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Abstract

Objective—To examine the use and safety of rifampin in hospitalized infants.

Study Design—Observational study of clinical and laboratory adverse events among infants 

exposed to rifampin from 348 neonatal intensive care units managed by the Pediatrix Medical 

Group between 1997 and 2012.

Result—2500 infants received 4279 courses of rifampin; mean gestational age was 27 weeks 

(5th, 95th %tile; 23, 36) and mean birth weight was 1125 g (515, 2830). Thrombocytopenia 

(121/1000 infant days) and conjugated hyperbilirubinemia (25/1000 infant days) were the most 

common laboratory adverse events. The most common clinical adverse events were medical 

necrotizing enterocolitis (64/2500 infants, 3%) and seizure (60/2500 infants, 2%).

Conclusion—The overall incidence of adverse events among infants receiving rifampin appears 

low; however, additional studies to further evaluate safety and dosing of rifampin in this 

population are needed.

Correspondence: Vivian H. Chu, MD, MHS, Division of Infectious Diseases, Department of Medicine, Duke University Medical 
Center, Box 102359, Durham, NC 27710; telephone: 919-668-7174; fax: 919-681-7494; vivian.chu@duke.edu.
*See Acknowledgments for listing of committee members.

The content is solely the responsibility of the authors and does not necessarily represent the official views of the NIH.

Conflicts of Interest
Dr. Hornik receives salary support for research from the National Center for Advancing Translational Sciences of the National 
Institutes of Health (NIH) (UL1TR001117). Dr. Benjamin receives support from the United States government for his work in 
pediatric and neonatal clinical pharmacology (1R01HD057956-05, 1K24HD058735-05, UL1TR001117, and NICHD contract 
HHSN275201000003I) and the nonprofit organization Thrasher Research Fund for his work in neonatal candidiasis 
(www.thrasherresearch.org); he also receives research support from industry for neonatal and pediatric drug development 
(www.dcri.duke.edu/research/coi.jsp). Dr. Smith receives salary support for research from the NIH and the National Center for 
Advancing Translational Sciences of the NIH (HHSN267200700051C, HHSN275201000003I, and UL1TR001117); he also receives 
research support from industry for neonatal and pediatric drug development (www.dcri.duke.edu/research/coi.jsp). Dr. Ericson 
receives support from the National Institute of Child Health and Human Development of the NIH (5T32HD060558). The remaining 
authors have no potential conflicts of interest to disclose.

HHS Public Access
Author manuscript
Am J Perinatol. Author manuscript; available in PMC 2016 May 01.

Published in final edited form as:
Am J Perinatol. 2015 May ; 32(6): 565–570. doi:10.1055/s-0034-1543955.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Keywords

rifampin; broad-spectrum antibiotic; infectious disease; neonatal intensive care unit

Introduction

Rifampin is a broad-spectrum antibiotic used for a variety of infections in children.1 

Possessing excellent anti-staphylococcal activity, rifampin, when added to an anti-

staphylococcal penicillin or vancomycin, is effective in the treatment of refractory cases of 

bacteremia due to coagulase-negative staphylococci (CoNS) in infants.2–5 Rifampin is also 

used as adjunctive therapy for infections of ventriculoperitoneal (VP) shunts with 

staphylococcal organisms in infants.6–9 CoNS and Staphylococcus aureus are the most 

common causes of sepsis in the neonatal intensive care unit (NICU).10 The use of rifampin 

as adjunctive therapy is a logical consideration for these infections10; therefore, 

understanding its safety profile in this population is important.

Adverse events (AEs) reported with rifampin use include hepatotoxicity, renal failure, rash, 

and hematological abnormalities including thrombocytopenia.1,11 However, few data exist 

on its safety in infants. Rifampin is not labeled by the Food and Drug Administration (FDA) 

for infants <3 months of age.12 The largest previous report of rifampin use in the neonatal 

population was a retrospective analysis of 137 premature infants that examined clearance of 

bacteremia and C-reactive protein levels, but this study did not report safety outcomes.4 

Here, we describe the use of rifampin among a large cohort of hospitalized infants and the 

incidence of clinical and laboratory AEs associated with its use.

Methods

Data source and definitions

We identified all infants discharged from 348 NICUs managed by the Pediatrix Medical 

Group between 1997 and 2012 exposed to rifampin in the first 120 days of life. We excluded 

infants with major congenital anomalies. Data were obtained from a database that captures 

electronic medical record information from clinicians on all infants cared for by the 

Pediatrix Medical Group. Data collected include: maternal history, demographics, 

medications, laboratory results, microbiology results, and diagnoses. Dosing and dosing 

intervals were not available in the data.

We defined a rifampin course as uninterrupted days of exposure to rifampin. We classified 

rifampin courses as associated with a positive culture if a culture (blood, urine collected by 

in-and-out catheterization or suprapubic tap, or cerebrospinal fluid [CSF]) was positive on 

days of exposure to rifampin or up to 5 days prior to the first day of rifampin exposure. 

Multiple positive cultures for the same organism within a 21-day period were considered a 

single infectious episode. We defined CoNS sepsis as 2 positive cultures for CoNS within a 

4-day period, 3 positive cultures for CoNS within a 7-day period, or 4 positive cultures for 

CoNS within a 10-day period. We excluded positive cultures from organisms considered 

contaminants, including non-speciated streptococci, Bacillus spp., gram-positive rods (not 

Arnold et al. Page 2

Am J Perinatol. Author manuscript; available in PMC 2016 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



including Listeria spp.), Lactobacillus spp., Micrococcus spp., Stomatococcus spp., and 

Bacteroides spp.

An AE was attributed to rifampin if it occurred on a day of exposure to rifampin. AEs 

included laboratory and clinical AEs (surgical necrotizing enterocolitis [NEC], medical 

NEC, focal intestinal perforation, grade III–IV intraventricular hemorrhage [IVH], seizures, 

rash, and pulmonary hemorrhage). Each new clinical diagnosis occurring while an infant 

was exposed to rifampin was counted as a separate AE. Laboratory AEs were categorized as 

an AE or a severe adverse event (SAE) based on pre-specified cut-off values. Each 

laboratory abnormality was counted as a separate AE or SAE, and was counted each day 

that it occurred while an infant was exposed to rifampin. We defined concomitant antibiotic 

use as any antibiotic administered on a day of exposure to rifampin.

Statistical analysis

We used standard summary statistics including counts and percentages and means, medians, 

and percentiles to describe categorical and continuous study variables, respectively. We 

reported laboratory AEs occurring while on rifampin as both number of days with an AE per 

1000 infant days of exposure to rifampin and the proportion of courses of rifampin during 

which an AE was reported on at least 1 day. We reported clinical AEs as proportions 

occurring at both the course and infant level. All analyses were performed using Stata 12 

(College Station, TX). The study was approved by the Duke University Institutional Review 

Board without the need for written informed consent as the data were collected without 

identifiers.

Results

Infant characteristics and outcomes

We identified 2500 infants who received 4279 courses of rifampin for a total of 23,701 

infant days. The mean gestational age (GA) was 27 weeks (5th, 95th%tile; 23, 36), and the 

mean birth weight was 1125 g (515, 2830) (Table 1). Mean weight at the time of first 

rifampin exposure was 1518 g (650, 3380).

Microbiology

There were 1455 courses (34%) administered to 1249 infants for a total of 8874 infant days 

in the setting of positive cultures and 2824 courses (66%) of rifampin administered to 1251 

infants for a total of 14,827 infant days in the setting of negative cultures. The majority of 

positive cultures were obtained from blood—1332/1380 (97%). The most commonly 

cultured organisms were gram-positive (1273/1380 [92%]), and CoNS was the most 

common pathogen (670/1380 [49%]) (Table 2). Among the infants with negative cultures, 

715/1251 (57%) had either a single culture positive for CoNS or a surface culture positive 

for methicillin-resistant Staphylococcus aureus (MRSA).

Nineteen infants (0.8%) with VP shunts received 40 courses (0.9%) of rifampin for a total of 

4270 infant days. There were 15 positive cultures obtained in these infants; 6/15 (40%) of 

these were from blood, and 9/15 (60%) from the CSF. All 9 positive CSF cultures grew 
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gram-positive organisms, while the 6 positive blood cultures included 2 gram-positive, 2 

gram-negative, and 2 fungal organisms.

The mean duration of a rifampin treatment course was 7 days (1, 17) in those infants with 

positive blood cultures and 9 days (1, 28) in those with positive CSF cultures. Vancomycin 

was the most common concomitantly administered antibiotic, followed by penicillins and 

cephalosporins (Table 3).

Safety

Laboratory AEs and SAEs were observed on 249 per 1000 infant days and 53 per 1000 

infant days, respectively (Table 4). The majority of rifampin courses had at least 1 

laboratory AE (3493/4279 [82%]). Laboratory SAEs occurred in a lower proportion of 

courses (1782/4279 [42%]). The most common electrolyte abnormality was hyperkalemia 

(19/1000 infant days). Conjugated hyperbilirubinemia was the most common laboratory AE 

associated with liver dysfunction (25/1000 infant days). Renal laboratory AEs, including 

elevated blood urea nitrogen (BUN) or creatinine, occurred on 13/1000 infant days, with 

SAEs occurring at 5 per 1000 infant days. On the 22,548/27,979 (81%) days that 

vancomycin and rifampin were given concomitantly, the incidence of elevated creatinine as 

an AE was similar to the days where rifampin was given without concomitant vancomycin 

at 8.4/1000 infant days and 7.2/1000 infant days, respectively. Leukocytosis (61/1000 infant 

days) and thrombocytopenia (121/1000 infant days) were the most common complete blood 

count abnormalities (Table 4). Clinical AEs occurred in 197/4279 (8%) of infants (Table 5). 

The most commonly observed clinical AEs were seizure, medical NEC, and IVH (Table 5).

Use of rifampin over time

There was an increase in rifampin use from 1997 (1/1000 infants) through 2007 (4/1000 

infants) (Figure 1). The use of rifampin decreased to 1/1000 infants in 2012.

Discussion

We present the largest study of rifampin use in infants to date, with 2500 infants receiving 

the drug over a 15-year period. Thirty-four percent of rifampin courses were given in the 

setting of positive cultures. Laboratory AEs were commonly observed during rifampin 

exposure, with conjugated hyperbilirubinemia and thrombocytopenia having the highest 

incidence. In this cohort of infants receiving rifampin, clinical AEs occurred infrequently.

Rifampin is often used as adjunctive treatment for refractory gram-positive bacteremia, 

particularly bacteremia caused by staphylococci.2–5,13 The majority of patients in our cohort 

with culture-proven infection had staphylococcal bacteremia (predominantly CoNS). While 

our study suggests that the use of rifampin in the setting of persistently positive cultures is 

consistent with the limited existing evidence, there was a significant amount of rifampin use 

in situations where the cause of infection was less well-defined.

The use of rifampin increased from 1997 to a peak in 2007 before declining. Although the 

reasons for this trend are unclear, the increasing use of rifampin coincides with the 

emergence of community-acquired MRSA in infants, children, and adults.14,15 Similarly, the 
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subsequent decline in rifampin use may have been influenced by an increasing emphasis on 

improving central line care practices, which several studies indicate has resulted in an 

overall decline in central line-associated blood stream infections, which are most commonly 

caused by gram-positive organisms.16–18 Alternatively, the decrease in rifampin use could 

be due to increasing attention on antibiotic stewardship programs. In our data, there was no 

significant change in the proportion of rifampin use in the setting of negative cultures from 

2007–2012.

Laboratory AEs were common in our cohort, occurring in 249 per 1000 infant days of 

administration. The FDA label for rifampin recommends that liver function tests be 

monitored due to the potential for a transient rise in transaminases and bilirubin.12 In our 

cohort, the incidence of conjugated hyperbilirubinemia was high—743/4279 (17%) of 

courses.19 Hematologic laboratory AEs were also common in this cohort of infants. 

Thrombocytopenia is a known potential effect of rifampin therapy.20,21 The FDA label 

states that thrombocytopenia occurs primarily with high-dose, intermittent therapy and 

“rarely occurs with well supervised daily therapy.”12 In our cohort, thrombocytopenia 

occurred frequently (48% of infants). Although leukocytosis was also common, leukocytosis 

and thrombocytopenia are often seen in the setting of infection and may be an indicator of 

coexisting disease pathology rather than direct drug effect. The FDA label includes elevated 

BUN as a potential adverse reaction. The incidence of renal dysfunction in our cohort was 

relatively low, with elevated BUN and creatinine occurring in 5% of infants. As a 

comparison, other cohorts of infants with sepsis have reported incidences of acute kidney 

injury as high as 26%.22–24 The overall incidence of clinical AEs was only 10% at the 

course level and 8% at the patient level. Rash, included on the FDA label and commonly 

associated with rifampin use, was uncommon (<1%) in this cohort of hospitalized infants.

This study has important limitations. Because this is an observational study, we are limited 

to identifying associations rather than assessing causal relationships. Identification of 

clinical AEs was limited to what was documented by the clinicians, and laboratory AEs may 

be affected by the frequency of laboratory draws, which occurred at the discretion of the 

treating clinician. In addition, attribution of AEs to rifampin is difficult because it is almost 

universally administered in combination with other drugs in the setting of an acutely ill 

infant. Finally, information about drug dose and interval was not available, thus limiting our 

ability to evaluate any dose-dependent effects.

Using prospectively collected data from a large, diverse, multicenter cohort of infants, we 

examined AEs associated with rifampin use. Our study suggests that rifampin is generally 

safe for use in infants, although bilirubin levels and platelets should be monitored while on 

therapy. Further studies are needed to determine the optimal dosing, timing, and duration of 

rifampin use in infants.
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Figure 1. 
Rifampin use over time. The red line indicates the mean number of infants exposed to 

rifampin during the study period.
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Table 1

Demographics

Infants exposed to rifampin (N=2500)

Gestational age, weeks

 <26 888 (36%)

 26–28 822 (33%)

 29–32 450 (18%)

 33–36 203 (8%)

 ≥37 137 (5%)

Birth weight, g

 <1000 1531 (61%)

 1000–1499 524 (21%)

 1500–2499 252 (10%)

 2500–3499 140 (6%)

 ≥3500 49 (2%)

Age at first rifampin exposure, days

 <3 5 (0.2%)

 3–6 8 (0.3%)

 7–29 1634 (65%)

 30–59 628 (25%)

 60–120 225 (9%)

Race/ethnicity

 White 1019 (42%)

 African American 624 (26%)

 Hispanic 683 (28%)

 Other 95 (4%)

Male 1334 (53%)

Caesarean delivery 1771 (72%)

Mean (5th, 95th percentile) length of NICU stay, days 85 (20, 160)

Died 242 (11%)

Abbreviation: NICU, neonatal intensive care unit.
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Table 2

Culture results for rifampin courses associated with a positive culture

Blood N=1332 Urine N=8 CSF N=40 Total N=1380

Gram-positive

 CoNS 649 (49%) 0 21 (53%) 670 (49%)

 S. aureus 477 (36%) 0 13 (33%) 490 (36%)

 Other* 105 (8%) 3 (38%) 5 (13%) 113 (8%)

Gram-negative

 E. coli 3 (0.2%) 1 (13%) 0 4 (0.3%)

 Other† 40 (3%) 0 0 40 (3%)

Fungus 41 (3%) 4 (50%) 0 45 (3%)

Other‡ 17 (1%) 0 1 (3%) 18 (1%)

Abbreviations: CSF, cerebrospinal fluid; CoNS, coagulase-negative staphylococci; S. aureus, Staphylococcus aureus; E. coli, Escherichia coli.

*
Reported organisms included Enterococcus and group B Streptococcus; also includes those reported as gram-positive cocci for which speciation 

was not available.

†
Reported organisms include Acinetobacter, Citrobacter, Enterobacter, Klebsiella, Serratia, and Pseudomonas; also includes those reported as 

gram-negative rods for which speciation was not available.

‡
Organism not clearly specified or not clearly categorized (e.g., Mycoplasma).
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Table 3

Concomitant antibiotics administered

Days of concomitant rifampin exposure (N=23,701)

Vancomycin 18,270 (77%)

Penicillins 4175 (18%)

Cephalosporins 2425 (10%)

Linezolid 734 (3%)

Clindamycin 702 (3%)

Carbapenems 628 (3%)

Trimethoprim/sulfamethoxazole 134 (1%)

Daptomycin 29 (0.1%)
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