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Abstract

The urine pregnancy, protein and glucose strip tests are commonly used as point-of-care
testing (POCT) which are convenient and rapid for medical laboratory diagnosis. However, the
assessment of accuracy and precision in tests along with the patient’s safety is needed. This study
aimed at preparation of the In-House control materials for urine human chorionic gonadotropin
(hCG) and protein-glucose strip tests, and subsequent usage for the proficiency testing among
primary care hospitals network in Saraburi province. The pooled urine sample from excess
specimen in routine laboratory was prepared and levels of hCG, protein and glucose were
adjusted. The prepared urine sample was preserved at 4°C by the addition of boric acid to the
final concentration 10 g/L which effectively retained stability of hCG and protein for at least
15 days, and glucose within 9 days. Moreover, mixing of 10 g boric acid and 10 mL anticoagu-
lant citrate dextrose (ACD) in 1 liter of urine could maintain hCG, protein, and glucose levels
by at least 15 days. This In-House control urine was further shown acceptable qualities by
evaluations of homogeneity and stability testing and could be kept at 4°C for at least 15 days.
Then, two-level standard urine samples were subjected to 2 rounds of proficiency testing in urine
hCG, protein, and glucose strip tests among 126 Saraburi province’s primary care hospitals
network. The interlaboratory comparison for all tests was satisfactory. In summary, the prepared
In-House control urine is suitable to use in proficiency testing program and the procedure will

likely reduce the cost of quality management.
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wenMNiMsdIY W.an. Tuadaniadszys
1msls POCT Wgugmtwié“mﬂwmmiamuLLﬂ'
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1. MIATINUAZNAFEVEANISNENEMNABES
faane

héeeaifaans (pooled urine sample)
wdaiuaesngu Tnenduusniiuifaaizen
orchaiiamdasaudergiansad 12 daviialy
iy lnghianazneutfaanns wazdiudsina
gasluu hCG M35 NanziiBalSinalaely
1dnmM3 electrochemiluminescence (ECLIA) W
umanudndulszing 450 mIU/mL wazngy
fgeadlusneghaifaaizanamadinsndeili
Fanssd asreiaszdunaziusinallsauuas
nglad MeIsinzidafsinalagliisanaia
ﬂf]ﬁ%iﬂ@hﬂ standard colorimeter (protein;

Biuret, glucose; Hexokinase) WWHMANNINYU

inFealns ndlsesuns wasaae

voallsAurszanal 11 mg/dL uazngladyszan
300 mg/dL muaay nAtuwiedegaiaaas
Wu 2 nqu Taenduusni@uarsinmndnmnnsa
vesn lufsina 10 afudeifaenis 1 das ua
Aduil 2 dumsinmanmnsaueinluifiina

©-10) 4991115 antico-

10 nfudeifdans 1 ans
agulant citrate dextrose (ACD) TulSina 10

Naddansdeifaaniz 1 Gas wlsfedlans 2 agu
< A

ufgamgil 4 esrnwalded asraialsinm
goiluu hCG, WsAuuaznglaanniu Juaz 1 seu
asfuiindoyaiiogananadvsveaifaanznadey
Mung = 2SD rule of Levey-Jennings chart
Wuna 15 Ju
HJaamznageugniiuszdvanududuy
v99803Tun hCG W¥Fdszifiunaunageuns
%amsﬁt%aqmmwﬁiﬁwamaauLﬂu 3 szdu
laun negative (hCG = 0 mIU/mL), weakly
positive (hCG = 1-300 mIU/mL) was positive
(hCG > 300 mIU/mL) wazdSuszdvuiSune
Wshuuaznglag muganedevulsauuaznglae
luifaamziFagamwitlinamsmadouiiiu 5 sz
18un negative (Tdsauanududu < 10 mg/dL
wazngladAdudy < 50 mg/dL), positive
trace (TUsAuanudaudusznig 11-14 mg/dL
wazngladanudutuszndng 50-99 mg/dL),
positive 1+ (TsAuanuidinduszning 15-29 mg/dL
uaznglaaANMUNIUIZNIN 100-249 mg/dL),
positive 2+ (Tdsauanuidudusznig 30-99
mg/dL uaznglaganudadusznizg 250-499
mg/dL), positive 3+ (Tsauanududusznig
100-299 mg/dL uazngladanududuszning
500-999 mg/dL) waz positive 4+ (TsAuanu
Wadu > 1,000 mg/dL wazngladanadudu
> 1,000 mg/dL) Tagalunaiduuanadesialfana
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2. MUANAMMNANANTY
I ;!, = Y]

2.1 msnagauanuiluiioneinu

3gndIeg1tfaanzAILANAMAIND
fanniuluudazszdumnaaey (AMANNENIU
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YA 2 Hadaas INNEU 150 vieen lagly
fehanasenlagdunsauesnamTuMInadoy
M3n398e5lnu hCG, Tshuuaznglad (ngus
k% % v‘: Y o ] d‘ Gl a

ANNINTUA) warl¥dreganaisnlag@nnsa
183n3INAY ACD dvfumsnsagesuy hCG,
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(analysis of variance: ANOVA) [enadeay
ANHUUANAIIALRAYUDIAIDE19521 N4 between-
bottle waz within-bottle MUHaNMIUDI ISO
Guide 35''%
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A o X 2 o ' v v
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'dl ) o I~ 9/‘#' a =)
nassuuazdaiuINgaumnil 4 esenisalded
anamifFinageiluy hCG, TWshuuaznglad
IMINAFOUAILIZIATILTINUMN uazm3
Fuavnadevifaan: duszeznm 7 Ju e
nageumaANuEssvefaazAmIUANAMNN
MiannIulagdradanamiinaspumumans
ISO Guide 80: 2014® uaznageuaNULanYs
veaudanguiegadismslszidiumeadams
JANiMIanneYBILEy (linear regression) AN
ISO Guide 35" fio
Y =b x+b
1 0

ile Y = Amade, X = uiinaae, b, =Slope,
bo = Y-intercept

Tasutlawamsadd mn slope of the
linear regression AANUUANA1BE1NToE Aty

=

A < =
udaenumsasuniasanuianssveaasn
nagoay

3. manadevgmnginmsiiuinufaai:
MIUANAUMNANBINTY
nadevuaddysvesiaaIzAILAN
do o X dgypyd -
Aamwiwennunfuinningamgil 4 eam
walded laedansiny1dnIwnsaLesn wie
N3AVBINIINAY ACD nageuMyuaunadey
AMMW hCG (FIANAFUMN) uazuay
nadevlysauuazngladg 353 tAnziuvufa
Aumn) 10U 2 szdu Wuoa 15 Ju Tuaz
2w A 2
1 sevuaziiudeyatiienadounduides
H %4 H
vesffaanzaivaugum eI ung Mg
Aandn?
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4. mslszdivanssouzsznneviefiiams
ihdsifaanzarvauaamwiiannay
tWeasiaszdvegesiuu hCG, Widuuaznglag
Mouaunadouueriodlfiianms 126 uvs lu
Lﬂ%ﬂhtﬂiqwmmadaLfﬁuqmmwﬁma 913N
d3z13 muwdnmsvas ISO/IEC 17043 Tng
o a d‘ I~ % 1 s
mmsdszdivienudeyasin 2 seu ¥afiu
3 wou lagudazsoudads 2 @iegadalinny
! Y o 4 a wva d' k%
uanmeveInamsnadeulin el iansnh
. v o 4 .
Tulasans TeglrunSunlsanerviavdnnion
o 1 A Y= . A o
MyuzdaNuITguiuda (ice pack) Lieinmn
¥V
gl TIatenansgielasams uuuvesums
FYNUNA MYUAMITUAZINNINEBLAANTOTINdda
naumsvsziu Tnemsulseunsuduanihvane
= S a A .
Faudasaududeyatsinauninme negative,

weakly positive waz positive SMivgANATOU

Step | : Preparation of In-House control urine

inFealns ndlsesuns wasaae

migdﬂﬁﬁﬁl a2 negative, positive trace, 1+, 2+,
3+, 4+ ﬁm%ummaaﬂﬂiﬁuu,azﬁ:mm“lu
tagnzmumisdduifaanzinadey wazwla
namsdsziinilumigen (excellence) Aoms
sruransasIvinssduanihving 1wy
Anihvine glucose positive trace i
glucose positive trace, #au3U1A (acceptance)
AoAsTENUNANIIATINAIALAAB LA
dhvaneld 1 szav wu andhvane glucose 3+
iy glucose 2+ uazoausulaildl (unac-
ceptance) AemsnunuHaMIATIIRAMALARDY
nnanthviane u glucose 2+ 1Iu glucose
negative d1113UM3InTI38051uu hCG vzutlana
satisfactory Lawwmﬁémwaﬁgnﬁmu,azu,ﬂawa
unsatisfactory nsdigunaldnmaniou Tag

2 4 v .
MWIIMUVBIBMINIviNA lauaaslu Fig. 1

‘ Collection of pooled urine samples (pregnancy & non-pregnancy) ‘

l

’ Measurement and adjustment of concentrations of hCG, protein and glucose l

l

‘ Preservation the pooled urine samples by boric acid or boric acid + ACD ‘

l

‘Assessment of hCG, protein and glucose during 15 days ‘

lSub-division of In-House control urine

’ Evaluation of homogeneity & stability of In-House control urine

l

‘ Determination quality of In-House control urine during storage at 4 °C ‘

Step Il : Evaluation of interlaboratory proficiency test

‘ Provider 2 levels of standard QC urines for 126 laboratories and distribution ‘

® Procedure guideline usage

® Transportation

l

‘AII participants performed the testing and return the results ‘

® 2 round of the proficiency testing

|

‘ Interpretation the results, individual report and solving problems ‘

Fig. 1 Schematic diagram of methodology in the study
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NAN15I9Y
1. msnadgevanssnmamnifaansaedia
nan1snadevdiuaeesiuy hCG,
TWsanuaznglaaluidfadnzAre353 a3
Yhnasnasgu nnngudedaifaan: 2 agu
1Aun ﬂtjuﬁ 1 (@uasinpamnnsavesn u
51 10 n3udetfaanz 1 aa9) fitSna
goiluu hCG, TsAuuazngladanududu 440
mlIU/mL, 10 mg/dL uaz 345 mg/dL emuameu
u,azﬂzjuﬁ' 2 (Anasiaranmwasavesn u
S 10 n3usdetfaany 1 aas waz ACD lu
15312 10 Hadansaeifaanns 1 ans; lngasnly
mmL‘ifwﬂ'uﬁl,wm:amnﬂwamsmaanﬁlu Fig. 2)
fifffnmeedluu hCa, TWsAuuaznglaaais
1Wndu 415 mIU/mL, 9 mg/dL waz 290 mg/dL
mudiy Tasdedia 2 ﬂtjugmﬁu%ﬂmﬁ
gaungi 4 esrniraBed nInadeunniu
Juaz 1 sou LtazaQﬁuﬁn%mﬂaLﬁ'amnaaumm
wifesvesifaaniznadeumung +/- 2SD rule of
Levey-Jenning’s chart Wunan 15 4 wuhms
Snmnamwdonaauesn lunguil 1 fanuiados
voammsindsinaeesluy hCG wazlisaula
melunm 15 Fu luvaziimsasiangiaadl
anudaesmely 9 Ju (out of - 2SD rule)
wazmnageudSinaeesluu hCG, Tsauuay
ngladlunduil 2 fAunsAVeIATINAY ACD
Wumsinmamun fanuaianuiadosaeluy
15 Ju (Fig. 3)

2. msdszdivqamwvesfaaizalvan
AMMNANNANTY
a | g = s
wamstsziiuanuiutiie@erfiuvea
Haanzamuanaamwinianniunwisnnluga

Y3 2 seu sevar 2 ﬂgﬂﬁmfinﬁﬁmm
Ltmﬂ@i1aﬁu1ut%aﬂ?u1m(mﬁaafhai:ﬁwi’wmﬂﬁ
anamysinaldsdunazngladuazszdugeves
mMsasamysiaessluu hCG, TdsAuuas
nglad) Iﬂﬂﬂ?idﬂﬂ?ﬂ%daz 9 et (ngudey
az 3 @19819) %1 2 50U Wuh WanAdouMa
gaamsulFouitouaadsveadiegiaszuing
between-bottle (az within-bottle U93IAINS
nageuRsMsAsIaMYTinaeeslin hCG, Tsiu
waznglad Tae3sdinnsiiFalSinamadioia
f’iwi"ma:mqa (onIuf0819 negative hCG) laidi
ANuuANAge g1 Teddymeana (p > 0.05)
(Table 1) wazwamsasalagmsliuounagey
ammnilaaizlfuaiidennadeaiunanisnian
tthvnennéiedns (Table 2) aguwaldh ffaaniz
muquqmmwﬁﬁmm?ﬁuﬁmmLﬂmﬁmﬁmﬁu
%32 soUMILAaoY

Asdsziliuanuanesveatdaanne
ﬂmﬂuqmmwﬁ'ﬁmm% luszezoan 7 Juan
ifafmzqunqmmwﬁﬁmmiuﬁmm 2 3zau
CRREAN (F]"IG%’ILL@SFhQQ) fesoaldlu 2 soums
NATDUWUI NaNNEDAVDIAIANNTFUIN linear
regression test YDINMINATDUNITATIVMNUIMNQU
ga3luu hCG, Widuuaznglad Tnedsiansi
FarfFana *fl”aﬁaafinmﬁma:mqa (anusogna
negative hCG) liifianuuanmeediaiitiod ey
medddluszeziiainisasivdaunasn 7 Ju
(p > 0.05) (Table 3) waznamnsIlaemIly
uaunadeuammnidaninaiideandesiuna
msanaihminenndied1a (Table 4) agywald
1 faamzauauammwiiatiuiaddys
nnaweluszezina 7 Ju
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(A hCG

1640.00

e ACD 5L/l e ACD 10 mL/L

1620.00
1600.00
1580.00

1540.00

miU/mL

15620.00

Day

Protein

e ACD 5 ML/l e ACD 10 mL/L
140.00

135.00

130.00

mg/dL

125.00

120.00

115.00

Day

(C)
Glucose

e ACD 5 ML/l e ACD 10 mL/L
200.00

150.00

100.00

mg/dL

50.00

0.00

0 1 2 3 4 5 6

Day

Fig. 2 Evaluation level of hCG (A), protein (B) and glucose (C) in preservative substances anticoagulant
citrate dextrose (ACD) by concentration of 5 and 10 mL/L urine during 7 days
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Table 1 Homogeneity testing of hCG, protein and glucose by quantitative measurements

Round 1 Round 2

Sub-division n hCG (mlU/mL) Protein (mg/dL) Glucose (mg/dL) hCG (mIU/mL) Protein (mg/dL) Glucose (mg/dL)

1 <1.2% 12818.10 3.50 1021.90 1.10 2048.50 <1.2% 224960 4.60 388.30 41.60 1432.70
1 2 <127 12302.90 3.90 105420 1.10 2049.60 <1.2° 2239.60 4.20 444.40 4150 1432.70

3  <1.2% 1277270 350 1011.70 1.30 2048.70 <1.2® 2250.40 4.50 436.60 41.90 1402.80

4 <1.2% 1247040 3.30 102590 1.20 2050.70  <1.2* 231110 450 422.80 41.30 1434.10
2 5 <1.2% 1255410 3.90 108540 120 204960 <1.2° 224580 4.30 40490 4220 1405.80

6 <1.2" 1280820 350 102090 120 204950 <1.2° 224960 460 388.30 4160 143270

7 <1.2% 1281810 3.40 102090 110 205000 <1.2® 2250.00 440 41290 4170 1405.00
3 8  <1.2% 1248040 360 102590 1.30 205060 <1.2® 224570 4.60 402.00 4150 1432.70

9 <1.2% 1247950 350 105400 110 205570  <1.2® 2250.00 450 404.00 4150 1402.80

Between group NA 111934 001 173.68  0.00 7.86 <1.2® 45608 000 29942  0.01 100.95
Within group NA  49730.70 0.05 699.40  0.01 3.53 NA 46195 0.03 41829 009  276.70
F-stat NA 002 026 0.25 0.12 2.23 NA 0.99 0.13 0.72 0.16 0.36
p-value NA 098 078 0.79 0.89 0.19 NA 0.43 0.88 0.53 0.85 0.71
Homogeneity NA Sufficiency NA Sufficiency

Note; Round 1: PT round 1, Round 2: PT round 2, I: sample level 1 (low), II: sample level 2 (high),
NA: Not applicable,®: under detectable by quantitative method

Table 2 Homogeneity testing of hCG, protein and glucose by urine strip tests

Agreement (%)

Round Sample Homogeneity
hCG Protein Glucose
Level 1 Negative (100%) Negative (100%) Negative (100%) Sufficiency
1 Level 2 Positive (100%) 4+ (100%) 4+ (100%) Sufficiency
) Level 1 Negative (100%) Negative (100%) Negative (100%) Sufficiency

Level 2 Positive (100%) 4+ (100%) 4+ (100%) Sufficiency
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Table 3 Stability testing of hCG, protein and glucose by quantitative measurements

Round 1 Round 2
Day hCG (mIU/mL) Protein (mg/dL) Glucose (mg/dL) hCG (mIU/mL) Protein (mg/dL) Glucose (mg/dL)
| 1] 1 1 1 1l 1 1] 1 1] | 1]
1 <1.20* 13736.20 3.50 1021.90 1.30 2048.50 <1.20° 2159.60 4.60 388.30 41.60 1432.70
2 <1.20° 12386.30 3.90 105420 1.20 2049.60 <1.20%° 2177.30 4.20 444.40 4150 1432.70
3 <1.20% 13544.90 3.50 1011.70  1.20 2048.70 <1.20% 2163.20 4.50 436.60 41.90 1402.80
4 <1.20% 12586.10 3.30 1025.90 1.40 2050.70 <1.20% 2121.40 4.50 422.80 41.30 1434.10
5 <1.20* 13460.10 3.90 1085.40 1.40 2049.60 <1.20° 2178.90 4.30 404.90 4220 1405.80
6 <1.20" 12818.10  4.10 965.70  1.30 2049.90 <1.20" 2249.60 5.60 408.00 41.90 1426.90
7 <1.20% 12302.90 3.20 1032.60 1.50 2049.40 <1.20% 2239.60 4.30 414.40 41.60 1430.20
Slope NA -125.80 0.01 -2.54 0.04 0.15 NA 14.30 0.06  -0.94 0.04 -0.58
Y-intercept NA  13479.00 3.64 1038.00 1.19 2049.00 NA 2127.00 4.33 420.80 41.56 1426.00
X-intercept NA 107.20 1020.00 408.30 -33.20 -13661.00 NA  -148.80 -71.29 449.70 -1058.00 2480.00
1/Slope NA -0.01 -280.00  -0.39 28.00 6.67 NA 0.07 16.47  -1.07 25.45 -1.74
R NA 0.21 0.01 0.02 0.48 0.19 NA 0.46 0.08 0.01 0.08 0.01
Slope significantly ~ NA No No No No No NA No No No No No
P < 0.05)
Test result NA Stable Stable Stable Stable Stable NA Stable Stable Stable Stable Stable

Note; Round 1: PT round 1, Round 2: PT round 2, I: sample level 1 (low), Il: sample level 2 (high),
NA: Not applicable,”: under detectable by quantitative method

Table 4 Stability testing of hCG, protein and glucose by urine strip tests

Agreement (%)

Round Sample Stability
hCG Protein Glucose

Level 1 Negative (100%) Negative (100%) Negative (100%) Sufficiency

1 Level 2 Positive (100%) 4+ (100%) 4+ (100%) Sufficiency

) Level 1 Negative (100%) Negative (100%) Negative (100%) Sufficiency

Level 2 Positive (100%) 4+ (100%) 4+ (100%) Sufficiency
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Aumwiivinnlingumgi 4 esmnisaidvd Tng
1N3AU3IN (fI9819 negative glucose) WioNIA

193N 9IUAY ACD (f19819 positive glucose)

inFealns ndlsesuns wasaae

duanssnanmn Tngl¥uaunagevsssiuu hCG,
TWsAunaznglad 2 szdy wuhaunsaguuay
nagevlagndenssfiuaithvinenns ‘V:l:d‘]gﬂmi
nadevgeiluu hCG, WsAuuaznglnd naenszes
(3a1 15 U (Table 5)

Table 5 Stability testing of In-House control urine in storage at 4°C

hCG Protein Glucose
Date
Negative Positive Negative Positive 4+ Negative Positive 4+
1 Negative Positive Negative 4+ Negative 4+
2 Negative Positive Negative 4+ Negative 4+
3 Negative Positive Negative 4+ Negative 4+
4 Negative Positive Negative 4+ Negative 4+
5 Negative Positive Negative 4+ Negative 4+
6 Negative Positive Negative 4+ Negative 4+
7 Negative Positive Negative 4+ Negative 4+
8 Negative Positive Negative 4+ Negative 4+
9 Negative Positive Negative 4+ Negative 4+
10 Negative Positive Negative 4+ Negative 4+
11 Negative Positive Negative 4+ Negative 4+
12 Negative Positive Negative 4+ Negative 4+
13 Negative Positive Negative 4+ Negative 4+
14 Negative Positive Negative 4+ Negative 4+
15 Negative Positive Negative 4+ Negative 4+

4. mamsisziivanssauzvieal fiiams
- v fmun  d
namylszuanssausvioaguamstie
aafsinageiluu hCG, TsAuuazngladly
taszavauammwiniianniu lagl¥degan
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Wivieslfiiams 126 uve lupsedns sw.dae.
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YRINAMINAFIY WUIWaNsUsIRUANITOUS
MInSinagesluu hCG Mouaunadouusd
% a wva 2/’ 1 1 I'd
MoIUFIAMT sW.da. 113 126 uria Muaunn
) y Y .
satisfactory 3oeaz 100 9699300 dHUMIATID
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rumuLnael excellence ¥aaz 8.1, acceptable

4
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Table 6 The performance reports of hCG, protein, and glucose by urine strip tests among primary

care units in Saraburi province

Sample 1 Sample 2
Round Test n Excellence Acceptance Unacceptance Excellence Acceptance Unacceptance
(%) (%) (%) (%) (%) (%)
1 hCG 126 (100) - - 126 (100) - -
Protein 126 111 (88.1) 13 (10.3) 2 (1.8) 126 (100) - -
glucose 111 (88.1) 13 (10.3) 2 (1.6) 126 (100) - -
2 hCG 126 (100) - - 126 (100) - -
Protein 126 126 (100) - - 126 (100) - -
glucose 126 (100) - - 126 (100) - -
3%159? MIMIUNN fﬁm canmIIUgY MIVIMIIAMIAIU

fagiunisldednsainisasiamenen
viesfiAmsnarsdszian POCT (Flunfiounn
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natlumnadgeunaditazlisniudesusddu
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ment-free) Lta:"lﬁwaﬁaﬁ:ﬂ% (delivered) qﬂﬂitﬁ
POCT annnsathinlslumsinzimsasiam
biomarker ¥94319MY NNFIFIATINNG LDeA
K o o A (14) v
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