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Abstract

Human Astrovirus (HuAstV), known as a waterborne virus, is a group IV positive-sense single-
stranded RNA that belongs to Astroviridae. The first outbreak of HuAstV was reported in
England in 1975. HuAstV can exist not only among clinical patients but also in various water
environments, such as water for agriculture and vegetables. For diagnosis of HuAstV from
water samples, a polymerase chain reaction (PCR) system has been developed. However,
the PCR-based diagnostic method has problems in field application, such as reaction time,
sensitivity and specificity. For this reason, in this study we developed the loop-mediated
isothermal amplification assay (LAMP) system, aimed specifically at HuAstV. Three prepared
LAMP primer sets were tested by specificity, non-specificity and sensitivity; one LAMP primer
set was selected with optimum reaction temperature. The developed LAMP primer set
reaction conditions were confirmed at 62°C, and detection sensitivity was 1 fg/uL. In addition,
restriction enzyme Haelll (GG/CC) was introduced to confirm that the LAMP reaction was
positive. As a result, selected LAMP primer set was 100 - 1000 times more specific, rapid, and
sensitive than conventional-nested PCR methods. For verification of the developed LAMP
assay, twenty samples of cDNA from groundwater samples were tested. We expect that the
developed LAMP assay will be used to diagnose HuAstV from various samples.

Keywords: human Astrovirus (HuAstV), loop-mediated isothermal amplification
(LAMP), water sample

Introduction

Human Astrovirus (HuAstV)+< group IV (+) ssRNA, Astroviridae 2 5% += Q14 B¢
d Frlolg AR A Al FLE, 55, AL B 59 F/do] YERdTHThongprachum et
al., 2015; Cortez et al., 2017). HuAstV= 1975 =0l A A ZAS 712 11 Q)&= $Hx}o]
EHA R R RE 2z 2 B35 THMadeley and Cosgrove, 1975). 1990t ] &=} 5
°F 0.1 - 4.6% TFC2 HuAstV7F HALE[l o, ml=, )1k, U, A&, 5 5 A
2o 2 ¥hlo] B 1% O I (Phan et al., 2005a; Phan et al., 2005b; Finkbeiner et al., 2008;
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Jiang et al., 2013), F& 24} 0]|5}2] -fotollA| A== Ao = deA Qlo] 4 Al ¥ 7HsAdol =2 4
ATHBrown et al., 2008). = Uloll A= HuAstVe] 22 20030l % H =gl 0w, 2013 FE 2017d7}HA]
A h EAFF HuAstV7F 1.0 - 1.9%2 BALE= -5 FUioll A= HuAstv7h H LS A1 9]tk (Hwang and Lee,
2014; Ham et al., 2014; Kim et al.,, 2019). $HH, ZJHjo]{ A0 ZhAAH 2= 17 HHH 22 A2 HE] A%
7d SolX®= 7ol 7Fe 5ttt HuAstV e =Qlduto| g Az Wi a 52 &5l A5k 5 AHA Aol &4 7+
‘573°] =tH(Fong and Lipp, 2005). 5 U&= T2 A5t4E AHESHH, A5kl A zHlo]2| A 5 217
Hpol2i A0l @ FA|7F Fule] AbslH o= A7} Hol| et 3-8 3 H] 3§ Asteoll A& B ol
3k U e » Aol A7) % TH(Kang et al., 2016). X 5+4=0ll A HuAstVE ZUE Y ot= e Fg EX
SHAF T & ZZ 5= polymerase chain reaction (PCR)©] 2 AFE-%] 31 Q1 O Li(Tang et al., 2005; Finkbeiner et
al., 2009), A|5t4=of| A B4 vho|2 A Biks ZE57] floliAl= SH3 AMEE thA| 3 H F56}= nested
PCR 2] AEWA =7 B ashH, it 25 o] & Hiol2{ A Ao oF 10417 4=29] ¥hg-0] B astth=
Y o] Ath(Lee et al., 2019). BFH 523 ZH(LAMP, loop-mediated isothermal amplification)< nested PCRZ}
S50 AE WA EE ZHA AL oF 1 - 3A1Z RSO & M43 HUE|R] o] Zhsatthe S 7HA| AL Qlof A5t
oA Aichivirus A 5 4=Q1/d8lo]| A BUEZ B o 2 JHrE] 31 Qltk(Lee et al., 2019). Z=3F Suleman et
al. (2016)°1 2J5tH LAMP 7|¥-2 ZYEE 7| 2= HoUATE 9%/ (false positive) 50| HEFE & 3l
o] Y= &st7] gt WAool S 7HA 1 Qlrt. o] A S Bekstr] flsl Alst &4 F E-85to] ¥ A=
of thet AF A AR o &2 7]&o] Thd-& Hebe 4= QUTH(Lee et al., 2019). WHbA] o §1 Aol A= LAMP
71HE Eg3lo] 5UL5 5 A5l A4 Huasty BUE Y S & 4= Qe 3 W A §42 2835

o] P A E(positive samples)S A5 4= = S 7HEsHATh

ES
=

Materials and Methods

Primer&4| & Mz+H

HuAstV £9°]Z LAMP primer A4S 9|5}0], HuAstS 335 42014 vlo]2| A 13Z2] & 7] A D2 National
Center for Biotechnology Information (NCBI)°l|A] =5t th 3t 7] A €2 primerExplorer (http:/
primerexplorer.jp/e/index.html) & AF-&5+0] HuAstV 5014 Q1 LAMP primerS A 7|53 Th(Table 1). Primer 43 A
3 Z EolZ Hk2-S F915}17] 95 HuAstve] ORFIL/ORF2 8-} G714 Y (IN_887820; 4,047 - 5,789 nt)
2 W9 = Macrogen (Seoul, Korea)©ll 2]2|5to] 72} eHd-S 435ttt gt A= 1 ngluLE &
Asto] AFEstRITh AASE primer?] H] E0]3 §H-&-3S 2215t7] 9Jal, Frarvto]2 A 123 (enteric Adenovirus
41, Aichivirus A, Echovirus 5, Enterovirus 68, Enterovirus 71, Hepatitis A virus, Hepatitis E virus, Norovirus GII,
Parechovirus A, Poliovirus, Rotavirus A, Sapovirus)2] At L= EetAn| EE £S5t £6F HuAstv T
A AEIS] A5 9ot vio| 2| AT} n|&F = S| Zhg o] ol E = Aot &4 A5 F HAHRNA)=

4 75FGTHNIER, 2017). 578 B14HS cDNAR E4313ict.

Korean Journal of Agricultural Science 47(1) March 2020 174



Development of diagnostic method for human Astrovirus with rapid, specific and high sensitivity using loop-mediated isothermal amplification method

LAMP primer A
HuAstV £°0]2 Q1 LAMP primer A% 9|5}0], 7] 0] B H 247 Wi o2 LAMP ¥ 4~35}3l
Ch(Lee et al., 2019). $/d 3t HuAstV plasmidS 822 LAMP HH3-2 JA5I= 23S 122 A5, 1

8
< O/ vhol{ A d FatHiol2 A 10F- 53 ¥H-E-5Fo] Tt Hiolg|A elof H] &
o] Bk-g-Z ¥ o= primer &S A|eJot= 23F A4S XdgetAct. 23k AHE primer 2EES ISR A
=3 (detection limit) A @S 48Y5t0] ¥ B =7} 7 =2 primer 232 X A5tttk Bacillus
stearothermophilus (Bst.) polymerase2] 7%, 80°CO|d2] 2Z o= 2&/d o] YEN}IEE, Bst. polymerase S
H7toHA] %2 HhS-AE 95°CollA] 1027t RESAIA slig] & = H7lskqlt. o3 LAMP WM 1A|1ZHE%F
YA Z T LAMP BH3-0] B & FEZ AHE-2 1.2% agarose gel& ©]-&5H A 7|95 (150 V, 258)7F 23 A7

%], UV illuminator (Seoulin Bioscience Inc., Seoul, Korea)S =3l &5}t

ZF A primer 295

S0l 7z AlAY
LAMP BH8-2 1 55}17] 9|51 LAMP outer primer (F3, B3)= ©]-&3F PCR AH=-9] A|sta 4 x| 2| & 43435}
I th(Table 1). PCR 24220 uLE 7|22, Hotstart RT-PCR premix (Bioneer, Daejeon, Korea)S AH251%1 2.
™, cDNA template (HuAstV plasmid) 1 uL, F3, B3 primer 1 uL (10 pmole), B3-F4* 17 uLZ ¥H3-5}3A Tt &
T 2712 94°C 58 27| WA T 358H8 02 94°C 30%, 58°C 30%, 72°C 45% 3 & 2 F X O = 72°Col|A]
E7F U251} PCR AFE-2 A 7|95 B3 015191, Agta A Haelll (GG/CC) (10 units)ZS 37°Coll
A 2A|7F FQF PCR AHE-3} §H-3-51R T} 1.2% agarose gel= ©]-&3F 7195 (150 V, 25 &7+ JY A1 &, UV

illuminatorS £3)] Asta4 AW S 2 3ols}ict

7iEret AAP S Al =0l A 5517 /sl =527} = Aok A5 2082 T2 2 AFH 6T A=
AF, gl 9 55, it 2522 Sk 712  E2Ho|g A AR AR S 7|E2 R SIS
o, UeAld ZE7F A4 E sH-A ol 500 Lo Aot S8 AHAR o] 53T A117] FZ(beef extract)
B ALESto] 2] 9 AN R Yo R H5ot o 2T 0.22 uM ZE o] ofatsQiTt, HiolH A
HAF 2Z 9 cDNA $92 viral RNA mini kits (QIAGEN, Hilden, Germany) 2 ReverTraAce-a-* (TOYOBO,

Oasaka, Japan)& AH&-5to] Al &-E L2 EFof uja} 434510t

-

[=]

AHFE LAMP primer2} H| A H-S 9]l AA|H outer primer©l| 4] conventional PCRZ} nested PCRO] 7}Hs$
Z3H2 AAISHA T (Table 2). AR 3702] 252 o2 AV E oA A4S 385t vES F s
AEE LAMP primer?] H& 5= 2HA|9F B wsklth PCR BHE-2 2442 20 pLE 7|22, Hotstart RT-
PCR premixS AHE51% 9™, cDNA template (HuAstV plasmid) 1 pL, F3, B3 primer 1 pL (10 pmole), B35
417 uL2 HHS319ith &% 2L 94°C 58 2 7] WAl & 3502 0 2 94°C 30%, 58°C 30%, 72°C 45% &=
3 ZF2 02 72°Co| A 3E7HHRSSIITE 1.2% agarose gelS ©]-8-5F 715 (150 V, 258)7F XA H,

UV illuminatorE 55l At a4 AH-& & &2lst}ict.

ol
c
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Table 1. Lists of developed human Astrovirus (HuAstV) loop-mediated isothermal amplification (LAMP) primer sets.

Primer Length Product
- Sequence .
Set Location Name (mer) size (nt)
1 Outer HuAstV1-F3 AGGACCAAAGAAGTGTGAT 19 194
HuAstV1-B3 TTGAGAAGATTGACGTTTGT 20
Inner HuAstVI-FIP TTGCGGCCATTGTTACTGAAACAAGCAGGTAACTGTTGA 39
HuAstV1-BIP TTCACAATCTAGGGGCCGAGACTGTAATCTTGACTGATTTGTC 43
2 Outer HuAstV2-F3 ACAACTCAGGAAACAAGGT 19 205
HuAstV2-B3 CCACATGGAATACTGAGCA 19
Inner  HuAstV2-FIP GTAGTGCCACTGGTGTTTGATATGTCAGAGAGCAACAGC 39
HuAstV2-BIP AGATTGAGGCGTGTATTCTCCTGTAGCGTCCTTAACAAGGA 41
3" Outer HuAstV3-F3 GTAAGCACCTTGATGTTACA 20 223
HuAstV3-B3 CACTCTGAAGCAAGTTCAA 19
Inner  HuAstV3-FIP GTCAGATGCATTGTCATTGGTGTAATTGAAACCCTCTGACCT 42
HuAstV2-BIP CAAGAACCAACGCATTCCCCTGAAACGATCTCAGGTATGTGAGC 44

”Finally selected LAMP primer set.

Table 2. Lists of conventional and nested polymerase chain reaction (PCR) primer set of human Astrovirus (HuAstV).

PCR primer set Nested PCR primer set
Primer Sequence Length Sensitivity” Primer Sequence Length Sensitivity
Set Name (5'-3") (nt) (Conc.) Name (5'-3") (nt) (Conc.)
A HuAstV1-F3 AGGACCAAAGAAGTGTGAT 775 1 pg/uL HuAstV3-F3 GTAAGCACCTTGATGTTACA 223 100 fg/pL
HuAstV3-B3 CACTCTGAAGCAAGTTCAA HuAstV3-B3 CACTCTGAAGCAAGTTCAA
B HuAstV2-F3 ACAACTCAGGAAACAAGGT 558 1 pg/uL HuAstV3-F3 GTAAGCACCTTGATGTTACA 223 100 fg/ulL
HuAstV3-B3 CACTCTGAAGCAAGTTCAA HuAstV3-B3 CACTCTGAAGCAAGTTCAA
C HuAstV3-F3 GTAAGCACCTTGATGTTACA 223 1 pg/ulL N
n
HuAstV3-B3 CACTCTGAAGCAAGTTCAA one
“Selected loop-mediated isothermal amplification (LAMP) primer set 3 sensitivity was 1 fg/uL.
Results and Discussion
HuAstV £0|% primer M
HuAstV £9°]2] primer 1270(F3, B3, FIP, BIP primer 212} 3704))7} AA |29 2 1, 194 - 223 nt FE0] 715
oF 371 22 FAd5HAth(Table 1). ©] 37§29] Z23H2- 0]-85}9] HuAstV £°0]& LAMP HFS-2 4335t 2t X
61—131]- __,_?Z}-zoﬂ/\«]k_ LAMP H}-_Qo] _sal—o]Qx] 0;1—_,—7_ Zz 301]/\113]- LAMP O]:/\-l HES 0] Q,I—O]QO-I D:] _‘,]7_(1 ‘%‘_P%
L= 62°CE ZRIEAc(Fig. 1A). HuAstvoll Eo]& Mi=E &/d3t 17§29] LAMP primer 282 thiilo 2

HuAstVe} &1 22014 "ol A 10£2] H|Eo]|&] B8 A1, FYERTE AR

Q1 LAMP ¥hg-0] 7Hs3t Zlo] ERl=| 9l chk(Fig. 1B). 502 4
HuAstVe] Eo| & ZIto] A 35t LAMP primer @'O AekE| dot.

H|Eo|d A= Z35tsto] LAMP 23

= 3yt St HuAstV plasmid
& AleJstal S22 29tsto] alHtol Eii 105 25 ¥hg-o] L x| gfol £3130] HuAstV 0|4
al

St 3=

Korean Journal of Agricultural Science 47(1) March 2020

176



Development of diagnostic method for human Astrovirus with rapid, specific and high sensitivity using loop-mediated isothermal amplification method

(A) Set 1 Set 2 Set 3

05kb

(B)

Fig. 1. Loop-mediated isothermal amplification (LAMP) reaction results of human Astrovirus (HuAstV). (A)
Specific test of HuAstV. M, 100 bp DNA Ladder marker (Enzynomics); 60, 62, 64, LAMP reaction temperature;
Set 1 -3, LAMP primer set; N, negative control; dot (@), finally selected LAMP primer set. (B) non-Specific
test of HuAstV. M, 100 bp DNA ladder marker (enzynomics); P, HuAstV plasmid (1fg/uL); N, negative control;
1, Aichivirus-A,; 2, Rotavirus-A, 3, enteric Adenovirus 41, 4, Hepatitis A virus, 5, Sapovirus, 6, Enterovirus; 7,
Hepatitis E virus; 8, Parechovirus-A; 9, Norovirus-Gll; 10, Poliovirus.

OFMHIS 0| ZAZ A|AE

LAMPS] B0 2 et e FRAL, LaMP B4 ¥-3-2 1Z57] 9istol, Sol 4, u5ol
A dENg e g e x %—Z—iﬂi Alghe AEHE LAMP primer 23t 39] F3, B3 (10 pmole) primerS ©]-&3}
o] outer primer PCR ¥H-3-& X85t Ax} 223 nt2] PCR FZo0| &9lg|g]om A|sta A Haelll (GG/CC) (10
units) & AHE-5H] 37°C, 247 BES- & AIRHSS A7) FE5 22 SIS A1} 155 + 68 nt2] A|Fta 4 Ao

SHQI=] Sl th(Fig. 2).

X5t Mz 23AY

2|50l A 2Z3E SAHcDNA)Z 207] 3 5700014 HuAstv 943 ¥Hg-o] LrebtThHFig, 3). 94 1He 1A
93l Al=olA LAMP outer primerS AF&5F0] G, SdU2T, FAIAIE 57100 tisiA outer primer
PCR Z 3} YAt 2o At oF 223 ntS ZZo] gHolg]glom, A A Z 57= PCREFS0] B0l x| Qgtct
(data not shown). ©| 2|3t A= Z|5l4r0| A FE3F 4ol A] LAMP outer primerE- ©]-83F PCR 2] A&
U7 =2 PCR HHg0] FRlEA| k= Aoz Heloh

ftlo
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223bp
" 155bp

68 bp

Fig. 2. Restriction results of human Astrovirus (HuAstV) loop-mediated isothermal amplification (LAMP) for
verifying positive reaction. M, 100 bp DNA Ladder marker (Enzynomics); 1, polymerase chain reaction (PCR)
results of HuAstV LAMP outer primer; 2, restriction enzyme results of HuAstV LAMP outer primer PCR.

Groundwater samples (Lane 1-20)

[ ] [ ] [ ] [ ] [ ] [ ]
LAMP MPNT1 23 4 5 67 8 910 11 1213 1415 16 1718 1920 M

primer set 3

Fig. 3. Sample tests of human Astrovirus (HuAstV) loop-mediated isothermal amplification (LAMP). M, 100
bp DNA Ladder marker (enzynomics); P, positive control (HuAstV plamsid); N, negative control; Lane 1 - 20,
groundwater samples; Dot (@), LAMP positive reaction samples.

ZZ01Zts H|pAIS

A1EFE LAMP primer 283} outer primer PCRZ 2] HE = SHAIE B3 AT}, outer primer PCR &
FALt B2] 7%, nested PCRO] 3] AJHIE 107 (100 fg/uL) L2 Q1% 1 © M(Fig. 4A and 4B), 28 C2] 4% 3]
AElE 107 (1 pg/ul)= Q1= Th(Fig. 4C). HHH AEFE LAMP primer23} 39] A& = B4 A 235
32 HuAstV2] plasmid S|A81& 10° (1 fe/ul)Z AEZ 7} A (Fig. 4D)%| o], PCR ¥H3-E T} LAMPHES-0]
F 100 - 10008 =4 Yeh = 215 215+ Th(Table 2).

|t

I

4
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A)
PCR Dilution rate Nested PCR Dilution rate
primer setA M 3 4 5 6 7 N (223 nt) M 34 5 6 7 PNN
(775 nt)

05kb —>|
B)
PCR Dilution rate Nested PCR Dilution rate
primersetB M 3 4 5 5 7 N (223 nt) M 34 56 7 PNN
(558 nt)
©) m
PCR Dilution rate LAMP Dilution rate
primersetC M 3 4 5 65 7 N primerset3 M 3 4 5 6 7 N
(223 nt) '

Fig. 4. human Astrovirus (HuAstV) ensitivity test compare with outer primer conventional-nested polymerase
chain reaction (PCR) and loop-mediated isothermal amplification (LAMP). (A) conventional and nested PCR
results of HuAstV PCR set A. (B) conventional and nested PCR results of HuAstV PCR set B. (C) conventional
and nested PCR results of HuAstV PCR set C. (D) LAMP results of HuAstV set 3. M, 100 bp DNA ladder marker
(enzynomics); Lane -3 to -7, dilution rates of HuAstV plasmid (1ng/ulL); N, negative; PN, PCR-negative.

PCR7|&2t Hlw Y EEM

Yang et al. (2014) °of] 2H, LAMPHS 0]-8-5}0] 7+ (reclaimed water)Al & 1271 5 5700l Al HuAstV &
/do] UebEal, RT-PCRE] 7% 470l A LrERsttt. o] 212 LAMP 7|®Ho| PCR ¥/ AHE E35H3 1L, PCR
o A} AZ35}A] 23 HuAstvE HET 4= 9lo] 7|2 PCR 7ol Hls] Al 4 2o A& mizke 2 A v}
olgiAE HET 4 U+ clojtt T3H Yang et al. (2014)0114] 7HEHSE LAMP 52 in vitro©l| 4] HuAstVE
oF 36 copies/uL £SO 2 AET £ JUch & Ao A st o] A= W7t E = i vinool| A S35
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plasmid (1,743 nt) 1 ng/uLE 7]& 0 2 9F | fg/juL 222 AZo0] 71551tk & 33 9] BEx2F2 oF 3.84H)
afojo|B g2 B I TLof| A AR&SF 4] plasmid 1 fg/pls 1 copy T = SHAFSHA OF 3.84 fg/ul.o|™, HuAstV
(IN887820)2 7|F 2.2 1 copy2] A 2F 2.07 fg/uLS L= 2F 1.86 copies”} F T} whaha] o oA3Loj]
A Ziket W2 i vitro©l| A 2F 2 copies/uL 522, 7] HuAstV 5232 1|8 oF 208 45 A=
N7F =7 UERGTE Hong and Heo (2015)01] W2, LAMP 7|2 7| pCRO] H|3l LAMP 7] o] 2F 1004}
Aro] =2 A7 YehE 2o 2 BYE L 1O, Lin et al. (2012)0]] 2™, RT-qPCRO]| H]3l| LAMP
7190l 108] o] &2 et et 2 o= HaE o] Qlt}, & - tol| A 7St B2 7]& PCR &
HuAstVE 525 ZH(LAMP) B}t 214 2 245 HE 7iZt= S Boch =5k LAMPL] dHHA Hh-S A7

1 - 3A]ZFo] R Tk Synergy Brands (SYBR)L& ©| L} hydroxynapthol blue S AF-&5t0] Al7HS @58 = Q)
FH = 742 2 QTH(Lee et al., 2019). ©] 212 7]& RT-PCR *'H 9] oF 1047t ¥H-3-ofl H]3} F 8AIZF =& o]
S 4= QJo] AARzFe] Ml 'l E8 A o] =)= AR o] Qi) ESF pCR-E 117}9] thermocycler7]-
LAMP 7|2 & 2= o|A Hh-g-o] 7}H5dlthe 481 @7 @4 RUE Y 7|e= &8/4d0] =t
A% 7FA AL QU TH(Ha, 2018). 3HH, 2-2ugtol A= Aot45 g, 3 X 53842 &8sl et 5
2409] 49 2= 9| HAME Al A oj| A &85 31 It} u]= Centers for Disease Control and Prevention (CDC)
o2, FAF 32%, Y L Ak 17%00|A =2ZHlo]| A FAo] B %] (Eric et al., 2007; Gould et
al., 2013), 5984 5 T4 A|R0A RT-PCR 7|E 2 3.1% (3/96A8) 52| HEE0] BEilH H} Qlo]
(Wang, 2019), U] A5t 5 5U-E&42] 42R1/d Hiol2| A 2 ¢fof| thgh A4 7Hs/do] & Ao =2 Helrh,

2 Aol A NS LAMP 7|1 B ASAIAE2 e 5 &4 5 Askpol A AE B =2 HE W e

Z HuAstVE ZUEY S ole7e2 382 + AS Aoz Aygd

)

T r_'{'l
e J{N'
iz}

o ok o o

0

rl

Conclusion
HuAstVe] A&, Eo] Xtk 913t LAMP WS +55H3ith 71 LAMP primer 23] ¥HS-2 &+

62°C ASVAEE= 10° (1 fg/ul)E SRIEH, Favtolai A 1053 H] 5o]& ¥h-&-5 Ho|x] gkttt g
HES-S HZ517] 95to] At a4 23] A|AES 7L F2519 9™, Haelll (GG/CC) AIStaAE E3) 155
+ 68 nt2] YA A|Fta s HHS 0151 th(Lee and Rho, 2019). A5t A& A Ad At 2070 A& Z 570
9] A|Bo|A FAHNE0] L O L}, PCR $2F0l| A= PFAIHRS o] L} #] 9FT) conventional-nested PCRY}F 73
Z W4T E H|ust7| 9ste] AAIE LAMP outer primer?] 23 & W= E v|wst A3t 2F 100 - 1000
H} =2 50 A& W EE FRlstilnt. 2 AtolA 7idE LAMP 7|8t HuAstV 21T A|AEL2 PCR &
real-time QPCR Ht} Al1&5131 52 HE U =R Jdho] 7hed Ao 2 o/ d=H, 5d &S HI2e b
3t Aol A HuAstve] &0 7HsE Ao = of 4 FH T
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