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ABSTRACT: We report four cases of acute pneumonitis due either to interferon,
or a herbal drug, ""Sho-saiko-to"", or both in combination, in patients with chronic
active hepatitis, focusing on its pathogenesis and response to prednisolone therapy.

These cases shared common clinical features: fever, dry cough, dyspnoea, hypox-
aemia, diffuse infiltrates both on chest radiography and chest computed tomogra-
phy, restrictive pulmonary functional impairment, and alveolitis on examination
of transbronchial lung biopsy, all of which suggest acute interstitial pneumonia.
Furthermore, lymphocytosis was observed in association with the dominant CD8+
T-cell subset in bronchoalveolar lavage fluid. A lymphocyte stimulation test using
peripheral blood was positive to interferon in one case and to Sho-saiko-to in
another. All patients responded to oral prednisolone therapy. Peripheral soluble
interleukin-2 receptor levels decreased in parallel with improvement in the clini-
cal course. All patients were free of symptoms with a follow-up of 1–3 yrs.

We conclude that interferon- and/or Sho-saiko-to-induced acute pneumonitis
may be due to allergic-immunological mechanisms rather than toxicity, and that
peripheral levels of soluble interleukin-2 receptor appear to be good markers of
disease activity.
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CASE STUDY

Interferon, which is produced by virus-infected human
cells, is recognized as having antitumour activity [1],
and a modulatory effect on immune response, as well
as antiviral activity [2]. Currently, interferon is divid-
ed into three subtypes: α-, β- and γ-interferon [3]. All
three subtypes have been synthesized and used clini-
cally against chronic active viral hepatitis [4], malig-
nancies [5], or acquired immune deficiency syndrome
(AIDS) [6]. However, side-effects, such as fever, myal-
gia, leucopenia, nephritis [7] and bronchiolitis obliter-
ans organizing pneumonia (BOOP) [8] or pneumonitis
[9–12] have been reported. The drug "Sho-saiko-to", a
composite herbal preparation, has been popularly used
for the treatment of chronic hepatitis in Japan [13], as
it is reputed to protect liver cells against experiment-
ally-induced damage in vitro, to enhance the induction
of plaque-forming cells, to suppress the release of ara-
chidonic acid and leukotriene B4 production [14], and
to enhance interferon production by human peripheral
blood mononuclear cells [15]. We describe the cases
of four patients with chronic active hepatitis, who devel-
oped pneumonitis whilst being treated with interferon
or Sho-saiko-to, or a combination of the two agents.

Materials and methods

Cell differentiation of bronchoalveolar lavage fluids
(BALF) was performed by counting 500 cells stained

with May-Giemsa dye after centrifugation, at 500 rpm
for 5 min. Soluble interleukin-2 (IL-2) receptors (sIL-
2R) were evaluated by enzyme immunoassay of a cell-
free IL-2R test kit (T-cell Sciences Inc., Cambridge,
MA, USA). The normal range of serum sIL-2R in our
laboratory from 40 healthy subjects was 301.5±56.6
U·L-1 (mean±SD). Patient's heparinized plasma was used
for the drug lymphocyte stimulation test (DLST); samp-
les containing 1×105 cells·mL-1 of lymphocytes per well
were coincubated with 1/3,1/6, 1/9,1/12,1/15 and 1/18
of 10 MU (106 international units) interferon or with
the same titres of 7.5 g Sho-saiko-to in the presence of
0.5 µCi 3H-labelled TdR at 37°C for 3 days. The results
obtained were then compared with the corresponding
control. A stimulation index higher than 1.8 was taken
to be positive.

Case reports

Case No. 1

A 49 year old female with a 14 day history of dry
cough and dyspnoea was admitted to our in-patient clin-
ic. There was no fever or pretibial oedema. Chest physic-
al examination revealed bilateral coarse crackles. Heart
sound was normal, and electrocardiogram (ECG) demon-
strated regular sinus rhythm. Plain chest radiography
revealed diffuse reticulonodular shadowing associated
with pleural effusion. Computed tomography (CT) showed



increased patchy density in the bilateral lower lung field.
Laboratory data on admission showed: severe hypox-
aemia (arterial oxygen tension (Pa,O2) 5.6 kPa (42.2
torr); moderately impaired vital capacity (VC 58% of
predicted value) and transfer factor of the lung for car-
bon monoxide (TL,CO 54% pred); and elevated C-reac-
tive protein (CRP 2.45 mg·dL-1). No respiratory infection
was apparent.

The patient had been treated with recombinant human
interferon (IFN-α2b) (table 1) and Sho-saiko-to, 7.5
g·day-1 for 6 weeks, following diagnosis of hepatitis C
virus-induced chronic active hepatitis by serological fin-
dings and liver biopsy. The results of bronchoalveolar
lavage (BAL) are presented in table 1. Cultures of spu-
tum and bronchial washing were negative for bacteria,
fungi and acid-fast bacilli (AFB). Transbronchial lung
biopsies (TBLB) demonstrated interstitial infiltration by
lymphocytes and mononuclear cells, as well as septal
oedema and intra-alveolar exudate. Serum antibodies to
human T-cell leukaemia virus (HTLV) and Trichosporon
cutaneum (TC) were negative. DLST with peripheral
blood was negative to IFN-α2b and to Sho-saiko-to. The
patient's IFN-α2b and Sho-saiko-to treatment was stop-
ped. Because of progressive dyspnoea and abnormal
laboratory data, methylprednisolone pulse therapy was
initiated 1 g·day-1 i.v. for 3 days, followed by 4 days
oral prednisolone, 40 mg·day-1, twice over two weeks.
A month later, the patient was free of dry cough and
dyspnoea, an improvement which was associated with
normalization of Pa,O2, CRP and VC, and so she was
discharged. Soluble interleukin-2 receptor (sIL-2R) lev-
els in plasma, which were elevated to 1,050 U·mL-1 at the
appearance of interstitial pneumonia (fig. 1), decreased
after initiation of prednisolone therapy (640 U·mL-1).

Case 2

A 59 year old male with a 2 month history of exer-
tional dyspnoea was admitted to our in-patient clinic.

Physical examination revealed fine crackles around the
lung field and a palpable liver. There was no fever or
pretibial oedema. The chest radiograph revealed ground
glass shadow on bilateral middle and lower lung fields
(fig. 2). CT scan revealed patchy infiltrate in the middle
lung zone. ECG demonstrated a regular sinus rhythm.
Laboratory data on admission showed: mild hypoxaemia
(Pa,O2 9.7 kPa (72.6 torr); decreased VC (56% pred) and
TL,CO (34% pred); and elevated serum lactate dehydro-
genase (LDH) activity (368 IU).

The patient had been treated with Sho-saiko-to, 7.5
g·day-1 for 15 months, following the diagnosis of hepa-
titis C virus-induced chronic active hepatitis by sero-
logical findings and liver biopsy. He had been treated
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Table 1.  –  Preceding therapy, BALF cell differentiation
and DLST

Case No.

1 2 3 4

Preceding therapy
total dosage
Interferon-α2b (×106 IU) 272 506 700 NT
Sho-saiko-to  g 315 3400 NT 683
Bronchoalveolar lavage
Nuclear cell count
(×106·mL-1) 4.8 12 6.8 1.5
Alveolar macrophage  % 77.0 73.0 89.0 87.0
Eosinophils  % 5.5 0.0 0.5 2.0
Neutrophils  % 1.5 0.5 2.0 3.0
Lymphocytes  % 17.0 26.1 8.5 8.1
CD4+  % 27.8 ND 46.5 4.2
CD8+  % 56.0 ND 35.3 91.1
Drug lymphocyte stimulation test
Interferon-α2b -ve -ve +ve ND
Sho-saiko-to -ve -ve ND +ve

BALF: bronchoalveolar lavage fluid; DLST: drug lymphocyte
stimulation test; -ve: negative; +ve: positive; ND: not done;
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Fig. 1.  –  Sequential levels of serum soluble interleukin 2 receptor
(sIL-2R) in four patients. Normal range of sIL-2R from 40 healthy
subjects was 301.5±56.6 U·mL-1 (mean±SD). — —: Case No. 1, com-
bination therapy; —●—: Case No. 2, combination therapy; — —:
Case No. 3, interferon only; —■—: Case No. 4, Sho-saiko-to only.

Fig. 2.  –  Plain chest radiographic image showing ground glass sha-
dow on bilateral middle and lower lung field.



with IFN-α2b for 1 month before experiencing dysp-
noea. Serum antibodies to HTLV and TC were nega-
tive. BAL was performed at left B8, and the results are
reported in table 1. Cultures of sputum and bronchial
washing yielded no bacteria, fungi or AFB. TBLB de-
monstrated a modest infiltration of lymphocytes and
septal oedema suggestive of alveolitis. DLST was neg-
ative to IFN-α2b and Sho-saiko-to. However, IFN and
herbal drug therapy were stopped. Oral prednisolone,
40 mg·day-1 and oxygen inhalation therapy via nasal
cannula (4 L·min-1) were initiated. One month later, the
patient's symptoms had disappeared and improvement
was confirmed in terms of Pa,O2, VC, CRP and LDH
activity. The plasma sIL-2R level, which was elevated to
744 U·mL-1, had returned to normal ranges (393 U·mL-1)
after therapy (fig. 1).

Case 3

A 42 year old male was admitted to our in-patient
clinic because of a 7 month history of dry cough, slight
fever and dyspnoea. Physical examination on admis-
sion revealed tachypnoea (30 breaths·min-1) but no rales
on lung field. Plain chest radiography and CT scan
showed patchy infiltrates on bilateral upper and middle
lung fields, with elevated diaphragmatic position. ECG
demonstrated regular sinus rhythm. Arterial blood gas
analysis revealed severe hypoxaemia (Pa,O2 7.2 kPa (54.3
torr)). There was no apparent respiratory infection and
CRP was negative.

The patient had been treated with IFN-α2b (table 1)
for the preceding 4 months following the diagnosis of
hepatitis C virus-induced chronic active hepatitis from
serological test and liver biopsy. BAL data are repor-
ted in table 1. Culture of sputum and bronchial wash-
ings were negative for bacteria, fungi and AFB. DLST
was positive to IFN-α2b, and IFN-α2b treatment was
stopped. Oral prednisolone, 50 mg·day-1, and oxygen
inhalation (2 L·min-1) via nasal cannula were initiated.
Dyspnoea disappeared promptly and chest roentgeno-
logical improvement was noticed. The patient was dis-
charged and prednisolone, 10 mg·day-1, was prescribed
at out-patient clinic. Plasma sIL-2R receptor level, which
was elevated to 944 IU·mL-1 during interstitial pneumo-
nia, decreased (247 U·mL-1) after prednisolone therapy
(fig. 1). Six months after initiation of prednisolone ther-
apy, the patient was free of symptoms and no obvious
abnormal shadow was noted on routine chest radiogra-
phy.

Case 4

A 54 year old male was admitted to our in-patient
clinic after a 10 day period of slight fever and produ-
ctive cough. Chest physical examination showed no
crackles. The plain chest radiograph revealed diffuse
ground glass opacities. CT scan showed scattered dif-
fuse increase in bilateral opacities (fig. 3a). Laboratory
data revealed mild hypoxaemia (Pa,O2 8.2 kPa (61.3
torr)), decreased TL,CO (59% pred) and elevated serum
glutamic oxalo-acetic transaminase (GOT) (147 IU),
glutamic pyruvic transaminase (GPT) (223 IU), alka-
line phosphatase (AlP) (743 IU), γ-glutamyl transpep-
tidase (γGTP (419 IU) and LDH activity (682 IU).

The patient had been treated with Sho-saiko-to, 7.5
g·day-1 for 3 months, following diagnosis of non-viral-
induced chronic active hepatitis by liver biopsy and neg-
ative serological findings. BAL data from right B5 are
reported in table 1. Culture of sputum and bronchial
washings were negative for bacteria, fungi and AFB.
Transbronchial lung biopsies demonstrated infiltration
by lymphocytes and septal thickness compatible with
alveolitis (fig. 3b). DLST was strongly positive to Sho-
saiko-to (to a component of Scutellariae radix). Serolo-
gical test for HTLV and TC were negative. The herbal
drug was stopped. Plasma sIL-2R level promptly decrea-
sed from 1,171 U·mL-1 to 414 U·mL-1 after initiation of
prednisolone therapy (fig. 1). The patient was free of
symptoms with a follow-up of 3 yrs.

Discussion

We have described four cases of interstitial pneumo-
nia induced by treatment with interferon and/or the
herbal drug, Sho-saiko-to, prescribed for chronic active
hepatitis due to hepatitis C virus infection. The four pa-
tients had no skin rash, no previous atopic disease or
asthma, no respiratory infection, no preceding antibio-
tic therapy and no association with collagen vascular
disease. They presented with common clinical features:
dry cough; dyspnoea; fine or coarse crackle; restrictive
pulmonary functional impairment; hypoxaemia; diffuse
infiltrates on chest radiography and CT; and alveolitis
suggesting interstitial pneumonia.

We consider that a positive peripheral DLST is
further evidence of drug-induced pneumonitis [16]. To
the best of our knowledge, one of our cases represents
the second pneumonitis case (No. 3) published in the
English language demonstrating positive DLST to in-
terferon, and one (No. 4) the first case positive to a
herbal drug. Interferon and Sho-saiko-to have been re-
ported to be immunopotentiators [2, 15, 17], releasing
some cytokines from fibroblast and mononuclear cells.
Sho-saiko-to is a dried extract obtained from seven raw
herbs: Bupleurum radix, Pinellia tuber, Scutellariae
radix, Jujube fruit, Ginseng radix, Glycyrrhiza radix,
and Ginger rhizome. Among these, Scutellariae radix
activated peripheral lymphocytes in Case No. 4. Since
Scutellariae radix contains baicalin, baicalein, wogo-
nin, wogonin glucuronide, oroxylin-A, skull capflavone,
chrysin, kaempferol, beta-sitosterol, camphesterol, suc-
rose and D-glucose, the substrate responsible for posi-
tive DLST could not be determined.

While we cannot elucidate the precise mechanism(s)
of lung injury due to interferon and/or the herbal drug,
elevated serum sIL-2R which reflects T-cell activation
[18] may suggest T-cell abnormalities in the pathogen-
esis. At least monitoring of sIL-2R during any therapy
involving interferon and/or Sho-saiko-to in patients with
chronic active hepatitis may reveal activity towards inter-
stitial pneumonia, since levels of sIL-2R parallel the
clinical course.

Hitherto, there have been 6 cases of pneumonitis due
to interferon therapy reported in the English literature
[9–12]; all showed acute onset of dyspnoea with bi-
lateral lung infiltration. All cases revealed interstitial
pneumonia by histopathological examination, and the 3
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cases examined demonstrated increased numbers of
lymphocytes with elevated CD8+/ CD4+ in BAL fluid
(BALF). All recovered with prednisolone therapy (n=5)
or with cessation of interferon (n=1).

It is currently estimated that there are about two mil-
lion people in Japan suffering from chronic active hepati-
tis induced by hepatitis C viral infection. Since 1992,
interferon therapy has been allowed for such patients
with the support of health insurance from the Japanese
Welfare Ministry. While interferon was used in combi-
nation with Sho-saiko-to for chronic hepatitis in Japan,
77 patients suffering from acute pneumonitis (31 cases
received combination therapy) were reported by the
Japanese Welfare Ministry by 1993 [19]. As a result,

caution is currently recommended in the use of combi-
nation therapy with interferon and Sho-saiko-to for chro-
nic active hepatitis.

Considering the increase in eosinophils in BALF (Case
No. 1) and in peripheral blood (Case No. 4), and the
increase in lymphocytes associated with elevated CD8+
cells in BALF (Case Nos. 1 and 4), and since interferon-
induced BOOP was also reported [8], it is important to
differentiate these cases from acute eosinophilic pneu-
monia, hypersensitivity pneumonitis and BOOP. Acute
eosinophilic pneumonias [20, 21], which present a feb-
rile, rapid onset of respiratory symptoms and patchy lung
infiltrate, commonly have increased eosinophil percen-
tages in BALF (>20%). In contrast, the maximum increase
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b)

a)

Fig. 3.  –  a) Chest computed tomographic scan, showing diffuse increased opacity. b) Transbronchial
lung biopsy from right S8 segment demonstrating infiltration of lymphocytes and septal thickness.
(Haematoxylin and eosin (H&E) stain; original magnification ×100; internal scale bar = 100 µm).



of BALF eosinophils in Case No. 1 was moderate
(5.5%), and the lung biopsy findings were not compat-
ible with eosinophilic pneumonia. The most common
hypersensitivity pneumonitis in Japan is the summer-
type hypersensitivity pneumonitis [22], which is caused
by the inhalation of moulds containing Trichosporon
cutaneum. Its essential diagnostic parameter is an in-
creased number of lymphocytes (CD8+ cells) in BALF,
characteristic histopathological findings and presence
of serum anti-Trichosporon cutaneum antibody. None
of our cases fit these criteria. BOOP, described by EPLER

et al. [23], is a clinicopathological entity characterized
by a granulation tissue plug within the lumen of the
small airways extending into the alveolar ducts and the
alveoli. The first report of interferon-α-induced BOOP
[8] was diagnosed by thoracoscopic biopsy. Although
four of the present cases have a compatible clinical fea-
ture and image diagnosis, histopathological findings by
TBLB did not report this diagnosis.

It is unclear why interferon and/or Sho-saiko-to in-
duce pulmonary injury. In this context, it is interesting
to note from recent reports that tumour necrosis factor
(TNF) [24, 25], interleukin-2 (IL-2) [26–28] or granu-
locyte colony-stimulating factor (GCSF), a haematopoi-
etic growth factor [29], have been shown to induce lung
injury. TNF when used clinically in patients with can-
cer has caused impaired transfer factor [24, 25]. IL-2
also caused diffuse pulmonary infiltrate attributed to
increased pulmonary capillary permeability, when ad-
ministered to patients with advanced cancer [26–28].
Thus, TNF- and IL-2-induced pulmonary injury differ
in pathophysiology from the present cases. GCSF, when
used in the treatment of cytotoxic chemotherapy-induced
neutropenia, causes interstitial pneumonia probably by
augmenting subclinical pulmonary injury due to cyto-
toxic drugs [29]. The pathogenesis is speculated to be
overproduction of the oxygen radical by an increased
number of neutrophils sequestered by the lung, and does
not fit the cases reported here.

Focusing on interstitial pneumonia, we refer to the
report from UEDA et al. [30] in Japan that hepatitis C
virus (HCV) infection may play an important role in the
pathogenesis of idiopathic pulmonary fibrosis because
of an unusually high seroprevalence rate of anti-HCV
in such patients.

Subsequently, the hypothesis was negated by IRVING

et al. [31] in their study in patients with idiopathic pul-
monary fibrosis from the UK. However, we cannot rule
out the possibility of HCV infection as a predisposing
irritant to the lung. All of the cases reported here respon-
ded well to prednisolone therapy in 1–2 months, again
favouring allergic-immunological mechanisms rather
than toxicity to the lung.
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