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Abstract

Project Code: TRG 4680011

Project Title : Infantile Beriberi in the Northeastern Thailand

Investigator :

Kanchana Tangnararatchakit1, Supattra Somchits, Ornanaong Sathapornteera4, Somlerk
Cheungsamans, Sirichit Wasanawatanas, Junchay Khansaene, Somnuek Domrongkitchaiporn2
1Department of Pediatrics, 2Department of Medicine, Faculty of Medicine, Ramathibodi
Hospital, Mahidol University, Bangkok, 10400, 3Pedia‘[rics Unit, Khon Kaen Hospital, Khon
Kaen, 4000, 4Pediatrics Unit, Loei Hospital, Loei, 42000, 5Pediatrics Unit, Amnatchareon
Hospital, Amnatchareon, 37000, 6Regional Medical Science Center, Ubonratchathani, 34000,
Thailand.

E-mail Address : raktn@mahidol.ac.th

Project Period : 1 June 2003-31 December 2005

Introduction: Infantile beriberri or thiamine deficiency was commonly reported in Thailand
15-30 years ago. World Health Organization (1999) also reported the disease becomes rare
nowadays. However many aspected cases of infantile beriberi still have been clinically
reported, but without biochemical confirmation, from the northeastern of Thailand. The
primary objective of this study aims to document the incidence of infantile beriberi in 3
northeastern hospitals and correlation between the clinical manifestations of thiamine
deficiency and a biochemical measure of vitamin status. We also studied the
pathophysiologic alteration in cardiac function, acid-base and electrolyte abnormalities.
Thiamine content in breastmilk from breast-feeding mother was also determined.

Method: Infants who have symptoms and signs of beriberi from July 2003-December 2005
were measured. The cardiac function was assessed using chest film, electrocardiogram
(ECG) and echocardiogram. Biochemical determination of thiamine status included
erythrocyte transketolase activity (ETKA), thiamine pyrophosphate effect (TPPE) and blood
thiamine from affected infants and their mothers before and after thiamine supplement.
Thiamine status was also determined in healthy breast-feeding postpartum volunteers at well
baby clinic in the Khon Kaen and Amnatchareon hospitals.

Result: Thiamine deficiency was diagnosed in 5 infants presenting with dyspnea,
tachypnea, tachycardia, central or peripheral cyanosis and hoarseness. High anion gap
metabolic acidosis was found in all cases. Lactic acidosis was also severe. Clinical signs

and symptoms dramatically improved after thiamine treatment in 4 patients. One patient died



due to delayed diagnosis and treatment. Among 101 healthy postpartum volunteers, mild to
moderate (TPPE = 15-24%) and severe thiamine deficiency (TPPE >25%) were 17% and 3%
respectively. Average breast milk thiamine was 133.8 ug/L but 18% of postpartum volunteers
had low breast milk thiamine less than 100 ug/L. Dietary review showed some inadequate
thiamine intake. However no clinical thiamine deficiency in both healthy volunteers and their
babies were documented.

Conclusion: Infantile beriberi in some area of the northeastern Thailand recently is not
common compared with the previous reports but biochemical thiamine deficiency, sub-
clinical, in postpartum women was still common. However thiamine deficiency in infants
having severe lactic acidosis should be considered and thiamine treatment should be giving
promptly.

Keyword : beriberi, thiamine deficiency, erythrocyte transketolase activity (ETKA),

thiamine pyrophosphate (TPPE), breast milk, postpartum
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1. gihamsnang 0-18 Laaw fiundeenns acute heart failure lagliwuaiw
RaUnANINuMNYaIni laLasaealRen

STULIANANE

¥
o

o lyswsnunagudvauuriu Saniavauunin szozamdns 2 U auud 1 nIngraw
2546 9 31 Unu1ew 2548
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2. mmaﬁmmsmﬁﬁqmmwLL%&LLsaﬁlﬁqmiJﬂamyq 1-6 160w uaslvimuusiun

Ua3 ﬁlsawmmaguﬁ%’mi’mauuﬁu THNLIREIUINDIY WRIAEIWINDIY LAY
159neNUIaNNTLa WAIANTINNY
A5n13@n1 (Method)

1. ;jﬂﬂmao/mmaﬂ'm"tﬁ%’um‘sa%mﬂﬁdi’@]qﬂimaﬁmaamﬁ%’ﬂ

2. ;jﬂnmaa/mmaﬂ'ﬂm%u@“luSuyawLﬁal,*’ﬂ"ﬁ"mmﬁﬁ'y

= v v

3. @nwmdayavaidihe ot

) ﬁagaﬁugm e 7g) Lwet AALW

(2) ;IkazaIMIuaeITeIduiauLaznaslin TN

(3) ﬂi:i’@ﬂﬂilﬁmgﬁwumm

4) ﬂ’li@li’;’%ﬂ’]dﬁ’ﬂdﬂg’jﬁ@ﬂ’]iﬁﬁﬁﬁmw |@un serum electrolytes, blood urea
nitrogen (BUN), serum creatinine, blood lactate u3n¥u uaznninauninaaznd uazlwaglu
Qaﬂﬁﬁwamw“nﬁ;j@ua

(5) MIUsziliwnmsvinauvasnala laun chest film, electrocardiogram (ECG) Waz
@329 echocardiogram nelu 12-24 F2lu9 uasvingnlu 2 flanss wiaraudmihugihe

(6) Lﬁ‘i_l(;f’sE]Ei’]dLaa@"llEIGET‘]J’)HL‘ﬁla%Lﬂi’lzﬁﬂ']’sziﬂ?ju"lﬂ’]ﬁjE]ﬂ'ﬁﬂ’]ﬁ%‘ﬁ%ﬂ%@’]ﬁuﬁ
1 las37 transkelolase activity analysis %161 % thiamine pyrophosphate effect (TPPE) Wac
A3731132AL blood thiamine 1a83F microbiological assay

7) n3snulaslilsandn 100 un. daidnaaatdsanianauite uas
namsinswasnslilsandin lasAnmdnsueniendfin uaznisasaniswesdfianisd
AOLAWEIGONITINGEN

>
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GR mmzm%’umimmﬁg"umwiuﬂaﬁﬂLﬁﬂqmmwaﬁiiawmmag{uﬁ%’mi’mamﬁu

laangnuadiwaaiy 9aniadiuaniy weclsanemanandud Sanianjinwe

o & Ao A a & 1a A A ) >
LLﬂﬁfﬁannHma’]%qﬁﬂiUﬂiz‘ﬂquLWa')Lﬂiqzﬂﬂilnmvlﬁﬂ’]lluﬂlni@nillﬂszﬂ’]u@ﬂ'ﬂu

350130373 blood thiamine Wag breast milk thiamin lag35 microbiological assay
[ o 1 &
1. MISINUAI2ENLR DA/
o d' d? g A A Aaa d' A o
inasanaasdnUnangalysesiuiien 3-56 TaaanT NL312NNHAALRBAG
L% . & = A ~ [ 1 A e A I3 . A a aa
lagld heparin uansnudaauds (Banaiwiian: a13nuidaauds heparin o 1 JaaaaT: 0.2
a A gt A v . o =
fiafiniw) wialdwaaa heparin #113331
MIFUIMNNTLE heparin 5,000 1U/ml %@a 100 1U & heparin 1 8803y
AI%% 1 NadNTN V89 heparin da3ls
Heparin 5,000 IlU/ml = 100 x 1 = 0.02 UaARAT
5,000
INTIZRTH LALUABENIREA 3 NadanT Aad bl
Heparin 5,000 IU/mI =0.2x0.02x 3

= 0.012 NadfaT %38
=12 'lulasaas
LAUAIEN9NWY 3-5 Ta8a6T MM TueNUINaan@a i dntaIntudianningg

aIaTER

e o o

2. AN INYAIFEAINEIAN

v

A v Aa wa ea 6 6 = v Y &
ﬂlﬂumoﬂgummiﬂumwmmammmwwﬂqumwmu VL@]LLﬂ ﬂﬂllLW’]ZL“ITﬂ

v 1

\A384T9 spectrophotometer LANLAT A LEOWLAZALTLDI

U

2

v

3. a'mﬂﬁla'm'm?;m!,%a
AR grade ﬁlﬁa Zigma
3.1 Stock assay media(double strength) 10 803 JgaIMILArLUAINIINITI9E
3.2 Single strength assay 138919 stock assay media 2 L¥in LRILAY
chloramphenicol L8z cycloheximide 88148 10 mg/L
3.3 Maintenance media

Stock assay medium (double strength ) 50 ya.



Assay standard thiamine mono-nitrate (150 nmol/L) 4 Ua.

Chloramphenicol stock solution 3 UR.
Cycloheximide stock solution 3 ua.
Distilled water(sterile) 40 y8.

WU9U53 10 WA, I IUARDANRIFANUUIA 30 WA, LAUN —20°C.

dAIN1ILATLNDINIILALILTD Stock Double Strength Assay Medium

: Sanosn 12 : USanosi 12
q19n 1y q13n
(9) (9)
Glucose 400 g Sodium chloride 01g
Sodium acetate 200 g Manganese sulphate 0.25¢
Maltose 100 g Magnesium sulphate 025¢g
Bacto vitamin free casamino acid 3049 Ferrous sulphate 01g
L-Cysteine 104g Enzyme caseine hydrolysate (5%) 500 ml
Potassium dihydrogen phosphate 104g Riboflavin 0.002 g
Dipotassium hydrogen phosphate 1049 Nicotinic acid 0.002 g
Ascorbic acid 49 Cacium D panthotenate 0.002 g
L-Cystine 29 Pyridoxine hydrochloride 0.002 g
*Adenine sulphate 02g Biotin 8 ug
Guanine hydrochloride *0.02 g Folic acid 5 ug
*Uracil 02g Tween 80 2 ml
L-tryptophan 0.25¢ Distilled Water to 0L

15U pH 6.5 USUUSu195 10 R wislanmausiiuusuds lauuatnitaes 6 Han
azan8lu 8N KOH Lanitasnan

3.4 Stock standard thiamine mono-nitrate 2.0 pmol/L
79 thiamin mono-nitrate 656.91 an. azaslusinnandaanisaiiGu 1.6
U8, 89 1.0 mol/l HCI. Thdagsazansnn 1 4a. 13a19lusinandnaaniiaNidn 1.6 va.
A v . . . { 72 1
283 1.0 mol/l HCI. Gﬁx‘iﬁlzvl,@m‘immgﬂu thiamin mono-nitrate 1AL 2.0 pmol/L w19
uITuasiiuf —20°¢ lauu 6idaun
3.5 Assay standards
v A a €8 oA > ! S 4 oA
TNTIATA 114138379 stock standard daTaIn 1/10 lushnaunidaain

e 2z lamInnasgIuiianuidutu 200 nmol/L 1383198N1TNIATZIUGBAIAINTIIE




2 | wes@wa)ars | d3wias (wa.) AT NINV DI

aean N10337% 200 nmol/L 1511’15% Tsodin (nmol/L)

1 0.0 4.0 0

g'b 0.05 3.95 2.5

3 0.1 3.9 5.0

4 0.2 3.8 10.0

5 0.3 3.7 15.0

6 0.5 35 25.0

7 1.0 3.0 50.0

8 1.5 25 75.0

9 2.0 2.0 100.0

10 2.5 1.5 125.0

=

. A . d' a ai g 1 ¥
3.6 Assay media f@ single strength assay NLANINTANIAAIUYULUAN
a = dl a
I@ﬂﬂimmﬁ;a“ﬁwmmu
AUITHI NGNS

USNaInaidneadn = 0.7 x 0.7 x 3u1a3 Assay media A1l (8a19)

oD 9afwiiald
3.7 Stock chloramphenicol LLag cycloheximide 38BN 1 NIN/AAT

MILFAILY chloramphenicol stock solution (1 ﬂ%'ulﬁm) 8818 chloramphenicol

v 1
v o a =3

250 Fa8n30 11 5 Ia8A07 absolute ethanol UYTUUSNNAT 250 TadaaT duvinnaw LAUN 4°C
lauuunnin 3 16w (cycloheximide ALATBULTWLALINW)
3.8 Acetate buffer 0.2 mol/L

v
Y A

MILGI8N acetate buffer pH 5.0 La3ud laaadt

® Solution A: acetic acid 0.2 mol/L 250 Uadaa7 (Uile glacial acetic acid

a

11 Ja88a3 adbuwshnaudszano 200 §adans waU50USunasdu 250 Hadans msiinam)

® Solution B: sodium acetate 0.2 mol/L 250 Ja8aa3 (79 sodium acetate

anhydrous 4.12 n5¥ azaeluiinaw 250 FaaaaT)

o i@ solution A 14.8 FadaaT solution B 35.2 Fadans Usudiunasals
Wnanl laUSunas 500 JaaaaT
4. 35 Microbiological assay

A IRHRINITDAATIEARITzaUAIABT 1 lendlualat1a8an duIaNIaN Lazalasing

= ' o & o o ' o o o il & ] ‘g
219RTT DIVELANAWNNUAIIVUAIUNIIRNANAID LT mmﬂumamuﬁa@ﬁmum au@mavlﬂﬁ



41 MIGILUIRTW
sznaveney 3 igumau L. fermenti ATCC 9338 ﬁéa@ia chloramphenicol “ﬁl
WAUINEILLLYINLAY Wae coat Ut bead #1an
(1) Activate lagiin 1 bead l&adl1t10 & maintenance Uy 37°C w1 48-72
7. (Aulugiinld 1 dav) TUAIUMNT
(2) Refresh (¥na719%10 1 i‘uﬁauﬁ”'umaumﬁmﬁzﬁ) e 1 wa. activate
84l 10 4a. maintenance U8 37°C w1 24 .
(3) Inoculate fluﬁwéfw single strength 3 ﬂ%gd 1@ OD ‘ﬁ 640 nm
42 MIGIBNAIBEN
Tusgnwaravifivusudananiensiiiaonsnazats usr ke nzildiag
WalReauadthidaan 0.5 Ua.L@Y acetate buffer 4.5 Ua.(1383719 DATIFIW 1
do 10) nanldidnin fiuuguds 1 Sunaudiarzfiiandy 95°C win 10 Wit Tuanaznan
wn DU asw NIRRT WAL NARIN
fatnasiny 1¥158919 SaTd% 1 da 10 was saan 1 da 20 lasTlila
11 0.5 Ua.LGN acetate buffer 4.5 Ua.Laz Diann 0.5 Na.Lin acetate buffer 9.5 Ua. Waul#
i LRDLTUTY 1 Suteniieszidnundy 95°C win 10 wift Juanaznanwudrdidasiwla
WIATITALTULALINUNAIRHN
43 MIEIVURIINIAIIIN
Stock standard thiamine mono-nitrate 200 nmol/L (Lﬁugﬁﬁuvl@qfu’m 6 Laau)
#NLaTeN working standards M baaanuitudu 0, 2.5, 5, 10, 15, 25, 50, 75, 100 waz 125
nmol/L
44 mMIIONR
Tadmaeni/anTunaTFIWaMAILANAMNIN 88198z 0.2 NA. (duplicate) &9
lunaaanaasd LAy assay media 4.8 ¥a. Uy 37°C U1 20-22 w4. 81% OD 640 nm =AU
e3ud 1 dwmnnnHNIaITIN
5. NIYAIHIG
wargulsondn swrsnsudramaosatdnlaslilafimosnulanasinnsw
anaspuldlasass niefléidn nmolil
Isondnlmdadonues susnsmwaranasassnlasinlafiaaifiudanaan
nanauldlosass udagmudas 10 (ffiBa919028819) wiedilaiin nmoliL
Tsanfulwiuwy sansasudnaniaiasmdnlasinlafiinesnudanaannyw
e uldlagass WAL 10 LA 20 (A3 9919678819) INIFEIFINLINAWLEINNT
dan 2 iludnadsvesdatiainug wiedlddu nmoliL wlasmeiu pg/L Tasmisdas
3.76



6. msmuquqmmw
NN 10 e2aL3 ARINTIVILATIZN vitamin plasma control mugjvl,ﬂﬁw
7. 1@N8§1391999

7.1 Icke G, Nicol D. Automated microbiological assay of thiamin in serum and
red cells. J Clin Pathol. 1994; 14:537-40.

7.2 Sjollema S. Thiamin bioassay using a chloramphenicol resistant strain of
Lactobacillus fermenti ATCC 9338. In Vitamin assay methods. Department of Laboratory
Medicine, Royal Perth Hospital, Perth, Western Australia. Version: 2.12. BI.VITM.0050. Issue
Date 5/3/2002.

7.3 Sjollema S. Extraction of cobalamin and thiamin from food for bioassay. In
Vitamin assay methods. Department of Laboratory Medicine, Royal Perth Hospital, Perth,

Western Australia. Version: 2.00. BI.VITM.0030.Issue Date 7/11/2000.

a a 3 . . .
25n13A 124 Transketolase activity analysis
[ % 1
1. MSNUUAZIATIPNADE1LRDA
=3 s ] A v a = o A ~ s 1 ~ A o ]
WHualtnaiien 3 wa. lasldiatswduansnwtoauds JaadaiRaauaisniin
B lnia3e) uazdSualiladszunm 35% lasld 0.9% NaCl a9t

1.1 tFuInsasaunnnin 35% 1AL&aN 0.9% NaCl (38.) USHaIenuaaInaIwI
U

0.9% NaCl (USanasfitéa — aa) = (shdanlnasa — 35) x USanasidaadild (ws.)

35
1.2 t8nnlnsasadasnin 35 % 1AL6N 0.9 % NaCl (§a.) U%mmmugmﬁﬁwmm
ﬂ'%mmwmamﬁg]@aaﬂ = (35— A Fulnasa) x USunasideadild (W)

35

2, m‘a‘m%zladm‘s&rmig’m: standard sedoheptulose (4 pmol/ml)
°1°jl'd sedoheptulose anhydride monohydrate (C;H,0s-MW 192.2, Cat. No. S3375,
Sigma) 7.688 yn. (0.007688 n.) azmﬂlm{’mé{‘u 10 8. LLﬂdUiiﬁgaﬂu%aaﬂwmaaﬂ'ﬁaa@az
0.4 ua. iUA -20°C
3. MILAIBNEITLAN
3.1  Buffer solution pH 7.4 (U3u1617 128 ua.)
W@3uNlAUNENRITAZANY 0.9% NaCl 4 48, 1.15% KCI 103 4a. 3.82%
MgSO, 1 §8. Waz phosphate buffer 20 4. (43 K,HPO, 1.75 n. azansluiiinas 100 ua. U5
pH 7.4 @28 HCI) LTNa28n1h
3.2 3% L-cysteine HCI

10



°fi;<1 L-cysteine (C3H;NO,S-FW 121.2, Cat. No. C8882, Sigma) 0.6 n. 8za18
Twsianasw 20 wa. uLisusrIaslunaaawaainnaanas 2.8 wa. \fiudl —20°C
3.3 Ribose-5-PO,
8818 0.12336 N. V89 D-Ribose-5-PO, (CsHeOPna,-MW 274.08, Cat. No.
R7750, Sigma) luasazansiiviwas pH 7.4 U5uiSunaslile 25 ua.daoinnas MLHUTIYR
Tunaanag@nwaanas 5 ua. LiLA —20°C
3.4 Thiamine pyrophosphate
%& Thiamine pyrophosphate chloride (co-carboxylase) (C4,H9 CIN,O,P,S-
FW 460.8, Cat. No. C8754, Sigma) 0.018431 n3¥ luansazaotwinas pH 7.4 UsudSunas
1#le 20 wa. wsnsnaslunasanaa@innaaaas 0.6 ua. Fiudi 4°C
3.5 H,SO, -H,0 mixture (:0383nawlT)
Han conc. H,S0, adluinnan H,0 Tudasdin 14.1: 5.6 lasl5unas
4. du@annIas
L@3UNWREA blanks, standards wazWAaAGIBLNNLEaaNazIlATzRaENIAz 2 Haaa
W@NEIazauuWnas 0.2 VR.89 L UNAOA blank, standard 8% unknown I@waaﬂ unknown +

TPP 1&in ssaans TPP 0.2 wa. wndradradaafilsuddanlnsasauan 0.2 ua. a\ﬂ,unn
waa@ uniiunae standard  AGBAANATAEANLANAIIN 02 WA, LAUA -20°C  Fwdu
waIansuinanincubated A 37°C 30 Wt el

wyadfiTenlunaea Blanks  lasidin 15% TCA 0.4 §a. Uazi@y ribose-5-
phosphate 0.4 W8. adlu‘qﬂma@ incubated 7 37°C 30 Wl %q@ﬂﬁﬁ%miuma@ﬁmﬁa
Touidiu 15% TCA 0.4 wa. thlUiuanaznaufienuidisey 3500 soumnft e 5 wif
gaduladnauunaanas 0.3 ¥a. aslumIazauHaNYed H,S0, 9.7 wa. Hanliidh i ldy
100°C w4 wfl HelslwiBwanasazany L-cysteine-HCI 0.3 ua. wanlwidniuasiolin
panniiasaties 5 S2YETR i'ﬂﬁwmsg]@ﬂﬁmmaﬁmmzmﬂﬁu 510 Wae 540 Wlwuas 1
afildlddwndaly UfATaf 48 Talua llaifiud 4°C)

5. NIAIHIG

ETK

Diff D, (ETK) (7\, 510-540) x 14,000
Diff Dg x 3 x Hct.

= A Llmol. sedoheptulose/min/L
ETK+TPP = Diff D, (E+T) (A 510-540) x 14,000
Diff Dg x 3 x Het.

= B pmol. sedoheptulose/min/L

11



% TPP effect B-Ax100=2%

A
Diff Du (ETK) = @h@m“nadmi@@ﬂammﬁ 1510 Waz A540 UaIRaaaa a1
Diff Ds = @h@mmaamsg@ﬂﬁmmﬁ A510 uaz A540 va9%aaa Standard
Diff Du (E+T) = @h@hwaamsg}@ﬂﬁmmﬁ A510 Waz A540 VaINRBAAIDEN

féu TPP

Factor 14,000 A oD sample x Conc. standard x 35

A 0D standard 30 Hct.
A oD = @h@i’mmaaﬂ'ﬁg@ﬂﬁul,l,mﬁ A510 uaz A540
30 = fild incubation 1w
Het = ¢ hematocrit filSuFu§IvaIfI0tR0n

fin TPP effect a:a;ﬂugﬂmauﬂaﬁ%uﬁmﬂﬁwfumaa sedoheptulose-7-phosphate
ﬁﬁ’]ﬂﬁﬁ%mﬂﬁﬁlmmau thiamin pyrophosphate.
6. LAN&13819D9
6.1 Schouten H, Statius LW, Struyker AM. Transketolase in blood. Clin Chem
Acta 1964;10:474-476.

12



n33taszidayan1eanf

o AR " v . A = A
Tayafdnsuaaslaod1ionas, median uaz range 13a mean + SD i3suifisuana
LANANNTEWIN 2 ﬂ&jﬂ@ﬂ student t-test LLaz chi-square test Lm:mmmﬁwﬁufmaaﬁayaim

% Pearson correlation
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NANIIAN®E

;jﬂaﬂﬁvlﬁ%‘uﬁuﬁumﬁﬁadﬂiﬂmﬁumlumsﬂﬁ'ﬁﬁmu 5 978 NIIUIBNTANRIRE
ANERINUIN 11 578 Lulwase 3 578 g 2 L0 3 LAAW LAY 6 LAAWANNAIAL LAzt
WARD 2 518 0y 4 10w waz 1 T 5 o nnawiudszmunuwiagnaden (s 1 e
%ﬂﬁﬂﬁiidWﬂﬂuwaﬂuﬁmauLLﬁu Ate 2 318 TN LTINENLNALAY LLazg}”ﬂwﬁﬂ 2 978 3NN
lsanenunasiwaei

N1INNY 5 318 Fan1Inielaisy wigladruan waladulsau1nndn 130 as9/uf
aule H1le 4 NudansFLILRURIaTed Y 3 MedannIaadien 8n 2 ;edenns

a A v U = Qs 1 v Qs v s
deawizdansiie danoin gie 1 mﬂummﬂmmzvmgaﬂm 4 38da9la3UN1T
ggnaalasldrionaansunanaziasasiionislansudusnit nansasaneiesdfjianis
wuhnnMeinazifeaduniauiss (wide anion gap metabolic acidosis) laawuindnia
LLﬁﬂﬁﬂﬁdguLm 3 918 Q’ﬂw 2 Moilszaulaauudiluiian AWENEN1ITIENITIANWLIN
;jﬂ’m 2 Teiwalale 4 Mudaaaniausiuals ;jﬂ’m 3 78ININNBTaI laanad E\Tﬂ’m 4
e lesunTtasslsaatur luniInansunsntu wazlasulsaniwasudszazusn aans
aa dg ] I CZ d' U U di 1
LaTaNIMIUFAINIARANATIREE9TIAE Hias 3 Tu 4 nundasltiasassroniglagiansm
8ANITIERY 1R ;&"ﬂmmmla"lﬁma LAZRINITDLANYIanaanaNnaaan len1e e 20-50 T2 lu9
= P £ ) X v
MztRaaldunIauaznIaLANANAIaT WAL 24 T2 Lud u13env8918 3 T 4 578 la5u
a & o a 4 . | A |a A 4 ‘o
ANINTIVIATIZRAITZAU bR Wi wuna Wudl 2 TeidSuimlsanduluwinuunidinan
fa 20.6 uaz 74.2 lulasnsu/aas an 1 MowuIndUsanm e dnlwiiuundUn@vinny 155
lulasnTu/aas uwiyasany 1 1 5 1how Julsemunantagaaullas lisulseniuwdinanas

a A = %) A oA
219 FNEu g 9 basu lsandnluiiasne

X A A = A v o =<

Hau9en 5 11 4 (@eu Jommeuinilen 1o 14619 lasvmeaniialsananuna
= & > > a 1 L2 A A >3 ' I [ U %% d' 1
InzFaniaanuanlada lile wwndinaasiniulsadaaaniay dasldaTastroniyla
m'mwuﬁm'mﬁamﬂum@gmm ANTIANTWaNNULIRI LA Le Yaaadinuazlaaantau
2IMINTARIANAIAY TN 3 luiiawmma@:ﬂauﬁma:ﬁ'ﬂwqmﬁu WANEYINN13TI8T3 @
wazlwlain Qﬂam‘é‘m%‘imluﬁq@ NALREATIaWIR ITaNAWRINTINMERaINLINIzau I 5an T

r=| ol v aAa Qo 1 U ] ~
luiaadann LL‘W‘Y]ﬂ%ﬂ’]i’]uﬁmﬂ’nﬁdﬂ’]ElLﬂJuiiﬂmuU?Iﬂuﬂﬁﬂ
anwmen? 1 91113182 8INITUEAINIIAATN KAN1TATIINIRBIUURANITUAZNNS
= = P’ = ' @ X & A
mnmammuﬂizmumazmm"lﬁmuuﬂaumssnmlugﬂazlm 5 578 WRAILHANTIIN 1
ﬂ'mJ‘s:Lﬁuam’szvl,ﬁmﬁu‘lumsmmaa;&"ﬂam‘hmu 3 1w 5 378 Wui1liA1za
l5a1din 2 e LLa:ﬁmazm@vLﬁmﬁuguLLia 1 978 AILFEAIIUAITIN 1 uIenpadgthee
~ o ' A a X A 24 A Aa M v &
71 3 3N ITINLILIRLAY GIatNdLRaALREWY WIanveddtheen 5 3uFTIa 1ailatAu
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& a P & A a o A A aa
Lﬂﬂ@@l‘i’;ﬁ]ﬁﬂ’]’szvlﬁmuu LUBJIINNIIAIII Lﬂam_l‘izL&Iuﬂ’]’szﬁl’mvlﬁa’muluﬂ’]‘iﬂﬂ’l LUDLREDIN

LAD LA IRNITIRIRENENAT

P>
M13191N 1

Ty anenunauazane lsan i wyada1Ian

aneuzIndinuazianaiesljuinmauazanizlsanfiuvesdiouniulily

ANBULNIARBNLAS Sﬁﬂ‘ﬁ 1 S’ltlﬁ 2 S’]Uﬁ 3 S’]Uﬁ 4 i’]El“?i5
NaNIR Bl JUan13 IN. VEULAK | TN LY W LR | IW.ENUNITY | IW.ETUNIY
011 3 10w 2 1Ak 6 LAaw 1 U5 1@aw 4100%
Acute hear failure + + + + +
(dyspnea, tachypnea,
hepatomegaly)
Central or peripheral + + + + +
cyanosis
Hoarseness + + + + -
Laboratory blood test
Na, mmol/L 120 133 127 141 136
K, mmol/L 4.8 4.1 5.2 5.0 5.6
Cl, mmol/L 95 99 93 105 104
CO, content, mmol/L 6.8 10.2 12.0 7.0 12.0
Laboratory blood test
Blood lactate, mmol/L 10.4 8.9 11.8 - -
Serum creatinine, mg/dL 0.7 0.6 0.5 0.5 0.7
Anion gap 18 24 22 29 20
Biochemical thiamine test
ETKA 24.3 278.0 160.8 42.9 -
%TPPE o* 45.3 17.8 16.1 -
RBC thiamine# (nmol/L) 100 26.3 71.4 47.0 82.0
Plasma thiamine $ 8.8 - - 1.9 <25
(nmol/L)
Breast milk thiamine 20.6 No 74 155 No evaluation
(ug/L) (normal=100-200) evaluation
Mother’s thiamine status Severe Mild No Normal No evaluation
deficiency deficiency | evaluation

*Blood sample &dfisiastfuanvanginz2 1alus

#normal RBC thiamine =110-321 nmol/L, $ normal plasma thiamine =7.6-42 nmol/L
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Mewmdthauaazalagazidan

é’ﬂam‘mﬁl 1 MInlnsiwazioeny 3 hmein 5.2 nn. nidIELNanDIFRY
Wo9 WRIAVD WAL uﬂidwmmag{uﬁmauuﬁuﬁaUL’%f'awaum‘ﬁ:am ANTLILRZLRLILAD
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@139 2 anwauena il war anzlsenliu B lunguarmaiasansanliuuyas 30 1y

ﬁIix‘]‘W FJ'T].I’]E‘IfJI%ET‘U ALY W.A. 2547

. o 4 | 22833, | 918U, SIRTVals)s Bﬁfi Plasma B1 | RBC B1 Breast milk
A gl Wau | u3lne un/au #TPPE nmol/L nmol/L B1 ug/L
1 27 4 1.35 15.90 31.1 118 152.8
2 30 4 0.93 17.84 32.4 64 162.6
3 27 4 0.90 1.36 52.9 282 186.8
4 19 2 0.54 44.50 18.3 167 159.2
5 38 5 1.05 17.96 13.0 158 155.1
6 26 4 1.51 17.87 16.1 244 166.5
7 17 6 1.03 17.20 17.6 262 184.2
8 20 4 0.31 20.85 10.8 155 176.6
9 25 2 0.41 7.85 23.4 147 148.7
10 20 4 2.05 6.80 19.3 125 230.6
11 27 6 1.59 20.16 8.6 116 152.3
12 25 2 0.41 24.15 29.5 126 124.7
13 26 4 1.19 24.19 21.6 144 81.5
14 31 4 1.05 22.93 10.0 119 92.0
15 24 6 0.84 2.75 22.0 123 101.2
16 31 6 0.77 24.00 20.8 130 113.2
17 24 6 2.02 21.53 13.5 129 71.8
18 40 4 2.15 5.77 25.6 142 120.8
19 24 4 0.93 0 20.5 192 121.5
20 29 4 1.51 0 13.1 200 129.3
21 27 4 0.30 4.32 15.7 206 109.3
22 19 4 1.70 6.70 15.4 244 90.7
23 18 4 1.51 12.50 43.3 216 126.7
24 21 6 0.70 13.19 16.9 207 99.1
25 23 6 1.93 17.05 29.4 115 89.8
26 18 6 0.80 13.32 20.7 160 57.0
27 22 4 2.62 10.95 15.2 147 73.3
28 28 4 0.82 42.50 12.0 207 131.6
29 21 6 0.61 25.48 37.8 313 154 .4
30 22 2 3.23 22.67 23.6 333 180.8
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@139 3 anwauenall war anzlsenliu B lunguarmaiasunsanliuuyas 30 1y

ﬁIix‘]‘W FJ'T].I’]E‘IfJI%ET‘U ALY W.A. 2548

USunm B17A

. o 4 | 22833, | 918U, Plasma B1 | RBC B1 Breast milk
A gl Wau | u3lne un/au #TPPE nmol/L nmol/L B1 ug/L
1 19 2 2.21 1.23 46.7 280 126.7
2 31 2 - 8.38 1231 289 135.5
3 27 2 2.12 9.83 15.0 297 204.5
4 37 2 0.58 7.93 445 450 1911
5 16 2 2.75 9.73 13.1 291 185.5
6 34 2 1.76 10.56 12.5 240 172.6
7 30 4 1.37 8.89 16.7 340 168.5
8 19 2 1.13 11.19 14.7 288 164.6
9 23 4 0.59 11.06 13.6 357 130.9
10 18 2 0.64 4.34 11.7 298 113.9
11 30 2 047 4.30 30.6 470 153.7
12 34 2 0.83 8.13 46.5 516 194.9
13 30 1 2.18 10.10 12.5 392 91.6
14 25 2 0.92 8.95 22.0 333 179.5
15 31 4 2.45 9.72 94.3 413 1771
16 35 2 1.08 3.69 93.5 465 154.8
17 31 4 0.36 6.14 40.1 446 142.4
18 15 2 0.82 8.08 38.9 425 144.5
19 38 2 1.98 5.92 28.6 293 107.7
20 26 2 3.09 11.15 33.1 685 141.6
21 25 2 1.61 9.73 21.3 417 112.5
22 30 2 2.05 6.47 22.0 496 137.6
23 41 4 - 13.01 314 135 148.5
24 30 2 2.98 8.79 53.5 468 157.9
25 15 1 0.49 5.35 13.6 598 138.4
26 25 2 1.40 9.10 44.5 601 242 .4
27 22 4 0.49 5.59 12.5 725 154.4
28 34 4 1.09 7.36 9.8 563 141.9
29 25 1 1.36 6.07 11.3 527 136.2
30 31 2 2.56 9.23 14 566 165.8
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@139 4 anwuena il wer anzlsenliu B lunguarmaiasansanliuuyas 41 1y

AlaweNLaETWINATY WM. 2548

USunm B17A

. o 4 | 228U, | 918U, Plasma B1 | RBC B1 Breast milk
A gl Gau | U3lna un/Au #TPPE nmol/L nmol/L B1 ug/L

1 29 3 1.18 16.93 25.1 198 116.4
2 23 1 1.97 16.09 20.9 160 105.7
3 26 4 0.75 14.60 14.2 178 132.2
4 33 6 1.29 11.86 15.5 170 61.8

5 35 3 0.78 8.96 16.6 116 114.9
6 30 2 0.91 20.60 24.6 132 105.1
7 31 2 1.41 13.03 14.3 189 88.9

8 22 4 1.84 13.70 21.6 178 112.4
9 30 4 2.30 7.89 18.5 179 115.5
10 23 4 1.28 10.17 14.0 173 94.0

11 28 2 3.39 12.02 7.6 152 85.6

12 38 2 0.96 11.63 24.3 164 66.1

13 33 4 0.83 7.14 73.3 168 128.3
14 16 6 0.33 7.35 19.6 141 101.7
15 19 6 1.00 8.49 12.4 167 89.9
16 22 2 1.98 5.80 19.8 151 130.6
17 42 2 1.25 5.33 23.0 183 126.7
18 29 2 1.25 547 67.5 172 149.2
19 34 4 0.94 5.97 584 236 115.9
20 36 4 2.79 7.95 55.5 214 112.9
21 29 4 3.81 3.83 76.7 298 153.9
22 25 2 1.71 5.63 68.0 230 139.6
23 29 6 1.66 8.69 58.6 189 132.5
24 19 2 2.44 9.28 55.6 143 163.6
25 40 2 0.86 8.33 6.5 224 114.4
26 34 4 0.94 10.78 13.1 205 114.2
27 22 2 1.05 11.83 8.1 326 88.9
28 32 2 2.37 11.25 11.8 159 118.1
29 32 2 2.82 8.22 15.2 149 120.2
30 20 6 0.72 7.79 17.7 128 129.5
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1331 B1N

. o 4 | D8I, | 918Ua9, Plasma B1 | RBC B1 Breast milk
e gl Wau | uSlaa un./au #TPPE nmol/L nmol/L B1 ugl/L
31 33 6 2.59 9.24 13.2 173 87.2
32 38 4 0.75 7.11 11.5 166 168.9
33 31 2 0.98 7.78 12.2 151 176.1
34 25 4 1.99 9.33 11.4 147 112.5
35 21 4 1.25 11.09 11.9 159 180.1
36 24 2 1.89 9.7 8.8 158 114.5
37 32 2 1.22 9.13 8.8 175 171.6
38 31 2 0.68 10.1 84 170 884
39 26 2 2.88 8.54 12.7 187 137.4
40 25 4 1.78 8.79 10.1 199 141.9
41 22 6 1.29 10.06 8.5 166 145.6

A1319N 5 anemena bl waz gz ksandn (B1) luﬂaj;ummaﬁmmimlﬁuuqm 32 318

ALTINLILNRTINTUG W.e1. 2548

133 B1N

. o 4 | D8I, | 918Ua9, Plasma B1 | RBC B1 Breast milk

AL gl Wau | uSlaa un./au #TPPE nmol/L nmol/L B1 ugl/L
1 40 6 3.75 5.46 493 304 128.5
2 34 1 3.78 12.06 42.7 235 153.3
3 30 1 1.26 4.93 94.8 221 206.5
4 17 4 1.77 12.80 52.5 207 217.0
5 28 2 2.57 6.32 76.5 170 182.3
6 19 4 2.64 18.47 24.3 265 203.3
7 33 4 2.43 3.03 19.9 264 194.0
8 29 4 2.40 4.08 22.5 109 195.7
9 39 4 2.60 16.13 38.4 278 222.7
10 39 6 2.99 7.72 26.2 283 143.7
11 26 4 3.22 15.02 20.8 230 212.2
12 37 4 0.79 15.24 38.9 209 88.3
13 24 6 2.14 3.81 137.1 276 103.3
14 22 2 3.01 8.70 80.3 213 181.2
15 36 4 4.25 9.67 206.7 632 146.0
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. o 4 | BIHNIN, | D1HUAT, UIum B1°7i Plasma B1 | RBC B1 Breast milk
e gl Wau | uSlaa un./au #TPPE nmol/L nmol/L B1 ugl/L
16 30 6 2.27 0 54.6 594 165.2
17 40 2 2.96 14.55 56.5 433 125.7
18 32 4 2.11 6.16 68.0 474 188.4
19 34 2 2.1 5.36 42.8 443 194.3
20 38 4 0.76 0.73 29.7 320 124.2
21 37 2 3.99 6.55 146.5 305 1411
22 34 4 1.39 8.11 44.2 333 152.7
23 35 4 2.13 14.64 58.8 339 137.6
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Acute hear failure + + + + +
(dyspnea, tachypnea,
hepatomegaly)
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Laboratory blood test
Na, mmol/L 120 133 127 141 136
K, mmol/L 4.8 4.1 5.2 5.0 5.6
Cl, mmol/L 95 99 93 105 104
CO, content, mmol/L 6.8 10.2 12.0 7.0 12.0
Laboratory blood test
Blood lactate, mmol/L 104 8.9 11.8 - -
Serum creatinine, mg/dL 0.7 0.6 0.5 0.5 0.7
Anion gap 18 24 22 29 20
Biochemical thiamine test
ETKA 24.3 278.0 160.8 42.9 -
%TPPE o* 45.3 17.8 16.1 -
RBC thiamine# (nmol/L) 100 26.3 71.4 47.0 82.0
Plasma thiamine $ 8.8 - - 1.9 <2.5
(nmol/L)
Breast milk thiamine 20.6 No 74 155 No evaluation
(ug/L) (normal=100-200) evaluation
Mother’s thiamine status Severe Mild No Normal No evaluation
deficiency deficiency | evaluation

*Blood sample &dfivdastfuanvantinz2 Talus

#normal RBC thiamine =110-321nmol/L, $ normal plasma thiamine =7.6-42 nmol/L
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