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FET: . HRUJIF 58 G URAN R AR 223597 7T 3 BU0E
To. B W TS AR AR N2 IR R il 5k
/RS - R AR AENTER TR PESF
PR, R R SHEE S SIREER RN
Y, BRSSO A RO Y R .
HHRENr FRDES T RENAIEY. @
WRZIEEW A T B o NARE B B A E
fife7E . A EE | A REVE SN ) BT AR R, AN A 7
R AERNRER, B B ERT R, ERE
FoE O ARy W B 98 52 e L 3 ) 0 A ) HR
Y AR I EOR R IR A R &

I Cryl AL BE WS W A 47 it %5 3R A 7K S (— Bl g 1
BRI D T3 % A2 1 v B KUK . R R Y
FRFE D 7= AR AT BE 22 3R 0K ) — L8R S PR BT L B FATC
WA B9 8 T BE — 2 0 5 B A 2 e AR R
LA,

R IE RS R A GRS DATER . & PR (E]
— LA F R — /N N . R BB W B
AT RE M N B 100 9 NHE L (H 2 2 5 R R 2 B R
BRILT:, NEME B (EFEA M EED 57
15 BEAR G, X 2 — Pl 8O A BEA 2 1. 500 1918 1
H B e tb s . FLEETS 2 st e R o, B A 1
(4 25 %0 AT RE 2 52 FLBETS R R iy HL & A7 AL AR 2ok
HMERER ., &2 — A ORI
TR BB 5 DR B T B DR R W) I S 23 e A — > Bdi
Ji el R FLBETS 935 K 4 s HON— A FLBETE 1Y
WL EAL R 5 — 1
32 WREHEEHEREYHEREIRETEANDN
R EXE

B W fhs LAY PR KURS: 2 TgE A 3 69
B B R A S R FLBE TR Y B
ARE AN R R 208 6 I EE A, —A
N H 22X 1~5 PPy ad i, S o e &
B 2 AR, AELAS B i AR S A B . B i
P DR 7 L R R £ ) 4 03 14 52 2R R AN T i A2 2%
278 RS R 1 BUBEOF R B R ARG N, 2
Wi B Wi B O TR AR VR 2 BT ML RS — B AR D
A A7 RAFIINZR T IS B2 W e a0, 1
Yy SRR S O A RE AR RS S B
NEEAEA RN IGE Uik, e o L Ak
B AR S TgE Bk 2= 45 5 ) b —Fh 3 A X
FEEABM 2 RN (gE 455050, AT
TgE UM 45 5 i [ A DK 2 6 0 1L 4 8 s 1 4 L =
I [ FeeR1 Z A, ARG I HEANED )G,
R R F B R BRSO 45 S R TR AE R 240 i
ML 75 P A 0 i b B T O A S P AR
WERTLor N A RS 2 1 SR TeE 458 Kk H
5 A R I RES R 40 I R 1. 45 8 ol P 240 R Tk 2H 2
R =06« AT 5 2010 45 9 T R el o 22 1 7K i
A2 S R A AR SCAEAR o AR 22 A28 Dy i AN iR
IRR) I S Jak B L 0 e R e 5 R i fi i, 28 44 /K
A AR FRRE . — 28 N 28 ad W s | S Y
SRR R XE A A Kk FR S . DB S
R i CHfiL P ) o e B AR o 2 — o ™ B s M
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A A ) 4 BV RN o A5 I I S R IR I PR 3 R
VAR e I W S S TR Y Pl e T =
1EEE BAEZAAE 150~200 B H & Y5 % ™ & i
R AT B S . R ZHEBET S BI#R K ki
R Z R O A ES S ERER. e —
Lt B AR R B AR S — S UL 1Y) 5 | A B o U
BB — EAS R o SR 5 R Ao L X
Fofr ik SR O A T RE PR — A . SR AR S T AT RE
SITERE b B W 7 HE IR O S 1 5~ 10 4R TE I
G it 32 T BE T 52 BUBE W) (R0 KR B80S D .

B O &R BRGSO AT H
AAT B I AN A X SR R 108 2% I
10 % M N Z B g ma oot A 0 7 6 Y S K
A i B N R A R i b g, (R E AW
P A A SN Sy (LRI DY S s el o Ll
B SR S5 R T UR N . AR R EAE N K E
BOE AR — B B Y 8 LR . WAT
42 R IR R O S A BEBE 1997 — 2007 4E 1Y
A5 BIRUR Y B BE G 5 Al TR RAEA 31, 7 JT 9 B
S oA 56 (2003 —2006 4F) , Hid#E i 9 000
Bl 7™ Y s g, 3 g A B T R RAE AR L D
SRR IR A5 WY E M AA K,

FLEETS & —Fh 32 it A% TR R S 9 B B i vk
P » Ho R /NS L K 32 R 27 A Bk (B TR RN
BE DB BIE T1 8 CD4T T 40 S 80>,
BOE—FE M . R EUNMS L E S I R
— PR THFE R B L A B 2 T BORR E  JRE A At B
B g, Hfer T EER THSMALE S
A (MHO) 7 45 HLA-DQ2. 5 8 HLA DQS )5 %
B R A . 25% L B B ANH HLA-
DQ2. 5 5t HLA DQ8 B~ 1 i — 4~ fH A 1 2
A LY AREN 2 N 2% E B g2 W ok FLEETS X
AR ) B AR AL b ] 2L B V5 A R
A i — AN BIF 58 3% W1 IZO0 B DL AR A Ry i B
i R R S i E M ORS00 T Y 2 2
T S BCEE 22 Bk RSN DA P B 2 0 AL AU
DR S 3 412 Wb v L 00 7B P9 S o A 205 45 Tk
JHE B R ST HLA 43 B 305 2% 1932 Wit &
i N A ROEE . fE A MHC 38 14 T 09 7L BE TS
AT A% EFIHIE Thl CD4™ T 40 se B 4
T2 BV R R R 2 IR FLBEYS R E R
Tl 1 P — 3R AR SR o e N R B
e B A& ORI 2 R 2 E

RO IE S X6 22 ke i, SR T & 0 T OF A — 2
B B AR, FEBE I € EI E R e K2
()38 A7 7E — S6 4
33 ARYBHERHREA, MARESRY

3 TN R B W 3 B0l S W R A B A i
SN CnA=4 G FAEAE) . HaE & 20 ZAEMBESY
CANEY PR EEA A4 2SO 8 EH .
] B 88 2 Bih 23 BB (TUTS) 80 I fim 44 /N4 22 B
2 (www. allergen. org) ¥ i 12 4~ UL #) SR 15
HR MG . i i o8 0 LA AR A 26 F i 24 19 225K
B /N o i BE R (14~ 18 ku) . (45 2S
4 4 (Ara h 2 il Ara h 6) RIS 85 40 5 Bk 1 S 52
- FAEAME R H cupin 35 H (50~75 ku), Ara h 1
Ara h 3, #FP cupin & F#8 & BT AE S R
1560 b #HEGX 4 Bl B AT 22— Fhoxt 1z (9 IgE
Wb T v VR BE TR AR 2R 5 23 % R o5 1 B 1Y) Rl B
B Ara h 2 A6 DL 4 ASBE N TR R
[ e SRR i o - = T D1 /1 = s e = 3]
THARE 0 TR A Al f) — S B 1 5 8 S AR A U
Jit AH 2 T FEERARAIG , OF HL /3038 8 A e PR, 1
NN R E BT . KR8 W IgE /v S 4E
iR R E — A EE A EE AR IgE, ik
BEHUFE R AR R IR IR S AERE . HAL Y e
iy R IR R S RS G A By VR - SR 1IN
R BUBUR X2 R — AW Y TgE B Al fig
SHBRZYMMREEALS S . ZEHE —BAS
SR TR Z0 B s B N . B AR T R B A R 22
HEH(Ara h 5 BUR M R E H-10 FEAL 5 (Ara h
8.0101 I Ara h 8. 0201) Fl — /> ik 5t #% % & A
(LTP)Ara h 9. PP FH Ara h 12 Al Ara h
13 W7 99 TUIS 4 44 2 51 23N Al H IR R R A, IF
H G| 5 52 07 1 A58 AR BE G R R . AL 4G 7Y
{7 R A BE R BETE P B8 I R T | A Y it SR
5 IgE HiAR R 2S F A FFT cupin F - I
EHEEMWEAA L, HEHEL T P RREA
Z[A) L 2 500 A 4R 1 2 8] A7 78 58 U {H AR XE MK
“ Mk k7 (de novo sensitization) 43 8 IgE 38 X
N XA 1 ) o A A R Y . AR I Ak
MEA AR IR EE KR, ENMBEER LT
— L PR, TEBEA 28 S .

TERE K 25 4E, — 257 1Y 5 TgE 456 i Bl
JEEA Wk A Y AR ER 2 240 R 1R
) TR TR A2 i CRL RS ) B S I G ST g, 2
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FERISEE . FIH A 0y i B8 06 A FFIE ] B IgE
25T A KA T N AR bRl KR
ORI 5 BT R I A B G B R D (www. AL
lergenOnline. org) , DA $& fit — 4~ 5% 3L K A= ) &2 42 1F
WA G By TH, 28R E P —SER L E
Tk o BT G2 B e R SRR B | I M R 20 i 2H 4
o T30 W B P s 24 Y 3 AR B 23 | Ak A W S L X
SO BT A TR B O BB A SO R A
R B 1 E s E v (www. AllergenOnline. org) ,
IE HX A H K A o R AT B . 2R P A S A
J7-91) e X S50 DAY 397 100 5 ik DR 2B 0 808 1) B )
A7 AE 38 SN B T TE AU

SR TgE A5 1Y 2o Bs0 A7 7 38t A% KUK PR 3R
B H HE A 2 R A2 AT R A s
Ao Ak B, TS A2 X 3 2 B A |2 T 3 0 3 1 8 A5 T
o SR E G W) I B AR R AE T H X IR
REUTAE 01 9% & kA T L2 b As e, — ik
PLER A B 1, e A 46 A R U (FE R 5 Th il 8
TE PR 2 R S SR R R A0 D L R R T (R S
IgE By 55 FITiH 52 (IgE VSR i 6D B A
VIR AL B M 0 3 A A R R RO LU . AR AT BB AE
JUE T i e g, g hn o7 =, A AR % N
AETE T X BB YA R D Bk = Fak A 3 fih B gk
TR Wy B3 A A 22 i R R AR AR 3R ) 5 B0l
B R 1

FUBETS R th —E B IR A /N2 R BRE W
AARER A M EREAMEREN. LA
Pooideae WKW A 51 &M . R T HRAE—-DEPN
B PPAS T H AT TE KB K ALBETE T 48
Mify 1 016 ASZRKAN 58 MEH & T — DL
L BETS Bt e LA T XUBS: E Al (www. allergenon-
line. org/celiachome. shtml), FMT W & T £
{5 B2 TR i b xS LAFE B 30 B i B W 8 1L b
TV TE I A R RE X FLBEYS A A KU AR .

4 EEREEEEHDREITMN

& {E F B (HOSV)

gl R ITI S R I e N R P B e 9 |
2 AR DR ) R S 7 0 A A ek R DG SOk A E S
B AR B3 b B35 A 0 a) 422 422 fioh Cln 2R % R
FONBEZO B B, Z U IR B R B 2R
T AT HEAT A 2 A SO R PR O, an RS
PR Sfe R A B 2 — i O A SOR0UR B0 7 0 0 5k

41

A AT AR i SO B M 10 AR 00 i PR IR P A T A A Y
W, 91 G, A A 0 — 2 I L Rk L L Ak LA R
PR B g b SO UL PR, SR — A i B OR
H A L R R e M i TgE 3k 7 2k
7 1A Nordlee 5 AR I PG R 28 (18 1 5T
—FEEO G SRR R 2 B RR L Closteridium botunli-
num 20 T BB B A A AT BB 23 SR A 1 B M
R EZEAAR R —MEER., 57K h
XS YRR R PEA E . WAROR IR AR B AT M 427
P Pl P I 0 R PR AT . T U g XU R i
— AT DL A 8 2R O SOk AR B A8 O R A I 2
AL W Rk IR A AR B W A 6 I R O B
A I B 7E R IR ) vh 33k (il dn e SR KRB RL AR
FEAD) S R U5 A BT A2 M A B i
AR TTREA WK . AT, FEVF 25 00 T WA XA
LA P s AN TR AN i e A, 2
SR TE D X 2 VR E

T OLT S QSR R Y s A R L U 23 JE
WA R, RS AN 2 MEN, TR N
0 B B — A SRR D AR g R T E
O N AR S LTP A — AN 38400 AN KA # I 28 X
B Mal d 1, Mal d 1 2 [ [6] I 0% 58 S0H0U5
Bet v 1 ZHEA 7 1A I Bet v 1 FEHER FIAH B
T AE Ry tP AR I . HAR S SR oA B E Y
T B R AR BB A . ABA A 4 A FU I A B
Ji 0 — S A N . A b A AR A B0 3
ANECHORE B DL Do B A B RS 90 . e SR
W N H A S 484 Bk o 2 — A UL A HLAR o2
Bt O AT TR Y RS A A U A
R TE o T SF R &5 W 2 . R A
B FE A R A ok B R BRI R 42 B
J R B AU P

F A E R CrylA.Cry2A fl Cry3A K H 7
AR HATE ., ZYF AT HEM Y R E
A 70 RAE I BB AT AT IR I W T AT FE I FL B
o B B E SOV . AR A LR 24 1 2 A Al
FH s S48 HOZUEW] B 8 F A 4 AR W A SO A A
B R IR M S TE BT A W) fh Rk 22 20y B A SR
b Bt 2 Rt T ARIE.

F N B 5 S A R PR R Y 2 0 2 i [
it CANRAT ) 22 A fdfi FH Dy sk 9 SCHR BT RE . 33k SEHIE 418 38
A4 R A OC T AR IZ B R b i 38 HR 1 B A R P
PitE &t B, DA G A i Tl R
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42 HMEEMFEFRNSFMLELETE

WF 5 35 b 2500 e Bk I ot 2 b B A ) DNA B}
RNA #4730, 3 26 U8 B 34 43 45 HAth 388 4% 50 7F 19
KRR FRZ 7). FAbm )y (75 248
I PR D1 % R [ A I DNAL [ 8t 1% 2 1 ) A
T LT . FER Y A S KA W aE 0 AR
PEN AT E RN, FLEAE N T . mRNA 75414
21 1y /NIRRT BRI DA AR IR L A S )
AR, REHER T, — PN EE RS- EH.
T S B R A ] T A4 R I Y A P
BEULH . EEP AN D e b 8 . DNA FE
I 7 910 A 55 B8 A1 O HLAR 2 R R Y 9 AL 2
8 2R AU LT LASEAT PEAR
43 BEHHME

Y g E 2, FDA AL RH 1E 3R
A BN AR B B IR b . 0T A A B T
TR 5 — 4 B 48 A BB 0% R A B K R
BE ERPE PR RKE ., XA E N
(Pioneer Hi-Bred) W) £ 56 {IE BH , At ] %% 16 T [ 7 1R
RS HEARKRG Y, ks sh ik, K
UEATFEMNEAR A Sma kR, g
Ry 28 HE 2 — M & &R 2 R
N . SRR RSSO i VT R R R
STAKITE TR 01N o U P R < 1)) L ' AR 1L = 80
B AR T2 P SR 1 22 9 B B T A e — R SO
IO 2 VAl 2 i DR 3R 58 2R 1 A 0 7R BUBME . FE 1995
AF A A TP R h s R B R R .
| Nordlee % B AT 58 B 23 A5 A H1HE T PG IR v i
2S FE A — P AR B Y B B OO, ks g
A VLG  Se i mlAE 1R TF &A% i A $E58F
R, X B A B IIE T 1992 4F FDA BB TE
W IR & AR PR A AR B IR A A B T Metcalfe
SN KA 1 B S5 B 1 T SRR R A o AR Y
B, DL M B ik R B4 T 2003 4R & i (19 48
M

) i fOE PR E TR R BUREA  1 TgE Bt
A SN FIATAR] G g 2 PR AR R AL . R 250
S AR W N G R WD O < S S N TN /N
T o R TR L 25 Ty ok B NHE S B AT A T il B 20 g
A B 4 v REPR S T i B 2 %Y 20 o 4 f T 20 At R
T4 R 55 IR G . 87 R IgE s sk
F. B4R 3 4 i sl B g 12 40 M, 3R 38 &K
F-EE R SRR TgE L 5 5 RS IR B R Bk 9 A Ok 4A R A

VB R T AT 19 FoeRI 5 2 M2 4K, Y Hi )R
B P U IR W, ISR A 2 AN RS A
EAHIR TgE PUR I8 s (55 PR S . A L5y
B 22 P9 e A R ) H G IES K AT i 8 P R 2 e 4
FECFE B AL 20 = 0 RN R O 5 R I 55 B T
FAAE o REIR P BE AL 35 1 58 Pk K i 35 0K % L I Wiy
S O 192 S 11 WS N DI o A [ R v
B PE R O BT AET . BT IgE B 2 4 = Pk 9 ik
FEOL TR L REDR S AT AP B AY L A ) A9 4 R, AR L Y
JR o 3 A R R O R AR, R
ZREEEABSTER 1gG M IgA Fifk, {HX 4R
R EY S EY SRR, BAMETEZ T4
JIEL B A5 Bl A B A i 3K AR L R A R E S
AT T IgE. B, BOHUH P A6 19 & A2 IgE
B

WAFLE T 40 A 5060 10 £ 3 0 R0, 221
— 2 T T ) A R O SRR T o PR FLBE TS
X e i R A ) R PV A 5 K FLBE S I A 2 A X B
P O AR R SO i, IRAOFEBEAB LN
RELAIE(FPIES) [ % 4], i3 F U0 I hy 3 22 5 4
WA R L i B AT G, (RLAR A 7K RS N g 2 i 3L
fh—se gy rp B, MRS E A E
R m A SO B A AR R TR R g R RN
Yy 3 35 5 AN Z % EY . Wik, st AR ] BE
W% 55 AL S FPIES A i A

A AT EE I U 2% B L B o BOR FLBE TS 1Y R R
RAE BRI FA G 2 i B X &M E 2 W
Wd 2 R0 D LR R A T, 8403 22 1) 8 49 FT R R 2
XF B W A R AR L B A FLBE TS B
WHZHiES ., AREZXTEBEMNRS IFAA
I8 F R . IR ZWE &Yt 8o 6 2 16 R T
5 BRI A 2 B

1 9k i A XU S Btk Y L 4 R
B IL B 2L NG B2 &k . R EAED Y
HEE O R TR AL T SR R 7
b R A S ORI B SR A2 R e AR
T SRR Y e B AR R AR AT AR AR M AT A R
SRR 1 SO — A R A T B R L. R X A
SERE NS B B AT 55 2 e 3 AL X Rl e 08 5 3K
I U B A AR Y, B2 fih 2 RS D) BIE
W) AR ) 1 At 5 e

[ B A= iy Bl 27 2 25 (TLSTD -3 85 Fl 4 038 2 2 4
MEPRESEDHERZ R SHL T i1, Jf &
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Fe— RV BERAT PV B 1Y SCHR 16 e 5E RV E ) e 1
B O . SR R R TR RS SRR T
(55 36 4,19 T, 1996) . iZ/NAH LA AW H R
KRS BB G O I IR R
R T S B B E RN AT e AR
WA AR IR Y e S e YT T
R R EE N A TR S R TR R R
A SRR DAL R Y AR T S B R
— AL T E — AL R R GA R R
B 7 A 3 ORI B PP AG TR

Metcalfe 25 A& H PEN AR 5 FDA )
W(1992) — 0, 41 5 R i AR T AY v 4R S 3 fr
EAR I PR AR . AR, TRSRAR 5 SCF IR T
L I H -SRI A R E L, B 1
Fe R TR SC TR T A 0 PR A, AR —
AR BB ok A T — A 3 SR CR L P Bl
fil) R — 2P R AR AT 14 A3 BN SRy I E T i
o o 2 6 = 0 3K A T 45 A e R R Y TgE,
T 5 e B AT AR Y e B A D T 5 A A
ZEAXN B HEAMBRREMN,. TANEN, IR
TR R ER I 1Z 452 5 © M BUEUR & )P B s A

I 2 P SRR (1995 4F) (1 77 41 H ), b AT HE 75
i FASTA #% 08 2 M 2 80 BORUR IE AT ELXT
FHARELE 8 NEILIR— BV EL Y X I . E S PR
H R 22 B0 A S8 2 DC T B2 FR7 B0 1 PHA T W B Y 8
AR SCFET I ICEL . W — AN A DGR - —
A B o SR Y I R T B T A A
WA TE IE R I2 B 1 SO 3 5 h ) IgE 456 1%
B W R R T e 28 1k FLIT R I OIS HF AL AL R
MAR RS AFR, QA T F TSk 2, W A WL A A W g
3 LR T R SR R I £ b A A DA A 5 T 9%
HRERE M., FEATE IgE 85 5 gL T i iz
AR % B A2 A B I R A5 I (SPD) L i 2R
SELARIE M AR B SR AR BN B AL UE T
HEAT — A XUE HA 2 870 48 % B8 i 2 4 I ik
(DBPCFC) . LAl , % 8 1 2 1 K6 0 2 4 26 358 2K
PR GE o L HE 9 2k 1 EsF 180 2R A7 3 2% 58 1 H: 38
R, Z R O R T RE AR S FL R B & S T
AR PEAT IR, DA A T o R R A S AR
SR 0 T Re e M 2 T Mot ok Al ol o o XU

R 9 X SR 15 £ 38N P 400 o 50 T AR 9 .

e ~

Source of the transgene Serum IgE laboratory testing o
op or
| 14 subjects (at least 5) — Lazel
(Proven Allergenic?) allergic to source E with
\\§ J N A Positive Source of
[ egarive | X
Negative *
. ~ ~
Amino Ac'd Sequence Serum IgE laboratory testing
Comparison to known 14 subjects (at least 5) Stop or
Allergens: 8 aa identity > _l s eas > La_bel
match within a FASTA allergic to source Positive with
alignment Positive J Source of
. ) the
gene*
.
A 4
Stability of the protein in
pepsin at pH 1.2 Consult with Regulatory Agency to
determine if there are additional
Stability in processing tests they would require in light of
(heating) > stability, such as evaluation of
— | positive abundance and exposure
Digested by
pepsin
d,
:n /(:r a *Label foods fromm GMO with the source of gene if
enature
b regulators stipulate that individuals allergic to the source
:ocessin would be at risk and need to avoid the GM. In practice
P e Regulators are unlikely to approve the product.
@Equivocal IgE binding means the safety or risk is not clear.
Submit dossier Therefore Skin Prick Tests with allergic subjects are suggested.
Which should If SPT are negative, perform Double Blind Placebo Controlled
pass evaluation Food Challenges to verify safety.
B 1 XEEREANEERHEITEN
Fig.1 Assessment of the allergenic potential of GM proteins,adapted from Metcalfe et al,

1996 to more caaurately reflect the description in the text
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AR T E R WS PR R AT R R A
FORITZ: o

5 [V Y R 22 B R R R R IR R A
A Metcalfe SE10 A B $2 1) SO PEAS 19
DA e /NS, SCHRAS: 38 % B R AT — Fh i S Y
PR AT A e Al Dy s, OF HO7E B0 R AR G fORE
e e NHE IMYE #2527 TgE 456 Ml rh & Bz Bl LA
G54 TgES L %)™ AR W B 22 45 WE A DL L OF B
RAEGEEARD %k, KRR, B RAEZKA
A W BE ) 7 S b . PRk, PR IR IR 2S
A ME—— D A] R ER 40 2 HAT B R i UK
[SAikE SR
44 REHHEMNEYERFESN

BT VEA B ROR TR R T AR W15 B 2 R
PR 11 5 A ] 2 R0 s AT B 1Y) B s =2 [R) 1Y — Bk
Jic AT e 5 fe 28 1 568 e v e XUB: 1) TR, DL R
T IEAT I GG TgE A () B ply Loo-1eo) | sk i %
S SO REF ] FASTA 5 BLASTP & # J1]
o BE KR 1 Y R R Ty ) B R R — A 2 Y Bl
BB . www. allergenonline. org U4 % 2 FH0
T 1 SR A TH B 28 [ ATV R B B .
BRI 5 AT 80 A>3l DL b Ay 24 5 R 1 AT Al 356 43
A RT 355 0 — 3tk . BB 7E LB E (www.
allergenonline. org) F 2004 478 N A6 b im K= w9
Wy ik B g R B IR I H rp g L IR AT T B R OE
B, XA Xl A R R R — A R Y A e L LA
Bl 2 W A B8 A a0 A7 2o BORU B T Al 1 B R
2014 4F 1 H AT BT T4 14 WA B A L AL 4 R
FARER T 290 A Y 645 Fh B (1 40 2 B IR 1Y
1 7064 751, FRIN K. WNiF £ B B W SCFEE TR,
4] — Bt 80 M2 S/ 41 vh K F 35 %6 (1 — S L i
R ZAY IR AR A UEE 2 BT 5 AH A
PERF] 45 % 2K EH BRERINE LSO, it
T3 ORI 5 | Y 5 SOk 156, AR A 4 1 DR i /b
F 50% BB (A K A sg SUR BT, A 1996 4F LA
K. CEAIRZ P70 F R I L el
SRR I BB Y . FAO/WHO!Y & 5 &
INELBRE M T — SR AR RO el i L., FAO/
WHO #E#E0 F§ FASTA 3{ BLASTP 25 ke X 35 51
VE LR K F 35 % BYAE A 80 A~k LA b i) & JE R A
B RS 6 1A & Metcalfe 58 A2 1Y 8 4>
HH 40 P 2 i TR i IR 5 A DC T {HL I 6 T B i
W AR AL, XS AR ) R R I SCHR R AT T 28

RS R BT B L 6 A SRR 1 — Bk T
Bl R AR R B L St R 218 2. 8 N
P FH AL B Xt A AT V2 AT — A v 178 T80 0 1
HoAlh A A2 W] 80 A& FE MR A48 Rt TH~F s R
FHIEA b3 T 08k BRAR Z2 B BH M 1 45 21, 3 A T
AT A AAT R BB 28 SR Y B X, IR — AR )
= E 2 F AL R T 80 AN LR 19 3 R, i
FASTA 5{ BLASTP # & fie ff 19 4 K )7 41 9f H 3K
75 Fe A VT FC 43 1R S — > T AT AE 9 38 8, (X T aX
AR LA A — S 43 T G BRI A %
SHLAE CEFSA) Y S B4 7248 32 4 11 3% 28 1) — B0k
FeXt . of H % F EFSA IR % 52 &0 6 &L K
MERSWEZ TR, 726 FRW, H
F14) 32 5 14 D T 21 8% & A 1) (O 3 A [ U 4 1)
TEHE ) L 3 A A5 B 06 B B ML TgE 4G AR A5 0 B0
FEMRANIEAT TgE 25 6 5250t /2 A3 KU 1), 45 SR v] e
AN PR A B 4 08 25 & 45 B 2 N o 1 s R — S 2R
FIa] e B R . BAR TeE 45 & %) 2 AR TR R
EAN—NR—/NRB L, BREEXFREN A
I BB 1 AT RE AR /DN, T — S WA ALK T BE & A
R H Ak S0 5T, OF AT BE SR AT N iR
45 & IgE %

M35 TgE AYAS I AR 20 L v FH T DF 5% 3 X 26
TR AE BOPE . SR, SR I TgE 0 4G I 4 ik
DU 2508 2O B T 52 36y, I {6l FH X o 0 ol v it A4
60 1) SRR AIE 52, 9 HL2 ik 56 0 A 1R R A A
T A 3 R N R T E BB . 1 A R I A 4 4l A 1
S SE DR AR 1 L 2l ) SEOROE B AR Can SO A DS Y
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BRI/ 7 A% Z XA Bl R RS T 1995 —
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PHBCTT » AT U 58 B2 19 KA ok AR A AT B AL
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L T2 B A o3 M5 3 2 AR AR 4 0 A P b AT O
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BER T ORZ 35 48 o MR SCR R AR BT 4 0 SR
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A L6 [ 5, — B B B Ik TR A W B A 3 AT 22 4F
220 b PR R AR e A AL A A
PR 1 5 A Bl i TR AR 0 LA I8 ) 8 T 0 i 45 28
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Chn g 2 21 Al 42 32 36 [ 45 T v &F i 200 mg,
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TERRYL L BR 13X 8 Fh & it B BN 1 6 B i EE R
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PRI W T DABR I . /N2 SR U5 04 T 75 S A5 7R
R/ INZZ IR TE R TR A K OK BOAR A ) AT
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PR BCHUR S A2 P 191 28 0 i 5 i ERiC AR 8L Y
SEPESS & FLEL TgE 454 W78 5 (50 6 ~150 Y il 42
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B I HOE B I AT DL AR — BRSO 5
—HEHR Y. IR SDS-PAGE 43 B K 542 U
BEIES 3 AL 1R S BOE B IS #E1T West-
ern 252, X 1 AN BR BRI R 5L Gl 1 AR 40-3-2
P 4T 1gE 25456, Sten AT T H )12 3E
Wi BRI RN 1gE &5 A5 L A 10 £ K&
b B IR M 5 A R R (40-3-2) SR IR Y 10
A AR 8 Ao gt A% T S7ORH AR 1 A e R PR R EA T FE
B ABATTANH RAST i il A0t el A r 40 J ¢ e 4
Jie o e B ERSR AN AR 22 1) 5 i R 22 ) B AR TR] R A
WK G MAEE RN K Z %A B EE R, R
B W PEH 3 AR A /SR 5 MR R G H
PEHEAT VG 1gE #5058 . TATH B WF5E 7 24
A% 1gE 456 905 IR A K Bl 80 19 ELISA
0440 B0 7 LG B B3 ELISAL R T — A8 243k
WHN R R Z AR B EEE S A R AT &

E P I | S SONCAE RS R
FEHESE 22 5 O TE TgE a2 1 f 28 B 55 56 o fik /b
WHELT 14 IgE 45/ WM. BT EFSATY fi ik
PR R S B T Ik S A R R AR AR AR Y
PRUETTVE LN 38 75 ZEH A 2D i B 19 J5 125 43
BN AR 0T R IR A R 0 S AR R
SEHEEAR R, — AR M IgE 45617
SAFTEARTR ZAb AR TE R B R h i R 22
S AR AR SR 5 v A A R 2 TR Y
SR AR, BRAE A KA oo 2
5 — T 5 h SR AR LA (10 A R 5 M i
e N TN I N U 2 - & Wi ||
5 IgE 456 BB A 7E — SR k. SR, XF
T EFSA @ iUffi & 11 Bt 41 % (LC-MSMS) & 3T
RS H At L B0 B VR 19 & Bl R 1)
FEARBAM G MR — A 250 I o EFSA Ay 8248 1 (1
“ER 5 R L0, £ OECD Y K T4 43 %1 3 v
() SRR 1 B 46 SR T AR D 808 A TE Al CH &
2 m 1 HZMR m 2. &M m3GM2EH) P34 1
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LC-MSMSAfE 100 %8 AR Z 8 1, B b A K AT
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A SR VR 1% 003 b A B DXL R Al B DXL i e
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1 7% s 50 P YR BRI ) I B 5 o A Tk R
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AT RS . % RGNS B A AR vz 22 /05 vl Az,
Z /b, FEILA S AN 7 R R B Y
ZFAEE KB A R A SR Z Rk KT
P AH B AT 25 At B M 3t I 76 6 L35 i R
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7RI B 1 L ) 5 ol SR D K v KU BRI O k.
Crevel % A\ & 26 1) — i W98 22 RV rh 3l T Xk 46
A RGN 3 B 10 A% i A8 A2 0k ) A 10 S
¥ )7 ¥, 7 EuroPrevall ) DBPCFC #F 5% Hi% i #Y
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A 3 A5 E] 10 A% 0 AT ) R L A B A
IRPIG 1 7] 22 e 5 A ) A
414 FMEEFOIERPEANTEN
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PrER RN . R K A R T A AR R R N % X
AR R T RE HEAT VAR I R A= 045 B2 7 %
1A 0 B 3 A R KURSE $E AT PR A . M3 DNA
PP M LA R A AT RE A T IR E R AR R R
K. DNA B ETA B 6 A Bl 3 HE #06 F) 3 5
BUS R A7 PPAG DA TR0 V8 A 04 FF 5 ] 1 A, — 2B
B H NBRAA MRS BT (P AR 8 4 1L %
T~ 7 B T TE FF R 32 HE CORT) | T 5 Ah — 2
A D) SR T A B 1 R 28 11 % 0 38 ¢ 1k 1 1Y)
TERCE B AE B S A AR P A 2 2 X 3k S8 7R 1Y T
I 5] S AHE AT PEAR 43 A, 48 2 VT TS Y BB R #E R
B, BORHEMTR AT E T RGO 8. 1A B I
MY DNA & B 4 A7 76 1, 0 23R T g 5 350R0R
BER LR AH MM IEMERE . 22T E 8¢
TE BV TE f F ARURS . a0 SR S0 RN B T
B, )55 20— 20 53 B0 F A 2 75 A DA B WA 2 8N 3%
DNA X I #% 5 7 RNA, U0 5R 77 76 3% Fh 4 2 1)
RNA B4 2 4fi F§ LC-MSMS 5% 3% I i 17 132 HE
G 1) UK 7™ A A SR ARG 0 2 A R ) (R
FD o fn S8 [ 5 KCE A LD Z e S T, X RS
RN,

— S WA A R K B B A B A b

SRV S Bt R R R A T U PN YA 4 5 R ) i B ) 57 [
B 7 50 (PN B 1) ol ok b 52 1 T (] 4 6 o R AR
L 0 A4 20Dk mT DARS B3 03] 3 TR 45 4 2 6 T
Tl Z 18] 1) 2% A W 2 b 35 22 S . KR 2 RN B DA R
EEXTRE PP AR 0 WA S & A S Y WA PR
A w1 0 B R RS 2 A Tk B A O
B DRI 5 DR A O 5 R S 1) 2 D 20 1)
A RATT AR L ER A L1 A AT A A7 e R VR W A 7= 1t LR
WMoy BA BRI A R AT 25 1 3K A AT Y
7.
415 FtAEFUHA SRR M Y 45 12

3 3 AT I A5 10 R AR RS TE M B SR Y
J RN 7 B 2 5 KA RN A e i R A W 5 ot 4
[F] o 30k 4 3 T 3 e 3 Aok A R DR R Al e R TR o e A
FLACI ] S50 N 2E A7 AN [) b 35 520 ) 1) 36
ORI AN [R) 1l DX AR 22 AR B 45 i A 43 B A A
SR -G LR EE R, KA
TEES R W TR 2 S B gt A% 25 e, L AE A A
Ty 7 5 ot B 35 DR A A AT R S e A, Bl 1Y
WF5E & I DNA A AT DL gst A% 0 H oAz FE A
1) 223K 1 A B A AT fif DNA 948 4, X A & 9085 &
AR BN FRATTAS RE 9T B2 42 T 538 T % DNA JF9I{F
B — AT DL 22 U R A, R
ATTE0 T8 AN S g — A T o 1Y) 22 S AR XE T S A
XU, F 58 E RA RN —# 5. ARTEILA
FLTHERTEEIF SR T RZE8UMEEY .. A
HIGE 5% ZRE PRI A5 ] LUAE & Fh A 5% 2518 T AR g
FH R — ) ol o e A 7= 1 ) R LR

P 35 ], ) 35 TR 5 R st A 5 SRR I AR
GI S5 RBGEA SR LA B[R] — H JE) 38 56 1 7 ol o
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T %) AN [) 00 R AT L . A SR A 3 PR 1 )
2 OV A 25 90 1B 3 o 22 LTI 4 i A B R TR AR
Py R 35t A% 15 S5 A I 1 R 22 ) Y 22 Sl o ol T
Az . e SRR R et o\ S AR SE 0 B A R T
X —VEY A A R . TR B 43 3 FH T 38 i )
WL ST 36 W0 i 50 ) S5 o7 BT AR A A O, G — S Wi 4 3
BORM 90 d ZRMEFR IR 42 d WG HFoR E s KA
YRS VT 2 [ FOR AT 32 BB H—
A e A8 3 A 0 A SR CINER D)
416 HEERAYFEAMAIR
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AT AR X o 2 E B 09 15 5. FF B8 XKURS B Al bl
(CERA) %% 3L K VE W B4 2 www. cera-gmec. org/
GmCropDatabase H1%1 2% T 24t 153 N EY F 14F,
HIF AN 2 Fir A 118 33X 26 S 2 3l 3 e 6 PR R 58 I
Horp Ay — &Ry S il i AL UE LG H R T Bt &
(. AN, AN T A AR W A8 AT o] b 5 3 9 AL o b
P T H O — e T AE B . B PR AR
b A W AR R AR 45 41 2L (ISAAN) B 35 T — A
T 3 RAVE ¥ BUHE JF (www. isaaa. org/gmapprov-
aldatabase) , JeHF g1 1 T 353 A, il 2 Pl ok A
L ISAAA P A —2e 8 A § CERA S IEY)
FRY AR G G il T R H RN B, X
BEGA BEAT $ 52 45 55 I B ISR WA LAY . AR AT
RE B A>3 R 1 B A B 2 gt T — S A BRI R (HR
K] g st H A2 BRa8 o i S KR . S Ah e
(3 AN W MU A & 19 20 S 1 S s Al AT XA )
e B R S 0 Bl A5 B9 B8l 52 . USDA B9 B ik 2 - he-
tp://www. aphis. usda. gov/biotechnology/peti-
tions _table pending. shtml, FDA A9 M 3k 2 ht-
tp://www. accessdata. fda. gov/scripts/fdcc/? set
=Biocon, EPA B Mk http://www. epa. gov/
oppbppdl/biopesticides/pips/pip_list. htm,

JAEVE 22 AN [) R P 1 B ik DR < 1 e v 06 1
1B R 2 B0 S A AE T/ BOR S R W AE ) v L
M RAE R FIOR LA 3 7 5 [0 A A e
B RE D ARG E 43 AT LU 2 55 VR P R
R AR R I A 1994 AR BB K B T 2014 4F
RS E KRB 90% . 78 L E AR PR K
— BBk H O RE AR MAE BN 95 00 YA AE LA K&
HE 90 AR AL R BRI AL, MTEIFZ R AR
[] F o %) i DRV 0 0 A R AL 0 T 6 o HE X B
FLFA) T 52 M RURR S8 BB B . S I R R 22 D
A A G SR B VE ) (1994 4E 2 R B 2 T 35 |
HRT ., —SP SR Sl T2 8 T AL
A 75 TH Y s s B A AR S mI TR PR BE LB
AP U R D TR SR Y
T A Y R R R AT T e Y
i 6 Al B UK 3 P AT DK R b v D S
AR B B TR A PREAT L ) T 2002 4F
BT, R ) ) 56 RN SR RS T R
FR /N B A B R AR LT RO 1. X2
PR o N8 R /N2 B 23 Y T 7o A AT L0 3k 2 /)N
W INA 5 o Wl . SE 2T 0 A # Rk Ak

N HTER T CA 4 A 28 ) A 455 ) B A0 Ll R 2
) R e R S ) DR Ay i O U IR A
PRI it T e, P G 4 A 2% W K I B0 2 SIURATS 28
el b AR LA X R A E . PURE MR
JIER R 2% IR R 2 ) BF 55 8 B &« L i At o 7 36 [ il
FH & PR Ry 080 R 0 AR TR 52 PR B0 75 f 3 7 . %
B PR 2 A R DR Ik i A L 5T X A IR R T
S AT
417 IN &

— S L RO 23 A IR 1 A BRAR B G L, 1T 55
— L G Ry 2 R 43 ML DX Y TR VB L BOR
BCH 2 U IRl T 5| K 4R 2 M ) X AR fa L
AW HAR R AL FIUHE Ok 1) 5% e VR ] DA O i
AR RR S AR TR O T Oy 5 . H R 2 B
T HA RS LR EEAEBUNH R4 N+
9 ] FECAR X S 40 N DA ARG ot B A A
FRE A 7= YU R AR 7] AL, B0 SR O T B AR A B
&L EXGFR R ATRE R B I W] S0 DR
A7 AR RN S A R ) 2 A T RE N, BARAE AT &
R — A 20 A 7 RO G N B AR K
SRR PR K R A R R Y, SR
T, AT FRATT B &5 26 7 09 5 77 J2 8 o 1 TR
JAE SR B AL o 6 B v B4 I A £ J90RkER i, FEBL 2R
PO N J395 3, BT 55 2y %25 4R 1 DX I At )k 3 i 52
B, ABFATRT LAOR A H AT ok s B g 7 il i 58
AR R G 225, W] LAy o [ S At S 9 (=] KR
2t J5 R A 0 1 2 Ak 9 6T 38 57 3 R 7 ) £ 2
S bR SR HEA TS 900

% [E 3 36 B 7R 2 A VPN 1 B S e R ik L
TR AL A R — T AR RN B PR A
B 2 4 WA DR I RO D) B 4% RO £ VR 3 1) £
AMMETT LR, WA - TEREES AR AT —
MEZFRZHEE &Y ER R T HAL E %, 80%
TE—E R EE EAROB A F K A . A5 KREH
A /INAE RO L Eh % S Tl R S A o LS IR
(Sl #2 Hh SR BB R R AR ) DA [R) ) e B
DX A T 2R s TG AS A AR AR X R A 7 R Y L I
HEAFEERETHENE SRR E MR, X
BYRETEYHLHECERMIESR 5 T4E
7R 2 A S R T B R . AR WAFTEN
TR B W 3k 8 S FLBE TS 00 KURS: o % e 28 A\ LA R
B AE AN 5 T BB 00 kA W R DR T B
I R B XURS: o T8 2R BT 04 2 2 e XU Y
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FIT 35 S A DI HE R AR X 25 5 S 19

A — e R P A O Y WA LA TS AR AN BE
AR BT R B RO E R U AR E Y,
TR 3o A~ 5 F 5T AT R A AT AR A SR 8 B
Ji o AR BE RO ARRE S F SO IR | (0L % 4R B —
AT LU Z bR . BATIL T AR SR LS Ty L — A
Ly 19 75 ORI I . 2 A LR P P 1
AT AN 58 58, OF H & o B H0 KU . 3
FUAT 0 1k S PR A 3 REAR 4 i 4 B AT A50KS Ik /Y 130
I e TR BT It 52 08 4 i Oy S5 Al A 2 B A L T
AR AR B AR B A I s RS E R TI0I . AE 2 AT ik
A B RS R A IO G T AT R & A A AR ) — s
WIXESE L 2R AT TS . F B A 5% 2 A 7 i AR
P Ty A A WA U ol G o i L BE Y N B R A )
A, TE— SR BUT L LG TgE A6 I a2 a7 5 | 50
F18 2 Pt 0 Y

B bR RS — A i B AR, — S
B [ —RE R S A B B DR 1 B W) AT AR IR

TE3E [ — S AR R B C gl 7R A (AT RETEAN
PR AR I — B MG TE 2014 4 11 H s
W5, B e & EMSEs Ei R
AR AR YL BEME LLIAT . VR RN 52 B 15 B O S
FVE B B 2 W) A B A 50 MM E
Flo A5 BB RL AT R 25 A e 5 R 4 B 2 A [
R BB E . B an, B 2 BoR T 7E SR E A Y
BOREURDEWAREET . kARG EK
MR AL AL o> HR AT RE S FE LN . CERA B 2E
YEM B E (http://cera-gme. org/index. php/GM-
CropDatabase ) H 12 Fhg ft vE B9 3L A K &1L
RS FEIEPIE L 07 Rt E R TR R =D
15 FPORTE] 9 28 19 . G 2R ok 2o A a@ 2, Jf B RS A .
JiAk A0 e 2% 2 i ) AR 7 R AN AR RN b R R
B 25 0 Al AT 2 20 455 1) R AG: Ty AT 1Y) X 2 b L
XEEREIG 2 7T, O0F Box e 2 A s ab . X TR
T =L PN R S PSR E PSR X RSN
MEHHF R ERT .

Ingredients: Black Bean Veggie Burgers

(frozen meat-substitute meal, by a US company)

WATER, COOKED BLACK BEANS (BLACK BEANS, WATER), COOKED
BROWN RICE (WATER, BROWN RICE), ONION, WHOLE KERNEL
CORN, CORN OIL, SOY PROTEIN CONCENTRATE, WHEAT GLUTEN,

EGG WHITES, DICED TOMATOES, BULGUR WHEAT, GREEN CHILES,
CALCIUM CASEINATE, CORNSTARCH, CONTAINS TWO PERCENT OR
LESS OF ONION POWDER, SPICES, TOMATO JUICE, YEAST
EXTRACT, TOMATO POWDER, DEXTROSE, SALT, GARLIC POWDER,
HYDROLYZED VEGETABLE PROTEIN (CORN GLUTEN, WHEAT
GLUTEN, SOY PROTEIN), SOY SAUCE (SOYBEANS, WHEAT, SALT),

NATURAL AND ARTIFICIAL FLAVORS, PAPRIKA, JALAPENO PEPPER,
CITRIC ACID, XANTHAN GUM, DISODIUM INOSINATE, , CARAMEL

COLOR, LACTIC ACID.

Allergen Information:

CONTAINS: SOY, WHEAT, EGG AND MILK INGREDIENTS.

Ingredients that may contain a currently approved GMO are listed in bold and underlined. Those ingredients may be subject to GMO la-

beling laws if mandatory labeling laws are passed. The Allergen information is a safety label as it shows major ellergenic ingredients that

have to be avoided by some consumers with specific food allergies so they would know to avoid this product for safety reasons if they are

allergic to soybean,wheat,eggs or mili.

B2 20 FXEEEFHEALRENENRSRE

Fig. 2

Ingredient label of a commercial black bean burger produced in the US in 2014
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oo TERE AW 100 4F B, & AR 4 W] 0 b i AR
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BH IR BT HOA , BR ALK BT S R 5 AR EAEY i T A, A
AT BRSO AR P IR AR (RS
R F DR 16 3 MRS B R BTN AR AE

BUAEFRAT A 7= B B A A — N R T
2 HRE ., BARNBEE FYFETS — Sk Y
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the standard that foods developed from GM plants are intended to be as safe as non-GM genetically similar varieties.
Keywords genetically modified crops; food safety assessment; allergenicity; toxicity

1 Introduction

The safety of foods produced from genetically modified
(GM) organisms, GMOs or GM crops is mandated
by most countries including the US, China and
countries who are members of the Codex Alimentarius
Commission, an international food standards program
within the World Health Organization and the Food
and Agricultural Organization of the United Nations
(www.codexalimentarius.org). The Codex includes 185

member countries plus the European Union (EU) and
has 224 official observers (non-member countries plus
non-governmental organizations (NGOs) and outlines
guidelines for many important questions regarding food
safety and international trade.

The overall process of evaluating the safety of foods
produced from GMOs has been described in only a
few documents. The primary food safety guidance for
developers and regulators of GMOs is the combined
documents of the Codex Alimentarius Commission,
Second edition, “Foods Derived from Modern
Biotechnology™!". The principles are outlined in the
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first chapter (CAC/GL 44-2003) and include definitions
of organisms derived from “Modern biotechnology”,
or genetic modification and the risk assessment
process that is intended to identify any new hazard
or nutritional or safety concern presented by the new
GM organism as well as risk management procedures
if appropriate. Three major sections follow that are
intended to define processes to evaluate the safety and
nutritional properties of GM plants, GM animals and
GM microbes. The assessment strategies are quite
similar for all three. The food allergy assessment is
outlined as a separate annex at the end of the chapters.
Evaluation of potential risks of toxicity, celiac disease
and nutritional equivalence are discussed in the section
on substantial equivalence toward the front of each of
the documents. The Codex'"! document is a guideline
for individual countries that have to develop their own
regulations. The intent of Codex is the signatory parties
should develop regulations that are consistent with
these guidelines unless differences are scientifically
justified. Since the documents were written from 2001-
2003, there have been some advances in the science
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and those will be discussed along with commonalities.
Newer evaluation steps will be discussed here. This
paper will focus primarily on the assessment as
performed in the US. However a review of some of
the concerns and criticisms of people and organizations
who opposed GMOs will also be discussed as it is
important to understand whether there are legitimate
safety issues that are not being addressed by regulatory
bodies and developers.

The safety of foods derived from GMOs is a focus
of some NGOs including Greenpeace, Friends of
the Earth, Union of Concerned Scientists as well as
personalities on popular television and the internet
in the United States (US), European Union (EU)
and China. We must recognize that it is natural for
consumers to be concerned about food safety, especially
regarding new foods or technologies that many
individuals do not fully understand. Most consumers
do not understand the scientific basis of allergens
and allergies, toxins, nutrients and anti-nutrients in
foods.
importance of genetic diversity in food crops to enable
production in diverse environmental conditions"’.
Many consumers believe that all soybeans are identical

Most consumers also do not understand the

unless they have been modified by genetic engineering.
Scientists in other disciplines also do not understand
the tremendous variation and complexity in the normal
composition of proteins, oils, carbohydrates and
metabolites of all food crops. A major focus of plant
breeders is to introduce variation and if we consider
the principles of genetic engineering and look closely
at the changes, it is clear biotechnology introduces
minimal uncertainty compared to the natural or induced
mutations that breeders have relied upon to develop
Pl Can we explain realistic risks
to consumers and also explain how the current safety

useful new varieties

assessment process minimizes risk?

An important concern that is often voiced by the
opponents of GM crops and of the pharmaceutical
industry is that the companies developing the products
are the ones who test for safety. That concern seems
reasonable, but needs to be considered in the context
the entire legal framework, governmental and economic
structure of each country. Scientists in the government
of the US and many other countries do not perform
safety testing for most products. It is worth noting
that no government in the world has enough scientists
with the right expertise or enough money to perform
the appropriate safety tests for all potential products
in a reasonable amount of time. Development of many
important products would stop if developers had to wait

for safety testing by their governments. The regulatory
systems established by most, including the US is to
have a number of quality scientists in the regulatory
departments who can review safety data critically and
make decisions based on protocols and guidelines.
Governments like the US have legal mechanisms for
consultations with academic experts to assist in the
evaluations. The regulators also should have the ability
to efficiently communicate with developers to ask for
additional data or tell them what additional tests or
questions must be answered to gain approvals.

I am most familiar with Monsanto as a major GM
crop developer. They have approximately 600 college
educated (BS, MS and PhD) individuals working
in the regulatory division of the company. These
scientists plan and conduct safety and environmental
studies, archive and characterize test substances
(plants, seeds, DNA constructs and proteins), perform
tests, analyze data and write reports for submission
to regulatory agencies. They have to grow plants
in different environments and sometimes multiple
countries in order to perform field and environmental
tests. The regulatory process is extremely complex
even for one product and development and regulatory
approvals for each product often takes ten to fourteen
years. Companies like Monsanto also have separate
quality assurance units (QAU) that report to a different
management team from the development and sales
divisions. The QAU reviews protocols prior to study
conduct and audit data and reports before they are
submitted to regulators to ensure study adequacy and
accuracy. Their scientists evaluate mountains of data
and develop the dossiers that are submitted to multiple
governments before a product is allowed to be grown
commercially. Most will gain approvals in major
trading countries (Australia, Canada, China, Japan,
Korea, the US and Taiwan) before releasing seeds of
a new GM product to farmers. International trade of
commodities and foods and feed will only work if
the developer is managing materials and data as they
have the capacity and incentive to ensure timely and
coordinated processes. In some cases regulatory studies
are performed by contract laboratories, especially
toxicology studies as there are regulations that are
very strict that require specific tests to be performed
following “Good Laboratory Practices” (GLP) as
defined by the Environmental Protection Agency
(EPA) of the US government. Few developers have
the infrastructure to meet all GLP requirements. The
toxicology contract companies specialize in meeting
regulatory demands. Those studies can be audited by
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EPA. There are strict rules about record keeping, ethics
and integrity of data. It might be important to consider
that if the government were to perform those studies,
who would audit them and hold them accountable?

Some studies are performed by academic
laboratories because neither the developer nor any
contract GLP laboratory has the right expertise to
perform the study. My laboratory at the University
of Nebraska has performed a number of allergenicity
studies (human serum IgE binding and bioinformatics
studies) for biotech companies and non-profit
agricultural organizations as well as food companies
developing novel ingredients. We have collaborations
with clinicians who arrange samples from specifically
allergic patients who are willing to contribute serum
samples to evaluate product safety. We develop
protocols, perform the studies, evaluate data, write
reports and maintain records related to the studies. We
do those studies under contract with the developers
under ethical standards managed by the University
of Nebraska as well as ethical standards of any
collaborator’s institution.

I have been involved in designing, performing or
reviewing safety studies on allergenicity, toxicology
and nutritional qualities and performance of GM
crops and novel food ingredients for 17 years. I
was at the Codex Alimentarius Task Force Working
Group meeting that was held in Vancouver Canada in
2001 that developed the allergenicity guideline'. I
have been involved in safety studies and reviewing
procedures for GMO safety for submission to
governments of the US, Canada, Argentina, Brazil,
the EU, India, South Korea and Taiwan and reviewed
hundreds of publications on allergenicity, toxicity
and potential horizontal gene transfer. In my career I
have not seen any documented cases of adverse health
problems in humans or agricultural animals caused by
consuming approved GM crops and I believe that the
safety assessment of GMOs is quite robust™ ™,

Of course I had to go through a learning process
to gain an understanding and comfort level with the
assessment process for GMOs because [ am a born
skeptic. My scientific career began during the early
years of development of agricultural biotechnology.
This paper reviews some of the history of development
of the safety assessment and regulation of GM crops
in the US. It includes the primary proven food
safety hazards and risks and describes the process of
evaluating safety of new GM crops prior to commercial
release. It includes a description of the most significant
case of a GM product that was approved and then

withdrawn from the market because of uncertainties of
safety data, not because of harm.

1.1 Real risks of foods vs. hypothetical risks
Many of the foods we eat today were initially
consumed hundreds to thousands of years ago. The
genes and exact nutritional composition of many crops
have been changed from the earliest varieties using
conventional breeding techniques. However, to a great
extent commodity crops including wheat, rice, corn and
soybeans as well as many of the fruits and vegetables
are quite similar to the food materials humans have
consumed safely from these plants for centuries. The
experiences of using those crops have guided regulators
in establishing a safety evaluation process that begins
with considering whether humans have had experience
and contact or consumption of the host plant (the gene
recipient) and the donor organism (source of the gene
to be transferred).

In the mid-1970s as I was earning a bachelor’s
degree in biology I was an active member of
Greenpeace, Friends of the Earth and Union of
Concerned Scientists. Details of techniques of
recombinant DNA methods were first being described
in college classrooms as we learned about potentially
useful recombinant bacteria and plants that might come
from the technology. At that time most students and
many professors had a very superficial understanding of
DNA, RNA, ribosomes and protein synthesis compared
to our knowledge in the 1990s and certainly compared
to information available even in high school classes
in 2014. In the early 1970s Paul Berg, Walter Gilbert
and Frederick Sanger (all future Nobel Laureates in
chemistry) began discussing potential (hypothetical)
risks that recombinant organisms might pose if certain
viral DNA sequences from pathogens were introduced
into bacteria using this technology. Maxine Singer
and others called on the community of scientists to
develop safety standards. Much of the concern was
on the proposed use of the simian virus 40 (SV40)
DNA elements in recombinant bacterial plasmids that
were being transferred in culture into monkey cells to
understand gene function as described by Cole et al™.
In response Berg and others organized the Asilomar
Conference in 1975 at the urging of the National
Academy of Science (US) to establish guidelines
for ensuring safety. The process and twenty years of
experience of safety of recombinant DNA work since
then were reviewed by Berg and Singer”. Essentially
all recombinant DNA work was halted in the US for
one year while the guidelines were developed. They
detailed considerations based on perceived risks and
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called for the establishment of institutional biosafety
committees to review each new rDNA experiment
in any institution or company that was performing
genetic engineering research. The primary focus was
the potential risk or safety of the new DNA elements
based on mode of action and risk of the DNA donor
organism. The guidelines have helped ensure that
really hazardous organisms were not created using the
technology. Relatively safe cloning experiments can
be performed in a typical clean laboratory environment
with few restrictions (Biosafety level 1 or 2). There
are few places with extremely tight controls (Biosafety
level 3 or 4) where recombinant experiments can be
performed on highly lethal and infectious agents (http://
en.wikipedia.org/wiki/Biosafety level).

The safety issues related to foods derived from GM
plants are of course different. Genetically modified
plants are not infectious, potential risks of food
safety for GMO are quite low compared to risks from
microbes and risks are not different from those posed
by non-GMO plants. There are of course specific risks
from foods that must be evaluated such as the potential
transfer of an allergen or a toxin from another organism
into a food crop. Many hypothetical risks are the focus
of discussion today rather than the finite and definable
risks that should be evaluated based on our extensive
knowledge of science and safety. The evaluation of a
new product that has added one or a few new gene(s),
new protein(s), or new metabolites to a crop that has
10 000 to 20 000 endogenous genes and has already
been safely consumed should focus on the safety of the
gene source, protein characteristics and metabolites if
the protein is an enzyme. The risks would be presented
by the other 10 000 plus genes and proteins would be
the same risks that already occur from that crop. In
addition, the types of risks the new gene and protein
could present are definable based on our experiences
with other foods. Most current non-GM food crops
have specific allergenic proteins; a few may have toxins
(solanine) or anti-nutrients (trypsin inhibitors). So the
focus on the new proteins should be on evaluating
potential allergenicity, toxicity and any anti-nutritional
properties.

There is now a history of nearly 20 years of
production and consumption of a few commonly
grown GM crops, for example insect protected
corn containing a specific protein from Bacillus
thuringiensis or Bt-corn; herbicide tolerant soybeans
with a gene from a soil bacterium and virus resistant
papaya, without evidence of harm. Crops improved
through biotechnology have shown benefits due of

reduced pesticide applications or in some cases reduced
plant pathogen impacts. A number of GM crops have
improved agricultural practices in ways that minimize
soil erosion, energy or water consumption.

Some might argue that the strong fears voiced
against GMOs stimulate healthy debates about proper
regulatory studies that have helped ensure a robust
assessment process. Others suggest that many of the
new regulatory demands developers face today are
excessive and delay scientific progress in medicine,
industrial development and agriculture. The truth
probably lies between the extremes, but based on
conversations with GM developers, commodity
companies and food companies as well as review of
regulatory guidelines of the EU and other countries
it is clear that the global process of GM evaluation
and approvals are slowing development and leading
to global trade barriers over the past 10 (2004 to
2014) years. Because of the international nature
of trade, agricultural companies have to wait many
years before new products can be released in order
to obtain approvals in the major world markets. It
seems that regulators in all countries are becoming
more precautionary as they are afraid of being
blamed for approval of a GM crop that is not proven
to be absolutely safe under all possible uses. The
precautionary principle is counter to the policy of the
Food and Drug Administration (FDA) of the US as
outlined in 1994, which recognized that all foods pose
some risks that can be evaluated and managed and that
the standard of safety is that foods from GM crops
must be as safe as conventional crops of similar types.

A searching of scientific literature today identifies
many new study questions and designs that are being
performed on potential GM crops using a variety of
search terms (transgenic, GM, genetically engineered,
toxicology, reproductive, cancer) that should only
be performed if there is as testable hypothesis based
on information about the crop or the gene and
gene products. Few (if any) dietary proteins alter
reproductive fitness, cause cancer, act as adjuvants or
increase the prevalence of a broad range of autoimmune
diseases.

Today regulators and politicians are being pressured
by activists like Eric-Gilles Seralini, Terje Traavik,
Vandana Shiva, Mae-Wan Ho and Jeffrey Smith as
well as celebrities like Oprah Winfrey, Dr. Oz and Cui
Yongyuan or by consumers who listen to these activists
make unsubstantiated claims of health risks of GMOs
on websites in books, in the news media and television.
For example, Jeffrey Smith’s website, the deceptive
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“Institute for Responsible Technology (http://www.
responsibletechnology.org/) claims that very diverse
human diseases including autism, celiac disease, food

allergies and cancers are dramatically increasing due
to increased consumption of foods produced from GM
crops. He takes small observations from a few poorly
controlled animal studies that have not been validated
to predict human disease and implies that humans will
experience many complicated diseases from eating
foods derived from GMOs. Mr. Smith offers a training
program for “anti-GMO speakers” for a fee of $150
USD. Mr. Smith does not post credible peer-reviewed
scientific studies to support his claims and generally
cites correlations of increased GMO production and
increases in these diseases that have highly diverse
and uncertain causes. In fact the correlations usually
do not match the introduction of most of the GMOs
in the food chain. Yet many highly educated people
take statements by Smith and other activists to be
factual and they refuse to look more deeply for the
many public and published studies that are available to
demonstrate the approved GMOs have been evaluated
for safety by scientifically sound studies. There are
no studies that link consumption of insect-protected
corn to celiac disease or food allergies, nor autism
nor cancers. If coincidental changes in our lives and
environment demonstrated causality; we should stop
air-travel, shut off the internet, discard cell phones
and television; ban processed foods, vaccines and
prescription medications. We would need to live our
lives as they were in 1914 when the world population
was less than two billion, life was very different and
the average life-expectancy less.

In considering risks from foods, it is highly doubtful
that genetic diversity of our foods represents a food
safety risk. We are omnivores and subsist on highly
diverse diets. We consume foods that are markedly
different in 2014 compared to those consumed in
1914 and certainly compared to 1514 before tomatoes,
potatoes and peppers were transferred from South
America to Europe, India and China. If there are
significantly different risks associated with eating plants
that have only minor genetic differences compared to
the varieties we eat every day, then maybe we need
very complicated testing methods. However, humans
have been pretty good at evaluating food safety over
thousands of years without highly complex scientific
studies. One could argue the extended life-expectancy,
relatively low infant mortality rates and general health
status of humans in the US and China in 2014 provides
pretty convincing evidence that the current GMOs

are not likely to be harmful. It is important to focus
on realistic risks of foods and the development of
processes that help ensure that foods produced from
GM crops are as safe as foods produced from similar
non-GM crops.

1.2 Early development of the safety evaluation of
GMOs

In the mid-1980s I had not considered the safety
assessment process that might be performed on GM
crops to evaluate food safety. I knew little about the
process of using agrobacterium mediated transformation
system to insert functional segments of DNA into
plants'®. As I learned more about biotechnology during
training as a PhD student at the Ohio State University,
cloning a cDNA of bovine lactoferrin for sequencing
and expression I had to learn and comply with
evaluations by institutional review committees at the
university. I had to answer questions about the source
of the gene, the encoded protein, the plasmid vectors
and the host cells and organism that was to receive
the cloned DNA. The training was reinforced during
my work developing cDNA clones for rodent and
human cytokines as I studied immunology at Cornell
University and later at the University of Michigan. By
the time I joined Monsanto as a regulatory scientist
working on the safety assessment of GM plants in
1997, 1 stopped believing the statements by Greenpeace
and others about many hypothetical risks of GM crops
and statements that there were no safety evaluations
and resigned my memberships in those organizations.
Within two months of joining Monsanto I was thrust
into the role of developing an animal model to evaluate
the potential impact of a GM event to evaluate potential
impacts on allergenicity. The tests were novel and
unprecedented as no one had demonstrated that a rodent
model could predict potential sensitization in humans.
However the government of India demanded an animal
model test for allergenicity. The approval process took
nearly 7 years after the US had approved the same
crop. India dropped the requirement to use animal
models to evaluate potential risks of food allergy after
bringing their guidelines into alignment of the Codex
Alimentarius Commission (2003) guideline'! in 2008.
My work at Monsanto involved becoming familiar with
the regulatory process in the US and other countries
and learning the science of risk evaluation for potential
allergenicity, toxicity and nutritional equivalence. I
continued being involved in the regulatory evaluation
process when I was hired at the University of Nebraska
in 2004 and have become even more broadly involved
through 2014. But I am still learning about the process
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that led to the current assessment.

A review of publically available information shows
that academic, industrial and government scientists
have collaborated in many consultations to develop
a useful and predictive safety assessment process for
GM crops. The US government outlined a coordinated
regulatory framework in 1986 that includes the Food
and Drug Administration (FDA) the Environmental
Protection Agency (EPA) and the US Department of
Agriculture to evaluate and regulate GM crops (Office
of Science and Technology Policy, 1986; http://www.
aphis.usda.gov/brs/fedregister/coordinated framework.

pdf). That was eight years before the first GM crop
approval. A group of academic and industrial scientists
held meetings as the International Food Biotechnology
Council (IFBC) in collaboration with the International
Life Sciences Institute (ILSI) and developed a
risk assessment guideline that was published as a
supplement to volume 12 of Regulatory Toxicology and
Pharmacology (1990)". The IFBC-ILSI volume was
prepared by 28 highly experienced scientists and legal
experts. The volume presented methods of genetic
modification, variable crop composition of traditional
foods, safety evaluation of food ingredients derived
from microorganisms, safety evaluation of single
chemical entities, safety evaluation of whole foods
and complex mixtures and legal and regulatory issues.
The draft reports were reviewed by 150 experts in
industry, government and academia from 13 countries
prior to publication. The major issues were presented
and discussed by 120 experts in an open symposium.
The IFBC-ILSI document presented a number of key
evaluation steps and decisions for whether further
evaluations were necessary and also discussed the legal
food safety regulatory framework in the US. They
supported the decision by the US government that
foods derived from GM products could be efficiently
regulated within the existing regulatory framework
as they found that generating the new varieties (e.g.,
transformation through biolistics or Agrobacterium
constructs) were not different in terms of potential
impacts on safety compared to traditional breeding
methods. The panel concluded the focus should be
on questions related to characterizing and evaluating
the safety of the introduced DNA, proteins and any
metabolic products of any new enzyme in the GMO.

1.3 US regulatory process for GMO evaluations

In 1992 the FDA issued a policy statement on the
safety and evaluation process for foods derived from
new plant varieties including those derived from
recombinant DNA techniques under the Federal Food,

Drug and Cosmetic act (FDA Federal Register vol.
57, No. 104, docket No. 92N-0139). The evaluation
process was followed for the safety assessment of the
first GM crop approvals in 1994-1995 and although
more complex now, are consistent with the process
followed in 2014. Under the unified regulatory system
the US Department of Agriculture (USDA) Agricultural
and Plant Health Inspection Service (APHIS) is
responsible for oversight of regulated field trials of
unapproved GM events, control through a permit
system of GM organisms, plant pests and veterinary
products. A different section of USDA, the Food
Safety and Inspection Service (FSIS) is responsible
for regulating the safety of meat and some poultry
products. The FDA has authority of other food safety
issues including evaluating the safety of GM crops
and all milk and dairy ingredients. The Environmental
Protection Agency (EPA) is the lead agency involved in
evaluating GM plant incorporate pesticidal (PIP) genes
(e.g. plants containing genes encoding crystal proteins
from Bacillus thuringiensis, or Bt plants; plants
including genes for viral resistance such as the Plum
Pox Virus resistant plum tree) as well as regulating
chemical herbicides and chemical insecticides. The
EPA and FDA follow the same food safety guidelines
and the normal process for a PIP includes consultations
with the FDA and a full dossier submission to the EPA.
Although the FDA consultation and data submission
is in theory “voluntary”, failure to consult with FDA
and provide data to complete evaluation of potential
allergenicity, toxicity and nutritional effects of a GM
crop is likely to lead to mandatory recall and legal
action if there is any suspicion of harm. Requirements
by EPA and USDA are clearly mandatory. Both the
EPA and the FDA expect similar evaluation processes
and tests for food safety before a product goes to
market.

1.4 FDA policy on food safety of GMOs: as safe
as similar varieties of non-GMOs

The FDA and regulatory agencies from Australia,
Brazil, Canada, Japan, the Netherlands and the United
Kingdom governments were significant contributors
to the Codex 2003 guidelines'"’ that were established
as part of the Codex system that is agreed to by the
US and China. The process includes evaluation of the
same types of risks presented by non-GMO sourced
foods that are known to cause adverse health effects:
food allergy, food toxicity and adverse nutritional
effects including potential increases in anti-nutrients or
inclusion of potential celiac eliciting proteins (glutens
from wheat and near-wheat relatives). Developers
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are expected to present documented information
evaluating the history of safe human use (HOSU) or
exposure of the gene source and protein or gene, as
well as information showing adverse effects. The
information must include characterization of the gene
products (protein or RNA) and any metabolites of
any introduced enzyme, dose of consumption of the
protein or metabolites that will be expressed in the
new GM plant food material based on consumption
patterns of foods made from the host organism. If
there is historical evidence showing potential risk from
consumption of the gene donor, additional testing may
be required.

The FDA recognized that a few endogenous
ingredients of all foods pose some risks for consumers.
Some risks are normally mitigated by food storage,
preparation (cooking) or limiting consumption. For
instance lectins, protease inhibitors and amylase
inhibitors of legumes (beans) are inactivated by
cooking prior to consumption. Cassava is soaked and
pressed to remove hydrocyanic acid to prevent cyanide
poisoning before manioc is made and consumed.
Potato varieties are selected in breeding to ensure they
have low concentrations of the glycoalkyloid solanine
as it is a mild toxicant. Young, green potatoes are not
consumed as the content of solanine is high at that
stage. Humans have adapted the foods and processing
to ensure safety. Those hazards affect essentially
all consumers if not handled appropriately. Other
hazards that affect everyone are from contamination by
bacteria, fungi or chemicals.

It is important to recognize that the most
common and severe risks of food ingestion are from
contamination of food with exogenous materials.
Contamination can occur on the farm, or during
storage in restaurants or homes. Bacteria, viruses,
fungi, parasites and chemicals including mycotoxins,
heavy metals and pesticides are relatively common
food contaminants. The most significant acute risks
are presented by bacteria including Escherichia coli
0157 and other toxin producing strains; Listeria
monocytogenes, Salmonella sp., Campylobacter sp,
and Clostridium perfringens. The Center for Disease
Control (CDC) and USDA FSIS estimate that there
will be approximately 3 000 deaths in 2014 in the
US population of 310 million, and approximately
128 000 hospitalizations (www.foodsafety.gov/
poisoning/causes). Some parasites are also commonly

spread through food. Toxoplasmosis is caused by
Toxoplasma gondii, the most common food borne
parasite in the US causing hospitalization and some

deaths.
foods. Norovirus is the most common cause of acute

Some viruses are commonly spread through

gastroenteritis in the US. It is spread through contact
with many foods due to unsanitary food handling in a
given outbreak, but rarely causes fatalities. Hepatitis
A can lead to death in susceptible individuals who go
untreated. Mold contamination is rarely documented
as a cause of significant food borne illness in humans
with the exception occasional outbreaks of mycotoxin

poisoning caused by moldy grains™,

However,
mycotoxins more commonly cause severe outbreaks
in poultry and other agriculturally important species
as they are often fed grain at high concentrations'™.
Mycotoxins are small to moderate molecular weight
organic compounds that are typically polycyclic and are
not easily detoxified by the liver of some individuals
or species. A few of the substances that cause toxic
reactions are proteins, such as botulinum which is
produced by the bacteria Clostridium botulinum along
with some other toxins while ricin from castor beans
is one of the rare plant protein toxins known to affect
mammals”’. Interestingly GM plants expressing plant
incorporated protectants such as CrylA in corn can
reduce fumonisin (a mycotoxin) levels, thus reducing
the potential for toxicity in chickens, pigs and cattle.
Future GM products are likely to include specific anti-
fungal and anti-microbial proteins that will further
enhance food safety.

While toxins and anti-nutrients often affect nearly
every consumer, a few hazards in foods only affect
a small percentage of the population. Specific food
allergens affect less than 1% of the population, but can
cause severe reactions or death in a very small percent
of the population. Glutens (gliadins and glutenins) of
wheat and closely related grains cause celiac disease
(CD), a chronic autoimmune disease in less than 1.5%
of the population. Celiac disease affects a genetically
restricted subset of the population that includes over
25% of the total population and there are many other
factors that are not completely understood. A major
focus of the food safety assessment then is to evaluate
and ensure that the transfer of a gene into a GM plant
does not transfer an allergen or a CD eliciting gluten
from the allergenic or CD eliciting source into another
source.

1.5 Recognized risks of food allergy including
celiac disease in non-GM crops

The most common endogenous risks of food
consumption are IgE mediated food allergies"” and
-1 Food allergy to all
sources may affect 2% to 6% of the population in the

cell-mediated celiac disease
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US, with varied degrees of severity. Individuals are
usually sensitive to between one and five allergenic
foods. Allergens pose a significant risk to those who
are already allergic to the specific proteins while they
do not pose a risk for non-allergic consumers. Because
food allergy is highly variable between subjects in
terms of severity of disease and the complexity of food
composition, the sources of allergy for an individual
are not always obvious'*"”). The methods used for
diagnosing food allergy are not standardized in many
medical facilities and few doctors are well trained to

accurately diagnose food allergy[lﬁ-m

. Food allergies
are specific because the patient has been sensitized
and produces IgE antibodies that bind specifically to
one or more proteins in the food. In IgE mediated
food allergy, reactions occur because the individual
has developed specific IgE antibodies to at least two
epitopes (IgE binding sites) on a relatively abundant
protein in the food. Their IgE antibodies are bound to
FceR1 receptors on the surface of mucosal mast cells
and blood basophils. Upon subsequent ingestion of the
food containing the allergenic protein, the protein or
fragments of the protein are absorbed and bind IgE on
the mast cells or basophils, stimulating signals within
the cell. If a sufficient number of allergen-IgE binding
events occur within a few minutes it triggers the release
of histamine and leukotrienes from the mast cells and
basophils, inducing vascular leakage and symptoms
due to angioedema and nerve stimulation. Some
individuals experience relatively mild oral itching and
mild swelling (angioedema) in the mouth and throat,
others get hives or urticaria. Some experience asthma
with wheeze and shortness of breath. Others may vomit
or have diarrhea. A few will experience hypotension
(drop in blood pressure). Anaphylaxis is a severe, life-
threatening systemic reaction that includes hypotension
and breathing difficulty that usually requires immediate
medical attention including injection of epinephrine,
other medications and oxygen. Perhaps 150 to 200
highly allergic individuals in the US die each year due
from anaphylaxis triggered by food allergy'®. Most
who died because they did not receive immediate
medical treatment including an injection of epinephrine.
Peanuts, a few tree nut species, milk and eggs are the
most common causes of fatal anaphylaxis from food"”.
Although exposure to the allergen triggers an acute
reaction in the allergic individual, once sensitized, the
individual may remain allergic throughout their life.
However, young children often become tolerant to their
allergenic food (milk, soybeans or egg) five or more
years after initial reactions through a process leading to

immune tolerance.

Estimates of the prevalence of food allergy are
approximations. The best estimates available for the
US, Euro