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Abstract

A 71-year-old female with no history of liver disease or antibiotic 
allergy developed jaundice with elevated liver enzymes and eosino-
philia following treatment with nafcillin for septic arthritis. Further 
workup demonstrated hepatocellular dysfunction and liver biopsy 
showed expansion of portal tracts by lymphocytes and eosinophils 
consistent with a hypersensitivity reaction. Nafcillin and related an-
tibiotics were withdrawn, and her symptoms resolved 3 months later. 
We searched PubMed using terms of “nafcillin cholestasis” and “naf-
cillin hepatitis”, and a review of the literature showed other reports 
of nafcillin-induced hepatitis and cholestasis. Avoidance and on oc-
casion the guarded use of glucocorticoids can lead to recovery from 
the insult. This case report shows that while rare, nafcillin can cause 
cholestatic hepatitis through a likely eosinophil-mediated hypersensi-
tivity reaction. Further studies are needed to elucidate the mechanism 
of this reaction.
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Introduction

Liver injury associated with the use of various forms of 
penicillins has been described, with more of a hepatocellu-
lar than cholestatic pattern. Often, liver injury is asympto-
matic manifesting as abnormalities of routinely monitored 
liver function tests but severe or even fatal disease may en-
sue. Nafcillin, a semisynthetic penicillin, has been associated 
with hepatocellular and/or cholestatic patterns of liver injury. 
Cholestatic hepatitis has also been described with the oxypeni-

cillins (such as cloxacillin or dicloxacillin), ampicillin and 
cephalosporins.

In this study, we present a case of nafcillin hypersensi-
tivity manifesting as a cholestatic hepatitis with eosinophil 
infiltration, summarize the presentation and evolution of 
nafcillin-induced hepatic injury and discussed oxacillin- and 
cloxacillin-induced hepatitis. We also review the literature and 
briefly discuss the mechanisms and clinical implications.

Case Report

A 71-year-old female presented with oxacillin-sensitive Staph-
ylococcus aureus septic arthritis involving her knee prosthesis. 
She underwent irrigation and debridement of her left knee with 
polyethylene exchange, and was discharged on a course of in-
travenous nafcillin. Towards the end of this 6-week course of 
nafcillin, the patient presented to the emergency room with 
anorexia, vomiting and weight loss. She used no other pre-
scription medication other than naproxen for arthritis. The pa-
tient was overtly icteric but afebrile. Initial laboratory results 
were significant for an elevated aspartate transaminase (AST) 
level of 115 U/L (normal: 5 - 50), alanine transaminase (ALT) 
level of 121 U/L (normal: 5 - 50), total bilirubin 10.9 mg/dL 
(normal: < 1.2), direct bilirubin 6.3 mg/dL (normal: < 0.4), 
and alkaline phosphatase 209 U/L (normal: 20 - 125). Com-
plete blood count on presentation also showed eosinophilia 
(absolute count 900 cells/mm3 (normal: 0 - 400), with a to-
tal WBC count of 4,300 cells/mm3 (normal: 4,600 - 10,200). 
Liver function tests peaked approximately 1 - 2 weeks after 
presentation (Table 1), and these abnormalities returned to 
normal over 3 months of observation without intervention. 
Eosinophil counts also climbed and slowly dropped back to 
normal ranges over months (Fig. 1). Thorough serological, 
immunological and radiological evaluations failed to demon-
strate an etiology. IgE and IgG antibodies to penicilloyl G, 
penicilloyl V, ampicillin and amoxicillin were undetectable. 
Skin testing with beta-lactam antibiotics was contraindicated 
by the severity of her underlying illness and hospitalization.

A nuclear medicine hepatobiliary function study showed 
findings consistent with hepatocellular dysfunction with poor 
clearance of the radiotracer from the blood pool and no evi-
dence of biliary excretion. A diagnostic liver biopsy was car-
ried out and the histology demonstrated an expansion of portal 
tracts by lymphocytes, eosinophils, neutrophils and rare plas-
ma cells, edema of portal tracts with ductal reaction, patchy 
cholestasis and mild microvesicular steatosis (Fig. 2a-d). Naf-
cillin was discontinued and alternative antibiotics were used 
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for her recurrent knee infection.

Discussion

Nafcillin, a second generation penicillin that is resistant to in-
activation by bacterial penicillinase, is commonly used to treat 
severe staphylococcal infections. Common adverse effects of 
this drug include gastrointestinal (nausea, vomiting, diarrhea, 
and dyspepsia), skin eruptions, IgE-mediated hypersensitivity 
and headache. Hepatocellular injury has been described with 
nafcillin as well as with oxacillin, cloxacillin and dicloxacil-
lin. Some of the published studies are shown in Table 2 [1-24].

Hepatotoxicity

Elevations of liver enzymes and evidence of hepatotoxicity 
have been shown with nafcillin in several studies. In a study 
by Maraqa and co-workers, adverse drug reactions to oxa-
cillin and nafcillin were evaluated in 222 children receiving 

parenteral antibiotics in the outpatient setting [25]. Adverse 
reactions were seen almost twice as common in the oxacillin-
treated patients compared to those receiving nafcillin. Hepa-
totoxicity was seen in 3.8% of the patients, but was strikingly 
more common in the oxacillin versus the nafcillin group (22% 
versus 0%; P < 0.001). In the study reported by Youngster et al, 
nafcillin was associated with more hepatotoxicity than cefazo-
lin (8.1% versus 1.6%; P < 0.01) [1]. Of interest, oxacillin-in-
duced transaminitis has also been described, but such patients 
have been switched to parenteral nafcillin without adverse 
effects. Hepatotoxic effects with nafcillin have tended to be 
more associated with intrahepatic cholestasis and rarely with 
skin eruptions or fever. As in the patient described in this case 
report, eosinophilia has been described.

Nafcillin-induced cholestasis

While nafcillin is known to affect bilirubin transport and cause 
conjugated hyperbilirubinemia, this case report and others 
suggest that nafcillin can also cause a hypersensitivity-medi-

Table 1.  Laboratory Data Observed in the Patient

Laboratory test Patient (peak value) Normal
White blood cell count (cells/mm3) 8,200 4,600 - 10,200
Eosinophils (%) 20 < 6
Eosinophils (cells/mm3) 1,640 400
Direct bilirubin (mg/dL) 12.0 < 0.4
Total bilirubin (mg/dL) 22.1 < 1.2
Alkaline phosphatase (U/L) 908 20 - 125
AST (U/L) 280 5 - 50
ALT (U/L) 281 5 - 50

Figure 1. Eosinophilia-course and duration in the patient. Arrow indicates nafcillin start date. 
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ated liver injury. The patient described in this study developed 
an allergic, eosinophilic, cholestatic pattern of liver injury. In 
one study, 6/46 patients treated with nafcillin developed eo-
sinophilia [2]. In a larger study of 119 patients treated with 
the antibiotic, 8.1% of patients developed liver function ab-
normalities [1]. Nahata and co-workers described transamini-
tis occurring in one of 32 patients treated with nafcillin [3]. 
Table 2 lists reported cases of hepatocellular injury induced by 
various antibiotics and Table 3 [4-7] lists the reported cases of 
nafcillin-induced hepatocellular disease.

Lestico et al described four cases of hepatic and renal dys-
function following nafcillin therapy [4]. Hepatotoxicity was 
seen within 3 days of initiating nafcillin with elevated bili-
rubin peaking at day 5 in most of the cases [4]. The authors 
commented that risk factors and mechanisms were unclear but 

in many cases, renal dysfunction was also observed. Presti et 
al discussed the propensity for nafcillin to induce prolonged 
cholestatic hepatitis with a delayed resolution, as happened in 
our patient [5]. In their report, the authors described the use of 
nafcillin for lower extremity cellulitis in a 63-year-old woman 
with rheumatoid arthritis. The patient had been treated with 
glucocorticoids and methotrexate for 2 years prior to the devel-
opment of cellulitis. On the ninth day of hospitalization, 5 days 
after starting nafcillin, the patient developed icterus which was 
associated with elevations of serum bilirubin, transaminases 
and alkaline phosphatase. Liver biopsy demonstrated findings 
consistent with an inflammatory cholestasis and infiltration of 
portal triads with lymphocytes and eosinophils. Macrovesicu-
lar steatosis and intracellular and canalicular cholestasis were 
also observed. Cholestasis and laboratory abnormalities per-
sisted for over 40 - 70 days after initiation of nafcillin.

Mazuryk and co-workers described cholestatic hepatitis 
following nafcillin administration that responded to low dose 
prednisone therapy [6]. The patient, an 80-year-old woman 
with a history of palindromic rheumatism was treated with 
nafcillin for septic arthritis of her left knee. The patient devel-
oped skin eruption, pruritus and diarrhea 2 weeks into nafcillin 
therapy. Nafcillin was discontinued but the patient continued 
to have progressive hepatocellular dysfunction and cholestasis 
with elevated bilirubin and alkaline phosphatase. Liver biopsy 
demonstrated centrilobular cholestasis and periportal infiltra-
tion by mononuclear cells and eosinophils [6]. Prednisone was 
initiated with a prompt decrease in bilirubin and alkaline phos-
phatase levels and improvement in pruritus. A repeat liver bi-
opsy demonstrated resolution of inflammation and prednisone 
was tapered slowly over 26 days.

Table 2.  Hepatic Injury Reported for Nafcillin and Related An-
tibiotics [1-24]

Antibiotic Hepatic injury pattern References

Nafcillin Predominantly cholestasis
Eosinophilia
Hypersensitivity

[1-7]

Oxacillin Hepatitis
Rare cholestasis
Transaminitis
Eosinophilia in majority
Hypersensitivity

[8-18]

Cloxacillin
Flucloxacillin

Cholestatic hepatitis [19-24]

Figure 2. Liver pathology in the patient. Expansion of portal tracts by lymphocytes, eosinophils, rare plasma cells, and bile duct 
injury are seen (a: × 20; b: × 60). Focal portal edema with ductular reaction and neutrophilic inflammation is also present (c: × 
40). Patchy cholestasis and mild microvesicular steatosis are observed (d: ×40). 
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Nafcillin-induced fatal hepatotoxicity associated with 
very elevated bilirubin levels has also been described [7]. 
Alam and co-workers reported that a 53-year-old woman with 
prior history of diabetes and heart disease developed severe 
transaminitis and cholestasis starting day 15 after starting naf-
cillin for staphylococcal bacteremia and osteomyelitis of the 
toe [7]. Nafcillin was subsequently discontinued immediately 
on day 15 after recognition of hepatic injury; however, this 
patient finally succumbed to cardiorespiratory arrest 84 days 
after nafcillin was initiated.

As shown in Table 3, ages ranged between 52 and 80 
years, with a dominance in female patients. Adverse effects of 
nafcillin included septic arthritis, cellulitis, mediastinitis, uro-
sepsis and osteomyelitis. In four cases, positive Staphylococ-
cus aureus cultured was identified from tissue to blood, while 
in one patient, the pathogen was coagulase negative Staphylo-

coccus aureus. The dominant pathology was cholestasis, with 
rash and arthralgia in one patient, eosinophilia in two patients 
and renal failure in five. The duration of cholestatic hepatitis 
varied between 15 days and 3 months or more. Two patients 
died and one patient was treated with prednisone that allowed 
rapid recovery of liver function.

Oxacillin/dicloxacillin reactions and hepatotoxicity

Several reports in the last few decades have reported on the 
hepatotoxic potential of oxacillin and related antibiotics [8-
16, 26]. The adverse effect has been seen in both children and 
adults and reports have demonstrated various degrees of sever-
ity. Bruckstein and Attia reported on two patients with oxacillin 
hepatitis [8]. The study reported on transient hepatitis in two 

Table 3.  Salient Features of the Reported Cases of Nafcillin-Induced Hepatic Injury [4-7]

Patient  
information

Underlying 
infection Pathogen Type of  

hepatic injury Liver biopsy Other features Outcome

Current case
71/F

Septic knee 
arthritis

S. aureus Cholestasis Inflammatory cells
Eosinophils
Cholestasis
Steatosis

Eosinophilia Cholestasis lasted 3 months
Patient survived
Nafcillin discontinued

69/M [4] Bacteremia
Urosepsis
Infected 
prosthetic hip

S. aureus Cholestasis? ND Raised creatinine
Bilirubin peaked 
at day 5
No eosinophilia

Abnormalities lasted < 15 days
Patient survived
Nafcillin discontinued

52/F [4] Farunculosis
Cellulitis

Probable S. 
aureus

Elevated 
bilirubin

ND Raised creatinine
Bilirubin peaked 
at day 5
No eosinophilia

Abnormalities lasted < 20 days
Patient survived
Required hemodialysis
Nafcillin discontinued

69/F* [4] Mediastinitis
Pneumonia

Unknown Cholestasis? ND Raised creatinine
Bilirubin peaked 
at days 4 - 5
No eosinophilia

Abnormalities lasted > 15 days
Patient died
Required hemodialysis
Nafcillin discontinued

75/M [4] Infected knee 
prosthesis
Bacteremia

S. aureus Cholestasis? ND Raised creatinine
Bilirubin peaked 
at days 4 - 5
No eosinophilia

Abnormalities lasted > 40 days
Patient survived
Nafcillin discontinued

63/F [5] Cellulitis S. aureusS. 
aureus 
suspected

Cholestasis Inflammatory cells
Eosinophils
Steatosis
Cholestasis

Increased 
prothrombin 
time
Bilirubin peaked 
weeks 2 - 3

Cholestasis lasted > 60 days
Patient survived
Nafcillin discontinued

80/F [6] Septic knee 
arthritis

Coagulase 
negative 
staphylococcus

Cholestasis Centrilobular 
cholestasis
Mononuclear cells
Eosinophils

Eosinophilia
Bilirubin 
peaked day 40
Pruritic rash
Diarrhea

Cholestasis lasted > 50 days
Patient survived
Nafcillin discontinued
Prednisone 20 mg/day started

53/M [7] Osteomyelitis
Bacteremia

S. aureus Cholestasis Diffuse cholestasis
Infarction
Periportal 
inflammation

Elevated 
creatinine
Anemia
Hematuria
Elevated ESR

Cholestasis lasted > 80 days
Treated with ursodiol
Cardiorespiratory arrest 
on day 84 after nafcillin
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patients with staphylococcal endocarditis treated with oxacil-
lin intravenously. Elevated transaminases were observed along 
with non-specific hepatitis on biopsy. The transaminitis resolved 
when the antibiotic was discontinued suggesting this to be a re-
versible phenomenon. The authors reviewed other nine reported 
cases of oxacillin-induced hepatitis, with seven occurring in 
children 16 years and younger [8]. In their discussion, the au-
thors conclude that this was likely a “hypersensitivity phenom-
enon” rather than a toxic side effect but the absence of a skin 
eruption, arthralgia and eosinophilia suggested that these events 
were not true “allergic” responses. In most cases, the adverse 
effect was subclinical and discovered by monitoring liver en-
zymes. Olans and co-workers also described eight patients with 
reversible oxacillin-induced hepatocellular injury which result-
ed in asymptomatic transaminitis [17]. Patients with oxacillin-
induced transaminitis have been switched to nafcillin without 
adverse consequences. Flucloxacillin and cloxacillin have also 
been associated with a form of cholestatic hepatitis [18-23].

Mechanisms

While other penicillins such as penicillin G and methicillin are 
cleared by the kidneys, nafcillin is hepatically excreted and be-
comes highly concentrated in bile [24]. In patients with pre-ex-
isting liver disease, nafcillin elimination half-life is prolonged 
leading to the speculation that drug-induced hepato-toxicity 
might further impair nafcillin clearance and lead to more liver 
injury. Other studies have also shown that nafcillin leads to 
decreased bilirubin excretion and bilirubin concentration in 
bile leading to a hyperbilirubinemia [27]. These effects may be 
mediated by influencing transport of bilirubin conjugates from 
hepatocytes across canalicular membranes into biliary fluid 
and such competition for transport pathways can lead to hyper-
bilirubinemia, at least in a murine model. It is likely that such a 
common transport system exists for most monobasic beta-lac-
tam antibiotics such as nafcillin and cloxacillin, explaining the 
propensity of these drugs to cause cholestasis [28]. In some pa-
tients receiving the drug, probable genetic predisposition may 
also allow hepatic immune responses leading to idiosyncratic 
adverse drug reactions culminating in biliary ductal injury, 
inflammation and eosinophilia. In some such cases, eosino-
philia and/or eosinophil infiltration of hepatic tissue is seen, 
suggesting an immune-allergic mechanism, probably medi-
ated by mast cells [29]. HLA associations have not been de-
scribed with nafcillin although a link to HLA-B*57:01-based 
T lymphocyte restriction has been reported with flucloxacillin-
induced liver disease [30]. Due to the rarity of these cases, the 
exact mechanism has not been evaluated and requires more 
study in affected patients.

Conclusions

In summary, a serious but often unrecognized complication 
of prolonged high dose nafcillin therapy is immunoallergic 
cholestasis and hepatocellular dysfunction which could be in-
sidious upon onset. Careful monitoring of liver functions and 
stopping the drug at the first sign of liver function test abnor-

malities might prevent progression to serious or fatal liver dis-
ease. Such complications could be treated with glucocorticoids 
if an allergic mechanism is discerned and no contraindications 
to the use of glucocorticoids exist.
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