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Abstract
Background: The pandemic influenza A/H1N1, spread through the world in 2009, producing a seriousepidemic in Italy. Complications are generally limited to patients at the extremes of age (<6 months or >65years) and those with comorbid medical illness. The most frequent complications of influenza involve therespiratory system.
Case Presentation: A 3-year-old boy with a recent history of upper respiratory tract infection developed anephrotic syndrome. Together with prednisone, furosemide and albumin bolus, a therapy with oseltamivirwas started since the nasopharyngeal swab resulted positive for influenza A/H1N1. Clinical conditions andlaboratory findings progressively improved during hospitalization, becoming normal during a 2 month followup.
Conclusion: The possibility of a renal involvement after influenza A/H1N1 infection should be considered.
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IntroductionIn April 2009, a novel influenza A/H1N1 virus wasidentified in Mexico and extended rapidlyworldwide thanks to its genetic and antigenicfeatures resulting in a high incidence of infection,through person to person spread of respiratorysecretions[1,2]. Many pediatric patients have visitedemergency departments and physicians' officesduring this 2009-2010 flu season in Italy.Clinical presentation of the novel influenzaA/H1N1 is similar to those of the seasonalinfluenza but serious complications have beendescribed[3]. Renal involvement was previouslyreported in only one case[4]. We report the second

patient with nephrotic syndrome (NS) followingan upper respiratory tract infection. Real timepolymerase chain reaction (RT-PCR) resultedpositive for influenza A/H1N1.
Case PresentationIn November 2009, a 3-year-old boy presented toour Emergency Department with a 4 day history ofprogressive feet, legs and periorbital edema.Together with edema, his body weight increasedfrom 14.3 Kg to 17.2 Kg. Medical history included
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recurrent urinary tract infections and two weeksearlier an upper respiratory tract infection,characterized by cough, sore throat, and nasalcongestion, spontaneously solved in 3 days.Physical examination showed remarkablefinding of generalized anasarca. Blood pressurewas normal. Initial urine analysis showed heavyproteinuria (6.67 g/l), confirmed by the 24-hoururine collection which showed a concentration ofprotein of 8.5 g/l. Other laboratory findingsincluded hypoproteinemia (4,8 g/dl), low serumalbumin (2.0 g/dl), hypercholesterolemia (440mg/dl), elevated low-density lipoproteincholesterol (238 mg/dl) and hypertriglyceridemia(230 mg/dl). Urinary sediment showed mildmicrohematuria (6-10 erythrocytes per field) andrare granulated cylinders. The nasopharyngealswab was taken.Tests including C3 and C4 complement levels, C-reactive protein, serum creatinine, blood ureanitrogen were normal or undetectable. Theclearance of the creatinine at the time of diagnosiswas 111 ml/min.RT-PCR over the nasopharyngeal swab wasperformed since he reported respiratorysymptoms and since influenza A/H1N1 wasepidemic in Italy in that season; it resultedpositive for influenza A/H1N1.NS was treated with fluid restriction, lowsodium diet and prednisone 60mg/m2 per os daily.Blood pressure, body weight and water balancewere daily monitored. Since serum albumindecreased (1.3 g/dl), an infusion of 50 ml ofalbumin 25% was given, followed by anintravenous bolus of 17 mg furosemide.Interestingly, 24 hours later, the patient was notedto have an increase of the periorbital edema anddeveloped bilateral scrotal hydrocele.Nasopharyngeal swab was positive for influenzaA/H1N1 virus and a therapy with oseltamivir 60mg twice daily was also started.Over the next 48 hours, the patient achievedsignificant clinical improvement of his anasarca-related symptoms. Laboratory tests executed after10 days of corticosteroid therapy showedincreasing serum proteins (6.2 g/dl) and serumalbumin (3.5 g/dl), together with a concentrationof proteins lower than 0.07 g/l in the 24-hoururine collection. Weight at discharge was 14.400Kg. According to the latest guide-line on the

management of childhood onset NS, treatmentwith prednisone was reduced to 40 mg/m2 onalternate days after 6 weeks and prolonged forfurther 6 weeks, then suspended withouttapering[5]. Clinical conditions and laboratory testsat suspension were normal and no side effects ofcorticosteroid therapy were reported.Clinical and laboratory follow-up performedmonthly for the first 3 months and than at 6 and12 months after discharge showed no relapse ofNS or respiratory complications.

DiscussionNS is a glomerulopathy characterized by a massivealbuminuria, which can be associated with twomain types of glomerular lesions, minimal changedisease (MCD) and focal and segmental glomerularsclerosis (FSGS). First injury occurs at the level ofglomerular podocytes. These cells are highlydifferentiated visceral epithelial cells whoseintercellular space is defined by the slitdiaphragm, composed of amolecular complexessential for the maintenance of glomerularpermselectivity[6]. The glomerular permeabilityfactor-producing cell is still unknown, but severalclinical arguments suggest T lymphocyteinvolvement, since NS can arise during anactivation of the immune system triggered by aviral infection, such hepatitis C and parvovirusB19[7,8]. Respiratory viruses are related toexacerbations and relapse of both MCD andFSGS[9]. The etiology of NS is in most (~90%) casesidiopathic and in the remaining 10% associatedwith well-defined diseases (such as geneticdisorders, multisystem syndromes, metabolicdisorders, infections, drugs, immunologic orallergic disorders, association with malignantdisease)[10]. We believe that this percentage isbound to fall in the future when we will be able todemonstrate the underlying causes of this disease.The diagnosis of influenza A/H1N1 is possibleby either RT-PCR and/or by viral culture[11]. Thepreferred specimen is a nasopharyngeal swab,nasal aspirate, or combined nasopharyngeal swabwith oro-pharyngeal swab. RT-PCR is the goldstandard, with its high sensitivity and specificity.
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Sensitivity is 103 to 106 times higher than Enzyme-Linked ImmunoSorbent Assay and cell culture anddoes not vary with age. Moreover, it is possible toisolate the virus even several days after thesymptomatic period[12].Antiviral medication is the stronghold oftherapy for influenza. So, treatment withoseltamivir or zanamivir is recommended for allpatients with severe illness thought to besecondary to novel H1N1[13].Historically, complications are generally limitedto patients at the extremes of age (<6 months or>65 years) and those with comorbid medicalillness. The most frequent serious complications ofinfluenza are pulmonary and include primary viralpneumonia and secondary bacterial pneumonia,attributable also to unusual pathogens[14]. Inaddition to its respiratory effects, the virus canexert direct and indirect effects on other bodysystems.Myositis and rhabdomyolysis have been noted.In fact, elevations of creatine phosphokinase(CPK) have been reported among patientshospitalized with H1N1[3].Neurological complications, like altered mentalstatus, encephalopathy and seizures, related withinfluenza A/H1N1 infection, have been pointedout in children aged 7 to 17 years[15]. Renalinvolvement after influenza A/H1N1 infection inchildren has been reported only once inliterature[4]. Our case is similar to that of L. Hill etal report: both children developed NS afterpresenting respiratory symptoms. Subsequentlytheir viral PCR swab resulted positive forinfluenza A/H1N1 virus. In both cases theprognosis was good at short distance. In our case,the long-term follow-up was negative for relapse.In the treatment there were no deep differencesbut we added oseltamivir according to therecommended drugs for influenza A/H1N1[13].Our case seems to be the second report of a NSassociated with an infection by the novel influenzaA/H1N1 virus. The correlation between the twodiseases is evident since the patient experiencedan upper respiratory infection before the onset ofthe NS and the nasal swab resulted positive forH1N1 contemporary to the renal manifestations.No renal biopsy was performed since it was thefirst episode of NS, but the early and full response

of our patient to the corticosteroid therapysuggested that it could have been a case of MCD.
ConclusionOur goal is to point out the correlation betweeninfluenza A/H1N1 infection and the onset of NS.This is not the first case described since thiscorrelation in the literature has been alreadymentioned.Considering that infections are one of thepossible causes of NS and taking count of theprevious case in the literature, we think that thechronological correlation and laboratory findingsare two strong reasons for the causative effect ofinfluenza virus on NS in this patient.Moreover, our experience suggests that regularmanagement of NS associated with the antiviraldrug oseltamivir was efficient and safe in treatingboth conditions simultaneously.We believe these observational studies canimprove our knowledge about NS.
Transparency declarationNo extra funding was used for this case report asdata were generated as part of clinical activities.There is no commercial relationship or anypotential conflict of interest of any nature.
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