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Background - Cryptogenic fibrosing
alveolitis (synonymous with idiopathic
pulmonary fibrosis) is a clinically heterogeneous condition in which the precipitating factor is unclear. Both
environmental and infective factors have
been implicated. An association between
Epstein-Barr virus (EBV) and cryptogenic
fibrosing alveolitis was suggested over a
decade ago by a study based on EBV serology, but the significance of this has been
unclear.
Methods - Lung tissue obtained surgically
from patients (n = 20) with cryptogenic
fibrosing alveolitis was investigated for
evidence ofEBV replication and compared
with lung tissue from 21 control patients.
Fourteen ofthe 20 patients had received no
specific therapy for cryptogenic fibrosing
alveolitis at the time of biopsy. Monoclonal
antibodies directed against the EBV viral
antigens, EBV viral capsid antigen (VCA)
and gp 3401220 antigen, which are expressed during the lytic phase of the EBV
life cycle, were studied.
Results - Fourteen (70%) ofthe 20 patients
with cryptogenic fibrosing alveolitis were
positive for both EBV VCA and gp 340/220
compared with two (9%) of the 21 controls.
In the patients with cryptogenic fibrosing
alveolitis viral replication was localised to
pulmonary epithelial cells using epithelial
cell markers, and immunohistochemical
analysis confirmed the staining to be
within type II alveolar cells.
Conclusions - This is the first report of in
vivo EBV replication within epithelial cells
of the lower respiratory tract in an immunocompetent human host. Furthermore, this suggests that EBV may be an
immune trigger or contribute to lung injury in cryptogenic fibrosing alveolitis,
thus offering a potential new avenue of
treatment.
(Thorax 1995;50:1234-1239)
Keywords: Epstein-Barr -virus, idiopathic pulmonary
fibrosis, cryptogenic fibrosing alveolitis, pulmonary epithelial cells.

Cryptogenic fibrosing alveolitis is a restrictive
lung disease characterised by clubbing, basal
late inspiratory crackles, and reticular shadowing on the chest radiograph. The disease is

usually progressive, but the rate of progression
and the response to treatment with steroids
and immunosuppressive drugs are both variable with a mean life expectancy from diagnosis
of 4-5 years.1 The aetiology is unclear, with
both environmental and infective factors being
implicated, but causal relationships have not
been established.2" Little is known about the
behaviour of the Epstein-Barr virus (EBV) in
the lower respiratory tract, and controversy
exists as to whether EBV persists within epithelial cells or B lymphocytes.4 A previous study
has suggested that the lower respiratory tract
provides a reservoir for EBV.5 Furthermore,
an association between EBV and cryptogenic
fibrosing alveolitis was suggested over a decade
ago by a study based on serological tests on
EBV,' but the significance of this has been
unclear because of the high frequency of seropositivity in an ageing population. To investigate further a possible relationship
between EBV and cryptogenic fibrosing alveolitis we have studied the lung tissue of
patients with cryptogenic fibrosing alveolitis
using monoclonal antibodies directed against
lytic phase (replicating) EBV antigens, viral
capsid antigen (VCA) and the membrane antigen gp 340/220.

Methods
PATIENT SELECTION

Surgically obtained lung tissue, fixed in
buffered formalin, from cases labelled as "pulmonary fibrosis" (n = 22) and "pneumonectomy" or "open lung biopsy specimens"
(n = 22) were obtained for study. In each case
5 ztm haemotoxylin and eosin sections were
reviewed blind by the pulmonary histopathologist (PSH) without knowledge of the
clinical or radiological findings. The corresponding clinical data were collected and
assessed blind (KBC). Occupational histories
were independently assessed (Professor C A C
Pickering). Only patients with a typical histological and clinical picture were designated
cryptogenic fibrosing alveolitis (n = 20).
Patients who had undergone pneumonectomies
were used as controls (n =21). Two patients
from the cryptogenic fibrosing alveolitis group
(one with histological extrinsic allergic alveolitis
and one with histological pneumonoconiosis)
and one patient from the control group (pul-
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Table 1 Epstein-Barr virus (EBV) and histological profiles ofpatients with cryptogenic fibrosing alveolitis
Patient
no.

10
11
12
13
14
15*

16*
17*
18*
19*
20*

Inflammation
(0-3)

Macrophage score
(1-2)

Cuboidal
epithelium

EBV gp

340/220

EBV
VCA

7
7
8
7
5
7
5
7
7
5
7
7
4
7
8
7
7
7
7
7

2
2
1
1
1
3
1
3
2
1
1
1
3
2
2
1
1
1
2
1

2
1
1
1
1
1
1
1
1
2
2
2
1
1
1
1
2
1
1
1

Diffuse
Focal
Diffuse
Diffuse
Focal
Focal
Focal
Diffuse
Focal
Focal
Focal
Diffuse
Focal
Diffuse
Diffuse
Focal
Focal
Diffuse
Diffuse
Focal

+
+

+
+

+
++

+
++

+
+

++
+
+
++
++

+
++
++
++
+
+

++
+

+

++

++

+

+

*
Patients who received immunosuppression (see table 2).
VCA =viral capsid antigen; + =staining restrncted to 1-2 patches within the section; + + ==multiple patches ot intense staining
throughout the section.

monary fibrosis considered to be related to
asbestos) were excluded. The tissue blocks
were coded and sent to a separate laboratory
JPS, JRA) for EBV studies.
PATIENTS

The cryptogenic fibrosing alveolitis group
consisted of 20 patients (17 men), mean age
58 years (range 39-69). The control group
contained 21 patients (14 men), mean age
61 years (range 32-75). The final diagnosis
in the control patients included: non-small
cell carcinoma (n = 11), adenocarcinoma (n =
3), cystic fibrosis (n = 1), testicular carcinoma
(n = 1), non-Hodgkin's lymphoma chemotherapy-induced pulmonary fibrosis (n = 1),
bronchiectasis following tuberculosis (n = 1),
cystic bronchiectasis (n = 1), emphysema (n =
1), and sarcoidosis (n = 1). No patient was
diagnosed as having extrinsic allergic alveolitis,
lymphangioleiomatosis, systemic sclerosis, or
a collagen disorder. Occupational histories
and details of current and previous immunosuppressive therapy were obtained from
the case notes and by telephone. Fifteen of
the 20 patients with cryptogenic fibrosing
alveolitis and 16 of the 21 control patients
were ex-smokers.
HISTOPATHOLOGY

In control subjects where resections had been
carried out for malignancy, lung blocks some
distance from the tumour were examined.
For each patient in both groups the numbers
of slides examined were recorded. The degree
Table 2 Treatment received by patients with cryptogenic fibrosing alveolitis at the time of
the surgical procedure
Patient
no.

Drugs

15
16
17
18
19
20

Az, Pred
Csp, Pred
Cycloph, Pred
Csp, Pred
Az, Csp, Pred
Pred

Duration

(months)
7
10
13
19
28
Unknown

EBVgp
340/220

EBV
VCA

++
+
+

++
+
+

++

++
+

+

Az =azathioprine; Csp =cyclosporin; Pred =prednisolone; Cycloph =cyclophosphamide.

of fibrosis was scored histologically on a
scale of 0-8; inflammation and the extent of
macrophage proliferation were scored on a
scale of o03.6 The presence of cuboidalised
epithelium was identified and noted as diffuse
or focal. Asbestos bodies were sought by
examination of the histological sections using
a x 10 objective and x 10 eyepiece. Only
typical asbestos bodies were accepted and
their presence as either single asbestos bodies
or aggregates was noted. The presence or
absence of a vasculitis, with or without neutrophil infiltration of the vascular wall or
fibrinoid necrosis, was also noted as was
smooth muscle proliferation and hyaline membranes in the alveoli.

EBV IMMUNOHISTOCHEMISTRY

Expression of viral and cellular markers within
the tissue blocks was analysed by immunofluorescence using a streptavidin-biotin-FITC
amplification step as previously described.7 In
order to identify which epithelial cell type was
expressing EBV antigens, cases positive for
EBV immunofluorescent staining were further
examined by (a) an alkaline phosphatase monoclonal anti-alkaline phosphatase (APAAP)
technique,8 or (b) an immunoperoxidase
method using Vectorstain Elite ABC kit (Vector
Laboratories) using diaminobenzadine as a
substrate. These sections were counterstained
with haematoxylin. Primary antisera were all
mouse monoclonal reagents and included: antiEBV membrane antigen gp 340/2209; anti-EBV
VCA (MAB 817; Chemicon International
Temecula, California, USA); anti-cytokeratin
(MNF1 16; Dakopatts, Copenhagen, Denmark), anti-epithelial membrane antigen EMA
(M613; Dakopatts); anti-CD20, pan B cell
(M755; Dakopatts). Purified anti-gp 340/220
was used at a concentration of 10,ug/ml and
anti-VCA was used at a 1:400 dilution. All
EBV specific reagents were tested against EBV
positive and EBV negative B cell lines and
were found to be entirely specific. In addition,
isotype-matched control monoclonal antisera
did not react with tissue sections. Sections
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Table 3 Epstein-Barr virus (EBV) and histological profiles of control patients
Fibrosis

(0-8)

Inflammation
(0-3)

21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

2
1
1
1
1
2
3
2
0
1
1
3
3
1
1
2
2
2
7
3
7

0
0
0
1
0
0
3
1
0
0
0
1
0
1
0
0
0
1
1
0
2

Macrophage
score

EBV
VCA

Primary
disease

+

+

-

-

-

-

-

-

Adenocarcinoma
Bronchiectasis
NSC
NSC
Secondary testicular carcinoma
NSC
Cystic fibrosis
NSC
NSC
NSC
NSC
NSC
NSC
NSC
Adenocarcinoma
NSC
Adenocarcinoma
Emphysema
Chemotherapy-induced fibrosis
Sarcoidosis
Previous tuberculosis

Histology

EBVgp
340/220

Emphysema
Bronchiectasis
Normal
Normal
Normal
Emphysema
Bronchiectasis
Emphysema
Normal
Normal
Normal
Normal
Emphysema
Emphysema
Normal
Emphysema
Normal
Emphysema
Fibrosis
Fibrosis
Aspiration
pneumonitis

(0-3)
1
1
1
2
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2

-

-

-

-

-

-

-

-

-

-

+

+

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

VCA =viral capsid antigen; NSC =non-small cell carcinoma.

positive for gp 340/200 and VCA were scored
as follows: " + " = staining restricted to one or
two patches within the section or "+ +" =
multiple patches of intense staining throughout
the biopsy specimen.

comitant radiological (plaques) or histological
(asbestos bodies, pleural fibrosis) evidence of
asbestos-related disease; one other patient (no.
14) had significant occupational asbestos exposure but as no asbestos bodies were identified
histologically he was characterised as having
cryptogenic fibrosing alveolitis. Fourteen of the
DATA ANALYSIS
20 patients with cryptogenic fibrosing alveolitis
The proportion of patients in each group with had never received immunosuppression before
positive staining for EBV was compared using the acquisition of lung tissue. The remaining
Fisher's exact test. The two tailed probability six patients had received a combination of
(by summation) p value is quoted. Significance either prednisolone, azathioprine, cyclowas set at the 5% level.
phosphamide, and cyclosporin (table 2). Asbestos bodies were not identified in any biopsy
specimen.
Results
In the control group, of the 14 cases whose
All the patients in the cryptogenic fibrosing tissue blocks were taken from a malignancy,
alveolitis group had typical histological features the histological examination was completely
of cryptogenic fibrosing alveolitis (table 1). Two normal in eight patients and showed a minor
patients (nos 10 and 11) were ex-coal miners degree of emphysema in six (table 3). Two
but neither had histological evidence of control patients had pulmonary fibrosis, atpneumoconiosis; two (nos 12 and 13) gave an tributable to chemotherapy (no. 39) and preoccupational history of brief asbestos exposure vious tuberculosis (no. 41).
which was not deemed to be clinically imIn all subjects whose lung tissue was positive
portant and in neither patient was there con- for EBV staining both antigens (gp 340/220
and VCA) were identified, and in all negative
patients neither antigen was detected. In the
cryptogenic fibrosing alveolitis group 14 of 20
patients had positive staining for EBV lytic
phase antigens (table 1, fig 1) compared with
two of 21 patients in the control group (table
2; p=0 0001). Nine of the 14 cryptogenic
fibrosing alveolitis patients who had received
no immunosuppressive treatment were positive
for EBV (p<0-005 compared with controls). Of
the six previously treated cryptogenic fibrosing
alveolitis patients five were positive for EBV
(p = 0 00 1 compared with controls). There was
no significant difference in the proportion of
EBV positive cryptogenic fibrosing alveolitis
patients who had (five of six) or had not (nine
of 14) received immunosuppressive treatment.
The EBV specific staining was localised
within epithelial tissue and not in B lymFigure
EBV VCA staining in alveolar epithelial cells. A 7jsm section cut from an
phocytes as evidenced by the use of virus and
open lung biopsy specimen taken from a patient with cryptogenic fibrosing alveolitis
markers on serial sections. Fig(patient 12) was stained with monoclonal anti-VCA using biotin-streptavidin-FITC. The tissue-specific
ure 1 illustrates EBV VCA positive staining at
fluorescent image shows a punctate, intracellular localisation characteristic of VCAx 100 magnification.
specific staining. Magnification x 100, reduced to 62% in origination.
1
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Discussion
We have described the presence of productively
replicating EBV within the epithelial cells (type
II alveolar cells) of the lower respiratory tract
of patients with a clinical and histological diagFigure 2 Fibrosing alveolitis with hyperplastic type II cells some of which are positive for nosis of cryptogenic fibrosing alveolitis. A
preEBV VCA antigen (arrows) (APAAP, VCA). Magnification x 500 reduced to 72% in
vious serological study suggested that EBV is
origination.
associated with cryptogenic fibrosing alveolitis
but did not establish a causal relationship.3 In
the age range of patients studied here, up to
A
90% EBV seropositivity would be expected in
both
the cryptogenic fibrosing alveolitis group
g.,
. " OPIO!"
and the control group.10 It is recognised that
-Mqmb- q, ";A.,
Fil
considerable variation between laboratories can
occur when antibody titres of identical sera are
tested." Abnormally elevated serological titres
to EBV specific antigens are often found in
conditions of unknown aetiology including
rheumatoid arthritis, chronic lymphatic leukaemia, and ataxia telangiectasia.'2 This has
given rise to the suggestion that EBV plays a
part in the aetiology of these immune related
conditions, but no tissue based studies have
confirmed this. In the current study replicating
EBV has been identified within type II alveolar
cells. As these cells may have a critical role in
the deposition of type I collagen in the lung,'3
this study suggests a direct relationship between
viral injury and cryptogenic fibrosing alveolitis
and represents an advance on serological studies. The absence of historical EBV serological
B
data does not detract from the immunohistochemical findings within the lung.
The immunohistochemistry techniques used
in this study are sensitive and specific for the
EBV antigens VCA and gp 340/220.9 These
antigens are expressed during the lytic or proA4.~ductive phase of the virus life cycle and not
during viral latency.9 Hence, this study is distinct from others in different clinical settings
which have used EBER in situ probes (small
RNA transcribed by the EBER-1 gene during
latent EBV infection)'4 and polymerase chain
reaction (PCR) for the identification of latent
EBV within tissue. EBER expression occurs in
all EBV positive cells whenever latently infected
and in almost all supporting viral replication,
with the exception of oral hairy leukoplakia
(OHL) which supports extensive productive
EBV replication in the absence of EBER.1 '6
EBER expression is therefore probably not a
prerequisite for viral replication because reFigure
Adjacent serial sections stained individually for (A) cytokeratin and (B) EB V
combinant EBV with the EBER genes deleted
VCA using
immunoperoxidase technique. Three
of cells expressing both
can
replicate in lymphoblastoid cells in vitro.'6
be
cytokeratin and VCA
reduced
70%
(arrowed). Magnification
in
160,
origination.
Although PCR is considered to be sensitive,
'I#
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Detailed histological analysis of sections
stained by the APAAP technique revealed that
the EBV antigens were present in type II alveolar cells, some lymphocytes and, additionally, in a proportion of macrophages (fig
2). Serial sections stained with the cytokeratin
marker MNF1 16 and EBV VCA consecutively
showed the EBV positive staining to be localised to epithelial cells (fig 3A and 3B). Immunoperoxidase staining showed EBV VCA
cytoplasmic staining of type II alveolar cells (fig
4) and additional EBV VCA nuclear staining in
bronchiolar epithelial cells (fig 5).
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Figure 4 EBV VCA positive staining (brown, arrowed) within the cytoplaism of
metaplastic type II alveolar cells from a patient with cryptogenic fibrosing al veolitis.
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Figure 5 EBV VCA positive staining (brown) within the nuclei of bronchi iolar epithelial
cells.
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X.

the documentation of EBV DNA b' y PCR does
not differentiate between latent or p)roductively

replicating virus and, furthermor(e, gives no
information on the types of cells involved."'
EBER in situ hybridisation and PC:R therefore
have certain limitations in evaluatzing actively
replicating EBV compared with thLe immunohistochemistry techniques used in this study.
The application of immunohisitochemistry
has a particular advantage in allowixag the localisation of EBV within the lung tis;sue. This is
a critical issue to the findings ofF this study
because positive EBV staining, fc,r example,
may merely reflect infiltration of thLe tissues by
EBV positive lymphocytes or macrc )phages. We
have demonstrated EBV VCA nucclear (fig 2)
and cytoplasmic staining (fig 4) wiithin type II
alveolar cells. Consecutive stainirng of serial
sections with cytokeratin and VCA antibodies,
respectively, confirm the localisaition to be
within epithelial cells (fig 3A and 3]B). It is also
of interest that EBV VCA nucle-ar staining
is documented within the epithellial cells of
bronchiolar tissue (fig 5).

Thorax: first published as 10.1136/thx.50.12.1234 on 1 December 1995. Downloaded from http://thorax.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

~
~~

EBV has previously been identified within
epithelial cells obtained by oropharyngeal
washings, although the precise site of origin
is unclear."8 Whether EBV in oropharyngeal
epithelial cells represents a pool of EBV persisting in epithelial tissue or periodic reinfection
of epithelial cells from a B cell reservoir is
controversial.4 The only previously reported
example of EBV productively replicating in
epithelia in vivo has been in OHL, an AIDS
associated condition in which human papillomavirus has also been identified.'9 This, we
believe, is the first in vivo report of EBV replication within the epithelial cells of the lower
respiratory tract in humans.
Histological analysis additionally identified
EBV positive staining within alveolar macrophages. EBV has been shown to infect cells of
monocytic lineage both in vivo20 and in
However, the positive staining within macrophages in lung tissue may reflect phagocytosis
of productively infected epithelial cells, as this
finding was not evident in patients with cryptogenic fibrosing alveolitis who had no evidence
of EBV staining in epithelial cells or in the
control group.
A previous report suggesting that EBV was
located within the lung was confounded by
the fact that EBV was detected by in situ
hybridisation from bronchoalveolar lavage fluid
and this may have reflected contamination from
the oropharynx.5 Our data support the concept
that the lower respiratory tract is a potential
reservoir for EBV. Furthermore, our results are
in concordance with the behaviour of the EBV
related animal virus, murine gamma herpes
virus 68, a pathogen localised to the epithelial
tissue ofthe lower respiratory tract ofthe mouse
model.22 Thus, cryptogenic fibrosing alveolitis
may provide a new biological model for the
study of the interaction of EBV and epithelial
cells in humans.
The pathogenicity of herpes viruses identified within diseased tissue is often difficult
to resolve, particularly in immunosuppressed
patients. Examples of this are seen with cytomegalovirus (CMV) in pulmonary tissue of
AIDS patients" and human herpes virus 6
associated interstitial pneumonitis in bone marrow transplant patients.24 It could be argued
that in our patients EBV is merely a passenger
within the lung tissue of patients with cryptogenic fibrosing alveolitis. However, in the group
of patients studied most of those positive for
EBV replication had never received immunosuppression (nine of 14) and there was no
difference between the proportion of EBV replication positive patients with cryptogenic
fibrosing alveolitis who had received immunosuppression and those who had not. Furthermore, the proportion of EBV replication
positivity was significantly higher among
immunocompetent patients with cryptogenic
fibrosing alveolitis than in the control group.
This suggests that the presence of productively
replicating EBV may be of pathogenic significance.
It may be considered that the control tissue
used in this study was not collected from
normal subjects. However, the collection of
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antigen."
Pulmonary fibrosis is an expression of lung
injury recognised following many precipitating
factors including infection, environmental
agents, and drugs. Environmental factors have
been implicated in the aetiology of cryptogenic
fibrosing alveolitis.227 However, a recent study
has described a rat model in which retrovirus
RNA was incorporated into the type II alveolar
cell nucleus prompting type I collagen deposition.28 The current study supports the concept of virus-induced injury, but this does not
preclude the importance of environmental factors in some patients with cryptogenic fibrosing
alveolitis. Within the heterogeneous group of
patients labelled clinically as "cryptogenic
fibrosing alveolitis" it is possible that subsets
of patients exist, some with an environmental
trigger and others with a viral trigger. In some
patients a primary environmental injury may
be potentiated at a later date by viral replication
within the injured tissue. Ultimately each individual or combination of aetiological factors
may result in a common clinical and histological
response to injury.

This study shows that EBV replication is
occurring within type II pulmonary epithelial
cells of patients with cryptogenic fibrosing alveolitis and therefore may be an important
aetiological agent in a significant number of
patients. After further clarification of the role
of EBV, specific antiviral therapy may become
an important component of future treatment
for cryptogenic fibrosing alveolitis, but we
would caution that this should only occur
within the context of controlled trials.

JJE is supported by the Lancardis Foundation and JPS and JRA
are supported by the Cancer Research Campaign (UK). The
authors wish to thank Dr A Morgan, University of Bristol, for
the gift of the 72A1 cell line secreting anti-gp340/220 and
Professor Tony Pickering for his help in assessing the occupational histories. The authors wish to acknowledge Nusrat
Janjua, Alicia Quigley, and Brian Kelly for their technical assistance.
1 Johnston I, Britton J, Kinnear W, Logan R. Rising mortality
from cryptogenic fibrosing alveolitis. BMJ7 1990;301:
1017-21.
2 Billings CG, Howard P. Hypothesis: exposure to solvents
may cause fibrosing alveolitis. Eur RespirJ 1994;7: 1172-6.
3 Vergnon JM, Vincent M, De The G, Momex JF, Weynets
P, Brune J. Cryptogenic fibrosing alveolitis and EpsteinBarr virus: an association. Lancet 1984;ii:768-70.
4 Niedobitek G, Young LS. Epstein-Barr virus persistence
and virus-associated tumours. Lancet 1994;343:333-5.
5 Lung ML, Lam WK, So SY, Lam WP, Chan KH, Ng
MH. Evidence that respiratory tract is major reservoir for
Epstein-Barr virus. Lancet 1985;i:889-92.
6 Ashcroft T, Simpson JM, Timbrell V. Simple method of

estimating severity of pulmonary fibrosis on a numerical

scale. J Clin Pathol 1988;41:467-70.
7 Stewart JP, Arrand JR. Expression of the Epstein-Barr virus
latent membrane protein in nasopharyngeal carcinoma
biopsy specimens. Hum Pathol 1993;24:239-42.
8 Stewart JP, Hampson IN, Heinrich HW, Mackett M, Arrand
JR. Enhanced expression of the Epstein-Barr virus latent
membrane protein by a recombinant vaccinia virus. J Gen
Virol 1989;70:1231-7.
9 Hoffman GJ, Lazarowitz SG, Hayward SD. Monoclonal
antibody against a 250,000-dalton glycoprotein of EpsteinBarr virus identifies a membrane antigen and a neutralising
antigen. Proc Natl Acad Sci USA 1980;77:2979-83.
10 Hotchin NA, Crawford DH. The diagnosis of Epstein-Barr
virus-associated disease. In: Morgan-Capner P, ed. Current
topics in clinical virology. Salisbury, Wiltshire: Laverham
Press, 1991;115-40.
11 Holmes GP, Kaplan JE, Steward JA, Hunt B, Pinsky PF,
Schonberger JGP. A cluster of patients with a chronic
mononucleosis-like syndrome: is Epstein-Barr virus the
cause? JAMA 1987;257:2297-302.
12 Henle W, Henle G. Epstein-Barr virus-specific serology
in immunologically compromised individuals. Cancer Res
1981;41:4222-5.
13 Jimenez SA. New insights into the pathogenesis ofinterstitial
pulmonary fibrosis. Thorax 1994;49: 193-5.
14 Howe JG, Steitz JA. Localisation of Epstein-Barr virusencoded small RNAs by in situ hybridization. Proc Natl
Acad Sci USA 1986;83:9006-10.
15 MacMahon EME, Glass JD, Hayward SD, Mann RB,
Becker PS, Charache P, et al. Epstein-Barr virus in AIDSrelated primary central nervous system lymphoma. Lancet
1991;338:969-73.
16 Clemens MJ. The small RNAs of Epstein-Barr virus. Mol
Biol Reports 1993;17:81-92.
17 Hoffmann DG, Gedebou M, Nichols WS, Marchevsky
A. Detection of Epstein-Barr virus by polymerase chain
reaction in transbronchial biopsies of lung transplant recipients: evidence of infection? Mod Pathol 1993;6:555-9.
18 Sixeby JW, Nedrud JG, Raab-Traub N, Hanes RA, Pagano
JS. Epstein-Barr virus replication in oropharyngeal epithelial cells. N Engl J Med 1984;310: 1225-30.
19 Niedobitek G, Young LS, Lau R, Brooks L, Greenspan D,
Greenspan JS, et al. Epstein-Barr infection in oral hairy
leukoplakia: virus replication in the absence of a detectable
latent phase. 7 Gen Virol 1991;72:3035-46.
20 Revoltella RP, Vigneti E, Fruscalzo A, Park M, Ragona G,
Rocchi G, et al. Epstein-Barr virus DNA sequences in
precursor monocyte-macrophages cell lines established
from the bone marrow of children with maturation defects
of haematopoiesis. J Gen Virol 1989;70:1203-15.
21 Gosselin J, Menezes J, D'Addario M, Hiscott J, Flamand
L, Lamoureux G, et al. Inhibition oftumor necrosis factora transcription by Epstein-Barr virus. Eurl Immunol 199 1;
21:203-8.
22 Sunil-Chandra NP, Efstathiou S, Arno J, Nash AA. Virological and pathological features of mice infected murine
gamma herpes 68. J Gen Virol 1993;73:2347-56.
23 Millar AB, Patou G, Miller RF, Grundy JE, Katz DR,
Weller IV, et al. Cytomegalovirus in the lungs of patients
with AIDS. Respiratory pathogen or passenger? Am Rev
Respir Dis 1990;141:1474-7.
24 Carrigan DR, Drobyski WR, Russler SK, Tapper MA,
Knox KF, Ash RC. Interstitial pneumonitis associated
with human herpesvirus-6 infection after marrow transplantation. Lancet 1991;338:147-9.
25 Fujinami RS, Nelson JA, Walker L, Oldstone MA. Sequence
homology and immunologic cross-reactivity of human
cytomegalovirus and HLA-DR B chain: a means for graft
rejection and immunosuppression. J Virol 1988;62: 100-5.
26 Horan MA. Immunosenescence and mucosal immunity.
Lancet 1993;341:793-4.
27 Scott J, Johnston I, Britton J. What causes cryptogenic
fibrosing alveolitis? A case-control study of environmental
exposure to dust. BMJ 1990;301:1015-7.
28 Matsui R, Goldstein RH, Mihal K, Brody JS, Steele MP,
Fine A. Type I collagen formation in rat type II alveolar
cells immortalised by viral gene products. Thorax 1994;
49:201-6.

Thorax: first published as 10.1136/thx.50.12.1234 on 1 December 1995. Downloaded from http://thorax.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

surgically obtained tissue from a normal population has obvious practical and ethical problems. The tissue blocks taken some distance
from the tumours were analysed histologically
and, in eight of the 14 cases, the tissue was
histologically normal with the presence of a
minor degree of emphysema in the remaining
six patients (table 3). This is unlikely to be a
confounding influence on the clear difference
in tissue viral expression, particularly as the
cryptogenic fibrosing alveolitis group and control group were well matched for age, sex, and
smoking history. Indeed, both control patients
who stained positive for EBV were smokers.
We believe the histological features within the
control group accurately represents "normal"
control tissue from a population with a mean
age of 61 years.
Cryptogenic fibrosing alveolitis is generally a
condition found in older patients.' Age-related
immune deregulation may be critical for a
pathogenic immune response prompted by
EBV replication in cryptogenic fibrosing
alveolitis. Herpes viruses, particularly CMV,
are recognised as having virus/host antigen
homology and immune crossreactivity with
the resulting potential to promote chronic
inflammation and fibrosis.25 Not only is it perceived that downregulation of the immune system occurs with ageing but, in addition, an
increase in suppressor signals is recognised
which may correlate with an increased inflammatory response to a normally quiescent

1 239

