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There is no licensed, protective and safe vaccine against human brucellosis.

Objective. The main purpose of this work is to evaluate mucosal immunization route of vaccine
candidate for human brucellosis in laboratory animals.

Material and methods. We used tetravalent vaccine formulations utilizing recombinant influenza A
virus subtype H5N1 expressing Brucella proteins Omp 16, L7/L12 and Omp19 or Cu-Zn SOD with N-ter-
minal 80 or 124 amino acids of the NS1 protein. Vaccine formulations administered to guinea pigs via mu-
cosal sites including respiratory mucosa (nasal), conjunctiva and oral mucosa (sublingual). Animal body
weight changes were recorded weekly. Blood samples were collected from guinea pigs of the control and
experimental groups on days 0, 21 and 42 upon the prime and boost immunizations to detect antibodies
against influenza A virus subtype H5N1 using hemagglutination-inhibition assay (HIA).

Results and discussion. The highest antibody response to influenza A virus subtype H5N1 in
guinea pigs detected when vaccine formulations were administered at nasal route upon prime-boost
immunization. Animal deaths and body weight loss were not observed over 42 days.

Conclusion. The data obtained indicate that intranasal immunization of guinea pigs showed a
detectable accumulation of antibodies after prime-boost immunization.

Keywords: human brucellosis, mucosal vaccine, influenza viral vector.
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Kasipri Tanga agam 6pyuennesiHe kapcbl TMIMAI XXaHe Kayinci3 nuueH3nanaHFaH BakLMHa LWblfa-
pblnMaraH.

3epTTeyaiH MakcaTtbl. Afam bpyuennesbiHa Kapchl BakLMHa cbiHaManapbiH MyKo3anabl UMMY-
HU3aumanay xxongapblMeH 3epTxaHanblk )XaHyapnapaa 6aranay.

MaTepuan xaHe agicTepi. byn xxymbicta 6i3 NS1 80 xoHe 124 aKybI3blHbIH NO3MLMACBIHAA
Omp16, Omp19, L7/L12 Hemece Su-Zn SOD 6pyuennes akybi3gapbliH 3KCNpeccusinanTblH  Tymay
BMPYCbIHbIH, A TuniHe xaTtaTblH H5N1 cy6TuniHiH pekoMBrHaHTTel BEKTOPbI HerisiHae AalblHAanfaH
TOpPTBANeEHTTI BakuMHa OpMyNAUUACBHIH KongaHablk. BakuuHa dopmynaumnsanapbl YLl )KONIMEH eH-
ri3ingi, OHbIH iWiHAE KO3, aybl3 XXaHe MYpPbIH KyblCTapbl apKbinbl. 3epTXaHanblk XaHyaprapablH can-
Mafbl anTa cawblH 42 kyH Gakbinayga 6ongbl. 0, 21-wi xaHe 42-wi kyHAepi 6akbinay xeHe akcne-
PUMEHTTIK TONTapAbIH XaHyapnapblHaH KaH capbIiCy YNrinepi XXMHanabl XXaHe reMarrnoTUHaL s HbI
Texey (MHrmbupney) TangaybiH (FTT) kongaHa oTbipbin, HSN1 Tymaybl BUpyCbiHa aHTUAEHenepAiH
Ty3inyi aHbIKTangbl.

Hatuxenepi xaHe Tankbinaybl. HoTuxeciHAe TOpT BaneHTTi BakuMHanblk kypamanapabl TeHi3
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LoLwKanapbiHa MypPbIH KybICbl @pKblfibl MpanmM-6ycT UMMYHM3aLUNs xacafaH ke3ae, onapAbliH kaH ca-
pbicynapblHAa Tymay BUpYCbiHa Kapcbl aHTuAeHenep TUTpi 6acka UMMyHM3aLMs xongapblHaH XofFa-
pbipak 6onabl. TeHi3 wWollkanapablH canmarbiH 6akblnayabiH Oykin keseHiHae, bakbinay Hemece aKc-
nepMMeHTanAbIKk TonTapAa xaHyapnapAblH canmarbiHbIH apTkaHbl 6ankanabi.

KopbITbiHABLI.OChI XYMbICTbIH KOPbITbIHALICHI BOMbIHLLA MYPbIH KYbICbl apKblfbl Tpanm-6ycT um-
MYHMW3aLNs X0Ibl TYMay BUPYCbIHA KApCbl >KOFapbl aHTMAEHeNnep TUTPIH KepceTTi.

Herisri ce3pgep: agam 6pyuennesi, Myko3danabl BakLuHanap, Tymay BUpyc BEKTOpbI.
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Bpyuennes - xpoHnyeckas MHeKUunoHHasa 60nes3Hb XNBOTHbIX 1 YenoBeka. B HacToswee Bpems
HeT NMUEH3MPOBaHHON, 3chdekTMBHON 1 Be3onacHon BakUUHbI NpoTUB Bpyuennesa yenoseka. OgunH
13 cnocob0oB NOMy4YeHUs BakLMHbI OCHOBAH Ha UCMOMb30BaHUN KOHCTPYMPOBAHHbLIX BAKLIMHHbLIX BEK-
TOPOB, B YaCTHOCTW PEKOMOMHAHTHbIE BUPYChI rpunna. B npoekTe no cosgaHuio HOBOW YenoBeye-
CKOWN NpOTNBOGPYLENNEe3HON BEKTOPHOW BaKLMHbI UCNOMb3YTCA FPUNMNO3HbIE BUPYCHbIE BEKTOPHI,
aKcnpeccupytowmne bpyLennesHbie UMMYHOAOMUHAHTHbIE Benku.

Llenb nccnepgoBaHus. OueHka Myko3arnbHbIX CNOCOO0B BBEAEHMS BaKLUMHHBIX (HOPMYyNALMIA Ha
MOPCKMNX CBUHKaX.

MaTepuan u metoabl. B faHHON paboTe Mbl MCMOMb30BaNM YeTbIpEXBANEHTHYIO BaKLUMHHYIO
hopmMynAUMIo, NONYYEHHY Ha OCHOBE PEKOMOWHaAHTHOrO rpMNNO3HOro BUPYCHOro BekTopa Tuna A
cybtmnos H5N1, akcnpeccupyowmx 6pyuennesHelie 6enkn Omp16, Omp19, L7/L12 nnun Su-Zn SOD B
nosuumm 6enka NS1 80 1 124. BakunHHble hopMynsiLMn BBOAUNN TpEMS cnocobamMu: MHTpaHasarnb-
HO, KOHBIOHKTMBAmNbHO M opanbHO. B TeuyeHne 42 gHelt npoBOAMNM HaGNOAEHNUS 32 U3MEHEHNEM
Beca y nabopaTopHbIX XXMBOTHbIX.

Pe3ynbraTthl n o6cyxaeHue. MNonyyeHHble faHHbIe MOKA3bIBAKOT, YTO MHTPaHa3anbHas UMMY-
HM3aLMsa MOPCKMX CBMHOK Bbl3blBaeT 3aMeTHOE HakonfeHue aHTuTen nocne npanM-6yct uMmyHm3a-
uun. B TeveHune Bcero nepropa HabnwaeHUs 3a BECOM XMBOTHbLIX OTMeYancs NpupocT Macchl BCEX
MOPCKUX CBUHOK KOHTPOSBbHOW M OMbITHOM FPYMN, Y BCE XXMBOTHbIE OCTaNMCh XUBbI.

BbiBoga. Mpu Boibope cnocoba BBeAeHMst BakKLMHHON (QOPMYNSALUN UHTpaHa3anbHoe BBeAeH e
Aano 6onee BbICOKYIO AeTeKLUMO aHTUTeN nocne npanm-6ycT MMMyH/3aLmu.

KnrouyeBble cnoBa: 6pyLennes YyenoBeka, Myko3arnbHas BakLUHa, TPUMMNO3HbINA BUPYCHbIA BEKTOP.

Ana untupoBaHusa: byreibaesa [.A., PoickenanHoa W.XK., Kbigbipbaes XK.K., Koxamkynos
E.M., Nnkap6ekos [O.A., LUBeuos P.tO., TabbiHoB K.K. Bbibop cnocoba BBeAeHMSI BAKLMHHOW (hOpMY-
nauun npoTtue Gpyuennesa yenoseka // MeguumHa (Anmatbl). — 2019. — Ne7-8 (205-206). — C. 35-40

arthritis with clinical signs including fatigue, fever, anorex-
ia,meningitis, and pneumonia. Having long incubation periods
up to 6 months, in the absence of medical treatment the disease
symptoms persist longer, for years [4].

Brucellosis in humans often occurs through consumption
of nonpasteurized dairy products from infected animals, but
infection can also occur through the direct contact with aborted
animals’ body fluids or tissues [5]. Brucella is considered a sig-
nificant cause of laboratory-acquired infections. The features
that facilitate Brucella are driven by its easy transmission,

human health and animal productivity worldwide. Bru-

cellosis is caused by pathogenic Brucella spp., of which
B.abortus, B. melitensis, B.suis are potentially pathogenic to
humans [1]. Still of these, B. melitensis is thought the principal
cause of most acute and severe form of the disease in humans
worldwide [2]. Although continuous progress is claimed to
control the spread of human brucellosis, human cases of the
disease are found around the world every year. The number
of brucellosis reported is likely to be underestimated [3]. The

B rucellosis is a bacterial zoonotic disease that affects

highest prevalence of human brucellosis currently remains in
Latin America, the Middle East, Africa and Asia areas.

In humans, the disease can be severely disabling causing
significant economic costs associated with medical treatment
and lifelong disability. Commonly localized disease manifes-
tations are osteoarticular, including sacroiliitis and peripheral

low infecting dose for humans and different infection routes
in which the Brucella can enter human body, for example via
respiratory and oral mucosal surfaces, conjunctivae or breaks
in epidermis [6]. Transmission by aerosol route and minimum
infection dose suggests features to use it as biological weapon.
Brucella spp. is a Centers for Disease Control and Prevention
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(CDC) second highest priority bioterrorism category B agent,
because it considered moderately easy to spread across, can
lead to moderate morbidity and low mortality and requires
from the CDC to utilize specific enhancements to diagnose and
disease surveillance [7].

Currently, there is no licensed vaccine for human brucel-
losis. Previously used vaccines Bacillus abortus S19 and B.
melitensis Rev.1 are now considered unsafe for vaccination as
can cause brucellosis. Moreover, different Brucella fractions,
including B. melitensis P1 and B. abortus sodium dodecyl sul-
phate fraction have been considered as potential human vac-
cines, but they found to be highly reactogenic and caused pain
at the place of injection [8]. Therefore, the demand for safe and
efficient vaccine against brucellosis remains.

Previous studies utilizing recombinant influenza A virus
subtype HSN1 or HIN1 expressing Brucella proteins Omp 16,
L7/L12 and Omp19 or Cu-Zn SOD from the open reading frame
(ORF) NS1 (non-structural protein of influenza A viruses) gene
have shown to be a new vector vaccine candidate to control bru-
cellosis in different species susceptible to influenza [9]. These
studies used A/Puerto Rico/8/34 (HIN1) strain to obtain influ-
enza A virus vectors coding 80 or 124 aminoacids at N-terminal
domain of its NS1 protein. Multiple roles of NS1 are in regulat-
ing mechanism of virus replication, inhibition of host immune
responses and conducting cellular signaling pathways. Most of
the amino acid substitutions are localized in the region at posi-
tions 80 and 124 [10].Two major glycoproteins on the surface
haemagglutinin (HA) and neuraminidase (NA) was taken from
A/chicken/Astana/6/05 (H5N1, with deletion of HA cleavage
site) or A/New Caledonia/20/99 (HIN1) [11, 12].

On the basis of previous studies [9,11,12] using influen-
za virus vectors utilizing Brucella proteins, in this study two
tetravalent vaccine formulations has been used.

Main aim of the study was to identify the route of immuni-
zation within mucosal sites including respiratory mucosa (na-
sal), conjunctiva, oral mucosa (sublingual) for these vaccine
formulations using guinea pig as an animal model.

MATERIAL AND METHODS

Preparation of vaccine formulations

Two tetravalent influenza viral vector-based vaccine
formulations in H5N1 subtype expressing the Brucella pro-
teins Omp16, Ompl19, L7/L12 or Cu-Zn SOD at position 80
(Flu-NS1-80-Omp16-H5N1, Flu-NS1-80-Omp19-H5N1, Flu-
NS1-80-L7/L12-H5N1, FluNS1-80-SOD-H5N1) and position
124(Flu-NS1-124-Omp16-H5N1, Flu-NS1-124-Omp19-H5N1,
Flu-NS1-124-L7/L12-H5N1, FluNS1-124-SOD-H5N1) were
used in this study. These influenza viral vectors type A were

obtained as described previously [13]. Vaccine samples were
produced in 10-day-oldchicken embryos at 34 =+ 0.5°Cfor 48 h.
After incubation period, the embryos were cooled to 2-8°C and
the allantoic fluid was collected. Separately produced allanto-
ic suspensions containing Ompl6, Ompl9, L7/L12 or Cu-Zn
SOD Brucella antigenic genes, inserted in influenza viral vector
(IVV) H5NI (titer of about 8.0 log10 EID50/ml) were pooled in
a single suspension in a 1:1 ratio to obtain the 4-valent vaccine
formulation. Vaccine formulations were aliquoted into vials and
stored at 2 - 8 °C for no more than two days until used.

Immunization protocol

Conventional male guinea pig animal models (n=35) at
4-6 weeks of age were randomly assigned into seven groups
(n=5 per group). Control group - non-treated (mock) guinea
pigs were administrated PBS via nasal route at volume 200 p
(half volume in each nostril). Guinea pigs on six experimental
groups vaccinated with tetravalent vaccine formulations at po-
sitions 80 and 124 administered via conjunctival - S0uL (half
volume in each conjuctival sac), nasal - 200uL (half volume
per each nostril), sublingual - 200 pL routes twice (prime and
boost immunization) at an interval of 21 days. Group I and
IV - immunized by conjunctival route; Group II and V- im-
munized by nasal, and Group III and VI -immunized through
sublingual routes. Experimental groups from I to IIT delivered
with vaccine formulations at 80 positions, and group IV-VIim-
munized with vaccine formulations at 124 positions. The body
weights of each group of guinea pigs were recorded weekly.
Table shows immunization details used in this study.

Detection of hemagglutinin inhibiting antibody
response to influenza virus vectors

Antibody response to IVV subtype H5N1 in guinea pigs
was determined at pre-and post- vaccination point on days 0,
21 and 42 by hemagglutination-inhibition assay (HIA). The
native blood samples were obtained at saphenous vein into se-
rum separator tubes (BD Vacutainer, the UK) following pub-
lished method [14]. Serum was collected after prime and boost
immunizations. HIA was performed according to the WHO
protocol [15]. The inactivated influenza viral vectors subtype
H5N1 was titrated for agglutination of 1% chicken red blood
cell suspension and a dilution containing four hemagglutinat-
ing units used in the assay.

Statistical analysis

Differences in weight gain or loss were compared using
two-way ANOVA. Serum antibody titers data were performed
using one-way ANOVA with the Tukey’s multiple compar-
isons test. All statistical analysis data was obtained using
Graph Pad Prism Software version 6.01 for Windows. p-Val-
ues < 0.05 were considered significant.

Table 1 - Summary of immunization route, vaccine formulations and experimental groups

Immunization route of animals Vaccine formulation Biological name
Conjunctival (CONJUNC) 80-Omp16+L7 /L124+Omp19+Cu-Zn SOD Group |
Nasal 80-Omp16+L7 /L124+Omp19+Cu-Zn SOD Group |l
Sublingual (SL) 80-Omp16+L7 /L12+Omp19+Cu-Zn SOD Group |l
Conjunctival 124-Omp16+L7 /L124+Omp19+Cu-Zn SOD Group IV
Nasal 124-Omp16+L7 /L124+Omp19+Cu-Zn SOD Group V
Sublingual 124-Omp16+L7 /L124+Omp19+Cu-Zn SOD Group VI
Nasal - Control
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Animal use

This study was carried out in accordance with the recom-
mendations in the national and international laws and guide-
lines on animal handling. The protocol was approved by the
Committee on the Ethics of Animal Experiments of the Re-
search Institute for Biological Safety Problems (RIBSP) of the
Science Committee of the Ministry of Education and Science
of the Republic of Kazakhstan (approvals 0418/04). Guinea
pigs maintained at Biological Research Facility at the RIB-
SP and were housed on 12 light/12 dark cycle in cages under
controlled environmental conditions. Animals were monitored
twice daily and were fed ad libitum with standard diet that in-
cluded pelleted chow (Ssniff, Spezialdidten GmbH) and had no
water restrictions.

RESULTS AND DISCUSSION

General states of guinea pigs

After 2 weeks of acclimatization, guinea pigs were treat-
ed with vaccine formulations at week 0. Body weight changes
of animals recorded on weeks 7, 14, 21, 28, 35 and 42 upon

prime and boost immunization. We used one control group
- non-treated (NT) and six experimental groups treated with
different vaccine formulations shown in Table 1. A gradual in-
crease in body weight was observed in all seven groups during
the study. There were no animal deaths during this study. The
two-way ANOVA with repeated measures interaction the day
and biological groups as variable showed that during the 7 wk
experiment, differences in body weights between the non-treat-
ed control group and experimental groups were not significant.

Vaccine formulations administered through nasal route
generated detectable HAI titer

Route of vaccine delivery to appropriate anatomical site
can affect localization of vaccine and induce protective im-
mune response. Upon prime immunization, in guinea pigs an-
tibody titers to influenza viral vectors coding amino acids in
positions 80 and 124 were relatively low in range between 1:40
and 1:80, but observing antibody titers in position 80 when
vaccine formulation delivered at conjunctival and nasal sites.
No vaccination data available in animals of control and sublin-
gual groups to influenza virus A.
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Figure 1 - Body weight growth of the four groups of guinea pigs after prime and boost immunization with vaccine formulations. ORF NS1
at position 80 (fig.1, A) and 124 (fig.1, B)
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Figure 2 - Hemagglutination inhibition fiters of after prime immunization of guinea pigs on day 21at position 80 (A) and 124 (B). NT-control
group treated with saline, CONJUNC- conjunctival, SL- sublingual; the data is presented as geometric mean fiter (GMT) * standard error (SE)
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Both after prime and boost immunization on day 42, ani-
mals treated through nasal route resulted post vaccination titers
of <1:160 and 1:640 at positions 80 (HIA, GMT 242.5) or 124
(HIA GMT 320.0) amino acids of the NS1 protein.

CONCLUSION

In this study, we used two tetravalent vaccine formulations
developed on the basis of influenza A virus vectors type HSN1
(IVV) at position 80 and 124 of NS1 protein. This recombinant
IVV codes Brucella immudominant proteins Omp16, Omp19,
L7/L12 or Cu-Zn-SOD. Successful vaccination has several pa-
rameters that may impact vaccine efficacy [16]. It is important to
determine appropriate vaccine delivery route to elicit antibody
response adequately. We tested two tetravalent vaccine formu-
lations at position of protein at 80 and 124 via mucosal admin-
istration (conjunctival, nasal and sublingual) at prime and boost
immunization. Choice of the strategy over the other approaches
is determined in influenza virus vectors tropism that is replicat-
ed in the respiratory epithelium. Within 7 weeks, general states
of guinea pigs were observed in terms of weight growth and
animals’ general behavior. There were no abnormal findings.
We detected antibody titers for influenza virus A in hemagglu-
tination inhibition assay. Intranasal route of immunization with
tetravalent vaccine formulation at position of protein 80 gener-
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