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We studied interferon status in children during acute respiratory infections and found that it
depends on etiology, course of the disease, and individual features of the organism. The ef-
ficiency of IFN inductor anaferon (pediatric formulation) and the possibility of its application
in the therapy of children with acute respiratory infections were demonstrated.
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Recent discovery of cytokines and evaluation of their
role in the pathogenesis of diseases determine priori-
ties of these studies in various pathologies, including
influenza and other acute respiratory infections (ARI).
Evaluation of the cytokine and especially IFN status
in these diseases is of crucial importance for under-
standing of the pathogenesis of viral infections and
mechanisms responsible for complicated course of the
diseases. Information about the IFN status of the pa-
tient helps to assess adequately the course of infectious
process and to predict the outcome of the disease.
The aim of this study was to evaluate the IFN sta-
tus of children with ARI and to analyze the efficiency
of therapy with anaferon (pediatric formulation, AP).

MATERIALS AND METHODS

IFN status was determined in 412 children aging from
1 month to 18 years with influenza or ARI of other etio-
logy, patients of infectious diseases departments, and
in 140 adults (of them 99 were healthy individuals).
Therapeutic efficiency of IFN-y inductor AP was
evaluated in a double-blind placebo-controlled clinical
and laboratory trial including children admitted in a

Institute of Influenza, Russian Academy of Medical Sciences, St. Pe-
tersburg

hospital with ARI during the first 2 days of the disease.
The study was performed according to directives of the
Ministry of Health Care and Social Development and
its Pharmacological Committee. The children were ran-
domized into groups by the order of their admission to
the hospital. A total of 174 children were observed over
6 months, of them 101 received AP and 73 received
placebo. AP was administered by the following scheme:
1 tablet every 30 min over the first 2 hours and then 3
more tablets with equal time intervals during day 1 and
1 tablet 3 times a day starting from day 2.

IFN status was evaluated by the content of circu-
lating IFN-a and IFN-y, spontaneous (SP) and induced
(IP) production of IFN in vitro measured by IEA [2]
immediately after disease onset, on days 2-3, and dur-
ing early convalescence.

Etiology of the disease was determined using di-
rect immunofluorescent express-method for detection
of antigens of infectious agents in epithelial cells of
the nasal mucosa and was confirmed serologically by
IEA, complement binding reaction, and hemagglutina-
tion inhibition test [3,6].

The therapeutic efficiency of the preparation was
evaluated taking into account the duration and severity
of all symptoms of the disease: fever reaction and other
symptoms of intoxication, catarrhal symptoms in the
nasopharynx, physical changes in the lungs, and total
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duration of the acute period in patients treated with the
preparation and in children receiving placebo.

We also evaluated the effect of AP on the dynamics
of laboratory (blood and urine tests) and immunolo-
gical parameters (serum IgE and sIgA in nasal wash-
out fluid measured by IEA with standard Polygnost
kits [4]) and blood content of the main subpolulations
of immunocompetent cells (CD3, CD4, CDS8, CD16,
CD20 in the reaction of indirect fluorescence with
monoclonal antibodies); immunoregulatory index was
also calculated.

The data were processed statistically using Student
t test, the differences were significant at p<0.05 [5].

RESULTS

Analysis of IFN status in children and adults during
the first 1-2 days of ARI revealed considerable fluctua-
tion of the studied parameters even in the same age
group. The number of children with low and high I[FN
content was practically the same, whereas adult pa-
tients with high content of IFN-a and IFN-y predomi-
nated. The mean content of serum IFN-a significantly
increased with age, while the level of IFN-a in chil-
dren of the first year of life at the initial stages of the
disease was somewhat higher than in older children.
Parameters of spontaneous and induced production of
IFN-a and IFN-y increased with age in children over
1 year (Table 1).

Index stimulation of IFN production (IS IFN, ra-
tio of induced to spontaneous IFN production) more
adequately reflects activity of immunocompetent cells,

their capacity to respond to inductor by IFN produc-
tion, and characterizing reserve capacities of IFN-
producing cells. IS IFN was lower in children of the
first year of life and then slightly increased with age.
IS IFN in children aging 1-6 years was significantly
higher than in other age groups.

In children with ARI, the levels of circulating
IFN-a and its spontaneous production in vitro were
higher, while IS IFN-a was lower than in healthy
children and adults; at the same time, all parameters
of IFN-y status were lower in patients compared to
healthy children [1].

In all age groups, individuals with high SP IFN
and low IS IFN or individuals with low SP IFN and
high IS IFN predominated. The former predominated
among children of the first year of life, which attests to
insufficient IFN-producing activity of immunocompe-
tent cells in these patients compared to individuals of
other age groups. The latter predominated among chil-
dren aging 1-6 years, which attests to relatively high
IFN-producing activity of immunocompetent cells in
these children. The percent of patients with low SP
and low IS IFN-a was minor in all age groups and the
differences between these groups were insignificant.
High SP and high IS IFN were recorded only among
older children.

Evaluation of IFN status in individuals of different
age in the course of ARI showed that similarly to dis-
ease onset IFN parameters varied in a wide range and
had similar tendencies of fluctuation. The mean levels
of all parameters usually increased by the second test
and decreased by early convalescence; it should be

TABLE 1. Parameters of IFN Status in Individuals with ARI during the First Days of the Disease and in Healthy Adults

(M+m)
Patients with ARI without bronchopulmonary symptoms
IFN Healthy adults
Parameter ’
pg/mi <12 months 1-6 years 7-18 years adults (n=41) (n=99)
(n=76) (n=150) (n=186) -
Serum IFN-a 46.3+4.6 59.1£2.4* 68.7£3.2** 83.5%4.0* 30.6+1.7
In vitro produc- SP 75.4x4.9 63.9£3.2** 68.4£2.7+* 77.0£3.6 32.2£2.2
tion of IFN-a
IP 132.5%+6.6 124.1£3.7 118.7+2.3* 125.9+4.3* 239.2+5.4
Serum IFN-y 60.2+5.9 46.6+1.9* 51.9+2.3* 67.2+3.2 34.1+5.8
In vitro produc- SP 48.5%4.3 48.0%£1.9* 55.5+1.5* 67.0+£4.0* 36.6+3.2
tion of IFN-y
IP 85.2+4.6 101.1£3.2* 101.6+£3.2* 110.0x4.7* 357.4%£13.2
IS IFN-a 2.0%0.1 2.7+0.2* 2.4+0.1* 1.9+0.3 7.3x0.3
IFN-y 2.0+0.2 2.9+0.2+* 2.4+0.3 2.1+0.3 9.9+1.7

Note. p<0.05 compared to: *children of the first year of life; *adults with ARI.
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noted that in children with ARI these parameters were
always lower than in adults and healthy children of the
corresponding age.

The highest serum content of IFN-a and IFN-y
(71.944.7 and 58.3+4.3 pg/ml, respectively) and high
IS IFN were revealed in children with ARI without
bronchopulmonary symptoms, while the lowest values
were observed in pneumonia (53.0+4.7 and 39.04+5.4,
pg/ml, respectively); the differences were significant
(p<0.05; Fig. 1). IS IFN-a and IS IFN-y were signifi-
cantly lower in children with ARI and involvement of
the lower part of the respiratory tract, which attests to
impaired resistance of the organism, i.e. the severity of
the involvement of the respiratory tract to a certain ex-
tent depends on activity of immunocompetent cells.

Pneumonia and bronchitis were more often ob-
served among children with initially low levels of SP
and IS IFN-a, while 90.9% children with high SP (>50
pg/ml) and IS IFN-a (>2.0) had ARI without bron-
chopulmonary symptoms and only 9.1% had bronchi-
tis. Thus, low IS IFN and reduced baseline SP IFN are
prognostically unfavorable markers of ARI course in
children. The initial serum level of IFN and cell capac-
ity to IFN induction correlated with the severity of the
involvement of the respiratory tract (»=0.43, p<0.05).

The capacity of viruses to induce IFN production
was different. The initial content of serum IFN-a and
IFN-y and initial values of IS IFN-a and IS IFN-y in
children with rhinosyncytial, coronavirus, and myco-
plasma infections were lower than in influenza infec-
tion.

The IFN-producing capacity of immunocompetent
cells in ARI patients also depended on the premorbid
background. Lower parameters of the [FN status were
observed in any background pathology, in particular
in sickly children and in children with unfavorable
history of allergic pathologies and chronic infections.
In sickly children with a history of allergic diseases,
induced and serum IFN-a and IFN-y production was
lower than in individuals without pathologies. This
tendency was seen over the course of the disease, but
in sickly children IP of IFN-a remained practically
unchanged by days 3-4 of the disease, in contrast to
children with a history of allergic diseases and chronic
pathologies, in whom this parameter considerably in-
creased.

The mean duration of the main clinical symp-
toms in patients with ARI without bronchopulmonary
disturbances was significantly lower in individuals
with high serum level of IFN-a. High IFN-producing
activity of cells (high IS IFN) was associated with less
pronounced intoxication syndrome and more rapid
convalescence (Fig. 2).

Influenza monoinfection was diagnosed in 1/3
cases in both AP and placebo groups, other children
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Fig. 1. The severity of involvement of the respiratory tract in patients
with different SP and IP of IFN-a. a) 1S<2.0; b) 1S>2.0. 1) low SP
(<50 pg/ml); 2) high SP (>50 pg/ml).

had mono- and mixed infection of another etiology.
Three antigens predominated: influenza virus of differ-
ent serotypes, adenovirus, and coronavirus infection.

Administration of AP reduced the duration of fe-
ver, intoxication symptoms, and catarrhal symptoms in
the nasopharynx and in the lungs, and shortened the
duration of the disease compared to the corresponding
values in the control group (Table 2).

In children receiving AP, the content of IFN of
all types was elevated on day 2 of treatment com-

TABLE 2. Therapeutic Efficiency of AP in ARI (M+m)

Duration of clinical
symptoms, days
Symptom
placebo _
(n=73) AP (n=101)
Fever 3.7£0.1 2.3£0.1~
Intoxication 4.3+0.2 3.65+0.2*
Catarrhal syndrome in
nasopharynx 5.1£0.3 3.9£0.2*
lungs 5.8+0.1 4.8+0.2*
Syndrome of bronchial 2.7+0.4 2.2+0.2*
obstruction
Acute period 5.2+0.2 4.3+0.2*
of the disease

Note. *p<0.05 compared to placebo group.
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Fig. 2. Course of ARI in low (a) and high (b) SP and IS of IFN-a. <2.0 (dark bars) and >2.0 (open bars), respectively. 1) acute period of

the disease; 2) catarral syndrome; 3) intoxication; 4) fever.

pared to children of the placebo group. The levels
of IP for IFN-a and IFN-y increased by 1.2 and 1.7
times, respectively, compared to the placebo group,
where this parameters remained virtually unchanged.
During early convalescence, the content of IFN of
all types decreased, but still surpassed the level ob-
served in the control groups. In children receiving
AP, IS IFN-a significantly increased by the third mea-
surement (2.8+0.3 pg/ml and 1.84£0.4 pg/ml, p<0.05),
which attests to sufficient IFN-inducing capacity of the
preparation promoting normalization of IFN status and
more rapid convalescence. Maximum efficiency of AP
was noted in children with low SP IFN-a and high IS
IFN-a (duration of the acute period decreased by 1.6
days); minimum efficiency was observed in individu-
als with high SP IFN-o and high IS IFN-a (duration
of the acute period decreased by 1.1 days), which can
be explained by less severe course of the disease in
these patients. In children with low SP IFN-a and low
IS IFN-a, the efficiency of IFN inductor was minor.

The imbalance in subpopulation composition of
immunocompetent cells (CD3, CD4, CDS, CDI16,
CD20) caused by the infectious process returned to
normal; the number of children with normal immuno-
regulatory index increased by 2.3 times.

Administration of AP induced no undesirable ef-
fects, including allergic reactions, which was confir-
med by laboratory tests, in particular, by a decrease
in the mean serum content IgE during the observation
period.

As soon as on days 2-3 of treatment with AP, viral
antigens in the nasal meatuses were detected in 41%

children (vs. 60% in the control); this prevented the
development of complications and nosocomial ARI,
which were more frequently observed in children of
the placebo group (by 3 times). Therapy with AP led to
recovery and even elevation of the reduced content of
slgA in 65.7% cases (vs. 25% in the placebo group).
Thus, AP can be recommended for children with
ARI. The use of IFN inductors is more substantiated in
children with initially low SP IFN and high IS IFN-a
(children aging 1-6 years and children with chronic
infections and a history of allergic diseases).
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