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a  b  s  t  r  a  c  t

Background.  – Bronchial  bacterial  colonisation,  particularly  to  Pseudomonas  aeruginosa  (PA),  in  patients
with  chronic  lung  diseases  are  associated  with  morbidity  and  mortality.  An increased  risk  of  allergy
to  beta-lactams  has  been  reported  in patients  with  chronic  respiratory  diseases.  Data  on beta-lactams
allergy  have  extensively  been  published  but little  is known  about  antibiotic-induced  fever.
Objective.  – To  describe  safe  exposure  to piperacillin-tazobactam  with  premedication  in patients  present-
ing piperacillin-tazobactam-induced  fever.
Methods.  – Here  we  report  data  from  patients  who  had  piperacillin-tazobactam-induced  fever  with  a
safe  re-exposure  to this  antibiotic  with  a premedication.  This antibiotic  was  used  to eradicate  or  to  treat
infection  of PA  in  chronic  respiratory  diseases.
Results.  – Six  patients  were  enrolled  (4 women,  2  men).  Two  patients  had  COPD,  one had  non-CF  bronchiec-
tasis  and  three  patients  had  CF. Liver  function  test  abnormalities  have  been  reported  in three  patients,
and  two  of  them  had  non-severe  bicytopenia.  Eosinophil  count  was  lower  than  1,5  G/L  in all  patients.  Skin
tests to  piperacillin-tazobactam  remained  negative  in all patients  who  have  been  tested.  Four  out of  six
patients  had  a provocation  test.  All  of  them  had  fever  within  the  24 hours  following  the  test.  Two  patients
had  a safe  re-exposure  with  a  premedication  of corticosteroids  and  antihistamines.  No  fever  occurred  in
the patients  receiving  the premedication.
Conclusion.  – A provocation  test  with  piperacillin-tazobactam  with  a premedication  in  patients  who
had  piperacillin-tazobactam-induced  fever  seems  to  be safe.  Other  diagnoses  such  as  DRESS  and  severe
criteria  of drug  fever  must  be  ruled  out before  considering  a  provocation  test.

© 2021  Published  by  Elsevier  Masson  SAS.
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Introduction.  – Les  colonisations  bronchiques  chroniques,  notamment  à Pseudomonas  aeruginosa  (PA),
sont  associées  à une  surmortalité  des  patients  porteurs  de  maladie  respiratoire  chronique.  Un surrisque
de  réactions  allergiques  a  été  montré  chez  ces patients.  Des  données  ont  été  publiées  sur  les  allergies  aux
bêta-lactamines  mais  peu  concernent  les  fièvres  médicamenteuses.
Piperacilline-tazobactam
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Test
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Patients  et  méthodes.  –  Nous  rapportons  les  données  rétrospectives  de  patients  atteints  de  maladie  respira-
toire  chronique  ayant  eu  une  fièvre  induite  par  l’association  piperacilline-tazobactam  dans  le  traitement
d’éradication  ou  d’exacerbation  respiratoire  à PA, et  ayant  eu  une  réintroduction  sans  fièvre  à  l’aide  d’une
prémédication,  au Centre  Hospitalo-Universitaire  de  Toulouse.
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Résultats.  – Parmi  les  6 patients  inclus  (4 femmes  et 2 hommes),  deux  étaient  porteurs  d’une  BPCO,
trois de  mucoviscidose  et un  de dilatation  de  bronche  non-mucoviscidosique.  Des  modifications  du  bilan
hépatique  ont  été  rapportées  chez  trois  patients  dont  deux  associées  à des  anomalies  hématologiques
non  sévères.  L’éosinophilie  sanguine  était inférieure  à 1,5  G/L  chez  tous  les  patients.  Les  tests  cutanés
étaient  négatifs  chez  tous  les  patients  testés.  Quatre  patients  sur  les  6 ont  eu  un  test  de  provocation  à la
piperacilline-tazobactam  avec  reproduction  de la  fièvre  dans  les  24  heures.  Deux  patients  ont  eu  une  réin-
troduction  avec  prémédication  par  corticothérapie  et  par  antihistaminique  sous  surveillance  hospitalière,
sans réapparition  de  la fièvre.
Conclusion.  – Dans  un  contexte  de  fièvre  isolée  induite  par  la  piperacilline-tazobactam,  la  réintroduc-
tion  sous  prémédication  semble  bien  tolérée.  Cela  implique  d’avoir  écarté  au préalable  les  diagnostics
différentiels  comme  le DRESS  et  les  signes  gravité  de  fièvre  médicamenteuse.
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1. Background

Respiratory diseases are highly prevalent across the world. One
billion people suffer from acute or chronic respiratory conditions
and, globally, 4 million people die prematurely from chronic respi-
ratory diseases [1]. In conditions such as COPD or bronchiectasis,
structural changes in the bronchi expose patients to a high risk
of bacteria colonisation resulting in high morbidity and mortality.
Indeed, it has been shown that 43% of patients diagnosed with COPD
and 63% of patients with bronchiectasis are colonised with bacteria
[2].

The isolation of Pseudomonas aeruginosa from the sputum sam-
ples of patients with chronic respiratory diseases such as cystic
fibrosis (CF) or COPD, is an important step in the natural course
of the diseases [3,4]. Antibiotic regimens for the eradication of
P. aeruginosa or treatment of P. aeruginosa infection are well estab-
lished. In CF patients, it delays or prevents the onset of chronic
P. Aeruginosa infection which is associated with negative effects on
lung function and survival [5–7].

Drug hypersensitivity reactions are common adverse effects of
antibiotics, especially beta-lactams [8]. Due to repeat, multiple
exposure, the worldwide prevalence of beta-lactam allergy in CF
patients has been reported as high as 36% [9]. Desensitisation proto-
cols have been published in a context of IgE-mediated beta-lactam
allergy [10]. Drug-induced fever has also been described with
piperacillin-tazobactam in particular, which is one of the antibiotics
most widely used in the eradication of P. aeruginosa [11]. However,
little is known about piperacillin-tazobactam-induced fever and
the primary concern is patient’s safety following re-exposure. This
paper describes safe re-exposure to piperacillin-tazobactam with
premedication in patients presenting piperacillin-tazobactam-
induced fever.

2. Methods

We  retrospectively reviewed data from the medical records of
patients who developed fever with piperacillin-tazobactam used
to eradicate P. aeruginosa or treat P. aeruginosa infection in chronic
respiratory diseases between October 2016 and January 2019
at Toulouse University Hospital Centre. Piperacillin-tazobactam-
induced fever was defined as fever occurring during or shortly
after administration of the antibiotic, with no fever being appar-
ent prior to the antibiotic infusion. After a physical examination
and appropriate biological, microbiological tests and, if required,
medical imaging exams, there were no arguments to suggest
another causative factor or other adverse effects associated with

the antibiotic, especially severe delayed hypersensitivity such as
drug reaction with eosinophilia and systemic symptoms (DRESS)
and no arguments linking the drug-induced fever to another med-
ication. Furthermore, the fever disappeared within 72 hours after
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he discontinuation of piperacillin-tazobactam. The study has been
pproved by the Comité d’évaluation des protocoles de recherche
bservationnelle (CEPRO) of the Société de pneumologie de langue
ranç aise (SPLF) and the approval identification number is CEPRO
020-050.

Demographic data, characteristics of the initial reaction and
etails of skin allergy and challenge tests were collected. After
ritten consent was  obtained, skin tests were performed at the

ecommended concentration. Briefly, skin prick test and intrader-
al  test until the concentration of 20 mg/ml  of piperacillin and

,5 mg/ml  of tazobactam with an immediate reading at 20 minutes
ere performed. The test was considered positive when the diam-

ter of the wheal was  at least 3 mm for skin prick test, and 3 mm
reater that of the wheal measured immediately after injection
or the intradermal test, and surrounded by erythema [12]. The
hallenge test was  conducted the same day when the skin tests
ere considered negative in immediate reading. Patients received

 intravenous infusions of piperacillin-tazobactam (an initial dose
f 400 mg/50 mg,  followed by 1000 mg/150 mg after 1 hour, then
600 mg/300 mg  after a further hour) with regular monitoring
uring the infusion and 2-hour post-infusion monitoring in the
ospital setting. Premedication comprised one antihistamine tablet
he day before the infusion and on the infusion days, and corticos-
eroids 1 mg/kg/day 1 h before the infusion.

. Results

Six patients were enrolled in the study (4 women, 2 men)
Table 1). Two patients had COPD, one had non-CF bronchiecta-
is and three patients presented CF. Time to reaction (between
he first infusion and the reaction) ranged from 1 day to 18 days,
ith a median time of 3.5 days. The fever reached 39◦C in four
atients and 38,4◦C in one patient. All the patient had antipyretic

ike paracetamol. No corticosteroid nor antihistamine nor increased
sual dose of antihistamine were administered. The duration of
ever after piperacillin-tazobactam discontinuation was  24 hours
n five patients, and 48 hours in one patient. Four patients had a co-
rescription of tobramycine, one patient had a co-prescription of
iprofloxacin and one had no antibiotic co-prescription. A negative
hallenge test was  available for all other antibiotics. Two  patients
resented erythema with itching during the initial reaction. One
atient, who  did not take his usual long-term treatment (inhaled
iotropium, fluticasone and vilanterol, and oral montelukast) for
ne day, also suffered from respiratory symptoms. Two patients had
on-severe bicytopenia (lymphopenia up to 0.5 G/L, neutropenia up

o 1.2 G/L, thrombopenia up to 70 G/L) associated with liver func-
ion test abnormalities. Another patient had liver function test near
ormal abnormalities with no blood test abnormalities, regarded as

 non-allergic adverse effect of the antibiotics. The eosinophil blood
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Table  1
Demographic characteristics of patients with piperacillin-tazobactam-induced fever, skin tests and challenge test.

Patients 1 2 3 4 5 6
Gender F M F M F F
Age  (years) 58 50 70 31 32 29
Respiratory diseases COPD COPD Non-CF bronchiectasis CF CF CF
Atopy  No Yes No Yes No Yes
Long-term antihistamines No No Yes Yes No Yes
Time  to reaction (days) 5 1 9 2 2 18
Highest temperature (◦C) 39 38,4 39 39 39 NA
Duration of fever after treatment discontinuation (days) 1 1 2 1 1 1
Erythema Yes No No Yes No No
Wheezing No Yes No No No No
Bicytopenia No No No No Yes a Yes b

CRP (mg/l) 46 38 17,8 NA 60 52
Eosinophil count (G/l) 0.6 0.7 0.3 NA 0.1 0.3
Liver  function test increase Yesc No No No Yesd Yese

Serum tryptase NA 6,39 NA NA NA NA
Skin  tests

Negative Negative Negative Negative Negative NA
Challenge test
With no premedication Fever and feet erythema Fever Fever Fever NA NA
With  premedication No reactionf No reactiong NA NA NA NA

NA: not available; M:  male; F: female.
a Lymphopenia up to 0.5 G/L, neutropenia up to 1.3 G/L, thrombopenia up to 135 G/L.
b Neutropenia up to 1.4 G/L, thrombopenia up to 93 G/L.
c ALT 60 IU/l.
d ALT 120 IU/l, GGT 82 IU/l, normal bilirubin rate.
e ALT 1215 IU/l, prothrombin time and clotting factor V 40%.
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f Premedication with antihistamine the day before and during the test, and cortic
g Same premedication with corticosteroids 1 mg/kg/day for the first 48 hours and d

phase  in hospital setting.

count was below 1.5 G/L in all patients. The median CRP rate was
46 mg/l.

One patient did not have skin tests while another patient had
skin tests but no challenge test. Negative piperacillin-tazobactam
skin tests were recorded in all of the patients tested. No immediate
reaction occurred following the challenge test. The four patients
developed fever within 24 hours of the challenge test and one of
them presented a feet erythema which disappeared within a day
with no medication. Two patients were safely re-exposed with
premedication under hospital supervision and one of them had
a complete course of antibiotics only on antihistamine after day
1. This patient had an increase of CRP rate at day 3, getting back
to normal at the end of the antibiotics course. No other biologic
abnormality has been detected. No fever occurred in the patients
receiving the premedication.

4. Discussion

The thermoregulatory centre in the pre-optic area of the ante-
rior hypothalamus is responsible for maintaining temperature
set point control in humans. During fever, there is an upward
shift in the thermoregulatory set point. Elevation of the ther-
moregulatory set point can be caused by endogenous pyrogens
such as prostaglandins, cyclic adenosine monophosphate and
nervous system monoamines. Various exogenous pyrogens acti-
vate phagocytic leukocytes to produce endogenous pyrogens. The
body compensates by increasing heat loss [13–15]. The mecha-
nism of drug-induced fever is not fully understood and different
pathophysiological mechanisms might explain this phenomenon,
namely the effect of the drug on thermoregulation, the pharma-
cological action of the drug, exogenous pyrogenicity, idiosyncratic
response and hypersensitivity reactions [16]. It has been suggested

that drug-induced fever is a non-IgE-mediated delayed hypersen-
sitivity corresponding type III or IV on the International Consensus
on drug allergy which could be mediated by immune complex,
cytokines or, less likely, T-cells [8,17]. Therefore, these data are old

F

3

oids 1 mg/kg/day during the test.
tinuation with no new febrile episode at the end of the 2-week antibiotic treatment

nd only based on animal model, new basic studies are required to
etter understand drug-induced fever.

The main limitation of the study is the small patient cohort. In
act, only two patients suffering from COPD had a safe challenge
est with premedication (oral steroids and antihistamines). Some
uthors suggest that only corticosteroids are able to suppress fever
n drug-induced fever [14]. However, the protocol used in our study
ombines both oral steroids and antihistamines. Another limita-
ion is the difficulty in confirming the diagnosis of drug-induced
ever and eliminating the differential diagnoses. A challenge test
as  used in 4 patients to confirm that fever relapses following fur-

her exposure to piperacillin-tazobactam. Due to the severity of the
rug-induced fever (hepatitis, bicytopenia), the two others patients
idn’t have a challenge test. Other diagnoses such as DRESS, severe
ytopenia and hepatitis must be ruled out before arranging a chal-
enge test.

. Conclusion

Our study is the first to report on a safe challenge test with
remedication (oral steroids and antihistamines) in patients pre-
enting piperacillin-tazobactam-induced fever. A larger prospec-
ive cohort is required to confirm the safety of such premedication.

isclosure of interest

The authors declare that they have no competing interest.
unding

There is no funding in relation to the work described.



 ING Model

[

[

[

[

[
[
[

ARTICLEREVAL-3105; No. of Pages 4

M.  Ramassamy et al. 

Authors’ contribution

All authors have been involved in the study design, data collec-
tion and in drafting the article. All of them have given their final
approval of the version to be published.

References

[1] Mendis S. Global status report on noncommunicable diseases: 2014. World
Health Organization Library; 2015.

[2] Weinreich UM, Korsgaard J. Bacterial colonisation of lower airways in health
and  chronic lung disease: bacterial colonisation of lower airways. Clin Respir J
2008;2:116–22, http://dx.doi.org/10.1111/j.1752-699X.2008.00048.x.

[3]  Wu W,  Badrane H, Arora S, Baker HV, Jin S. MucA-mediated coordination of type
III secretion and alginate synthesis in pseudomonas aeruginosa. J Bacteriology
2004;186:7575–85, http://dx.doi.org/10.1128/JB.186.22.7575-7585.2004.

[4]  Murphy T. Pseudomonas aeruginosa in adults with chronic obstruc-
tive pulmonary disease. Curr Opin Pulm Med 2009;15:138–42,
http://dx.doi.org/10.1097/MCP.0b013e328321861a.

[5]  Konstan MW,  Morgan WJ,  Butler SM,  Pasta DJ, Craib ML,  Silva SJ, et al.
Risk  factors for rate of decline in forced expiratory volume in one sec-
ond  in children and adolescents with cystic fibrosis. J Pediatr 2007;151,

http://dx.doi.org/10.1016/j.jpeds.2007.03.006 [134-9, 139.e1].

[6]  Emerson J, Rosenfeld M,  McNamara S, Ramsey B, Gibson RL. Pseu-
domonas aeruginosa and other predictors of mortality and morbidity in
young children with cystic fibrosis. Pediatr Pulmonol 2002;34:91–100,
http://dx.doi.org/10.1002/ppul.10127.

[

4

 PRESS
Revue française d’allergologie xxx (xxxx) xxx–xxx

[7] Mogayzel PJ, Naureckas ET, Robinson KA, Brady C, Guill M, Lahiri T, et al. Cystic
Fibrosis Foundation Pulmonary Guideline*. Pharmacologic Approaches to Pre-
vention and Eradication of Initial Pseudomonas aeruginosa Infection. Ann ATS
2014;11:1640–50, http://dx.doi.org/10.1513/AnnalsATS.201404-166OC.

[8] Demoly P, Adkinson NF, Brockow K, Castells M,  Chiriac AM,  Greenberger
PA, et al. International consensus on drug allergy. Allergy 2014;69:420–37,
http://dx.doi.org/10.1111/all.12350.

[9] Burrows JA, Nissen LM,  Kirkpatrick CMJ, Bell SC. Beta-lactam
allergy in adults with cystic fibrosis. J Cyst Fibros 2007;6:297–303,
http://dx.doi.org/10.1016/j.jcf.2006.11.001.

10] Legere HJ, Palis RI, Bouza TR, Uluer AZ, Castells MC.  A safe protocol for rapid
desensitization in patients with cystic fibrosis and antibiotic hypersensitivity.
J  Cyst Fibros 2009;8:418–24, http://dx.doi.org/10.1016/j.jcf.2009.08.002.

11] Patel R, Gallagher J. Drug fever. Pharmacotherapy 2010;30:57–69,
http://dx.doi.org/10.1592/phco.30.1.57.

12] Romano A, Atanaskovic-Markovic M,  Barbaud A, Bircher AJ, Brockow K,
Caubet J-C, et al. Towards a more precise diagnosis of hypersensitiv-
ity  to beta-lactams – an EAACI position paper. Allergy 2020;75:1300–15,
http://dx.doi.org/10.1111/all.14122.

13] Tabor PA. Drug-induced fever. Drug Intell Clin Pharm 1986;20:413–20,
http://dx.doi.org/10.1177/106002808602000601.

14] Kumar KL, Reuler JB. Drug fever. West J Med  1986;144:753–5.
15] Tierney L. Drug fever. West J Med  1978;129:321–6.
16] Mackowiak PA. Southwestern internal medicine conference: drug fever:
mechanisms, maxims and misconceptions. Am J Med Sci 1987;294:275–86,
http://dx.doi.org/10.1097/00000441-198710000-00011.

17] Young EJ, Fainstein V, Musher DM.  Drug-induced fever: cases seen in the eval-
uation of unexplained fever in a general hospital population. Rev Infect Dis
1982;4:69–77, http://dx.doi.org/10.1093/clinids/4.1.69.

http://refhub.elsevier.com/S1877-0320(21)00344-4/sbref0090
http://refhub.elsevier.com/S1877-0320(21)00344-4/sbref0090
http://refhub.elsevier.com/S1877-0320(21)00344-4/sbref0090
http://refhub.elsevier.com/S1877-0320(21)00344-4/sbref0090
http://refhub.elsevier.com/S1877-0320(21)00344-4/sbref0090
http://refhub.elsevier.com/S1877-0320(21)00344-4/sbref0090
http://refhub.elsevier.com/S1877-0320(21)00344-4/sbref0090
http://refhub.elsevier.com/S1877-0320(21)00344-4/sbref0090
http://refhub.elsevier.com/S1877-0320(21)00344-4/sbref0090
http://refhub.elsevier.com/S1877-0320(21)00344-4/sbref0090
http://refhub.elsevier.com/S1877-0320(21)00344-4/sbref0090
http://refhub.elsevier.com/S1877-0320(21)00344-4/sbref0090
http://refhub.elsevier.com/S1877-0320(21)00344-4/sbref0090
http://refhub.elsevier.com/S1877-0320(21)00344-4/sbref0090
dx.doi.org/10.1111/j.1752-699X.2008.00048.x
dx.doi.org/10.1128/JB.186.22.7575-7585.2004
dx.doi.org/10.1097/MCP.0b013e328321861a
dx.doi.org/10.1016/j.jpeds.2007.03.006
dx.doi.org/10.1002/ppul.10127
dx.doi.org/10.1513/AnnalsATS.201404-166OC
dx.doi.org/10.1111/all.12350
dx.doi.org/10.1016/j.jcf.2006.11.001
dx.doi.org/10.1016/j.jcf.2009.08.002
dx.doi.org/10.1592/phco.30.1.57
dx.doi.org/10.1111/all.14122
dx.doi.org/10.1177/106002808602000601
http://refhub.elsevier.com/S1877-0320(21)00344-4/sbref0155
http://refhub.elsevier.com/S1877-0320(21)00344-4/sbref0155
http://refhub.elsevier.com/S1877-0320(21)00344-4/sbref0155
http://refhub.elsevier.com/S1877-0320(21)00344-4/sbref0155
http://refhub.elsevier.com/S1877-0320(21)00344-4/sbref0155
http://refhub.elsevier.com/S1877-0320(21)00344-4/sbref0155
http://refhub.elsevier.com/S1877-0320(21)00344-4/sbref0155
http://refhub.elsevier.com/S1877-0320(21)00344-4/sbref0155
http://refhub.elsevier.com/S1877-0320(21)00344-4/sbref0155
http://refhub.elsevier.com/S1877-0320(21)00344-4/sbref0155
http://refhub.elsevier.com/S1877-0320(21)00344-4/sbref0155
http://refhub.elsevier.com/S1877-0320(21)00344-4/sbref0155
http://refhub.elsevier.com/S1877-0320(21)00344-4/sbref0160
http://refhub.elsevier.com/S1877-0320(21)00344-4/sbref0160
http://refhub.elsevier.com/S1877-0320(21)00344-4/sbref0160
http://refhub.elsevier.com/S1877-0320(21)00344-4/sbref0160
http://refhub.elsevier.com/S1877-0320(21)00344-4/sbref0160
http://refhub.elsevier.com/S1877-0320(21)00344-4/sbref0160
http://refhub.elsevier.com/S1877-0320(21)00344-4/sbref0160
http://refhub.elsevier.com/S1877-0320(21)00344-4/sbref0160
http://refhub.elsevier.com/S1877-0320(21)00344-4/sbref0160
http://refhub.elsevier.com/S1877-0320(21)00344-4/sbref0160
dx.doi.org/10.1097/00000441-198710000-00011
dx.doi.org/10.1093/clinids/4.1.69

	Piperacillin-tazobactam-induced fever in chronic respiratory diseases: Safe challenge test under premedication
	1 Background
	2 Methods
	3 Results
	4 Discussion
	5 Conclusion
	Disclosure of interest
	Funding
	Authors contribution
	References


