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Antiviral effect of a  derivative of isonicotinic acid enisamium iodide  
(FAV00A) against influenza virus

D. COCKING1, J. CINATL2, D. A. BOLTZ3, X. PENG3, W. JOHNSON3, M. MUZZIO3, O. SYARKEVYCH4,  
G. KOSTYUK4, A. GOY4, L. MUELLER5*, V. MARGITICH4

1Retroscreen Virology Ltd. London Biosciences Innovation Centre, 2 Royal College Street, Camden London, NW1 ONH,  
United Kingdom; 2Institut für Medizinische Virologie, Klinikum der Johann Wolfgang Goethe-Universität, Paul-Ehrlich-Str. 40,  

60596 Frankfurt am Main, Germany; 3IIT Research Institute, 10 West 35th Street, Chicago, IL 60616, USA
4Farmak JSC, 63 Kyrylivska Street, Kyiv, 04080, Ukraine; 5Dr. Regenold GmbH, Zöllinplatz 4, D-79410, Badenweiler, Germany

Received October 2, 2017; revised February 19, 2018; accepted March 22, 2018

Summary. – With only a single class of antiviral drugs existing for treatment of influenza (neuraminidase 
inhibitors), the search for novel effective compounds is urgently needed. We evaluated a low molecular mass 
compound, enisamium iodide (FAV00A), against influenza virus infections in primary differentiated normal 
human bronchial epithelial (NHBE) cells, and in ferrets. FAV00A (500 µg/ml) markedly inhibited influenza 
virus replication and reduced viral M-gene expression in NHBE cells. Treatment of ferrets with FAV00A (200 
mg/kg once daily for 7 days) initiated 24 h after inoculation with 105 TCID50 of influenza A/Wisconsin/67/2005 
(H3N2) virus resulted in a significant decrease in virus titers in the upper respiratory tract. Our data show that 
FAV00A exhibits an antiviral effect against influenza virus in NHBE cells and provides some benefits in a ferret 
model. Thus, further evaluation of FAV00A as a potential antiviral agent for treating influenza is warranted.
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Influenza is an acute respiratory disease in humans occur-
ring globally with an annual attack rate estimated at 5%–10% 
in adults and 20%–30% in children. Influenza virus infec-
tion can result in hospitalization and death mainly among 
high-risk groups (the very young, elderly or chronically ill, 
and immunocompromised patients). Worldwide, these an-
nual epidemics are estimated to cause about 3 to 5 million 
cases of severe disease, and about 250,000 to 500,000 deaths 
(WHO, 2017). Presently, only a  few options are available 
that can reduce the impact of influenza immunoprophylaxis 
with an inactivated or live attenuated vaccine and treatment 
with influenza antiviral drugs. Seasonal influenza vaccines 
provide heterologous protection against both influenza 
A and B viruses. Their efficacy is dependent upon antigenic 

similarity to currently circulating viruses, and they may be 
less effective in high-risk groups (Breteler et al., 2013; Wijn-
ans and Voordouw, 2016). When vaccine efficacy is reduced, 
or an immunologically naïve individual acquires influenza, 
antiviral therapies are an important second line of defense 
to manage acute influenza virus infection. Only one class of 
virus protein-specific antiviral drugs is available to combat 
influenza, the neuraminidase inhibitors (Fiore et al., 2011; 
De Jong et al., 2014). Approved neuraminidase inhibitors in 
the United States include oral oseltamivir, inhaled zanamivir, 
and injectable peramivir. Adamantanes (amantadine and 
rimantadine) are no longer recommended for antiviral treat-
ment or chemoprophylaxis of currently circulating influenza 
infection because of widespread virus resistance (Bright et 
al., 2006, Boivin, 2013).

Influenza neuraminidase is a surface glycoprotein of the 
influenza virus that cleaves sialic acid residues from cellular 
glycoproteins and glycolipids which enables the virus to be 
released from the infected cell. The enzyme is responsible 
for the release of new viral particles from infected cells and 
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Enisamium iodide (trade name: Amizon; lab code 
FAV00A), an antiviral agent which is currently used for the 
treatment of influenza in former Soviet Union countries 
and Mongolia. Up to date 845 million tablets/capsules of 
enisamium iodide were sold in these countries.

Here, we evaluated the in vitro antiviral activity of 
FAV00A against influenza virus infections in differentiated 
normal human bronchial epithelial (NHBE) cells, which 
serve as a target for naturally occurring influenza virus in-
fections in humans. Recently it was demonstrated that the 
pattern of infection progression in NHBE cells correlated 
with autopsy studies of fatal cases from the 2009 pandemic 
influenza virus infection in humans (Davis et al., 2015). In 
addition, an in vivo study in a ferret model of acute influenza 
was conducted. Ferrets are a well-recognized animal model 
for investigation of influenza infections since this species 
shows similar symptoms of influenza infection as in humans 
(Belser et al., 2011). The results demonstrate FAV00A anti-
viral activity against influenza virus. 

Differentiated NHBE cells were inoculated with influenza 
A/Brisbane/59/2007 (H1N1) virus by exposure of the apical 
side to influenza virus at a multiplicity of infection (MOI) of 
0.01. After 1 h incubation with virus at 37°C and 5% CO2, the 
viral inoculum was removed from the cells. The apical side 
of the cells was washed once and cells exposed to FAV00A. 
At 24 h post infection (hpi), viruses released into the apical 
compartment of NHBE cells were harvested by the addi-
tion and collection of 500 µl of growth medium which was 
allowed to equilibrate for 30 min. The medium from the 
apical compartment was frozen and stored at -65°C until 
use. Virus titers were determined in Madin-Darby canine 
kidney (MDCK) cells after incubation at 37 ± 2°C in 5% 
CO2 for 72  h. The plates were scored for cytopathogenic 
effect (CPE) and the hemagglutination (HA) activity of the 
supernatant was assessed by HA assay with 0.5% packed 
guinea pig red blood cells (RBCs). Tissue culture infectious 
dose 50 (TCID50) was determined as described earlier (Reed 
and Munch, 1938). The 50% cytotoxic concentration (CC50) 
of FAV00A was assessed in NHBE cells by MTT [3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] 
assay (Sigma-Aldrich, USA) (Mosmann, 1983). 

Total RNA was isolated from cells using Trizol (Rio et al., 
2010) following the manufacturer's instruction. Total RNA 
was dissolved in RNase-free water and quantitated using a Bi-
omate 5 spectrophotometer (Thermo Electron Corp., USA) 
at 260/280 nm. Reverse transcriptase (RT) was done in a final 
volume of 20 µl with 2 µg total RNA and 100 U of MuLV RT 
(Invitrogen, USA) for 50 min at 42°C. Duplicate RT samples 
(cDNA) for each RNA sample were generated, then the two 
cDNA samples were pooled and diluted with RNase-free wa-
ter by 2-fold. The cDNA (total 80 µl) samples were stored at 
-80°C until further qPCR analysis. The gene specific primer 
pairs (and product size) for the genes analyzed were: M-gene 

(a)

(b)

Fig. 1

Effect of FAV00A on influenza A/Brisbane/59/2007 (H1N1) virus 
yield and M-gene expression in differentiated NHBE cells

The cells were infected with influenza A/Brisbane/59/2007 (H1N1) virus at 
MOI 0.01 via the apical side for 1 h with subsequent removal and addition of 
FAV00A (500 µmol/l) via the basal side. (a) Reduction of virus titers (mean 
± SD, log10TCID50/ml) in the presence of FAV00A in the culture medium 
for 1 or 24 hpi. The samples from virus-infected untreated (control) and 
FAV00A-treated NHBE cells for either 1 or 24 h were collected at 24 hpi. 
(b) Down-regulation of M-gene expression (mean ± SD) in the presence of 
FAV00A in the culture medium for 1 or 24 hpi as assessed by qRT-PCR. The 
expression of β-actin gene was used as a reference gene for normalization. 
P values as compared to control samples (Student's t-test).

may assist in the spreading of virus through the mucus within 
the respiratory tract (Colman, 1994). The neuraminidase 
inhibitors represent an important advance in the manage-
ment of influenza with respect to activity against influenza 
A and B viruses, with proven therapeutic value in reducing 
influenza lower respiratory complications (Laurent et al., 
2003) and lower rates of antiviral drug resistance among 
currently circulating influenza viruses (Kiso et al., 2004, 
Okomo-Adhiambo et al., 2015). However, the use of these 
agents could be limited due to concerns including the degree 
of effectiveness, the need for an inhaler device nebulizer (i.e. 
for zanamivir), and the emergence of resistant influenza virus 
variants in some treated patients (Michiels et al., 2013).
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forward 5'-TCAGGCCCCCTCAAAGCCGAGAT-3' and re-
verse 5'-CGTCTACGCTGCAGTCCTC-3' (185 bp), β-actin 
forward 5'-CTCTTCCAGCCTTCCTTCCT-3' and reverse 
5'-AGCACTGTGTTGGCGTACAG-3' (116 bp). β-actin 
expression was used as a reference gene for normalization. 

Male ferrets (Retroscreen Virology Ltd., London, UK) 
aged 3–5 months were screened by HA inhibition (HI) as-
say to ensure seronegativity to currently circulating human 
influenza A (H1N1), A (H3N2) and B viruses. Animals were 
housed in groups of 8 in floor pens in a  thermostatically 
monitored room and exposed to 16 h fluorescent lighting and 
8 h dark per day. Animals were acclimatized for a minimum 
of 7 days prior to use. Ferrets were anesthetized with isoflu-
rane, and each was inoculated intra-nasally with 5.0 log10 
TCID50/ml influenza A/Wisconsin/67/2005 (H3N2) virus 
in 0.5 ml sterile phosphate buffered saline (PBS). FAV00A 
in the dose 200 mg/kg was administered by oral gavage once 
daily from -3 to -1 days before challenge as prophylactic 
regimen. The animals in the treatment regimen were given 
FAV00A (200 mg/kg) orally or oseltamivir (10 mg/kg) once 
daily at 1 to 7 days post infection (dpi). Control (uninfected, 
untreated) animals received sterile PBS delivered orally. 
Clinical signs of disease, body weight and temperature were 
recorded daily. Body temperature was measured twice daily 
by subcutaneous implantable temperature transponders 
(BMDS IPTT-300 injectable transponders) using the BMDS 
DAS-5002/DAS-6001system. Animals were weighed using 
SG1600 Mettler Toledo scales. At 1 to 7 dpi, ferrets were anes-
thetized by intramuscular injection of ketamine (25 mg/kg),  
and 0.5 ml sterile PBS was instilled into each nostril for col-
lection of nasal washes. Virus in the nasal washes of ferrets 

(n = 8/group) was titrated in MDCK cells and expressed as 
TCID50/ml.

Virus titers in NHBE cells as well as M-gene expression-
related normally distributed parametric data were analyzed 
by Student's t-test or one-way analysis of variance (ANOVA). 
The virus titers in nasal washes of ferrets were compared 
by one-way ANOVA, followed by the Bonferroni posttest. 
A probability (P) value of <0.05 was prospectively chosen to 
indicate that the result was not attributable to chance. 

After inoculation of NHBE cells with influenza A/
Brisbane/59/2007 (H1N1) virus, FAV00A (500 µg/ml) was 
added into the culture medium for 1 or 24 h. At 24 hpi, 
apical washes were collected from the NHBE cell culture to 
determine the viral titers and level of M-gene expression. 

Incubation of infected cells with FAV00A for 1 h produced 
no antiviral effect when compared with virus control. In 
contrast, a 3.6 log10TCID50/ml reduction of viral titers was 
observed after 24 h incubation in the presence of FAV00A 
in cell culture medium (Fig. 1a). Viral M-gene expression of 
infected NHBE cells treated with FAV00A was conducted in 
parallel with the assessment of viral titers. A 1 h treatment of 
virus-infected NHBE cells with FAV00A was insufficient to 
reduce M-gene expression (Fig. 1b). However, incubation of 
infected cells with FAV00A for 24 h demonstrated a marked 
inhibition of the viral M gene expression, suggesting that 
FAV00A possesses an inhibitory effect on viral replication. It 
was found that CC50 of FAV00A in NHBE cells is as high as 
32 mmol/l or 11.3 mg/ml (selectivity index 22.7), suggesting 
that the antiviral effect is not linked to cytotoxicity. 

An oral dose of 200 mg/kg of FAV00A once daily was se-
lected as a treatment regimen for the efficacy study in ferrets. 

Fig. 2

Effect of FAV00A prophylactic and treatment (24 hpi) regimens on body weight of ferrets inoculated with A/Wisconsin/67/2005  
(H3N2) influenza virus

The loss or gain of weight was calculated for each ferret as a percentage of its weight before virus inoculation. Values are means ± SD, % (n = 8 ferrets/group).
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Fig. 3

Effect of FAV00A prophylactic and treatment regimens on virus titers in nasal washes of ferrets infected with influenza A/Wisconsin/67/2005 
(H3N2) virus at 1 – 9 dpi

Virus titers (mean ± SD, log10TCID50/ml), (n = 8 ferrets/group). (a) 1st dpi, (b) 2nd dpi, (c) 3rd dpi, (d) 4th dpi, (e) 5th dpi, (f) 6th dpi, (g) 7th dpi, (h) 8th dpi, 
(i) 9th dpi. P values as compared to control ferrets (one-way ANOVA).
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Eight animals of the treated group were drug-treated on days 
1 to 7 after influenza A/Wisconsin/67/2005 (H3N2) virus 
inoculation. Control (infected, untreated) ferrets, as well as 
FAV00A and oseltamivir-treated animals, showed no signs 
of inactivity/lethargy (data not presented). 

Infection of ferrets with influenza A/Wisconsin/67/2005 
(H3N2) virus caused a slight decrease in mean body weight of 

the control animals, which returned to baseline values at 4 dpi. 
No significant effects of FAV00A or oseltamivir on body weight 
were seen (Fig. 2). Statistically significant decrease of viral titers 
determined in nasal washes of ferrets which prophylactically 
received FAV00A was observed on 1st and 3rd dpi. The treatment 
of experimental animals with FAV00A initiated 24 h after the 
virus inoculation lead to marked reduction of viral titers in their 
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nasal washes when compared to the control group (P <0.05). 
Oseltamivir treatment of virus-infected ferrets demonstrated 
a similar effect on 4th and 5th dpi. After 6th dpi viral titers in 
ferret nasal washes in all experimental and control groups did 
not exceed their limits of detection (Fig. 3). 

Thus, FAV00A exerted a  strong antiviral effect against 
influenza virus replication in NHBE cells. This effect was 
confirmed by the nearly complete inhibition of viral M-gene 
expression, indicating that FAV00A suppresses viral RNA 
synthesis in differentiated NHBE cells. The mode of action 
of FAV00A still needs to be further investigated. 

The efficacy of FAV00A was evaluated in a ferret model 
of influenza A virus infection. Ferrets infected with influ-
enza A/Wisconsin/67/2005 (H3N2) virus produced minor 
clinical sings of infection. Body temperature elevation was 
not significant following the inoculation with influenza 
A(H3N2) virus. Similarly, body weight was not significantly 
reduced. However, virus titers in the nasal washes of the 
FAV00A-treated ferrets were significantly decreased compar-
ing to those in control animals, which provided evidence of 
antiviral benefits. Further studies are needed to validate the 
antiviral activity in respect of other strains of influenza virus 
and explore the mechanism of action of FAV00A.
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