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COBEPLUEHCTBOBAHME CNELUDUYECKOU
NMPODUJTAKTUKU XOJIEPBI C NMOMOLLLbIO
UMMYHOMOAVJIATOPOB

dununnenko A.B., Omeabuenko H./L., Ilaciokosa H.J.,
Tpydanosa A.A,, VIsanosa V.A.

DKY3 «Pocmosckuii-na-Jony npomusouymmuiii uncmumym» Pocnompebnadsopa, e. Pocmos-na-/lony, Poccus

Pe3iome. MI3BeCTHO, UTO COBMECTHOE MCIOJb30BaHNE BAKIIMH, IIMTOKUHOB U PA3IMYHBIX UMMYHOMO/Y-
JIMPYIONINX MPEIapaToB CIIOCOOCTBYET Pa3BUTUIO TTOJHOLIEHHOTO MMMYHHOTO OTBeTa. Takoi momxoj Imo-
3BOJISIET YCWJINTh MMMYHOT€HHOCTh COBPEMEHHBIX BaKIIMH W HATIPABUTh Pa3BUTHE UMMYHHBIX peaKIUil 11O
TYMOPaJIbHOMY WJIM KJIETOYHOMY THUITy B 3aBUCMMOCTH OT CBOWMCTB BO3OYAMTENsl TOM WJIM WUHOW OOJIC3HU.
CoBepllIeHCTBOBaHUE MTPODUIAKTUUECKHX CPEJICTB 32 CUET UX COUETAHHOTO NMPUMEHEHHS C IIMTOKMHAMU U
MUMMYHOMOYJISITOPAaMU YBETUUNBAET HAMIPSDKEHHOCTh UMMYHUTETA, TIOBBIIIAET YPOBEHb TTPOAYKIIUU CITeIl-
NOUIECKUX UMMYHOIJIOOYJIMHOB, MTPOTEeKTUBHOCTh aHTUTEHOB, a TaKXKe CHUKACT IMPOSIBJICHUE TTOOOYHBIX
peakuuit, MPpUBOASIIMX K TOCTBAKIIMHAJIBHBIM OCJIOKHEHUSIM.

MMMyHOMOIYISITOPBI YK€ YCIIEIIHO UCTIONBb3YIOTCS B Ipernaparax, npelHa3sHauyeHHbIX JUIsl Teparnuu 1
MPOoDUIAKTUKNA XPOHUUECKON TepreTudecKoil MH(MEKIINY 1 TTPOTUBOTPUITITIO3HON BaKIInHe. MHOTOYMCIICH-
HbIE 9KCIIEPUMEHTATbHBIE U KITMHUYECKNE TaHHbBIE CBUICTEILCTBYIOT O TIOJIOKUTETbHOM 3 dekTe mpume-
HEHUSI UMMYHOMOIYJIMPYIOLIUX TIPENapaToB MNPy BaKIIMHOTIPOGUIAKTUKE PAa3TUUYHbIX BUPDYCHBIX U OakTe-
pUaIbHBIX MHDEKIINi, B TOM YKCJIe 1 0COOO OTMAaCHBIX.

CoBepIieHCTBOBaHUE CITEIIM(PUUIECKON MPOPUIIAKTUKN XOJIEPhl MOXET ObITh TOCTUTHYTO 3a CYET UMMY-
HOMOIYJINPYIOIINX CPEICTB, CIIOCOOHBIX CTUMYJIMPOBATh (POPMUPOBAHUE MECTHOTO U CUCTEMHOTO UMMYH-
HOTO OTBeTA.

Hamu npoBeneHa cpaBHUTEIbHAS OIIEHKA 11eJ1IeCO00Pa3HOCTU COYETAHHOTO MTPUMEHEHUS BAKIIMHbBI XO-
nepHoii ouBaneHTHOU xuMudeckoit (PKY3 PocHUTTY U «Mukpob» PocioTpebHan3zopa) 1 UMMYHOMOTY -
JISITOPOB C 1IeJIbIO MOBBITIIEHUS 3 (hEKTUBHOCTU BAKIIMHOMIPOMUIAKTUKYU XOJIEPHI.

Tak kak xoJiepHasl BaKIIMHA BbI3bIBACT aKTUBAIIMIO TYMOPAJIbHOIO MMMYHHOTO OTBETAa, OLICHUBAIU BbI-
paboTKy cnielMdUIECKUX UMMYHOTJIO0YJIMHOB B OpraHU3Me MPUBUTHIX SKCIEPUMEHTATbHbBIX XXKUBOTHBIX U
BJIMSTHUE UMMYHOMOJYJISITOPOB Ha 3TOT IIPOIIECC B pa3Hble CPOKHU MOCTBAKIIMHAIILHOTO TIepHo/Ia.

CrocoGHOCTh UMMYHOMOTYJISITOPOB MOBBIIIATH TPOTEKTUBHYIO aKTUBHOCTD XOJICPHOM BaKIIMHBI U3yda-
JIN, 3apaxast )KUBOTHBIX BUPYJICHTHBIM IIITAMMOM XOJIEPBI Uepe3 MECSII] M CEMb MECSIIIEB ITOCTIe BAKIIMHAIIMH.

BbIsIBIEHO, YTO MMMYHOMOJYJISITOPHI TMOBBIIIAIOT UMMYHOT€HHOCTh U MPOTEKTUBHOCTH AHTUTEHOB,
BXOJISIIIIMX B COCTaB IMPOTUBOXOJIEPHOM BakKIIMHBI. Mcrnonmb30BaHWEe BCEX MMMYHOIIpENapaToB yBEIUUYUBAET
MPOAYKIINIO CEU(MUISCKUX UMMYHOTJIOOYJIMHOB B CHIBOPOTKE BaKIIMHUPOBAHHBIX 3KCITEPUMEHTAIBHBIX
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JKMBOTHBIX. [ToKa3aHo, 4TO B IMEPBBI MECSIII ITOCJIe BaKIIMHAIIMKU HanboJiee 3((HEeKTUBHO CTUMYJIMPOBAIT 00-
pa3zoBaHVe aHTUTEJ MOJMOKCUAOHMIA, OTHAKO JUKOMU/ CITOCOOCTBOBAJ 00Jiee NITUTEIbHOMY COXpaHEHUIO
TIPOTUBOXOJIEPHBIX MMMYHOTJIOOYJIMHOB B CBIBOPOTKE BAKIIMHUPOBAHHBIX KPOJIMKOB. CoueTaHHOE TIpUMe-
HEHMe BaKLIMHBI 1 JIMKOIUAA MPeI0TBPAIIaIO Pa3BUTHE XOJIEPhl Y BCEX B3SThIX B 9KCIIEPUMEHT XKUBOTHBIX, B
TOM YMCJIe BAKIIMHUPOBaHHbBIX CHUXKEHHOU 10301i. B oTnaseHHble CpOKY MOCTBAKIIMHAIBHOIO MEPUOAA ITOT
UMMYHOMOYJISITOP MOBBIIIAT MIPOTEKTUBHOCTh MPOTUBOXOJEPHON BaKIIMHBI B TpU pa3a. [loanokcuaoHumit
M IepUHAT TaKKe YBEJINIMBAJIM 3alIMTHBIN 3¢h(EKT IMIPOTUBOXOJIEPHOI BaKIIMHBI, HO HECKOJIBbKO YCTYIaIU B
aToM JIUKOoTUAy. CoOBMECTHOE MPUMEHEHNE ITPOTUBOXOJICPHOU BAKIIMHBI 1 UMMYHOMOIYJISITOPOB, OCOOCHHO
JIMKOTINIA, MOKET OBITh MCITOJIb30BAHO /ISl COBEPIICHCTBOBAHMS CICHU(MDUIECKON ITPODMIaKTUKA XOJICPHI.

Karouesvie crosa: npogurakmuka, xonepa, UMMYHOLEHHOCHb, NPOMEKMUBHOCHb, 8AKUUHA, UMMYHOMOOYASMOPbL

IMPROVEMENT OF SPECIFIC CHOLERA PREVENTION USING
IMMUNOMODULATORS

Filippenko A.V.,Omelchenko N.D., Pasyukova N.I, Trufanova A.A.,,
Ivanova LA.

Rostov-on-Don Plague Control Research Institute, Rostov-on-Don, Russian Federation

Abstract. It is known that the combined use of vaccines, cytokines and various immunomodulatory drugs
contributes to the development of a full-fledged immune response. This approach makes it possible to enhance
the immunogenicity of modern vaccines and to direct the development of immune responses according to the
humoral or cellular type, depending on the properties of the pathogen of a particular disease. The improvement
of preventive drugs due to their combined use with cytokines and immunomodulators increases the intensity of
immunity, increases the level of production of specific immunoglobulins, the protectivity of antigens, and also
reduces the manifestation of adverse reactions leading to post-vaccination complications.

Immunomodulators are already successfully used in drugs intended for the treatment and prevention of
chronic herpes infections and influenza vaccines. Numerous experimental and clinical data indicate a positive
effect of the use of immunomodulatory drugs in the vaccination of various viral and bacterial infections,
including particularly dangerous ones.

Improving the specific prevention of cholera can be achieved through immunomodulatory agents that can
stimulate the formation of a local and systemic immune response.

We conducted a comparative assessment of the feasibility of the combined use of the cholera bivalent
chemical vaccine (the Federal Government Health Institution Antiplague Research Institute “Microbe”) and
immunomodulators in order to increase the effectiveness of cholera vaccination.

Since the cholera vaccine causes the activation of the humoral immune response, the production of specific
immunoglobulins in the body of vaccinated experimental animals and the effect of immunomodulators on this
process at different times of the post-vaccination period were evaluated.

The ability of immunomodulators to increase the protective activity of the cholera vaccine was studied by
infecting animals with a virulent strain of cholera one month and seven months after vaccination.

It was found that immunomodulators increase the immunogenicity and protectivity of antigens that are
part of the anti-cholera vaccine. The use of all immunopreparations increases the production of specific
immunoglobulins in the serum of vaccinated experimental animals. It was shown that in the first month
after vaccination, polyoxidonium most effectively stimulated the formation of antibodies, but lycopide
contributed to a longer retention of anti-cholera immunoglobulins in the serum of vaccinated rabbits. The
combined use of the vaccine and lycopide prevented the development of cholera in all animals taken in the
experiment, including those vaccinated with a reduced dose. In the long-term post-vaccination period, this
immunomodulator increased the protectiveness of the anti-cholera vaccine by three times. Polyoxidonium and
derinate also increased the protective effect of the cholera vaccine, but were slightly inferior to lycopide. The
combined use of cholera vaccine and immunomodulators, especially lycopide, can be used to improve specific
cholera prevention.

Keywords: cholera, cholera vaccine, immunomodulators, immunotherapy, protectivity, immunogenicity
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Introduction

One of the approaches to improving the strategy
for combating infectious diseases of any etiology is
the development of schemes for the integrated use
of vaccines and various groups of immunobiological
drugs — immunomodulators, cytokines, etc., which
can stimulate the formation of post-vaccination
immunity [14]. An active search is underway for
drugs that can, firstly, enhance the immunogenic
effect of modern vaccines, especially in individuals
with secondary immunodeficiency, and secondly,
direct the development of an immune response via
humoral or cellular type, depending on the properties
of the pathogen [13]. Improvement of prophylactic
agents due to their combined use with cytokine
preparations and various immunomodulators can
reduce the manifestation of systemic and local
reactions, increase the intensity of immunity, the
level of production of specific immunoglobulins, and
increase the antigen immunogenicity and protectivity.
In practical medicine, several vaccines that contain
immunomodulators are already used. Polyoxidonium
is included in the polyvaccine for the treatment and
prevention of chronic herpetic infection caused by
herpes simplex viruses of groups 1 and 2 (HSV-1 and
HSV-2), and in subunit influenza vaccine “Grippol”.
Another multivaccine against HSV-1 and HSV-2
called Vitaherpavac contains sodium hyaluronate [6,
11].

In addition, it has been shown that the inclusion
of cytokines and various immunomodulators in the
vaccination regimen ensures the development of a full-
fledged immune response to various antiviral vaccines
and increases their immunological safety [1, 2, 3, 4,
5, 8]. Positive results of using immunomodulators
to improve the specific prevention of particularly
dangerous infections have been obtained [9, 10, 12].

The effectiveness of specific cholera prevention
can be also enhanced by immunomodulatory agents
that can stimulate the formation of both local and
systemic immunity.

The aim of the study was to experimentally
investigate the effect of immunomodulators on im-
munogenic and protective activity of the cholera bi-
valent chemical vaccine (the Federal Government
Health Institution Antiplague Research Institute
“Microbe”) in order to assess the feasibility of their
use in specific cholera prevention.

Materials and methods

Taking into account that drugs that can be effective
for improving specific cholera prevention should have
a complex immunomodulatory effect on both syste-
mic and local immunity, we chose the following im-
munomodulators: Polyoxidonium (azoximer bromide)
(NPO Petrovax Pharm, Russia), which stimulates

antibody production, phagocytosis, restores immu-
ne responses in secondary immunodeficiency con-
ditions, increases the body’s resistance to local and
generalized infections, has the ability to control
the immune response of the immune system,
anti—inflammatory effect, etc.; Derinat (sodium
deoxyribonucleate) (CJSC “FP “Technomedservis”,
Russia) increases resistance to viral, fungal, bacterial
infections, and also stimulates reparative processes
on the mucous membranes: Lycopide (glucosaminy-
Imuramyldipeptide) (CJSC “Peptek”, Russia) — a
synthetic analog of the structural fragment of the
(peptidoglycan) of bacterial cell wall is an activator
innate and acquired immunity, enhances the body
defense against viral, bacterial and fungal infections,
exerts an adjuvant effect in developing immunological
reactions.

Experiments were conducted on 45 adult rabbits
(weighing 1.8-2.0 kg) purchased from the nursery
of the Rostov-on-Don Plague Control Research
Institute.

Before oral immunization, the animals were orally
inoculated with 5% solution of baking soda (2 ml
each) to reduce damaging effect of gastric juice on
the cholera vaccine. The vaccination dose of cholera
bivalent chemical vaccine and immunopreparations
was calculated according to the weight of experimental
animals, based on the human doses recommended
by the manufacturer. Immunomodulators were
administered to rabbits once simultaneously with
the vaccine: Polyoxidonium at 0.17 mg; Derinate at
2.0 mg; Lycopide at 0.285 mg.

The total pool of rabbit serum anti-cholera anti-
bodies was determined by solid-phase enzyme-linked
immunosorbent assay in three replicates.

The potential of immunomodulators to increase
protective activity of the cholera vaccine was
evaluated by challenging animals with the virulent
strain Vibrio cholerae Ol 569B one month and
seven months after vaccination. We used a model of
a bandaged loop of the adult rabbit small intestine,
which allows us to obtain a pathogenetic picture of
the disease in animals similar to that in humans [7].
The development of the disease in rabbits was assessed
by collecting fluid in the experimental bandaged loops
of the small intestine, determining the coefficient of
the loop stretching (K) by the formula: K=volume of
liquid/length the presence/severity of edema of the
mucous and submucosal membranes, hemorrhages
pointing at enteropathogenic effect (K > 1 indicates
the development of a cholerogenic effect), as well as
the presence / severity of edema of the mucous and
submucosal membranes, hemorrhages indicating an
enteropathogenic effect.
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Statistical data analysis was performed by using
the Microsoft Excel software. The magnitude of the
confidence intervals (L) of the arithmetic mean (M)
for the 95% confidence level (P) were determined.

Results and discussion

Given that the cholera vaccine causes the pro-
duction of specific antibodies in vaccinated rabbits,
we evaluated an effect of immunomodulators on this
process after vaccination. It was found that in the
first week of the post-vaccination period, all animals
in experimental groups had similar serum level of
produced anti-cholera immunoglobulins (titer value —
1: 625). By day 14, the number of specific Ig in rabbits
vaccinated and treated with immunomodulators
increased significantly (titer value — 1:3125), com-
pared with that in monovaccinated animals (titre
value — 1:625). On day 21, the group of vaccinated
animals showed decreased serum antibody production
(titer value — 1:125). A decrease in the number of anti-
cholera immunoglobulins on day 21 (titer value —
1:625) was also observed in vaccinated rabbits treated
with Derinat and Lycopide. Only animals primed with
Polyoxidonium had titer of specific antibodies that
remained unchanged (titer value — 1:3125).

While studying the duration of sustained serum
specific immunoglobulin level in vaccinated rabbits,
it was found that seven months after the onset of
the experiment, the titer of anti-cholera antibodies
in the group of immunized animals decreased to
1:64. Vaccinated rabbits treated with Derinate and
Polyoxidonium had the titer at 1:128, whereas after
treating with Lycopide during vaccination retained
immunoglobulins at fairly high titer 1:256.

While assessing the pathoanatomical picture
in the bandaged loops of the small intestine in all
intact (control) infected rabbits, it was revealed that
the experimental loops were strongly stretched and
filled with cloudy contents (K=1.14%£0.06), hemor-
rhages and mucosal edema were recorded, which
indicated the development of cholerogenic and
enteropathogenic effects.

The results of challenging vaccinated animals
one month after vaccination showed the presence
of a rather durable post-vaccination immunity:
75% of rabbits lacked both cholerogenic and enter-
opathogenic effects. Only 25% of rabbits showed signs
of developing disease in the form of a cholerogenic
effect (K=1.1x0.08).

In all groups of vaccinated animals treated with
immunomodulators, no pathomorphological changes
in the experimental loops of the small intestine were
detected during infection one month after the onset,
i.e., enteropathogenic and cholerogenic effects were
absent in 100% of cases, which indicated a positive

effect of immunopreparations on the protectivity of
the cholera vaccine.

Seven months in the post-vaccination period, the
intensity of cholera immunity in vaccinated rabbits
decreased. The protective effect of the vaccine was
recorded only in 25% of animals. Cholerogenic
(K=1.12%0.08) and mild enteropathogenic effects
were observed in 75% of rabbits.

While assessing the ability of immunomodulators
to increase the protective activity of the cholera
vaccine in the long-term period after vaccination, it
was found that the effect of Polyoxidonium, Lycopide,
and Derinate was manifested to varying degrees. No
signs of developing disease were registered in 75% of
animalstreated with Lycopide (K=0.1240.06), 25% of
rabbits from this group developed only a cholerogenic
effect (K=1.05£0.02). The pathomorphological pat-
tern characteristic of cholera was observed in 50%
of animals from the groups with Polyoxidonium
and Derinate (K=1.04+£0.02 and K=1.06%+0.04,
respectively), whereas vaccinated animals rabbits
treated with Derinat also had a weak enteropathogenic
effect. Half of the animals from these groups, showed
no cholerogenic (K=0.15+0.09 and K=0.14%+0.07,
respectively) and enteropathogenic effects.

The results of experiments assessing a potential to
reduce the recommended dose of the cholera vaccine
combined with immunomodulators showed that after
infection of rabbits one month after vaccination,
signs of disease development were not detected
only in experimental animals treated with Lycopide
(K=0.19%0.02). Polyoxidonium and Derinate pre-
vented the development of cholera in 50% of rabbits
vaccinated with areduced dose of the vaccine. It should
be noted that in other animals from these groups,
cholerogenic (K=1.08%£0.02 and K=1.06%0.04, res-
pectively) and mild enteropathogenic effects were
recorded .

In animals vaccinated with half a dose of the
vaccine, a pathogenetic picture characteristic of cho-
lera was observed: the development of cholerogenic
(K=1.12%£0.02) and enteropathogenic effects. This
was evidenced by the presence of edema and he-
morrhages in the experimental bandaged loops of the
small intestine, which were stretched and filled with
reddish, moderately turbid contents.

Thus, we found that the use of immunomodulators
enhances the immunogenic and protective properties
of the antigens included in the chemical cholera
bivalent vaccine. The use of immunopreparations
increases the production of serum specific immu-
noglobulins of vaccinated experimental animals.
Moreover, in the first month of the post-vaccination
period, Polyoxidonium most effectively abrogated this
process. Seven months after vaccination, a sufficiently
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high anti-cholera antibody titer was maintained in its protectivity in the long-term post-vaccination
animals treated with Lycopide. The most effective period. Polyoxidonium and Derinate stimulated the
protective ability of the cholera vaccine, but they
were somewhat inferior to Lycopide. Considering the
data noted above, it can be concluded that increased
immunogenic activity of the cholera vaccine combined
with immunomodulators, especially Lycopide, may be
including those vaccinated with a reduced dose. Also, one of the approaches to improving specific cholera
the combined use of Lycopide and the vaccine tripled prevention.

method was to use this immunomodulator while
vaccinated animals were infected with a virulent
cholera strain. Lycopide prevented the development
of infection in the small intestine in all adult rabbits,
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