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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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Қазіргі таңда адам бруцеллезіне қарсы тиімді және қауіпсіз лицензияланған вакцина шыға-
рылмаған. 

Зерттеудің мақсаты. Адам бруцеллезына қарсы вакцина сынамаларын мукозалды имму-
низациялау жолдарымен зертханалық жануарларда бағалау. 

Материал және әдістерi. Бұл жұмыста біз NS1 80 және 124 ақуызының позициясында 
Omp16, Omp19, L7/L12 немесе Su-Zn SOD бруцеллез ақуыздарын экспрессиялайтын  тұмау 
вирусының А типіне жататын Н5N1 субтипінің рекомбинантты векторы негізінде дайындалған 
төртвалентті вакцина формуляциясын қолдандық.  Вакцина формуляциялары үш жолмен ен-
гізілді, оның ішінде көз, ауыз және мұрын қуыстары арқылы. Зертханалық жануарлардың сал-
мағы апта сайын 42 күн бақылауда болды. 0, 21-ші және 42-ші күндері бақылау және экспе-
рименттік топтардың жануарларынан қан сарысу үлгілері жиналды және гемагглютинацияны 
тежеу (ингибирлеу) талдауын (ГТТ) қолдана отырып, H5N1 тұмауы вирусына антиденелердің 
түзілуі анықталды.
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rucellosis is a bacterial zoonotic disease that affects 
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 
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 

B 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, 
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 

шошқаларына мұрын қуысы арқылы прайм-буст иммунизация жасаған кезде, олардың қан са-
рысуларында тұмау вирусына қарсы антиденелер титрі басқа иммунизация жолдарынан жоға-
рырақ болды. Теніз шошқалардың салмағын бақылаудың бүкіл кезеңінде, бақылау немесе экс-
перименталдық топтарда жануарлардың салмағының артқаны байқалды. 

Қорытынды.Осы жұмыстың қорытындысы бойынша мұрын қуысы арқылы прайм-буст им-
мунизация жолы тұмау вирусына қарсы  жоғары антиденелер титрін көрсетті.

Негізгі сөздер: адам бруцеллезі, мукозалды вакциналар, тұмау вирус векторы.
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Бруцеллез - хроническая инфекционная болезнь животных и человека. В настоящее время 
нет лицензированной, эффективной и безопасной вакцины против бруцеллеза человека. Один 
из способов получения вакцины основан на использовании конструированных вакцинных век-
торов, в частности рекомбинантные вирусы гриппа. В проекте по созданию новой человече-
ской противобруцеллезной векторной вакцины используются гриппозные вирусные векторы, 
экспрессирующие бруцеллезные иммунодоминантные белки. 

Цель исследования. Оценка мукозальных способов введения вакцинных формуляций на 
морских свинках. 

Материал и методы. В данной работе мы использовали четырехвалентную вакцинную 
формуляцию, полученную на основе рекомбинантного гриппозного вирусного вектора типа А 
субтипов Н5N1, экспрессирующих бруцеллезные белки Omp16, Omp19, L7/L12 или Su-Zn SOD в 
позиции белка NS1 80 и 124. Вакцинные формуляции вводили тремя способами: интраназаль-
но, конъюнктивально и орально. В течение 42 дней проводили наблюдения за изменением 
веса у лабораторных животных. 

Результаты и обсуждение. Полученные данные показывают, что интраназальная имму-
низация морских свинок вызывает заметное накопление антител после прайм-буст иммуниза-
ции. В течение всего периода наблюдения за весом животных отмечался прирост массы всех 
морских свинок контрольной и опытной групп, и все животные остались живы. 

Вывод. При выборе способа введения вакцинной формуляции интраназальное введение 
дало более высокую детекцию антител после прайм-буст иммунизации. 

Ключевые слова: бруцеллез человека, мукозальная вакцина, гриппозный вирусный вектор. 
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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 PI 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 H5N1 or H1N1 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 (H1N1) 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 А/New Caledonia/20/99 (H1N1) [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, Omp19, 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 ± 0.5ºСfor 48 h. 
After incubation period, the embryos were cooled to 2-8ºС and 
the allantoic fluid was collected. Separately produced allanto-
ic suspensions containing Omp16, Omp19, L7/L12 or Cu-Zn 
SOD Brucella antigenic genes, inserted in influenza viral vector 
(IVV) H5N1 (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 ºС 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 µ 
(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 - 50µL (half 
volume in each conjuctival sac), nasal - 200µL (half volume 
per each nostril), sublingual - 200 µL 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 III delivered 
with vaccine formulations at 80 positions, and group IV-VI im-
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/L12+Omp19+Cu-Zn SOD Group I

Nasal 80-Omp16+L7/L12+Omp19+Cu-Zn SOD Group II

Sublingual (SL) 80-Omp16+L7/L12+Omp19+Cu-Zn SOD Group III

Conjunctival 124-Omp16+L7/L12+Omp19+Cu-Zn SOD Group IV

Nasal 124-Omp16+L7/L12+Omp19+Cu-Zn SOD Group V

Sublingual 124-Omp16+L7/L12+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, Spezialdiäten 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.  

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)

Figure 2 - Hemagglutination inhibition titers 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 titer (GMT) ± standard error (SE)
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Figure 3 - Antibody titers after boost immunization at position 80 and 124. The data is presented as geometric mean titer (GMT) ± 
standard error (SE).*P = 0.01; statistical  analysis  was  conducted  using  a  one  way  ANOVA  (Tukey’s  multiple  comparisons  test) 

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 H5N1 
(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-

ated higher antibody titers applied at prime and boost immuni-
zation than other administration routes. These studies demon-
strated that when highly pathogenic H5N1 influenza vaccine ad-
ministered via intranasal route, the vaccine generated better pro-
tective immunity against influenza virus in mice [17]. In future 
studies, we will apply challenge studies to test protectiveness 
of these vaccine formulations in guinea pigs. Although concep-
tually prime vaccination against brucellosis in human may be 
preferable, prime and boost strategies in recombinant vaccines 
may require to be increased their antigenic activity.
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