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CHAPTER |
INTRODUCTION

Influenza is caused by a zoonotic virus which occurs in animals and

= nucleocapsid (NP) or matrix
(M) antigens. Type A inf u 'nto different subtypes (H1-
H16 and N1- N9) a Aoriis . glycoproleins, hemagglutinin (HA) and
: Influ .. Influenza A virus inflicts

disease in humans! pi ' Sidest sé | SS and a ~‘
(Webster et al., . g j e the" 2 1 pectrum of disease as

Jdomestic and wild birds

influenza A. However nza B mgéd o‘t C h e pa dem|cs This property may

i‘,

be a consequenceof the i od hoé? at u—_ of th usu nfluenza B virus can infect to

humans and seals, s ﬁf e rains by reassortment. The

influenza type C viruses 3 e entfrom influenza type A and B. Influenza
C virus infection usually caus “mild- rparént illness, and rarely to isolate
(Kilbourne, 1975). 7 Ry 2o

Nowada 4 infl firus infection is ¢ = ‘ problem worldwide,

)

causing millions..€a ness tory syndromes and

approximately 50@00 h de
century, influenza A‘ylruses caused three major pandemics, i.e. Spanish flu in 1918,
Asian f fl (World Health
Organlﬂ ﬁ g mmHM$MEj fjﬂﬁj emerged and
caused the pandemic flu so called ‘Pandemlc H1N1£09” (World Health &panlzatlon

ML RGN TIR L e
emagglutinin (HA) and/or neuraminidase ) proteins to ich humans have no

immunity (Matrosovich et al., 1999). Since the pandemic H1N1 2009, many surveillance

licholson ﬂ l., 2003). In the last

networks had been established, of which the goals are to prevent and control the

pandemic virus and to prepare for the next influenza pandemic.



Currently, the viral isolation technique (VIT) using egg innouculation has been
used as a standard method for diagnosis of influenza A. However, an expert and
certified laboratories are required to perform the test. It also takes 3 to 10 days for the

availability of the results. Some rapid and easy detection methods have been

developed, e.g. i A) (Waner et al.,, 1991) and reverse
transcription-PCR (RT-PCR L However, IFA have sometimes

limited sensitivity and alse ents for the application of the

techniques. The sensitivity I beehwgng from 65 to 100 %

(Dominguez et al., 1993;.@randien et al., 1985; rdi et al., 1994; Waner et al., 1991)

includes fitness- , specificity and cost

(Charlton et al., nd real time RT-PCR are

countries. Therefore, there 4 ) the PCR techniques in some

(RT-LAMP) assay is a PCWW&‘@C&‘" “that has been developed to overcome

those drawba .‘ f the previously-existing met >hnigue has the increased

sensitivity and. g6 not require exp ; easy to perform as

well. The RT-LA@ has

diagnosis. Those speC|f|C for subtypes H1 and H3 (Ito et al., 2006), subtype H5 (Imai et

”‘ZF’T“’LJ Ef 201 b
LAMP detect jw%jn iruse iver, there is no

RT- LAMP ethod for detection of aglmal influenza Aﬂus to date and mﬁJof the two

TININTUHAITNH IR

ction

oth huﬁn and animal influenza

To fill the gap of previous report, we need to develop the one step RT-LAMP,
which can be applied as a rapid detection of influenza A viruses from both human and

animal. The newly developed technique will be useful for the surveillance of influenza A



in both human and animal hosts. The RT-LAMP method would be suitable for the
mobile surveillance and for unequipped laboratories in developing countries.
In this study, we intend to develop one step RT-LAMP technique as an

applicable molecular diagnostic technique of influenza A virus, which will be a rapid

a-rapid and sensitive RT-LAMP method

The objectiv, s to € vel‘o id and

AULININTNEINS
AR TUNN NN Y



CHAPTER I
REVIEW LITERATURES

The aim of this chapter is to provide through selective references to some of the

literatures, a clearer understandi
how important for both hum , ‘/n ollowed by different diagnostic
techniques for typin . ; ) Vi ‘ ief interpretations on different

inciple of LAMP technology and

nza viruses, their genetic nature and

diagnostic techniques ar
the detail in the steps 1ethods of detection for LAMP

products are also refer

Influenza € -‘ viridae Iy omposed of 3 types A,
B and C on the basi id-(N | antigens. Only the type A

16) and nine of NA (NA1-NA9) have

e
neuraminidase (NA). Currently;

been identified in mamaﬁﬂ'_n:-'djﬁf’é&' ,

Stevens et al _.fV' s variety of avian and

A viruses (Fouchier et al., 2005;

mammalian cv, > ' N ; species (Lee et al.,
2004) such as sw ‘, horses & 0 Sle HA and NA subtypes,

including H1N1 in swme H3N8 in horses and H1N1 and H3NZ2 in humans (Suarez et al.,

2003). from the birds
especi Iym th l 1 oi nfluenza viruses

(Lee et aa] 2004; Nicholson et al., 3003 Avian mfluenza viruses can bwwded into

basic amino acids in the cleavage site of the precursor hemagglutinin molecules (HAO)

(Capua and Alexander, 2004).



The virus particle has a pleomorphic morphology, with the size of approximately
80-120 nm in diameter (Lamb and Krug, 2001). Influenza A virus genome composes of
eight separated RNA segments encoding 10-11 different polypeptides (PB1, PB2, PA,
HA, NP, NA, M1, M2, NS1, NS2 and sometimes PB1-F2). The virus contains

glycoprotein spikes of two types x ,
shaped (neuraminidase; NMhe virion - of viral matrix protein (M1) which

underlines beneath the %‘F of viral en @

; i

the viral ion channel. Insi

TTT———
irion are the tﬁﬂwin (RNP) structures which
form twin-stranded heli ; .

emagglutinin; HA) and mushroom-like

iral matrix protein (M2) forms

PB2 (Lamb and Kru 1 » membra e proteln‘hM gene of influenza A viruses
encode two protei -g[o /2. M e%e, n ial role m\?l'?hassembly and budding

(Ito et al., 1991)bu pI|cat|on (Lamb et al., 1985). The

PB1, PB2, PA




Figure 1. Structure of an influenza A virus. Image copyright by Dr. Markus Eickmann,

Institute for Virology, Marburg, Germany. (Kamps et al., 2006)

2. Global Impact of Influenza epie’ '_

Influenza causes a e [NE irato in both human and animals. It can
be debilitating and ca ~ iona® hospitalization and death,
obal burden of influenza
lation. The risk of serious
illness and deathi o C ‘ ' ars. chi ren aged < 2 years and

the person who haVe medical condifi a high risk of developing

New epidemics dnflugs , strains e every 1 /ears by the appearance

ways.
In contrast to clir every 10 to 50 years.
" -

orded (Lazzari and Stohr,

In the last (‘\‘-}-—T:T:—“——* :
2004). During thegn ieth - anﬂﬂics were occurred and
their mortality ranged from devastating to moderate or mild (Simonson, 2004). The 1918

pandemlc Was causgd a H1N1 V|rus of

yparently avian origin (Reid et al., 1999),
Wherea 2‘ i 57 ﬁH?; 2 in 1968 were

reassortéﬂ viruses contalnlng geneé from avian viruses: three in 1957 ( hemagglutlmn

RIANITIY m/mﬁfmfm BN

Called .antigenic shift (Figure 2). Recently the new pandemic was occurred which is

known as pandemic H1N1 2009.



Table 1: Antigenic shifts and pandemics (Kamps et al., 2006)

1889 H3N2 Moderate ?

1918 H1N1 (Spanish) ‘ Devastating 50-100 million

1957 '/ /ﬂate 1 million

1968 i 1 million

2009 HiNd*(Pandemic 2009)  ~ "Mid -
* H = hemagglutinin; N zifeura

i ’ .,l"‘

3. Diagnosis of influenza viruse 'ﬁ‘ o

Although virus iselatic 3ins: stan \1 diagnosis and is necessary
for virus characterization, r: id labor dj@ ; f suspected influenza disease in
routine diagnostic Iabo  of?.,g.-. f' 20 immunochromatographic or
immunofluorescence detection ofinfluenza v antigens, or reverse transcriptase (RT).

Regarding labarator 5 “0f “avian Winil ease; manpy factors should be
considered .:mm; y, turn-around-time,
repeatability, ease of on-and costs should all be

uI m
. | |
taken into account.. i

AHHANENINENNL......

system and the presence of live virus inf‘tion is then detectﬁn this culture system.ﬂpce the virus

Y RIRID AN ITNMIR

isolate. Isolation requires the rapid transport of specimens to the laboratory, since delays may lead to

inactivation of virus (Allwinn et al., 2002).



a. Embryonated egg culture
Specimens are inoculated into the amniotic cavity of 9 -11 day embryonated
chicken eggs. High yields of virus can be harvested after 3 days of incubation (World

Health Organization, 2005). Since this technique requires a supply of fertilized specific

ors, it is no longer used for the routine

\3 ' / rovides high quantities of virus
y : es therefore utilize this culture

e
¢ roduction of virus stocks for

commonly prim e —' Mac anine kidney (MDCK) cells.

Some authors rec s entry into the cell lines (World

Health Organization, 2005). ¢ \tional ce . -\ up to two weeks but has a

very high sensitivity.‘ Cyt ic (CPE) ¢ S snoytia and intracytoplasmic
3 s N

basophilic inclusion bodies ‘are “obse esence of influenza virus can be

rtained using hemadsarpiion Using qui

ascertaine usjllng ma —'—-&#’é{*ﬁﬁﬁv ea

2005), or immunof

_red blood cells (Weinberg et al.,
)& be used to type the

isolated virus.» i etection of positive

cultures than hemﬁsorpl . ' m
d
C. tary.ani o~ ‘J a1
Ferrets lare Ocﬁnﬂ us dngcuguw H:I]uﬂtjmmon in routine

diagnosis.

ARIBINTUUNINGAE

Serology refers to the detection of influenza virus-specific antibodies in serum (or

other body fluids). Serology can either detect total antibodies or be class-specific (IgG,

IgA, or IgM). Different serological techniques are available for influenza diagnosis:



hemagglutination inhibition  (HI), enzyme immunoassays (EIA) and indirect
immunofluorescence. Serological diagnosis has little value in diagnosing acute
influenza. In order to diagnose acute infection, an at least four-fold rise in titer needs to

be demonstrate, which necessitates both an acute and a convalescent specimen.

cently infected patients. In animals,
serological tests are used for se ‘ ' btyping purpose and Serology is

also used to determine theres onee to | [ i n (Prince and Leber, 2003).

a.
uman blood group "O"
erythrocytes are j . 0% re d ce i generally used. Serum is
pre-treated to remové nod-spé - Y i ibitors. A viral hemagglutinin

preparation that produce ible hem |l ! : u; | emagglutlnatlon units) is

then pre-incubated ' en. The lowest dilution of
serum that inhibits hemagglutinati : HI titer. \ nas advantage that it is more
specific in differentiating _ ’1—,. sublypes ulkur n>et al., 1985). HI assays are

labor intensive and time- “egnsuming hat require several controls for

standardization. However the 2 5—“—-‘&"’* .L, _ o and widely available.

A A
b. Enzymg imimunoassay . Py

Enzyme immunoasse 2 sy by using specific antigen.

o

ElIAs are more sensmve than HI or complement fixation CF ) assays (Bishai and Galli,

1978; unen I.‘ 1985).., Vari on le but are not
indicative ﬁe infection. iﬂmm jﬂlo al test to detect

specific mnbody against |anuenzaé viruses. The speC|f|C|ty of the assay depends on

MNP IR MN[0

1980).
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c. Indirect immunofluorescence
Indirect immunofluorescence is not commonly used as a method to detect
influenza virus antibodies. However, it also has the advantages that pooled antisera can

be used to screen for viral infection using a single anti-antibody conjugated to a

RT-PCR is gener ensitive in._serology and culture and the
combination of RT-PC ' e C br s e 8 v»- han the combination of any other
two methods (Zambon_ e | can only be performed in well-equipped

' %\ za A or B). The only direct

laboratory facilitie an either detect both
influenza A and B
n typés (i.e. on the basis of

Reverse transof ao“ fion (RT-PCR) is a process whereby
RNA is first converted to = 5 NA( N d a section of the genome is

') ] ;
then amplified through the use ...--.!.n- S thal 3 specifically to this target area. This

allows for expc_mential ';.:4:‘:4;: “,k,r ) of nucleic acid, through the action

ighly sensitive detection of

of a thermo stabl i

minute amounts \*# superior sensitivity

(Steininger et aI.',EOOZ) ou ad 1o dierﬁiate between subtypes

(Allwinn et al., 2002). RNA degradation of archlval samples can decrease the sensitivity

ilf;ﬂﬂﬁf ”?m‘ﬂ ST
3 W‘lﬁ:ﬁﬁﬁ@iﬂélﬁﬂ*ﬂﬂﬂ@ p..

wh|ch arises during the amplification process. Real-time PCR eliminates post-PCR

processing of PCR products. This helps to increase throughput and reduces the

chances of carryover contamination. The real-time PCR system is based on the
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detection and quantification of a fluorescent reporter (Heid et al., 1996). Tag Man probes
are one of the main fluorescence monitoring systems for DNA amplification. Real-time
reverse-transcription PCR (rRT-PCR) was initially introduced for Al virus detection in

clinical samples in 2001, when it was used for testing poultry in live bird markets

(Spackman et al., 2002; Spackman & 7,2005). It was then used to help control

an outbreak of low pathogeni irus in commercial poultry in 2002

(Akey, 2003), where it ns and turkeys. Since then, a

| — -
standard protocol has be ) i Where numerous veterinary

diagnostic labs have impiem e AS Juet rRT-PCR has been employed
as a diagnostic test w s for the detection of Al virus
infection in num i (C- tal, K t al.,, 2002; Spackman

and Suarez, 2005) lfimg’ R S on used extensively for wild bird
monitoring and in rg ¢h fast anl' 2 € . isolation, particularly for

quantification (Lee starez, 2004).The - | t reliable application of rRT-

#F
f‘.’-u.ll. h---' i,-:,f
A

Differe hods exist for ses. Some methods

such as enzyme i@\unoas or bedﬁie testing, others such

as direct |mmunoﬂuorescence allow for the preparation of slides onsite in clinics and the

EUE NI ...

antigen t tare conjugated to an genzyme. An moﬂa'tlon step with a uomogemc

ARSI RAR A NEIRE

allow for bedside testing (Allwinn et al., 2002) taking 10-30 minutes. These rapid assays
are generally more expensive than direct immunofluorescence or virus culture.

Sensitivities of EIAs vary between 64% and 78% (Allwinn et al., 2002). Different rapid
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tests can detect either influenza A or B virus without distinguishing the type, influenza A
virus only or detect both influenza A and B and identify the type (Herrmann, 1978;
Rahman et al., 2007).

For direct immunofluorescence, potentially infected respiratory epithelial cells

are fixed to a slide and viral antig ned in the cells is detected by specific

antibodies which are eit to a fluorescent dye (direct

immunofluorescence) i-antibe inked to a fluorescent dye (indirect
immunofluorescence). | _ A ualised under the fluorescence

A
influenza diagnosis were vi&éﬁﬂ_&)ﬁly?&w el

than two weeks-@ exclude influenza infectio

cal assays. At that stage it took more

. € sts have reduced the
o

turn-around timedof isolation, they >dias rapid tests. The

development of dﬁt tests -

few hours (1 to 2 |ncubat|on and wash steps Immunofluorescence tests however

lfiffﬁfi NS s

technlque ut the limitation on its saeolflolty and theﬂ?llablllty of antlgenﬁjiahman et

RS LA IR

of those techniques still limit in some developing countries and field diagnostic

scence ‘enaﬁd the diagnosis within a

laboratories because sophisticated equipments are needed. A variety of commercial

rapid test kits for Influenza detection and typing can be available (Table 2).
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Table 2: Rapid Influenza Diagnosis Tests (Kamps et al., 2006)

3M™ Rapid Detection Aand B 15 minutes

Flu A+B Test
Direct EZ Flu A+B
(Beoton-DiCkinson)
BinaxNow Influen: s than 15 minutes
(Inverness)
Osmo® Influenza . s than 15 minutes
(Genzyme)

QuickVue Influenza Test ess than 15 minutes

(Quidel)

SAS FluAlert .= than 15 minutes
oA

(SAS Scientific) _.I

TRU FLU A and B Less than 15 minutes

R NN TNYIN S

XPECT FIu A&B A an@B Less than 15

quﬁﬂﬂimﬂﬂﬁﬁﬂﬂ’]ﬁﬂ

The characteristics of the different test methods available for influenza diagnosis can be

compared as shown in Table 3.
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Table 3: Comparison of test characteristics® (Kamps et al., 2006)

Direct Detection

Rapid tests (EIA /

Chromatography)

Immunofluorescen +1
Gel electrophoresis

RT-PCR » *
Real-time RT-P

Routine viral culture

Shell viral culture

EIA

Hemagglutlnatlon

“mﬁuﬂ?ﬂﬂﬂ§WHﬂﬂﬁ

Com ple t fixation +2

+2

12: very unfavorable characteristic " _1: unfavorable characteristic
0: average characteristic +1: favorable characteristic

+2: very favorable characteristic
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5. Loop mediated isothermal amplification (LAMP) method
LAMP is a sensitive method used to amplify both RNA and DNA under isothermal

conditions. The result can be visualized directly by the naked eye upon the addition of

an intercalating dye or by gel-ele

auto-cycling strand displa e'__ ‘ it / which is achieved by a DNA
polymerase with high i @ using a set of two specially

designed inner and action, all four primers are

er primers are used for strand

This method is developed based on

used but later during the.eyt
displacement D inner primer (FIP) and
the backward inn pose of two distinct
priming in the firs ¢ “ rifor St iming in tf later stages. The two outer

primers consist of na -compl to B3c _-~ F3c, respectively. The

P - ] =" = it r'
as sensitive and specific aﬁ.&éﬁﬂm “PCR, and several LAMP assays have been

developed to detect dlfferent;wr"yggﬁ..{lsdld aatar et al., 2009; Chen et al., 2010a; Chen
R e
et al., 2009; Q‘h‘het al., 2010b; Qin et aﬁ_#} erent concentration

of regents on LAMP reactions were exal - report (Blomstrom et al.,

2008). B ~ia a

6. ReVﬁ transcriptﬁnﬂnp—mediated isothefmal amplification (RT-LAMP) method

(RT- LAM method was descnbed |n the E|ken Genome site. Use the RNA extraction kit

LRGN mﬁmﬁ WIEL T -

an apply to amplify and detect the RNA present in the sample. RNA template sample
in addition with the reagents of DNA ampilification (primers, DNA polymerase with strand
displacement activity, substrates, etc.), AMV reverse transcriptase is added to the

reaction mixture. After that mixing and incubating at a constant temperature between
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60-65°C by using only water bath, both amplification and detection can be carried out in
a single step.
The principle of RT-LAMP reaction includes the reverse transcription steps,

which backward inner primer (BIP) anneals to the template RNA and transcribe into

cDNA by the activity of reverse tra scriptase. Then B3 primer anneals to the region

outside the BIP and synthr the , DN reverse transcriptase. The single
strand cDNA synthesized BIP i @primer anneals to the single
strand cDNA. In the ste : ed DNA strand contains
complementary seque LA301H end | GL1SB A: -':'d forms a dumbbell-liked
structure. The dumbbeliikedfsiricitre | y Converted into a stem-loop DNA by
self-primed DNA. 4 . And'also B _ .,_. _ '@1- -IP. During the reaction

e of its self-priming activities.

So, we can see ladder like | Datt ' el " is of LAMP products. The

STEP 1: RNA was extrac g ples By Usi g RN ‘ xtraotion and then prepares

the sample solution. The RNA ',.'....- : fiol ixed with the reaction solution and

A, J

incubate at a constant tem perat b6 \q}h +BIP anneals to the RNA template,

and with the -A_.- ty of reverse transcriptase, CODNA'IS Sy

STEP 2: B3 primer anneals to the rgg|on outside of théBIP, with the achNof reverse

VAN DT d-FH b B

trand previously formed by the BIP.
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B F2 R Bic B2c B3c
RNA 5’ E
cDNA ?—-—(:—-—-—.GHB
F3¢c F2¢ Fic Bl B2 Bic
STEP 3: From step (2), the hesized from BIP is released. The

F3"F :
: .f i
RNA 5 F

B. Structure Formati
STEP 4: From step (3), the DNA polymerase with strand
displacement activity, the 3" end {of P becomes the starting point to

synthesize complementary DNA stranc

ﬂ F3c F2c Fic B1 ﬂ ! Blc
¥ 5
AU FNENIWETAS
STEP 5:% primer anneals to the gfegion outside OHP and its 3" end Womes the

PRARERIULRIGARHIR b
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F3c F2c Fic Bl B2 Bilc
= - ';':
~ F3 Primer
F3 F2 Fl Blc B2c B1
1c
STEP 6: The DNA str ther with the template DNA
strand forms a double
E 4 5
3
STEP 7: Since thafFIP litked DNA'Strandi Auhich Was feleased in step (5), contains
complementary sequences ds, it self-an ‘and forms a dumbbell-like
structure. This structure , ‘ es the ture of the LAMP cycling

amplification.

Blc. _

- AR TN LN T

STEP 8: qle dumbbell-like DNA structure (7) is quickly converted into a stem-loop DNA

by self-primed DNA synthesis Whlcfunfolds the Ioop&G end to extend DNA' synthesis.
g’ DNA

Qe LI el sepbdardd b b ' b ol

‘ynthesm in step (8) while releasing the previously synthesized strand.



19

STEP 9: This released sia ranc tem-loopssiructure at the 3’ end because of
complementary F1c and1 reg ‘Then, starting fro 3’ end of the F1 region, DNA
synthesis starts using™ sgif it s a temy :nd releases BIP-linked

complementary stfand. S

STEP 10. The released B S :' forms a dumbbell-like structure as

; | egions, respectively. This structure

e

both ends have Complemet‘ l-F1c and,
is the turn-over stiuc : '
- .

52@

BIP

AU TNENTNYNS

STEP 11”3|mllar to step (7 structtﬂe (10) proceeds seIf—prlmed DNA syn is starting

BN (L0 eh 113} “1@ &1;:23

i
displacement of self-primed DNA synthesis. Accordingly, similar to step (7), (8) and (

step (10) and (11) proceeds, and structure (7) is once again being formed.
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Fl Blc BZc Bl
F2 B2 Bic
F1 B2c
Fic B1

STEP 12. With the s , the FIP (or BIP) anneals

to the single strande ' synthesis continues by

releasing double sfre various sized structures

consisting altertely ' on the same strand are

formed.
7. Detection o Tb':—:

There arefthre A products from the RT-
LAMP products; (Bgarose gel electrophoresis: 5 ul aliquot a@e RT-LAMP reaction
mixture was separateii on a 2% agarose gel stalned with ethidium bromide. (2) Visual

i?iﬂuﬂﬂ”ﬂﬁmiwﬂ ’f]Z’f.‘lﬁli“:ffi’&f

product can be avoided. (3) Colorimietric assay: this Ehod is performed Wsmg
VAR PSRRI R B
Qy visual inspection. The most popular intercalating dye is SYBR Green | (Invitrogen)
which is added to the RT-LAMP reaction mixture after the reaction and reaction mixture
will change color from yellow to fluorescence green when it is positive (Newhouse et al.,

2009; Njiru et al., 2008).



CHAPTER Il
MATERIALS AND METHODS

In this study, the experiment was conducted with 3 steps (Figure 2):

including Step 1: Designing the LAMP pri et and optimization of the amplification
conditions Step 2: Tests for d stection 2nd spegificity of the assay, Step 3: Visual

detection of LAMP prou' ‘and tes  Splke f and blind samples.

Step 1: MP Primers
ification conditions
on t assay
Step 2:

’CR and Real time RT-PCR

ificity Test

’QW] AN

|gure 2: The conceptual framework in this study
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Step 1: Designing the LAMP primers set and optimization of the reaction time and
temperature

1.1 Designing the LAMP primers set

M genes sequences of Thailand influenza isolates including both human and

Furthermore, backwarddinne ‘ * BIP) \designed including both B2 and Bic. To

command the PrimerExy A sed. ' ne Tm for each region is
designed to be about 6 \ 9 about 55°C (53 - 58°C) for
F2, B2, F3, and B3. 5" end of F1c/B1c are designed
by the free energy (AG) Js E SS. ‘ re designed by GC content of
40 to 60 %. 7

After n. ! s were obtained, the best

-" primer to multi-

nucleotides on m\@lio avoid m much multi-nucleotides
in each primer. ‘ followed the instruction of manual book to design the best LAMP

THULINENINYINS

1.2 Optinﬂation of the amplificationéonditions

SR Kide 1 bh Mh (610

during the LAMP assay. Bst DNA polymerase is activated in the temperature range of 60

primer set was s¢

to 65°C and around an hour to finish the amplification. In addition, concentration of

MgS0O4 also effects on amplification condition. Therefore, an evaluation of the effects
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on the one step RT-LAMP assay e.g. different concentrations of MgSO4 and Bst DNA
Polymerase, the different amplification temperature and reaction time were carried out.
The reaction of the LAMP assay was performed in a 25ul reaction mixture

including 1X ThermoPol buffer (NEB, USA) which contain 20mM Tris-HCI,

SIS of FIP and BIP primers and 0.04
&tep, 5U cloned AMV reverse

M betaine (Sigma). Forre

transcriptase was added.

Influenza YI ses osts re selected to evaluate

the sensitivity of this method. At least 10 isolates from each bf human and animal hosts
'

were s t 0.dete ensitivityof «thi I P.method.~.Standard avian

influen soate chicke a / 2 ‘ ) ;i” tﬁyary Diagnostic

Laborato%! Faculty of Veterinary icience, Chulaloﬁorn University Wavsed as a

Department of Pathology, Faculty of Veterinary Science. Human influenza isolates were
received from Faculty of Medicine, Chulalongkorn University. The following table showns

the list of isolates which were used in this study.



Table 4: List of Influenza isolates used in this study

Sample ID Subtype Host HA test
CUK2 (H5N1) H5N1 Chicken Positive
H7N4 (duck) H7N4 Duck Positive
H3N2 Duck H3N2, | ]’ | Duck Positive
31 | H\}\ !M? + | Chicken | Positive
212 SRHBNT " | Chicken | Positive
BB205 ' _Chicken | Positive
BB177 j m‘\\\ Duck Positive
BB219 " WA‘\‘\\\\ Chicken | Positive
ZA AN o [
o ZJ == N\ Ja [ror-
23/6 li / \\ \ Chicken | Positive
27/6 ﬁ" W\\\‘ Chicken | Positive
45/6 ”‘\ 7 Chicken Positive
48/6 A Chicken | Positive
47/6 Chicken Positive
100/6 Positive
101/6  Sewr R N Positive
06cb1 Positive
05cb2 H3N Positive
H1N2 Swine "n H1N2 Swine Positive
- AYE M;aw AR
k2 qﬂ ‘ ot finished sub-typing wine Positive

p k3 Not fmlged sutm ﬂ
14 H1N2 Swine Positive
17 H1N2 Swine Positive
412 H1N1 Swine Positive
6.3 H3N2 Swine Positive
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2.2 Dete@n I|m|t and comparison of detect|on limit with RT-PCR and Real -time PCR

ammsdwﬁ

anufacturer and was recorded as the concentration (ug/ul). Serial dilution of viral RNA

t

in RNAse free distilled water was performed.

H286 H1N1 (seasonal) Human Positive
B1257 H1N1 (seasonal) Human Positive
B1463 H3N2 (seasonal) Human Positive
B1425 H3N2 (seasonal) Human Positive
B1456 Human Positive
B1447 Human Positive
B42 Human Positive
H16 Human Positive
H565 ’ . Human Positive
H611 2 Positive
H612 ‘UI Mﬂ\\\“ Positive
H613 l‘,‘»«m n\\\\‘ iman Positive
H615 li% ﬂ\\\\ uman Positive
H647 ‘r m “\N Positive
H653 ! Positive
HB57 Positive
HG671 Positive
H688 = Positive
H705 fﬁf Positive
BSE1A e Positive
B938 H1N1 2009 Positive
H340 @ el HINT 2009 @ Human | Positive

The sensitivity of optimized RT-LAMP method was evaluated by using those

serially diluted viral RNA. The serially diluted RNA samples used in RT-LAMP assay
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were tested by both conventional RT-PCR and real time RT-PCR using the primers for
conserved region on M gene. The comparison of the detection limits to those of three
assays was conducted. Figure 3 shows the work flow about comparison of detection limit

among different assays.

one stepRT-
LAMP

RTPCR

Real time RTPCR
Figure 3: Comparisonof (
2.3 Specificity Test
The s“ icity of RT-LAMP was tested against other RNAwviruses of poultry and

Sy -ﬁ. virus (PRRSV),

classical swine ﬂr virus (CS sronchitis v% (IBV) and Newcastle

disease virus (NDV) énd also human mﬂuenza B virus. The criteria to choose the other

RNA vﬁ ﬁyﬂ ﬁ \/H r problem and
epidem qu] LEJ/ aﬁJm ,hj;ma y of the isolates.
The speC| |C|ty test was Comparec#wnh conventlorERT PCR by usmgqye specific

PRINEATURAING 1A Y

2.4 Test on influenza viruses from both human and animal hosts

swine disease: V

At least 10 influenza isolates (known influenza subtypes) from both human and

animal hosts were used to test the specificity of the assay.
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Step 3: Visual detection of LAMP products and testing on spiked and blind samples
3.1 Visual detection of LAMP products by SYBR Green

Visual analysis by colorimetric method was developed in this study. The aim of

- trophoresis, SYBR Green | (Invitrogen)
' j f SYBR Green | was added to the

s. The positive reaction was

wn color Flgure 4).

l“

3.2 Testing on spi

i
*‘ c ES
The viral solution was spiked into both pure viral trans'm‘t media (VTM) and VTM

with cloacal and tra(i'ieaswabs The positiwiral solution was spiked into both VTM

alone ﬂoq ﬂm p@; ickens. Negative
control rqlzlease ree water) was also placed into b TM and VTM with cloacal and

tracheal swabs. After that RNA \/gs extracted frofimevery spiked sa and the
TV LI B B o o TR Stk o
QIupllcated to confirm the results. In addition, the samples were randomly assigned with
blind numbers by one graduate student. The samples were then tested by developed
one step RT-LAMP method. The blind numbers were then decoded. The results were

then evaluated for the sensitivity and specificity of the assay.



(Reference time)

:lmMnQW§Wﬂﬂﬂﬁ

igure S

AR AINIUNMINYINY
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CHAPTER IV
RESULTS

1. Designing the LAMP primer set

e primer set was designed according

ned LAMP primer set are shown

uence is also shown in Fig 6.

The designed primer se

B1c and about 55°C (5

m for each rmc (60 - 65°C) for F1c and

e 3’ ends of F2/B2, F3/B3, and

the 5’ end of F1c/Bilc byi th of 4 kcal/ mol or less.
Primers contain 0 (0 6{2 &0 roduct quoted by the
- |‘i| r a 7
designed primer sewis 1 pairs. 1gth segment is not over 25
. 7 |
nucleotides. - vl \
i |
" S AGL
Table 6: Details of the lﬁigf ~
. + rplml
e e
ST —
label 5'pos 3'pos le ~Tm o Sequence
i o ‘4"“‘.-“ :h' i-I’ Ee
F3 199 B : CTCTCTATCATCCCGTCA
B3 410 _ CATTTCCATTTAGGGCATT
| AGAGCCTCGAGATCGGTG-
FIP 38 .
7 AGATCGCGCAGAAACTTG
BIP CCTCIGACT, GGGATTTTGGGA-
MGCGTCTACG
F2 AGATCGCGCAGAAACTTG
F 9
B1c 326 349 24 61.97 ||-5.19||-5.37{| 0.46 CCTCTGACTAAAGGGATTTTGGGA




F3 F2 F1

, T t RNA
5 _-_-_-L*m 24% ZEL e
1 |} 350)

The locati ner in taiget sequence are shown in Figure 6. After
designed by Primerg> | rimers ; , \ C using alignments data,
then high probable ‘ \ eherated nucleotides. The

following shown the fi

F3-AA2
B3-AA2 v
> ')
FIP-AA2 5" TGAG , ﬁl‘ SARACTTG 3

Ll |

BIP-AA2 5’ CC'IPTGACTAAAGGGATTTTGGGA CTGGACAAAGCGTCTACG &

AUYINYNINYINT

2. Optlmm amplification condltlons for LAMP assay

URIINEAE

q Figure 7 shows that the LAMP amplification can be activated at the present of

Bst DNA polymerase at the minimum concentration of 0.75 Units.
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Figure 7: Effect of Bst’il'j‘.lil_r polymérase an LAMP amgplification. Lane M: Marker, Lane 1-
4:0.25,0.5,0.75and 1 U

Effect of MgSO4

] r-f-qunﬂ-*t-'l.a,

"

A (L

8 mM of MgS0O4 ané Lane 5: negative control e

The effects. of MgSO4 concentration' on! LAMP' amplification: condition were
evaluated by different concentration of MgSO4 (2, 4, 6 and 8 milimolars). Figure 8 shows
that the LAMP_amplification_can_actively provide the result in gel electrophoresis when
minimum 4 imM of MgSO4 was added. The bettergsresult! can be shewn (in [higher

concentration of 6 milimolars.
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Effect of temperature and amplification time

LAMP assay can be active on different temperature and shows ladder shape
bands in a range of temperature 60 to 65°C. And also the amplification can be started if

the reaction takes at least 50 minutes and onwards (Figure 9).

(A) \\vf it

3. Detection limit and con ariso?ﬁ;f detectpl‘@gﬂth T-PCR and Real-time PCR

_v:; TR sy :.r' " iy |
Table 7: Comparison of detéction fimits pett/vjen""ﬂﬁtAMP,r RT-PCR and Real time RT-

> & [
PCR T o
‘!J: Mncentration per 1X
RNA serial = RT-PCR | R it
J?T-LAMP ! || Lreaction volume
dilution . PCR (Ct) ——
, ug P9
itive o 9 | ™ % &O 170000
iv a0 11 d 17000
Positive Po%?live 27.5é!I 1.7 'y, 1700
it | <A 074 170
\ il i wmg 11¢19%
‘ﬂosmve Positive 33.65 0.017 17
10E2 Log EID 50 | Positive Negative 36.68 0.0017 1.7
10E1 Log EID 50 | Negative Negative 39.19 0.00017 0.17
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*Ct 36 and above is positive, between 37 to 40 is suspected and over 40 is negative in
term of interpretation on Ct value from real time PCR
Figure 10 shows the detection limit of different molecular assays in detection of

influenza A virus by using the primers which is specific for conserved region on M gene.

sensitive molecular a " redl time! PC very useful in most of the
L S

laboratories for screeni

OF 2 .

3 EI’WIEW]‘WJEI
h &

1
Masts, Ao Ofskiol  lpSok

Figure 10: (A) The sensitivity of RT-LAMP, (B) Conventional one step RT-PCR and (C)

Real-time RT-PCR. (A, B) Lane M: DNA markers, lane 1-7: 170,000pg, 17,000pg,
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1,700pg, 170pg, 17pg, 1.7pg and 0.17pg of RNAs respectively and lane 8: negative
control. (C) Line 1-7: 170,000pg (Ct 21), 17,000pg (Ct 24), 1,700pg (Ct 27), 170pg (Ct
30), 17pg (Ct 33), 1.7pg (Ct 36) and 0.17pg (Ct 39) of RNAs and line 8: negative control.

4. Visual detection of LAMP product t!bf
S

reen

The result of Colorlmetrlc a SYBR green shows no different

sensitivity with the convggm_method gel @is in 2% agarose gel (Figure
11). . —

Figure 11: Comaﬁson between colorimetric de d gelelectrophoresis of LAMP

products. N: negéﬁJe control, 1: nega:[fve and 2-7: positive. U

U MENINGINT

NP PRRSVY CSFV.  NDV BV FRLUB
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Figure 12: Specificity test by RT-LAMP assay. N: negative control, P: positive control,

PRRSV: porcine reproductive and respiratory syndrome virus, CSFV: classical swine

fever virus, NDV: newcastle disease virus,

influenza B virus.

animal influenza virus

Table 8: Results of R

Sample ID

fluenza A viruses.

S

. infectious bronchitis virus, FLU B:

on with other important veterinary

%

is result indicated that the

€ ' 7 ion of both human and

om various sources

| Host

RT-LAMP test

CUK2 (H5N1) | Chicken | Positive
H7N4 (duck) Duck Positive
H3N2 Duck Positive
31 Positive
212 Positive
BB205 Positive
BB177 ‘ H5N1 Duok Positive
BB219 F fﬁ 1 ‘ Positive
13/6 ﬁ_ﬁ'% 1 hicken 11| Positive
15/6 ‘ HONT o . Chicken P@ve

. aia fl H5 B autEI
7 5N1 hicken ositive
45/6 H5N1 Chicken | Positive
48/6 H5N1 Chicken | Positive
47/6 H5N1 Chicken | Positive
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100/6 H5N1 Chicken | Positive
101/6 H5N1 Chicken | Positive
06¢cb1 H1N1 Swine Positive
05¢ch2 H3N2 Swine Positive
H1N2 Swine H1 N |' Swine Positive
K1 : \\ M Swine Positive
k2 h hed sub-typing Swine | Positive
k3 WW Swine Positive
Ms 7]&\\:“*\1&% ine Positive
k4 J'l’l / A ‘\“\ wine Positive
17 ‘U/ Mﬂ\\\\\! Positive
lﬂmm\\\m o[
6.3 Ii% ‘\\\ S wine Positive
H286 b o ', “\\\ Positive
B1257 | r : : ) | | Human | Positive
B1463 F(8¢ q,sJ Human Positive
B1425 I-‘L Human Positive
B1456 1 2009 f'E" - Positive
B1447 Positive
B42 Positive
H16 H1N1 (seasonal) Positive
H565 @ el HINT 2009 @ Human | Positive
H611 F mg 17200 uﬂj Positive
He12 Q) | HINT 2009 Human | Positive
H
6

11647 H1N1 2009 Human Positive
HB653 H1N1 2009 Human Positive
HB57 H1N1 2009 Human Positive
HG671 H1N1 2009 Human Positive
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H688 H1N1 2009 Human Positive
H705 H1N1 2009 Human Positive
BSE1A H1N1 2009 Human Positive
B938 H1N1 Human Positive
H340 Human Positive

7. Accuracy of test

P iti /
//

Blind
Test (RT-
From the findings from.-blind sar st, the test results show 100 %
concordant with blind data _( ‘g‘ _ BT t shows that there is no bias during

the study and the, obte

8. Test on viral spiked s
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Figure 13: Test on viral spiked samples. 1,5: Viral spiked in normal saline, 2,6: viral
spiked in cloacal swab with VTM, 3,7: viral spiked in tracheal swab with VTM, 4,8: viral

spiked in excess fecal samples with VTM, N: negative control.

Figure 13 shows that o > : f samples can be detected by our
developed assay but one of | spike fe al sample can not be detected
out of duplications. It may. be S &I sample interferes in RNA

extraction process. So. tter choice or our developed assay is cloacal

ution_were spiked and tested by
developed assa 7 - évehls that OpE ay “deteot at the minimum

of 10° Log EID 50 ofiVir iter ning, in cloacal swab samples. This finding also

f- R
Figure 14: Detection 0% 2: 10°, 3: 10", 4: 10°
0 m

AULININTNEINS
ARIANTAUNM TN



CHAPTER V
DISCUSSION

Influenza A virus is concerning with one of the major crisis in the world so called

orrying about the emerging pandemic

of influenza and high-throughp! i 10sis assays may help to control and
response to Flu attacks:n-m .ﬁo : &e influenza outbreaks in both

e —

human and animals are _uploading to World Health
Organization (WHO) IE). However, there are still
limitations in applg‘/in‘g in -most of the developing
countries becau ocycler and elaborate
methods for detecting " Dlj ea 'r6, ( ‘e“" ‘ 8: Lu, 2006). Therefore,

tudy detect only human influenza

and can not detect the animal influenza. And also it takes longer duration because of

e
needing two steps to peﬁomﬁ?’;ﬂﬁ\f}P,! ]

in this study can“detect most of the influenzz

';F.:;_J‘_‘ 005). But the designed primer set
uses fro w human and animals

including the fegent pandemic inf

previous study is@t laid on the

animal influenza virus‘r;s. In this study, we identified the conserved region on different M

LIV WEL T
degenerated inucleotides nmi rnle ucleoti olymarphismi (SNP). The G/C
content aqnld Tm of the designed primer set are aIsH/ithin the standard@ges. The

PWIRIDIAAITNY TR

qrimer using in influenza A detection by RT-PCR and real time

“g er designed in the
gion of M geﬁ from both human and

LAMP assay has been developed for the detection of other gene of influenza A.
For examples, Ito et al., 2006 developed a LAMP detection of influenza A typing based

on the HA gene. But HA gene is a very diverse gene among influenza A subtypes so it
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may not the right choice to use HA gene for detection of influenza A. Some  researches
reported the application of LAMP technique and identified the factor influencing on
LAMP reaction such as MgS04. From our experiment, the amplicons can be seen by gel

electrophoresis with minimum 4mM of MgSO4 but the best result shows at 6-8mM of

Bst DNA polymerase plays ’!4”/ in LAMP technique. Bst DNA

polymerase is derive ' us and the recommended

(Notomi et al., 2000)_ From the-=fif g ptimum temperature for amplification is

63°C but all three temperatu es-(60,-63 anc “tested provided positive amplicons.
This finding is also iderméa;fﬂ_ﬂ_‘d{--_ﬁf?{‘

(Puthawibool & l_l., 2009). When we ~hoose amplification temperature

_research done for shrimp viruses

(63°C), we seleciéd the temperature

can allow Iowerﬂj upper bo

applying for this developed assay.

looﬂ TV IMON1h3b 1l () AT o

produce ratlfled amounts of amp@ons can be red&ed (Notomi et al., &‘90 In our

WSO HA TR

quantity of amplicons for gel electrophoresis and visual detection. This interpretations

| 5-\“, i'and the temperature

e 63°C i&n optimal temperature

also identical to the former findings (Boldbaatar et al., 2009; Chen et al., 2009;

Newhouse et al., 2009; Qin et al., 2009; Xu et al., 2009). Base on the previous data, if the
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loop primer was added, the amplification time can be reduced to 30 minutes (Blomstrom
etal., 2008).
LAMP is a very sensitive technique in which high amounts of amplicons can be

obtained when the present of ten copies of pathogen’s genome (Notomi et al., 2000).

The detection limit of this assay i ten ti e sensitive than conventional RT-PCR.
However, some LAMP assay be | ‘ 0 1000 times compare with RT-PCR

(Imai et al., 2006). The i assay can compare with the

To repl cting amplicons, the

colorimetric assay w study is SYBR Green |
which is save to hand ‘ - are i i k Nidium bromide. SYBR Green
can help to detect e iGoNs byr es . d ‘ ivity is the same with gel
' s detection in field situation
and safe to use. Thé cost of us he-S S ple is also cheaper than gel

electrophoresis because it tio before adding only 1 pl into the

. 0
amplicons. .--ﬂ_..-{,._ﬁi _

The de yszed assay is very s ' g - ar "'.*“r false positive with

other RNA viruses such as PRRSV,

viruses used in sﬁificity‘ es

RNA viruses used in th|s study are cllnlcally complicated with influenza A infection in

specifi ty H ﬂ a is s ?T hlinfluenza A viruses from

different sts (duck, pig, chicken gnd human) and different subtypes SL&JaS H1N1,

BRIV AR AL TR B2

the availability of samples. In this study, many pandemic H1N1, other human seasonal

,J:"‘-‘,:. B viruses. The RNA
of the évai[ﬁlity of samples. But the

influenza subtypes and different swine influenza subtypes were tested. Therefore, the

developed assay is very suitable in human and swine influenza virus detection.
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According to the findings from blind samples test, 100 percent reliability of test shows in
the experiments without any bias. So the results from different experiments in this study
are reliable and acceptable.

In the spiked sample tests, wecompared the ability of test to detect the viruses

from different sample sources st loacal and tracheal swabs in viral transport
media (VTM), VTM |no|ud|n 0 ol sar pe ~and virus in the normal saline. Most
of the samples can be di ly one viral spiked sample in

the VTM including exces ' S ot b d among two samples. It

place on isothermal conditio g " np 3° C for 60 minutes, followed by
inactivation temperature of- ) s. This developed assay can be
applied in - ,r&m_____mw%- Ca Ise the reaction only
needs isother 5’}_7 ' ke PCR. Therefore, this
technique is suitam for most d

facilities are prowded ThIS assay is also sensmve enough to detect the influenza A

wruseiﬁnﬁ ty ﬂ W Wpily!l ﬁonventional and
real ti ﬂqj Ej/a a Iﬁ ﬁ ped assay is a
useful mfﬂenza A screening tool Wlta*enough sensmv&alnd specificity.

ARIANNITN UR1INYIA

s and field ﬁoratories where minimal
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Conclusion and suggestions

From the finding of this study, it can be concluded that

1. Our developed one step RT-LAMP method is a sensitive and specific method for

Influenza A viruses from both human and animal.

al imal equipped laboratories,
tem.
& lik gel electrophoresis.
Taken togethef, A -assal > assay and very useful for

unequipped laboratorigé ‘and mobilé surveille Syste | lowever, further studies are
fluenza A virus should be

b. asy RI ‘ 1on should be c \- oped to combine with this one
step RT-LAMP,assay ation for field surveillance where
ovided.

c. d assay shoul 3 primary screening tool in

P monoeneomancmmoblomsumatansammeters . it can aoply with
A

1
d. It ':J also be used in clinical diagnosis as a ra -‘! | diagnostic assay.

ﬂumwmwmm
’QW’]Nﬂ‘iﬂJﬂmTc)mﬂﬂB
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APPENDIX A

Reagents and preparations

Reagents for RT-PCR
- PCR buffer
= dNTPs mix
- Forward primens
- Backward pris

- One step RT-¢ ;

Reagents for Real ti :
- 2x QuantiFast Prob

Forward primer E':“'E: ‘

- Backward prin
Probe | -
ol

- Template RNA

Reagmz:l TNENTNINNT
am;;éiiﬂﬂmumwmau

- BIP primer 1.6 uM
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- Betaine (Sigma) 0.04 M
- AMV reverse transcriptase 5U
- Bst DNA polymerase 1U
- RNAs 2yl

- RNAse free water

Reagents for cIorimetri
SYBR GREEN | nucleic acid gel stain: 10,000 X soluionfin gimethy! sulfoxide
OMSO) L4 Y )
Before ;i g, allow o room te .rature and then briefly

centrifuge to collect at the bottom of the vial. The Staining Solution should be prepared

et A dod o d IS TEN S s
Prepare t ] ing.Sol rm ‘ MO ution of t productiin following
buffers: q

=9 ./

_ _ _ _ ‘ _ § _
Y WIRINa AN TNt
q “Then, added 1 pl of diluted reen | into the amplicons and monitor the color

changes by naked eyes.



Coding of blind samples

APPENDIX B

Blind Sample
D RT-LAMP result ecoding the samples
1 Positi !, human seasonal
2 D/
3 : ve Control
4 [ " icken
5 . s" : k
- 7 4 “.r_g‘.‘ o
7 siide £ |77 2009
8 Positi “:L_ ine
9 si e;j - uck
10 Positive =l N1 chicken
11 egative._— e egative Control
12 Positive— 4" 1 chicken
13
14 ‘ racheal swab)
15 | Negative CSF\ l
/s H1N1 swine
Posmve RNA sp|ked sample (VIM alone

’QW’]Nﬂ‘iﬂJ UN1INYAY
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Sources of influenza isolates
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Sample ID

Avian

CUK2 (H5N1)

H7N4 (duck)

Sources

'
H_-"

Ay

VDL

Ty AT

H3N2 Duck G  DUCK el VDL

-7/ A

212 /[ERTONT

e # Ao SR NG

20 gFofl " eag O

13/6 | G

15/6 sl A A ) chicke

23/6 HEINY JZa8 < ok v [ voL
HON' ,;f;r_%... ¥ VDL

Nihdbld N ¥

q k1 H1N2 Swine Department of Pathology
k2 Not finished sub-typing | Swine Department of Pathology
k3 Not finished sub-typing | Swine Department of Pathology
Ms Not finished sub-typing | Swine Department of Pathology
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k4 H1N2 Swine Department of Pathology
17 H1N2 Swine Department of Pathology
412 H1N1 Swine Department of Pathology
6.3 H3N2 Swine Department of Pathology
W/

H286 H1 ‘\ w, | Faculty of Medicine
B1257 ) naI ~ e Faculty of Medicine
B1463 7 yro- /r " -:L man - : culty of Medicine
B1425 ‘ l l ‘%\:‘\ ity of Medicine
B1456 W .ﬂy 'E ‘\;\\\ Faculty of Medicine
B1447 Wliﬂ' 1!\\\\ culty of Medicine

B42 I:ﬁ' ﬁ.‘h aculty of Medicine

H16 l ason / ,lm\‘ti ulty of Medicine
H565 | ' Qﬁ%_‘,_ ' jr ‘.‘ | Faculty of Medicine
H611 1l 20090 A w\ | Faculty of Medicine
H612 HAN1 @'éﬁ“ - han Faculty of Medicine
H613 H1N1 200 ;}, VI an | Faculty of Medicine
H615 2000 |+ i ac yJof Medicine
H647 e T ﬁ of Medicine
H653 | F Ity of Medicine
H657 Faculty of Medicine

HE7 culty of. Medicine

H68 Faculty of Medicine
H705'u Human Faculty of Medicine

H340

H1N1 2009

Faculty of Medicine
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