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Abstract. Aim. To compare the safety and prophylactic efficacy of Cytovir-3 and Arbidol in an open-label randomized
clinical trial in children at seasonal risk of infectious respiratory disease. Methods. This study was performed in the period
preceding a seasonal outbreak of acute respiratory viral infections (ARVI) and influenza. The study enrolled apparently
healthy children aged 6 to 18 years without contra-indications to either Cytovir-3 or Arbidol. Cytovir-3 was given as 1 cap-
sule per day, each day in a fasted state for 12 days. Arbidol was taken as a 100 mg capsule twice a week for three weeks.
Following dosing, subjects were followed-up for a further three weeks. Overall health and presence of clinical symptoms
of either ARVI or influenza were monitored daily in all subjects. The level of sIgA in saliva was baselined before treatment
and measured at the end of the follow-up period. Results. Most subjects did not exhibit any change in overall health status
during the dosing and follow-up periods. The first two cases of illness in subjects receiving Cytovir-3 were diagnosed at
the end of the third week after completion of dosing. In those subjects receiving Arbidol the first cases of illness were re-
ported at the end of the second week following the end of prophylactic dosing. All patients displayed a significant increase
in sIgA level at the end of the dosing period, but this was more pronounced in the Cytovir-3 group. Conclusion. The results
of the open comparative randomized study drugs Cytovir-3 and Arbidol confirmed the safety and tolerability of both
medications, and that the prophylactic efficacy of Cytovir-3 is equal to that of Arbidol.
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CE30HHOI BCIBILIKE OCTPBIX PECITMPATOPHBIX BUPYCHBIX MH(PEKUMI 1 rpuria. B uccienoBaHuu NpuHUMaIK yyacTue
MPaKTUYECKM 3M0POBBIE AETH B BO3pacTe OT 6 10 18 jieT, He MMeBIIMe MPOTUBOMOKA3aHMT K HAa3HAUSHUIO MPETapaToB
HutoBup-3 u Apounon. Llutosup-3 HazHauas u 1o 1 Kancyse HaToulak | pa3 B IeHb €XXeTHEBHO B TeueHue 12 nHeit. Apou-
JoJ mpuMeHstiu o 100 Mr 2 pa3a B Hefesio B TeueHue 3 Heneb. [1o okoHYaHuM nepuoaa Npo@uiaakTUKy aeTei Habo-
nanu eie 3 Heeu. ExXXemHeBHO y BceX YY4aCTHUKOB BBISIBJISLIM O0ILEe COCTOSTHUE U HAJTMYME KITMHUYECKUX CUMITTOMOB
OPBU unu rpunna. B Hauase u B KOHILE CpoKa HaOMI0AeHU S Y Bcex TOOPOBOJIbLEB ONpeesiii YpOBeHb SIgA B CITIOHE.
Pe3yavmamoi. B neprion nposeaeHu s Npo(huIaKkTUYECKOTo ITpreMa MpernapaToB U MOCISAYIOIIEro HabmoaeH U y O0IbIIMH-
CTBa JOOPOBOJIBIIEB HE BBISIBICHO KAKUX-TMOO OTKJIOHEHU I B COCTOSIHUM 3M0POBbsl. [1epBble 2 cyyas 3a0oeBaHUS Y JIUIL,
nosyyaBux L{utoBup-3, oTMeueHbl B KOHILIE 3 HeAe U nocie NpoduIakTUIeCKOoro rnpuema npernapara. ¥ JIMiI, mojyyaB-
mux Apou0s nepBble 3a007eBaHKSI OTMEUEHBI B KOHIIE 2 HEAEIM MOCIe OKOHYAHUS Kypca TpohuIaKTHYECKOro nprueMa
npemnapata. B KoH1Ie neprosia npo@uiIakTUKK Y BCeX TOOPOBOJIBIIEB BBISIBJIEH TOCTOBEPHBII pPOCT ypoBHS SIgA, Oosiee Bbl-
paxXeHHBIN y AeTeit, mpuHUMaBIIuX LlutoBup-3. 3axarouenue. [lonydeHHbIE pe3yJbTaTbhl OTKPBITOTO CPABHUTEIBHOTO PaH-
JIOMM3UPOBAHHOTO UCCIeN0BaHUSI 0e30MacHOCTU U 3(PpheKTUBHOCTU MpenapaToB LinToBup-3 u Apoumos, mokasaiu, 4To
npenapat LlutoBup-3 ro cBoeit mpoduaakTrieckoii 3¢@eKTUBHOCTU, KAK MUHUMYM, He YCTyTaeT rnpenapaty Apouaoi.

Karoueesnte caosa: OPBHU, 3a601e6aemocms pecnupamopusimu uhgexyusmu, npogusakmuka, demu, Illumosup-3, Apoudoa,

UMMYH02100yAUH A.

Influenza and other acute respiratory viral infec-
tions (ARVI) are the most common seasonal epidemic
diseases in human populations. According to WHO,
influenza viruses result in 250 000 to 500 000 deaths
annually. For example, in 2014 least 5 million cases
of severe diseases were recorded [1].

Official statistics for the Russian Federation show
that between 0.9 and 3.5 million cases of influenza are
registered yearly, resulting in 20 000 to 53 000 deaths.

Children are considered to be most at risk, particu-
larly those who spend most of their time in crowded
group spaces such as kindergartens, schools, boarding
schools, cadet corps etc. The development of safe and
effective drug interventions to reduce the impact of res-
piratory viral pathogens in such groups of children that
are often in close body contact is of great practical im-
portance. Interventions intended to prevent influenza
and ARVI may be grouped into one of three main cate-
gories: (i) pathogen-specific, prophylactic interventions
(e.g. vaccines), (ii) disease-specific antiviral drugs, or
(iii) non-specific, host-directed interventions (e.g. in-
terferons, inducers of endogenous interferon synthe-
sis, immunotropic therapy, multivitamin and mineral
preparations, antioxidants etc.).

There are a number of influenza vaccines available
in the Russian Federation, Grippol being the most
widely used [2]. Among the antiviral drugs, the M2
channel inhibitors (amantadin, remantadin) [3] and
neuraminidase inhibitors (oseltamivir, zanamivir) [4]
are the most common. The latter two are recognized
by the WHO as a standard therapy for influenza [5].

Non-specific, host-directed drugs to treat and pre-
vent influenza and ARVI include numerous interfer-
on-based drugs, derivatives of acridonacetic acid and
symptomatic medications (quick-relief medication)
[6]. This class includes the two drugs compared in this
study: Cytovir-3 and Arbidol. Cytovir-3 is a mixture
of ascorbic acid, bendazol and the dipeptide Glutamyl-
Tryptophan in a form of a sodium salt [6]. Arbidol
(umifenovir) is recognized as a drug with direct an-
tiviral as well as immunotherapeutic properties and
is used for prevention and treatment of influenza and
ARVI. For non-specific prevention during influenza

and ARVI outbreaks this drug is prescribed for child-
ren aged 6 to 12 years as 100 mg and for children over
12 year and for adults as 200 mg twice a week over three
weeks of treatment [7].

Cytovir-3 is widely used for prevention and early
treatment of influenza and other ARVI in children and
adults [6, 8]. Initially this drug was dosed with the same
regimen for both prophylactic and therapeutic use (one
capsule three times a day, over four consecutive days)
[6]. However the concept of “prevention” was later sub-
categorized to separate the use for routine or seasonal
prevention from that where urgent prevention was re-
quired. The former aims to support background capac-
ity in the innate immune response to an epidemic rise
in morbidity whereas the latter is preferred in a situation
where the subject has current contact with persons who
are definitely unwell, but not yet specifically sympto-
matic for ARVI or influenza. From this perspective, it is
logical to assume that these two regimens should differ
both in duration and dosing of Cytovir-3. The regimen
for urgent prevention has remained unchanged, but
routine seasonal prevention is now dosed at one capsule
per day, in a fasting state, for 12 consecutive days.

The current study was devoted to investigation
of the preventive efficacy of this prolonged regimen
for routine prevention. The main goal was to as-
sess the preventive efficacy of a prolonged regimen
of Cytovir-3 compared to standard regimen of Arbidol
in children during a seasonal outbreak of influenza
and ARVI. This clinical trial was prospective and per-
formed as open-label randomized comparative paral-
lel study of efficacy and safety of Cytovir-3 (capsules)
and Arbidol (capsules 100 mg) as routine prophylaxis
of influenza and ARVI in children in pre-school and
secondary school organizations.

Materials and methods

The current study enrolled 207 healthy children
aged 6 to 18 years (boys: 119 or 57.4%; girls: 88 or
42.63%) attending childcare facilities in pre-schools or
secondary schools and who matched the inclusion cri-
teria. Two commercially available drugs with proven
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efficacy in the treatment and prevention of influenza
and ARVI were used: Cytovir-3 capsules (Cytomed
Oy, Lappeenranta, Finland) and Arbidol capsules
100 mg (JSC Pharmstandard-Leksredstva, Kursk,
Russian Federation) [6, 11].

Study recruitment was voluntary. Before randomi-
zation to a treatment group, written informed consent
was obtained from a subject’s parents or adoptive par-
ents or other legal representative. Additional written
informed consent was obtained from all subjects over
the age of 14 years. Racial and ethnic differences were
disregarded. 102 children were randomized to receive
Cytovir-3 and 105 children were randomized to receive
Arbidol. Both legislation of the Russian Federation and
the Declaration of Helsinki (rev.7, 2013) declare the use
of placebo controls illegal and unethical in such clini-
cal trials. Mean age of children included into the trial
was 8.2 years (8.7 in the Cytovir-3 group and 7.6 in the
Arbidol group, p > 0.1). Neither gender differences nor
structure of anamnestic morbidity were statistically
significant (p = 0.46—1.0). Inclusion criteria were:
boys and girls aged from 6 to 18 years without any signs
of infection or intoxication, with a verified diagnosis
“free of disease” (according to the decision of Ministry
of Health No. 621 dd 30.12.2003 classified as health
group I or II), not having taken antibiotic, antiviral,
hormonal or immunotropic drugs during the previous
two months and not being vaccinated against influenza
during the 12 preceding months. Teenage girls were re-
quired to have negative pregnancy test.

Exclusion criteria were: lack of tolerability of inves-
tigated drugs (or their separate compounds), having
contacts with ARVI patients during preceding 14 days,
participation in any other clinical trial during preced-
ing 30 days. Children of staff of either research center
or a sponsor company were excluded from the trial.

Cytovir-3 was prescribed to children included
in the experimental group as follows: 1 capsule taken
30 minutes before a meal once per day for 12 consecu-
tive days; Arbidol was prescribed to children included
in the comparison group as follows: 1 capsule (100 mg)
twice a week for three weeks. Since the dosing dura-
tion for each of the two drugs was different, the study
duration was different for each group. Inclusive of the
3-week follow-up, the Cytovir-3 group took from 33
to 35 days to complete the study and the Arbidol group
took from 39 to 42 days to do so.

During the entire period of observation, children
were examined daily and their general health status as
well as skin, mucosa, peripheral lymph nodes was not-
ed. Any apparent illness was assessed for conformity
to ARVI symptoms. In addition, all study participants
were checked daily for the presence of adverse events
and lack of drug tolerability. Body temperature, heart
rate, blood pressure and breathing rate were assessed
ondays 1, 3, 5, 7,9 and 11 in the Cytovir-3 group and
ondays 1,4, 8, 11, 15 and 18 in the Arbidol group.

On the first and last days of taking Cytovir-3 and
Arbidol (day 12 and 18, respectively) the level of secre-
tory immunoglobulin A (sIgA) was assessed. For this
purpose saliva samples were taken from all partici-

pants and placed into the Sali Caps containers (IBL
International, Italy) made of extra pure polypropyl-
ene (absorptive capacity less than 5%) and equipped
with a tubule preventing contact of saliva with skin
and labial mucosa. The sIgA determination was per-
formed by means of quantitative ELISA method us-
ing a StatFax 2100 analyzer (Becton Dickinson, USA)
with a wavelength 450 and 620 nm and commercial
kits (Dia Metra, Germany) in accordance with pro-
tocols of the manufacturer. The measured range was
0.5—400 pg/mL, method sensitivity — 0.5 ug/mL. All
data were entered on individual case report forms.
Data were analyzed using IBM SPSS Statistics
for Windows, version 22.0. (Armonk, NY: IBM Corp.).
The between-group comparisons were assessed using
paired and unpaired t-test for normally distributed
data (Lilliefors test). For the data failed normality test
a pairwise Wilcoxon signed-rank test (for dependent
samples) and Mann—Whitney U test (for independ-
ent samples) were used. Differences between groups
were considered as significant if p < 0.05. Anamnestic
morbidity was assessed using a chi-square test. In some
cases Yates’s correction for continuity and Fisher’s ex-
act test were used [9]. Data were expressed as M*SE.

Results

The initial health status of all participants was
estimated as normal. Arterial blood pressure was
108.3£7.8/67.2£5.0 mm Hg in the Cytovir-3 group
and 104.6+9.8/65.6£5.7 mm Hg in the Arbidol group.
There were no significant differences in heart rate
between Cytovir-3 and Arbidol groups (81.9%6.0
and 81.7%£7.8, respectively) and body temperature
(36.3+£0.2°C and 36.4%+0.2°C, respectively). Prior
medical histories of ARVI (100% in both groups),
chicken pox (26.0% and 29.8%, respectively, p = 0.54),
tonsillitis (7.7% and 5.8% respectively, p = 0.54) and
acute bronchitis (7.7% and 8.6% respectively, p = 0.8)
were the most common. Other diseases (otitis, ad-
enoiditis, scarlet fever, pneumonia etc.) were sporadic.
Regardless the etiology, all reported diseases had fully
resolved no later than two months prior to enrolment
in this clinical trial.

Before the trial all participants underwent a de-
termination of salivary slgA, the level of which
was 60.35+£15.1 mg/ml in the Cytovir-3 group and
66.83+22.5 mg/ml in the Arbidol group.

During the period of treatment no cases of ARVI
were reported despite overall increased level of respir-
atory illness among the general pediatric population.
During follow-up period 9 children were diagnosed
with ARVI (tabl. 1).

As noted in table 1, the number of cases among
children who received Cytovir-3 was 3,5 times less
than among those who received Arbidol. This is an
evidence of a consistent trend towards a lower morbid-
ity in the Cytovir-3 group.

An analysis of the morbidity rate (qualitative indi-
cators [10]) did not reveal any significant differences
(d=5.6; A=6.7-19 =4.8; 5.6 > 4.74). The same re-
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Table 1. ARVl incidence rate in children during follow-up period

Groups Parameters of ARVI morbidity Significance of differences
Number of cases ARVI affected, %
Cytovir-3 group (n = 102) 2 1.9 04
Arbidol group (n = 105) 7 6.7 '

sults were obtained when Fisher’s exact test was used
[9], showing that the true value of differences in the
proportions of positive diagnosis is between —0.5 and
10.5. Since the calculated confidence limit includes
the zero in expression p = 0.05, it is possible to con-
clude that the resulting differences in the respiratory
morbidity rates between groups are not statistically
significant. That is to say, in terms of preventive treat-
ment both drugs are equally effective.

The analysis of efficacy of preventive treatment
in each group included calculation of the relative
morbidity rate (RMR), which was found to be 0.0196
(2/102) in the Cytovir-3 group and 0.066 (7/105) in the
Arbidol group. It follows that the percentage of protect-
ed people in each groupis 1 — RMR or 1 — 0.0196 =
0.980 for the Cytovir-3 group and 1 — 0.66 = 0.934
for the Arbidol group. Thus protection index is calcu-
lated as 0.980/0.934 = 1.049, i.e. Cytovir-3 protected
children 1.049 times better than Arbidol. This result
reflects the prophylactic ability of these two drugs.

Another perspective on preventive efficacy is the
period of retention of accumulated protection from
disease, defined as the duration from the onset of treat-
ment to the first clinical symptoms and its dynamics
in study participants who became sick (tabl. 2).

These data show that no subject in either treatment
arm was diagnosed with ARVI or influenza during
the respective dosing periods. Moreover there were no
incidences of illness during first week of observation
period after dosing. However during the second week,
signs of respiratory disease were reported in three
participants from the Arbidol group but none in the
Cytovir-3 group. During the third and final week,
in the Arbidol group four subjects had a positive di-
agnosis but only two were diagnosed in the Cytovir-3
group. These results suggest that the duration of pro-
tection is three weeks for Cytovir-3 but only two weeks
for Arbidol. Given the small sample size (slightly more
than 100 subjects in each group) these results are still
preliminary and further investigation is needed.

Besides epidemiological parameters (tables 1 and
2), salivary sIgA titres were assessed before and after
dosing in each group, i.e. on day 12 in the Cytovir-3
group and on day 18 in the Arbidol group (tabl. 3).

The sIgA is the most active part of local immune
response of mucosa, which is an entry point for various

infections. The salivary sIgA reflects the preventive ef-
ficacy of antiviral drugs taken by the host. The current
results suggest that baseline levels of sigA in each group
were similar to each other and there were no signifi-
cant intergroup differences. After dosing, a marked
increase of sIgA was revealed suggesting a significant
rise of local immunity in mucosa. Intergroup differ-
ences in this case were not statistically significant (p >
0.05). It is worth mentioning that a slightly increased
baseline sIgA level was observed in the Arbidol group
when compared with the Cytovir-3 group. However
after dosing with Arbidol, sIgA levels were lower than
those in children receiving Cytovir-3. For example
slgA titres increased by 1.28 fold in the Arbidol group
and 1.46 fold in the Cytovir-3 group. The greater aug-
mentation of sIgA titres in the Cytovir-3 group may
suggest a higher preventive efficacy of Cytovir-3.

Discussion

ARVI prophylaxis continues to be a real problem
for public health, despite significant progress in the de-
velopment of antiviral therapy. For a preventive treat-
ment of ARVI and influenza to be effective, it should
at least significantly minimize the incidence and se-
verity of complications, if not actually result in the
termination of an epidemic. Initially great hope was
placed on wider application of preventive vaccination.
However this approach is effective only when vacci-
nation coverage reaches 70%, a goal that is achievable
only in a limited number of highly organized groups,
for example military units [11]. According to epidemio-
logical studies, normal vaccination coverage reaches
only 20—30% of the population [12].

One solution to this problem is the use of effective
prophylactic drugs to reduce the spread of ‘flu and
other ARVI, especially in cases where vaccination
is undesirable and/or impractical [13]. Arbidol is used
quite widely in the Russian Federation [7]. According
to Shumilov and co-authors (2002) Arbidol’s pre-
ventive efficiency is 25% and its therapeutic efficacy
is 1.33 [11]. The authors believe that Arbidol reduces
the number of ARVI cases, diminishes duration of fe-
ver and decreases severity of intoxication and respira-
tory tract destruction. Another drug for prevention and
treatment influenza and ARVI is Cytovir-3. This drug

Table 2. ARVI and influenza incidence rate in children during entire clinical trial

Number of affected children with influenza and ARVI (n/%)
Study group i i During follow-up period
Onset During dosing Week 1 Week 2 Week3
Cytovir-3 0/0 0/0 0/0 0/0 2/1.6*
Arbidol 0/0 0/0 0/0 3/2.9 4/3.8

Notes. n — number of children; * — children got sick in the last 2 days of the third week.
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Table 3. Changes in slgA titres before and after dosing with investigated drugs

slgA concentration, mcg/ml

Study Group Before dosing After dosing Increment ratio, silgA
Cytovir-3 (n=102) 60.40+1.47 88.63+2.11* 1.47
Arbidol (n = 105) 66.84+2.17 85.74+2.36* 1.28

Note. *Significant differences as compared to data before dosing (p < 0.002).

is a pharmaceutical composition consisting of ascor-
bic acid, bendazole and glutamyl-tryptophan at a ra-
tio of 50:20:0.5 [14]. There is evidence that Cytovir-3
is an effective mean of urgent prevention (1 single dose
3 times a day during 4 days) and decreases ARVI and
influenza morbidity by 1.96—4.91 fold [6]. This exam-
ple relates to cases when contact between the patho-
gens and the susceptible host has already occurred,
but the clinical infection is yet to manifest. However
the other type of prevention therapy, namely routine
or scheduled prevention, is no less important. Routine
prevention takes place in the period preceding sea-
sonal or epidemic outbreaks of influenza and other
ARVI. This kind of prevention aims to reduce disease
incidence (including through implicit seroconversion)
and to create a virtual immunity, likely due to latent
viruses failing to manifest clinically [15].

This study investigated the efficacy of such an ap-
proach. It was performed in healthy children during
the period preceding a seasonal outbreak of ARVI.
The primary endpoint was comparison of the efficacy
of two widely-used drugs — Arbidol and Cytovir-3.
We hypothesized that increasing the duration of the
preventive dosing regimen of Cytovir-3 from 4
to 12 days while simultaneously reducing daily dose
from 3 to 1 capsule would achieve the desired preven-
tive efficacy in this population.

The results show that comparable courses of Cy-
tovir-3 and Arbidol in this setting were completely
safe and well tolerated. During the dosing periods,
no ARVI incidence was reported in either group, and
during the follow-up period only sporadic incidenc-
es of illness were noted. Among children receiving
Cytovir-3 two such cases (1.6%) were reported in the
last two days of the third week of follow-up (tabl. 3).
The morbidity in children receiving Arbidol was
slightly higher — 7 (6.7%), moreover the first three
cases of illness in the Arbidol group were reported as
early as the second week of follow-up. At a first glance
this difference seems to be significant, however sta-
tistical analysis did not reveal significance between
comparative groups, probably due to the small sample
size. Nevertheless it could be argued that the duration
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of preventive efficacy of Arbidol is about two weeks
whereas with Cytovir-3 it is up to three weeks even
with a 3-fold reduction of the normal daily dose. This
reduced dosing regimen for Cytovir-3 is comparable
to the standard preventive and therapeutic regimen
for Arbidol.

One important factor in resistance to viral infec-
tion is the level of sIgA in saliva, a biomarker of innate
immunity. More than 75% of all infections includ-
ing myxoviruses enter our body through the mucous
membranes [16]. Therefore it is important to measure
slgA levels during preventive treatment to understand
the resilience of mucosal immunity. The study shows
that dosing of Cytovir-3 induces a significant increase
of sIgA titres in saliva (1.47 fold on average). The same
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towards more active enhancement of innate immunity
level in the mucosa of children receiving Cytovir-3
which supports the observation that subjects received
Cytovir-3 had longer protection than those who re-
ceived Arbidol (tabl. 2).

Conclusion

In this setting of routine seasonal prophylaxis
of ARVI and influenza among infants in close-contact
groups, the majority of investigated parameters were
not statistically different between subjects receiving
either Cytovir-3 or Arbidol. This supports the conclu-
sion that the preventive efficacy of Cytovir-3 is com-
parable to that of Arbidol. In some cases Cytovir-3
displayed a more pronounced, though not statistically
significant, efficacy.

Further studies using larger sample sizes are need-
ed to confirm in greater detail the preventive efficacy
of these drugs, but these results suggest that, despite
both investigated drugs being equal in terms of pre-
ventive efficacy, Cytovir-3 is slightly more effective.
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