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ABSTRACT

ARTICLE HISTORY

While antipyretic analgesics are widely used to ameliorate vaccine adverse reactions, their use has been
associated with blunted vaccine immune responses. Our objective was to review literature evaluating the effect
of antipyretic analgesics on vaccine immune responses and to highlight potential underlying mechanisms.
Observational studies reporting on antipyretic use around the time of immunization concluded that their use did
not affect antibody responses. Only few randomized clinical trials demonstrated blunted antibody response of
unknown clinical signiﬁcance. This effect has only been noted following primary vaccination with novel antigens
and disappears following booster immunization. The mechanism by which antipyretic analgesics reduce
antibody response remains unclear and not fully explained by COX enzyme inhibition. Recent work has focused
on the involvement of nuclear and subcellular signaling pathways. More detailed immunological investigations
and a systems biology approach are needed to precisely deﬁne the impact and mechanism of antipyretic effects
on vaccine immune responses.

Received 18 February 2016
Revised 10 April 2016
Accepted 22 April 2016

Introduction
Antipyretic analgesics are widely used around the time of vaccination to ameliorate fever and pain.1,2 They have been
shown to decrease vaccine reactogenicity,3-5 and until recently
have not been associated with decreased vaccine immunogenicity.6-8 However, an open label, randomized study by Prymula
et al. demonstrated that while acetaminophen (paracetamol)
prophylaxis signiﬁcantly reduced fever following routine childhood immunization, it simultaneously blunted the immune
response to several vaccine antigens.9 In this study, infants
receiving primary immunization were divided into two groups,
a prophylaxis group who received acetaminophen and a control
group. The same allocation was maintained during the booster
“secondary” immunizations. The primary purpose of the study
was to assess the effect of antipyretics in reducing fever and
other vaccine related reactogenicity, but the preliminary immunogenicity report showed signiﬁcantly reduced antibody levels
in the prophylaxis group. This ﬁnding resulted in the rejection
of the prevailing notion that prophylactic antipyretic use
around the time of vaccination is harmless. Furthermore,
this prompted discontinuation of enrollment in a placebocontrolled randomized trial of acetaminophen given for prevention of post-vaccine fever in infants.10 To date, routine
administration of antipyretics around the time of vaccination is
discouraged by many.11 Despite this, the current CDC Vaccine
Information Statement (VIS) for DTaP instructs caregivers to
use antipyretics at time of vaccination and for the next 24 hours
to reduce fever and pain; however, this has not been updated
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since its publication in 2007.12 The American Academy of Pediatrics in 2010 stated that more studies are needed to explore the
clinical impact of antipyretics on vaccination and recommended discussing risks and beneﬁts of prophylactic or therapeutic antipyretics with parents.13 In a recent policy statement
WHO advised against administration of prophylactic oral analgesics due to lack of evidence of effectiveness and/or the potential for affecting vaccine response.14
The focus of this review is to evaluate previous work
exploring the effects of antipyretic analgesics on the immune
responses following vaccination. A recent review by Das et al.
examined the clinical studies that investigated the effect of prophylactic antipyretic analgesics on post-vaccination adverse
reactions and antibody response to vaccination.15 However,
their analysis was restricted to children 6 years or less and did
not discuss in vitro or laboratory studies.15 Due to the paucity
of clinical trials and studies examining this question, we
expanded our review of the literature to cover clinical studies of
all age groups, including pediatric and adult populations; in
addition we reviewed in vivo and in vitro laboratory studies to
explore potential mechanisms that could explain blunting of
the immune response by antipyretic analgesics.

Historical perspective
The role of non-steroidal anti-inﬂammatory drugs (NSAIDs) in
modulating immune responses was ﬁrst investigated decades
ago. In 1922, Homer Swift tested the hypothesis that salicylates
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may induce an antibody response, termed “immune bodies,”
following exposure to live and killed bacterial antigens.16 He
used strains of viridans streptococci and Streptococcus pneumoniae type 1 antigens as these bacteria were thought to be the etiologic agents for rheumatic fever at that time. He administered
the antigens intravenously to rabbits treated with salicylates
(given via gastric tube) and untreated controls. In these experiments, salicylates adversely affected antibody formation. Direct
action of the salicylates on the antigen was implicated as rabbits
that received antigen pre-incubated with salicylate had the lowest antibody response when compared to both rabbits that
received antigen and oral salicylate without pretreatment or
untreated controls.
Following Swift’s report, no further studies appeared in the
literature until after the discovery of prostaglandins and demonstration of their signiﬁcant role in the regulation of inﬂammatory and immune responses. Numerous studies were done
exploring the effects and mechanisms by which prostaglandins
and their inhibitors affect the immune system.17,18 Most of this
pioneering work was done in animal models and focused on
antibody production, although the results were often contradictory.19-22
Ambrose in 1966 studied the effect of salicylate on secondary antibody response in rabbits injected with BSA (bovine
serum albumin) and diphtheria toxoid. Salicylate suppressed
immunoglobulin production in a dose-dependent manner.23
Similarly, salicylate inhibited thymidine incorporation and
decreased the number of antibody forming cells found in spleen
cells cultured from chickens immunized with sheep red blood
cells (SRBCs).24 However, other investigators reported differing
results. Webb et al. injected mice with indomethacin 24 and
2 hours before injecting SRBCs, observing a block in splenic
prostaglandin (PG F2a) production associated with an increase
in the number of antibody forming cells. Acetaminophen
added to human peripheral blood lymphocytes in culture at
concentrations of 2.5 to 300 mcg/mL resulted in increased
responses to mitogen-induced blastogenesis; however these
responses were inhibited by increasing the drug level to higher
concentrations (> 400 mcg/mL). Exposure of lymphocytes to
the drug before mitogen stimulation did not result in increased
responses.25
In 1978, Goodwin and colleagues published the ﬁrst randomized, open-label controlled study to examine the effect of
antipyretics on immune response following vaccination in
healthy human subjects.26 In this study, 15 healthy males and
females were given indomethacin 25 mg orally for 12 days,
starting one day before immunization with bivalent inﬂuenza
vaccine (A/New Jersey and A/Victoria). A control group of 15
individuals matched by age and sex were similarly vaccinated
without receiving indomethacin. Antibody titers were measured by hemagglutination inhibition (HAI) in both groups. In
the indomethacin group, antibody titers to A/Victoria were
increased compared to the controls (mean increase in tube dilution of 1.5 § 0.4 versus 0.7 § 0.2, p < 0.025), whereas titers to
A/New Jersey were slightly lower (2.2 § 0.6 vs. 2.5 § 0.5, not
statistically signiﬁcant). Baseline titers before vaccination indicated that about 90% of the subjects already had antibody titers
to A/Victoria (mean titer between 1:20 and 1:40), whereas none
had detectable titers to A/New Jersey ( 1:10). In this study,

indomethacin enhanced the antibody response to the A/Victoria strain that the participants had previously been exposed to
but not to the novel A/New Jersey strain. Original antigenic sin
might explain this result whereby increased antibody production to the older strain is produced at the expense to that of
novel strains.27,28 However, it is important to note that this
phenomenon is controversial with some contradictory reports
available.29

Methods
This review is not a meta-analysis in that data were not combined between studies and subjected to additional statistical
analysis. The literature search was performed by one reviewer
and analyzed by all authors. Our review of the literature was
not limited by year and included only English language reports.
The search included the use of two electronic bibliographic
databases, PubMed/MEDLINE and Embase. Search key words
were used in a MeSH Terms and truncation strategy and
included: (immunization OR vaccine), AND (antipyretics OR
acetaminophen OR paracetamol OR ibuprofen OR aspirin OR
anti-inﬂammatory agents, non-steroidal). For both databases
keywords were mapped to appropriate subject headings. Only
empirical studies were reviewed; case reports, letters to the editor, policy statements were excluded. A total of 1395 papers
were screened based on title and abstract, of which 73 were
examined for eligibility and 20 papers, representing clinical trials, were identiﬁed for review (including two abstracts identiﬁed through other sources). Additionally, we performed a
manual review of historical and current in vitro and in vivo laboratory studies to explore the mechanistic effect of antipyretic
analgesics on postvaccination immune response.

Antipyretic effects on post-vaccination immune
response
Studies reporting antipyretics used as a primary
intervention
Studies done before the prymula 2009 publication
Eight interventional clinical studies, published before the
2009 Prymula paper, investigated the effect of prophylactic
antipyretic analgesics on vaccine immune response. While
the majority of these studies used acetaminophen as the antipyretic,5,6,30,31 the use of indomethacin,26,32 piroxicam33 and acetylsalicylic acid34 were also evaluated [Table 1]. Inﬂuenza
vaccines were used in ﬁve of the seven studies involving adult
participants,5,30,31 with pneumococcal and hepatitis B vaccines
being the other two; whereas the only pediatric study evaluated
diphtheria, tetanus and whole cell pertussis (DTP) vaccine6
[Table 1].
We found only one study that replicated the ﬁndings of
Goodwin et al., where an increase in measurable antibody production was observed after inﬂuenza vaccination (A/Taiwan,
A/Beijing and B/Panama strains) of healthy adults  65 years,
who were randomized to receive acetylsalicylic acid 300 mg or
placebo on days 1, 2, 3, 5, and 7.34 Inﬂuenza speciﬁc antibodies
for the 3 strains were measured by ELISA at 3 weeks postvaccination, showing that a 4-fold or greater rise in antibodies to the
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Table 1. Randomized Clinical Studies investigating effect of prophylactic antipyretic analgesics on postvaccination immune response.
Author
Year (ref)
Walter 2015 (41)
[Abstract]
Wysocki 2014 (39)
[Abstract]

Design, Setting,
Subjects age, N

Reported
Antipyretic,
schedule

Vaccine/s

RCT, double blind,
Acetaminophen 0, q
Inﬂuenza (IIV3)
placebo, (USA), 12–
4–6 hrs for 24 hrs
35 mo, N D 40
RCT, Open label, placebo Paracetamol(a), Ibuprofen Prevnar-13
0, 6–8 hrs, then q
DTaP/IPV/Hib/HBV
(Poland), infants,
6–8 hrs [with each
[Primary series and
N D 800
vaccination]
booster]

Measured outcomes,
immune correlates or
seroprotection cut-off

Reported signiﬁcant
difference in
antibody response

HAI  40
Pneumococcal
anticapsular IgG
Pertussis FHA and
tetanus IgG

Decreased pneumococcal
antibody GMCs (for 5 of
13 serotypes) with
Paracetamol
prophylaxis. Decreased
pertussis and tetanus
toxins antibody GMCs
with Ibuprofen
prophylaxis.
Decreased anti-HBs levels
after 3rd dose in
prophylaxis group.
Antibody levels were
protective in all groups.
No baseline antibody
levels.

Doedee 2014 (38)

RCT, Open label, placebo, Paracetamol
Hepatitis B vaccine
(Netherlands), Young
Prophylaxis:0, 8,
[3-dose series]
adults 18 yr, N D
16 hrs; Treatment: 6,
496
14, 22 hrs[ with ﬁrst 2
vaccine doses]

Anti-HBs (10 IU/L)

Prymula 2014 (36)

RCT, Open-label (Czech
Republic, Italy,
Hungary, Chile,
Argentina), 2 mo,
N D 558

Paracetamol Prophylaxis: 4 CMenB
0, 4–6 hrs, 8–12 hrs
DTaP-HBV-IPV/HiB
[with each
PCV7
vaccination]
MenC
[Primary series and
booster]

Prymula 2013 (35)

RCT, Open label, (Czech
Republic), 31–44 mo
and 40–48 mo, N D
443

None in this study (Follow 10-valent Pneumococcal
up to Prymula 2009)
non- typable H.
inﬂuenzae protein D
conjugate (PHiD-CV)

Prymula 2009 (9)

RCT, Open label,(Czech
Paracetamol0, q 6–8 hr
Republic)16 wks at
for 24 hrs [with each
enrolment, 12–15 mo
vaccination]
at booster, N D 459

10-valent Pneumococcal
non-typable H.
inﬂuenzae protein D
conjugate (PHiD-CV)
DTaP-HBV-IPV/Hib
Rotavirus
[Primary series and
booster]

Gross 1994 (31)

RCT, Placebo(USA),
Acetaminophen 0, q
73–88 yrs, ND 80
6 hrs £ 2 days
RCT double-blind-placebo Acetylsalicylic acid day
(USA),  65 yrs,
1,2,3,5 and 7
ND281

Inﬂuenza IIV3

hSBA, Ab to fHbp, NadA, NZ
OMV (titer  5) DT & TT
Ab 0.1 IU/mL. HepB D
10 mIU/mL. Polio virus
type1, 2, 3: 1:8 dilution,
Pneumococcal Abs
serotypes 4, 6B, 9V, 14,
18C, 19F, 23F  0.35 ug/
mL, Pertussis Abs.
Anti-pneumococcal serotypespeciﬁc total IgG.
Pneumococcal
opsonophagocytic titers
(opsonic titer D 8)(b),
Anti-protein D GMC
Nasopharyngeal swab
cultures
Primary series: Decreased
Anti-pneumococcal IgG 
antibody responses to
0.2 mg/mL, Pneumococcal
all vaccines except for
opsonophagocytic titers
Polio; decreased
D 8, Anti-PRP  0.15 mg/
antipneumococcal
mL, Antidiphtheria  0.1
GMCs (all 10 serotypes),
IU/mL, Antitetanus  0.1
protein D, anti-PRP,
IU/mL, Anti-PT  5ELU/
anti-DT, anti-TT and
mL, Anti-FHA  5 ELU/
anti-pertactin in
mL, Anti-pertactin  5
prophylaxis group.
ELU/mL, Anti-HBs 10
mIU/mL, Anti-polio  1: Booster series: Decreased
GMCs for anti8, Anti-rotavirus
pneumococcal (all
IgA  20 U/mL(c)
except 19F), antitetanus, anti-protein D
in prophylaxis group.
Inﬂuenza HAI  40

Hsia 1994 (34)

Inﬂuenza IIV3

Serum speciﬁc antibody for 3 Increased A/Beijing
Inﬂuenza strains by ELISAinﬂuenza antibody titers
4 fold riseBlastogenic and
(4-fold rise) among
interleukin-2 response
acetylsalicylic acid
group compared to
placebo -more marked
in >75 yrs.
(Continued on next page)
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Table 1. (Continued )
Author
Year (ref)
Chernesky 1993 (30)
Aoki 1993 (5)

Uhari 1988 (6)
Ceuppens 1987 (33)

Lafferty 1981 (32)
Goodwin 1978 (26)

Design, Setting,
Subjects age, N
RCT double-blind placebo
(Canada),  65 yrs,
N D 185
RCT, double blind,
placebo, (Canada), 27–
48 yrs,
N D 262
RCT, double blind,
placebo, (Finland)
5 mo, N D 233
Double blind, placebo
(Belgium), 22–26 yrs,
N D 50

Open label, controlled
(USA),  65 yrs, N D
40
Open label, controlled
(USA), Healthy adults
N D 30

Reported
Antipyretic,
schedule

Vaccine/s

Measured outcomes,
immune correlates or
seroprotection cut-off

Acetaminophen 0, 6 hrs

Inﬂuenza IIV3

Inﬂuenza HAI 40

Acetaminophen 0, 4, 8,
12 hours

Inﬂuenza IIV3

Inﬂuenza HAI  40 , 4-fold
change in serum HAI

Acetaminophen 4 hrs
after vaccination

DTPDTP-IPV

Reported signiﬁcant
difference in
antibody response

Diphtheria, Pertussis, Tetanus
IgG by enzyme
immunoassay.
Piroxicam Daily, 3 days
Hepatitis B vaccine [3Anti-HBs >10 U/mL by RIA,
before each
dose series]
Immune complexes by
vaccination and 7 days
RIA, Lymphocyte
after [with each
subpopulations/activation
vaccination]
markers/functional
studies
Indomethacin Day of
14-valent Pneumococcal Antibodies to pneumococcal
vaccination for 5 days
polysaccharide vaccine
polysaccharides by RIA
Indomethacin - 48 hrs., 0, Inﬂuenza IIV2
then q 4 hrs for
12 days

Inﬂuenza HAI

Increased antibody titers to
A-Victoria (strain with
high prevaccination
titers). No similar
increase to novel
A-New Jersey strain.

(a)

Paracetamol: international nonproprietary name for acetaminophen.
Pneumococcal Opsonophagocytic titers measured by killing assay using HL60 cell line.
(c)
Anti-polio (1,2 or 3) measured by microneutralization; all other antibodies levels were measured by ELISA.
Abbreviations by cited order: N: number of study participants; RCT: Randomized Controlled Trial; IIV3: Trivalent Inactivated Inﬂuenza vaccine; HAI: Hemagglutination inhibition; DTaP: Diphtheria, tetanus and acellular pertussis vaccine; IPV: Inactivated polio vaccine; Hib: Haemophilus inﬂuenzae type B; HBV: Hepatitis B virus vaccine; FHA:
ﬁlamentous hemaglutnin; GMC: geometric mean concentration; AntiHBs: anti-hepatitis B surface antigen; 4CMenB: Meningococcal type B vaccine; PCV7: Pneumococcal
pentavalent vaccine ; MenC; Meningococcal vaccine type C; hSBA: Serum complement bactericidal activity; fHbp: factor H binding protein; NadA: Neisserial adhesion A;
NZOMV: New Zealand strain outer membrane vesicles; DT: Diphtheria toxoid; TT: Tetanus toxoid; PRP: polyribose ribitol phosphate, a Hib antigen; ELISA: Enzyme -linked
Immunosorbent Assay; IIV2: Bivalent Inactivated Inﬂuenza vaccine. RIA: Radioimmunoassay.
(b)

A/Beijing strain occurred more frequently among the acetylsalicylic acid recipients (p < 0.05), and was conspicuously evident
in those  75 years of age (p < 0.01). However, in vitro studies
showed a different effect with a  3-fold increase in inﬂuenzaantigen-stimulated [3H]-thymidine incorporation (following
incubation with A/Beijing strain) occurring more commonly in
the placebo group compared to the acetylsalicylic group (25%
vs. 16%), and there was no observed difference in antigen-stimulated IL2 production34 Another study done during the same
inﬂuenza season (1991–1992) in elderly outpatients and nursing home residents, with a mean age of 80 years, who were randomized to receive either acetaminophen or placebo, showed
no effect of acetaminophen on inﬂuenza HAI.31
Two randomized, double blind placebo controlled studies
were done in Canada and examined immune responses following vaccination with trivalent inactivated inﬂuenza vaccine (A/
Taiwan/1/86 [H1N1], A/Shanghai/16/89 [H3N2] & B/Yamagata/16/88) during the 1990–1991season.5,30 Both studies evaluated the use of prophylactic acetaminophen with the ﬁrst dose
given at the time of vaccination. One study enrolled 474 healthcare workers who were randomized to three groups: 1) half
dose acetaminophen (162.5 mg), 2) full dose acetaminophen
(325 mg), or 3) placebo. Study medications were given in four
consecutive doses at 4-hour intervals.5 The other study randomized 100 healthy adults  65 years old attending outpatient
clinics into two groups, receiving either acetaminophen 975 mg
every 6 hours for two doses or placebo.30 HAI titers in both

studies were judged to be protective and there was no difference
in antibody response detected between the treatment and
control groups.
Two of the early studies, separately evaluated antipyretic
analgesics use in adults receiving antigens other than inﬂuenza
vaccine.32,33 Firstly, 14-valent pneumococcal polysaccharide
vaccine was given to 40 healthy adults  65 years old, who
were divided into indomethacin prophylaxis (25 mg four times
daily for ﬁve days after vaccination) and control group.32 Baseline and postvaccination antibody levels were similar, and did
not correlate with absolute lymphocyte count, delayed hypersensitivity testing or response to phytohemagglutinin.32 Secondly, in a double blinded placebo controlled study, the
hepatitis B vaccine series were given to 50 healthy subjects
22–26 years old previously unimmunized and who had no evidence of hepatitis B infection pre and postvaccination.33 Prophylaxis with daily piroxicam was given daily for 10 days
starting three days before each vaccine dose. Similarly, antibody
levels obtained after each vaccination were comparable between
the two groups, as well as peripheral lymphocyte subpopulations, activation markers and functional studies.33
The single randomized controlled pediatric study was
reported by Uhari and colleagues in 1988.6 It included healthy,
ﬁve-month-old children who received either a single acetaminophen dose or a placebo 4 hours after vaccination with DTP or
DTP-inactivated polio vaccine. Antibody titers to diphtheria
and tetanus toxoids and pertussis antigens measured 6 weeks
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later did not differ signiﬁcantly between the groups; however,
there were no pre-immunization baseline levels measured. Our
search algorithm identiﬁed no subsequent randomized controlled pediatric studies addressing the question of antipyretic
effects on vaccine immune response until the Prymula study in
2009.
Prymula 2009 publication and later studies
Prymula and colleagues in 2009 reported a randomized openlabel parallel group study that included healthy infants 9–
16 weeks old at enrollment; the infants received their ﬁrst set of
primary immunizations (at 3, 4, and 5 months of age) and then
booster doses at 12 to 15 months of age.9 Children were randomized to an acetaminophen (paracetamol) prophylaxis
group or a control group (no placebo or drug). Prophylactic
acetaminophen total daily dosage of 40–50 mg/kg was administered in the ﬁrst 24 hours. Study staff administered the initial
dose immediately after each vaccination and parents gave second and third doses at home every 6 to 8 hours. All doses were
given rectally. The vaccine antigens evaluated included the following: 10 pneumococcal capsular polysaccharides (serotypes
1, 4, 5, 6B, 7F, 9V, 14, 18C, 19F and 23F) included in the pneumococcal non-typeable H. inﬂuenzae protein D-conjugate vaccine (PHiD-CV); diphtheria toxoid; tetanus toxoid; pertussis
antigens including pertussis toxoid, ﬁlamentous haemagglutinin, and pertactin; hepatitis B surface antigen; polio virus type
1, 2, and 3 antigens; and Haemophilus inﬂuenzae type b polysaccharide (polyribosylribitol phosphate, PRP) contained in the
hexavalent diphtheria-tetanus-3 component acellular pertussis
(DTaP), inactivated hepatitis B (HBV), inactivated poliovirus
(IPV) types 1, 2 and 3, H. inﬂuenzae type b (Hib) vaccine. In
addition, anti-rotavirus IgA levels were used as the immune
correlate for oral rotavirus vaccination.
Baseline antibody levels were similar between the prophylaxis and no prophylaxis groups. One month following the primary vaccination series, blunting of antibody responses was
noted among children receiving acetaminophen prophylaxis.
Antibody geometric mean concentrations (GMCs) to all 10
pneumococcal serotypes were signiﬁcantly lower in the prophylaxis group. However, the correlate of protection level of  0.2
mcg/mL was similar for all pneumococcal serotypes in the two
groups, except for serotype 6B, which was signiﬁcantly lower in
the prophylaxis group. Protective opsonophagocytic titers (> 8
dilutions) for pneumococcal serotypes 1, 5 and 6B were signiﬁcantly lower in the prophylactic group. Seroprotection rates
against Haemophilus inﬂuenzae type b and GMCs of antibodies
to diphtheria, tetanus, and pertactin were also signiﬁcantly
lower in the prophylaxis group.
Antibody levels were again measured before and one month
after booster vaccination. Pneumococcal antibody GMCs, opsonophagocytic activity geometric mean titers (GMTs) and seropositivity rates were lower in the acetaminophen prophylaxis
group for most serotypes except 9V. Antibody concentrations
for all other antigens were similar after vaccine boost, except for
lower levels found against tetanus in the prophylaxis group. A
post hoc analysis indicated the reduced antibody levels in the
prophylaxis group occurred regardless of the presence or absence
of fever. Additionally, upon review of previous vaccine trials, the
authors conﬁrmed a similar reduction in responses to all
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pneumococcal serotypes (except serotype 14) in children group
who received prophylaxis on the day of vaccination.
In 2013, Prymula et al. reported a follow up study evaluating
the effect of acetaminophen on the long term persistence and
boosting of antibody as well as the rate of nasopharyngeal carriage of S. pneumoniae and H. inﬂuenzae. Children in the acetaminophen group in the 2009 study were compared to controls
after the groups received a booster dose of 10-valent pneumococcal capsular polysaccharide non-typeable Hemophilus inﬂuenzae conjugate vaccine at 40 to 48 months of age.35 The group
who received acetaminophen prophylaxis had lower titers prior
to the boost, but both groups had similar robust increase in
titers following the boost. The blunted response observed with
the primary immunization was not persistent, suggesting that
there was no adverse effect on memory B cells. Also, there was
no difference in nasopharyngeal carriage rates for non-typeable
H. inﬂuenzae or other tested bacteria, suggesting that the
observed differences in antibody levels may not be clinically
signiﬁcant.
In a separate randomized open label controlled phase 2
study reported in 2014, Prymula et al. evaluated the immunogenicity and reactogenicity of multicomponent meningococcal
serogroup B vaccine (MenB-4C) given together with routine
childhood vaccinations (DTaP-HBV-IPV/Hib and PHiD-CV).
Healthy children enrolled at 2 months were randomized to
receive acetaminophen or no analgesic at each vaccination, and
the children received 3 doses of primary immunizations at 2, 3,
and 4 months of age and a fourth dose of PHiD-CV at
12 months. In contrast to the ﬁndings for other studies noted
above, prophylactic acetaminophen did not impact the antibody response to any of the tested antigens post-vaccination.36
This study reported higher rate of fever ( 38 C) when MenB4C was co-administered with combination vaccines, and that
prophylactic acetaminophen use effectively decreased fever.
Accordingly, guidelines adopted in 2015 by UK Joint Committee on Vaccination and Immunisation (JCVI) recommended
prophylaxis with acetaminophen to infants under 12 months of
age when MenB-4C vaccine is co-administered with other routine vaccines at 2 and 4 months.37
The 2009 Prymula study found that antibodies against hepatitis B surface antigen (anti-HBs) were comparable in the prophylaxis and no prophylaxis groups. In contrast, a controlled,
open label study in adults reported blunting of the antibody
response to HBV with acetaminophen prophylaxis.38 Healthy
young adults ( 18 years) were randomly assigned to receive
no drug or acetaminophen for 48 hours, either as prophylaxis
(ﬁrst dose at vaccination) or as treatment (ﬁrst dose 8 hours
after vaccination). HBV was administered in a three dose series,
at 0, 1 and 6 months. None of the participants used acetaminophen around the third dose. Anti-HBs levels were measured
immediately before and one month after the third dose. No
baseline antibody levels were measured; however, to reduce the
chance that a participant had a prior vaccine series, those individuals who had anti-HBs > 10,000 mIU/mL prior to the third
dose had their vaccination records reviewed and individuals
were excluded if they had previously received HBV. Anti-HBs
after the third dose were signiﬁcantly lower in the prophylactic
acetaminophen group compared with the no drug group (4257
mIU/mL vs. 5768 mIU/mL, respectively; p D 0.048), while no
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difference between the therapeutic acetaminophen and control
groups was observed (p D 0.34). While the result showed blunting of vaccine response, all groups had seroprotective antibody
levels at series completion, and this study was not able to examine the response following the ﬁrst dose since anti-HBs were
not measured.
Wysocki et al. recently investigated effect of acetaminophen
and ibuprofen prophylaxis.39 In their placebo-controlled study,
908 healthy infants receiving primary vaccines (PCV-13,
DTaP/IPV/Hib/HBV) were randomized to ﬁve groups—two
groups received either acetaminophen or ibuprofen at vaccination, two groups received one or the other drug 6–8 hours after
each vaccination, and the ﬁfth control group received no medications. The study was limited as no baseline serologies were
obtained. Following the primary series, pneumococcal anticapsular IgG GMCs were signiﬁcantly lower in the acetaminophen
prophylaxis group compared to the control group for 5 of 13
serotypes. Similarly, pertussis ﬁlamentous hemagglutinin and
tetanus IgG GMCs were signiﬁcantly lower among the ibuprofen prophylaxis group compared to the control group after the
primary series. Notably, there were no differences observed for
antibody responses to any antigen after the toddler vaccine
dose.
Sponsored by the Centers for Disease Control and Prevention Clinical Immunization Safety Assessment Project, Duke
University is currently conducting a double blind, placebo-controlled study to assess the effect of prophylactic antipyretics on
immune responses and rates of fever after inactivated inﬂuenza
vaccine (IIV) in children 6 through 47 months of age.40 The
study groups include blinded therapy with prophylactic acetaminophen or placebo immediately following and every 4 to
6 hours in the 24 hours after receipt of IIV, or open-label ibuprofen immediately following and every 6 to 8 hours in the
24 hours after IIV receipt. The preliminary pilot data from 40
children, randomized to receive either acetaminophen or placebo, did not show a difference in antibody responses to three
inﬂuenza antigens as measured by HAI.41
Observational studies reporting antipyretic use
In addition to the controlled studies summarized above, there
have been several observational studies describing the effect of
antipyretic prophylaxis or treatment around vaccination time
on vaccine immune responses [Table 2]. These studies primarily assessed the immunogenicity and reactogenicity of different
vaccines and did not include antipyretic analgesics as a prespeciﬁed intervention. Antipyretic analgesic use was either
included in post hoc analysis or derived from reported use by
caregivers.
In a longitudinal study of safety and immunogenicity of a 3versus 4-dose immunization schedule for DTP, parents were
instructed to record temperature, adverse reactions and use of
acetaminophen during four intervals (0–6 hours, 7–12 hours,
13–24 hours, 25–48 hours). Acetaminophen was not given prophylactically; however parents were instructed to use as needed
for fever, pain, or local reactions. Results showed 73.5% of children received acetaminophen at least once within 48 hours of
vaccination, and 2.1% were given it prophylactically in a time
period when no adverse reactions were recorded.7

In a trial comparing acellular versus whole cell pertussis vaccine in children 15–24 months and 4–6 years of age, antipyretics were not given prophylactically but parents were called 3–
7 days after vaccination to obtain information about reactions
and medication use.42 Children who received whole cell vaccine
had signiﬁcantly higher rate of reactions and also reported a
higher rate of use of acetaminophen compared to the acellular
pertussis group (53% vs. 12%, p < 0.00001)42; another study
comparing the two vaccines among 15–20 month old children
reported rates of 63% versus 31% for use of acetaminophen
when parents were contacted by phone at 1, 3, and 14 days after
vaccination.43
Similarly, in another study, prophylaxis with acetaminophen
for fever was recommended in study centers in Alberta and
British Columbia but not in Quebec. As expected the use of
prophylactic acetaminophen was signiﬁcantly higher in the
study centers where recommended. Prophylactic use was 93.4%
and 80.6% in Alberta and British Columbia, respectively, and
53.8% in Quebec. The use of acetaminophen in the ﬁrst
24 hours following vaccination increased by 3.6%, 12.4% and
25.2%, respectively, among the centers.44 Interestingly, despite
the differences in acetaminophen usage, the frequency of
adverse reactions was not different among the three centers.
A study in the UK evaluated reactogenicity and immunogenicity of adjuvanted split virion and non-adjuvanted whole
virion H1N1 (2009) pandemic inﬂuenza vaccine among healthy
children 6 to 12 years of age. Antipyretic use was 36.5% and
28.4% for the ﬁrst and second doses of adjuvanted vaccine,
respectively; compared to 22.1% and 16.6% for the ﬁrst and second doses of the non-adjuvanted whole virion vaccine. Acetaminophen or ibuprofen use on day 0 or 1 after the ﬁrst or
second dose of either vaccine did not affect antibody titer
regardless of whether fever was included in the regression analysis.8 Similarly, recent results of a meta-analysis of four randomized trials of monovalent H1N1 (2009) pandemic
inﬂuenza vaccine in adults, found no signiﬁcant difference in
hemagglutinin inhibition titers in low-dose aspirin users (43%
of the study subjects) compared to non-users.45 This study evaluated multiple vaccine formulations and medications use was
self-reported by subjects.
Reported use of prophylactic antipyretics in these studies
varied signiﬁcantly, ranging from as little as 2% to more than
90%. All the studies concluded that antipyretic use had no
effect on antibody responses following immunization.

The relationship between novel antigen exposure,
timing of antipyretic use and vaccine response
The timing of antipyretic analgesic administration, and vaccination with novel antigens appear to be important determinants of humoral immune response following vaccination. In
all studies that reported decreased immunogenicity with antipyretic prophylaxis, the signiﬁcant negative impact on immune
response was evident only when antipyretics were given at time
of vaccination and not when they were given as a treatment
thereafter.9,38,39 Results from in vitro studies support this observation. In a rabbit spleen culture system, antibody suppression
by salicylates was noted mainly during the inductive phase of
the culture system (ﬁrst 9 days), with very little effect
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Table 2. Observational studies reporting antipyretics analgesics use around vaccination time.
Author
Year (ref.)

Study vaccine/s, Setting,
Subjects age, N

Antipyretic analgesic
reported use

Jackson 2016 (45)

Inﬂuenza (monovalent 2009
Low-dose Aspirin, self-reported
pandemic H1N1), (USA)  18
chronic use by 43%
and  50 yr ND 1597

Andrews 2011 (8)

Inﬂuenza (split virion, AS03Badjuvanted AND nonadjuvanted whole virion
H1N1 (2009), (UK) 6 mo
¡12 yr ND 943
WC-DTP-IPV/RPR-T, Acellualar
Pertussis, DTP-IPV/RPR-T,
(Canada)  2 and <3 mo
infants ND560

Mills 1998 (44)

Marcinak 1993 (43)

DTaP, WC-DTP, (USA) 15 –
20 mo ND246

Auerbach 1992 (42)

WC-DTP, Acellular DTP, (USA)
15–24 mo, 4–6 yr ND111

Long 1990 (7)

WC-DTP, (USA)2 mo,ND538

Measured outcomes, immune
correlates or seroprotection
Hemagglutination-inhibition
titers

Results/Antibody
response
Low-dose Aspirin use was not
signiﬁcantly associated
with hemagglutinationinhibition titers.
Paracetamol(a) or ibuprofen
use on day 0 or day 1 did
not affect antibody titer
after 1st or 2nd vaccine dose

Antipyretic analgesics
Hemagglutination-inhibition
therapeutic use: Adjuvanated
titers ( 1:32)
1st dose: 36.5%, 2nd dose:
Microneutralisation titers
28.4% Whole virion: 1st dose:
(1:40)
22.1%, 2nd dose: 16.6%
Acetaminophen prophylaxis use Anti-PRP 20.15 and 2 1.0 ug/ml. Acetaminophen prophylaxis
among 3 sites (93.4%, 80.6%
Polio types 1, 2 and 3
did not affect
and 53.8% and increased to
neutralizing antibody titers
immunogenicity.
97.0%, 93.0% and79.8%,
 8. DT Ab levels  0.01, 
Differences in antibody
respectively after therapeutic
0.10 and 1.0 IU/mL. TT Ab
responses clinically
use in ﬁrst 24 hrs
levels  0.01,  0.10 and 
insigniﬁcant (tetanus
1.0 EU/ml. Pertussis
seroprotection is 100%,
agglutination titer  64.
diphtheria 99%).
Pertussis Ag responses  25
and  100 EU/mL.
Acetaminophen therapeutic use PT Abs using CHO cell assay FHA FHA, PT and functional PT
63% in WC-DTP, 31% in DTaP
and PT Abs by ELISA, TT by
were higher in acellular
ELISADT by VERO cell assay
DTP compared to whole
cell even in subgroup
analysis by race, gender,
and practice setting.
Antipyretics use reported
but not analyzed for
correlation with antibody
response.
Acetaminophen use 53% in WC- Pertussis agglutinin (1:2 lower
No differences in antibody
DTP, 12% acellular DTP
limit of detection). PT Ab by
responses between the 2
toxin neutralization. DT & TT
doses of acellular DTP. All 3
(  0.01 IU/mL considered
groups had signiﬁcant
protective).
increases in pertussis
agglutinins, but higher
GMT for acellular DTP
Acetaminophen therapeutic use DT Ab assay by toxin
Acetaminophen use did not
73.5% within 48 hr in DTP,
neutralization. Tetanus
correlate with Pertussis
21% in placebo. DTP
toxoid Ab by
antibody response.
prophylactic use 2.1%.
hemagglutination. Pertussis
Ab by direct cell
agglutination and by toxin
neutralization.

(a)

Paracetamol: international nonproprietary name for acetaminophen.
Abbreviations by cited order N: number of study participants; WC: Whole Cell; DTP: Diphtheria, tetanus, pertussis vaccine; IPV: Inactivated polio vaccine; RPR polyribose
ribitol phosphate; T: tetanus vaccine; DT: Diphtheria toxoid; TT: tetanus toxoid; DTaP: Diphtheria, tetanus, acellular pertussis vaccine; FHA: ﬁlamentous hemaglutnin.

afterwards; although most of the antibody production was
noticed after the inductive period.23 In similar studies using
human peripheral blood mononuclear cells (PBMCs), indomethacin maximally inhibited immunoglobulin secretion when
the drug was added early on or in the ﬁrst 24 hours of culture.46-48 Ibuprofen added during the ﬁrst days of PBMC culture (days 1, 2 and/or 3) produced greater IgM suppression
versus adding the drug at later time points (day 5 and/or day
6).49 Indomethacin administered to mice immunized with
human serum albumin showed a reduction in antibody afﬁnity
and production, and this effect was greater when the drug was
given one week before or one week immediately after immunization (p < 0.05 and p < 0.02, respectively), whereas no signiﬁcant reduction was observed when indomethacin was given
during the second week (day 7 to 14).50
These laboratory data correlate with human studies, such as
antibody blunting in the 2009 Prymula study that occurred
only in the primary vaccine series “novel antigens” and not
when booster vaccines were given, and in the study of Wysocki

et al. that noted similar results. Additionally, in the 1978 Goodwin study, indomethacin prophylaxis resulted in lower, but not
statistically signiﬁcant, antibody response to the novel inﬂuenza
A/New Jersey strain but not against the A/Victoria strain that
the participants had already been exposed to. Taken together,
these studies suggest that antipyretic prophylaxis primarily
affects vaccine response to novel antigens, meaning that this
phenomenon will have greater impact on children, as they are
the group who receives most of the novel vaccine antigens and
are commonly given antipyretic analgesics around the time of
vaccination.1,51

Mechanisms of antipyretic analgesics action
on the immune system
The mechanisms by which antipyretic analgesics affect the antibody response following immunization are not clear. An early
study demonstrated that salicylate inhibits complement, but
antibody binding was not affected.52 Antipyretic analgesics
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Figure 1. Antipyretics analgesics inhibition of post-vaccination immune response. This ﬁgure illustrates the different mechanisms by which antipyretic analgesics might
inhibit post-vaccine adaptive immune response as suggested by the referenced studies. Vaccine antigen delivered at injection site induces immune and inﬂammatory
mediators which triggers leukocyte migration and activates dendritic cells (DC) [upper left]. DCs capture, process and present antigen to naive CD4 T cells and induce their
proliferation and differentiation into T-helper cells (Th0). Th0 inﬂuenced by cytokines and other stimuli differentiate into T-helper subsets Th1 (associated with cellular
responses) and Th2 (associated with humoral responses). Th2 cells interact with B cell and secrete cytokines (IL4, IL5, IL13) leading to B cell proliferation and differentiation into antibody-secreting plasma cells and memory B cells. Insert: Major intracellular signaling pathways that lead to activation of nuclear factors and expression of cellular end products. PKC: Protein Kinase C; NF-kB: Nuclear factor k B; NFAT: Nuclear factor of activated T-cells; ERK: extracellular signal regulated kinases; JNK: Jun N
terminal kinase; MAPK: mitogen-activated protein kinase; ATF2: Activating transcription factor-2; Cox-2: Cyclo-oxygenase 2; Bcl-XL: B lymphocyte; BLIMP-1:B lymphocyte
induced maturation protein-1; XBP-I: X-box-binding protein1.

have been shown to affect the adaptive arm of the immune
response at different points along the pathway from initial cellular response at the injection site to the ﬁnal step of antibody
production. This is shown in Figure 1 together with corresponding reference study. Ibuprofen and salicylates have been
shown to inhibit leukocyte migration53 and reduce PBMC
adhesion through reduced surface expression of VCAM-1 and
ICAM-1;54,55 furthermore, both inhibited antigen presentation
in dendritic cells.56 These antipyretic analgesics inhibit cyclooxygenase enzymes (COX-1 and COX-2) leading to a suppression
of prostaglandin release.57-59 Inhibition of COX-2 leads to
reduced interferon-g producing T cells and reduced antibody
production by B cells in mice infected with vaccinia virus.60
COX-1 and COX-2 inhibitors have been shown to markedly
reduce antibody production.61-63 Human B cells strongly
express COX mRNA and protein and produce prostaglandins
upon activation61 suggesting a potential target for antipyretic
analgesics in antibody producing cells. However, this reduction
was also observed in COX-deﬁcient mouse models,49,61 indicating that the mechanism is not solely dependent on that pathway. Furthermore, studies on the effect of prostaglandins on
antibody response have reported opposing results. PGE2 inhibited antibody production in cultured peripheral human B
cells;20,22 on the contrary, other studies reported that PGE2
enhanced antibody production.46,48
Taken together, these data suggest that other COX-independent mechanisms are involved in the blunting of the

antibody response by antipyretic analgesics. A major mechanism is through the inhibition of nuclear signaling and
transcription pathways. In a recent review, Purssell proposed that COX inhibitors decrease antibody response
through inhibition of the mitogen activated protein kinase
(MAP) and extracellular regulated protein kinase pathways
(ERK).64 Aspirin and sodium salicylate inhibit IkB kinase
(IKK-b) through binding of these agents to IKK-b to reduce
ATP binding.65 Ibuprofen and other NSAIDs suppressed in
vitro production of IL-1b and TNF-a by blocking nuclear
factor- kB (NF-kB) translocation after stabilization of the
NF-kB/IkB complex in cytoplasm.66,67 NSAIDs suppressed
T-cell activation by inhibiting p38 MAP induction, an effect
that was reversed by PGE2.68,69 COX-2 selective inhibition
reduced BLIMP-1, an essential transcription factor for
plasma cell differentiation.70 Several additional transcriptional factors are involved in the early initiation phase of
the germinal center that leads to the development of antibody-secreting plasma and memory B cells.71 These include:
B cell lymphoma 6 (BCL6),72 Interferon-regulatory factor 4
(IRF4),73 Myocyte-speciﬁc enhancer factor 2C (MEF2C),74
B cell-speciﬁc transcription coactivator (OCA-B/OBF/Bob1)75 and cell-cycle regulator c-Myc (MYC).76 Considering
that the antipyretics effect on antibody response is present
only at vaccination time, inhibition of these transcriptional
factors could theoretically be implicated; however at this
time there is no literature evidence to support this.
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In addition, there have been concerns that antipyretic analgesics may reduce the ability of cells to proliferate or induce
cell death. To date, results have been mixed, with one study
showing that indomethacin inhibited antibody production
without loss of cell viability. However, other studies showed
that NSAIDs decreased antibody secreting cells61 or resulted in
a modest reduction in B cell proliferation without inducing
apoptosis.49
Overall, antipyretic analgesics actions on cells and on signaling
pathways appear to be diverse and studies to date have shown
opposing effects. This highlights our lack of understanding of the
mechanisms behind antipyretic blunting of vaccine-elicited antibody response and the need for further work in this ﬁeld.

Conclusions
The answer to the question of whether antipyretic analgesics
have a clinically signiﬁcant impact on vaccine response has signiﬁcant public health implications. Although generating a great
deal of interest in the topic, the 2009 Prymula study did not
answer the question because the acetaminophen-associated
antibody blunting that was observed following vaccination still
resulted in protective antibody levels. Additionally their follow
up study showed a robust antibody response following booster
vaccine doses. The studies included in our review reported no
signiﬁcant blunting of the immune response in papers published prior to the 2009 Prymula study, but since that report
there have been several studies that have suggested immune
blunting. One study showed lower response to a novel inﬂuenza
strain following vaccination; however the difference was not
statistically signiﬁcant.26 Thus, at this time, there is no clear
answer as to whether antipyretic analgesic administration
blunts the immune response to a degree that could result in
vaccine failure.
The timing of administration of antipyretic analgesics
appears to be paramount. In all studies that reported a negative
effect on antibody response, the medications were given prophylactically. Interestingly, this effect was not seen when acetaminophen was given only four hours after immunization.6
Additionally, all reported decreases in antibody response
occurred only with novel antigen vaccination, with little to no
impact observed following booster immunizations. These ﬁndings underscore the notion that relationship between antigen
exposure and the timing of the medication dosage plays a vital
role in modifying the immune response, and this set of observations can direct the focus of future research to explore the
underlying mechanism.
The array of vaccine antigens in use today has evolved over
the last several decades, and this evolution continues as new
vaccines are being developed, and as new technologies and
advanced manufacturing techniques become available. Modern
vaccines employ more puriﬁed proteins as well as novel adjuvant formulations,77 and many older vaccines are being mixed
into single dose combination vaccines. However, the increased
availability of vaccines means that simultaneous multiple vaccines may be given during the same visit. Do any of these factors come into play to shape the immune response when
antipyretics are given? Further work will be needed to elucidate
the effects of these changes on vaccine response.
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Another intriguing and unanswered question is whether
antipyretics exert a negative effect by suppressing a beneﬁcial
increase in temperature that could augment vaccine responses.
A recent review by Evans et al. illustrated how thermal stress
stimulates and augments the innate and adaptive immune
responses.78 Given the mixed antipyretic and anti-inﬂammatory effects of clinically available NSAIDs and other analgesics,
studies to examine this question may be difﬁcult to perform in
humans, and animal studies using novel compounds and/or in
vitro studies may be needed. However, one limitation of in vitro
studies is that they may artiﬁcially simplify the immune
response. For example, studies that examined B cell development in vitro used a limited biological environment and thus
were unable to evaluate other immunologic, metabolic and
physiologic factors that may contribute to the mechanism of
antibody inhibition.64
It is clear that more clinical trials are needed to evaluate
effect of antipyretic analgesics on immune responses to common vaccine antigens, different vaccine combinations and different vaccine schedules. Studies are also needed to assess the
clinical impact of the different classes of antipyretic analgesics
and to assess if the effect of antipyretic analgesics exists in a
dose-dependent response. Increasing the scope of the clinical
trials investigating antipyretic analgesics effects beyond immunogenicity to include vaccine efﬁcacy will provide insight into
the potential impact on public health.
In addition, data are lacking about this effect in other clinically important cohorts like immunocompromized populations, pregnant women, and chronic users of antipyretic
analgesics. A systems biology approach, looking at the correlation of these responses with T and B cell phenotypes and
responses, together with proﬁling of cytokines and intracellular
signaling may provide insight into some of these questions and
guide future research directions. Regardless, more work is
needed to generate an evidence base to inform the development
of recommendations for the use of antipyretics around vaccination time.
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