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C1q nephropathy is a rare glomerulopathy that typically presents with nephrotic
syndrome in children. Treatment with immunosuppressive agents renders pa-
tients vulnerable to infection and its complications. Gastroenteritis is common in
children, and rotavirus is a leading cause. Extraintestinal manifestations of rotavirus
have recently been reported; however, there is a paucity of cases exploring the
involvement of a rotavirus on the respiratory system. Acute respiratory distress synd-
rome (ARDS) is a rapid onset respiratory failure characterized by noncardiogenic
pulmonary edema and hypoxemia. Causes of ARDS include sepsis, pneumonia,
pancreatitis, aspiration, and trauma. In this paper, we report a case of ARDS after
rotavirus infection in a child with C1q nephropathy who had been treated with
immunosuppressive agents.

Key words: Acute respiratory distress syndrome, Complement C1q, Glomerulo-
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Introduction

Clq nephropathy is a relatively uncommon glomerulopathy that typically
presents with nephrotic syndrome in children and young adults. It was first
described by Jennett and Hipp in 1985 and was characterized by predomi-
nant C1q deposition in the glomerular mesangium”. Steroid dependency with
frequent relapse is the most frequent outcome, and a second line immuno-
suppressant is often added in refractory cases. While immunosuppressive
agents, including steroids, are the mainstay of treatment for glomeruloneph-
ritis, including C1q nephropathy, immunosuppression renders patients
vulnerable to infection and its complications.

Among infectious diseases, gastroenteritis is common in children. Rota-
viruses are among the first proven viral agents of the major pathogens that
cause acute gastroenteritis in infants and young children. The initial detection
of rotavirus was made via duodenal mucosal biopsies of children with ga-
stroenteritis in 1973”. Since then, the virus was presumed to only affect the
intestinal tract. However, evidence of extraintestinal manifestations caused
by systemic rotavirus infection has been documented in recent studies.
Symptoms include seizure, pneumonia, hepatitis, pancreatitis, and autoim-
mune diseases”.

Acute Respiratory Distress Syndrome (ARDS) is a condition that presents
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as an acute respiratory failure due to an acute diffuse al-
veolar injury, resulting in gas exchange impairment. The
Pediatric Acute Lung Injury Consensus Conference Group
has defined pediatric ARDS as an acute onset hypoxemia
(Oxygenation index > 4 in patients treated with invasive
mechanical ventilation) that presents with new pulmonary
infiltrate consistent with acute pulmonary parenchymal
disease on chest imaging and respiratory failure not fully
explained by cardiac failure or fluid overload”. Etiologies
of ARDS include pneumonia, sepsis, aspiration, pancrea-
titis, trauma, and drugs; however, reports on rotavirus in-
fection-associated ARDS are scarce and only deal with
isolated cases™.

Here, we report a pediatric case of Clq nephropathy
treated with immunosuppressive agents in a patient who

developed ARDS after a rotavirus infection.

Casereport

An 8-year-old girl was admitted to our hospital for sche-
duled methylprednisolone pulse therapy to manage her
Clq nephropathy. Her proteinuria was initially found
when she was admitted for status epilepticus and fever at 5
years of age. At that time, generalized edema developed,
along with severe proteinuria and azotemia (urine protein/
creatinine ratio 5.74 mg/mg, serum albumin 3.2 g/dL,
blood urea nitrogen 20 mg/dL, creatinine 0.95 mg/dL).
However, her proteinuria improved spontaneously. Epile-
psy was managed via multiple antiepileptic drugs including
valproate, levetiracetam, lamotrigine, and ethosuximide.
Two years later, nephrotic range proteinuria recurred with

hypoalbuminemia (urine protein/creatinine ratio 8.59
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mg/mg, serum albumin 2.3 g/dL), which did not respond
to a steroid treatment. Kidney biopsy revealed glomerulo-
sclerosis (global sclerosis 12.9%, segmental sclerosis
34.1%) and dominant positive staining (3+) for Clq in the
glomerular mesangium and periphery (Fig. 1). Upon the
diagnosis of C1q nephropathy, a management plan invol-
ving immunosuppressive agents was initiated. However,
her nephropathy was not ameliorated, and her azotemia
worsened, despite the use of steroids, azathioprine, and
mycophenolate mofetil (MMF). As a last effort to induce
the remission of her nephropathy and preserve her kidney
function, methylprednisolone pulse therapy was planned.
On the day of admission for methylprednisolone, she
complained of vomiting, diarrhea, and abdominal pain
that started the day prior. She was on MMF and enalapril
at the time of admission. Her blood pressure was 116/78
mmHg, her pulse rate was 99/min, and her body tempera-
ture was 36.4C. Laboratory findings were as follows: serum
albumin level 2.4 g/dL, blood urea nitrogen (BUN) 34 mg/
dL, creatinine (Cr) 1.56 mg/dL, and Schwartz estimated
glomerular filtration rate (¢GFR) 27.4 mL/min/1.73 m’.
She had proteinuria (urine protein-creatinine ratio 9.28
mg/mg) without hematuria. Under the impression of hy-
povolemic crisis, albumin was administered, followed by a
high dose of a steroid as planned. However, the steroid was
discontinued after the patient developed a fever. Only 30
mg of methylprednisolone, which was 5% of the scheduled
amount, was infused. MMF was also discontinued due to
the fever. On the following day, she complained of sudden
dyspnea. Her respiration rate was 40/min, and her satura-
tion of percutaneous oxygen (SpO,) was 91% at room air
conditions. Her respiration rapidly deteriorated, and the

administration of supplemental oxygen (5 L/min) via a

Fig. 1. Kidney biopsy findings of the patient. (A) Light microscopy examination (Periodic acid-Schiff stain, x400) showed
segmental glomerulosclerosis. (B) Immunofluorescence microscopy (x200) revealed dominant staining (3+) for Clq in
the mesangium and periphery. (C) Electron microscopy showed electron-dense deposits in the mesangium and suben-
dothelium.
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facial mask was required to maintain SpO, >95% over an
eight-hour period. Chest X-ray (Fig. 2) and computed to-
mography (CT) images (Fig. 3) revealed rapidly progressive
bilateral pulmonary consolidation. Her urine output de-
creased to 0.68 mL/kg/h, and her azotemia had progressed
(BUN 40 mg/dL, Cr2.12 mg/dL). Acute kidney injury (AKI)
could have been caused by dehydration from vomiting and
diarrhea (approximately ten times a day). Urinalysis and
kidney sonography were performed for further investiga-
tions; they showed no evidence of renal calculi, which
could have caused post-renal failure. As her dyspnea aggra-
vated with the deterioration of kidney function, we sus-
pected AKI-induced pulmonary edema. However, her
need for oxygen increased even after emergency hemodi-
alysis. At that time, her stool exam returned positive for
rotavirus antigen; moreover, she had not received the rota-
virus vaccine.

On the third day of admission, she had a generalized
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tonic-clonic seizure, and acute respiratory failure, which
had progressed within 24 hours from the onset of the
symptoms of rotavirus infection. Both chest X-ray and CT
images showed new onset pulmonary infiltrations not
fully explained by effusions, collapsed lung, or nodules.
Echocardiography showed no evidence of cardiac failure.
Lastly, the patient’s oxygenation index was 16.2, indicative
of severe ARDS. Upon the diagnosis of ARDS, she was
transferred to an intensive care unit (ICU) and started
mechanical ventilator care. In addition, continuous renal
replacement therapy (CRRT) was applied for the treatment
of AKI. Due to her immunocompromised condition, intra-
venous trimethoprim-sulfamethoxazole, piperacillin/tazo-
bactam, and ganciclovir were empirically administered
for atypical pneumonia. Despite thorough investigations
to find the causative pathogen of respiratory failure, inclu-
ding a bronchoalveolar lavage (BAL) examination and
serologic testing, no clinically significant positive findings

Fig. 2. Radiographic findings. (A) Chest X-ray on admission showed no remarkable findings. (B) Chest X-ray
taken 24 hours post-admission revealed rapidly progressive bilateral consolidation. (C) Chest X-ray on ICU
admission showed increased pulmonary infiltrations and bilateral pleural effusion.

Fig. 3. Chest CT showing bilateral symmetric consolidation and ground glass opacity with bilateral pleural
effusion (right>left).
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were discovered in specimen cultures, virus polymerase
chain reaction tests.

Her respiratory failure recovered after 7 days of mecha-
nical ventilation. Urination returned after 21 days, over
which CRRT was maintained. She was transferred to a ge-
neral ward after 22 days of ICU care, and she was discharged
after the resolution of her ARDS on her 42nd hospitalized
day (Fig. 4). At the time of discharge, she had a restored
urine output (1.8 mL/kg/h), but she continued to have sig-
nificant proteinuria (urine protein/creatinine ratio 26.86
mg/mg, serum albumin 2.8 g/dL) and stage 4 chronic kid-
ney disease (BUN 38 mg/dL, Cr 1.95 mg/dL, eGFR 22.03
mL/min/1.73 m®).

Fig. 4. Chest X-ray on discharge showing resolution of previous
lung lesion.

Table 1. Review of Literature on Respiratory Involvement of Rotavirus
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Discussion

This is a case of ARDS in an immunocompromised pati-
ent owing to Clq glomerulopathy. Extensive investigation
to identify the causative agents was performed; however,
no noteworthy organism was found, other than rotavirus
in a stool specimen. Therefore, rotavirus infection was
suspected as the most probable culprit associated with
ARDS in this case, considering the clinical correspondence
and absence of other suspected pathogens.

The spectrum of extraintestinal complications of a rota-
virus infection is expanding. Recent studies suggest that a
systemic manifestation of rotavirus infection is via vire-
mia”. Some case reports have detected rotavirus in extra-
intestinal sites, such as the liver and kidneys, in infected
children with immunodeficiencies®.In a retrospective
study by Maureen et al., a rotavirus genome was found in
the extraintestinal tissues of two out of three children who
died after a rotavirus infection. Affected tissues other than
the intestine included the spleen, heart, lung, kidney,
bladder, testes, adrenal gland, and pancreas”. These studies
indicate the possibility of rotavirus dissemination through
viremia to various extraintestinal sites, resulting in sys-
temic symptoms. The possibility of direct pulmonary in-
fection and viremia of rotavirus could be considered in our
case, as well. However, rotavirus was not detected in our
patient’s BAL fluid, and a serology test for rotavirus antigen
was not performed.

While seizure and neurological symptoms are known as
the rather common extraintestinal symptoms of rotavirus
infection, few case reports have shown impacts of a rota-
virus on the respiratory system. Six previous studies on

Location of RV Ag detection

Reference Pts in study, characteristics ~ Age range Pts of interest*  Respiratory manifestations T NP
Taietal. (2012) 100, positive RV Ag 2-30d 3 ARDS +
Sasek et al. (2005) 1, with gastroenteritis 8m 1 ARDS +
Zhaorietal. (1991) 58, with pneumonia <4yrs 16 Pneumonia +
Santosham et al. (1983) 45, with pneumonia <5yrs Pneumonia 1 +* 3+
Lewis etal. (1979) 74, positive RV Ag 8d-13yrs 49 Any resp sx +
5 Pneumonia +
Goldwateretal. (1979) 24, with gastroenteritis <3yrs 10 URI sx +

*Refers to patients who are positive for rotavirus antigen and have respiratory manifestations.
Abbreviations: Pts, patients; RV, rotavirus; Ag, antigen; S, stool; T, tracheal aspirate; NP, nasopharyngeal aspirate; d, days; m, months; yrs, years; ARDS, acute
respiratory distress syndrome; Resp sx, respiratory symptom; URI sx, upper respiratory infection symptom.
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rotavirus involvement in the respiratory system, including
ARDS, are summarized in Table 1>***?. Four patients from
two papers, with positive rotavirus antigen as indicated by
their stool specimens, presented ARDS as in our patients.
All of these patients were aged less than one year, and
there were no cases among older children. Other studies
have demonstrated the presence of rotavirus in respiratory
tract secretions in children diagnosed with pneumonia.
Some patients with rotavirus infection report milder re-
spiratory symptoms, such as cough and coryza.

Although rotavirus infections are largely self-limited and
nearly all children in the world get infected with rotavirus
by the age of five, our patient presented severe extrainte-
stinal symptoms at the age of 8 years. Immunodepression
may have contributed to extraintestinal rotavirus infection
and more severe symptoms. In fact, the bloodstream is
considered to be a channel of extraintestinal involvement
and is mostly seen in immunocompetent children. Rota-
virus antigenemia was initially documented in three im-
munocompromised patients with chronic rotavirus infec-

tion"”

.Blutt et al. also detected rotavirus antigen and RNA
in the sera of immunodeficient patients'. Moreover, it has
been observed in previous studies that symptoms are more
severe in children with an immature immune system.
Although the exact mechanism remains to be determined,
T cells seem to play a crucial role in recurrent rotavirus in-
fection as well as extraintestinal infection. T cell-mediated
immune response is one of the main processes involved in
the clearance of rotavirus. Additionally, Gilger et al. re-
ported four cases of systemic spread of rotavirus in children
with defective T cell responses”. Our patient was on MMF,
which inhibits T cell proliferation and adhesion. This could
possibly cause recurrent rotavirus infection and also
extension beyond the intestinal tract. However, evaluation
for T cell function was not performed in our case and
manifestations of T cell dysfunction, other than severe
rotaviral infections, had not been observed.

The case of ARDS with our patient, on the other hand,
might have developed due to other causes than infection,
such as AKI or chronic kidney disease. Nevertheless, as
her respiratory symptoms aggravated despite hemodialysis,
it was determined that AKI was not likely to be a contribu-
ting factor for ARDS in this case. Furthermore, certain
drugs also can cause ARDS. Previously reported causative
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agents of drug-associated ARDS include chemotherapeutic
agents, such as gemcitabine, cyclophosphamide, and me-
thotrexate, as well as antiarrhythmic drugs, such as amio-
darone'”. There are, however, no reports of ARDS for the
drugs our patient was taking: MMF, enalapril, and anti-
epileptic agents, such as levetiracetam and valproate. In
addition, previous studies have shown that drug-induced
ARDS tends to resolve shortly after cessation of drug admi-
nistration. In our case, MMF was discontinued a day before
she developed respiratory failure, and even though she con-
tinued to take enalapril and antiepileptic drugs, her respi-
ratory symptoms did not aggravate. Thus, these medica-
tions are unlikely to be the cause of ARDS in this patient.
In conclusion, our report is noteworthy, given the possi-
bility of rotavirus infection-associated ARDS in an immu-
nocompromised patient. Findings regarding systemic
symptoms after a rotavirus infection are broadening, but
ARDS following a rotavirus infection is rarely reported.
However, the onset time of ARDS after the rotavirus infec-
tion was <24 hours in this case, and the clinical symptoms
observed were correlated with a rotavirus infection. Fur-
thermore, other risk factors of ARDS were excluded. Taken
together, these findings suggest that ARDS in our patient
was most likely caused by a rotavirus infection. As shown
in this case, rotavirus infection or the inflammatory re-
sponse triggered by it might lead to severe complications
such as ARDS, especially in immunocompromised indivi-
duals. Therefore, caution should be exercised when mana-
ging common infections in patients being treated with

immunosuppressive agents.
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