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Summary. Ultrastructure and infectious activity of avian influenza virus (strain А/Chicken/Sivash/02/05 (H5N1)) 
following cryopreservation and low temperature storage at –20, –70, and –196°C during various terms from 25 days up 
to 143 months using electron microscopy, serological and virological methods were investigated. Avian influenza viruses 
strain А/Chicken/Sivash/02/05 (H5N1) is stored in the Collection of Pathogens of the National Scientific Center 
‘Institute of Experimental and Clinical Veterinary Medicine’ (Kharkiv, Ukraine), which was granted the National 
Endowment of Ukraine status. The conducted study allowed to reveal on electronograms the ultrastructural changes in 
AIV during long term storage (18 months) at moderately low temperature (–20°C), in particular loss of glycoprotein of 
peplomers in the majority of virions. The changes in ultrastructure of the virus samples were accompanied by a loss of 
hemagglutinating activity during long-term storage of AIV samples at moderately low temperature of –20°C. When 
storing the AIV samples at –70 and –196°C the virions generally remain negatively contrasted, keep peplomers for the 
studied storage duration 
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Introduction. Avian influenza viruses strains isolated 
during infectious disease outbreaks from the brain of 
chickens, in the AR Crimea in 2005, are stored at the 
Cryobank of the National Scientific Center ‘Institute of 
Experimental and Clinical Veterinary Medicine’ for 
further investigation of their biological properties, 
patenting, development of the preventive measures and 
therapy of viral infections in birds (Stegniy B., 2012; 
Stegniy M., 2006). Avian influenza viruses are the part of 
the Collection of Pathogens of the National Scientific 
Center ‘Institute of Experimental and Clinical Veterinary 
Medicine’, which was granted the National Endowment of 
Ukraine status. 

As classified by the International Committee on 
Taxonomy of Viruses (Van Regenmortel et al, 2000) this 
virus belongs to the family Orthomyxoviridae, genus 
Influenza virus A; affects mainly birds of all ages. Humans 
are also susceptive to the avian influenza virus (AIV). 
Avian influenza is the most dangerous disease of birds, 
mammals and humans. Herewith the disease proceeds 
with the symptoms of injury of upper respiratory tract. In 
birds, the avian influenza virus causes respiratory and 
intestinal syndromes (Stegniy B., 2012). 

High mortality due to avian influenza is observed in 
birds of about from 10 to 100%. Respiratory syndrome 
manifests itself in birds by a cough, conjunctivitis, rhinitis 
and sinusitis, hyperemia of mucous membranes and 
edema. Thus, from the foregoing it can be concluded that 
the avian influenza viruses play an important role in 

infectious pathology of humans and animals and are 
capable of overcoming the species barrier. 

Avian influenza viruses possess a lipoprotein envelope, 
viruses bind to the receptors containing the sialic acid  
and exhibit a neuraminidase activity (Stegniy B., 2012; 
Stegniy M., 2006). The features of the family 
Orthomyxoviridae are: average size of virions from 80 to 
150 nm; the presence of RNA; a membrane comprising 
the lipids; may occur filamentous form of virions. 

The aim of the work was to assess the disorders in 
structural integrity of the virions, in particular viral shells 
and nucleocapsid during their low temperature storage in 
the Collection of pathogens. 

Materials and methods. The research object was the 
AIV strain А/Chicken/Sivash/02/05 (H5N1), obtained 
from the collection of the Department of Avian Viral 
Diseases of the the National Scientific Center ‘Institute of 
Experimental and Clinical Veterinary Medicine’. 

Freezing and storage of the collection samples of extra-
embryonic virus-containing liquid was performed in a 
domestic refrigerator (–20 ± 0.1°C), low-temperature 
freezer (–70 ± 0.4°C) for various time periods: from 
25 days and up to 143 months. Viruses are known to be 
generally more resistant to environmental and 
cryopreservation factors, therefore in many laboratories 
and at bioindustrial enterprises for storage of viruses there 
are used moderately low temperatures (–20 … –22°C). 

This stipulated the choice of the range of 
cryopreservation and storage regimens of viral material. 
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Virus-containing liquid was packed into 1.8 and 2.0, 
4.5 cm3 cryovials (‘Nunc’, Denmark). Cooling of 
biological samples was performed using a refrigerator 
chamber; the samples were cooled passively in the 
refrigerator chamber. Temperature conditions were 
monitored by thermo gauge placed into the cooled object, 
or by low-temperature thermometer. The samples were 
either slowly thawed on air or in a water bath at 38–39°C 
for 1–2 min. 

Titers of AIV infectious activity were determined by 
titration in 9–10-day-old chicken embryos, the embryonic 
virus infecting dose (EID50/ml) was calculated according 
to the standard procedure (Stegniy B., 2012; Stegniy M., 
2006). AIV hemagglutination titers were studied in 
hemagglutination test. The effect of low temperatures and 
deep cooling on the AIV viral ultrastructure was 
investigated using electron microscopy. The samples were 
inactivated with 0.5% formaldehyde solution. 

The inactivation completeness was tested by means of 
three successive passages in 9-day-old chicken embryos. 
The virus samples were used for the electron microscopy 
studies if there was no infectious activity. The 
neutralization reaction (NR) in chicken embryos and 
assessment of antigen specificity of the AIV virus after 
cryopreservation was performed with different virus 
dilutions and constant dose of a specific serum. Once 
infected with a mixture of serum and virus the 8–10-day-
old chicken embryos were incubated at 37°C for 8 days 
with daily ovoscopy. 

The embryo death in the first 24 h was not taken into 
account because considered as non-specific. 
Neutralization was considered positive when no death of 
embryos was found as well as no changes characteristic for 
AIV resulting from neutralization of virus virulence by  

antibodies. The results were evaluated by the 
neutralization index: if higher than 2 lg — the reaction 
was considered as positive; 1.5–2 lg — doubtful; 1 lg — 
negative. 

Electron microscopy was performed in the samples 
which were stored from 25 days up to 143 months at 
moderately low (–20°C), low (–70°C) and liquid nitrogen 
temperatures (–196°C). The copper grid platforms 
covered with formvar film were used. Adsorption of virus 
particles, preliminary purified in sucrose density gradient 
on the film substrate was carried out within 3–5 min. The 
resulted specimens were contrasted using 
phosphotungstic acid (Turcu et al., 1994; Ponomarev and 
Mishchenko, 2005; Ponomarev, 2001). Studies were 
performed with ‘PEM-125’ electron microscope using the 
60–100 thousand times magnification at the premises of 
Institute for Problems of Cryobiology and Cryomedicine 
of the National Academy of Sciences of Ukraine.  

Performing statistical analysis of the research results 
we calculated mean and standard deviation. Significance 
of differences between samples was assessed according to 
the Student-Fisher’s test (Van Emden, 2019). 

Results and discussion. Electron microscopic study of 
the post-thaw AIV samples, stored from 25 days at –20,  
–70, and –196°C to 143 months at –70 and –196°C 
demonstrated a moderate number of circular, elliptical 
and filamentous form virions with polymorphism and the 
sizes of 80–180 nm. Ultrastructure of AIV viruses’ strain 
А/chicken/Sivash/02/05 (H5N1), was presented with a 
two-layer lipoprotein membrane with spicules of 
hemagglutinin and neuraminidase up to 12 nm and 
nucleocapsid of 90 nm diameter The central part of the 
circular virions from the mentioned samples was 
characterized by the concave presence (Fig. 1). 

 
Fig. 1. Ultrastructure of the no frozen AIV virus samples (filamentous form, circular virions) on the fifth passage 

cultivation in chicken embryos. 
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Lethal virus activity after freezing of the samples stored 
not longer than 25 days was 8.31 ± 0.02 ELD50/0.2 ml. 
Hemagglutination titers within these storage periods at  
–20°C did not differ from the baseline. Lethal virus 
activity after freezing –70 ± 2°C of the samples stored 
143 months was 8.0 ± 0.01 and 7.5 ± 0.01 ELD50/0.2 ml. 

In all the cases of storage temperature and duration we 
identified such a feature of AIV infecting the chicken 
embryos as hemorrhages in serous and mucous 
membranes and organs of chicken embryos, regarded as a 
pathognomonic sign of АIV (Fig. 2). 

Hemagglutination virus activity after freezing  
–20 ± 0.5, –70 ± 0.5, –196 ± 0.1°C of the samples stored 

for 25 and 115 days was (1:512), it did not differ from the 
baseline. After 18 months at –20 ± 0.5°C viral titer in 
hemagglutination was (1:256). After 210 days at  
–20 ± 0.5°C viral titer in hemagglutination was zero. 

Ultrastructure of AIV virus samples stored for 
18 months at –20°C presented viruses with damaged 
spicules of hemagglutinin on the surface of virions (Fig. 3). 

Hemagglutination virus activity after freezing  
–70 ± 2°C of the samples stored 143 months was (1:128), 
it differed from the baseline (1:1024). 

Infectious virus activity after thawing of the samples 
stored for 143 months at –70 ± 2°C was slightly reduced 
and made 8.0 ± .03 EID50/ml. 

 
Fig. 2. Hemorrhages in serous and mucous membranes and organs of AIV infected chicken embryos. 

 
Fig. 3. Ultrastructure of AIV virus samples stored for 18 months at –20°C (viruses with the partly damaged 

hemagglutinin on the surface of virions). 
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The analysis of electronograms of the viruses, stored 
for 18 months at –20°C, showed the presence of 
polymorphic virions with a distinct bilayer lipoprotein 
envelope, but the glycoprotein processes, forming the 
spicules of hemagglutinin were absent (Fig. 3). 

During freezing the virions possessing a total electric 
charge of a certain value (Oparin, 1996) occur to the 
water-ice phase transition zone, where they are exposed to 
an external electric field effect. It can be assumed that 
during long-term storage of AIV at –20°C the structure of 
virions could be destabilized because of the 
conformational changes associated not only with an 
alteration in their shape, but also with intramolecular 
mobility of structural components of the virion protein 
molecules.  

The researches of Lugovoy (1985) on the mechanisms 
of freezing damaging effect on proteins, in particular 
enzymes, have shown that one of the main causes of the 
disordered structural and functional properties of enzyme 
proteins are high concentrations of inorganic salts, 
appearing during water crystallization in the solution, 
which possess the lyotropic properties as well as provide 
the pH shifts during the water freezing-out. The author 
believed that the structural basis of cryostability or 
cryolability in enzyme proteins was stipulated by an 
unequal degree of conformational mobility and rigidity of 
macromolecules, which, in turn, was caused (in 
accordance with the principle of thermo-dynamic free 
energy minimum) by different features of the amino acid 
composition of the protein molecule polypeptide chain. 

The absence of peplomers on the electronograms of 
AIV stored for 18 months at –20°C, explains the total loss 
of hemagglutinating properties.  

The ultrastructure of AIV, long-term-stored at low 
temperatures (–70 and –196°C) was more intact than after 
storage at –20°C and was close to the ultrastructure of the 
virus which was shortly stored (115 days) at a temperature 
of refrigerator.  

All this testifies to the fact that the lower the storage 
temperature of cryopreserved viruses is, the more fully 
their ultrastructure and biological properties are retained. 
Electron microscopy studies allowed a visual assessment 
of the contribution of disordered structural integrity of the 
virions in the cryoinjuries of viruses during their 
cryopreservation and low temperature storage as 
exemplified by AIV. 

Conclusions. The conducted study allowed to reveal 
on electronograms the ultrastructural changes in AIV 
during long term storage (18 months) at moderately low 
temperature (–20°C), in particular loss of glycoprotein of 
peplomers in the majority of virions. 

The changes in ultrastructure of the virus samples were 
accompanied by a loss of hemagglutinating activity during 
long-term storage of AIV samples at moderately low 
temperature of –20°C. 

When storing the AIV samples at –70 and –196°C the 
virions generally remain negatively contrasted, keep 
peplomers for the studied storage duration. 

References 

Lugovoy, V. I. (1985) Mechanisms of Freezing Damaging 
Effect on Soluble and Membrane-Bound Enzymes [Mekhanizmy 
povrezhdayushchego deystviya zamorazhivaniya na rastvorimye i 
membranosvyazannye fermenty]. The dissertation thesis for the 
scientific degree of the doctor of biological sciences. Kharkov. [in 
Russian]. 

Oparin, Yu. G. (1996) ‘Damage and protection of 
biomaterials during freezing and lyophilization’ [Povrezhdenie i 
zashchita biomaterialov pri zamorazhivanii i liofilizatsii], 
Biotechnology [Biotekhnologiya], 7, pp. 3–13. [in Russian]. 

Ponomarev, A. P. (2001) ‘Structural and functional aspects of 
structure of isometric animal viruses’ [Strukturno-
funktsional’nye aspekty stroeniya izometricheskikh virusov 
zhivotnykh], Bulletin of the Russian Academy of Agricultural 
Sciences [Vestnik Rossiyskoy akademii sel’skokhozyaystvennykh 
nauk], 4, pp. 10–13. [in Russian]. 

Ponomarev, A. P. and Mishchenko, V. A. (2005) Electron 
Microscopy of Animal Viruses and Certain Opportunistic 
Microorganisms [Elektronnaya mikroskopiya virusov zhivotnykh 
i nekotorykh uslovno-patogennykh mikroorganizmov]. Vladimir: 
Foliant. ISBN 5942100292. [in Russian]. 

Stegniy, B. T. (ed.) (2012) Emergent Avian Infections: Avian 
Influenza and Newcastle Disease. Epizootology, Monitoring, 
Diagnosis and Prevention [Emerdzhentni infektsii ptytsi: hryp 
ptytsi ta niukaslska khvoroba. Epizootolohiia, monitorynh,  

diahnostyka ta profilaktyka]. Kyiv: Ahrarna nauka. ISBN 
9789665403265. [in Ukrainian]. 

Stegnіy, M. Yu. (2006) ‘Effect of cryopreservation on 
biological properties, peculiarities of reproduction and 
molecular genetic structure of the strain 
A/chicken/Sivash/02/05 (H5N1) of highly pathogenic avian 
influenza’ [Vplyv kriokonservuvannia na biolohichni 
vlastyvosti, osoblyvosti reproduktsii i molekuliarno-henetychnu 
strukturu shtamu A/kurka/Syvash/02/05 (N5N1) 
vysokopatohennoho hrypu ptakhiv], in Stegniy, B. T. (ed.) 
Highly Pathogenic Avian Influenza [Vysokopatohennyi hryp 
ptytsi]. Kharkiv: Povnokolir, pp. 24–32. [in Ukrainian]. 

Turcu, D., Bãrboi, Gh., Pãltineanu, D., Pancã, C. and 
Staicu, L. (1994) ‘Use of negative (contrast) staining electron 
microscopy for animal viruses fast identification’, Studies and 
Researches in Veterinary Medicine, 2, pp. 77–82. 

Van Emden, H. F. (2019) Statistics for Terrified Biologists. 
2nd ed. Hoboken, NJ: John Wiley & Sons. ISBN 9781119563679. 

Van Regenmortel, C. M. F. M. H. V., Bishop, D. H. L., 
Carstens, E. B., Estes, M. K., Lemon, S. M., Maniloff, J., 
Mayo, M. A., McGeoch, D. J., Pringle, C. R. and Wickner, R. B. 
(eds.) (2000) Virus taxonomy: Seventh Report of the International 
Committee on Taxonomy of Viruses. San Diego, CA: Academic 
Press, pp. 859–878. ISBN 9780127141817. 



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /All

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness false

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages false

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /None

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages false

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /GrayImageDownsampleType /None

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages false

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages false

  /MonoImageDownsampleType /None

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<

    /UKR (JVM_no_crop)

    /RUS ()

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /BleedOffset [

        0

        0

        0

        0

      ]

      /ConvertColors /NoConversion

      /DestinationProfileName ()

      /DestinationProfileSelector /NA

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure true

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles true

      /MarksOffset 6

      /MarksWeight 0.250000

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /NA

      /PageMarksFile /RomanDefault

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /LeaveUntagged

      /UseDocumentBleed false

    >>

    <<

      /AllowImageBreaks true

      /AllowTableBreaks true

      /ExpandPage false

      /HonorBaseURL true

      /HonorRolloverEffect false

      /IgnoreHTMLPageBreaks false

      /IncludeHeaderFooter false

      /MarginOffset [

        0

        0

        0

        0

      ]

      /MetadataAuthor ()

      /MetadataKeywords ()

      /MetadataSubject ()

      /MetadataTitle ()

      /MetricPageSize [

        0

        0

      ]

      /MetricUnit /inch

      /MobileCompatible 0

      /Namespace [

        (Adobe)

        (GoLive)

        (8.0)

      ]

      /OpenZoomToHTMLFontSize false

      /PageOrientation /Portrait

      /RemoveBackground false

      /ShrinkContent true

      /TreatColorsAs /MainMonitorColors

      /UseEmbeddedProfiles false

      /UseHTMLTitleAsMetadata true

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



