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a b s t r a c t

The military population has a high disease burden of acute viral respiratory infections in China. To assess
the efficacy and safety of a low-dose recombinant human interferon �-2b (rIFN�-2b) nasal spray in
preventing acute viral respiratory infections in military population, we performed this randomized con-
ccepted 26 March 2010
vailable online 13 April 2010

eywords:
ecombinant human interferon �-2b
andomized controlled trial

trolled trial. The results showed that application of the rIFN�-2b nasal spray had the benefits in prevention
of infections caused by influenza A virus, influenza B virus parainfluenza viruses 1–3 and adenovirus
species B. However, no benefit was seen in preventing respiratory syncytial virus. No severe adverse
events were reported. Therefore, the rIFN�-2b nasal spray was effective and well tolerated for preventing
common viral respiratory infections in the military recruits.
iral respiratory infection
asal spray

. Introduction

Acute respiratory tract infections are flourishing in closed and
rowded environments. Military recruits are prone to outbreaks
f acute respiratory tract infections because of their crowded liv-
ng conditions in barracks, stressful work environments, frequent
ravels and exposure to novel strains of respiratory pathogens
1–3]. Over 90% of acute respiratory tract infections are caused by
iruses, such as influenza virus, parainfluenza virus, respiratory
yncytial virus, rhinovirus, adenovirus and coronavirus. Though
ost of viral respiratory infections usually represent mild, self-

imited clinical manifestations, they are leading causes of morbidity
n certain groups or populations (e.g., children, military population)
nd remain a heavy burden of disease [4,5]. In history, the famous
Spanish influenza” initiated from army recruits in 1916 [6]. In
976, the novel A/New Jersey/76 (Hsw1N1) influenza virus caused
evere respiratory illness in soldiers at Fort Dix [1]. Adenoviruses
ave been the most important cause of febrile acute respiratory
isease in US military recruit populations [7]. In China, a compre-

ensive surveillance systems for influenza in military population
howed that the average incidence of influenza was 1.4 episode
er person-year from 1995 to 2000 [8]. Viral respiratory infections
ave become one of the most actual health problems in military
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population. Therefore, it is necessary to seek reasonable and effec-
tive measures to prevent outbreaks and epidemics of acute viral
respiratory infections among military population.

Interferons (IFNs) are a family of cytokine mediators that are
critically involved in alerting the cellular immune system to viral
infections of host cells [9]. The previous studies have suggested
that high dosage of intranasal interferons can prevent respiratory
infections caused by viruses, such as influenza virus, rhinovirus,
coronavirus and respiratory syncytial virus [10–14]. However, the
major problem is higher frequency of local side effects such as
mucosal irritation, dry mucous membranes, blood-tinged mucus
and nasal mucosal erosion [15–17]. Recently, YUANCE Medicine
Company (Beijing, China) has developed a low-dose recombinant
human interferon �-2b (rIFN�-2b) nasal spray in order to reduce
adverse reactions. To evaluate the efficacy and safety of this new
nasal spray in preventing acute respiratory infections in military
population, we performed this randomized, placebo-controlled,
double-blind trial.

2. Materials and methods

2.1. Subjects
From November 2005 to December 2005, we did a randomized,
placebo-controlled, double-blind, multi-center trial in the military
trainees from 12 recruit training units in three geographically dis-
tinct cities in China (Guangzhou city and Foshan city in Guangdong

http://www.sciencedirect.com/science/journal/0264410X
http://www.elsevier.com/locate/vaccine
mailto:qingchen@fimmu.com
dx.doi.org/10.1016/j.vaccine.2010.03.062
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rovince, Liuzhou city in Guangxi province). Candidate subjects
ere male recruits who aged 16–23 years, and finished army phys-

cal fitness examination. They were not admitted to the study if any
f the following criteria were present: (1) on regular medical treat-
ent or took other medications within two weeks, (2) history of

erious allergies (e.g., asthma, urticaria, and eczema), (3) history of
utoimmune disorders, (4) psychiatric disorders, and (5) acute or
hronic illnesses. All candidates were observed two weeks before
nrolling into the study, in order to screen eligible subjects. A total
f 1500 trainees from three areas enrolled the trial initially. After
he screening had been completed, 1449 eligible recruits remained
n the subject pool. All participants understood the implications of
he study, and provided informed consents.

The study was conducted during the basic training period of
ew military recruits at 12 recruit training units located in different
istricts. There were 120–150 new recruits in each independent
raining unit. All the trainees lived in barracks during a three-month
raining. Eight to 10 recruits shared a quarters room about 30 m2.

.2. Intervention

Participants in the experimental group received the rIFN�-2b
asal sprays, the metered spray device delivered 0.1 ml (3 × 105 IU
f rIFN�-2b) per spray into each nostril and throat, that was a
otal of 9 × 105 IU of rIFN�-2b for each administration. The spray
elivered twice daily after breakfast and supper respectively for
ve consecutive days. The control group was given placebo in the
anner identical to the experimental group. The placebo contained

omponents which were similar to the drug except rIFN�-2b. Par-
icipants were given instructions on when and how to use the
prays. Each nostril and pars laryngea pharyngis should be sprayed
ith breathing deeply. The rIFN�-2b nasal spray and placebo were

tored at 4–8 ◦C at health clinics of training units. All subjects were
ollowed up and observed for clinical signs and manifestations
f respiratory infections for 10 days. Local symptoms (e.g., sore
hroat, dry pharynx, cough, nose running, sneezing, nose conges-
ion), systemic symptoms (e.g., malaise, myalgia, headache, nausea,
bdominal pain, diarrhea) and axillary temperature were recorded
aily during the observed period. Severe adverse reactions (such
s allergy, epistaxis, and nasal mucosa erosion) or complications
hould be reported immediately. Once the adverse reactions had
ccurred, subjects would stop the experiment and be given suitable
reatments.

.3. Sample size

Assuming a 18% viral respiratory infections attack rate in the
roup that received placebo and a 8% attack rate in the group that
eceived rIFN�-2b nasal spray (based on the data obtained from
ur preliminary studies) and assuming that sufficient data would
e collected for 90% of the cases to be included in the according-
o-protocol population, we calculated that a sample of 508 recruits
er group would provide more than 90% power to demonstrate the
uperiority of the rIFN�-2b nasal spray at a significant difference
evel of 0.01 (two tailed).

.4. Randomization and blinding

A list of random numbers allocating to the each spray canister
as determined via computer-generated randomization. The gen-

ration of randomized numbers and labeling of the spray canisters

ere performed by the third party (National Institute for Viral Dis-

ase Control and Prevention, China Center for Disease Control and
revention) of this study. Participants were sequentially allocated
o the treatments in the order in which they were recruited, i.e., the
rst person who was eligible for inclusion was given spray number
(2010) 4445–4451

1, the second one spray number 2, and so on. When allocated, each
participant’s name was added to the label details on the spray con-
tainer. The sequence was concealed until the data were analyzed.
Both participants and researchers were blind to group assignment.
Once accuracy of the data were confirmed, the database would be
forwarded to the statistician who, only at this time, was supplied
with the randomized list.

2.5. Follow-up and evaluation

Case report forms (CRF) consisted of subject demographics data,
medical history, respiratory infection symptoms, adverse reactions
including local reactions and systemic reactions and concomitant
medications from the time that the spray was administered until
10 days later. Participants were given a diary CRF to record the
spray administration, clinical signs and manifestations of respira-
tory diseases, adverse effects they might have experienced, and
other medications they might have taken. Observers visited the
participants daily and recorded severe adverse events, including
high fever (axillary temperature, ≥39.0 ◦C), allergy, epistaxis, nasal
mucosa erosion and hemafecia.

Serum samples for assessment of viral respiratory infections
were collected on the days 0 and day 15 after the administration.
ELISA (enzyme-linked immunosorbent assay) kits (Shenzhen Scia-
rray Biotech Co. LTD) were used to test IgM antibodies against
adenovirus species B (ADV), respiratory syncytial virus (RSV),
influenza A virus (Flu-A), influenza B virus (Flu-B), and parain-
fluenza viruses 1–3 (PIV 1–3). Coating antigens used in the kits were
prepared from adenovirus (Strain adenoid 6), respiratory syncytial
virus (RSV Long Strain), influenza A virus (H3N2, Strain A/Texas
1/77), influenza B virus (Strain HongKong 5/72), parainfluenza virus
type 1(Strain VP1), parainfluenza virus type 2 (Strain Greer) and
parainfluenza virus type 3 (Strain C243). The operating procedures
of ELISA were according to the manufacturer’s instructions. Briefly,
100 �l of 1:40 diluted serum specimens was applied to each well of
the microtiter plate, the positive and negative standards (provided
by the manufacturer) and blank control (dilution solution) were
running with each plate to ensure accuracy, then the plate was
incubated for 30 min at 37 ◦C. The specimen was removed and the
plate was washed four times by washing solution. Anti-human IgM
(�-chain specific) conjugated to horse radish peroxidase was added
and incubated for 30 min at 37 ◦C. The plate was washed four times
again. TMB (3,3′,5,5′-tetramethylbenzidine) solution was added to
each well and incubated for 15 min. The reaction was stopped by
adding 100 �l stop solution (2M H2SO4) to each well and the optical
density (OD) value at 450 nm was determined with an ELISA reader.
Serum specific-IgM antibodies were defined as positive if OD 450
values were greater than two fold negative standard.

We compared the positive rates of the viral IgM antibodies
between two groups. The subject whose serum IgM against any
of five viruses was positive on the initial administration (day 0)
was excluded for serological analysis. The recruit whose antibody
was negative on day 0, positive on day 15 after the administration,
was considered as having a recent infection with the corresponding
virus. Serum specimens were collected from 1449 participants and
detected for antibodies against three viruses (Flu-A, Flu-B and PIV1-
3), among which 548 of specimens were detected for antibodies
against five viruses (ADV, RSV, Flu-A, Flu-B and PIV1-3).

2.6. Statistical analysis
All study data were checked for range and consistency, and were
double entered into databases. Data of antibodies were entered
into Microsoft Excel 2003, while CRF and adverse events data were
entered into Epidata3.1.



L. Gao et al. / Vaccine 28 (2010) 4445–4451 4447

F an in
r

s
t
r
c
A
e
p
P
t
(
e
(
a
N
A

2

r
c
b
a
s

3

3

t
s
d
w

ig. 1. The flow chart of the randomized controlled trial of the recombinant of hum
ecruits.

All analyses were performed by using the SPSS 13.0 statistical
oftware package. A descriptive statistical analysis was carried out
o compare the baseline characters between two groups. Infection
ates and adverse events were analyzed by �2 test. For the statisti-
al analysis of body temperature parameters, a repeated measures
NOVA model was used. The level of statistical significance was
stablished as p < 0.05. Meanwhile, intention-to-treat (ITT) and
er protocol (PP) analysis were performed as the assessment.
arameters for assessment of benefits or harms of the interven-
ion included: the rate at which events occur in the control group
the control event rate, CER), the rate at which events occur in the
xperimental group (the experimental event rate, EER), relative risk
RR), absolute risk reduction (ARR), relative risk reduction (RRR),
nd number needed to treat (NNT). Measures of RR, RRR, ARR and
NT were determined as these following formulae: RR = EER/CER,
RR = CER–EER, RRR = ARR/CER, NNT = 1/ARR [18].

.7. Ethical approval

The research protocol was followed to the tenets of the Decla-
ation of Helsinki and the Guidelines for Good Clinical Practice. The
linical trial (protocol number 2003L01500) was officially approved
y State Food and Drug Administration, PR China in April 2003, and
lso approved by Ethical Committee of Southern Medical Univer-
ity.

. Results

.1. Recruitment and participant flow
Of 1500 recruits screened, 1449 recruits were eligible for the
rial criteria. They were randomized to receive either treatment
prays (n = 721) or placebo control sprays (n = 728) twice daily for 5
ays. During the trial, 12 recruits were lost to follow-up, among
hich, 6 in the experiment group and 6 in the control group.
terferon �-2b nasal spray to prevent acute viral respiratory infections in military

Another 7 subjects dropped off the study due to they were afraid
of adverse events psychologically and quit the trial by themselves.
Subjects who completed the study are shown in Fig. 1.

3.2. Baseline data

All subjects were male, recruited from different provinces, such
as Guangdong, Guangxi, Hubei, Liaoning, Shandong. The mean
age of subjects was 18.07 ± 1.05 years (range 18–23 years). The
differences of age, educational level and other demographic char-
acteristics were not statistical significance between two groups
(Table 1). Compliance rates between two groups were not sta-
tistically significant different, which the experimental group was
99.03% and the control group was 98.35% (p = 0.257).

3.3. Effect assessment

The positive rates of IgM antibodies against the viruses in
recruits whose were negative before the intervention are summa-
rized in Table 2 (pp analysis) and Table 3 (ITT analysis). IgM positive
rates of anti-ADV, anti-Flu-A, anti-Flu-B, and anti-PIV in the control
group (CER) were significantly higher than that in the experimen-
tal group (EER) (p < 0.05) during the observational period. Although
positive rate of anti-RSV IgM in the experimental group was higher
than that in the control group, no significant difference was found.
Values of RR were less one and their 95% confidence intervals (95%
CI) did not cross one except for RSV that the 95% CI included one
(Table 4). The results indicate that the risk of developing viral res-
piratory infections is less in the treatment group than that in the
control group.
The PP analysis exhibited that RRRs (i.e., protection rates) of the
rIFN�-2b against ADV, RSV, Flu-A, Flu-B and PIV1-3 were 59.4%
(95% CI: 0.1–83.5%), 72.1% (95% CI: −35.6% to 94.3%), 76.4% (95%
CI: 63.7–84.7%), 76.2% (95% CI: 61.2–85.4%), and 77.4% (95% CI:
63.2–86.1%), respectively (Table 4). Except for RSV, application of
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Table 1
Baseline characteristics of participants.

Experimental group (n = 721) Control group (n = 728) Test statistics p

Age, Mean ± SD (years) 18.08 ± 1.06 18.07 ± 1.05 t = 0.188 0.851

Race
Minority 55 58 �2 = 0.058 0.81
Han people 666 670

Educational level
Middle school 215 237 �2 = 0.1686 0.43
High school 471 462
College 35 29

Native place
Southern 238 245 �2 = 0.068 0.799
Northern 483 483

Household registered
Countryside 396 406 �2 = 0.105 0.746
City 325 322

Incompliant rate, N (%) 7 (0.97%) 12 (1.65%) �2 = 1.258 0.257

Table 2
The detection of specific serum IgM antibodies to five viruses in the per protocol analysis.

Viruses Experimental group Control group �2 p

Total, N Positive of serum IgM, N (%) Total, N Positive of serum IgM, N (%)

ADV 229 7 (3.1) 236 17 (7.2) 4.083 0.043
RSV 251 2 (0.8) 250 7 (2.8) 1.827 0.177
Flu-A 466 30 (6.4) 452 102 (22.6) 48.480 0.000
Flu-B 514 22 (4.3) 512 81 (15.8) 37.824 0.000
PIV1-3 537 22 (4.1) 535 85 (15.9) 41.469 0.000

Table 3
The detection of specific serum IgM antibodies to five viruses in the intention-to-treat analysis.

Viruses Experimental group Control group �2 p

Total, N Positive of serum IgM, N (%) Total, N Positive of serum IgM, N (%)

ADV 234 7 (3.0) 240 17 (7.1) 4.127 0.042
255
460
520
545

t
F
A
(
a
(
j
o
t
o
5
(
C
5

3.4. Safety assessment

T
P

E
n

RSV 256 2 (0.8)
Flu-A 472 30 (6.4)
Flu-B 519 22 (4.2)
PIV1-3 544 22 (4.0)

he rIFN�-2b decreased significantly the infection rates for ADV,
lu-A, Flu-B and PIV1-3 in the subjects. The NNTs of preventing
DV, RSV, Flu-A, Flu-B and PIV1-3 were 24(95% CI: 12.1–446.2), 50

95% CI: −313.6 to 23.1), 7 (95% CI: 4.9–8.6), 9 (95% CI: 6.6–12.6)
nd 9 (95% CI: 6.5–12.1), which meant that 24 (12.1–446.2), 50
−313.6 to 23.1), 7 (4.9–8.6), 9 (6.6–12.6) and 9 (6.5–12.1) sub-
ects should be administrated with the rIFN�-2b nasal spray in
rder to prevent one case of the viral respiratory infection, respec-
ively. The ITT analysis exhibited that RRRs (i.e., protection rates)
f the rIFN�-2b against ADV, RSV, Flu-A, Flu-B and PIV1-3 were

9.5% (95% CI: 0.6–83.5%), 72.1% (95% CI: −35.6% to 94.3%), 76.8%
95% CI: 64.3–84.9%), 77.0% (95% CI: 62.6–85.9%), and 77.5% (95%
I: 63.5–86.1%), respectively, NNTs were 25 (95% CI: 12.5–553.9),
1 (95% CI: −319.3 to 23.6), 7 (95% CI: 4.8–8.4), 8 (6.1–11.3) and 9

able 4
rotective effects of the rIFN�-2b nasal spray against viral respiratory infections (per pro

Viruses EER (%) CER (%) RR (95% CI) A

ADV 3.1 7.2 0.406 (0.165–0.999)
RSV 0.8 2.8 0.279 (0.057–1.356)
Flu-A 6.4 22.6 0.236 (0.153–0.363) 1
Flu-B 4.3 15.8 0.238 (0.164–0.388) 1
PIV1-3 4.1 15.9 0.226 (0.139–0.368) 1

ER: experimental event rate; CER: control event rate; RR: relative risk; ARR: absolute ri
eeded to treat.
7 (2.8) 1.826 0.177
104 (22.6) 49.988 0.000

84 (16.2) 40.251 0.000
86 (15.8) 41.971 0.000

(95% CI: 6.6–12.1), respectively (Table 5). The results showed that
the PP analysis was consistent with the ITT analysis.

To sum it up, protective efficacy of the rIFN�-2b against four
viruses arranged in descending order was Flu-A, PIV1-3, Flu-B, ADV.
However, there was a 95% certainty that the rIFN�-2b had no effect
for RSV because the 95% confidence intervals for the RR, RRR and
NNT extended from a negative number (treatment may harm) to a
positive number (treatment may benefit) (Tables 4 and 5).
No participants withdrew from the trial due to intolerance of
the spray. None of the participants were found to have allergy,
high fever, nasal mucosa erosion or hemafecia during the follow-up

tocol analysis).

RR (%) (95% CI) RRR (95% CI) NNT (95% CI)

4.1 (0.2–8.6) 0.594 (0.001–0.835) 24 (12.1–446.2)
2.0 (−0.3 to 4.3) 0.721 (−0.356 to 0.943) 50 (−313.6 to 23.1)
6.1 (11.7–20.6) 0.764 (0.637–0.847) 7 (4.9–8.6)
1.5 (7.9–15.2) 0.762 (0.612–0.854) 9 (6.6–12.6)
1.79 (8.3–15.3) 0.774 (0.632–0.861) 9 (6.5–12.1)

sk reduction; RRR: relative risk reduction (equal to protective rate); NNT: number
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Table 5
Protective effects of the rIFN�-2b nasal spray against viral respiratory infections (intention-to-treat analysis).

Viruses EER (%) CER (%) RR (95% CI) ARR (%) (95% CI) RRR (95% CI) NNT (95% CI)

ADV 3.0 7.1 0.405 (0.165–0.994) 4.1 (0.2–8.0) 0.595 (0.006–0.835) 25 (12.5–553.9)
RSV 0.8 2.7 0.279 (0.057–1.356) 2.0 (−0.3 to 4.2) 0.721 (−0.356 to 0.943) 51 (−319.3 to 23.6)
Flu-A 6.4 22.6 0.232 (0.151–0.357) 16.3 (11.8–20.7) 0.768 (0.643–0.849) 7 (4.8–8.4)
Flu-B 4.2 16.2 0.230 (0.141–0.374) 12.6 (8.9–16.3) 0.770 (0.626–0.859) 8 (6.1–11.3)
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PIV1-3 4.0 15.8 0.225 (0.139–0.365)

ER: experimental event rate; CER: control event rate; RR: relative risk; ARR: abso
eeded to treat.

bservational period after administration. We found some flu-like
ymptoms including cough, sneeze, nose congestion and nose run-
ing were slightly higher in the drug group than those in the control
roup in the period of administrating the nasal sprays, particularly
uring the second to fourth days of the experiment, however, the
ifferences were not significant (p > 0.05). The incidence rates of
pistaxis in the treatment group were low, with from 1.2% (9/721)
o 6.2% (45/721) during the period of administration, although the
ccurrences were significant higher in the treatment group than
hat in the control group on the third day (5.9%, 43/721, versus 2.1%,
5/728, p < 0.001) and the fourth day (6.2%, 45/721, versus 2.9%,
1/728, p = 0.003). The occurrence of dry pharynx was significantly
igher in the treatment group than that in the control group during
he whole drug administration period (21.3–31.9% in the treatment
roup, 12.1–20.7% in the control group). Average incidences of dry
harynx and epistaxis were higher in the experimental group (dry
harynx 27.94%, epistaxis 4.6%) than those in the control group
dry pharynx 16.16%, epistaxis 2.58%) (p < 0.05) during the follow-
p period (Table 6). The peak of these symptoms was found during
he first 5 days, thereafter declined. Both of the experimental group
nd the control group had high rates of myalgia (37.80%, 39.50%),
rthralgia (21.50%, 21.44%). These symptoms happened after high
ntensity training and without significant difference between the
wo groups.

. Discussion

Viral respiratory infections are caused by a variety of viruses,
mong which there are approximately 200 known ones includ-
ng a vast number of serotypes, and undergo frequent changes

n antigenicity [19]. Although several vaccines against respiratory
iruses to prevent the infections have been proved useful in mil-
tary populations [7,20–22], progress has been extremely slow.
urthermore, not all kinds of viral etiological respiratory infections
ave been available for specific prevention and still have unknown

able 6
omparison of the incidences of clinical features between the experimental group
nd the control group.

Symptoms ARC (%) ART (%) RR RR 95% CI �2 p

Cough 10.94 11.62 1.06 0.79–1.418 0.158 0.691
Productive cough 10.44 11.52 1.10 0.82–1.479 0.426 0.514
Sneezing 8.46 8.94 1.06 0.76–1.481 0.059 0.808
Congested nose 16.3 17.46 1.07 0.85–1.346 0.329 0.566
Running nose 24.54 27.94 1.14 0.96–1.356 2.027 0.155
Dry pharynx 16.16 27.46 1.70 1.39–2.077 26.901 0.000
Sore throat 7.82 8.88 1.15 0.82–1.627 0.519 0.471
Epistaxis 2.58 4.60 1.85 1.06–3.226 4.051 0.044
Headache 3.32 2.88 0.84 0.47–1.509 0.178 0.674
Malaise 11.08 10.40 0.93 0.69–1.259 0.198 0.657
Abdominal pain 2.66 2.64 1.01 0.54–1.892 0.001 0.976
Diarrhea 4.34 4.20 0.98 0.60–1.60 0.049 0.825
Myalgia 39.50 37.82 0.96 0.84–1.09 0.439 0.507
Arthralgia 21.44 21.50 1.00 0.82–1.22 0.001 0.974
Rash 1.28 1.08 0.79 0.29–2.09 0.050 0.823

RC: adverse event rate of control group; ART: adverse event rate of experimental
roup; RR: ART/ARC.
.8 (8.3–15.2) 0.775 (0.635–0.861) 9 (6.6–12.1)

sk reduction; RRR: relative risk reduction (equal to protective rate); NNT: number

pathogens. In the recent decade, several novel respiratory viruses
which caused serious illness have been identified, such as human
metapneumovirus (Hmpv), new SARS-coronavirus (SARS-CoV) that
associated with severe acute respiratory syndrome (SARS), H5N1
flu virus and novel H1N1 virus, which increase the difficulty of the
immunological prevention for viral respiratory infections. In the
past years, researchers found that IFN-� showed an inhibitory effect
for SARS-CoV in vitro and in vivo [23–25]. Therefore, it suggests the
potential benefits of IFN-� in preventing and controlling viral res-
piratory infections in specific population groups and in epidemic
period.

The common viral respiratory infections possess similar
clinical signs and symptoms without special clinical manifesta-
tions, explicit diagnosis only depends on pathogen examination.
Although isolation of virus from patients is the strongest evidence
for confirming viral respiratory infections, the diagnostic proce-
dures are complex and time-consuming because of the wide range
of viruses, especially in a large sample epidemiological study. In
addition, respiratory viruses are frequently detected in respiratory
tract secretions samples from healthy people [26,27]. The determi-
nations antibodies against respiratory viruses by comparing acute
and convalescent serum specimens in infective people may some-
times be helpful to confirm a specific causative infection. Serum
specific IgM against virus is a sensitive indicator of a recent onset
of viral infection, thus, we used specific serum IgM as surrogate
outcome variables to evaluate the preventive effects of the rIFN-�
2b for acute viral respiratory infections in this study.

The RR, RRR and ARR are common parameters used in report-
ing randomized clinical trials and epidemiological field trails. The
RR is a ratio of the probability of the event rate occurring in the
exposed (or experimental) group (EER) versus a non-exposed (or
control) group (CER). In interventional trials, if the treatment arm
is effective in preventing disease then the RR will be less than one,
and vice versa. The RRR is the percent reduction in events in the
EER compared with the CER. In other word, the RRR presents the
percentage of the risk that has been reduced by the intervention in
the control group. The ARR is the arithmetic difference in the event
rate between treatment group and control group. In interventional
trials, if the treatment arm is effective in preventing disease then
ARR will be positive quantity, on the contrary, if the treatment arm
is harm, ARR will be negative. RR and RRR can be used to quan-
tify the relative magnitude of the protective (treatment) effects.
The ARR can be used to measure the absolute difference in event
rates between two populations. Therefore, ARR is considered as a
more intuitive measure than RR and RRR. These years, the number
needed to treat (NNT) has become a widely used index for inter-
preting the magnitude of treatment benefits or harms. The NNT is
the inverse of the ARR. It represents the expected number of per-
sons who must be treated with an intervention in order to prevent
one additional adverse outcome event (or, depending on the con-

text, to expect one additional beneficial outcome), compared to the
expected event rates under the control. That is to say, the smaller
the NNT, the more effective the treatment. Therefore, besides RR,
RRR and ARR, we used the NNT to express the size of efficacy of the
rIFN�-2b in the present analysis.
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In our study, serological detection exhibited that serum posi-
ive rates of IgM antibodies against the five viruses were higher in
he control group than those in the experimental group on the 15th
ay of the administration. In ITT analysis, highly antiviral effects for
lu-A, Flu-B and PIV1-3 were seen, all with the RR of <1 and the RRR
i.e., protective rates) of >70%. A protective effect also was seen for
DV, with the RR of <1 and the RRR of 59.5%. However, there were
ide range of 95% confidence intervals of the RR (0.165–0.999)

nd RRR (0.6–83.5%), which indicated the low reliability. No cer-
ain effect was found for RSV. Although the RR was less than 1
nd RRR = 72.1%, the 95% CI ranges of RR (0.057–1.356) and RRR
−35.6% to 94.3%) were very wide and included null values (RR
5% CI included 1, RRR 95% CI included negative). Because of small
ize samples for detecting serum ADV antibodies and RSV antibod-
es and less people of anti-ADV and anti-RSV IgM positive in both
roups and a very wide confidence interval of protection rates in
DV and RSV, we considered that the sample of this study was not
nough for assessing preventive effects of the rIFN-�2b for these
wo viruses.

In the ITT analysis of the study, NNT values were 7 (95% CI:
.8–8.4), 8 (95% CI: 6.1–11.3) and 9 (95% CI: 6.6–12.1) for Flu-A, Flu-
and PIV1-3 infections respectively, which meant 7, 8 and 9 people
eed to administrate the rIFN-�2b to prevent one infection with
elevant virus. The NNT for ADV was 25 (95% CI: 12.5–553.9), which
ndicated that the benefits of preventing ADV infection with the
IFN-�2b may be less than above infections with any three viruses
bove. The NNT for RSV was 50 (95% CI: −313.6 to 23.1), which indi-
ated no effect in preventing RSV infection among recruits with the
IFN-�2b nasal spray.

ITT analysis is a method of analysis for randomized trials in
hich all subjects randomly assigned to one of the treatments

re analyzed together, regardless of whether they completed or
eceived that treatment or not. On the other hand, PP analysis is
method based only on those patients who complete the entire

reatment protocol. In this study, similar results were observed for
ubjects in the ITT and PP populations, which indicated no signifi-
ant missingness and protocol deviation.

On the whole, the intranasal rIFN�-2b with relative low dose
nd short term administration (1.8 ×106 IU daily for five days) was
ell tolerated. Most of the clinical features reported were com-
arable between the control and the experimental groups. Except
pistaxis, no other known severe adverse events (such as allergy,
igh fever, nasal mucosa erosion and hemafecia) of the intranasal

nterferon were reported during the trial. The RRs of dry phar-
nx and epistaxis were 1.70 (95% CI: 1.39–2.08) and 1.85 (95%
I: 1.06–3.23), respectively, which indicated that dry pharynx and
pistaxis might be linked to the interferon. However, the incidence
f epistaxis was low and the clinical signs were mild and transitory
n present study. The results are the same as our previous study
28] and the risk is much lower than that appraised and summa-
ized in evidence-based medicine (OR = 4.52, 95% CI = 3.78–5.41) by
efferson and Tyrrell [29].

In summary, this randomized controlled trial suggested that the
ecombinant human interferon �-2b nasal spray can be used to
revent common acute viral respiratory infections caused by Flu-
, Flu-B, PIV1-3 and ADV and was generally well tolerated among
ilitary recruits. However, the limitations of this trial may be found

n sampling and sample size. All subjects enrolled were healthy and
oung male recruits, so it may be difficult to extrapolate the con-
lusion to other populations. The sample was not large enough for
valuating the effects for ADV and RSV infections which had rela-

ive low incidence in the army recruits. The efficacy of preventing
iral respiratory infections by the rIFN�-2b nasal spray should be
valuated further in different population groups, such as children
nd the elderly, and more samples should be involved in the further
tudy.
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