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Abstract. In this case, we report a 
64-year-old man presenting with anorexia, 
nausea and vomiting, mild abdominal pain, 
and oligoanuria for a few hours. His previous 
medical history included diabetes, hyper-
tension, and chronic kidney disease (CKD) 
stage 3. Upon arrival, laboratory results re-
vealed stage III acute kidney injury (AKI) with 
hyperkalemia requiring dialysis treatment. 
During hospitalization, both pre-renal and 
post-renal causes of AKI were excluded, and 
a careful diagnostic evaluation, including 
kidney biopsy and serology testing, revealed 
acute interstitial nephritis and positive IgM 
for hantavirus. The patient was started on 
steroid treatment, which led to complete 
recovery of kidney function over 3 months. 
Moreover, during his hospitalization, the pa-
tient was also diagnosed with SARS-CoV-2 
infection, possibly due to intra-hospital 
transmission and was hospitalized at the 
 COVID-19 Department for 14 days, eventu-
ally with no further complications. Hantavi-
rus nephropathy should be at the differen-
tial diagnosis of AKI, even in the absence of 
typical symptoms. Steroid treatment may be 
helpful in reversal of kidney injury.

Introduction

Hantaan hemorrhagic fever is a rare zoo-
nosis caused by hantaviruses of the Bunyavi-
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rales order; it is transmitted by rodents and 
represents an uncommon cause of acute 
kidney injury (AKI). Hantavirus infections 
cause two clinical syndromes in humans: 
hemorrhagic fever with renal syndrome 
(HFRS) in Asia and Europe, and hantavirus 
pulmonary (or cardiopulmonary) syndrome 
(HPS) in the Americas, with fatality rates of 
up to 12 and 60%, respectively [1]. HFRS is 
characterized by fever and flu-like symp-
toms, AKI with oligoanuria, pyuria, severe 
thrombocytopenia, left-shifted leukocytosis, 
anemia, and coagulation dysfunction mim-
icking thrombotic microangiopathies, which 
may progress to hemorrhagic shock [2]. De-
pending on the virus strain that is endemic 
in different geographic locations, the clinical 
presentation ranges from mild to severe [2].

Herein, we describe a patient present-
ing with oligoanuric, dialysis-dependent 
AKI, without hemorrhagic manifestations. A 
biopsy was performed revealing acute inter-
stitial nephritis (AIN), while further immuno-
logic evaluation confirmed recent infection 
with hantavirus. Furthermore, the patient 
was infected with SARS-CoV-2 during his 
hospitalization, possibly due to intra-hos-
pital transmission. Despite the above, full 
recovery of patient’s kidney function was 
achieved with appropriate treatment.
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Case report

Clinical presentation

A 64-year-old Caucasian man presented 
to the Emergency Department of our tertia-
ry hospital reporting oligoanuria, anorexia, 
nausea, and vomiting for the past 4 days, 
together with diffuse abdominal pain for 
the last 12 hours. He was a farmer from a 
northern Greek village. He reported no his-
tory of fever, macroscopic hematuria, or 
gastrointestinal bleeding. His past medical 
history included diabetes and essential hy-
pertension during the last 15 years, bilateral 
carotid stenosis (right 60% and left 43%), 
benign prostate hyperplasia, and an inguinal 
hernia surgery. His daily medication consist-
ed of metformin 1,000 mg once daily (o.d.), 
a combination of olmesartan 10 mg/amlo-
dipine 2.5 mg/hydrochlorothiazide 6.25 mg 
o.d., acetylsalicylic acid 100 mg o.d., ator-
vastatin 20 mg o.d. and finasteride 5 mg o.d. 
No other drug had been recently initiated 
or received sporadically by the patient. Past 
laboratory exams also revealed the presence 
of chronic kidney disease (CKD) with serum 
creatinine (SCr) of 1.29 mg/dL 1.5 years and 
SCr of 1.41 mg/dL 5 months before admis-
sion (Table 1).

Diagnostic evaluation

Upon arrival, the patient was afebrile at 
37 °C, his blood pressure was 140/80 mmHg, 
pulse 80 beats/minute, and oxygen satura-
tion 98% in room air. Clinical examination 
was overall unremarkable, except for mild 
diffuse tenderness upon palpation of the 
abdomen. Due to his symptoms, he was 
initially evaluated by the surgeons, where 
a nasogastric tube was placed, rendering 
bile content. Laboratory routine blood tests 
showed elevated SCr (11.77 mg/dL), urea 
(237 mg/dL), and potassium (6.6 mEq/L) 
as well as leukocytosis (13.200/μL), with 
increased polymorphonuclears and high 
C-reactive protein (CRP) levels (95.6 mg/L) 
(Table 1). The analysis of arterial blood 
gases showed pH = 7.26, pCO2 = 21 mmHg, 
pO2 = 106 mmHg, HCO3

– = 9.2 mEq/L, and 
lactates = 45 mg/dL. A kidney ultrasound 
showed kidneys’ size within normal with in-
creased renal cortex echogenicity, preserva-
tion of corticomedullary definition, and no 

evidence of lithiasis or obstruction. A urine 
catheter was inserted without providing any 
urine.

Hospital course

Based on clinical and laboratory findings, 
the patient was admitted at the Nephrology 
Department. Intravenous fluid therapy ad-
ministered to the patient during the first day 
consisted of 1,000 mL dextrose-containing 
(D/W) solution (5%) enriched with 12 units 
of insulin for correction of hyperkalemia, 
100 mL of NaHCO3 solution (94 mEq) for 
correction of metabolic acidosis as well as 
500 mL of normal saline (N/S), to rule out 
volume depletion as a probable cause of 
prerenal AKI. Following absence of conver-
sion of oligoanuric to nonoliguric AKI, intra-
venous furosemide was initiated at a dose of 
60 mg twice in a day (t.i.d.), and the patient 
was monitored for changes in urine flow 
rate. Furthermore, a broad-spectrum intra-
venous antibiotic regimen with vancomy-
cin 1 g as a loading dose (and then 500 mg 
every other day) and ciprofloxacin 200 mg 
t.i.d. was initiated. Metformin, olmesartan, 
amlodipine, hydrochlorothiazide, acetylsali-
cylic acid, atorvastatin, and finasteride were 
discontinued. Due to persistence of anuria, 
central venous catheter (CVC) was placed, 
and an urgent hemodialysis session was per-
formed within a few hours.

For the first 3 days, the patient con-
tinued to have urine volumes of less than 
100 mL/24h and persistently elevated 
creatinine (11.94 mg/dL on day 2 and 
11.25 mg/dL on day 3) and urea (248 mg/dL 
and 176 mg/dL, respectively). Computed 
tomography (CT) of the abdomen was per-
formed on day 2 and showed mild perineph-
ric fat stranding, absence of lymph node en-
largement, or free intra- or retroperitoneal 
fluid collection. Technetium-99m-diethyl-
enetriaminepentacetate acid (DTPA) renal 
scintigraphy also performed on day 2 re-
vealed adequate perfusion of both kidneys, 
without signs of vascular occlusive event or 
obstructive uropathy, but with significant se-
vere bilateral tubular dysfunction.

On day 4, diuresis was started 
(900 mL/24h) and gradually increased. Uri-
nalysis was positive for presence of glucose 
(50 mg/dL), protein (100 mg/dL), and signifi-
cant amount of hemoglobin (+++), while sed-citation
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iment at that day showed over 200 erythro-
cytes, and 6 – 10 leukocytes per high-power 
field. A 24-hour urine collection, performed 
on day 8, showed excretion of creatinine at 
859.32 mg/24h and protein at 1.4 g/24h. 
Urine sediment showed 3 – 5 erythrocytes, 
and 0 – 2 leukocytes per high-power field. 
Urine microscopy did not reveal dysmorphic 
erythrocytes, while no erythrocyte casts 
were observed. Progressive decline of the 
hematocrit (from 41 to 29.6%) and platelets 
(217,000/mm3 – 120,000/mm3), after ruling 
out bleeding as a possible cause, was treat-
ed with erythropoietin and discontinuation 
of aspirin. Evaluation of peripheral smear 
did not reveal schistocytes, and no increase 
in serum LDH levels were detected; there-
fore, microangiopathic hemolytic anemia 
was excluded.

Despite supportive treatment, kidney 
function did not show signs of considerable 
improvement. Despite detailed discussions 
over the previous history, only on day 8 did 
the patient remember to report consump-
tion of tea prepared with mountain herbs 
of unknown origin for ~ 30 days before his 
symptoms started. As, pre-renal and post-
renal causes of AKI were already conclusive-
ly excluded and in waiting for the laboratory 
results for possible intrinsic renal causes, our 
differential diagnosis included also AIN, and 
pulse steroid treatment was therefore initi-
ated on day 8 (methylprednisolone 125 mg 

on the first day and then 62.5 mg o.d. for 5 
consecutive days, and 48 mg orally thereaf-
ter).

Over the next days, serum immunology 
testing (IgG, IgA, IgM, C3, C4, ANA, ANCA, 
anti-dsDNA, anti-GBM, rheumatoid factor, 
serum protein electrophoresis, and total κ/λ 
chains) was negative, except for the detec-
tion of elevated immunoglobulin-free κ/λ 
chains. The patient’s blood cultures, urine 
cultures, and viral serologies (EBV, CMV, HCV, 
HBV, and HIV) were also negative. Although 
the patient restored diuresis, he remained 
dialysis dependent and, thus, an ultrasound-
guided kidney biopsy was performed on day 
14. We obtained one kidney biopsy cylinder 
including 17 glomeruli, which was processed 
for light microscopy, one cylinder including 
8 glomeruli, which was processed for immu-
nofluorescence, and a smaller third tissue 
sample that was later sent for PCR testing. 
Light microscopy revealed moderate to se-
vere tubulointerstitial inflammatory infil-
trates, mainly composed of lymphocytes, 
neutrophils, and some eosinophils (Fig-
ure 1). There was also interstitial edema and 
tubular atrophy, corresponding to 25 – 30% 
of the cortical area. Some chronic vascular 
changes were additionally observed, with 
hyalinization of some arteriolar walls. The 
glomeruli showed presence of nonspecific 
mild mesangial hyperplasia. Segmental ne-
crosis, crescents or abnormalities of the 

Figure 1. Kidney biopsy revealed presence of (a) moderate to severe tubulointerstitial inflammatory infiltrates 
mainly composed of lymphocytes and eosinophils with acidophilic (reddish) cytoplasm; (b) nonspecific mild mesan-
gial hyperplasia of glomeruli (hematoxylin & eosin stain; original magnification × 200).
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glomerular basement membrane were ab-
sent. Immunofluorescence was negative 
and showed no evidence of immune de-
posits. The above findings were compatible 
with AIN, confirming our hypothesis. On this 
basis, testing for hantavirus and leptospira 
antigen was available within a few days, 
showing serum enzyme-linked immuno-
sorbent assays (ELISA) IgM antibodies posi-
tive for hantaan with progressive increase 
in titer in a second sample, from 2.5 to 4.3 
(normal values < 1.5). Immunofluorescence 
of IgG and IgM antibodies for hantavirus as 
well as serum PCR were negative. The third 
biopsy sample was sent for PCR analysis for 
detection of genetic material of hantavirus; 
however, the sample was inappropriate for 
testing.

After the biopsy, the patient was in 
a stable condition, with his kidney func-
tion constantly improving with progressive 
methylprednisolone tapering, last hemo-
dialysis session at day 18 (10 sessions in 
total) and SCr = 2.38 mg/dL at day 23. At 
day 22, the patient underwent a molecular 
test for SARS-CoV-2 due to presentation of 
SARS-CoV-2 positive patients and staff of 
the Nephrology ward, possibly due to intra-
hospital transmission during the COVID-19 
second wave (November – December 2020). 
The patient tested positive and, although 
being totally asymptomatic, he was trans-
ferred to the COVID-19 positive wards, 
where he continued to receive nephrology 
care for another 14 days. Methylpredniso-
lone, after receiving 32 mg for 20 days, was 
further tapered, with his kidney function 
progressively improving. He was discharged 
with the dosage of 20 mg and instructions to 
taper by 4 mg every 2 weeks to 12 mg, then 
by 4 mg every week to a dose of 4 mg, and 
then by 2 mg every 2 weeks. Steroid treat-
ment had been discontinued after a total 
of 13 weeks. Regular follow-up visits were 
scheduled in our Outpatient Department, 
with kidney function further improving (SCr 
of 1.76 mg/dL 1 month after discharge and 
1.44 mg/dL 6 months after discharge).

Discussion

AKI is a broad clinical syndrome encom-
passing various etiologies. In our case, the 
64-year-old farmer presented with severe 

dialysis-dependent AKI superimposed on 
CKD stage 3. After careful investigation of 
the cause of kidney failure, and despite ab-
sence of compatible clinical symptoms, the 
diagnosis of hantavirus-associated AIN was 
made.

Hantavirus is an uncommon cause of 
infection-related AIN [3]. Hantaviruses (ge-
nus Hantavirus, Bunyavirales order) are 
transmitted to humans through inhalation 
of the aerosolized excreta of infected ro-
dents, belonging to the Murinae, Arvicoli-
nae, and Sigmodontinae subfamilies of the 
Muridae family [4]. Farmers, shepherds, 
woodcutters, forestry workers, animal trap-
pers, mammalogists, hunters, and military 
personnel are considered high-risk groups 
[4]. Three strains of hantaviruses are known 
to cause HFRS in Europe: Puumala, Dobrava, 
and Saaremaa, with the first two being the 
most prevalent [4]. The incubation period is 
2 – 4 weeks [4]. Puumala, carried by the red 
bank vole (Clethrionomys glareolus), causes 
nephropathia epidemica (NE), a milder form 
of HFRS [4], while Dobrava, carried by the 
yellow-necked mouse (Apodemus flavicollis), 
causes severe kidney injury, mostly in the Bal-
kans [4]. The 10-year prognosis is more favor-
able for Puumala infection, although some 
patients develop hypertension [5, 6].

HFRS represents a systemic inflamma-
tory response syndrome, with a multifac-
torial pathogenesis [7], including increased 
cleavage of high molecular weight kinino-
gen, higher enzymatic activities of FXIIa/
kallikrein, and increased liberation of bra-
dykinin from endothelial cells, resulting in 
overactivation of the kallikrein-kinin system 
and increased endothelial cell permeability 
[8]. Compromised barrier function and in-
creased capillary leakage may be associated 
with proteinuria [9], while glycosuria can re-
sult from proximal tubular damage, whose 
severity can vary from mild tubular dysfunc-
tion to disturbances typical of Fanconi syn-
drome [10]; both features were present in 
our patient and can be attributed to hanta-
virus-associated kidney injury with glomeru-
lar and tubular involvement. Clinical symp-
toms of typical HFRS include fever, myalgias, 
headache, abdominal pain, vomiting, and 
hemorrhagic complications due to throm-
bocytopenia (gastrointestinal bleeding, he-
maturia), oliguria, and hypotensive shock 
[1, 2, 4, 7]. The diagnosis of acute hantavirus 
infection is based on immunofluorescence citation
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and ELISA methods [11]. Virus-specific IgM 
can be detected even in the first days of the 
disease, when IgG antibodies may be also 
present [11].

While HFRS is endemic on the Balkan Pen-
insula, most cases in Greece are sporadic, with 
the first case appearing in 1982; however, 
epidemic outbreaks have also been described 
[11]. The predominant hantavirus is Dobrava. 
Pindos and Rhodope (northwest and north-
east parts of Greece) are considered to be 
hyperendemic areas, with 80% of total HFRS 
cases described in these two regions [12]. The 
clinical manifestations in Greece range from 
mild or moderate to severe or fatal illness [11]. 
However, Elisaf et al. [12] suggested that mild 
cases (without hemorrhagic manifestations) 
or asymptomatic cases may be more common 
than severe types of disease, and that 5 – 10% 
of cases are not detected.

In the kidneys, the capillary leakage re-
sults in transient proteinuria, hematuria, and 
kidney failure [13]. Typical kidney biopsy find-
ings include acute tubulointerstitial nephritis 
with interstitial edema and inflammatory cell 
infiltrations; tubular epithelial and luminal 
alterations and slight glomerular mesangial 
changes are present in 25% of specimens 
[14]. Interstitial hemorrhage is a character-
istic finding that may be missed because of 
the absence of medullary sampling [15]. Our 
patient presented with minimal clinical symp-
toms despite the presence of severe AKI, with 
a biopsy compatible with the severe tubulo-
interstitial nephritis observed with HFRS. As 
typically renal biopsies target the renal cor-
tex, our samples also did not include suffi-
cient sampling of renal medulla; thus, inter-
stitial hemorrhage could have been missed.

Treatment of HFRS consists of supportive 
care mainly including maintenance of elec-
trolyte and fluid homeostasis and correc-
tion of hematologic abnormalities; dialysis 
treatment may be required in some cases 
where conservative treatment fails, with 
compete recovery of kidney function most 
of the time [4, 7]. Additionally, ribavirin has 
been associated with a seven-fold decrease 
of mortality and a significant reduction in 
the risk of entering the oliguric phase and 
experiencing hemorrhage [16]. Corticoste-
roid use for treatment of hantavirus infec-
tions is common, and successful treatment 
for HPS [17, 18], severe thrombocytopenia 
[19] as well as recovery of kidney function, 
have been reported [20]. However, the use 

of corticosteroids for treatment of HFRS is 
limited to observational studies, and no evi-
dence from randomized trials is available. In 
our case, steroid treatment was associated 
with complete recovery of kidney function 
at 6 months after discharge.

COVID-19, declared as a pandemic by 
WHO in March 2020, has affected more 
than 270 million individuals and caused 
more than 5.4 million deaths worldwide 
[21]. An increase in mortality was observed 
in Greece during November-December 2020 
when the country faced a particularly strong 
second wave [22]. The risk of severe illness 
and mortality in COVID-19 increases with 
older age, male sex, and comorbidities, in-
cluding hypertension, diabetes mellitus, car-
diovascular disease, and CKD [23], and may 
be further increased by intra-hospital trans-
mission during an extensive outbreak [24]. 
Thus, our patient faced a high mortality risk 
after COVID-19 infection, due to his age and 
the presence of several cardiovascular risk 
factors. However, despite his long hospital 
stay and severely impaired kidney function, 
which could have been further deteriorated 
by SARS-CoV-2 co-infection, the patient was 
finally discharged with moderate kidney fail-
ure after receiving steroid treatment. Use of 
steroids has received strong recommenda-
tion in practice guidelines for severe illness 
in COVID-19 [25]. Steroid treatment, already 
initiated in our patient, could have helped 
prevent adverse outcomes.

To conclude, our patient’s case highlights 
the fact that hantavirus nephropathy in 
countries such Greece may present clinically 
as AKI of unknown origin with minimal symp-
toms and signs of infection and no hemor-
rhagic manifestations. As such, hantavirus-
associated acute tubulointerstitial nephritis 
should remain in the differential diagnosis of 
such patients, especially if common causes 
of AKI are precluded. In such cases, timely 
testing for hantavirus antibodies and kidney 
biopsy could lead to the diagnostic answer, 
and appropriate treatment can help towards 
recovery of kidney function.
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