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Abstract

Background—Antipyretics reduce fever following childhood vaccinations; after inactivated 

influenza vaccine (IIV) they might ameliorate fever and thereby decrease febrile seizure risk, but 

also possibly blunt the immune response. We assessed the effect of antipyretics on immune 

responses and fever following IIV in children ages 6 through 47 months.

Methods—Over the course of three seasons, one hundred forty-two children, receiving either a 

single or the first of 2 recommended doses of IIV, were randomized to receive either oral 

acetaminophen suspension (n=59) or placebo (n=59) (double-blinded) or ibuprofen (n=24) (open-

label) immediately following IIV and every 4 to 8 hours thereafter for 24 hours. Blood samples 

were obtained at enrollment and 4 weeks following the last recommended IIV dose. Responses to 
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IIV were assessed by hemagglutination inhibition assay (HAI). Seroprotection was defined as an 

HAI titer ≥ 1:40 and seroconversion as a titer ≥ 1:40 if baseline titer < 1:10 or fourfold rise if 

baseline titer ≥1:10. Participants were monitored for fever and other solicited symptoms on the day 

of and day following IIV.

Results—Significant differences in seroconversion and post-vaccination seroprotection were not 

observed between children included in the different antipyretic groups and the placebo group for 

the vaccine antigens included in IIV over the course of the studies. Frequencies of solicited 

symptoms, including fever, were similar between treatment groups and the placebo group.

Conclusions—Significant blunting of the immune response was not observed when antipyretics 

were administered to young children receiving IIV. Studies with larger sample sizes are needed to 

definitively establish the effect of antipyretics on IIV immunogenicity.

In young children, fever is the mostly commonly reported adverse event following 

immunization,[1] and is occasionally associated with a febrile seizure (FS). FSs have been 

reported to occur in children following receipt of measles, mumps and rubella vaccine 

(MMR), measles, mumps, rubella and varicella vaccine (MMRV), pneumococcal conjugate 

vaccine (PCV), and inactivated influenza vaccine (IIV).[2, 3] During the 2010–2011 

influenza vaccination season in the United States, the first year the 2009 pandemic H1N1 

strain (2009pdmH1N1) was included in the seasonal influenza vaccine, an elevated risk of 

FS was observed in young children on the day of or day following (day 0 to 1) receipt of 

trivalent IIV (IIV3).[4] The risk was noted to be highest in those receiving IIV3 and 13-

valent PCV (PCV13) concomitantly.[4] An observational study performed during the 

subsequent 2011–2012 season, demonstrated that fever was more common on days 0 to 1 

following vaccination among children receiving IIV and PCV13 simultaneously when 

compared to children receiving either vaccine alone.[5] A separate study, conducted over 

multiple seasons leading up to 2010–2011, further established that administration of IIV3 on 

the same day as PCV and/or diphtheria and tetanus toxoids and acellular pertussis vaccine 

adsorbed (DTaP) is associated with an increased risk of FS.[6]

Although generally considered to be medically benign, FSs are frightening and anxiety 

provoking for parents.[7] Therefore, in attempts to reduce fever and potentially FS following 

immunization, it is thought that administering antipyretics in conjunction with some 

vaccines might be considered as a potential preventive strategy. Although antipyretics have 

not been shown to reduce the risk of recurrent FS, their use has not specifically been 

assessed for prevention of FS after immunization. [8]

While antipyretics reduce fever following infant vaccines,[9, 10] there is concern that they 

might reduce the immune response to some vaccine antigens.[11] This raises concern about 

their potential routine use in children receiving childhood vaccines as a FS prevention 

strategy, which is not currently supported by available evidence.[12] It remains unknown, 

however, if antipyretics reduce the immune response to IIV in young children. Previous data 

from controlled studies of seasonal influenza vaccines in adults and one observational study 

of monovalent 2009pdmH1N1 influenza vaccine in children have shown this not to be the 

case.[13–16] Therefore, over the course of three seasons we undertook a series of 

investigations designed to begin assessing the effect of acetaminophen and ibuprofen on 
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immunogenicity and safety outcomes. Our primary objective was to compare the immune 

response following IIV in children receiving acetaminophen or ibuprofen versus placebo in 

order to ascertain whether there was evidence that antipyretics blunted the immune response 

to IIV in children. We also compared the proportions of children with fever and other 

solicited symptoms following IIV in each antipyretic group versus placebo.

METHODS

Two consecutive randomized, controlled trials were conducted from October 2013 to March 

2014 (pilot study) and from September 2014 to April 2015 and September 2015 to March 

2016 (expanded study); data were combined for this report. Studies were registered under 

ClinicalTrials.gov identifiers NCT01946594 and NCT02212990, respectively. The pilot was 

a randomized (1:1) controlled double-blind comparison of acetaminophen and placebo 

following IIV. The expanded study was similar in design but the randomization also included 

an open label ibuprofen arm (3:3:2). The ibuprofen arm was smaller, as it was added to 

obtain preliminary data on immunogenicity effects, and was open-label as the recommended 

dosing frequency differs from acetaminophen and because it was rescue therapy for children 

randomized to receive either acetaminophen or placebo and who developed fever. Protocols 

were approved by the Duke Institutional Review Board (IRB); the Centers for Disease 

Control and Prevention (CDC) relied on the determination of the Duke IRB.

Participants

At the time of enrollment, children were required to be between 12 and 35 months and 6 and 

47 months of age for the pilot and expanded study, respectively, and could not have 

previously received the current season’s influenza vaccine. During the pilot, only children 

needing a single dose of IIV per Advisory Committee on Immunization Practices (ACIP) 

recommendations were eligible, but during the expanded study, children needing either 1 or 

2 doses were enrolled.[17–19] Three children enrolled in the pilot were also enrolled in the 

expanded study. Children were excluded if they were febrile (≥37.8°C), had a moderate to 

severe illness, or had already received an antipyretic medication within the prior 72 hours; 

had a history of a severe allergic reaction to influenza vaccine or any of its components; had 

a history of Guillain-Barre syndrome within 6 weeks of receipt of a previous influenza 

vaccine dose; or had a history of immunosuppression. Children could not have received long 

term high dose oral steroids, any parenteral steroids or high-dose inhaled steroids within the 

previous 6 months. Children were required to be up-to-date on recommended immunizations 

and study participation could not cause immunization delay. Participants could not receive 

concomitant immunizations, or have received an inactivated vaccine within 14 days or a live 

vaccine within 28 days of a dose of IIV. Children could not be allergic to either 

acetaminophen or ibuprofen, have underlying conditions precluding their use, and parents 

could not be planning to routinely administer antipyretics prophylactically. Parents were 

required to provide written informed consent. The study was conducted at 3 primary care 

practices in or nearby Durham, NC. We preferentially worked to recruit children with a 

personal history of FS by performing a search of the patient database for an ICD-9 or 

ICD-10 coded diagnosis of FS and sending targeted recruitment letters.
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Study Drug and Administration

Acetaminophen suspension was compounded to provide 160 mg per 5 mL and to match 

liquid placebo in appearance and taste. Commercially available ibuprofen suspension 

containing 100 mg per 5 mL was used. Antipyretic dosing is described in Table 1. Parents 

were directed to dose placebo similarly as would be recommended for acetaminophen. The 

first dose of study drug was administered during the clinic visit immediately following IIV 

receipt. For those children receiving 2 doses of IIV per ACIP recommendation, antipyretics 

or placebo were only prescribed at the time of the initial IIV dose.[17–19] Parents were 

instructed to record the time of administration of each dose of study drug on a paper 

memory aid/diary card.

Influenza Vaccination

IIV was supplied by the clinic, given according to recommended dosing instructions, and 

administration was not considered a study procedure. During the pilot (2013–2014 influenza 

season) and first year (2014–2015) of the expanded study, influenza vaccine strains were: A/

California/07/2009 X-179A (H1N1), A/Texas/50/2012 X-223A (H3N2) (an A/Victoria/

361/2011-like virus), and B/Massachusetts/02/2012 (B Yamagata lineage) for the IIV3 

formulation with the addition of the B/Brisbane/60/2008 (B Victoria lineage) strain for the 

quadrivalent formulation (IIV4).[20, 21] During the second year of the expanded study 

(20152016), the A/Texas/50/2012 X-223A (H3N2) and B/Massachusetts/02/2012 strains 

were replaced by an A/Switzerland/9715293/2013 (H3N2)-like virus and the B/Phuket/

3073/2013-like virus (B Yamagata lineage). [22] During the pilot study only IIV3 was used, 

while during the expanded study both IIV3 and IIV4 were used.

Study Procedures

After obtaining written informed consent from the parent or legal guardian, study eligibility 

criteria were reviewed and the child’s demographic information and medical history 

including personal history or family history of FSs and influenza vaccination history were 

obtained. The child’s weight and axillary temperature were measured and the child was 

randomized to receive either acetaminophen or placebo (both studies) or open-label therapy 

with ibuprofen (expanded study only). Randomization was done in blocks of 4 (pilot study) 

or blocks of 8 (expanded study) for each of the practice sites. Randomization schemes were 

generated by the project statistician and shared with the research pharmacists. The remaining 

study staff was blinded to the randomization for acetaminophen or placebo.

Parents were provided a thermometer and were instructed to document the child’s 

temperatures and solicited symptoms on the day of (Day 0) and day following (Day 1) 

vaccination on the memory aid. Parents measured and documented the child’s axillary 

temperature prior to administering each dose of study drug and at 24 hours after vaccination. 

Measurement of axillary temperature was chosen as the preferred method to increase 

participant acceptability. In addition, parents documented increased fussiness, changes in the 

child’s sleep patterns and appetite, and use of medical services for the child. Memory aid 

information was collected by the research team in a follow-up telephone call or by e-mail 

between 48 to 144 hours following vaccination. Children needing a second dose of IIV were 

instructed to return to clinic 28 to 42 days following receipt of the first dose.
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Blood samples for serologic analysis were obtained at baseline, prior to the first dose of IIV, 

and 28 days following the last dose. Any serious adverse events, as defined by 

21CFR312.32,[23] occurring between enrollment and the final study visit, 28 days following 

the last dose of IIV, were recorded.

Hemagglutination Inhibition Assays

Influenza viruses were grown in specific-pathogen-free eggs or Madin-Darby canine kidney 

cells and harvested as pooled and filtered allantoic/amniotic fluid or clarified culture 

supernatant respectively. Stock titers were quantified using influenza hemagglutination units 

assay. Antibody titers against the influenza test strains were measured in serum samples by 

hemagglutination inhibition (HAI) to assays similar as previously described.[24–27] Briefly, 

10-fold serial dilutions of RDE (Denka Seiken Co.) treated, heat-inactivated and turkey red 

blood cell (RBC; Lampire Biologicals) adsorbed sera were reacted with influenza virus, 

overlayed with a suspension of ~1.0×107 turkey RBCs/mL and RBC agglutination/pelleting 

visualized.

Outcomes

Immunogenicity—The primary study outcome was to assess seroconversion post-

vaccination as denoted by an HAI titer ≥ 1:40 post-vaccination if the baseline titer was < 

1:10 or a four-fold rise in HAI titer if the baseline titer was ≥ 1:10. Additional 

immunogenicity measures were to assess seroprotection as determined by an HAI titer ≥ 

1:40 and the geometric mean titer (GMT) at baseline and one month following the last dose 

of IIV. Seroconversion and seroprotection percentages as well as GMTs with 95% 

confidence intervals (CIs) are reported.

Reactogenicity—Outcomes included the frequencies of serious adverse events during the 

period of enrollment and solicited events including: fever (≥ 38°C and ≥ 39°C), increased 

fussiness, change in appetite and sleep, and receipt of medical attention on day 0 and 1 

following IIV.

Statistical Analysis

These exploratory studies were to assess the role of each antipyretic individually on the 

immune response and fever following IIV, and no formal a priori power calculation was 

done. Influenza immunity was assessed in the cohort of children who received at least a 

single dose of study medication and for whom at least one blood sample was obtained while 

seroconversion was assessed in those with paired blood samples. Reactogenicity was 

assessed in those who received a dose of study medication and for whom we received any 

memory aid information. Descriptive statistics including medians, interquartile ranges, 

counts and percentages were used to summarize study variables. Distribution of categorical 

variables across study groups were compared using Fisher’s exact tests. Relative risks and 

95% CIs for seroconversion and seroprotection were determined for children receiving 

acetaminophen or ibuprofen separately versus placebo. We considered a p <0.05 statistically 

significant and conducted all statistical analyses using STATA SE 13.0 or newer (College 

Station, TX).
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RESULTS

Participants

During the three study influenza seasons, 142 children were enrolled and randomized. 

Participant characteristics are described in Table 2. The greatest percentage (42%) of 

participants were enrolled during 2014–2015 with similar percentages enrolled during 2013–

2014 and 20152016 (28% and 30%, respectively). An equal number of participants were 

randomized to receive blinded therapy with either acetaminophen (n=59) or placebo (n=59) 

over three seasons, while 24 children received open label ibuprofen during the last two 

seasons only. While every child received at least a single dose of study medication shortly 

after their dose of IIV, most (90%) received 3 or more doses of study medication including 

the dose received in clinic. There were no differences with respect to the proportion of 

children receiving 3 or more doses of study medication between either treatment group or 

the placebo group (p=1.00). Despite instructions for receipt of a maximum of 4 doses of 

ibuprofen, 3 participants received 5 doses. One child in the acetaminophen group who 

developed fever, also received ibuprofen for fever relief.

When compared to the placebo group, children in both the acetaminophen and ibuprofen 

groups did not significantly differ with respect to demographic characteristics or risk of FS 

based on personal or family history. Likewise, the recommended number of IIV doses did 

not differ between the treatment groups and the placebo group. When compared to the 

placebo group, a significantly greater proportion of children in the ibuprofen group received 

IIV4 and the 0.5 mL dose (p<0.001 for both). These differences likely result from the fact 

that the 2013–2014 pilot study did not include an ibuprofen arm, only included children < 36 

months of age, and was conducted in a season in which only IIV3 was used.

Immunogenicity

Seroconversion—Seroconversion for the A strains among placebo recipients varied from 

of 60% for the A/Texas (H3N2) strain to 100% for the A/Switzerland (H3N2) strain and was 

78% for the A/California (H1N1)pdm09 strain, present in IIV during all 3 study seasons 

(Table 3). Seroconversion percentages for the B strains were in general much lower ranging 

from 9% for the B/Phuket strain to 32% for the B/Massachusetts strain. There was a non-

significant 14 to 15% decrease in seroconversion for the H1N1 strain when antipyretic was 

used and no statistically significant differences in seroconversion rates for any of the other 

strains between either of the treatment groups and the placebo group were observed.

Seroprotection—Among all participants baseline seroprotection percentages for the A 

strains ranged between 20% and 25% and B strains between 0% and 4%. Follow-up 

seroprotection levels for A strains among placebo recipients ranged from 77% for A/Texas 

(H3N2) strain to 100% for the A/Switzerland (H3N2) strain. Similar to seroconversion rates, 

levels of seroprotection for B strains were low, ranging from 9% for the B/Phuket strain to 

41% for the B/Massachusetts strain. There were no statistically significant differences in 

either baseline or follow-up seroprotection percentages for any of the strains between either 

of the treatment groups and the placebo group.
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Geometric Mean Titers—Among all participants, baseline GMTs for the A strains 

ranged between 12.0 and 13.9 and for the B strains ranged between 5.0 and 7.0. Among 

placebo recipients follow-up GMTs for the A strains ranged from 79.3 for the A/

Texas(H3N2) strain to 620.2 for the A/Switzerland (H3N2) strain. Follow-up GMTs for B 

strains ranged from 7.9 for the B/Brisbane strain to 19.0 for the B/Massachusetts strain. No 

statistically significant differences in either baseline or follow-up GMTs were observed for 

any of the strains between either of the treatment groups and the placebo group.

Reactogenicity

Increases in fever, fussiness, and changes in sleep and appetite did not significantly differ 

between the two treatment groups and the placebo group on day 0, day 1 and on day 0 or 1 

combined (Figure 1). Only two children had a documented elevated axillary temperature. 

One child in the acetaminophen group had fever ≥39°C on the day following vaccination and 

one child in the ibuprofen group had fever ≥38°C on the day of vaccination. No child in the 

placebo group had fever. Additionally, there was no reported use of medical services on the 

day of or day following vaccination for any child enrolled in the study. There were no 

serious, unexpected adverse events or FSs reported during the period of enrollment for any 

of the study participants.

DISCUSSION

To our knowledge, this is the first study to prospectively evaluate the role of antipyretics on 

immune responses and fever following IIV in young children. We assessed the effects of 

both acetaminophen and ibuprofen separately as they have different mechanisms of action. 

[28] Our investigations did not suggest significant blunting of the immune responses to 

influenza A or B antigens by either acetaminophen or ibuprofen. When compared to children 

receiving placebo, the proportions of children receiving antipyretics who seroconverted 

following receipt of A/California(HlNl)pdm09 and A/Texas(H3N2) strains were somewhat 

lower but did not achieve statistical significance. Our study estimates at most a 32–42% 

decrease in seroconversion for the H1N1 strain when an antipyretic was used; however, 

given the small sample size these estimates lack precision. This study corroborates findings 

from studies in adults and a prior observational study of monovalent 2009pdmHlNl 

influenza vaccine in children which did not detect blunting of the immune response by 

antipyretics. [13–16]

Only two children in the study had a fever ≥ 38°C including only one with a temperature ≥ 

39°C, suggesting that fever was an uncommon occurrence after IIV when administered 

alone. In a 2011–2012 study assessing temperature during a similar follow-up period after 

IIV3, 10.3% and 2.6%, respectively, of children were reported to have comparable degrees 

of fever. [5] These findings were observed during a season in which the IIV product used 

was noted to have an independent elevated risk of FS.[4] Two differing possibilities may 

account for the differences in study findings. The 2011–2012 IIV might have induced more 

fever than the IIV products we assessed over the course of three seasons or the axillary 

method of assessing temperature elevations was less sensitive than the temporal artery 
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scanner method used in the 2011–2012 investigation.[29] It is also possible that host factors 

or exposures to other infectious agents contributed to these differences in fever frequency.

Our series of studies had several limitations. These investigations were exploratory and done 

as a preliminary assessment to evaluate the effect of antipyretics on the immune response 

following IIV and therefore were not powered to detect differences in seroconversion or 

seroprotection rates and fever. Although no a-priori power calculation was performed, given 

the observed seroconversion rate to influenza A vaccine strains in children receiving placebo 

in our study (74%), a sample size of 471 subjects per group (942 total) would have been 

required to achieve 80% power at a one-sided alpha=0.05 to detect a 10% decrease in 

seroconversion rate among those receiving antipyretics. It was also difficult to assess the 

effects of antipyretics on the response to influenza B strains as we observed low rates of 

seroconversion and seroprotection to influenza B strains consistent with findings of 

previously reported studies. [30–32] In addition, the vast majority of children included in 

this study had received influenza vaccine in the past; the effect of antipyretics on immune 

response might have been more robust in those IIV naive. Also, we did not assess immunity 

following the first IIV dose for those receiving two doses. Furthermore, our study did not 

address the effect of antipyretics on immune responses and fever when IIV is administered 

concomitantly with either DTaP or PCV13 where there is a known increase in FS risk.[6] 

Lastly, because our study did not allow for concomitant administration of IIV with other 

vaccines during well child visits, the health care utilization reported by parents in this study 

could be different than that of children who receive multiple vaccinations simultaneously.

Although evidence does not support use of antipyretics before or at the time of vaccination, 

[12] if given by parents for treatment and local discomfort following vaccination our results 

do not suggest any blunting of the immune response to IIV. In order to address the use of 

antipyretics as a preventive strategy for children at risk of developing FS following IIV, 

further research is needed. Our findings could guide the development of larger studies, 

including analyses that are statistically powered to evaluate both influenza antibody 

responses and fever and other safety outcomes. Based on our findings, it would be 

permissible to conduct such a study.
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Figure 1. (a-d) Participant solicited symptoms and fever on vaccination day (day 0) the next day 
(day1) and (days 0 or 1) following inactivated influenza vaccine (IIV) according to treatment 
group
.
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Table 1:
Antipyretic (acetaminophen and ibuprofen) dosing according to participant’s age for pilot 
and expanded studies

Pilot
Study

Expanded
Study

Acetaminophen
Dose (mg)
every 4 to 6
hours for 24

hours
(maximum of 5

doses)

Acetaminophen
Dose (mg)
every 4 to 6
hours for 24

hours
(maximum of 5

doses)

Ibuprofen
Dose (mg)

Every 6 to 8
hours for 24

hours
(maximum of 4

doses)

Age in months Participant
weight (kg)

< 24

15 mg/kg
(maximum 160)

5.4–8.1 80 50

8.2–10.8 120 75

>10.8 160 100

24–47 160 — 160 100
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Table 2:
Participant characteristics (season of enrollment, demographics, febrile seizure risk, 
influenza vaccination information and doses of study medication received) according to 
treatment group.

TREATMENT GROUP

Acetaminophen
(n=59)

Ibuprofen
(n=24)

Placebo
(n=59)

Total
(n=142)

ENROLLMENT SEASON

n (%) n (%) n (%) n (%)

2013–2014
a 20 (33.9%) 0 (0.0%) 20 (33.9%) 40 (28.2%)

2014–2015
b 24 (40.7%) 13 (54.2%) 23 (39.0%) 60 (42.2%)

2015–2016
b 15 (25.4%) 11 (45.8%) 16 (27.1%) 42 (29.6%)

DEMOGRAPHICS

Months
p-value

c Months
p-value

c Months Months

Age

Median 24 0.77 28 0.42 24 24

n (%) p-value n (%) p-value n (%) n (%)

Ethnicity

Hispanic 9 (15.2%) 0.39 1 (4.2%) 0.67 5 (8.5%) 15 (10.6%)

Race

White only 23 (39.0%) 0.35 11 (45.8%) 0.81 29 (49.2%) 63 (44.4%)

Black only 22 (37.3%) 0.70 9 (37.5%) 0.80 19 (32.2%) 50 (35.2%)

Other 14 (23.7%) 0.65 4 (16.7%) 1.00 11 (18.6%) 29 (20.4%)

Gender

Male 30 (50.9%) 1.00 13 (54.2%) 0.35 29 (49.2%) 72 (50.7%)

FEBRILE SEIZURE RISK

Participant history of
FS

3 (5.1%) 0.62 2 (8.3%) 0.20 1 (1.7%) 6 (4.2%)

1st degree relative
with FS history

5 (8.5%) 0.76 1 (4.2%) 0.43 7 (11.9%) 13 (9.2%)

Participant or 1st

degree relative with
FS history

8 (13.6%) 1.00 3 (12.5%) 1.00 8 (13.6%) 19 (13.4%)

INFLUENZA VACCINATION INFORMATION

Number of doses recommended

One dose 53 (89.8%) 0.58 20 (83.3%) 1.00 50 (84.7%) 123 (86.6%)

Two doses 6 (10.2%) ----- 4 (16.7%) 9 (15.3%) 19 (13.4%)

IIV type administered

IIV3 only 24 (40.7%) 1.00 1 (4.2%) <0.01 23 (39.0%) 48 (33.8%)

IIV4 only 34 (57.6%) 1.00 23 (95.8%) <0.01 35 (59.3%) 92 (64.8%)

IIV3 and IIV4 1 (1.7%) 1.00 0 (0.0%) 1.00 1(1.7%) 2 (1.4%)
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TREATMENT GROUP

Dosage formulation administered

0.25 mL 50 (84.7%) 0.39 13 (54.2%) <0.01 54 (91.5%) 117 (82.4%)

0.5 mL 9 (15.2%) 0.39 10 (41.7%) <0.01 5 (8.5%) 24 (16.9%)

0.25 mL and 0.5 mL 0 (0.0%) 1.00 1(4.2%) 0.29 0 (0.0%) 1 (0.7%)

NUMBER OF DOSES OF ANTIPYRETIC OR PLACEBO ADMINISTERED

<3 6 (10.2%) 1.00 2 (8.3%) 1.00 6 (10.2%) 14 (9.9%)

≥3 53 (89.8%) ----- 22 (91.7%) ----- 53 (89.8%) 128 (90.1%)

a
Pilot Study,

b
Expanded Study,

c
Fisher’s exact test for categorical data and Wilcoxon rank sum tests for medians. All statistical comparisons were between acetaminophen and 

placebo groups or ibuprofen and placebo groups.
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