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Abstract

Idiopathic interstitial pneumonias include complex diseases that have a strong interaction between genetic makeup and

environmental factors. However, in many cases, no infectious agent can be demonstrated, and these clinical diseases rapidly

progress to death. Theoretically, idiopathic interstitial pneumonias could be caused by the Epstein-Barr virus, cytomegalovirus,

adenovirus, hepatitis C virus, respiratory syncytial virus, and herpesvirus, which may be present in such small amounts or

such configuration that routine histopathological analysis or viral culture techniques cannot detect them. To test the hypothesis

that immunohistochemistry provides more accurate results than the mere histological demonstration of viral inclusions, this

method was applied to 37 open lung biopsies obtained from patients with idiopathic interstitial pneumonias. As a result,

immunohistochemistry detected measles virus and cytomegalovirus in diffuse alveolar damage-related histological patterns of

acute exacerbation of idiopathic pulmonary fibrosis and nonspecific interstitial pneumonia in 38 and 10% of the cases,

respectively. Alveolar epithelium infection by cytomegalovirus was observed in 25% of organizing pneumonia patterns. These

findings were coincident with nuclear cytopathic effects but without demonstration of cytomegalovirus inclusions. These data

indicate that diffuse alveolar damage-related cytomegalovirus or measles virus infections enhance lung injury, and a direct

involvement of these viruses in diffuse alveolar damage-related histological patterns is likely. Immunohistochemistry was more

sensitive than the histological demonstration of cytomegalovirus or measles virus inclusions. We concluded that all patients

with diffuse alveolar damage-related histological patterns should be investigated for cytomegalovirus and measles virus using

sensitive immunohistochemistry in conjunction with routine procedures.
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Introduction

Idiopathic interstitial pneumonias (IIPs) are considered

to be complex diseases with a strong interaction between

genetic makeup and environmental factors (1-3). The

major IIPs include idiopathic pulmonary fibrosis (IPF),

nonspecific interstitial pneumonia (NSIP), acute interstitial

pneumonia (AIP), and bronchiolitis obliterans organizing

pneumonia (BOOP). They are characterized by abnormal

repair and remodeling of lung parenchyma with prominent

alveolar septal thickening by fibroblasts, chronic inflam-

matory cells, and extensive confluent alveolar lining cells.

The clinical presentation and prognosis are variable.

Some patients remain stable or improve with treatment,

but the majority evolve to end-stage fibrosis and

eventually die from the disease or infection.

IIPs may have an acute or subacute presentation, or

an acute exacerbation (AE) may occur in previously

subclinical or unrecognized chronic IIPs (4,5).

Pathologically, AEs show a combination of an underlying

fibrotic interstitial pneumonia and a superimposed form of

acute lung injury, either diffuse alveolar damage (DAD) or

organizing pneumonia (OP) (6). Numerous enlarged

alveolar lining cells with significant nuclear cytopathic
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effect (NCE) –– characterized by cytologic atypia, promi-

nent nucleoli, and mitotic figures –– are also present.

The etiology of AE is not known, and most patients

do not have obvious precipitating factors. By definition,

patients with AE do not have an easily diagnosable

infectious process, but the common presentation of AE

with flu-like symptoms, fever, and lavage neutrophilia

raises the question of an occult infection (5). It is possible

that viral or other infections that would produce little

response in the normal host are able to cause DAD or OP

in these highly abnormal lungs. Attempts to demonstrate

specific pathogens have been unsuccessful; in particular,

no association has been shown between AE and

chlamydial infections, Epstein-Barr virus (EBV), human

herpesvirus, or cytomegalovirus (CMV) infections (7-12).

The final diagnosis of viral infection is the result of the

association between clinical and histological patterns.

The histological pattern in virus infection relies on

morphological evidence of different degrees of lung injury

affecting cellular pulmonary elements, resulting in inter-

stitial pneumonia, currently associated with classical viral

inclusion (CVI). Otherwise, when CVI is absent and a

profound NCE is found in its place, the pathologist is

confronted with the problem of establishing the definitive

diagnosis of viral etiology. Thus, in many cases, no viral

agent can be demonstrated. Hypothetically, IIPs could be

caused by a virus, which, however, may be present in

such small amounts or in such a configuration that mere

routine histological analysis or viral culture cannot detect

the virus. All of these factors are enhanced by the

strategically multifocal or segmental distribution of viral

infection in lungs, frequently not assessed even in surgical

lung biopsies, thus limiting the diagnosis for the autopsy

procedure. Recent advances in immunohistochemistry

(IHC) with antibodies of type specificity confer great

advantages in relation to diagnosing viral infection with

regard to both sensitivity and specificity. In fact, using this

technique, some investigators detected viral antigen also

in cells with cytopathic effects, but without CVI (13).

To test the hypothesis that IHC techniques are more

sensitive than histological demonstrations of virus inclu-

sion, we performed an immunohistochemical study to

detect viral antigens in AE of IPF and NSIP. To determine

whether viral antigen expression was peculiar to AE or a

more generalized feature of fibrotic lung diseases, we also

stained lung sections from patients with IPF, NSIP, AIP,

and BOOP.

Material and Methods

Diagnostic criteria
Diagnosis of IPF, NSIP, AIP, and BOOP and their

histological patterns was carried out according to the

American Thoracic Society/European Respiratory Society

consensus classification (1).

AE was diagnosed according to the criteria of Akira

et al. (14): 1) subjective worsening of dyspnea within the

past month; 2) new ground-glass opacities or consolida-

tion on chest radiograph or high-resolution computed

tomography (HRCT); 3) hypoxemia with decline

>10 mmHg in PaO2 from the previous level; 4) no

evidence of infection by negative respiratory culture and

serological test results for respiratory pathogens; 5) no

clinical evidence of pulmonary embolism, congestive

heart failure, or pneumothorax as a cause of acute

worsening. However, 10 of the subjects did not have

PaO2 data prior to AE because they first presented at the

time of AE, and their surgical lung biopsy performed at

that time showed DAD superimposed on the usual

patterns of interstitial pneumonia (UIP; 5 cases) and

NSIP (3 cases).

Subjects
From 1993 to April 2011, 37 consecutive patients with

radiological diffuse infiltrates of the lungs as indicated by

HRCT were submitted to an open lung biopsy at Hospital

das Clı́nicas, Faculdade de Medicina, Universidade de

São Paulo, according to the criteria outlined in the

American Thoracic Society/European Respiratory

Society international multidisciplinary consensus classifi-

cation of IIPs (1). Among these patients, AE was

diagnosed in five patients with UIP/IPF and in three

patients with NSIP. All clinical and laboratory data were

collected retrospectively from medical records. Pulmonary

function tests included vital capacity, forced expiratory

volume in 1 s (FEV1), forced vital capacity (FVC), FEV1/

FVC ratio6100, total lung capacity, residual volume, and

carbon monoxide transfer factor (diffusing capacity of the

lung for carbon monoxide). All HRCT were performed with

1.0- or 1.5-mm thick sections at supine and full inspiration

at 10-mm intervals. A specialized chest radiologist and a

pneumologist analyzed the images at three pre-

established levels (trachea, carina, and pulmonary veins)

for the presence of any signs of diffuse parenchymal lung

disease: ground glass, consolidation, reticular, honey-

combing, and bronchiectasia. Biopsy slides were

reviewed independently by at least two pathologists and

reclassified according to the American Thoracic Society/

European Respiratory Society consensus classification of

interstitial pneumonia as described in detail in an earlier

report (1). After diagnosis by surgical lung biopsy, all the

patients received corticosteroid. Negative CMV serology

status was known for 11 patients, and no CMV prophy-

laxis was used. The acute deterioration in clinical course

was demarcated by progressive respiratory failure in all

37 patients and allowed a pathological evaluation. Viral

culture results were obtained after surgical lung biopsy

and revealed no CMV, adenovirus (ADV), or respiratory

syncytial virus (RSV) in 37 cases. Further details about

these patients are summarized in Table 1. Among these,

49% (n=18) were males and 51% (n=19) females. The

median age of the patients was 66 years (range 34-79) for
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IPF (7 men, 6 women), 65 years (range 47-76) for NSIP (3

men, 5 women), 49 years (range 35-85) for AIP (6 men, 6

women), and 72 years (range 70-75) for BOOP (2 men, 2

women). All 37 patients signed a free informed consent

form and the study was approved by the local Ethics

Committee.

Virus detection tests
Tissue microarray (TMA). An average of four tissue

cylinders (each 1 mm in diameter) per original paraffin

block were removed from the different areas of UIP, acute

exacerbation of UIP, NSIP, acute exacerbation of NSIP,

DAD, and OP and carefully examined under high

Table 1. Clinical data of patients with idiopathic pulmonary fibrosis, nonspecific interstitial pneumonia, acute interstitial pneumonia, and

bronchiolitis obliterans organizing pneumonia.

Underlying
disease

Age (years)/
gender

Clinical data Pathological pattern NCE CVI Virus IHC

Dyspnea Fever Tobacco
history

IPF 34/F ++ – + UIP ++ – none

IPF 52/F ++ + + UIP ++ – none

IPF 76/F ++ – + UIP ++ – none

IPF 69/F ++ – – UIP ++ – none

IPF 79/F ++ – – UIP ++ – none

IPF 74/F ++ + + UIP plus DAD ++ – MV

IPF 72/M ++ + + UIP plus DAD ++ – none

IPF 70/M ++ + + UIP plus DAD ++ – CMV

IPF 66/M ++ + – UIP plus DAD ++ – none

IPF 66/M ++ + – UIP plus DAD ++ – MV

IPF 66/M ++ – + UIP ++ – none

IPF 71/M ++ – – UIP ++ – none

IPF 66/M ++ – – UIP ++ – none

NSIP 76/F ++ – – NSIP ++ – none

NSIP 65/F ++ – + NSIP ++ – none

NSIP 67/F ++ – + NSIP ++ – none

NSIP 47/F ++ + – NSIP plus DAD ++ – CMV

NSIP 65/F ++ + – NSIP plus DAD ++ – none

NSIP 65/M ++ + – NSIP plus DAD ++ – none

NSIP 65/M ++ – – NSIP ++ – none

NSIP 69/M ++ – – NSIP ++ – none

AIP 40/M ++ + + DAD ++ – CMV

AIP 42/M ++ + – DAD ++ – CMV

AIP 52/M ++ + – DAD ++ – MV

AIP 85/F ++ + – DAD ++ – MV

AIP 50/F ++ + – DAD ++ – MV

AIP 46/F ++ + – DAD ++ – none

AIP 40/F ++ + + DAD ++ – none

AIP 35/F ++ + + DAD ++ – none

AIP 49/F ++ + – DAD ++ – none

AIP 49/M ++ + – DAD ++ – none

AIP 57/M ++ + – DAD ++ – none

AIP 49/M ++ + + DAD ++ – none

BOOP 75/F ++ + + OP ++ – CMV

BOOP 72/F ++ + + OP ++ – none

BOOP 70/M ++ + – OP ++ – none

BOOP 72/M ++ + – OP ++ – none

NCE: nuclear cytopathic effect; CVI: classical virus inclusion; IHC: immunohistochemistry; F: female; M: male; IPF: idiopathic

pulmonary fibrosis; NSIP: nonspecific interstitial pneumonia; AIP: acute interstitial pneumonia; BOOP: bronchiolitis obliterans

organizing pneumonia; UIP: usual interstitial pneumonia; DAD: diffuse alveolar damage; OP: organizing pneumonia; CMV:

cytomegalovirus; MV: measles virus.
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magnification for cellular enlargement, intranuclear

inclusions, ground-glass patterns, and multinucleated giant

cells. These areas subsequently fitted into empty slots in

recipient paraffin blocks (15). Two recipient blocks were

created for the study, eventually containing 154 and 157

tissue cylinders, respectively. A total of six paraffin-

embedded sections per block were immunostained.

IHC. Sections from TMA paraffin blocks were used for

IHC. The antibodies used were: anti-EBV 1:30 (M0897;

Dako, USA), anti-CMV 1:20 (M0854; Dako), anti-ADV

1:1600 (MAB805; Chemicon, USA), anti-hepatitis C virus

(HCV) 1:20 (18-7252; Zymed, USA), anti-RSV 1:400

(NCL-RSV-3; Novocastra, USA), anti-human herpesvirus-

1 (HHV-1) 1:1000 (B0114; Dako), anti-HHV-2 1:1000

(B0116; Dako), and anti-measles virus (MV) 1:100

(MAB8906; Millipore, USA). IHC was performed using

the Envision (++) kit (Dako Cytomation, USA) according to

the manufacturer’s instructions. Sections were visualized

by treat ing the slides with diamino-benzidine

tetrahydrochloride. To demonstrate antibody specificity,

sections from each paraffin block were used as negative

controls by omitting the primary antibodies and replacing

them with normal mouse or rabbit immunoglobulin.

Positive expression of EBV, CMV, ADV, HCV, RSV,

HHV-1, HHV-2, and MV were indicated by brown

cytoplasmic or nuclear staining.

Histopathology. Virus detection was investigated

histopathologically in IIPs, according to the following

patterns: UIP, the histological pattern of IPF, where lung

parenchyma shows architectural distortion with

alternating areas of normal parenchyma, fibroblastic

foci, marked fibrosis, honeycomb, and prominent

cuboidal hyperplasia of type II pneumocytes lining the

thickened interstitium (Figure 1A and B); NSIP, the

histological pattern of NSIP, where lung parenchyma

shows preserved lung architecture with uniform alveolar

wall thickened by interstitial infiltrate composed of

lymphocytes and plasma cells or dense interstitial

fibrosis and cuboidal hyperplasia of pneumocytes

(Figure 1C and D); DAD, the histological pattern of AIP,

Figure 1. Panoramic view of the lung in usual

interstitial pneumonia (A), nonspecific interstitial

pneumonia (C) and diffuse alveolar damage-

related (E) histological patterns and immunohis-

tochemistry for measles virus (MV) (G) and

cytomegalovirus (CMV) (H). At high magnifica-

tion, note that prominent cuboidal hyperplasia of

type II pneumocytes line the thickened interstitium

in usual interstitial pneumonia (B) and nonspecific

interstitial pneumonia (D). In panel F, diffuse

alveolar damage was characterized by hyaline

membranes and interstitial acute inflammation

in a uniform temporal appearance present in

diffuse distribution. In panels B, D and F, the

characteristics of the nuclear cytopathic effect

(arrows) are shown. In panels G and H, MV

and CMV intranuclear inclusion is visible after

immunohistochemistry.
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where lung parenchyma shows diffuse alveolar wall

thickening by proliferating connective tissue and

inflammation, hyaline membranes, and prominent

cuboidal hyperplasia of type II pneumocytes (Figure 1E

and F); OP, the histological pattern of idiopathic

centrilobular fibrosis, where lung parenchyma shows an

airway-centered involvement by inflammation, cuboidal

hyperplasia of type II pneumocytes, and fibrosis; AE,

where lung parenchyma shows a combination of an

underlying fibrotic interstitial pneumonia and super-

imposed DAD.

NCE
NCE was defined in type II pneumocytes by nuclear

and cytoplasmic enlargement with hyperchromatic, atypi-

cal-appearing nuclei and abundant eosinophilic cytoplasm

(Figure 1B, D, and F).

CVIs
Generally, CVIs were defined by a ground-glass

nucleus with chromatin margination or an intranuclear

Cowdry-type inclusion - an inclusion with or without

intracytoplasmic inclusions. Specifically, EBV inclusions

were identified as nuclear bodies in multinucleated giant

cells. The intranuclear CMV inclusions were defined by

central, dark-purple bodies that were separated from the

surrounding chromatin by a clear halo; the cytoplasmic

inclusions appear as coarse basophilic granules. ADV

inclusions were defined by a homogeneous, amphophilic,

or basophilic mass that almost completely filled the

nucleus. HHV intranuclear inclusions were bright and

red without cytoplasmic inclusions. MV was found in

multinucleated giant cells containing eosinophilic intra-

nuclear and intracytoplasmic inclusions. RSV was identi-

fied by small, round, eosinophilic intracytoplasmic

inclusion bodies surrounded by a clear halo.

Virus-inclusion evaluation
The IHC procedure is a very sensitive method for

determining the presence of virus, but it is true that there

may be some confounding factors (cross-reactions with

some components present in the tissue, particles present

in the biopsy with the same appearance of the chromo-

gen, etc.) that can produce fake results if not carefully

evaluated. On account of this, we considered only positive

reactions when the cells exhibited focal points of intense

and vivid brown color without diffusely spread staining on

pulmonary parenchyma. To determine the presence of

virus by histological tests and IHC, microscopic fields

were evaluated in each case at a magnification of 4006,

according to the extent of stained cells.

Results

Clinical, histopathological, and immunohistochemical

data are shown in Table 1.

On histological examination, the lungs showed the

most evident lesions. Thus, IIPs were histologically

represented by UIP (n=8/21%), AE of UIP (n=5/13%),

NSIP (n=5/13%), AE of NSIP (n=3/8%), DAD (n=12/

32%), and OP (n=4/11%).

NCE was detected on type II pneumocytes in all cases

of UIP, AE of UIP, NSIP, AE of NSIP, DAD, and BOOP.

However, no CVI was detected in these histological

patterns.

Cells that were IHC positive for CMV (Figure 1H) were

identified in type II pneumocytes and endothelial cells.

CMV immunoreactivity was detected in DAD histological

patterns found in AIP (2 cases), AE of IPF (1 case), and

NSIP (1 case), and in 1 case with an OP histological

pattern. These cases were without CVIs but showed an

NCE. Owing to the random and sparse numbers of CMV

inclusion-bearing cells in the section (Figure 1H), CMV

infection of the lung parenchyma was scant. However,

CMV infection was mainly responsible for severe DAD

found in these patients.

Cells that were IHC positive for MV (Figure 1G) were

recognized in type II pneumocytes. MV immunoreactivity

was identified in DAD histological patterns of acute

exacerbation of IPF (2 cases) and in AIP (3 cases).

These five cases were without the CVIs but exhibited an

NCE. Owing to widespread occurrence and many MV

inclusion-bearing cells (Figure 1G), MV infection of the

lung was prominent and also responsible for severe DAD

in these patients.

EBV, ADV, HCV, HHV-1, HHV-2, and RSV immuno-

reactivity was negative in the four histological patterns

described. Therefore, in DAD histological patterns of acute

exacerbation of IPF andNSIP, we detected immunoreactivity

for MV andCMV in alveolar epithelium in 38 and 10% of the

cases, respectively. Alveolar epithelium infection by CMV

was observed in 25% with OP patterns. The cases

diagnosed only with the UIP and NSIP patterns had no

viral infection detected by immunohistochemistry.

Discussion

In the present study, IHC indicated that in the DAD

histological pattern found in AIP, in acute exacerbation of

IPF and NSIP, immunoreactivity for MV and CMV in

alveolar epithelium was found, respectively, in 25, 25, and

16% of the cases, whereas CMV was found in 25% of

those with OP patterns. The histopathology of DAD is

considered to represent end-stage phenomena in acutely

behaving interstitial pneumonias, such as AIP and acute

exacerbations of IPF and NSIP, although it should be

stressed that DAD is more frequent in patients with IPF

than in those with NSIP (16). In fact, several studies over a

decade ago have suggested the role of viral infections in

the pathogenesis of pulmonary fibrosis even if it is AE (17),

particularly CMV (11). However, the different methodolo-

gies used in these studies to detect viral infection limits

Virus and acute exacerbation of interstitial pneumonias 989

www.bjournal.com.br Braz J Med Biol Res 46(11) 2013



comparison of the real prevalence in IIPs. Another

limitation is due to global differences in virus prevalence.

For example, in Northern Brazil, Europe, and Northern

America the spectrum of viral infections in children and the

elderly is dominated by RSV (18). In Southern Africa, HSV

has a higher prevalence (19).

Concerning MV detected in our study, in 2011, 1112

suspected cases of MV were reported by the Epidemi-

ological Surveillance Center in São Paulo (20). Genetic

characterization indicated that this virus had an identical N

gene sequence and was a member of genotype D4,

coincident with studies conducted by the World Health

Organization (WHO), which show that the recent outbreaks

in different parts of the world have been caused by this

genotype (21). This fact –– and our findings in the present

study –– strengthen the importance of continuing the close

observation of measles in the São Paulo State and as a

means of investigating whether new policies are needed to

eliminate measles worldwide.

In the present study, our findings coincide with NCE

but without demonstration of CVI, showing the importance

of the real interpretation of NCE identified on type II

pneumocytes in cases where positive viral signals were

not obtained. To our knowledge, this is the first study

showing the importance of determining, in routine

diagnosis, whether NCE is due to CMV or MV infection.

This also confirms the well-known fact that immunohisto-

chemical testing is more sensitive than the histological

demonstration of CMV or MV inclusions. As recently

postulated, virus-positive cells lack classic inclusions, and

multiple viruses usually exhibit characteristic viral inclu-

sions in infected host cells. However, there were some

virus-positive cases in which no cytological changes

suggestive of viral infection were identified on correspond-

ing HE sections. Such findings have already been

reported in lung, liver, and placenta for CMV and MV

(13,20-25). The precise relationship between the mor-

phological changes and the degree of viral replication in

infected host cells is still unclear (25,26). However, it is

believed that a large degree of full replication of CMV and

MV causes cell enlargement with inclusions. It is

presumed that, in liver (23), placenta (22), and lung

(26), all infected cells do not always transcribe full viral

antigens in some DAD/AIP cases. This finding supports

the hypothesis that IHC is a more sensible method for

detecting CMV- and MV-infected cells. The question

arises whether or not the other cases that were positive

for the viruses, but lacking inclusions, represented viral

diseases. Moreover, although NCE may be the cause of

malignancy, pathologists would benefit by reviewing other

clinical information, particularly drugs that are known to be

toxic to the lung, as well as by documenting other patterns

of lung injury that may have been present. Changes such

as concomitant increases in cytoplasm or the overall

milieu of an inflammatory and reparative process usually

point to cytotoxic effects (27). The distinction between

these changes and viral infections may also be an

issue unless a high threshold for the identification

of viral inclusions is maintained. This is the reason

why the immunohistochemical stain for viruses is so

useful.

Interestingly, our cases were associated with DAD or

acute exacerbation, suggesting that viral proliferation was

not directly responsible for the development of IIPs, but

was a harmless event that occurred after immunosup-

pression by treatment. It is also possible that the organism

of these immunosuppressed patients hides the viral

infection because they react differently from immunocom-

petent patients. Although the role of other viruses in the

pathogenesis is still controversial, it has recently been

hypothesized that DAD caused by CMV and MV is an

immune-mediated event (28-30). Thus, regardless of the

degree of CMV or MV replication in the lungs, these

viruses can trigger DAD or influence the severity of

concomitant pulmonary inflammation. In addition, CMV

and MV infection may be important causes of death in

patients with DAD who are immunosuppressed by

treatment of the primary underlying diseases (31-34).

However, because coexisting forms of pulmonary pathol-

ogy are usually present, the role of CMV and MV in

causing morbidity and mortality in DAD patients needs to

be verified. Regardless of the low density of inclusion

bodies, severe DAD was still documented. This observa-

tion may indicate that CMV and MV are common causes

of severe diffuse lung damage in IIP patients. Thus,

evidence of respiratory impairment would indicate treat-

ment for CMV and MV in patients with IIPs.

Our results also suggest that a direct involvement of

CMV and MV in DAD is likely, but this does not apply to

the UIP and NSIP pattern without acute exacerbation. In

fact, viral inclusions are more common in acute exacer-

bation of UIP (4,5). The presence of viral inclusions in the

lungs with interstitial inflammation, hyaline membranes,

and giant cells is generally accepted as a diagnostic

finding for CMV and MV pneumonia, respectively,

despite the extent of virus-infected cells present. Thus,

it is reasonable to consider that, in this study, at least 10

cases were viral pneumonitis, and DAD or hyaline

membranes could be very strong markers of injury

determined by viral infection. UIP and NSIP were the

predominant histological patterns found, respectively, in

8 and 5 patients and were not associated with EBV,

CMV, ADV, HCV, RSV, and HHV, thus suggesting

that other agents, infectious or not, may also be

associated with UIP and NSIP or the use of more

sensitive and specific methods such as PCR (7-12).

However, as indicated by Egan et al. (7), although PCR

is considered to be sensitive, the application of IHC has a

particular advantage in allowing localization of virus

within the lung tissue. Together, these findings again

emphasize the strong association between severe pul-

monary damage and CMV or MV infections, establishing
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pathological criteria for treatment with potentially effec-

tive drugs.

We concluded that, in patients with IIP, CMV, and MV,

infection might lead to death from a DAD pattern. For

detection, IHC proved to be more effective than the

histological demonstration of CMV or MV inclusions.

These findings suggest that sensitive techniques, such

as IHC, should be combined with histological routine

procedures.
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