.452), septic arthritis (p = 0.976), concomitant septic 
arthritis and osteomyelitis (p = 0.437), bacteremia at 
admission (p = 0.375), a need for surgery (p = 0.624), 
the number of surgeries required (p = 0.513), the length 
of hospital stay (p = 0.075), nor the use of concomitant 
potentially myelosuppressive drugs (10 subjects, p 
= 0.156) were associated with the development of 
neutropenia. Of the antibiotics used in the cohort, 7 
accounted for 83.9% of antibiotic use (vancomycin 
24.6%, cefazolin 22.0%, cephalexin 12.4%, parenteral 
clindamycin 8.5%, ceftriaxone 6.0%, nafcillin 5.7%, and 
oral clindamycin 4.8%), while 18 other antibiotics ac-
counted for the remainder. Of those patients with 
neutropenia, 78.7% were receiving a β-lactam antibiotic 
at the time of neutropenia onset, with 60.7% receiving 
a cephalosporin. β-Lactam agents, and specifically 
cephalosporins, where more commonly used by neu-
tropenic subjects (96.7% vs. 92.0%, p = 0.221 and 93.4% 
vs. 86.4%, p = 0.093, respectively) at some point in their 
treatment regimens, though this did not reach statistical 
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Figure. Time to neutropenia onset during the first 60 days of antibiotic treatment in 51 otherwise healthy children.
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significance. The most common antibiotic used at the 
time of neutropenia onset was cefazolin (18 subjects, 
29.5%), followed by cephalexin (15 subjects, 24.6%). At 
the time of neutropenia onset, 59.0% of subjects were 
receiving a parenteral antibiotic agent. Only 1 subject 
was receiving more than 1 antibiotic at the time of 
neutropenia onset (cefotaxime and nafcillin). Linezolid 
was used in 4 subjects (none of whom developed 
neutropenia), while trimethoprim-sulfamethoxazole 
was used in 17 subjects, 10 of whom developed neu-
tropenia (58.8%; 4 subjects developed neutropenia 
while receiving trimethoprim-sulfamethoxazole and 6 
subjects developed neutropenia on a different agent 
after having received the drug earlier in their treatment 
course). Neutropenic subjects received an average of 
3.1 different antibiotics during their course of therapy 
(range of 1–7), while non-neutropenic subjects received 
an average of 2.7 different antibiotics (range of 1–6, p = 
0.026 in univariate analysis), though this difference did 
not remain significant after controlling for other factors 
in a regression model (p = 0.097). The overall median 
duration of antibiotic therapy in the cohort was 40 days 
(IQR, 20–69 days). Neutropenic subjects had an overall 
greater mean duration of antibiotic exposure (89.3 vs. 
55.8 days, p = 0.004), and a greater mean duration of 
parenteral therapy (24.6 vs. 19.9 days, p = 0.041) than 
non-neutropenic subjects (Table). The relationship be-
tween the duration of parenteral antibiotic therapy and 
neutropenia remained significant after adjusting for the 
total duration of antibiotic therapy as well (p = 0.038).

Overall, 1304 ANC values were recorded (an aver-
age of 7 per subject). The overall mean ANC was 5067 
cells/µL (median, 3588 cells/µL). The mean ANC at 
baseline was 6625 cells/µL (median, 6179 cells/µL; IQR, 
3188–9180 cells/µL), with a mean corresponding base-
line white blood cell count of 11,400 cells/µL (median, 
10,100 cells/µL; IQR, 7600–14,500 cells/µL). The lowest 
ANC recorded was 0 cells/µL in 2 different subjects.

The mean of all neutropenic values was 1050.6 
cells/µL (median, 1152 cells/µL; IQR, 880–1360 cells/

µL; range, 0–1500 cells/µL). The mean nadir of neu-
tropenic values was 1048 cells/µL, with a range of 0 to 
1496 cells/µL. An ANC nadir < 1000 cells/µL was expe-
rienced by 21 subjects during therapy (11.3% of cohort 
as a whole, 34.4% of those with neutropenia), while 7 
subjects (3.8% of the cohort as a whole, 11.5% of those 
with neutropenia) developed severe neutropenia, with 
an ANC nadir < 500 cells/µL.

The mean time required overall for ANC recovery 
was 16.0 days (median, 15.0 days; IQR, 6.5–21.5 days). 
Among the 75 episodes of neutropenia, 26 episodes 
(34.7%) experienced a spontaneous resolution of the 
neutropenia with observation alone (with 3 failures), 
with a mean time to resolution of 17 days (median, 18.5 
days; IQR, 8–22 days). The lowest ANC value associ-
ated with spontaneous recovery in the cohort was 702 
cells/µL. A change in antibiotic therapy successfully 
treated 19 episodes of neutropenia (with 1 failure), with 
a mean time to resolution of 15.2 days (median, 12 days; 
IQR, 6–24 days). A drug holiday was used successfully 
in 5 episodes of neutropenia (with no failures), with a 
mean time to resolution of 6.8 days (median, 6 days; 
IQR, 4–7 days). A dose reduction of the antibiotic was 
used in 2 episodes, which resulted in resolution of the 
neutropenia in 14 and 10 days. Neutropenia occurred at 
the end of therapy in 13 episodes, with no interventions 
used and no further ANC values obtained. Granulocyte-
colony stimulating factor was used in 1 case (with an 
ANC of 0 cells/µL), with normalization of the ANC after 
2 days. The 5 remaining cases were lost to follow-up 
after documentation of neutropenia. Use of a drug 
holiday resulted in faster resolution of neutropenia 
than other treatment approaches, despite the fact that 
the mean ANC at the time of the drug holiday (530.2 
cells/µL) was significantly lower than the ANC nadir in 
the observation group (1282.3 cells/µL; p = 0.0018) and 
the antibiotic change group (971.9 cells/µL; p = 0.016). 
However, this failed to reach statistical significance for 
any comparisons. 

Recurrent neutropenia occurred in 14 neutropenic 

Table. Results of Multivariable Regression Analysis of Demographic and Antibiotic-Related Factors* on the 
Development of Neutropenia and Recurrent Neutropenia in 186 Children
Variable Mean Neut. Mean Non-Neut. OR 95% CI p value

Age 6.0 yr 8.5 yr 0.86 0.79–0.93 <0.001

Duration antibiotic therapy 89.3 days 55.8 days 1.01† 1.01–1.02 0.004

Duration parenteral therapy‡ 24.6 days 19.9 days 1.02 1.01–1.04 0.041

Recurrent neutropenia 30.2 days 21.5 days 1.05 1.02–1.09 0.004

Number of antibiotics 3.1 2.7 1.23 0.92–1.65 0.161
Neut, neutropenic
* Factors significantly associated with neutropenia or recurrent neutropenia on univariate analyses were included in the models.
† Here, an OR of 1.01 reflects a 1% increase in the odds of neutropenia per unit change in the independent variable (each day of treatment). Given 
the large number of potential treatment days, the change per unit increase (per day) as reflected by ORs such as these may appear smaller than 
their respective p values would suggest.
‡ The duration of parenteral therapy remained statistically significant (p = 0.038) after adjustment for the duration of overall antibiotic therapy. 
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patients (23.0% of neutropenic patients, 7.5% of the co-
hort overall) while on therapy after resolution of a prior 
episode of neutropenia. Resolution of this recurrent 
neutropenia occurred after a mean of 14.6 days (me-
dian, 13 days; IQR, 7–20 days), not significantly different 
than the time to resolution of the original episodes of 
neutropenia (p = 0.352). Those with recurrent neutrope-
nia presented with an initial mean neutropenic value of 
858.5 cells/µL during their first episode, which was not 
significantly lower than the overall mean neutropenic 
ANC value (p = 0.100). The first episode of recurrent 
neutropenia consisted of a mean ANC of 1130.9 cells/
µL. The median time between neutropenic episodes 
was 20.5 days (IQR, 13–56 days). When compared with 
neutropenic subjects without recurrence, those with 
recurrence were not significantly younger (mean age, 
5.0 vs. 6.2 years; p = 0.422) but did receive a longer 
duration of parenteral therapy (30.2 vs. 21.5 days; p = 
0.004) (Table). There were no gender differences (p = 
0.675), differences in the mean duration of antibiotic 
therapy (p = 0.862), nor differences in the mean num-
ber of antibiotic agents received (3.1 vs. 3.1; p = 0.820) 
among those with and without recurrent neutropenia. 
Of note, half of those subjects with recurrent neutro-
penia had their initial neutropenia addressed with a 
change in antibiotic coverage, which represented a 
higher percentage than that in the overall cohort (50.0% 
vs. 25.7%; p = 0.059). Only 1 subject with recurrent 
neutropenia had their initial episode treated by a drug 
holiday. Overall, no adverse outcomes suspected to 
be related to the neutropenia occurred in any subject, 
including infections and readmissions. 

Discussion
Neutropenia occurred frequently in our cohort, af-

fecting nearly one-third of subjects. Approximately 11% 
of subjects experienced an ANC < 1000 cells/µL during 
therapy as well. However, severe neutropenia was 
rare, with only 3.8% of subjects developing an ANC < 
500 cells/µL. Olson et al10 reported similar findings in a 
study of 298 children receiving antibiotics, where 3.0% 
of subjects developed an ANC < 500 cells/µL and 12.1% 
developed ANC values < 1000 cells/µL. The population 
in this cohort was similar to ours, with a median duration 
of therapy of 45 days, a median duration of parenteral 
therapy of 24 days, and a mean age of 7.4 years.10 How-
ever, as the focus of this study was not on neutropenia, 
additional analyses and details were not presented. 
Subjects with neutropenia in our cohort were signifi-
cantly younger than those without, which, to our knowl-
edge, is the first time this has been reported. Longer 
courses of total and parenteral antibiotic therapy were 
significantly associated with neutropenia. Recurrent 
neutropenia was common, occurring in approximately 
23% of neutropenic subjects, and was significantly 
associated with longer courses of parenteral therapy. 
To our knowledge, no other study has reported on the 

frequency or characteristics of recurrent neutropenia 
during prolonged antibiotic treatment. 

Importantly, no subjects experienced any adverse 
events from neutropenia, which is consistent with other 
studies of transient neutropenia in otherwise healthy 
children (though these studies did not assess the as-
sociation with antibiotic-induced neutropenia specifi-
cally).2,48,49 The onset of neutropenia occurred late in 
the treatment course in our cohort, after a median of 
24 days of therapy, consistent with prior reports.13,14 
Gomez et al12 reported a mean time to neutropenia 
onset in 30 children receiving outpatient parenteral 
antibiotic therapy of 20 days, while Olaison et al14 
noted a mean time to neutropenia onset of 21 days 
among 18 adults who developed neutropenia while 
on prolonged antibiotic therapy. Notably, 34.7% of all 
episodes of neutropenia in our cohort spontaneously 
resolved, though none in subjects with ANC values < 
700 cells/µL. Use of a drug holiday provided the most 
rapid resolution of neutropenia (6.8 days) compared 
with a change in antibiotic therapy or observation alone, 
despite the fact that subjects receiving a drug holiday 
demonstrated significantly lower ANC values at the 
time of the intervention than other intervention groups 
(though the findings were not significant, potentially due 
to the small numbers of subjects analyzed). Interest-
ingly, Olaison et al14 and Neftel et al15 reported similar 
findings in courses of prolonged antibiotic therapy 
in adults, with resolution of neutropenia within 4 to 7 
days of drug withdrawal. This suggests that, provided 
the patient is stable and clinically able to tolerate such 
an intervention, a drug holiday may be an option for 
treatment of antibiotic-induced neutropenia. In addi-
tion, the brief period of time required for resolution of 
neutropenia with this approach is unlikely to worsen an 
underlying OAI, particularly as most patients develop 
neutropenia several weeks into a prolonged treatment 
course, at a time when the infection is likely stable and 
the patient would be able to tolerate a brief period off 
therapy. To our knowledge, these findings have not 
been well described in children. 

Our study had several limitations. The number of 
subjects analyzed was small, and as a retrospective 
study, we were unable to control for variables that 
may affect the natural evolution of neutropenia. Some 
variables, such as a family history of blood dyscrasias 
and compliance with antibiotic therapy, were not as-
sessed. In addition, as with most studies addressing 
this topic, the timing of ANC determination was not pre-
determined, but at the whim of providers, precluding a 
more specific characterization of the exact time course 
of the neutropenia. The treatment of osteomyelitis in 
children typically involves at least 1 antibiotic change as 
patients are transitioned from a parenteral agent to an 
oral agent. However, frequently several such changes 
are made in an effort to respond to culture results, 
antibiotic intolerance, and/or selecting agents with 
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appropriate outpatient dosing schedules. Subjects in 
our cohort received an average of 3 different antibiotics 
during the course of their therapy. As such, assigning a 
causative role for a specific antibiotic after the develop-
ment of neutropenia was difficult when a patient may 
have taken several such agents in the preceding weeks. 
This precluded us from accurately determining the 
risks of neutropenia with specific agents. However, our 
data still provide the first overview and epidemiologic 
description of this phenomenon in children.

Conclusions
Neutropenia is a frequent complication associated 

with prolonged courses of antibiotic therapy for OAIs 
in otherwise healthy children, though complications are 
rare. Such neutropenia is more common in younger 
children and is associated with longer courses of both 
total and parenteral antibiotic therapy. 
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