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0 Case Report O

Effect of Interferon-gamma Treatment on Interstitial
Pneumonia in a Patient with Severe
Combined Immunodeficiency

Kyung Hyo Kim, Hye Young Kang and Dong Soo Kim

In severe combined immunodeficiency disease, both T and B cell functions are diminished or absent and af-
fected usually succumb to overwhelming infection within the first year of life.

We are reporting a case with severe combined immunodeficiency, Swiss type who suffered from interstitial
pneumonia which cleared by treatment with recombinant human interferon gamma.

In this case, we don’t know the exact mechanism which caused the clearing of the interstitial pneumonia.
However, we can speculate that antiviral action and activated macrophages or monocytes, through the recom-
binant human interferon gamma, might exert its effect on interstitial pneumonia. Though we should extend its
application to more cases of SCID with intestitial pneumonia, this report may suggests a new application for in-
terferon-gamma as a potential corrective and therapeutic agent for interstitial pneumonia in congenital

immunodeficiency diseases.
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In severe combined immunodeficiency disease,
both T and B cell functions are diminished or
absent, resulting in early suscepibility to infection
by virtually all types of microorganisms (Ammann,
1991).

The disease is inherited in two forms; an X-linked
recessive form and an autosomal recessive from. It
has been postulated that the defect may reside in
the failure of differentiation of stem cells into T cells
and B cells or the thymus and bursa equivalent to
develop normally. Others argue for an intrinsic de-
fect within the thymus. The causes of a small pro-
portion of cases of autosomally inherited SCID have
been defined and have included deficiencies of the
enzymes adenine deaminase and purine nucleoside
phosphorylase (Hirschhorn, 1983) and of a DNA
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binding protein required for the expression of his-
tocompatility genes (Reith et al. 1988). Affected
persons usually succumb to overwhelming infection
within the first year of life and are particularly sus-
ceptible to Candida, Cytomegalovirus, and Pneu-
mocystis carinii infection.

Since its discovery in 1965 as a new antiviral pro-
tein (Wheelock, 1965), much has been learned
about the molecule termed “immune” (Falcoff,
1972) or type Il interferon whic is now known as
interferon gamma. This cytokine is secreted by T
lymphocytes and natural killer lymphocytes (NK
cell) (Kasahara et al. 1983; Hardy et al. 1989), and
modulates the function of a wide variety of cell
types, particulary those involved in the immune
response (ljizermans et al. 1990).

The immunomodulatory effects of IFN-gamma are
the enhancement of class Il MHC and Fc receptor
expression on circulating mononuclear cells (Amaldi
et al. 1989), augmentation of natural killer cell func-
tion (Thompson et al. 1987), and activation of
moncyte-macrophages for antimicrobial effect
(Murraly et al. 1988). The availability of recombi-
nant IFN-gamma (Pesta et al. 1987) has opened
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new avenues for investigating the therapeutic po-
tential of IFN-gamma. It has been administered to
patients for treatment of cancer (Jaffe et al. 1986)
and infection (Cooper et al. 1989; Badaro et-al.
1990) and/or immunodeficiency disorders especial-
ly chronic granulomatous disease (Gallin et al. 1990)
and Job syndrome (Jeppson et al. 1989). However
there is no report this interferon is used in case of
sévere combined immunodeficiency.

Here we report a case with severe combined
immunodeficiency, Swiss type, who suffered form
interstitial pneumonia which cleared by treatment
with recombinant human interferon gamma.

CASE REPORT

A 6-month-old male infant was admitted to the
hospital because of cough and dyspnea. The infant
was born to a 38-year-old woman by spontaneous
vaginal delivery after a full term third pregnancy.
The pregnancy and delivery were uncomplicated.
The birth weight was 3.6 kg. in his family history,
his two elderly brothers expired due to severe com-
bined immunodeficiency diseases at 7 months and
8 months of age respectively. His parents had no
known specific illness.

At his birth, cord blood IgG was 963 mg/dl IgM
was 15 mg/dl. IgA and IgE from cord blood was not
detectable. IgG subclasses from the cord blood
were normal (IgG:: 732 mg/dl, 1gG.: 170 mg/dl, 1gG
+:35 mg/dl, 1gG.: 5 mg/dl). The infant’s early growth
and development were normal. He was vaccinated
2 times with DPT. NO other vaccinations were
given. Three days before admission, a cough devel-
oped and 2 days later, dyspnea with cyanosis ap-
peared. On the day of entry, the dyspnea became
more severe. The patient was admitted to the hos-
pital via ER. The temperature was 38.0°C, the pulse
was 170/min, and the respirations were 60/min.
The blood pressure was 90/50 mmHg.

On physical examination, the patient appeared
acutely ill. No rash or lymphadenopathy was found.
The head and neck were normal except for slightly
cyanotic lips. The tonsilar tissue was not observed.
Clear breath sounds were heard over both lungs.
Mild substernal retraction was noted. Physical ex-
amination was otherwise negative.

The urine was normal, The hematocrit was 37.6
%. The white-cell count was 20,600/mm’ with 84
% neutrophils, 13% lymphocytes. The platelet
count was 502,000/mm® and the erythrocyte
sedimentastion rate was 5 mm per hour. The sodi-
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um was 139 mMol, the potassium 5.0 mMol, the
chloride 108 mMol, and the carbon dioxide 18
mMol per liter. The total protein was 5.3 mg/d|, the
albumin 3.9 mg/dl. The serum aspartate amino-
transferse (ASAT) and serum alanin aminotransferase
(ALAT) were normal.

A specimen. of arterial blood, drawn while the
patient was breathing room air, disclosed that the
PaO, was 47 mmHg, the PaCO, 37 mmHg and the
pH 7.42. X-ray films of the chest showed diffuse

Fig. 1. A chest x-ray of this case on admission shows dif-
fuse ground glass appearance on the both lung
fields.

Fig. 2. A lateral view of this case on the 20th hospital day
shows an absence of any shadow in the anterior
mediastinum.
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ground glass appearance on the both lung fields,
more prominent haziness on right upper and mid-
dle lobe area with air bronchogram. Some narrow-
ing of the mediastinum was also noted (Fig. 1). A
lateral view X-ray of the anterior mediastinum
which was performed on the 20th hospital day, re-
vealed absence of the thymic shadow (Fig. 2).

After specimens of blood were obtained for cul-
ture, antibiotics (cefotaxime and amikacin) were
administered by vein and oxygen was applied 10 L/
min through a hood.

Serum immunoglobulins levels were markedly di-
minished; 1gG, 21 mg/dl; 1gA, 0.16 mg/dl; IgM,
65 mg/dl; and IgE<10 HJ/ml. The lymphocyte
count was about 10%; B cell, 10.04%; T cell, 0.07
%; CD4 T cell, 0.06%; and CD8 T cell, 0.02%. T
cell function assessed by the phytohemagglutinin
(PHA) and concanavalin A (Con A) were nearly
absent. Multitest CMI skin test reactions including
diphtheria and tetanus antigens were all negative
despite previous administration of diphteria-pertus-
sis-tetanus vaccine. Replacement gamma globulin
therapy was started intravenously.

On the seventy hospital day, the dyspnea and
tachypnea worsened, and the patient became
cyancotic in spite of hight O; therapy. Because the
arterial oxygen tention could not be maintained
above 50 mmHg at inspired oxygenm, continuous
positive airway pressure (CPAP) at a pressure of 6
cmH;O was applied through orotracheal intubation.
A repeated X-ray film of chest revealed total
haziness on both lung fields (Fig. 3). A therapeutic
trial with IFN-gamma (Lucky Co., Ltd., Seoul, Korea)
0.05 mg/m? through subcutaneous injections once
a day began on the seventh hospital day.

The patient tolerated the CPAP well. Seven days
later, X-ray films of the chest showed a much im-
provement of haziness in comparison with a earlier
examination (Fig. 4). Microscopical examination of
stained specimens of sputum revealed no evidence
of P. carinii.

On the 14th hospital day, fluorescence-activated
cell sorters showed, B cell, 16.95%:; T cell, 0.24%;
T CD4, 0.4%; and T CD8, 0.09%. Serum immu-
noglobulin levels were diminished; 18G, 90 mg/dl;
IgA, 1.4 mg/dl; igM, 145 mg/dl and intravenous im-
munoglobulin was infused again.

Because the parents refused an open lung biop-
sy, another microscopical examination' of stained
specimen of bronchoalveolar lavage was done on
the 18th hospital day, which showed no P. cainii. A
x-ray film of the chest showed decreased interstitial
marking. So ventilator weaning with extubation was
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Fig. 3. A chest x-ray of this case on the 7th hospital day
shows total haziness on both lung fields.

Fig. 4. A chest x-ray taken, after 7 days of treatment with
recombinant human interferon-gamma, shows
much improvement of haziness on both lung fiels.

performed and the patient tolerarted the room air
without cyanosis, dyspnea, and tachpnea.

On the 24th hospital day, the serum immu-
noglobulin levels showed, 1gG, 651 mg/di; IgA, 0.
8 mg/dl; 1gM, 200 mg/dI.

The patient was comfortable and tolerated the
treatment regimen well except for watery diarrhea.
Stool specimen gave a negative test for Giarrdia
lamblia, but a positive test for Rotavirus antigen,
which converted to negative two days later. A re-
peated X-ray film of the chest, taken on the 44th
hospital day, revealed normal findings (Fig. 5).

On the 48th hospital day, fetal thymus transplan-
tation was performed; for the reconstitution of T
cell immunity, the cultured epithelial cells of 20
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Fig. 5. A clest x-ray of this case on the 44th hospital day
before discharge shows almost normal findings.

weeks old fetal tyymus was injected intraperi-
toneally and intramuscularly. Six days after trans-
plantation, FACS was followed, which showed
some improvement; B cell, 25.64%; T cell, 2.00%;
T supressor, 0.66%; T helper, 1.01%.

The patient tolerated the treatment well and was
dischared on the 80th hospital day, with plan to
continue the IFN-gamma and IVIG.

DISCUSSION

We report a patient who had severe combined
immunodeficiency disease with interstitial pneumo-
nia which was cleared by treatment with recombi-
nant human interferon gamma.

Severe combined immunodeficiency (SCID) dis-
ease is caused by a group of genetic diseases char-
acterized by abnormal function of T and B lympho-
cytes, which is a result of failure of differentiation of
stem cells into T cells and B cells or the thymus and
bursa equivalent to develop normally (Ammann,
1991). SCID is inherited either by autosomal reces-
sive or by X-linked recessive inheritance, but over
80 percent of the cases are of unknown genetic
causes (Puck et al. 1990).

In this case, the patient had two elderly male sib-
lings who expired due to immunodeficiency disor-
ders in infancy, but the inheritance type could not
be defined exactly. However we could speculate
the inheritance type of this case might be X-linked
recessive.

All tests of T cell immunity were abnormal in this
case. The thymus was absent roentgenographically,
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lymphopenia was present, T cell numbers, both T
supressor and T helper cells, were markedly de-
pressed and the responses of isolated peripheral
blood lymphocytes of phytohemagglutinin and’
concanavalin A were nearly absent. Delayed hy-
persensitivity skin tests for several organisms were
all negative. although these were not absolutly indi-
cated for diagnosis and immunoglobulin G, A, and
M were markedly decreased.

The SCID patients are unusually susceptible to
infection with all types of microorganisms including
viruses, bacteria, fungi and protozoa, and rarely sur-
vive beyond 1 to 2 years of age if untreated. So,
the major approach has been to treat patients ag-
gressively for infection. But definitive treatment
consists of transplantation of histocompatible bone
marrow. In the absence of a histocompatible bone
marrow donor, other forms of therapy have been
used such as fetal liver (<9 weeks’s gestation) and
fetal thymus (<14 weeks’ gestation) transplantation
(Ammann, 1991).

The treatment of interstitial pneumonia of this pa-
tient was initiated with combined use of antibiotics,
recombinant human interferon gamma and intrave-
nous immunoglobulin, which resulted in marked
improvement in the patient’s clinical course.

Interferon gamma is a lymphokine produced by
activated T lymphocytes and natural killer lympho-
cytes (Kasahara et al. 1983; Hardy et al. 1989). A
multitude of biologic activities exerted by IFN-
gamma on cells of the immune system is well docu-
mented (ljzermans et al. 1990).

The greatest impact on production of interferons
has been made by recombinant DNA technology,
by which relatively large amounts of purified inter-
feron are available for basic research and clinical tri-
als (Pestka et al. 1987).

The actions of IFN-gamma include antiviral action
against a wide variety of human viruses, both in
vitro and in vivo (Wheelock, 1965). The mechanism
of antiviral action is uncertain, but may be related
to the intracellular production of 2, 5-oligoadenylate
synthetase and eukaryotic initiating factor 2-alpha
protein kinase, enzymes that lead to the degrada-
tion of viral messenger RNA translation (1981; Sam-
uel et al. 1984).

The interferon also have potent modulatory ef-
fects on antigen-specific immune function, increas-
ing preexisting class 1l MHC expression, inducing de
novo expression of class Il MHC on a wide variety
of other cell types (Trinchieri et al. 1985). IFN-
gamma appears to be required for the generation
of cytotoxic T cells effective in killing (Gromo et al.
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1987).

IFN-gamma has dramatic effects on monocyte
and macrophage function and is probably the most
important mediator of macrophage activation (Mur-
ray, 1988). IFN-gamma also enhances the capacity
of these cells to migrate to sites of infection, phago-
cytose particles coated with 1gG and complement
(C3b) and produce microbial oxygen metabolites,
proteases and cytokines, including IL-1 and TNF
(Wilson, 1989). Treatment of NK cells with IFN-
gamma enhances NK cell activity against virally in-
fected targets (Sayers et al. 1986).
~ IFN-gamma can -also significantly alter neutrophil
function, maintaining human neutrophil phagocytic
activity, reactivating oxygen metabolite production
and microbicidal activity under conditions of in vitro
culture (Perussia et al. 1987) IFN-gamma enhances
antibody-dependent cellular cytotoxicity (ADCC)
(Hardy et al. 1989), at least in part, by the increased
expression of Fc receptors (Perussia et al. 1987).

IFN-gamma appears to play a critical role in host
defense against intracellular pathogens inlcuding vi-
ruses such as herpes viruses and a number of
nonviral agents. With experimental studies, there is
evidence that IFN-gamma has a protective role in
intracellular infection. with bacterial pathogens, in-
cluding Rickettsia {Li et al. 1987), Chlamydia tra-
chomatis (Williams et al. 1988) and Mycobacterium
tuberculosis (Khor: et al. 1986) or intracellulare
(Edwards et al. 1986), as well as parasites such as
Toxoplasma (Suzuki et al. 1988), Leishmania
(Squires et al. 1989) and Plasmodium (Ferreira et al.
1986). Clinical trials are under way to evaluate the
efficacy of interferon in the treatment of cancers,
infections and /or- immunodeficiency disorders. In
patients with lepromatous leprosy (Cooper et al.
1989) and visceral leishmaniasis (Squires et al.
1990), preliminary results of IFN-gamma treatment
are encouraging. Systemic administration has also
shown promising in patients with chronic granulom-
atous disease (Gallin et al. 1990).

There are also ongoing studies of whether IFN-
gamma treatment will reduce the incidence of op-
portunistic infections in acquired immunodeficiency
-syndrom patients (Lewis et al. 1990). In a recent re-
ports some patients with Job's syndrome-had signifi-
cant decreases in their serum lg E values after sub-
cutaneous injection of IFN-gamma and in vitro incu-
bation of the neutrophils of these patients with IFN-
gamma has been reported to enhance their chemo-
tactic responses (Jeppson et al. 1989). Future candi-
dates for therapeutic or prophylactic uses of 1FN-
gamma might include those with primary
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immunodeficiencies and neonates at risk for or with
established serious infection (Lewis et al. 1990). it is
likely that combined use of IFN-gamma, other
cytokines including interleukin-2 (Weinberg et al.
1990) and other modalities such as intravenous
immunoglobulin may be advantageous for certain
infections in immunodeficiencies (Lewis et al. 1990).

After intravenous bolus injection, recombinant in-
terferon gamma is cleared rapidly from the serum
with a half-life of 30 minutes (Kurzrock et al. 1985).
After - intramuscular or subcutaneous injection,
serum levels peak at 6 to 13 hours, and the serum
half life is prolonged to 3.5 to 7.5 hours (Thompson
et al. 1987).

The capacity of recombinant IFN-gamma to
activate the blood monocyte does not however, ap-
pear to correlate with either dose or serum level
(Murray et al. 1988). And, in humans, we do not as
yet know how little IFN-gamma is required to suc-
cessfully and persistently activate the mononuclear
phagocyte in vivo (Murray et al. 1988).

It is well known from human studies that treat-
ment with IFN-gamma may induce flu-like symp-
toms, including fever, shivering and gastrointestinal
distress leading to nausea and loss of appetite
(Kurzrock et al. 1986). But these problems are not
noted in this case.

In this cases, we don’t know the exact mecha-
nisms to explain the resolution of the interstitial
pneumonia. However, we can speculate that antivi-
ral action and activated macrophages or monocytes
through the recombinant human interferon gamma
might have exerted its effect on the interstitial
pneumonia. Though we should extend its applica-
tion to more cases of severe combined immu-
nodeficiency with interstitial pneumonia, our case
suggests a new application for interferon-gamma as
a potential corrective and therapeutic agent for in-
terstitial pneumonia in congenital immunodeficiency
disease. Furthermore, we could not observe any
side reactions of recombinant human interferon -
gamma. Further experimental data is needed but in
our experience, IFN-gamma was safely administered
for a prolonged period of time in a.child with pri-
mary immunodeficiency diseases.
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