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Abstract. We report a case of a 64-year-old female patient with severe metabolic acidosis. Inhibition of 5-
oxoprolinase by flucloxacillin was found to be the cause of the metabolic derailment.

1 Introduction

Prosthesis joint infections (PJIs) with multisensitive Staphy-
lococcus aureus usually occur as an early infection and
are common, accounting for approximately two-thirds of all
prosthesis infections (Scheper et al., 2021). In addition to
debridement, antibiotic and irrigation (DAIR), two-stage or
multiple-stage revision of the endoprosthesis and antibiotic
therapy with flucloxacillin or cefazolin – often in combina-
tion with rifampicin – for several weeks are the standard ther-
apies for this complication.

A rare potential side effect of therapy with flucloxacillin is
metabolic acidosis. We report a case of a 64-year-old female
patient with severe metabolic acidosis due to flucloxacillin
therapy without comedication with paracetamol.

2 Case presentation

A 64-year female patient underwent an aseptic revision of
her reverse total shoulder arthroplasty due to notching of the
humeral stem into the glenoid. She received a change of the
polyethylene inlay and removal of osteophytes. She was pre-
viously diagnosed with multiple comorbidities including a
chronic pain syndrome, chronic hyponatremia, lupus erythe-
matosus, rheumatoid arthritis, adrenal insufficiency due to
long-term cortisone treatment (at the time of reporting, hy-
drocortisone was 30 mg d−1), a seizure disorder of unclear
etiology and Crohn’s disease.

Two weeks later she showed symptoms of an acute
periprosthetic joint infection at her shoulder (pain, swelling,
redness, purulent shoulder punctate, impaired wound heal-
ing), for which a debridement, antibiotic and irrigation
(DAIR) procedure was performed.

Initially, a calculated i.v. therapy with ampicillin/sulbac-
tam was initiated. A multisensitive Staphylococcus aureus
was then detected in all tissue samples, and antibiotic ther-
apy was changed to flucloxacillin (6 g d−1) according to its
resistogram. The intraoperative histology showed moderate
chronic granulation and florid inflammation of the capsular
tissue. Rifampicin treatment was not yet indicated as there
was still some drainage from the wound.

After 2 weeks of i.v., flucloxacillin therapy, the patient
showed subacute tachypnoea, tachycardia and a change in
mental status. Upon examination the patient was slender
(body mass index 21) with pale skin colour and standing
skin folds. Neurologically, the patient was somnolent (Glas-
gow Coma Scale 10) and dysarthric with tremor at rest.
The respiratory rate was 25 min−1, and the breathing pattern
was deepened (Kussmaul breathing). The patient was tachy-
cardic (heart rate 120 min−1), hypotensive (systolic blood
pressure 90 mmHg) and normothermic. The blood gas anal-
ysis showed marked metabolic acidosis (see Table 1).

The patient was admitted to the intensive care unit. With
the pre-existing diagnosis of adrenal insufficiency, 100 mg of
hydrocortisone was administered in order to rule out devel-
opment of Addison’s crisis. A computer tomography of the
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Table 1. Venous blood gas analysis and laboratory values on admission of the patient to the intensive care unit. Bold font: laboratory values
outside the reference range. GFR represents glomerular filtration rate, CRP represents C-reactive protein, PCT represents procalcitonin, and
LDH represents lactate dehydrogenase.

Parameter (unit) On admission Reference range

pH 6.9 7.35–7.45
pCO2 (mmHg) 14.8 37–50
pO2 (mmHg) 58.4 36–44
Bicarbonate (mmol L−1) 5.5 22–26
Standard base excess (mmol L−1) −26.0 −2–+3
Anion gap (mmol L−1) 18.3 8–12
Lactate (mg dL−1) 6 5–15
Albumin (g L−1) 26.5 35–52
Na+ (mmol L−1) 150 135–145
K+ (mmol L−1) 3.9 3.5–4.5
Cl− (mmol L−1) 128 98–112
Creatinine (mg dL−1) 1.44 0.51–0.95
GFR (mL min−1 m−2) 50 > 85
CRP (mg L−1) 36.8 < 5
Leukocytes (nL−1) 29.48 3.98–10
PCT (ng mL−1) 0.26 < 0.06
LDH (U L−1) 320 0–250
Haemoglobin (g dL−1) 6.9 11.2–15.7
Haptoglobin (mg dL−1) 11.3 30–200

skull and thorax excluded an intracranial or pulmonary cause
of the dyspnoea and the mental status change. The adminis-
tration of sodium bicarbonate raised the pH to 7.2 within a
few hours, and the compensatory tachypnoea improved.

Differential diagnoses of metabolic acidosis with in-
creased anion gap were examined. All possible causes except
oxoprolinaemia were excluded. A laboratory chemical analy-
sis of the urine for 5-oxoproline was ordered for forensic rea-
sons; however, the result notification took 2 weeks due to the
time-consuming examination in an external laboratory. Dur-
ing the literature review, we came across a few case reports
describing the occurrence of severe acidosis after treatment
with flucloxacillin combined with paracetamol. The patient’s
comedication did not include any drugs with metabolic aci-
dosis listed as adverse events. Furthermore, the medication
list did not include paracetamol.

Due to the leucocytosis and the initially unclear clinical
picture, sepsis could not be ruled out, so the antibiotic ther-
apy was changed to meropenem and vancomycin.

Unfortunately, the somnolence did not resolve quickly.
Most likely due to the altered mental status, the patient suf-
fered an aspiration pneumonia, requiring intubation 4 d after
admission to the intensive care unit. Mechanical ventilation
was required for 6 d.

Eventually, the acidosis improved under buffering, but
the pH did not return to normal values in the first week.
Laboratory signs suggestive of haemolysis and leukocyto-
sis disappeared after 2 d. In the absence of clinical signs
of an infection, the antibiotic therapy was de-escalated to

piperacillin/tazobactam after 1 d. In order to optimise the
treatment for the staphylococcal infection, the antibiotic regi-
men was switched to cefazolin 2 g twice daily and rifampicin
600 mg once daily after having consulted our departments for
infectious diseases.

After discharge to the regular ward following 19 d of
ICU treatment, we received the external laboratory report.
It showed an isolated, massive oxoprolinuria of 2965 mg g−1

(creatinine) (reference < 60 mg g−1 (creatinine)). The antibi-
otic treatment was switched to an oral treatment on moxi-
floxacin 400 mg d−1 and rifampicin 600 mg d−1, and it was
given for a further 7 weeks (12 weeks antibiotic treatment
in total). The patient showed a complete recovery from the
metabolic acidosis and no signs of relapse of the PJI during
a hospitalisation for another illness 6 months later.

3 Discussion

Metabolic acidosis is a very rare potential side effect of flu-
cloxacillin therapy. This is caused by the accumulation of 5-
oxoproline. 5-Oxoproline, also known as pyroglutamic acid,
is a derivative of glutamic acid and is formed as an intermedi-
ate in glutathione biosynthesis (Emmett, 2014). Glutathione
is an important antioxidant that is found in high concentra-
tions in almost all mammalian cells (Emmett, 2014). Nor-
mally, 5-oxoproline is degraded to glutamic acid by the en-
zyme 5-oxoprolinase (see Fig. 1). However, the glutamate–
glutathione cycle can be disturbed by various drugs, which
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Figure 1. Glutamate–glutathione cycle (Emmett, 2014; Osborne et
al., 2019; Weiler et al., 2015).

leads to an accumulation of 5-oxoproline. In addition to flu-
cloxacillin, paracetamol, ciprofloxacin, the aminoglycoside
antibiotic netilmicin and the anticonvulsant vigabatrin are
important drugs which could potentially impair this path-
way (Schurmans et al., 2014; Veldhuijzen et al., 2012). In
the literature, this phenomenon is described particularly in
older women on a combination therapy of flucloxacillin and
paracetamol. Other influencing factors are liver insufficiency,
malnutrition or sepsis (Emmett, 2014; Liss et al., 2013; Jes-
surun et al., 2016; Berbee et al., 2017). However, metabolic
acidosis is currently not yet recorded as a side effect of flu-
cloxacillin by German drug agencies.

Causes of metabolic acidosis with an elevated anion
gap can be identified with the help of the GOLDMARK
mnemonic, and appropriate therapies can be initiated (Schur-
mans et al., 2014). In the present case, it was not possi-
ble to obtain a medical history of the patient due to the se-
vere somnolence. However, ingestion with glycols, methanol
or aspirin during the inpatient stay could be excluded. A
normal lactate on blood gas analysis ruled out L-lactatemia
as a differential diagnosis. The urine examination ruled out
ketonuria. Short bowel syndrome as a risk factor for D-
lactatemia did not apply to the patient. With a chronic renal
insufficiency (eGFR around 50 mL min−1), a renal cause of
anion gap acidosis was unlikely (Weiler et al., 2015). Thus,
by exclusion and medication history, the cause of acidosis
could be narrowed down to oxoprolinaemia.

Several case reports have shown that metabolic acidosis
can develop weeks after the start of flucloxacillin therapy
with a range from a few days to 2 months after the start
of therapy (Veldhuijzen et al., 2012; Tummers et al., 2020;
Hundemer and Fenves, 2017; Luyasu et al., 2014; Agrawal
et al., 2017). Acidosis can also persist for several weeks if
5-oxoproline is slowly degraded.

The detection of 5-oxoproline to definitively determine the
cause is useful but often not possible by the in-house labo-
ratory as it usually takes several days to weeks, so therapy
must already be initiated without reliable evidence of an im-
pairment in glutathione synthesis. In this case, it is important
to stop the causing medication immediately. Other penicillin
antibiotics such as amoxicillin have not been reported to in-
duce acidosis associated with 5-oxoproline (Zand Irani et al.,
2021).

In the case of severe symptoms, intensive care admis-
sion for monitoring should be considered. Buffering, e.g.
with sodium bicarbonate, should be performed if the symp-
toms are clinically relevant (Matyukhin et al., 2020; Adeva-
Andany et al., 2014). In the case of refractory acidosis, the
administration of N-acetylcysteine can be considered (Hun-
demer and Fenves, 2017; Tummers et al., 2020). Haemodial-
ysis has been shown to accelerate the elimination of 5-
oxoproline in case reports (Luyasu et al., 2014; Agrawal et
al., 2017).

4 Conclusion

To our knowledge, the present case is the first case of life-
threatening metabolic acidosis due to 5-oxoproline accumu-
lation from flucloxacillin monotherapy without supplemental
paracetamol or other aggravating drugs. In patients on flu-
cloxacillin therapy, metabolic acidosis should always be con-
sidered as a differential diagnosis of tachypnoea or decreased
vigilance.

Ethical statement. This article was prepared in accordance with
the principles of the Declaration of Helsinki.

Data availability. The data that support the findings of this study
are available from the corresponding author, Julia Elisabeth Lenz,
upon reasonable request.

Author contributions. JEL and TD wrote the article, which was
reviewed by VA. The patient was under the care of JEL, TD and
VA.

Competing interests. The contact author has declared that nei-
ther they nor their co-authors have any competing interests.

Disclaimer. Publisher’s note: Copernicus Publications remains
neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Review statement. This paper was edited by Parham Sendi and
reviewed by three anonymous referees.

https://doi.org/10.5194/jbji-7-71-2022 J. Bone Joint Infect., 7, 71–74, 2022



74 J. E. Lenz et al.: Severe acidosis due to 5-oxoprolinase inhibition by flucloxacillin

References

Adeva-Andany, M. M., Fernandez-Fernandez, C., Mourino-
Bayolo, D., Castro-Quintela, E., and Dominguez-
Montero, A.: Sodium bicarbonate therapy in patients with
metabolic acidosis, Scientific World Journal, 2014, 627673,
https://doi.org/10.1155/2014/627673, 2014.

Agrawal, A., Kishlyansky, M., Biso, S., Patnaik, S., and
Punjabi, C.: Common, yet elusive: a case of severe an-
ion gap acidosis, Oxf. Med. Case Reports, 2017, omx054,
https://doi.org/10.1093/omcr/omx054, 2017.

Berbee, J. K., Lammers, L. A., Krediet, C. T. P., Fischer, J. C., and
Kemper, E. M.: Metabolic acidosis caused by concomitant use
of paracetamol (acetaminophen) and flucloxacillin? A case re-
port and a retrospective study, Eur. J. Clin. Pharmacol., 73, 1459–
1465, https://doi.org/10.1007/s00228-017-2311-6, 2017.

Emmett, M.: Acetaminophen toxicity and 5-oxoproline (pyroglu-
tamic acid): a tale of two cycles, one an ATP-depleting futile
cycle and the other a useful cycle, Clin. J. Am. Soc. Nephrol., 9,
191–200, https://doi.org/10.2215/CJN.07730713, 2014.

Hundemer, G. L. and Fenves, A. Z.: Acquired 5-
oxoproline acidemia successfully treated with N-
acetylcysteine, Proc (Bayl Univ Med Cent), 30, 169–170,
https://doi.org/10.1080/08998280.2017.11929570, 2017.

Jessurun, N., van Marum, R., Hermens, W., and van Puijenbroek,
E.: Advanced Age and Female Sex As Risk Factors for High An-
ion Gap Metabolic Acidosis After a Drug Interaction Between
Paracetamol and Flucloxacillin: A Case Series, J. Am. Geriatr.
Soc., 64, e90–e93, https://doi.org/10.1111/jgs.14332, 2016.

Liss, D. B., Paden, M. S., Schwarz, E. S., and Mullins, M. E.: What
is the clinical significance of 5-oxoproline (pyroglutamic acid)
in high anion gap metabolic acidosis following paracetamol (ac-
etaminophen) exposure?, Clin. Toxicol. (Phila.), 51, 817–827,
https://doi.org/10.3109/15563650.2013.844822, 2013.

Luyasu, S., Wamelink, M. M., Galanti, L., and Dive,
A.: Pyroglutamic acid-induced metabolic acido-
sis: a case report, Acta Clin. Belg., 69, 221–223,
https://doi.org/10.1179/2295333714Y.0000000022, 2014.

Matyukhin, I., Patschan, S., Ritter, O., and Patschan, D.:
Etiology and Management of Acute Metabolic Acido-
sis: An Update, Kidney Blood Press Res, 45, 523–531,
https://doi.org/10.1159/000507813, 2020.

Osborne, W., Chavda, A., Katritsis, G., and Friedland, J. S.: Les-
son of the month 1: A rare adverse reaction between flu-
cloxacillin and paracetamol, Clin. Med. (Lond.), 19, 127–128,
https://doi.org/10.7861/clinmedicine.19-2-127, 2019.

Scheper, H., Gerritsen, L. M., Pijls, B. G., Van Asten, S. A., Visser,
L. G., and De Boer, M. G. J.: Outcome of Debridement, Antibi-
otics, and Implant Retention for Staphylococcal Hip and Knee
Prosthetic Joint Infections, Focused on Rifampicin Use: A Sys-
tematic Review and Meta-Analysis, Open Forum Infectious Dis-
eases, 8, 7, https://doi.org/10.1093/ofid/ofab298, 2021

Schurmans, W., Lemahieu, W., and Frans, E.: High anion gap
metabolic acidosis: use the proper acronym, discard the red her-
rings and thou shall find the culprit, Clin. Kidney J., 7, 320–322,
https://doi.org/10.1093/ckj/sfu043, 2014.

Tummers, S., Oei, S. D. X., Nooteboom, F., Meenks, S. D.,
and Wilting, R. M.: Severe metabolic acidosis induced by 5-
oxoproline accumulation after paracetamol and flucloxacillin ad-
ministration, Netherlands J. Crit. Care, 28, 22–26, 2020.

Veldhuijzen, N., Kamphuis, S., van den Bergh, F., Spronk, P., and
Braber, A.: Madam, why are you so sour? Cause, diagnosis and
complication of 5-oxoprolinemia, Eur. J. Anaesthesiol., 29, 398–
400, https://doi.org/10.1097/EJA.0b013e328354243f, 2012.

Weiler, S., Bellmann, R., and Kullak-Ublick, G. A.: [5-0xoproline
(pyroglutamic acid) acidosis and acetaminophen – a differential
diagnosis in high anion gap metabolic acidosis], Ther. Umsch.,
72, 737–741, https://doi.org/10.1024/0040-5930/a000745, 2015.

Zand Irani, A., Borchert, G., Craven, B., and Gibbons, H.: Flu-
cloxacillin and paracetamol induced pyroglutamic acidosis,
BMJ Case Rep., 14, e237536, https://doi.org/10.1136/bcr-2020-
237536.

J. Bone Joint Infect., 7, 71–74, 2022 https://doi.org/10.5194/jbji-7-71-2022

https://doi.org/10.1155/2014/627673
https://doi.org/10.1093/omcr/omx054
https://doi.org/10.1007/s00228-017-2311-6
https://doi.org/10.2215/CJN.07730713
https://doi.org/10.1080/08998280.2017.11929570
https://doi.org/10.1111/jgs.14332
https://doi.org/10.3109/15563650.2013.844822
https://doi.org/10.1179/2295333714Y.0000000022
https://doi.org/10.1159/000507813
https://doi.org/10.7861/clinmedicine.19-2-127
https://doi.org/10.1093/ofid/ofab298
https://doi.org/10.1093/ckj/sfu043
https://doi.org/10.1097/EJA.0b013e328354243f
https://doi.org/10.1024/0040-5930/a000745
https://doi.org/10.1136/bcr-2020-237536
https://doi.org/10.1136/bcr-2020-237536

	Abstract
	Introduction
	Case presentation
	Discussion
	Conclusion
	Ethical statement
	Data availability
	Author contributions
	Competing interests
	Disclaimer
	Review statement
	References

