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A b s t r a c t

The 2009 pandemic influenza A (H1N1) caused 
significant morbidity and mortality. Acute lung injury is 
the hallmark of the disease, but multiple organ system 
dysfunction can develop and lead to death. Therefore, 
we sought to investigate whether there was postmortem 
evidence of H1N1 presence and virus-induced organ 
injury in autopsy specimens. Five cases in which 
patients died of influenza A (H1N1) virus infection were 
studied. The lungs of all patients showed macroscopic 
and microscopic findings already described for 
H1N1 (consolidation, edema, hemorrhage, alveolar 
damage, hyaline membrane, and inflammation), 
and H1N1 viruses were present in alveolar cells in 
immunochemical studies. Acute tubular necrosis was 
present in all cases, but there was no evidence of 
direct virus-induced kidney injury. Nevertheless, H1N1 
viruses were found in the cytoplasm of glomerular 
macrophages in the kidneys of 4 patients. Therefore, 
our data provide strong evidence that H1N1 presence 
is not restricted to the lungs.

Influenza is a seasonal viral infection associated with 
significant morbidity and mortality, but complications are 
generally limited to patients at the extremes of age (<6 months 
or >65 years) and patients with comorbid medical illness.1,2 In 
2009, a novel virus (H1N1) emerged and led to a pandemic 
that disproportionately caused severe illness in older children 
and young adults.2

Although mortality has been reported in all ages, it 
remains higher among elderly people.3,4 The main risk factors 
identified for severe cases are preexisting cardiopulmonary 
disease, obesity, pregnancy, and chronic lung disease.5 The 
most common clinical manifestation is viral pneumonia, 
followed by acute lung injury and the need for mechanical 
ventilation.2,5,6 In children, secondary bacterial infections are 
more common than in adults.7

In most patients infection resolves within a few days; 
however, in some patients multiple organ dysfunction syndrome 
(MODS) may develop, and they die.8 Causes of MODS remain 
unclear. MODS could be secondary to a systemic inflammatory 
response syndrome, but direct H1N1 viral organ injury has not 
been completely ruled out.2,8,9 Viral detection in tissues of 
affected organs and histologic findings of viral activity could 
suggest that direct injury is clinically significant.6 Thus, we 
hypothesized that, in patients who died of novel 2009 influenza 
A (H1N1) infection, affected organs may present direct or 
indirect evidence of direct viral injury.

Materials and Methods

This was a retrospective, observational, cohort study 
of patients who died of H1N1 infection at Hospital das 
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Clínicas, Faculty of Medicine of Ribeirão Preto, University 
of São Paulo, São Paulo, Brazil. The study was approved by 
institutional review board, and written informed consent was 
obtained from families (process HCRP No. 14375/2009). 
Necropsy was performed on all patients who died. Tissue 
samples of all organs were fixed in formalin, embedded in 
paraffin, and submitted to H&E staining.

Additional preparations were also used for 
immunohistochemical detection of influenza A/H1N1 viral 
antigens using a specific antibody, as follows: briefly, 
3-μm-thick sections cut from paraffin blocks containing 
representative tissue samples were mounted on poly-L-
lysine–coated slides, deparaffinized, rehydrated, immersed 
in 10 mmol/L citrate buffer, pH 6.0, and submitted to heat-
induced epitope retrieval using a vapor lock for 45 minutes. 
The slides were rinsed with phosphate-buffered saline and 
immersed in 3% hydrogen peroxide for 20 minutes to block 
endogenous peroxidase. Nonspecific protein binding was 
blocked with normal serum (Vectastain Elite ABC Kit, 
Universal, Vector Laboratories, Burlingame, CA) for 30 
minutes. The sections were then incubated with polyclonal 
primary antibody specific for influenza A/H1N1 viral 
antigens (anti-H1N1 virus, LifeSpan BioSciences, Seattle, 
WA), dilution 1:50, for 2 hours at room temperature (25°C) 
in a humid chamber. Following washes in phosphate-
buffered saline, biotinylated pan-specific universal 
secondary antibody (Vectastain Elite ABC Kit, Universal) 
was applied for 30 minutes. Next, the slides were incubated 
with the avidin-biotin-peroxidase complex (Vectastain 
Elite ABC Kit, Universal) for 30 minutes and developed 
with the NovaRED kit (Vector Laboratories) for 5 minutes. 
The slides were counterstained with Harris hematoxylin, 
dehydrated, and mounted with Permount (Biomeda, Foster 
City, CA). As negative controls, all specimens were 
incubated with an isotope-matched control antibody under 
identical conditions.

Clinical data were collected from medical records, 
including preexisting morbid conditions, risk factors, and 
outcomes.

Results

The data for 5 patients who died of H1N1 infection were 
studied. Demographic and clinical data for all cases are shown 
in ❚Table 1❚.

Autopsy Findings
Macroscopic examination revealed remarkable 

morphologic changes in the lungs of all patients, which 
showed extensive areas of parenchymal consolidation with 
variable degrees of edema and hemorrhage. Lung tissues in 

4 of 5 cases showed histopathologic changes of influenza 
viral pneumonia with marked diffuse alveolar damage, 
often associated with massive hyaline membrane formation, 
alveolar and interstitial edema, fibrinous inflammation, 
diffuse congestion ❚Image 1A❚ and ❚Image 1B❚, and, in 2 
of 5 cases, intense intra-alveolar hemorrhage ❚Image 1C❚. 
In 1 case, there was histopathologic evidence of bilateral 
acute bronchopneumonia characterized by dense alveolar 
inflammatory infiltrate that was predominantly neutrophilic, 
with formation of multiple microabscesses, besides 
prominent interstitial inflammation, which was not found 
in the viral pneumonia cases ❚Image 1D❚. In the patient with 
bronchopneumonia, bacterial coinfection by Staphylococcus 
aureus was confirmed by positive blood culture.

All patients had some degree of kidney acute tubular 
necrosis (ATN), but there were no signs of glomerular lesion 
❚Image 3A❚. In 4 cases, the liver exhibited mild to moderate 
microvesicular steatosis and slight centrilobular necrosis 
secondary to circulatory shock. In 1 case, a pediatric patient 
with morbid obesity, there was moderate macrovesicular 
steatosis, in addition to frequent hepatocellular nuclear 
vacuolization and minor periportal mononuclear inflammatory 
infiltrate and fibrosis.

Viral Localization
The localization of viral particles by immunohistochemical 

analysis identified influenza A (H1N1) viral antigens in the 
lungs of all patients and in the kidneys of 4 of 5 patients. 
Numerous viral nucleoprotein antigens were localized in 
the cytoplasm of infected cells, predominantly alveolar and 
glomerular macrophages ❚Image 2❚, ❚Image 3B❚, ❚Image 3C❚, 
and ❚Image 3D❚. These cells can be easily distinguished from 
others by their bulky xanthomatous cytoplasm. The amount 
of immunolabeled viral antigens was remarkably higher in 
pulmonary alveoli in comparison with renal glomeruli. No 
immunostaining of the H1N1 viral antigen was detected 
in any other tissue sample available (ie, heart, brain, liver, 
adrenal, spleen, pancreas, and gonads).

Discussion

To our knowledge, this is the first report on the presence 
of the H1N1 virus in the kidneys of patients who died of 2009 
pandemic H1N1 viral infection. In our series of 5 critically ill 
patients in whom MODS developed, including renal failure, 3 
who survived for more than 24 hours after admission required 
renal replacement therapy, and 2 died before dialysis could 
be performed. H1N1 viruses were present into the cytoplasm 
of glomerular macrophages of 4 of 5 patients. However, 
there was no evidence of virus-induced kidney injury. Recent 
reports on necropsies of adults and children who died 
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of H1N1 infection have shown alterations mostly in the 
lungs (tracheitis, necrotizing bronchiolitis, alveolitis, alveolar 
hemorrhage, diffuse alveolar damage and fibrosis, and 
peripheral pulmonary thrombosis), brain (acute necrotizing 
encephalopathy), skeletal muscles (benign acute myositis, 
fulminant myocarditis), and blood (hemophagocytosis).6,10-18 
Kidney alterations have been rarely reported,19 but the 
presence of the H1N1 virus had not been demonstrated so far.

Lung injury has been extensively described in 
patients with H1N1 infection,6 and H1N1 viral presence 
has been demonstrated in alveolar epithelial cells by 
immunohistochemical analysis, real-time polymerase chain 
reaction (RT-PCR), and electron microscopy.13 These findings 
suggest that H1N1 viruses can directly affect lung tissues, 
but the presence of dense alveolar inflammatory infiltrates 
suggests that an exaggerated local immune response could be 
responsible for tissue damage, as well, to some extent.

Several other end-organ dysfunctions have been reported 
to develop in critically ill patients with H1N1 infection.5,20 
Neurologic involvement has been reported in children,14-16,21,22 

and there are also reports of myocardial involvement.23,24 In 
the heart, viral components were detected in myocardial 
tissues and pericardial fluid,23 suggesting viral involvement 
in heart injury. However, some authors stated that changes 
in organs other than the lungs may be secondary to multiple 
organ failure because they could not find signs of direct virus-
induced injury in any examined organ except the lungs.6

Little is known about acute kidney injury (AKI) in 
critically ill patients with pandemic H1N1. AKI has been 
reported in up to 66% of critically ill adults and was associated 
with higher mortality rates.5,20,25-30 In children, there are 
several reports of clinical findings of H1N1 infection, but few 
reporting AKI, with a wide range in incidences.7,31-37 Some 
authors think that the pathophysiologic mechanism of AKI in 
H1N1-infected patients is multifactorial ATN, mainly because 
of a combination of hypoperfusion, renal vasoconstriction, and 
rhabdomyolysis in the setting of severe systemic inflammatory 
response syndrome.20,31 In fact, skeletal muscle injury with 
rhabdomyolysis and AKI has also been reported.38-43 There 
is also a report of 2 pediatric cases of H1N1 infection with 

❚Table 1❚
Demographic and Clinical Data

Case APACHE  Onset to  Oselta- 
No./Sex/ IV/ PRISM  Admission Main Symptoms and Findings,   mivir 
Age (y) III Score Comorbidities (d) Evolution, and Complications Use Infection Screening Results

1/M/49 32 Chronic arterial  5 Symptoms: fever, myalgia, headache, runny  No Micrococcus species 
   hypertension;    nose, cough, nausea, chest squeezing,     in blood culture;
   cutaneous   progressive dyspnea; findings: respiratory     H1N1+ PCR in
   leishmaniasis   distress, hypertension, altered breath sounds     nasopharyngeal
   (during   on right side, severe hypoxemia; clinical course:        aspirates
   treatment)   antibiotics, intubated, norepinephrine, infusion,   
     ARDS, ARF (CRRT), MODS; death after 4 d 
2/F/53 25 Chronic arterial   6 Symptoms: fever, myalgia, headache, throat No All blood cultures  
   hypertension;     pain, asthenia; findings: respiratory failure,      negative; H1N1+
   type 2 diabetes   hypotension; clinical course: intubation,      PCR in nasal
   mellitus   volume resuscitation, norepinephrine infusion,        aspirates
     antibiotics given, empyema, ARDS, ARF (CRRT),   
     atrial fibrillation, pulseless electrical activity, 
     MODS; death after 5 d 
3/F/28 43 None 5 Symptoms: fever, abdominal pain, dyspnea; findings:   Yes H1N1+ PCR in respiratory 
     pneumonia, rapid onset respiratory failure; clinical    specimens; Candida 
     course: intubation, dopamine plus norepinephrine   tropicalis in lung 
     infusion, DIC, MODS, cardiac arrest (10 min),     and blood cultures;  
     refractory shock; death after 18 h   Staphylococcus aureus
       in blood culture
4/M/6 25 None 6 Symptoms: anorexia, fever, runny nose, cough,   No H1N1+ PCR in respiratory
     vomiting; findings: intubated, cardiac arrest     specimens; all blood
     (35 min); clinical course: fluid- and catecholamine-     cultures negative
     refractory shock, antibiotics, DIC, pulmonary  
     bleeding, asystole, MODS; death after 9 h 
5/F/8 13 Obesity; asthma 6 Symptoms: cough, fever, respiratory distress;   Yes H1N1+ PCR in tracheal
     findings: rapid-onset respiratory failure with    aspirates; all  
     expiratory wheezes and hypotension; clinical      blood cultures
     course: intubation, antibiotics, fluid boluses,      negative
     milrinone infusion, ARDS, ARF (CRRT),  
     pulmonary hypertension (NO), ventricular
     fibrillation, MODS; death after 8 d 
APACHE IV, Acute Physiology and Chronic Health Evaluation IV; ARDS, acute respiratory distress syndrome; ARF, acute renal failure; CRRT, continuous renal replacement 

therapy; DIC, disseminated intravascular coagulation; MODS, multiple organ system dysfunction; NO, nitric oxide; PCR, polymerase chain reaction; PRISM III, Pediatric 
Risk of Mortality III.
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hematuria, and RT-PCR was positive in respiratory specimens 
but negative in blood and urine specimens.44 Conversely, in a 
case series of patients with H1N1 infection, mild to moderate 
ATN was present in all patients, but myoglobin pigments 
and thrombotic angiopathy were present in only some of the 
patients.6 This study, however, did not include viral protein or 
RNA/DNA evaluation. In this series, in 9 of 21 patients, renal 
failure developed, and 4 of the patients required dialysis.6 In 
our study, ATN was present in all cases, but there were no 

signs of rhabdomyolysis or evidence of direct viral-induced 
AKI, suggesting that AKI may be mainly secondary to 
hemodynamic events.

In avian influenza A (H5N1) human cases, AKI has 
been documented, and the virus has been detected in the 
kidneys, heart, spleen, and liver by RT-PCR but not by 
immunohistochemical analysis. In animals, viral antigens 
have also been identified in various extrapulmonary organs, 
including the brain, liver, lymphoid tissue, heart, and 

A B

C D

❚Image 1❚ Representative photomicrographs of pulmonary changes associated with fatal pandemic influenza A/H1N1 infection. 
A, Diffuse alveolar damage with alveolar and interstitial edema and hyaline membranes within several alveoli (H&E, ×100). 
B, Alveolar air space containing desquamated epithelial cells, rich inflammatory infiltrate that was predominantly mononuclear, 
hyaline membranes, and RBCs. There was intense and diffuse vascular congestion (H&E, ×200). C, Massive intra-alveolar 
hemorrhage indicating extensive pulmonary damage (H&E, ×50). D, Abundant neutrophilic inflammatory infiltrate in the alveoli 
indicative of acute exudative bronchopneumonia (H&E, ×100). Inset, a well-defined microabscess surrounded by congested 
vessels (H&E, ×50).
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A B

C D

E ❚Image 2❚ Representative photomicrographs of pulmonary 
immunolocalization of influenza A/H1N1 virus. Abundant viral 
nucleoprotein antigens were identified in the cytoplasm of 
alveolar macrophages (A and B, arrows) and dispersed as 
small particles over the pneumocytes or endothelial cells (C, 
D, and E, arrows) (NovaRED substrate with light hematoxylin 
counterstain; A and B, ×400; C-E, ×1,000).

D
ow

nloaded from
 https://academ

ic.oup.com
/ajcp/article-abstract/136/3/416/1760662 by guest on 19 M

arch 2020



Am J Clin Pathol  2011;136:416-423     421
421     DOI: 10.1309/AJCP1Y6LLHWSKYHW     421

© American Society for Clinical Pathology

Anatomic Pathology / Original Article

kidneys.1,45,46 Therefore, it may be reasonable to think 
that H1N1 viruses may also be present in these organs. 
However, in a case report of 2 kidney transplant recipients 
who received kidneys from the same deceased donor in 
whom the diagnosis of infection by the novel virus H1N1 
became available only after engraftment, neither had the 
flu syndrome, and both had an uneventful outcome.46 
Nevertheless, the donor had been treated with oseltamivir. In 
our study, although there were no signs of viral-induced AKI, 
H1N1 viruses were present in the cytoplasm of macrophages 
within the glomerulus. Therefore, H1N1 presence in the 
kidneys may be more evidence of circulating virus than 
direct infection of kidney cells. However, the demonstration 

of circulating H1N1 viruses brings strong evidence that, at 
least in theory, H1N1 could be transmitted through blood 
products or transplanted organs from asymptomatic infected 
donors.

One limitation of this study is the lack of RT-PCR testing 
for viral RNA. However, because this was a retrospective 
study, the tissue samples were stored in paraffin for more 
than 1 year. Although it would be possible to extract RNA 
from the samples, we believe that the RNA quality would 
not be suitable for RT-PCR testing. To address this issue, in 
case of a new H1N1 pandemic, we are ready to prospectively 
collect tissue samples and extract RNA for RT-PCR tests. On 
the other hand, immunohistochemical analysis allows us to 

A B

C D

❚Image 3❚ Representative photomicrographs of renal involvement in influenza A/H1N1 infection. A, Moderate necrosis and 
detachment of tubular epithelium without evidence of glomerular damage (H&E, ×100). B, C, and D, Viral antigens were 
detected in the glomerular macrophages (arrows) (NovaRED substrate with light hematoxylin counterstain; B, ×400; C and D, 
×1,000).
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know what types of cells are infected with the virus, whereas 
RT-PCR cannot provide such information.

We demonstrated that H1N1-infected macrophages were 
present in the kidneys of patients with AKI who died of H1N1 
infection. Although there was no evidence of virus-induced 
kidney injury, our data provide strong evidence that H1N1 
presence is not restricted to the lungs.
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