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Method Development for Identification
of Streptokinase in Pharmaceutical
Formulation by SDS-PAGE/Western
Blot as an Alternative to
Pharmacopoeia Method

Boontarika Boonyapiwat and Yanika Rattanasuwan
Bureau of Drug and Narcotic, Department of Medical Sciences, Tiwanond Road, Nonthaburi 11000,
Thailand.

ABSTRACT Streptokinase is currently used for the treatment of thromboembolic blockages such as
stroke. Due to its high price, illegal streptokinase has been found in pharmaceutical market. According to
Drug Act of B.E. 2510 (1967), the punishment can be done if the object belonging to the culprit is proved
as real medicine. Thus, the identification test of the drug is especially important for the investigation
process. The identification method for streptokinase in pharmacopoeia requires the use of animal plasma;
however, the reduction of animal usage in drug test by using alternative method is widely accepted
in every corner of the world. Therefore, our study aimed to develop the identification test for streptokinase
using sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and Western blot as
an alternative for pharmacopoeia method. Various factors including concentrations of primary and
secondary antibodies, incubation period, and limit of detection (LOD) for streptokinase standard and
streptokinase pharmaceutical formulation were validated. The optimal concentrations of primary and
secondary antibodies were at 7.5 x 10-3 and 2 x 10-3 mg/ml, respectively. The incubation periods for
both primary and secondary antibodies at 1 h provided the strongest signal. LOD values of streptokinase
standard and streptokinase pharmaceutical formulation were at the concentrations of 0.5 and 20 IU/
ml, respectively. The human albumin, which is used as stabilizer in the streptokinase pharmaceutical
formulation, was not interfered with the test. The results of the study confirmed that the method is

reliable and applicable for the identification of streptokinase in pharmaceutical formulation.

Accepted for publication, 17 October 2014
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Introduction

Streptokinase (SK) consists of 415 amino acids in a polypeptide chain®. SKis an extracellular
protein and originally extracted from certain strains of beta hemolytic streptococcus™ ”. SK is a
potent activator of plasminogen, an inactive precursor of plasmin, which degrades fibrin clot®®
and currently used for the treatment of thromboembolic blockages including coronary thrombosis
such as stroke and myocardial infarction” ®. More than ten brands of SK products have been
launched in the global pharmaceutical market®, while information from the Thai FDA website
informs that there are two trademarks of SK products available in Thailand"®. Due to its high
price, illegal SK drug product has been reported in the pharmaceutical market and leads to prolong
illness or possibly death. According to Drug Act of B.E. 2510 (1967), the punishment can be done
if the illegally-imported object belonging to the culprit is proved as real medicine. Therefore, the
identification test is a key milestone to prove the fictitious SK. However, the identification method
for SK drug product by studying clot-lysis method in pharmacopoeia requires the animal plasma.
The reduction of animal usage in drug test by using alternative method is widely accepted in every
corner of the world. There were studies reporting the SK identification test using SDS-PAGE and
gel clot methods""'?. However, the SDS-PAGE is not specific for only SK as it detects all proteins
in sample. The gel clot method needs the human plasma and thrombin and therefore the study
requires the ethics approval, which usually takes time for consideration. Thus, our study aimed to
develop an alternative identification test for SK, which reduces the use of animal in the experiment
and also specific to SK in pharmaceutical formulation. Sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) and Western blot (WB) has benefits as it requires small quantity
of sample and does not need animal plasma. In addition, the use of specific antibody for reacting

with SK by WB brings advantage for the identification test in term of specificity.

Materials and methods

1. Materials

Ultrapure water (Type I) was used throughout the study. Methanol, hydrochloric acid,
orthophosphoric acid and acetic acid were from Carlo Erba Reagents (Rodano, Italy). Normal
saline solution was from Thai Nakorn Patana Co., Ltd. (Nonthaburi, Thailand). Sodium chloride
and human serum albumin was from Sigma (Buchs, Switzerland). Potassium chloride and glycerol
were obtained from Merck (Darmstadt, Germany). Sodium dodecyl sulfate (SDS), bromophenol
blue, glycine, 30% acrylamide/bis solution (37.5:1), ammonium persulfate, Tetramethylenediamine
(TEMED), Tris (hydroxymethyl)-aminomethane (Tris), Tween-20 and nonfat dry milk
(blotting-grade blocker) and Horseradish peroxidase (HRP) substrate kit were obtained from BioRad
Laboratories (California, USA.). The silver staining kit was obtained from GE HealthcareBio
Sciences AB (Uppsala, Sweden). Trichloroacetic acid was from Fluka (Steinheim, Germany).

Sheep antiSKpolyclonal antibody (primary antibody) and rabbit anti sheep IgG-H&L-HRP
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antibody (secondary antibody) was from Abcam (Cambridge, UK). Protein marker (Molecular
weight (MW) ranging from 12 to 225 kDa) was from GE Healthcare (Buckinghamshire, UK).
The SK pharmaceutical formulation (Streptase®) was a generous gift from Sanofi-aventis

(Thailand) Co., Ltd. SK standard was purchased from NIBSC (Heartfordshire, UK).

2. SDS-PAGE/Western blot

SDS-PAGE/WB is composed of two techniques, which base on the separation of proteins
according to their sizes by SDS-PAGE and the use of antibody to react with a specific protein in
sample by WB. SDS-PAGE/WB for SK was performed as follows:

2.1 SDS-PAGE

Resolving and stacking gels were prepared at the concentrations of 12.5 and 4% (w/v),
respectively. The resolving gel mixture (1 gel) consisted of 4.125 ml of 30% acrylamide/bis solu-
tion (37.5:1), 2.5 ml of 2M Tris buffer at pH8.8, 3.375 ml of water, 50 pul of 10% (w/v) ammonium
persulfate and 5 ul of TEMED. The stacking gel (1 gel) was composed of 1.32 ml of 30% acrylamide/bis
solution (37.5:1), 2.5 ml of 2 M Tris buffer at pH 6.8, 6.1 ml of water, 50 ul of 10% (w/v) ammonium
persulfate and 10 pl of TEMED. Loading buffer (10 ml) was composed of 3.1ml of Tris-HCI pH
6.8, 5 ml of glycerol, 0.5 ml of 1% (w/v) bromophenol blue and 1.4 ml of water.Running buffer was
composed of 14.40 g of glycine and 3 g of Tris dissolving to the volume of water at 1000 ml. SK
standard, SK pharmaceutical formulation and human albumin were dissolved and diluted with
normal saline solution to obtain the required concentrations. The sample and loading buffer were
then mixed at ratio of 4:1 before loading into gel. The gel was run in a chamber containing running
buffer at 200 V until the dye front was about 5 mm from the bottom and the machine was stopped.

2.2 Western blot

The protein on the polyacrylamide gel was then transferred onto nitrocellulose membrane
by using the Mini Trans-Blot® Electrophoretic Transfer Cell at 100 V for 1 h. The blotted nitrocellulose
membrane containing SK was firstly incubated with primary and then secondary antibody.
The immunoreactivity of antibody and specific protein was detected using the HRP substrate

colorimetric detection kit.

3. Optimization of SDS-PAGE/Western Blot

The study of optimum concentration of antibody was performed using a cross-table
method.The concentrations of primary antibody were investigated at 2.5 x 107, 7.5 x 10 and
12.5 x 10° mg/ml, while concentrations of secondary antibody were evaluated at 5 x 10°°,
2 x 10 ° and 3.5 x 10 ° mg/ml. Both primary and secondary antibodies were diluted with blocking
buffer containing 5% (w/v) nonfat dry milk in Tris buffer saline to obtain the required concentrations.
The incubation periods for primary and secondary antibodies were also examined at 30, 60 and

90 min.
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4. Validation of SDS-PAGE/Western Blot

The limit of detection (LOD) of SK standard and SK pharmaceutical formulation (Streptase®)
was carried out at concentrations of 0.2-50 and 1-100 IU/ml, respectively. The specificity of
the method was also performed by running SDS-PAGE/WB of SK standard (2 IU/ml), SK
pharmaceutical formulation (100 IU/ml) and human albumin (negative control, 5 mg/ml) at the
same time.

The precision of the SDS-PAGE/WB for the identification test of SK was investigated for
three days consecutively. The concentrations of primary and secondary antibodies were used in
the study at 7.5 x 10" and 2 x 10~ mg/ml, respectively. The incubation periods of both primary
and secondary antibodies were at 1 h. The concentrations of SK standard, SK pharmaceutical
formulation and human albumin were performed at concentrations of 2 IU/ml, 100 IU/ml and 5

mg/ml, respectively. The study was detected by both WB and silver staining.

Results

The conditions for the identification of SK in pharmaceutical formulation using
SDS-PAGE/WB were developed. The important factors affecting the method including the
concentrations and incubation period of primary and secondary antibodies, and the interference
of albumin in SK formulation were validated. The influences of primary and secondary antibody

concentrations were shown in figure 1 and 2.
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Figure 1 Determination of optimum concentration of primary antibody: (A) 2.5 x 10° mg/ml

(B) 7.5 x 10 mg/ml and (C) 12.5 x 10°mg/ml. The incubation periods for both primary and

secondary antibodies were 1 h. The concentration of secondary antibody was fixed at 2 x 10° mg/ml.
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Figure 2 Determination of optimum concentration of secondary antibody: (A) 5 x 10 mg/ml
(B) 2 x 10° mg/ml and (C) 3.5 x 10° mg/ml. The incubation periods for both primary and

secondary antibodies were 1 h. The concentration of primary antibody was fixed at 7.5 x 10 *mg/ml.
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The effect of incubation periods for primary and secondary antibodies was demonstrated

in figure 3 and 4, respectively.
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Figure 3 Determination of incubation period for primary antibody (A) 30 min, (B) 60 min

and (C) 90 min. The concentrations of primary and secondary antibody were at 7.5 x 10° and

2 x 10 °mg/ml, respectively.
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Figure 4 Determination of incubation period for secondary antibody:(A) 30 min, (B) 60 min

and (C) 90 min. The concentrations of primary and secondary antibody were at 7.5 x 10~° and

2 x 10’ mg/ml, respectively.
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The determination of LOD for SK standard (SD) and SK pharmaceutical formulation

(Streptase®, SP) was performed and the result was indicated in figure 5.
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Figure 5 The study of LOD for SK standards (SD) and SK pharmaceutical formulation

(Streptase®, SP) was performed at concentrations of0.2-50 ITU/ml (A.1-A.3) and 1-100 TU/ml (B.1-B.2),

respectively. The concentrations of primary and secondary antibodies were at 7.5 x 10 ° and

2 x 10"° mg/ml, repectively. The 1 h incubation of both primary and secondary antibodies was used.
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The SK standard, Streptase® and human albumin were run using SDS-PAGE/WB with

the validated conditions and the result was determined in figure 6.

Figure 6

AN KT s . i oy * Vol
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Streptase® SK Standard Human Streptase® SK Standard  Human
100 IU/ml 2 IU/ml albumin 100 TU/ml 2 1U/ml albumin

The precision study of all three consecutive days showed the same result as that in figure
6. It was found that there was no band of albumin detected by the WB, while the silver staining
detected both human albumin and SK.

Discussion

The SK band was found at 47 kDa,which was in line with the study of Dubey and
co-workers"®. The study for the optimum concentration of primary antibody showed that the
SK band was not clearly observed at concentration of 2.5 x 10°mg/ml, (Figure 1). On the other
hand, the SK at the concentrations from 0.5 to 5 IU/ml was detected at primary antibody
concentrations of 7.5 x 10 °and 12.5 x 10 °mg/ml; however, at these concentrations, SK standard
at concentration of 0.2 IU/ml was not detected (Figure 1). The similar results were recognized
using secondary antibody at concentrations of 5 x 107, 2 x 10™° and 3.5 x 10> mg/ml.The SK bands
at concentrations from 0.5 to 5 IU/ml were obviously seen at the concentrations of 2 x 10° and
3.5 x 10° mg/ml but the concentration of SK at 0.2 IU/ml was not determined (Figure 2).
Therefore, the optimal concentrations of primary and secondary antibodies for the identification
of SK were at 7.5 x 10° and 2 x 10”° mg/ml, respectively. It has been notified that the incubation
period may affect the presence of protein on membrane"”. This study proved that there was
not much different in the appearance of SK bands using the incubation periods at 30, 60 and
90 min. However, the SK bands at the concentration of 0.5 IU/ml were clearer monitored using
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incubation at 60 and 90 min for both primary and secondary antibodies (Figure 3 and 4).
The incubation times of both primary and secondary antibodies for this study were chosen at 60 min.
The study also demonstrated that the concentrations at 0.5 and 20 IU/ml were the LOD values of
SK standard and SK in pharmaceutical formulation (Streptase®, SP), respectively (Figure 5). The
requirement of higher concentration of SP for the test was not surprised as the pharmaceutical
formulation usually contains more ingredients than the standard and this might lead to lower
sensitivity for the detection of SP than that of SK standard. It has been notified that two brands
of SK products are available in Thailand. It was regret that we could obtain only one brand of SK
product (Streptase®). As this drug is strictly used, it has to be prescribed only by physician and
we cannot directly buy from the drug company. However, the searchable information found that
the major protein components in both two brands are SK and human albumin. Therefore, it is
important to ensure that human albumin used as stabilizer in the SK pharmaceutical formulation
had no effect on the method. We performed the test using human albumin as negative control
and the outcome showed that there was no band of albumin detected by the WB (Figure 6).
Nevertheless, the albumin was observed by silverstaining (Figure 6). The study indicated that WB
was more specific than silver staining, which detected every protein. The precision test showed
the consistent results of all three consecutive days. This proved that the method is appropriate

for the identification test of SK.

Conclusion

The SDS-PAGE/WB for identification of streptokinase has an advantage as it can
reduce the use of animal plasma. In addition, the validated result proved that albumin in SK
pharmaceutical formulation was not interfered with the test. The study concluded that the
SDS-PAGE/WB for the identification test of SK in pharmaceutical formulation can be used as an

alternative method for pharmacopeia, since the technique is specific and reliable.
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ABSTRACT Introduction: HPV is a causative agent of cervical cancer, and is the second leading cancer
for Thai women after breast cancer. HPV-16 is the most common subtype associated cancer. Since cytology
screening has become a problem that has a large number of borderline results, our purpose is to clinically validate
the sensitivity and specificity of the in-house HPV-16 DNA quantitative real-time PCR assay test compared
to a reference method, and validate its reliability in order to use it as a combined test for managing abnormal
Pap smear samples and to determine if viral load is associated with the virulence of disease. Sixty five
out-patients with borderline Pap smear results, from the ‘Gynecological Ward’ at Bhumipol Adulyadej hospital,
Bangkok, Thailand, and 119 normal women presenting annual Pap smear screening were recruited for the study,
between 2010 and 2012. All were determined by a colposcopy-directed biopsy as a reference method. The cervical
scrape samples were taken to test for HPV DNA using a quantitative real-time PCR primer and specific probe
for the L1 region of HPV DNA. The test was validated for clinical sensitivity and specificity, for the detection
of HPV2 DNA in precancerous lesions (=CIN2), and for its reliability. Out of 65 samples with borderline results,
45 cases were HPV-16 DNA positive (69.2%). Only 14/65 cases had precancerous lesions (ZCIN2). For clinical
sensitivity, out of 14 of those cases, 12 patients were HPV-16 DNA detected (86%). For the clinical specificity
of the test, in normal women; out of 96 normal women who were negative for colposcopy (without CIN2), 76 cases
tested negative for HPV-16 DNA (80%). The viral load did not correlate to the virulence of disease. This test

might be useful for health care practices as an adjunct to cytology follow—ups for women with borderline results.

Keywords: clinical sensitivity and specificity, HPV-16 DNA, in-house quantitative real-time

PCR, Thai women, validation
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Introduction

Cervical cancer is the second most common cancer amongst women worldwide”. It is
considered to be the second most common cancer amongst Thai women after breast cancer, with
an aged standardized rate of 16.7 per 100,000 women per year®. HPV has been involved in 99.7%
of cervical squamous cell cancers worldwide™. About 40 HPV types have been identified and are
known to infect the mucosal epithelium. Only 10-15 types are associated with lesions (precancerous
and cancerous lesions) that can progress to cancer, and of these HPV-16 is the most common
subtype (60%). It was found that HPV-16 and/or - 18 increases the risk of development of
precancerous lesions also called cervical intraepithelial neoplasia (CIN), when clearly compared
with the non-HPV-16/18 types“ ™. If a high amount of HPV DNA is present in a cervical scrape
then the viral load might be of value in predicting incidents of high-grade cervical intraepithelial
neoplasia (CIN3)“ ™.

At present, a standard screening program for cervical cancer has been implemented
effectively across the country, using the cytology method or Pap smear. However, its methods
show large false positives of up to 40% and false negatives at 5-14%“"'”. Furthermore, an
additional problem is that there are a large number of unclear Pap smear results with borderline

results™ ™

, causing difficulty in patient management. Such Pap smear results are cytological in
findings, thus distinguishing between the classes of: normal, abnormal (low grade or high grade
squamous intraepithelial lesion, LSIL or HSIL) and inconclusive or borderline (atypical squamous
cells of undetermined significance, ASC-US). They will be tested for histology classification for
a conclusion, which usually consist of precancerous lesions (CIN) based upon their severity; this
is graded from CIN1 (mild dysplasia), CIN2 (moderate dysplasia) and CIN3 (severe dysplasia).
LSIL generally corresponds to CIN1 and HSIL indicates CIN2 or CIN3.

A need to implement new technology is required more and more, as several studies have
established testing for the presence of HPV DNA in cervical scrapes to be used for an adjunct
or combined Pap smear test for triaging equivocal Pap smears, for the reason that positive HPV
test results help distinguish patients who have unclear Pap tests to be closely followed-up”*®.
Usually HPV testing is established to detect HPV infections that are associated with or develop
into >CIN2, or have sensitivity against CIN2 or worse (ZCIN2)"®. Therefore, our purpose is
to clinically validate the sensitivity and specificity of the in-house HPV-16 DNA quantitative
real-time PCR assay test, compared to a colposcopy-directed biopsy as a reference method, and
to validate the reliability of the test and evaluate if viral load can be associated with the virulence

of precancerous lesions.

Materials and Methods

Materials

Cervical scrape samples were collected from 65 out-patients aged 35-60 years with
borderline Pap test results, from the Gynecological Ward at Bhumibol Adulyadej hospital,
Bangkok, Thailand, and also collected from 119 normal women aged 35-60 years who presented

an annual Pap smear screening between 2010 and 2012. The study’s proposal was approved by
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the Institute Ethic Committee at the Department of Medical Sciences, Ministry of Public Health,
Thailand. All women were informed, and a written consent form was taken from all participants

before participating in the study.

Methods
Study Design

All cervical samples were taken using quantitative HPV-16 DNA real-time PCR.
Patients who had borderline Pap smear results has cervical scrapes collected for HPV- 16 DNA
testing, and were examined at that time for colposcopy-directed biopsy. Normal women had cervical

samples collected for Pap smear and HPV testing, and were examined at that time for colposcopy.

Preparation of Clinical Specimens for HPV Detection and Colposcopy Performance
Before applying acetic acid into the grey zone area for colposcopy examination, the cervical
scrape samples were collected from patients using cotton swabs. The specimens were kept in
a tube containing 1 ml of transport medium with swab sticks, and stored at -70°C until use.
The patients were then examined via a colposcopy-directed biopsy as the reference method, and
a biopsy was conducted in cases where the colposcopy results were positive. The clinical results
were separated into three grades of precancerous lesion: CIN1, CIN2 and CIN3. The specimens

were then extracted (Invisorb®, Hoffmann, USA) to obtain their viral DNA.

HPV DNA Quantitative Real-time PCR Testing

The HPV DNA quantitative real-time PCR amplification reaction was developed by
Mark van Duin et al.7, using a primer set designed for the L1 region of HPV DNA, and this was
performed along with specific TagMan probing. A real-time PCR reaction was set up by adding
5 ml of a sample DNA template in a 25 ml of reaction mix of: Primers, Probe, TagMan Universal
PCR Master mix, with UNG and distilled water. The amplification was then carried out (Applied
Biosystem, Foster city, CA, USA).

A standard curve was set up for quantitating the viral load, by plotting the serial diluting
known amounts of HPV-16 pBR 322 Plasmid DNA (NIBSC, WHO), which were 5, 50, 500, 5,000
and 50,000 duplicate copies (Fig.1); and this was performed in every run of detecting HPV DNA
in the specimen, showing a slope = -3.189 Y = 40.621, R® =0.992.
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Figure 1 Standard curve plotting by the serial dilution of HPV 16 - plasmid DNA in every run

for the quantitative viral load.

To control the DNA sample adequacy, the human [3-globin gene was also amplified in a
separate HPV reaction, by adding 5 pl of a sample DNA template into a 25 Ll of reaction mix of
[B-globin primer7 and probe and Master mix, in the same fashion as the HPV DNA reaction mix
was. A standard curve for quantitating the globin gene was also set up using human placental
DNA ranging from 2, 20 and 200 fg.

For internal control, a positive control was set up using the known value of SiHA cell
line containing 1-2 copies per cell, integrated with HPV-16 DNA dilution of 1:100 (approximately
7,500 copies), which served for accurate quantification of the HPV load, and which was included

in every run of amplification.

Validation of the HPV DNA Quantitative Real-time PCR Testing

The clinical sensitivity and specificity of the test were determined for the detection of
the confirmed pathological sign (ZCIN2), as the disease assessment by reference method
for validity of the test"®.

The HPV DNA test was verified using HPV-16 pBR322 plasmid DNA as a DNA template
to measure the detection limit, the linearity, cross reactivity, reproducibility and repeatability.
The detection limit was performed by making ten times dilution of the known amount of plasmid
DNA from 50,000 - 5 copies. The reproducibility was performed by testing the plasmid DNA 1000
fg and 10 fg 5 times between runs, while the repeatability was completed intra-run by repeating
those concentrations 5 samples at a time. The linearity of the test was determined by its regression
oefficient of the standard curve included in every test run. For other microorganisms that colonize
the genital tract, such as Chlamydia trachomatis, Herpes simplex virus 1-2 were tested for

cross-reaction or analytical specifications.
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Statistical Analysis
The clinical sensitivity and specificity were calculated using the ‘Table 2 by 2 Method’,

and the ‘Mann-Whitney’ test was used to test the differences in viral load.

Results

Out of 65 cases of borderline results, 45 cases were HPV-16 DNA positive (69.2%). Only
14/65 cases had precancerous lesions (ZCIN2), or were positive for a colposcopy-directed biopsy
(Table 1), whereas CIN1 had 11 cases whose symptoms were usually mild and disappeared

without treatment.

Table 1 The amount of precancerous lesion and no lesion with HPV infection

HPYV testing No precancerous lesion Precancerous lesion
CIN1 >CIN2
Neg 15 3 2
Pos 25 8 12
total 40 11 14

For clinical sensitivity, out of the 14 >2CIN2 using the reference method, HPV-16 DNA
was detected in 12 cases (86% ) using in-house quantitative real-time PCR. For the specificity, out
of 96 normal women with CIN2 negative by the reference method, 76 cases were negative (80%)

for HPV-16 DNA (Table 2).

Table 2 Clinical sensitivity and specificity of the in-house real-time PCR for detecting HPV DNA 16

Reference test *
In-house HPV DNA testing Total
>CIN 2 Normal
positive 12 20 32
negative 2 76 78
total 14 96 110

*Reference test: colposcopy - directed biopsy

The verification of tests was examined. The detection limit was tested by calculating
the genome equivalent to original viral load of 50,000 copies, and making a serial ten times
dilution; the final dilution was detected at 5 copies/reaction. For reproducibility, the testing of
five replicates of 10 and 1000 fg of HPV-16 pBR322 during the day (in 5-day testing) showed
5.21% CV and 11.89% CV, respectively. Repeatability of HPV-16 pBR322 detection of five
replicates with 10 and 1000 fg intra-run (in a same day) showed 13.40% CV and 7.20% CV, respectively.
Linearity was determined by the regression coefficient = 0.991-0.999. There was no cross-reactivity

of Chlamydia trachomatis and Herpes simplex 1-2 in this method.
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The specimens in this study were detected in ranges from 5 copies to more than
50,000 copies. There was no statistical significant difference (p = .433) in viral load between

CIN 1 and =CIN?2 using the Mann-Whitney test (data not shown).

Discussion

This study showed clinical validation of the HPV-16 DNA real-time PCR testing in
cervical scrapes in women aged 35-60, in order to help diagnose borderline Pap smear results.
The sensitivity and specificity of this in-house testing was the first study in Thailand that was
set up with patients with abnormal Pap smears and normal women who were confirmed with
precancerous lesions using a colposcopy-directed biopsy as the reference method. According to
the validation guidelines'’, the HPV-16 PCR test results were compared to the end stage of
disease (=CIN2) by reference method, and showed a sensitivity of 86% in detecting disease, which

1 a7

correlates with a study of Tsiodras et al." ", whose sensitivity showed 80% detection of CIN2 and

100% of CIN3, which would imply 86% detection of 2CIN2. Furthermore, in seven other studies
which conducted meta-analyses, their pooled sensitivity of the PCR system for CIN2+ was 80.9""
which was lower than our study. Additionally, another system of detection using ‘Hybrid Capture
II’ showed a sensitivity of ~ 90%.

However, for specificity our 80% result was quite low, considering others showed
more than 90%. This could be a result of the different primers and the test performance used in
the detection system. We also found that the HPV positive rate of normal colposcopy-confirmed
women was 21% while another study"® showed 20% in normal cytology samples. This showed that
the prevalence of HPV infection of the normal population was quite the same in different areas.

In our samples with borderline results, the HPV-16 positive rate was 69%, while the other
showed 50%; hence, this was quite different from ours even though the detection included 11 types
of HPV probe. This may be associated with the differences of abnormal smear samples studied.

The reproducibility and repeatability showed the data with no more than 15% CV
considering the reliability of the assay. The viral load of the in-house real-time PCR test did not
differentiate CIN1 from CIN2/3, which was quite similar to the results from the study of Schmitt
et al."” and Zerbini’s study 20, which showed that mean viral loads in LSIL and HSIL were not

significantly different.

Conclusion

HPV infection was found in the majority of precancerous lesions population, and was
associated with CIN2/3 and invasive cervical cancer. The clinical sensitivity and specificity of
the tests against the disease displayed at 86% and 80%, respectively. This HPV-16 DNA
real-time PCR test might be useful for health care practices as an adjunct to cytology follow-ups

for women with borderline results.
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hahusiinaaluszme 21 faathe wasinhidhanneadsand 33 et 1@“’3wmzﬁu’s'mQLLazLL's'ﬁmﬁ%Nmﬂﬁmms
Tulsmnanios 13 91ems laun asm waadioy Tasden naswes wwmils finda anany luase wazvigaslsd
Fuduusnaiimmuacmmaspumwnzaiusuanadaqumniazusnquaaiden unniiFes Tadey waznunaFes
%ﬁla\iﬁmum@hmmﬁmLwiaiuﬂuém%'uéwmf;l MIATININATILALENATA atomic absorption spectrophotometry
uaz ion chromatography HamsLAIERWUNIBEAE 90.7 209caen (HulUmuINassIu uaziaear 9.3 (5 Mot
Wushusiiing) Tiduluamuunasgiu Lf’iaqmﬂﬂ%mmuﬂﬂLﬁﬂugmﬁu@hmmsgm 0.003 fiadn3udadng e
NAABUMEEAR Pearson Chi-Square uas Fisher Exact Test fiszdutiaaday 0.05 wuhiunusegniinuazi
waaiien naswas usmila dnda waraavy Twhusindeludssmauasihdhannaslssmaliuaneieiu
smsulaslen wazluase nuludethuhusimhdhnnmasanannnihusikdalulszma dlanasaudeddn
Mann-Whitney U fiszéiutiaahdiay 0.05 wuihusiwaalulssmeiiuaadeuuazunii@ouanh udiladougnt
dmSuTwunadenliuandeiy asuhaumwiazanulasafsniussssumaiudnlulssmauasiniig
nnmeUszmadulumuinassiu dmsuuaadisndindathssalasmmehusithidhannemealsema wady
mafuasasguslnauazatuayumsiaulglnduldmunguing
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upaLignwazanITYIaum NN eusiNenuIluavauelsans® waaleuiiawnginameazgn
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1Q @ lwasaiiuansznudasumaiaiimsuasugulvidululesy lulasiazenlylufiodaauasuay
1U3udnu hemoglobin 16 methemoglobin #Uaazasndaugizadlalifitin hemoglobin Toawzly
Jumsn enzyme faztldsu methemoglobin lUtllu hemoglobin fivaznn Mswmemasandauiunm
wuhliiidien melasmundanmseurssilaasdizu sumedowndsuaziemela® Tasdoy fnda

= Jd ' Ao & Vo VY a v v @ a a o V@
wxamila nasues uazvigaslse uuwssannitudasmaudaasmsluliinanisaniius: 100 Tadninedaiu
wsapand 0.01% ennwine® rlsnndullazazanaglusamauazudivazgnivesn Tasiiiay

v @ a H ' y A v 3 ed d v o a H v
Fadndinannmalusemeliesd nszdumsmanueesseulsinnedaaiumswagsunmanglaalmiy
wasnu Mlasunniulddlunammnuazilized DNA gnvihae® finhadienszqumsinnuusaaulysd
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1A338 P Nwraanasuaa liedwdisuanday iamssnaulugesisiuasnainiie nassuugiaNiuLes
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mMiznszgnnguuazuan® wmilauussgnienuiuimipeniiussindu g wu india nesuas Wueu
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dwsuningduitinwulinhussssumnd uailéfimsmvuacinasguly ldus weaFe wniidey
TodesunasInunaidon fdaduusnaiionuiiiudame®

msasviensiliinamesusnamaidulnajminsoinneilddemaiia atomic absorption
spectrophotometer (AAS) %38 induced coupled plasma (ICP) gnulunse LLaszaalsﬁﬁqﬁaqiﬁ
WAdlnaY WY ion chromatography (IC), ion selective electrode (ISE) tiluau®®

qwui%’aﬁtﬂumsﬁnmQmm‘wu,axmmﬂaamﬁ'ﬂﬂaqﬁywLLiﬁisumaﬁNamiuﬂixmﬂuasﬁﬁuﬁwmﬂ
st el lddayaiianinsoihauaudmmsns alsznaumsinsanidania iflumsduasasguslng
LLasmmiaWﬁa33aﬁvl,ﬂuLmeﬂumsﬂ%UﬂquwLLiﬁwamiuﬂsszﬂ UM stdanumMaNiLg nsEIUMIHA
Tianumnzay u,azLﬂu'ﬁay‘asl,umsﬂ%'uﬂjqmmgwmfﬂLLéﬁiiumaﬂaqﬂismﬂﬁiaM

fai s s TN

1u3s558md Felidaemingmsaruanaeiuy S 54 srag whusindalulszmna
21 19819 WazthEneaUsune 33 et dmduihuslulsamandannunaninuslusanias
10 29130 loun wazuasAIagaen Unusil mayauys 83 Wedlal Weans §ugssil ssues y55ud uazen
ihusihdhnnehalssmendannusamaea g 14 Ussine ldun d3uaa wasuil 5and diu ldwiu laduaud
dladiile dange wasd saawsias dulaiide (Mud wewm wazdlu msieneiluilauyssanm 2556

m‘%‘mﬁauasqﬂﬂﬁﬁ

Atomic Absorption Spectrophotometer (AAS): Analytik Jena s;u 650 s (Graphite Furnace
uaz Hydride Generation) w3au@1g hollow cathode lamp wamxﬁmaxmwg

Atomic Absorption Spectrophotometer (AAS): Varian i:u 240 (Flame) WSau®78
hollow cathode lamp %38 multi element lamps 2asuaatiian Tasilian noues wuenils dnda uaadeaw
unniiFan Today Twunadeawy

Ton Chromatography (IC): Dionex 'éu DX 500 WSan@e conductivity detector

ﬂ'l'itﬂﬁtlﬂﬁiﬂ'l'ﬁl"lﬁlig’lu
GARIGEY (AR): nitric acid, hydrochloric acid, sodium hydroxide, sodium borohydride,
potassium iodide, ascorbic acid, iusdnnlasau
ASNNIPIU T ASAsABINEIPIUNZN uaatlen lasiliay nauwes wnid dnda @19ny
= o = = o v vV a a a o J =
WADLASN LLNNULTEN ISZTLG]EIN IWLLﬂﬁt‘ﬁﬂﬁJ 1‘HLGI‘JGI LtazwgaﬂliﬂﬂﬁﬂﬂL?lN“ZIu‘Ziuﬂaii 1,000 NININOBDANT

inaant@ansogaunaula (traceable to CRM)

EhRI At

3A51e9iy Standard Methods for the Examination of Water and Wastewater. 22"
Edition. American Public Health Association, Washington DC“?(APHA) laun m5iase
U%mmu:s'mqm::ﬁ"‘s Ufudeny APHA (3113 B), shsny Ufudens APHA (3114 C), upaiien lasiiian
naIuey wmile finfe wea@en unnilday ladey waslwunaFanUufidern APHA (3111 B),
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lumsauazwgaslsdufiforn APHA (4110 B) FFienzdmarilriiunmsnagauanulslavesislosi

o w

AMANEME@WIENAAY (AT 1)

AN 1 ANAN BN AYYDITIANEWYDILADUITI

LL‘iﬁWQ %Recovery* %RSD* LOD LOQ
A 99 11.7 2 ng/L 5 ng/L
UAALIEN 81 1.7 0.0001 mg/L 0.002 mg/L
Tasiiiam 83 2.1 0.001 mg/L 0.01 mg/L
NDIULON 86 4.2 0.001 mg/L 0.005 mg/L
RN RRNIG] 91 3.9 0.0002 mg/L 0.002 mg/L
unLna 102 4.8 0.001 mg/L 0.004 mg/L
vy 100 12.1 0.1 pg/L 0.5 ng/L
luiasa 107 3.1 0.22 mg/L 1.1 mg/L
Wyasalsd 91 3.5 0.02 mg/L 0.20 mg/L
LA 94 2.7 0.02 mg/L 0.5 mg/L
unniide 101 3.9 0.07 mg/L 0.1 mg/L
JOTE LY 95 5.8 0.02 mg/L 0.1 mg/L
Twunadew 97 6.3 0.01 mg/L 0.1 mg/L

a =~ o o H
ATILINTEAU LOQ 3UIWU 7 %

maieszd : asm waeiioy Tasdey nesuas uwamils finde Ywaedatadunsaluasn
Tianudaudiulsnes Jausinausnadiseios AAS msvy @ Tuwadaelianuioudndiuuas
294 potassium iodide, ascorbic acid waznialalasaasdn UsulSmnasihaniiljisenduasazans
sodium borohydride 11 sodium hydroxide ug13ac8taine AAS waadon unnil@eon Todow
Twunaidey : Jausnauinglosasidienias AAS luase Wgeslsd : n389k1u membrane filter

YU 0.45 LNATDUNDURALINLATDY IC

NIAIVANAMNINNIINTINIATIEH
ﬁuﬂ'ummgﬂGQI'EN“UBQNﬂ%tﬂ‘i’lz%ﬁﬂﬂ%tﬂi’lzﬁ spiked sample, duplicate sample Waz control
sample uazkalNNINMINAFBUANNANTARBIUFUAMIAUNTINENMFAsUIMS aglunawiminela

(M 1Z1 scores<2)

Qmmwuasmwﬂaamﬁ'ﬂwa\‘niywI,Li'ﬁssmma‘ﬁuﬁmiuﬂsstnﬂttasﬁﬁwLﬁ'wmﬂsiwﬂssmﬂ

1. NAFBUANNLANGNMIATIANUAEM waadisy Tasdion naaues wamia dnfa sy
Tunse was Waaalsd lamhafinhussssumanudalulssmauasihdannssamaniuanuduasnu
hagheiiwuuazlinuussaialvoglugumanuanuasanuidismnala] (cross table) uuu 2 x 2 15add

Pearson Chi-Square tas Fisher’s Exact Test nagauanuuandNnszauiaaiag 0.057>
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AMMNLaEANNUIBANBYDNNLISITNIANNEN luUsematasithenneedsend o ;
3 waznyan wngu

2. NAFAUANNUANANYBIUSIN AR wuniiden Taden Tnunaden Tagthnamsiesey
UsnawimgluhuwinsesiomndasndunndeigaiggalidduiiuesudaziagalasulasnZna
LL's'ﬁwﬂﬁL‘TJus:é’umﬁmuuuSué‘fu (ordinal scale) méné’uﬁmﬁ'ﬂ (mean rank) 15856 Mann-Whitney U
nagaUANNLANANTSEAUTEE AR 0.050% 1

W

msmaaﬁmeﬁﬂ%mmus'mq

madnmaamnuazeNUaaefEnaauhussssned 54 sashe wiafu ihusiindalulssma
21 thaehe uazthithandelseng 33 fahe Aensiudsnamaies 13 Nems Wuwsmaiianesgu
muualulszmanssnaeasnanigy atuil 199 (W.6. 2543) 1uu 9 M1em3 dud ez uaawien Tasidiaw
neued wmila dndia vy lwese Waesalsd wazldfidnanasgiumvue 4 :ems laun ueaden
uwnnildten Tndey warlwunadoy wadensinuh Usinagageessusmgidainasgu 1dud azm
waaLiiaN Neued lasiiien wamila fndia snswy luiese Waeslsd v 0.009, 0.005, 0.1, Weandi 0.01,
0.072, 0.02, 0.006, 18.0 WAL 0.91 NAANTNADANT MNIIAU fhussnnu s Mot (588 9.3) Fafhnhus
iitnnesUszne (wasuil dSuea wazdond) ifaamwiinanasgu fa wuuaadiangend 0.003 iadniu
#08A5 (WULRAY 0.005 HAANSNADANS) 131LL'ﬁ"*?'i‘wumzﬁl'aﬂ%mmgﬂna"ﬁ'ummmgm 79 0.009 NAANSNADANS
Wwhusihdhannlduiu waziwuiinfaUinaganiudunasgu #a 0.02 Tadniudodas s
ihannwasuil 2 dee dulFina uaades wuniliBoy Tndoy uerlwunaden iwugage fo 242, 116,

324 U@z 25 FBANSHADANT MNAAU HANMIANINLANTHULIUAZAINATFTIU (TN 2)

9T 2 USINUENEAZBILITINNATIINUINAIDENNNNA 54 GIBEN

USnugega (mg/L)

(L3576 AMNNIFIU*(mg/L)
) Tuseina aUseine -

Az 0.006 0.009 Tsithu 0.01

LAALIEN <0.002 0.005 Tsithu 0.003

NBILAY 0.01 0.10 Taidu 1

Tasiilam <0.01 <0.01 Taitdin 0.05

unaM e 0.003 0.072 Taiiu 2

untia 0.01 0.02 Taiin 0.02

Iy 0.003 0.006 Taidin 0.05

Tuase 18.0 16.0 Taidiu 50

Wyasalse 0.63 0.91 NN 1 (Handan)

LaaLge 65 242 -

unnide 26 116 -

JCTGIEY 151 324 -

Tnwunaidan 7.1 25 -

*UszMANTENTNATTUGY AUUN 199 (W.A. 2543)
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NUMBENNINUKTNEN ) Tuhushnda ludszmanasmhdnannadsena (anaen 3 uay
a
MINN 4)

317 3 NUMBENTINULIINI 9 Tnnushadaludsama 21 daegha

WHBIHAR Azm wARLNeN Tasuiiey OO wwamila  dnda @swy luese
(UHUMBEN)
ag5en (1) 1 - - 1 1 1 1
Unusil (7) 4 2 - 1 5 - 7 1
on (2) 1 2 - 2 2 1 2 2
= ¢
Y (2) 1 1 1 1 1 - - 2
Feralwad (1) 1 1 1 1 1 1 1 1
=
ey (1) - - - 1 1 - - 1
o~ Cd
U3neg (2) 1 - 1 2 2 2 - 2

=
MaAUYs (2) 1 - - 2 2 - 2 1
gnugIni (2) - - - 1 1 - 2 1
seua (1) - - 1 1 1 - 1 1
93U (21) 10 6 4 12 17 5 16 13
P ° o oA ' ' H 1A 0w ' o '

ANINN 4 mmumamwwumﬁmmq ) qumwmmmnmmssmﬂ 33 MIYN

NG Az wAnLNe Tasiilan RN waamile UnLia aINY Twese
(UHUMBEN)
W5Ad (6) 5 5 3 5 6 3 6 5
wasyi (5) 2 3 4 4 5 4 2 4
aana (8) 3 5 5 4 5 2 4 6
.
adu (1) - - - - 1 - 1 1
duladide (1) 1 - 1 - 1 - 1 1
TawYu (1) 1 - - - 1 - - 1

4 Cd
uasg (1) 1 - - - 1 - 1 1
Ty (1) - 1 1 1 1 - 1 1
pRELASAY (2) 1 - 1 - 1 1 1 2
wpue (1) - - - 1 1 - 1 -
A (4) 1 - 1 1 4 1 4 4
angw (1) - 1 - - - - - 1
Teduaud (1) 1 - - - - - - -
adu (2) - - 1 - - - 1 2
534 (33) 16 15 17 16 27 11 23 29

azM uaatiiean Tastlian neaues wamila dndia srsvy wazluiese daluaiasaliny wiawy
pan LOQ lagwuussqmaniiluihusindalulssimadaiusosas 38.5, 28.6, 20.0, 42.9, 38.6, 31.2, 41.0
waz 31.0 muaau wazwulwhusimhhannendsznadaduiosas 61.5, 71.4, 80.0, 57.1, 61.4, 68.8,

59.0 WAT 69.0 MNAINU
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dmsuuaaiden uinildey Tndon warTwunaden thusiinaalulsama tedamslinuuaaide
wosunniiBen winulndouuaslwunadeanndoie husihihannelssmanuneaidon winiidey
Tondey worTwunaFauyndogn Tasmmnhusinanndsaad wasuil uasdond wdussqgmaiigenn
(mswﬁ 5)

MING 5 HININTITAATLWUTINAUUIEIN 4 TIENT DUUNMINUNEINER

WASIHE® USinausang (Fadnsueadns)

(UIUMDEN) waaLde wnniideu Tnden Tnwunadeu

Tudszna (21)

ag5en (1) 30 9.2 134 1.9
Unumﬁ (1) <0.5-19 0.1-7.7 104-178 0.8-3.9
on (2) 48-50 25-26 47-517 1.6-2.2
aqﬁq%' (2) 0.5-36 0.1-7.0 110-151 1.8-3.4
Wenlvd (1) 65 8.3 13 1.8
Fene (1) Taiwu Taiwu 4.6 0.8
Y3Tne (2) 2.1-3.5 14-15 13-32 2.5-3.6
mtyauq’% (2) Tdwu-<o0.5 0.1-0.1 0.9-1.6 0.7-1.4
gaugionil (2) Tdwu-<o0.5 Taiwu-o0.5 55-67 1.2-7.7
seum (1) 16 0.3 65 4.9

maUszine (33)

W5LAd (6) 13-166 5.2-84 4.9-151 1.4-11
wasuil (5) 46-242 4.5-116 4.0-324 1.8-25
aea (6) 33-163 6.5-54 0.9-33 0.6-3.8
atu (1) 27 9.8 31 5.8
dulaiide (1) 3.9 2.8 6.3 1.6
Tawiu (1) 1.7 0.5 2.7 0.3

4 o
uasng (1) 4.0 1.0 6.8 1.0
Tondle (1) 63 20 8.1 1.5
pRILASLAY (2) 8.5 6.2 11 1.7
WA (1) 11 1.5 3.6 1.3
{Mna (4) 0.9-28 0.4-3.6 4.6-15 0.8-2.6
29N (1) 17 4.4 11 1.3

d d
Toduaud (1) 2.9 0.9 11 0.9
audu (2) 8.4-60 2.0-27 4.5-5.4 0.1-2.6
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ﬂmmwuaymwﬂaaﬂnﬂwmmuﬁ‘nNamiuﬂmmﬂuammmenmaﬂsymﬂ
mawﬂaaummmmmmumamwwml,avluwum.,m uaatliay Tasuian naune inia wuemila
dsmy Tutase Tuhusiindaludszmauazihusiighaneelssimasioadd Pearson Chi- Square
m.,ﬂuuﬂmﬂm 0.05 (m‘muwaaalsoﬂmﬂaauLummﬂwamsmammswmwuuaﬂmw 1 U8dn5uaaNS)
ATAULNNUE LLaglmmm WINNMSNAFBUAIE Pearson Chi-Square Wulmmeaniaiaani 5 915696
Fisher’s Exact Test mamsmaaummﬁﬂm'«iwmuﬁaaﬂwﬁwumﬁiﬁ u,@mﬁsm NOIUON LU UNLHS
uazansny liuaneneiy (p-value>0.05) l,l,amdﬂamawuLL‘iﬁmméwﬁluﬁwLtiﬁwamiuﬂs”mﬂLLavﬁﬁuﬁwmﬂ
satlssnafion 9 nu nsailasiienuazliese nuhuanieny (p-value<o. 05) waaehiilamanulasiiia
wazlusaluthusmighandslszmasnnniniusinaaludszmna (n5197 6)

MINN 6 HAMINAFOUANNDYBINUIUMIBENNWULITNAGN ] MUUNMNUWAIHEA

WABNHER GER) uARLEEN Tastiian NDIUON wiamila e @svy luese
(UM BEN) WU wu WU Wy Wu WU WU Wu
Tutsewma (21) 10 6 4 12 17 5 16 13
aUszne (33) 16 15 17 16 27 11 23 29
534 (54) 26 21 21 28 44 16 39 42
p-value 0.951 0.215 0.029 0.535 1.0 0.455 0.604 0.042

danasauusinaueaden unnilFoy Tndon wazTnunasdeon luhusiindalulszmauazinigh
NneeUssnAceadn Mann-Whitney U fiszautizenaay 0.05 wamsnadaunuusmnaunaidey unniides
wazlodion luthusiuaelulszmauazfihhandasemauaneeiy (p-value<0.05) Tagthusiuae
Tudssmafiviinaueaiauuazuuniidoumnhihusimhdnndesanauailadenganh dmdulsne
Tnunadanluhusindalulssmauarihuhnamelsenaliuandaiu (p—value>0.05) (miwﬁ 7)

P~ o w o o a = P ~ a
M1 7 MOUNRAY (mean rank) wazwamsnadauUsinaweaBen wnnilden Toaden Inwunadas
LUNOINLBIIHE

WABINDR wAaLTE N wuNilBan Tndey Twunade
Tudszna 16.1 18.8 36.4 29.4
anaUsene 31.3 31.0 21.8 26.3
p-value 0.001 0.005 0.001 0.478

a 4
AU

PuamsmInumMwihusindelulszmawssihihnnhessme liwuwsmgladuianasgu
anciunaatiisn Y 5 Mo ndsgniimanuiunse (pH 5-6) Lm61LﬁﬂuLﬂuttiﬁwqw%aiawzﬁﬁnﬂzﬂu
fundmadanzd azm uazmauas uailsniiuigniazsou 18Gu-1m uealsnlflugamunssuuuaiae’
diod wisldlumsiedou wasmamd ualdlumsasimasnana@n® mstuidauluhdvanaiiawmgnn
anwbivianivasdansdildindou viafiunadisnludindavilaveviadudunanuaaiiodilduae
nowazsthwanadn viiatudlaunnmationinaslansiilfifonda i589uan The New York Times®”
atiufudl 5 figueu 2010 Hldfimadenfuudinisuiumsguaes McDonald Tufanssudussumsng
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Kannika Jittiyossara and Kanya Puksun
Bureau of Quality and Safety of Food, Department of Medical Sciences, Tiwanond Road, Nonthaburi

11000, Thailand.

ABSTRACT Natural mineral water is water obtained directly from natural or drilled sources from
underground water. It is normally rich in some kinds of mineral known to be beneficial to health.
The concentration of minerals depends on the location of the sources. It is categorized as food and
regulated by the Ministry of Public Health. Increasing brands of both locally produced and imported
products in markets indicate the increasing acceptance by consumer in Thailand. Although it is normally
bottled at source, it may be contaminated naturally or by industrial activities. Therefore in the fiscal
year B.E. 2556, the Bureau of Quality and Safety of Food conducted a study on the quality and safety of
mineral water distributed in Thailand. The total of 54 samples (21 locally produced and 33 imported) was
analyzed for 13 minerals and trace elements. These were Pb, Cd, Cr, Cu, Mn, Ni, As, No, and F which
are regulated because they can be harmful to health and Ca, Mg, Na and K which are not regulated but
essential to health. The analytical techniques used for analysis were AAS and IC. The results showed
that 90.7% of the samples complied with the regulations and 9.3% (5 imported samples) did not comply
due to the levels of cadmium which exceeded the standard limit of 0.008 mg/L. The data were analyzed
statistically. With Pearson Chi-Square and Fisher Exact Test, the results showed that at a =0.05 there
was no significant difference between the numbers of local and imported samples containing Pb, Cd, Cu,
Mn, Ni, and As. For Cr and No,, the number of imported samples were significantly higher than the
local products. With Mann-Whitney U test at a =0.05, it was found that the local products contained
lower levels of Ca and Mg but higher Na. For K, no significant difference was observed. In conclusion,
the quality and safety of both local and imported natural mineral water complied with the regulation.
For Cd, monitoring should be carried out, especially in imported products, to protect the consumers and

to facilitate the enforcement of the regulation.
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Contamination and Reducing of Parasite in Fresh Vegetables by Washing Tanongpan Satjapala el al.
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Contamination and Reducing
of Parasite in Fresh
Vegetables by Washing

Tanongpan Satjapala Kanogwan Toonsakool and Kuntong Pednog
Bureau of Quality and Safety of Food, Department of Medical Sciences, Tiwanond Road Nonthaburi

11000, Thailand

ABSTRACT It is generally known that vegetables are nutritious and health foods, in particular,
for the people who want to diet. Moreover, the people by global approach are encouraged to consume
more of these produces. However, World Health Organization indicated that vegetable consumed raw
may serve as vehicles for transmission of infectious parasites.Therefore, in 2556-2557 B.E., Department
of Medical Sciences undertook the risk of parasitic contamination in 10 kinds and 10 samples each of fresh
vegetable consumed raw which were coriander, centella asiatica urban, leek, parsley, celery, peppermint,
lettuce, garlic-like vegetable, white lettuce and kale. The experiment included 3 wash-methods, soaking
in water; saline solution (15 grams NaCl in 4 liters of water); vinegar solution (15 milliliters of vinegar in
4 liters of water) for 10 minutes which were compared to unwashed vegetable. The results shown that 100
fresh vegetables were parasitic contamination 91 samples. The contamination could be sorted as free-living
nematodes 72 samples, mites/eggs 80 samples, Ascaris spp. eggs 33 samples, larva of Trichostrongylus spp.
1 sample, hook worm eggs 4 samples, Taenia spp. eggs 2 samples, and Enterobius vermiculaaris eggs 2
samples. The three wash-methods soaking in water, vinegar solution and saline solution could reduce
the parasite numbers 3-14, 6-14 and 3-13 times when compared to unwashed vegetable respectively.
Risk management to this matter would be The Good Agricultural Practices at growing areas and washing

vegetable thoroughly before consuming which would leave too few parasites to cause illness.

Key words: Contamination, parasites, fresh vegetables
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Achievement of Laboratory
Accreditation Program from 2006-2012
of the Regional Medical Sciences
Center 7" Khonkaen

Tanniti Janlueang

Regional Medical Sciences Center 7" Khonkaen, Amphoe Muang Khonkaen 40000. Thailand

ABTRACT The Regional Medical Sciences Center 7" Khon-kaen is a medical and public health
laboratory which play an important role in developing a variety of laboratory analyses as well as provide
laboratory analysis service required for public health surveillance and solving the public health relating
problems within the area of responsibility. This study was conducted by collecting the PT test reports
and laboratory competency approval document. From a total number of 262 reports resulting from 80 test
items from year 2006-2012, there were 227 reports (87% ) from 58 test items passing the criteria. Thirty-five
reports (13 %) from 22 test items did not pass the criteria. A total number of 90 test items assessed for
accreditation from year 2006-2012 were studied. The results showed that 87 test items (97%) were accredited.
The three test items (3%) were non-compliance owing to malfunctioning of old equipment, more than
15 years old, making it unable to determine the measurement uncertainty. Due to the achievement of
laboratory accreditation, the quality of service was improved. The result were increasing from 58 test
items to 69 test items (86%) and the proportion of results reported back to the customers within time
form 2006 to 2012 were 89, 92, 91, 91, 87, and 95 respectively. The numbers of complaints from customer
were 4, 3, 0, 1, 2, 0, and 0, respectively. The percentages of satisfied customer from year 2007 to 2012
were 77, 85, 86, 87, 85, and 86 respectively. The results of this study are useful for PT surveillance and

preparing for expanding accredited laboratory’s scope for the upcoming of AEC in 2015.

Key word: Laboratory Accreditation, proficiency testing
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