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Introduction
Tilapia was originally considered to be more resistant to  
bacterial, parasitic, mycological, and viral diseases than other 
species of cultivated fish. However, they are found to be  
susceptible to bacterial and parasitic diseases1, particularly dur-
ing the offspring phase2. Some of the diseases often found in 
tilapia in Indonesia include S. agalactiae, A. hydrophila and  
P. fluorescens.

Among the various methods of disease control, vaccination is 
one of the most effective ways, which is commonly used3–6.  
The administration of vaccines is meant to produce antibodies 
that could improve the immunity of tilapia. Unfortunately, they 
could not be administered to their offspring because the organs 
that form the immune response are not yet fully developed,  
therefore they are unable to produce antibodies7.

An effective solution to the aforementioned issue is the  
application of maternal immunity transfer. This is the trans-
fer of immunity from broodstock to offspring, by which 
immunoglobulins (Ig) are transferred through eggs8. Mater-
nal immunity has been shown to improve the fish offspring’s  
immunity against pathogens in the early phases of their life9–12. 

This process is usually carried out using monovalent  
vaccines13–16. However, a polyvalent vaccine would be more  
effective because it could control multiple diseases17,18. 
Though the effectiveness has been known, the applica-
tion of polyvalent vaccines through maternal immunity has 
not been extensively investigated, particularly in Nile tilapia  
(O. niloticus).

The transfer of maternal immunity using PAPS for S. aga-
lactiae, Lactococcus garvieae, and Enterococcus faecalis has 
been studied by Abu-elala et al.,19 and three vaccine strains for  
S. agalactiae by Nurani et al.20. The types of bacterial diseases 
studied in the aforementioned studies are very limited even 
though Nile tilapia often suffer from them in fish farms and  
hatcheries21. Besides being infected by S. agalactiae15,20–23, 
Nile tilapia are often infected by A. hydrophila21,22,24 and  
P. fluorescens24,25 leading to high mortality, including in  
Indonesia. Therefore, this study aims to examine maternal immu-
nity transfer using the vaccines for S. agalactiae, A. hydrophila,  
and P. fluorescens. It was expected that the broodstock could 
pass their immunity to their offspring, making them resist-
ant to the three types of diseases (A. hydrophila, S. agalactiae,  
and P. fluorescens bacteria), and also the production of tila-
pia offspring could also be increased. Furthermore, this study 
aims to determine the effectiveness of the transfer of immu-
nity induced by PAPS against A. hydrophila, S. agalactiae, and  
P. fluorescens from the Nile tilapia (O. niloticus) broodstock 
to their offspring and the protection against S. agalactiae,  
A. hydrophila, and P. fluorescens bacterial infections.

Methods
Experimental animal
Nile tilapia broodstock, obtained from the Ompo Inland  
Hatchery, Soppeng, Indonesia, with an average weight of 203g  

(±SD 23 g) was used as experimental animals. They were 
kept in spawning ponds and fed with pellets that have a pro-
tein content of 30% ad libitum in the mornings and afternoons.  
Also, 25% of the water was replaced daily. One week after 
the fish spawned, they were harvested and a large number of 
Nile tilapia broodstock at gonad developmental stage 2 were  
obtained. 

Vaccine production
Pure isolates of the A. hydrophila, S. agalactiae, and P. fluorescens 
bacteria were obtained from the Research and Development 
of Fish Disease Control Installation, Ministry of Marine  
Affairs and Fisheries, Depok, Indonesia. The vaccine tested 
was formalin-killed, whereby S. agalactiae and P. fluorescens  
were inactivated with 1% formalin while A. hydrophila was  
inactivated using 0.6% formalin.

Vaccine treatments and administration
The vaccine treatments consist of (1) a monovalent vac-
cine against A. hydrophila (MA), (2) a monovalent vaccine 
against P. fluorescens (MP), (3) a monovalent vaccine against  
S. agalactiae (MS), (4) a bivalent vaccine against A. hydrophila, 
P. fluorescens and (BAP), (5) a bivalent vaccine against  
A. hydrophila and S. agalactiae (BAS), (6) a bivalent vaccine 
against P. fluorescens and S. agalactiae (BPS), (7) a polyvalent 
vaccine against A. hydrophila, P. fluorescens and S. agalactiae  
(PAPS), and (8) the control, fish injected with PBS solution. 

The vaccination method used was intramuscular (i.m.) and 
was administered at a dose of 0.4 mL/kg fish. After the fish 
were vaccinated, a booster with the same dose as the initial  
vaccination was later administered on the 7th day. However, before 
being injected with the vaccines, they were first anesthetized  
using MS-222, Sigma.

The gonad developmental stage 2 fish post-vaccination were 
reared using 3x3 m cages and installed in dirt ponds. Fur-
thermore, 20 broodstock were reared per cage, consisting of  
15 females and five males. The fish were fed with pellets at 
a dose of 4%/day in the morning, at midday, and in the after-
noon. The water was replaced daily at a rate of 20%/day. The  
fish would spawn after being reared for approximately  
4 weeks.

Broodstock and larvae immune response
Following vaccinations, the fish’s immune response was 
observed on the 7th, 14th, 21st, and 28th day by collecting intra-
muscular blood samples. The immune response parameters were 
the antibody titer using the direct agglutination method26, total  
leukocyte20,22,27, phagocytic28–30 and lysozyme activities13,20,29,30.

Random blood sampling from the offspring was conducted 
on each treatment group on the 10th, 20th, 30th, and 40th day  
post-spawning period. Serum was collected by grinding the off-
spring in a tube with PBS-tween at a ratio of 4:1. It was then 
centrifuged at 6000 rpm for 5–10 minutes. Furthermore, the  
serum in the second layer of the centrifugation result was har-
vested and stored at 47°C for 30 minutes to inactivate the  
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complements31. It was then stored for agglutination titer and  
lysozyme activity.

Challenge procedures
The offspring challenge test was conducted on the 10, 20, 
30, and 40 days old during the post-hatching period. It was  
carried out by dividing the fish into 7 groups based on the type 
of vaccine administered plus one unvaccinated. The control 
was challenged with the three types of pathogenic bacteria,  
namely A. hydrophila, S. agalactiae, and P. fluorescens. 

This test was carried out by placing 20 offsprings into con-
tainers containing 4 liters of water and then they were 
immersed in water containing pathogenic bacteria at a dose of  
2.1x108 CFU/mL according to their relative treatments, each 
conducted triplicate. To observe the effectiveness of the vac-
cine, the relative percentage survival (RPS) was calculated31,32  
on the 14th day post-challenge test.

Data analysis
The data for the specific and non-specific immune response 
and RPS were analyzed statistically and with Duncan’s test  
(IBM SPSS Statistic 21; Chicago, IL, USA).

Results
Broodstock total leukocyte dan phagocytic activity post-
vaccination
In general, the different types of vaccines at each period of 
post-vaccination had a significant effect (P<0.05) on the brood-
stock’s total leukocyte (Figure 1), and phagocytic activity  
(Figure 2). The follow-up test showed that the fish  
vaccinated with PAPS had the highest total leukocyte and  

phagocytic activity, followed by those vaccinated with bivalent  
and monovalent vaccines.

%URRGVWRFN�DQG�RࢆVSULQJ�DJJOXWLQDWLRQ�WLWHUV
The broodstock’s antibody (Table 1) increased, especially after 
the booster, except in the unvaccinated fish. After the peak, 
the broodstock’s immune response remained high up to day  
28 even though there was a tendency for it to decrease. All the 
types of vaccines at each point in time had a significant effect  
(P<0.05) on the agglutination titer in the broodstock. The  
Duncan’s follow-up test showed that the vaccinated broodstock 
had a higher agglutination titer than the unvaccinated fishes.  
Also, the highest significant value was found in the vacci-
nated fishes with PAPS, followed by those vaccinated with the  
bivalent and monovalent vaccines.

Based on the effect of the vaccine on the broodstock’s immune 
response, the agglutination titer in the offspring from the  
vaccinated broodstock at ages 10, 20, 30, and 40 days was 
higher than unvaccinated (P<0.05). The follow-up test showed  
that PAPS was more effective in increasing the agglutination 
titer in the offspring than the bivalent and monovalent vaccines.  
The results showed that the administration of vaccines in tila-
pia broodstock had a significant effect on the maternal immu-
nity transfer to the offsprings that were up to 30 days old  
(Table 2).

%URRGVWRFN�DQG�RࢆVSULQJ�O\VR]\PH�DFWLYLW\
The lysozyme activity in the fishes from the vaccinated brood-
stock was higher than those unvaccinated ones (P<0.05)  
(Figure 3). Generally, the offspring from the broodstock that 
were vaccinated with PAPS had a higher lysozyme activity 

Figure 1. Total leukocyte of tilapia broodstock after the vaccination with various types of vaccines (mean±SE). M: monovalent, 
B: Bivalent, P: Polyvalent vaccine, A: A. hydrophila, S: S. agalactiae, P: 3ࢇ��XRUHVFHQV��9DOXHV�ZLWK�GLࢆHUHQW�VXSHUVFULSWV�D�E�LQGLFDWH�WKDW�WKHLU�
FRUUHVSRQGLQJ�PHDQV�DUH�VLJQLࢉFDQWO\�GLࢆHUHQW��3�������DFFRUGLQJ�WR�RQH�ZD\�$129$�IROORZHG�E\�'XQFDQȆV�WHVW�
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than those of other treatments (P<0.05) up to the 30th day. The  
results showed that the application of PAPS in tilapia brood-
stock could increase lysozyme activity transferred to the  
offsprings (Figure 4).

536�RI�RࢆVSULQJ�SRVW�FKDOOHQJH
Offsprings that were 10, 20, 30, and 40 days old from the  
vaccinated broodstock had higher RPS than those from the 
unvaccinated broodstock after being challenged with bacteria.  

The offsprings from the broodstock that were vaccinated with 
PAPS had the highest SR and RPS when challenged with 3 bac-
teria simultaneously (a combination between A. hydrophila,  
S. agalactiae, and P. fluorescens) (Table 3) up to day 30.

Discussion
Efforts to produce seeds that are immune to several diseases 
was the best alternative to increasing Nile tilapia produc-
tion. Furthermore, PAPSs for A. hydrophila, S. agalactiae, and  

Figure 2. The phagocytic activity in the tilapia broodstock after being vaccinated with the various types of vaccines (mean±SE). 
M: monovalent, B: Bivalent, P: Polyvalent vaccine, A: A. hydrophila, S: S. agalactiae, P: 3ࢇ��XRUHVFHQV��9DOXHV�ZLWK�GLࢆHUHQW�VXSHUVFULSWV�D�E�
LQGLFDWH�WKDW�WKHLU�FRUUHVSRQGLQJ�PHDQV�DUH�VLJQLࢉFDQWO\�GLࢆHUHQW��3�������DFFRUGLQJ�WR�RQH�ZD\�$129$�IROORZHG�E\�'XQFDQȆV�WHVW�

Table 1. The agglutination titer in Nile tilapia broodstock after being 
vaccinated with various types of vaccines (mean±SE). M: monovalent, B: Bivalent, 
P: Polyvalent vaccine, A: A. hydrophila, S: S. agalactiae, P: 3ࢇ��XRUHVFHQV� Values with 
GLࢆHUHQW�VXSHUVFULSWV�a,E�LQGLFDWH�WKDW�WKHLU�FRUUHVSRQGLQJ�PHDQV�DUH�VLJQLࢉFDQWO\�
GLࢆHUHQW��3�������DFFRUGLQJ�WR�RQH�ZD\�$129$�IROORZHG�E\�'XQFDQȆV�WHVW�

Type of vaccine Day after vaccinated (day)

0 7 14 21 28

MA ����s����a ����s����a ����s����a ����s���Ec ����s����Ec

MP ����s����a ����s����a ����s����a ����s����Ec ����s����E

MS ����s����a ����s����a ����s����a ����s����E ����s����E

BAP ����s����a ����s����a ����s����DE ����s����c ����s����Ec

BAS ����s����a ����s����a ����s����DE ����s����c ����s����Ec

BPS ����s����a ����s����a ����s����DE ����s����c ����s����c

PAPS ����s����a ����s����E ����s����E ����s����d ����s����d

&RQWURO ����s����a ����s����a ����s����a ����s����a ����s����a
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P. fluorescens was able to improve the broodstock’s immune 
response which was then transferred to the seeds. This process 
was carried out in other to produce seeds that possess both lys-
ozyme and antibodies and a high survival rate post-challenge  
test using pathogenic bacteria. This was better than the other 
treatments that made use of the bivalent and monovalent  
vaccines.

The results from the observation of the broodstock for 28 
days showed that the total leukocyte (Figure 1), phagocytic  
(Figure 2), antibody titer (Table 1), and lysozyme activity  
(Figure 3), started to increase in week two post-vaccination. 
The broodstock vaccinated with PAPS showed a higher increase 
in the immune response compared to the others that were  
vaccinated with the bivalent, monovalent vaccines, and was the 

Table 2. 7KH�DJJOXWLQDWLRQ�WLWHU�RI�WLODSLD�RࢆVSULQJ�IURP�PDWHUQDO�
immunity produced by various types of vaccines at the ages of  
10, 20, 30 and 40 days post-hatching (mean±SE). M: monovalent,  
B: Bivalent, P: Polyvalent vaccine, A: A. hydrophila, S: S. agalactiae,  
P: 3ࢇ��XRUHVFHQV��9DOXHV�ZLWK�GLࢆHUHQW�VXSHUVFULSWV�a,E�LQGLFDWH�WKDW�WKHLU�
FRUUHVSRQGLQJ�PHDQV�DUH�VLJQLࢉFDQWO\�GLࢆHUHQW��3�������DFFRUGLQJ�WR�
RQH�ZD\�$129$�IROORZHG�E\�'XQFDQȆV�WHVW�

Type of vaccine Day post-hatching (day)

10 20 30 40

MA ����s����DE ����s����Ec ����s����a ����s����a

MP ����s����DE ����s����Ec ����s����a ����s����a

MS ����s����E ����s����E ����s����DE ����s����a

BAP ����s����DE ����s����c ����s����DE ����s����a

BAS ����s����c ����s����Ec ����s����DE ����s����a

BPS ����s����DE ����s����Ec ����s����DE ����s����a

PAPS ����s����d ����s����d ����s����E ����s����a

&RQWURO ����s����a ����s����a ����s����a ����s����a

Figure 3. The lysozyme activity in the tilapia broodstock after being vaccinated with the various types of vaccines (mean±SE). 
M: monovalent, B: Bivalent, P: Polyvalent vaccine, A: A. hydrophila, S: S. agalactiae, P: 3ࢇ��XRUHVFHQV��9DOXHV�ZLWK�GLࢆHUHQW�VXSHUVFULSWV�D�E�
LQGLFDWH�WKDW�WKHLU�FRUUHVSRQGLQJ�PHDQV�DUH�VLJQLࢉFDQWO\�GLࢆHUHQW��3�������DFFRUGLQJ�WR�RQH�ZD\�$129$�IROORZHG�E\�'XQFDQȆV�WHVW�
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lowest in the unvaccinated broodstock14,16,19,20,33. This showed 
that PAPS could increase the Nile tilapia broodstock’s immune  
response better than the other treatments. 

The offspring produced from the broodstock that were vac-
cinated with PAPS had the highest antibodies (Table 2) and 
lysozyme activity (Figure 4) up to the 30th day post-hatching  
period and was the lowest in the offsprings from the unvacci-
nated broodstock (P<0.05). This demonstrated that their strong 

immune response was transferred to their offsprings13–15,19,20,34  
through the egg yolk35.

The results from the challenge test using pathogenic bacteria  
(Table 3) showed that the offsprings that were produced using 
PAPS had a higher RPS compared to those from the off-
springs produced from broodstocks that were treated using the  
monovalent and bivalent vaccines (P<0.05). This further showed 
that the vaccine treatment had adequately protected the fishes 

Figure 4.�7KH�O\VR]\PH�$FWLYLW\�RI�WLODSLD�RࢆVSULQJ�IURP�PDWHUQDO�LPPXQLW\�SURGXFHG�E\�YDULRXV�W\SHV�RI�YDFFLQHV�DW�WKH�DJHV�
of 10, 20, 30 and 40 days post-hatching (mean±SE). M: monovalent, B: Bivalent, P: Polyvalent vaccine, A: A. hydrophila, S: S. agalactiae,  
P: 3ࢇ��XRUHVFHQV��9DOXHV�ZLWK�GLࢆHUHQW�VXSHUVFULSWV�D�E�LQGLFDWH�WKDW�WKHLU�FRUUHVSRQGLQJ�PHDQV�DUH�VLJQLࢉFDQWO\�GLࢆHUHQW��3�������DFFRUGLQJ�
WR�RQH�ZD\�$129$�IROORZHG�E\�'XQFDQȆV�WHVW�

Table 3. 7KH�5HODWLYH�3HUFHQWDJH�6XUYLYDO��536��RI�WLODSLD�RࢆVSULQJ�
from maternal immunity produced by various types of vaccines at 
the ages of 10, 20, 30 and 40 days post-hatching. 7KH�RࢆVSULQJ�ZHUH�
SURGXFHG�E\�EURRGVWRFN�YDFFLQDWHG�ZLWK�YDULRXV�W\SHV�RI�YDFFLQHV�WKURXJK�
LQWUDPXVFXODU��L�P���LQMHFWLRQ��PHDQs6(��

Type of vaccine Day post-hatching (day)

10 20 30 40

MA �����s����a �����s����a �����s����a �����s����a

MP �����s����a �����s����a �����s����a �����s����a

MS �����s����a �����s����a �����s����a �����s����a

BAP �����s����a �����s����a �����s����DE �����s����a

BAS �����s����a �����s����a �����s����DE �����s����a

BPS �����s����a �����s����a �����s����a �����s����a

PAPS �����s����E �����s����E �����s����E �����s����a
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from bacterial diseases with an RPS that was greater than  
60% up to the 30th day post-hatching period19,20,31. The high  
RPS in the offspring during the challenge test using patho-
genic bacteria in PAPS treatment was due to the broodstock’s 
high number of leukocytes, phagocytic activity, the amount of 
antibody, and lysozyme activity transferred to the offsprings  
for protection against diseases.

The role of leukocytes which consist of neutrophils, lym-
phocytes, and monocytes, is to infiltrate the infected area for rapid  
protection36, stimulating the production of antibodies through 
the recognition of foreign bodies, including vaccines and  
pathogens during the challenge test in this study. The phago-
cytic activity occurs during phagocytosis, which involves anti-
bodies and complements during opsonization. Furthermore, the  
total leukocyte parameter increases in line with other immune 
responses, such as the antibacterial lysozyme, which triggers 
the complement system and phagocytic cells36–38. It encourages  
phagocytosis by activating leukocytes and polymorphonuclear 
macrophages or through opsonization39. The high number of 
leukocytes and a large amount of lysozyme in the treatment  
using PAPS which is similar to an infection by a pathogen indi-
cated the success of PAPS in triggering the fish’s immune system  
when developing an immune response. 

The offsprings produced by the broodstock that were vaccinated 
with PAPS were protected from infections by A. hydrophila,  
S. agalactiae, and P. fluorescens. However, the monova-
lent vaccines only protected the offsprings from one type of  
bacteria. This is one of the advantages of applying PAPS. The 
results of this study revealed that the application of PAPS  
produced broodstock and offspring with better immune 
responses than the bivalent and monovalent vaccines. Therefore,  
the development of a polyvalent vaccine is more prudent than 
that of bivalent or monovalent because of its ability to tar-
get more than one species of bacteria17,33,34,39–42. The use of this  
type of vaccine caused the fish to respond to multiple antigens 
and form an immune response, thereby making it a strategic 
method in controlling bacterial diseases commonly found in  
culture and breeding environments19,20,34,43. Additionally, the 
application of polyvalent vaccines is more practical than 
the monovalent containing only one type of antigen. This  
showed that PAPS provided the most effective protection against 
diseases caused by pathogenic bacteria that often affect fishes, 

and thus is an ideal candidate for developing a polyvalent  
vaccine against bacterial infection.

Conclusion
The results show that the application of the polyvaccine against 
A. hydrophila, S. agalactiae, and P. fluorescens increased the  
antibody, lysozyme, total leukocytes, and phagocytic activ-
ity in Nile tilapa broodstock which was transferred to their 
offsprings, leading to a high RPS during the challenge test.  
Therefore, it is possible to produce seeds of Nile tilapia that are 
immune to diseases caused by A. hydrophila, S. agalactiae, 
and P. fluorescens. This process could be carried out through 
the vaccination of the broodstocks using a polyvalent vaccine  
against A. hydrophila, S. agalactiae, and P. fluorescens.
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Underlying data
OSF: Underlying data for ‘Transfer of maternal immunity using 
a polyvalent vaccine and offspring protection in Nile tilapia, 
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The project contains the following underlying data:

Data on broodstock immune response, offspring immune response, 
and offspring RPS in tilapia, O. niloticus can be accessed  
on OSF
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Zero “No rights reserved” data waiver (CC0 1.0 Public domain  
dedication).
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�
5HIHUHQFHV�
���6KLUDMXP�0RQLU�0��<XVRII�60��0RKDPDG�$��,QD�6DOZDQ\�0<��9DFFLQDWLRQ�RI�7LODSLD�DJDLQVW�0RWLOH�
$HURPRQDV�6HSWLFHPLD��$�5HYLHZ�-�$TXDW�$QLP�+HDOWK����������������3XE0HG�$EVWUDFW�_�3XEOLVKHU�
)XOO�7H[W��
���/DLWK�$$��$EGXOODK�0$��1XUKDIL]DK�::,��+XVVHLQ�+$��HW�DO���(IILFDF\�RI�OLYH�DWWHQXDWHG�YDFFLQH�
GHULYHG�IURP�WKH�6WUHSWRFRFFXV�DJDODFWLDH�RQ�WKH�LPPXQH�UHVSRQVHV�RI�2UHRFKURPLV�QLORWLFXV�)LVK�
6KHOOILVK�,PPXQRO��������������������3XE0HG�$EVWUDFW�_�3XEOLVKHU�)XOO�7H[W��
�
,V�WKH�ZRUN�FOHDUO\�DQG�DFFXUDWHO\�SUHVHQWHG�DQG�GRHV�LW�FLWH�WKH�FXUUHQW�OLWHUDWXUH"
<HV

,V�WKH�VWXG\�GHVLJQ�DSSURSULDWH�DQG�LV�WKH�ZRUN�WHFKQLFDOO\�VRXQG"
<HV

$UH�VXIILFLHQW�GHWDLOV�RI�PHWKRGV�DQG�DQDO\VLV�SURYLGHG�WR�DOORZ�UHSOLFDWLRQ�E\�RWKHUV"
3DUWO\

,I�DSSOLFDEOH��LV�WKH�VWDWLVWLFDO�DQDO\VLV�DQG�LWV�LQWHUSUHWDWLRQ�DSSURSULDWH"
<HV

$UH�DOO�WKH�VRXUFH�GDWD�XQGHUO\LQJ�WKH�UHVXOWV�DYDLODEOH�WR�HQVXUH�IXOO�UHSURGXFLELOLW\"
<HV

$UH�WKH�FRQFOXVLRQV�GUDZQ�DGHTXDWHO\�VXSSRUWHG�E\�WKH�UHVXOWV"
<HV

&RPSHWLQJ�,QWHUHVWV��1R�FRPSHWLQJ�LQWHUHVWV�ZHUH�GLVFORVHG�

5HYLHZHU�([SHUWLVH��$TXDWLF�DQLPDO�KHDOWK��PLFURELRORJ\

,�FRQILUP�WKDW�,�KDYH�UHDG�WKLV�VXEPLVVLRQ�DQG�EHOLHYH�WKDW�,�KDYH�DQ�DSSURSULDWH�OHYHO�RI�
H[SHUWLVH�WR�FRQILUP�WKDW�LW�LV�RI�DQ�DFFHSWDEOH�VFLHQWLILF�VWDQGDUG��KRZHYHU�,�KDYH�
VLJQLILFDQW�UHVHUYDWLRQV��DV�RXWOLQHG�DERYH�

b
3DJH����RI���

)����5HVHDUFK��������������/DVW�XSGDWHG�����'(&�����



7KH�EHQHILWV�RI�SXEOLVKLQJ�ZLWK�)����5HVHDUFK�

<RXU�DUWLFOH�LV�SXEOLVKHG�ZLWKLQ�GD\V��ZLWK�QR�HGLWRULDO�ELDVȎ

<RX�FDQ�SXEOLVK�WUDGLWLRQDO�DUWLFOHV��QXOO�QHJDWLYH�UHVXOWV��FDVH�UHSRUWV��GDWD�QRWHV�DQG�PRUHȎ

7KH�SHHU�UHYLHZ�SURFHVV�LV�WUDQVSDUHQW�DQG�FROODERUDWLYHȎ

<RXU�DUWLFOH�LV�LQGH[HG�LQ�3XE0HG�DIWHU�SDVVLQJ�SHHU�UHYLHZȎ

'HGLFDWHG�FXVWRPHU�VXSSRUW�DW�HYHU\�VWDJHȎ

)RU�SUH�VXEPLVVLRQ�HQTXLULHV��FRQWDFW�UHVHDUFK#I�����FRP

b
3DJH����RI���

)����5HVHDUFK��������������/DVW�XSGDWHG�����'(&�����


