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these characteristics may respond adequately to less
intense immunosuppression.

In summary, patients with lupus and evidence of an
active urine sediment but low levels of proteinuria
(<0.5 g/d) may have important kidney pathology that
warrants aggressive treatment. Despite current guide-
lines that recommend a proteinuria threshold of>0.5 to
1 g/d, a diagnostic kidney biopsy in SLE patients with
low-grade proteinuria should be considered.
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A
cute interstitial nephritis (AIN) is a leading cause
of acute kidney injury (AKI) in hospitalized pa-

tients, and b-lactam antibiotics are a common cause.1

Early diagnosis of b-lactam�induced AIN is essential
to direct changes to therapy, but it is often difficult to
distinguish AIN from other causes of AKI, such as
acute tubular necrosis. A kidney biopsy is the gold-
standard diagnostic test, but carries significant risks
and is often delayed. Mislabeling patients with a b-
lactam allergy, in the absence of a biopsy, also restricts
future antibiotic choice and drives inappropriate pre-
scribing.2 Clinical features alone cannot reliably
differentiate AIN from other causes of AKI, and the
temporal relationship between drug exposure and
onset of AKI remains poorly understood. Some reports
suggest that b-lactam�induced AIN typically occurs
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Figure 1. Etiology of biopsy-proven acute interstitial nephritis (AIN)
at Monash Health and Austin Health between 2011 and 2017. NSAID,
nonsteroidal anti-inflammatory drug.
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more than 8 days after exposure; however, data are
limited, and existing studies use nonstandardized def-
initions for AKI.3�5 We aimed to characterize the time
between b-lactam exposure and AKI, defined by
doubling of baseline serum creatinine, in a series of
hospitalized patients with biopsy-proven AIN across 2
health services in Melbourne, Australia.
RESULTS

A total of 72 cases of biopsy-proven AIN were identi-
fied, of which 49 were attributed to drugs and 14 to
b-lactams specifically (Figure 1). I.v. flucloxacillin,
piperacillin�tazobactam, and benzylpenicillin were
used in 8 cases, 5 cases, and 1 case, respectively.
Among the 14 patients with b-lactam�induced AIN,
the median age was 57 years (interquartile range [IQR],
40�68 years); 6 patients were female; mean baseline
creatinine was 78 mmol/l; and median duration of
b-lactam use was 8 days (IQR, 3�12 days). The
Figure 2. Time to acute kidney injury (AKI), defined by doubling of
serum creatinine, in 14 cases of biopsy-proven b-lactam�induced
acute interstitial nephritis.
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indications for b-lactams included cellulitis (n ¼ 5),
methicillin-susceptible Staphylococcus aureus (MSSA)
osteomyelitis (n ¼ 2), MSSA bacteremia (n ¼ 2), fever
of unknown origin (n ¼ 2), dog bite, pneumonia, and
cholangitis. In 7 patients (50%) there were concurrent
histopathological features on the kidney biopsy spec-
imen that could contribute to AKI (i.e., acute renal
pathology), 6 with acute tubular necrosis and 1 with
IgA co-dominant postinfectious glomerulonephritis
(PIGN). Three had features of background mild chronic
damage. The median time to AKI was 2.5 days (IQR,
2�8 days). There was no appreciable difference in the
time to AKI between centers (Figure 2). The mean time
to AKI among 7 patients with concurrent acute renal
pathology was 3.6 days (range, 1�13 days), whereas
among 7 patients without concurrent acute renal pa-
thology it was 6.1 days (range, 1�11 days); however,
this difference was not statistically significant (P ¼
0.27, 2-sided t test). Two patients, 1 patient with and 1
patient without concurrent acute renal pathology, had
a known pre-existing allergy to penicillin. One patient
reported an unknown reaction, and the other reported
prior kidney injury following penicillin exposure.
Acute kidney injury occurred within 2 days of re-
exposure for both patients. The median time to bi-
opsy after AKI was 9 days (IQR, 5�11), and 6 patients
required acute hemodialysis. All 14 patients had re-
covery of renal function within 1 year, but the mean
change in creatinine at 1 year, compared to the pre-AKI
baseline, was 28.1 mmol/l (95% confidence interval,
11.2�45.0 mmol/l). Five patients (35.7%; 4 from Austin
Health and 1 from Monash Health), had re-exposure to
an alternative nonpenicillin b-lactam (4 to cephalo-
sporins and 1 to carbapenem) during subsequent
inpatient admissions, without developing an AKI,
although 1 patient had serum creatinine measured for
only 4 days following exposure to ceftriaxone. One
patient also reported exposure to amoxicillin clav-
ulanate on 2 occasions in 2019, and in both cases did
not develop an AKI, as determined by measurements of
serum creatinine at 7 days after exposure.
DISCUSSION

In our retrospective multicenter case series of 14 pa-
tients with b-lactam�induced biopsy-proven acute
interstitial nephritis, the median time to doubling of
serum creatinine was 2.5 days, which is earlier than
previous estimates and shorter than typically expected
in primary T-cell�mediated hypersensitivities. Our
finding likely reflects the realities of clinical practice, in
which a combination of other factors may contribute to
earlier onset of AKI, and selection bias toward more
severe cases that warrant biopsy.
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Our study is consistent with previous case series of
drug-induced AIN, affirming that b-lactams, particu-
larly flucloxacillin and piperacillin�tazobactam,
nonsteroidal anti-inflammatory drugs, and proton
pump inhibitors are the leading culprit agents in
Australia.6 Cephalosporin and carbapenem antibiotics
were not identified as culprit agents in either study.
Recovery of renal function was observed in all cases,
despite 6 of the 14 patients requiring hemodialysis.
Serum creatinine at 1 year following AKI was approx-
imately 30 mmol/l higher than baseline, suggesting that
AKI related to b-lactam AIN may also contribute to
chronic kidney damage and fibrosis.7

Subsequent exposure to another class of b-lactam
antibiotics after an episode of penicillin-induced AIN
was common among the 6 cases at Austin Health,
with 5 of them later receiving an alternative peni-
cillin, cephalosporin, or carbapenem. Only 1 patient
at Monash Health was identified to have subsequent
exposure, although true re-exposures may be
underestimated in the absence of electronic pre-
scribing. No adverse events were observed in any
case of re-exposure, which may suggest a possible
absence of cross-reactivity seen in other hypersen-
sitivities.8 Another possible explanation is that b-
lactams with structurally different R side chains may
be less likely to induce a recurrence of AIN. Struc-
tural side chain differences are thought to contribute
to the variable rates of cross reactivity seen in IgE
and T-cell�mediated penicillin hypersensitivity
reactions.9

Small sample size is an important limitation of our
study. Larger studies would help to validate our find-
ings, to assess the risks of re-exposure to different b-
lactams, and to further characterize the contribution
that AIN has to the development of chronic kidney
disease. Selection bias may also limit the generaliz-
ability of our findings, as patients who undergo kidney
biopsy are likely to have had a more severe kidney
injury. A median time to AKI onset of 2.5 days may
therefore not be representative of all b-lactam�induced
AIN. The timing of baseline and follow-up measure-
ments of serum creatinine were not prospectively
defined, and thus not standardized, but in most cases
serum creatinine was measured on a daily basis during
the inpatient stay. Flucloxacillin was the most common
culprit agent identified in our case series; however, the
frequency with which each of the b-lactams was used
is unknown, and prospective studies are required to
determine the relative incidence of AIN induced by
different b-lactams.
1070
In conclusion, a diagnosis of b-lactam�induced AIN
should be considered in hospitalized patients who
sustain an AKI following b-lactam use, even if
doubling of serum creatinine occurs within 2 or 3 days
of exposure. This time frame may reflect more severe or
atypical cases, because only cases in which patients
underwent biopsy were available for our analysis.
Larger studies are required to determine risk factors for
early-onset AKI in b-lactam�induced AIN. A case-
control study would be a logical next step to investi-
gate this issue. Furthermore, we believe that the
standard practice of avoiding all b-lactams following an
episode of penicillin-induced AIN should be revisited,
because re-exposure to alternative b-lactam antibiotics
was not associated with recurrence of AKI in our case
series.
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