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Focus and scope

The Bulletin of Chiang Mai Associated Medical Sciences (Bull Chiang Mai Assoc Med Sci) is the official
peer-reviewed journal of the Faculty of Associated Medical Sciences, Chiang Mai University. Manuscripts
(original articles, general articles, short technical reports, notes, and letter to editor) in areas of Medical Technology,
Physical Therapy, Occupational Therapy, Radiologic Technology, and related fields are welcome. Bull Chiang
Mai Assoc Med Sci is published 3 times a year in January, May and September.

The goal of Bull Chiang Mai Assoc Med Sci is to provide a platform for scientists and academicians to promote,
share, and discuss various new issues and developments in different areas of Medical Technology, Physical
Therapy, Occupational Therapy, and Radiologic Technology.

The final decision on publication of a manuscript rests with the Editorial Board and ultimately with the Editor.
All papers, regardless of type, represent the opinion of the authors and not necessarily that of the Editor, the
Association of the Publisher.

Objectives

The Bulletin of Chiang Mai Associated Medical Sciences aims to publish integrating research papers in areas
of Medical Technology, Physical Therapy, Occupational Therapy, Radiologic Technology, and related under
peer-reviewed process by at least two internal or external reviewers.

Types of manuscript
Manuscripts may be submitted in the form of original articles, general articles, short technical reports, notes,
or letters to editor where, as an approximate guide to length:
= Review articles would not normally exceed 20 journal pages of printed text, inclusive of tables, figures,
and references.
= QOriginal articles would not normally exceed 15 journal pages, similarly all-inclusive.
= Short communications including technical reports, notes, and letter to editor would not normally
exceed 5 journal pages.

Peer review process
All manuscripts must be peer-reviewed by at least 2 internal or external reviewers in the areas of Medical
Technology, Physical Therapy, Occupational Therapy, Radiologic Technology, and related.
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Human Leukocyte Antigen (HLA) has been associated with several immune-mediated diseases,
malignancies and infectious diseases. Due to the HLA complexity and polymorphisms, several types
of HLA have been used as the molecular markers in diagnosis. Among different ethnic groups, HLA is
genetically diverse resulting in the differences of disease susceptibility. The study of HLA in Thai population
will help an understanding of diseases pathogenesis and the genetic linkage leading to the development
of genetic markers that are specific to Thai population. Vogt-Koyanagi-Harada (VKH) syndrome,
HLA-B27-associated acute anterior uveitis (AAU) and Behget's disease (BD) were found to be the major
causes of non-infectious and autoimmune-related uveitis in Thai patients. Several etiologic studies in
Western, European and other Asian populations reported the strong association between HLA-DR4 and
VKH, HLA-B27 and AAU as well as HLA-B51 and BD. However, few in HLA-B27 and none in HLA-B51 and
HLA-DR4 related uveitis study have been reported in Thailand. This briefly review discusses the association

of HLA and non-infectious uveitis among populations and future research aspects for Thai populations.
Bull Chiang Mai Assoc Med Sci 2015; 48(1): 10-17. Doi: 10.14456/jams.2015.6

Keywords: Human leukocyte antigen, HLA, uveitis, disease association
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Introduction

Over the past forty years, several human leukocyte
antigens (HLA) have been identified as HLA-associated
diseases involving in disease susceptibility and being
the diagnostic markers. These associations found in
immune-mediated diseases, malignancies and infectious
diseases. The most well-known and classic HLA antigen
is HLA-B27 associated with ankylosing spondylitis.1
The advance technologies in genetics and molecular
biology together with the successful of the human
genome project lead to the understanding of HLA
polymorphisms and found several HLA alleles associated
with a number of human diseases. For example, HLA-
DQA1*0501/DQB1*0201 encoded HLA-DQ2 antigen
and HLA-DQA1*03/DQB1*0302 encoded HLA-DQ8
antigen are strongly associated with coeliac disease,’
HLA-DRB1 alleles associated 30-50% with rheumatoid
arthritis,” HLA-DPA1 and HLA-DPB1 alleles associated
with chronic hepatitis B virus infection,* HLA-DRB1*1602-
DQA1*0102-DQB1*0502 associated with Graves'disease’
and HLA DQB1*0602 associated with narcolepsy, a
lifelong sleep disorder.®® The studies of HLA disease
association vary widely among different ethnic group;
however, it is still unclear regarding to the actual mechanisms
of HLA in the disease development and still requires the
Bull Chiang Mai Assoc Med Sci

larger case-control studies in diverse populations.” The
person who carries particular HLA antigen or allele
associated to one disease may not suffer with the
disease; nevertheless, the patients who suffer with their
disease usually have such specific HLA antigen or allele.
Therefore, identification of specific HLA alleles and
antigens associated diseases is beneficial for
understanding the disease immunopathogenesis
supporting the proposed theory of HLA markers for
disease diagnosis.

Since there are several emblematic
HLA-ssociated diseases reported with a particular
HLA haplotype and/or alleles, we will focus on HLA
associated with only one disease, uveitis, a major
cause of visual impairment and blindness accounting
for 45 million people worldwide in which one third
are Asian. In Maharaj Nakorn Chiang Mai Hospital,
Chiang Mai, Thailand, almost 500 patients each year
suffer from uveitis. 60% of patients were non-infection
and/or autoimmune-related diseases and about 19% of
patients were undetermined etiology.' This review aims
to discuss the association between HLA-related genetic
linkage and these three causes of uveitis, non-infection,

autoimmune diseases and unidentified cause.

Vol. 48 No. 1 January 2015 11



Pathogenesis and causes of uveitis

Uveitis is the major cause of blindness.
The inflammation can occur at uvea, including iris,
ciliary body, choroid, vitreous, optic nerve and/or
retina. It can be divided into 4 classes based on anatomical
classification including anterior, intermediate, posterior
and panuveitis. Anterior uveitis (Figure 1) occurs in
anterior chamber resulting in iritis, iridocyclitis or anterior
cyclitis. Intermediate uveitis occurs in vitreous and/or par
plana leading to pars planitis, posterior cyclitis or hyalitis.
Posterior uveitis occurs in retina or choroid, whilst,

panuveitis occurs in all site.

Figure 1. Anterior photography of acute-anterior uveitis presented
with ciliary injection, anterior chamber cells, hypopyon and posterior

synechia

To identify the cause of uveitis, medical history,
ophthalmic and physical examination together with
laboratory tests are needed for the accurate treatment.
Misdiagnosis might lead to the harmful treatment
resulting in worse disease development. The causes of
uveitis can be infection, autoimmune-related diseases,
eyes trauma, malignancy and unidentified factors. The
major causes of non-infectious uveitis in Thailand was
reported in Pathanapitoon et al. (2008) including
HLA-B27-associated acute anterior uveitis (AAU)(7%),
Behget's disease (5.8%) and Vogt-Koyanagi-Harada
(VKH) syndrome (16%) which differ from the West and
other Asian populations.”” Non-infectious uveitis is a
matter of interesting with HLA association including
HLA-DR4 can be associated with Vogt-Koyanagi-Harada
(VKH) syndrome (Figure 2), HLA-B27-associated with

12 ’J’]iﬁ’]iLﬂﬂﬁﬂﬂWiLLWﬂiTL‘AHUGI‘V\&J'

acute anterior uveitis (AAU) and HLA-B51-associated with
Behget's disease.

The genetic risk has been concerned since
the period of nineteen centuries when the massive
migration of Chinese into Thailand was noticed."
Intermarriage of different ethnic groups between
Asian-Asian and Asian-Western or European has been
widespread which affects the transfer of genetic
information among populations. New genetic marker for
certain disease susceptibility is a matter of concern and
can vary among ethnic groups due to the population

movement.

Association between HLA and non-infectious uveitis and

its study in Thailand

HLA-B27, HLA-B51 and HLA-DR4 can be
found in Thai population with the frequency of 4.4%, 2.5%
and 4.6% (DRB1*0405), respectively.'' However, the gene
frequency of first two HLA in Northern Thais is higher (6%
and 4.9%, respectively),” whilst, those of HLA-DRB1*0405

is lower with the frequency of 3.3%."

HLA-B27-associated acute anterior uveitis (AAU)

The first study of HLA-B27-associated AAU
in Northern Thailand was described in 2006." About
43% of patients with AAU presented HLA-B27-positive
similar to the findings in the West. This HLA allele showed
a strong association with AAU and tended to have more
disease recurrences. The prevalence of HLA-B27-
associated AAU differ among the ethnic groups such as
97.5% in Chinese,' 77.7% in French study,” 50% in
British study,’® 40% in Turkish"” and 15.9% in
Switzerland.® Differences in the severity of uveitis and the
prevalence of HLA-B27-associated AAU might be
influenced by the genetic factors.

Fifteen percent of HLA-B27-associated
AAU Thai patients had ankylosing spondylitis (AS)."
Previous studies in Korean and Turkish demonstrated
that HLA-B27-associated AAU had more developed
hypopyon, fibrin in anterior chamber and more
association with spondyloarthropathy than HLA-B27-

17,19

negative AAU. Almost half of AAU Thai patients were

HLA-B27-negative and the cause remains unknown."

D7 48 a1iufi 1 unAw 2558



HLA-B27 subtypes or other HLA alleles might be related
to these patients and should be further investigated.
Approximately 62 subtypes of HLA-B27 with
different protein translation were identified, but not
all subtypes are disease-related.”® The most widely
distributed disease-associated
is HLA-B*2705, whilst, HLA-B*2702 and HLA-B*2704

subtypes worldwide

are common in Mediterranean Caucasian populations

and Asian populations, respectively.”’ HLA-B*2704

showed strong association with AS in Chinese,*"?

Japanese,® Taiwan® and Thai.”

HLA-B51-associated Behget’s disease

Behget's disease (BD) is a systemic vasculitis
resulting in oral ulcers, genital ulcers, skin, ocular
lesions and gastrointestinal and neurological systems
involvement. It occurs predominantly in Asian, Middle
Eastern and Mediterranean populations with 10 times
higher in prevalence than in European and Amerindian

% Uveitis is the most common ocular

populations.
complication of BD. The most common type of
involvement in patients with Behget’'s uveitis (BU) is
posterior or panuveitis (Figure 2 and 3). In Thai patients,
BD is one of the major causes of retinal vasculitis®

(Figure 3). The cause of BD is unknown but genetic

factor might play a role in the pathogenesis.”

Figure 2. Anterior segment photography demonstrated acute

anterior uveitis with hypopyon in Behget’s uveitis

HLA-B5 is a strong genetic involvement
with  BD which specifically links to the predominant
sub-allele HLA-B51.*® Since BD is commonly found
in Asians including Chinese, Korean and Japanese,”®
HLA-B5/B51 might be also the risk factor for BD or
BU in Thais. Until now, there was no report regarding to
the prevalence of HLA-B5/B51 in Thai patients with BU.

Although Amerindian peoples have high
prevalence of HLA-B51, no cases of BD have been
reported.”® Therefore, the presence of HLA-B51
in the western population does not correlate to BD
susceptibility and might be specific only to Asian

populations.
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Figure 3. Fundus photography of right eye shows retinal vasculitis

in Behget’s uveitis

HLA-DR4-associated Vogt-Koyanagi-Harada
(VKH) syndrome

Vogt-Koyanagi-Harada (VKH) disease is
a multi-systemic autoimmune disorder with granulomatous
panuveitis, serious retinal detachment (Figure 4),
skin, auditory and central nervous system involvement.
VKH syndrome commonly occurs in various ethnic groups
worldwide including Asian, Middle Eastern, Hispanic
and Native American population but rarely in
Caucasian. In Thailand, women patients were found

323 pPrevious

dominantly with 48% of retinal detachment.
genetic studies revealed that several HLA have
been linked with VKH syndrome including HLA-DRA4,
HLA-DR53 and HLA-DQ4 with strongest associated

risk for HLA-DRB1*0405 and DRB1*0410 haplotype.***
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The strong association between HLA alleles and VKH
syndrome is different among races. However, there
was no report about HLA-linked VKH syndrome in
Thailand. For Asian populations, only the studies in
Japanese, Chinese and Vietnamese have been published.
HLA-DR4, HLA-DR53 and HLA-DQ4 are strongly

associated with VKH syndrome in Japanese,”

whilst, HLA-DR4, HLA-DR53 and HLA-DQ7 are found
in Chinese patients.”® Likewise, HLA-DR4 presents
75% frequency with DRB1*0405 allele expression in
Vietnamese patients.® All these reports suggest that

HLA-DR locus could be the primary susceptibility genes

for VKH pathogenesis.

Figure 4 Fundus photography shows bilateral serous retinal detachment in Vogt-Koyanagi-Harada disease

Other susceptibility genes with uveitis symptoms

Several other genes including other HLA
class |, class Il and genes outside HLA locus might be
also associated with uveitis. Other HLA class | genes are
HLA-A2 and HLA-B58. HLA-A2 was found in Japanese
psoriatic arthritis patients with uveitis but its strong corre-
lation remains uncertain.*’ In inflammatory bowel disease
(IBD)-associated uveitis, HLA-B58 was reported to be the
susceptibility gene.*' The roles of these two HLA genes
in disease pathogenesis are still to be clarified.

Other HLA class Il genes might also affect
uveitis. HLA-DRB1*08 was reported to be associated
with acute anterior uveitis (AAU) in Japanese,
Norwegian and Mexican Mestizo patients with AS.**
But the specific role of HLA-DRB1*08 in AAU
remain unclear. In Caucasian studies, HLA-DRB1
*0801/DQA1*0401/DQB1*0402 was associated with
AAU.45 Another allele, HLA-DRB1*0802 was revealed
in Mestizo pars planitis patients.” Besides HLA-B58,
HLA-DRB1*0103 might be also related to IBD-associated
uveitis. However, this HLA subtype has not been found to
be associated with other uveitis entity."'

a € '
14 ’J']SE‘T’]SL‘ﬂﬂuﬂﬂ’]iLLW'Y]UL"EEJGI'M&I

For other genes located within HLA locus,
MHC class | polypeptide-related sequence A (MICA)
located near HLA-B locus was strongly associated
with BD. A study of triplet repeat (GCT/AGC) in the
transmembrane region of MICA gene demonstrated
that MICA*A6 allele showed the strong association
in Korean patients,” while, MICAO09 was reported
in Japanese patients® (Mizuki et al., 1999). Another
gene cluster implicated AAU is low-molecular weight
polypeptide 2 (LMP2 or PSMB9) with LMP7, TAP1
and TAP2 reported in SNP studies which not all
provided the positive results. Therefore, the mechanism of
these genes remains to be clarified.*

From genome-wide association studies
(GWAS) and SNP studies, several uveitis-susceptible
genes were reported outside the HLA locus. Multiple
RNA transcripts, multiple protein genes and
autoantibodies have been revealed the potential of
uveitis susceptibility and might be the novel target for
pharmaceutical drugs. The examples of significant
genes linked to AAU and non-infectious uveitis include

Killer Immunoglobulin Receptor (KIR) genes, genes of
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cytokines such as IL-1 cluster, IL-10, TNF, TNFR1 and
IL23R, ANTXR2, CARD9, ERAP1, TRADD, STAT3, two
intergenic regions on chromosome 2p15 and 21922 and a

48,49

region on chromosome 9p. However, very few genetic

studies in this field have been performed in Thailand.

Conclusion

This review briefly explains the previous
studies related to the association of HLA, other genes
and the actual causes of uveitis among populations.
Non-infectious, autoimmune related uveitis and
undetermined patients are of interesting to investigate

whether genetic factors are linked or not. Although

several etiologic reports presented the strong association
between HLA-DR4 and Vogt-Koyanagi-Harada (VKH)
syndrome, HLA-B27 and acute anterior uveitis (AAU)
as well as HLA-B51 and Behget's disease (BD) in
Western, European and Asian populations, few have
been reported in Thailand. Therefore, the study of more
HLA alleles and other genes related to uveitis together
with gene frequency in uveitis Thai patients is very
interesting for further investigation. This will benefit
the physicians for disease prognosis and diagnosis in
the earlier stage of disease to provide the effective
treatments and can be used as a genetic marker for

uveitis susceptibility in Thai population.
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Extensively-Drug Resistant Tuberculosis (XDR-TB) is emerging as an even more ominous treat. XDR-TB
is defined as TB that is resistant to any fluoroquinolone, and at least one of three injectable second-line drugs
(capreomycin, kanamycin and amikacin), in addition to isoniazid and rifampicin. This makes XDR-TB treatment
extremely complicated, if not impossible, in general treatment. In a 2006 XDR-TB outbreak in KwaZulu-Natal,
South Africa, 52 of 53 people who contracted the disease died within months, It is estimated that 70% of XDR-TB
patients die within a month of diagnosis. The most recent drug-resistance surveillance data issued by the WHO
estimates that an average of roughly 5 percent of Multi-drug resistant tuberculosis (MDR-TB) cases are XDR-TB.
Estimating the incidence of XDR-TB is extremely difficult because most laboratories are ill-equipped to detect and
diagnose. To avoid the emergence of more resistant strains that may lead to almost untreatable disease, we must

focus our efforts on the right management of drug resistance tuberculosis.
Bull Chiang Mai Assoc Med Sci 2015; 48(1): 18-28. Doi: 10.14456/jams.2015.5

Keywords: Mycobacterium tuberculosis, multi-drug resistant tuberculosis, extensively-drug resistant tuberculosis,

drug-susceptibility testing, anti-tuberculosis drug
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Figure 1. Number of patients with laboratory confirmed XDR-TB in 2013
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nangnia mwé’awudnﬂm%amsw”uﬁj KwaZulu-Natal
(KZN) family I@m)”@]d’uﬂm%amﬂw”uﬁ: XDR-TB lu
1 2006™ Gandhi wazanme" ﬁﬂ‘]:ﬂt,%aa’]tlwyuf XDR-TB
ﬁ?ﬁadfy"lﬁmn;gﬂmﬁﬁ@L%ﬂi'misﬂﬁ]wnIsGWUwuwasLu
a9 KwaZulu-Natal Uszinauaninld d2e4% genotyping
WUI1$1WIn 39 isolates INNTINUA 46 isolates 1T
FUWUT KZN family WaNINNTHIUITBV8I Motiwala
uazAmE™ e M. tuberculosis T3 luARIBNH $1WI%
3 isolates 91NLia9 Kwazulu-Natal 41474 3 isolates
¢ MDR-TB, XDR-TB uazifafilsiasnanyih sequencing
lagldinadia high-throughput DNAsequencing Tu
13120 Rv3616¢-Rv3617 intergenic region W‘LI’J"]L“‘I%/E]
Ylg\‘la’mmzlwuufﬁ genetic backgroundﬁLL@m@i’vaﬂﬁl’m
Léamﬁw”uﬁ: FISILAM4/KZN 9 Lﬂuamw‘”ufﬁé'ﬂﬁﬁa
Tsalutszinauansnmle uazidSouifiou single-nucle-
otide polymorphisms (SNPs) seninatadilidasn uas
138 XDR-TB wuinfiaauuane1aniu 33 SNPs
(single-nucleotide polymorphisms) Tanuiinisiia
insertion Waz deletion @IKaUEY SNPs ileidusnume
LawWEY au%a XDR-TB ldur AoV (DNA gyrase subunit A,
gyrA), L25I (transmembrane transport protein, mmplL13a),
Y207Y (arylsulfatase, atsD [aryl-sulfate sulphohydrolase]),
D441G (DNA-directed RNA polymerase beta subunit,
rpoB), L458P (DNA-directed RNA polymerase beta subunit,
rpoB), 11112T (DNA-directed RNA polymerase beta subunit,
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rpoB), A1401G (ribosomal RNA 16S, rrs), L275P (hypothetical
protein), V188A (conserved integral membrane protein),
AB84A (30S ribosomal protein S11, rpsK), D64E (hypothetical
protein) Las G418W (PPE family protein)

N13N191BVBIYN LLazﬂa1ﬂ1%ﬂ1ia 281209180

M. tuberculosis

MINBFDLNVBITE &ININNAINNMT ﬂmﬂw"'uﬁ:

a A a5 A *~ o o &
S mnenazldeangnd mluﬂfaguuwumsnmmwuﬁq
vasfin wazildifiansdadaslungy firstline uaz
second-line antituberculosis AJLRAILWANTIIN 1 lag
X 9o WAl A a . X
ATfasgInNarin e liddszansainlunsvinanewsa
@10819N137N91%  WASNA NIAadasN I nEINIT6ae

¥ v 1, . . . . . lé Q.

18 XDR-TB L@l isoniazid uag rifampicin Gaiduensnm
Toulsalunga first-line drug uazznlunga second-line
drug léun fluoroquinolone, kanamycin, amiikacin L8z

capreomycin

Table 1. Drug resistance gene of M. tuberculosis

Anti-TB drug Genes mutated in resistance
First-line drugs

Isoniazid katG, inhA, ahpC, oxyR,
kasA,
furA, ndh

Rifampicin rpoB

Ethambutol embCAB

Pyrazinamide pncA

Streptomycin rrs,rpsL,gidB

Second-line drugs

Fluoroquinolones gyrA, gyrB
Injectables:
Kanamycin and amikacin  rrs

Capreomycin rrs, tlyA
Streptomyin Rrs, rpsL, gidB
Cycloserine alrA, ddl
Ethionamide inhA, etaA/ethA
Para-aminosalicylic acid Unknown

1. Isoniazid (INH)

p1insimlialungy first-line drug w3a
isonicotinic acid hydrazide(INH) (Jugnfifanuiimzgs
lun13insaide mycobacteria T@mawwzaﬂwﬁ'alumju
M. tuberculosis complex® lassaindvassndsznaveie
pyridine ring W8zwy hydrazine®" isoniazid Wuenids
ladgunsarinanwld (prodrug) $idudasaduiawlod
KatG 2089158 mycobacteria @oidutanladifigany
catalase-peroxidase bunstasulassaieliaiunsa
ﬁwmuaanqw%%mm%avlﬁ (active form)' Lfiammj’ngt,snaa’
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azpnaanglulasiaudioionlsyd Katc nanwidu
isonicotinoy! radical ﬁﬂ’numminluﬂﬁﬁdﬂyj NAD+
aaenRus laraud fldenaglugues INH-NAD
adduct mminﬁ'uéﬁl,auvlsnﬁ enoyl-acyl carrier protein
reductase (InhA)) S‘ﬁaLﬂuLauvlsnﬁé’m”mﬁL%a mycobacteria
159103129 mycolic acid fidusindsznaunanvas

NIILTRRZS 'S

\#a mycobacteria Fnalnlunsdadam
isoniazid I@]Uﬁmsnmﬂw”ufﬂ%lmm”uﬁu waenInasdlu
AsuRninumMIsangnizesen wiveanidu 4 nau ldun
ﬂij&l catalase-peroxidase (KatG) néjw Enoyl-acyl carrier
protein reductase (InhA) ﬂéju Alkyl hydroperoxidase
reductase (AphC) LLazﬂéjaJ NADH dehydrogenase
(Ndh)>'®"® I@]mshummﬁ@miﬂmuw”uﬁfﬁu‘%nmﬁ'u inhA
wae katG laofidu inhA fnuanmsssienlssd InhA
W TaenunIdanzd  mycolic acid @adusin
Usznauvasnsisimaduasda sauiu katG fnuanis
shsonled katG Fafeataeny  catalase-peroxidase
ﬁ’mﬁﬁﬁlumnﬂﬁﬁugﬂLmu**nad isoniazid 21N pro-drug
nanedu active form Lfial,ﬁﬂminamw”uﬁ:ﬁﬁu inhA &3
NALW inhA ﬁﬂ’mmmaaﬂ'ﬁ'gaﬁu uazIaIdw low-level
isoniazid resistance mumsnmﬂw”uijﬁu’%nm katG D
moderate £4 high-level isoniazid resistance®®
2. Rifampicin (RMP)
Lﬂumjum%’ﬂmfmiiﬂé’u@”umnﬁﬂﬂﬁwﬁ@
fvnlwidowandu MDR-TB e1 rifampicin 1dugnis
fansiannide Amycolatopsis rifamycinica ﬁaglumju
rifamycin 81 rifampicin AWadaLuafizoraeTRa’ N3
panqN5VaIL rifampicin 88NN lABILT B-subunit Vo4
RNA polymerase vinlgusanissaiaszst RNA Tangugs
n5UammM3  elongation® nalnlunsdadasn rifampicin

289158 mycobacteria tiaanmIinaswusneluiu

rpoB AifnvruamMIas1e B-subunit U84 RNA polymerase
T,@:Jmiﬂmuw”uﬁfl,ﬁ@**fuﬁ@‘hl,mm 81 bp central region il
fwuanissianinasdluduwiei 507-533 wia rifampicin
resistant-determining region (RRDR) Gﬁdwuvlﬁﬁﬁaﬂaz
96 ni%a mycobacteria Adadasn rifampicin Panua'
T,@m‘htmm“ﬁ'ﬁmiﬂmyw”uﬁfmﬂﬁq@ﬁa nsaazilu
Funnafl 531 1Waan serine 1u leucine wazduMmIN
526 wWaen histidine 1w tyrosine @ssaindu highevel
rifampicin resistance uaﬂmﬂﬁﬂhwuminmﬂw”uﬂu
drunedn ldun nsnezdludunisi 511, 516, 518,

522, 529 uaz 533 et low-level rifampicin resistance'®

Vol. 48 No. 1 January 2015 21



3. Fluoroquinolones (FQs)

Fluoroquinolones 1w bactericidal antibiotic ﬁl“ﬁy
inwinlsn daeglungy second-line drug® snlunga
ﬁﬂi:ﬂauﬁm moxifloxacin, levofloxacin, ofloxacin
wae gatifloxacin® lagenauusiaan oy topoisomerase
IV LLae topoisomerase |l 738 DNA gyrase U% DNA ‘fd
m”mmwmimﬁiauﬁmaa replication fork ﬁLﬁﬂ’)ﬁ’UHSZU’J%ﬂ']i
DNA replication21 L%a M. tuberculosis F\awn topoisomerase
Il (DNA gyrase)? @913l tetramer 209 subunit A uas B 71
Qﬂnamﬁaﬁ)’mﬁu gyrA Laz gyrB A TaenunszuInmMs
catalyse supercoiling 284 DNA Tusuaon replication®®**
nalnlumsdadasn fluoroquinolone wadLalinannns
ﬂa'mw”uq‘u’%nm conserved quinolone resistance
determining region (QRDR) 2098% gyrA e gyrB "éd
SINATUNIWNIT interaction Te1WI1981 Lz DNA gyrase®
I@ﬂd’mmﬂwumsﬂmﬂW”%ﬁ:u’%nm Ala-90 Lz Asp-94
lugu gyra®

4. Injectable second-line drugs

miuﬂﬁjuma@l laun kanamycin, amikacin
uaz capreomycin 141dun13nw1 MDR-TB 9aaglungy
second-line drug #1 kanamycin WaZ amikacin K119}
aminoglycoside antibiotic I%mmz‘ﬁl capreomycin n
cyclic peptide antibiotic> ugaangniniannn lag
YIIUNINNITUINNNT translation mau%‘va M. tuberculosis
ianauasuudaslnseasnsnad ribosome MGLA 168
RNA? gnasuginssansdlysiuuanda na'ln
mshadasn kanamycin L8z amikacin fnwudosdaifia
msﬂmﬂw”ug‘ﬁ A1401G wasbu ms nvwiiilune
NaAIRE 16S rRNA "fidelu high-level resistance @88
kanamycin L8z amikacin®® nalnlunsdadesn capreomycin
AstianiInanoWuiuTimin  tyA Tapduitinsing
lun13n8a3%E rRNA methyltransferase 7151LW12ML
2’-O-methylation 284 ribosome 1w rRNA GAﬁGLﬁaLﬁﬁmi
NABRLTATFINA LA LilianazuaunT methylation®

o
a

Junanlumiifieds XDR-TB Suanilelasy
mMyiRaspindaite MDR-TB #9188 M. tuberculosis
fosan isoniazid uax rifampicin NN INAFaL
aladan (drug susceptibility test wia DST) lunga
second-line drug laun msl,uﬂa;u fluoroquinolone wazNya
gndamasia laun kanamycin, amikacin LLaZ capreomycin
laglud 2008 asdnveunolanlauusiinit automated

a € '
22 ’J']iﬁ’]iLﬂﬂuﬂﬂ’liLLWY]UL"EUGI%&I

liquid-culture system Lﬂuﬁﬁmmgmslumiﬁw second-line
drug susceptibility test Taglgen fluoroquinolones LLag
pinsindsalungunia Goltuamelu 4-9 dlanw®
Lwﬁﬁiﬁmgu@auﬁgiomﬂ TFamwn §31euns daams
in3asfianfnnusinne uazdasnis biosafety szausw®
aaiudsledfnmsnanaams molecular {uiEn1a genotypic
method Lﬁmn”umil,ﬁuﬂ’ﬁmm nucleic acid madL%a (PCR-
based method) leuris Line-probe hybridization assay
(Genotype®MTBDRsl) Gsfinw1dunsa marker 7wy
luL%aﬁéa@iam fluoroquinolones, kanamycin, amiikacin,
capreomycin Waz etambutol® Lﬂu’i%ﬁ'ﬁmmgﬂﬁaa LRz
anyhigilumaifiads  wdfinauws® dnwauwnas
Pfenlgs10vay ﬁmgumauvlajﬂq’w’m |éur 3% microscopic
-observation drug susceptibility (MODS) assay %x‘lL'ﬂ%ﬂ’]i
WA daluawn e (liquid culture) lasgnIaing
cord wada M. tuberculosis mum\mﬁaaﬁg‘ammﬁ 1
nandszann 6-8 1u7 ﬁlzLﬁuvl@Td’mwﬁﬁﬁ]dfyﬁgﬂﬁad
warmas danuddn wazdndudemssnsmsaade
XDR-TB*®

ﬂ'aqﬂﬂaﬁu

N135NBN

ludayduenldinsdmliaudslaiduaas

uazdaanu bildiAamsunsnsznsvaagely

ﬂﬁjw @i first-line antituberculosis WA second-line
antituberculosis  (asugaslua13197 2) n133NBA
Tmlsaaunsouddlaidugesuuy laun standardized
regimen ﬁamﬂﬁmﬁlﬂumﬁ'ﬂmgifﬁm%a "f‘iruagﬂuu
ﬁagmﬁ‘mﬁ'uL%aéﬁ'vamluﬁuﬁagmﬁ'mfu6] uae individualized
regimen Aamslienlasduiudsziansinsninlsaas
g&jﬂw wazranmMsmsnaseuanyhdasnvaside
F558ilmanzanlunnssnen XDR-TB*®
Woldsumyifiaduindu XDR-TB asdmsewsis
Tanlstunssihumwmslunssnunda M. tuberculosis e
Taglilenlumssnsneudau® aait
1. Amikacin, capreomycin %38 kanamycin
. Moxifloxacin %38 levofloxacin
. Prothionamide %38 ethionamide
. Cycloserine %38 terizidone

. Para-aminosalicylic acid

o o~ W N

. Pyrazinamide Waz etambutol
7. Linezolid iauﬁ'wﬂunsjw 5 anti-tuberculosis
drugs laun clofazimine, amoxicilin/clavulanate,

imipenem/cilastin W&z clarithromycin®
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Uz MY XDR-TB  lBtianatnaiias
20 Lfen uazmITTUAInmANETIITIY (TB expert)

lunisidanltenlunissnun®?

Table 2. Antibiotic drug regimen of M. tuberculosis™®

| Group_______|Anti-tuberculosis agent

First-line oral agent Isoniazid
Rifampicin
Ethambutol
Pyrazinamide
Steptomycin

Second-line parenteral agent

(Injectable anti-tuberculosis

drugs)

Fluoroquinolones

Kanamycin
Amikacin
Capreomycin
Levofloxacin
Moxifloxacin
Gatifloxacin
Ofloxacin
Ethionamide
Prothionamide
Cycloserine
Terizidone
Para-aminosilicylicacid

Oral bacteriostatic second-line
Anti-tuberculosis drugs

Clofazimine
Linezolid

Group 5 anti-tuberculosis drugs

Amoxicilin/Clavulanate
Imipenem/Cilastin
Clarithromycin

1. Nitroimidazole

mlumju nitroimidazole utiaidusasniia o
PA-824 uaz delamanid w38 OPC-67683%% lag PA-824
1% nitroimidazo-oxazine aaﬂﬂﬂﬁiﬁ']mm%a bacilli ﬁvl,&i
gunsariuswanlalugniazldfoandian (anaerobic
non-replicating bacillj®® lagfugsmssiaewiuiioimas
wazlUs@uu0919a% delamanid 1% nitroimidazole-oxazole
ﬂavl,ﬂmiaaﬂQﬂﬁ?ﬁ'aﬁ'urﬁ‘m’rsa%’w methoxy-mycolic acid
ez keto-mycolic acid ﬂyﬂﬁu delamenid ﬂ'dayjlu
clinical trial phase # I ;nvissasfiadlassairomond

@9 LLa@aIugﬂﬁ 2
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.._r._‘_. =y o er,

e

PA-E24 dolsmang

Figure 2. Chemical structure of PA-824 and delamanid
(OPC-67683)

2. SQ109
1w 1,2-diamine analogue V8381 ethambutol
Qf = ' 1 ' ' H @ Qs
MIaangNIVaILNEI MINTULUTA udanaiAeTasny
% 6 s 6 dql’ U ni 1
NIFIATIEANIIETasuadTa Lagldna lnAnandlsain
A o o {
21 ethambutol? G331A98319IN9LAN muamlugﬂﬁ 3

SQ109

Figure 3. Chemical structure of SQ109

3. TMC207

TMC207 %38 bedagquiline \Jusiuilsznauvad
diaryquinoline® aaﬂqwﬁfﬂvmﬁm:mu NIETN ATP 284
%8 mycobacteteria® ms@nmlasld TMC207 aumu
@I uAlEsns MDR-TB wurinvhlisnenleisdue
a9 TMC207 gi9agflu clinical trial phase 11 11b™ uaz
lafinssuseslasasdnisannisuazen (Food and Drug
Administration) 1#81 bedaquiline lglun133nsimlsa
o MDR-TB® Tassairamstaduasen G’T\‘JLLKG‘IOIugﬂﬁ 4

TMC207

Figure 4. Chemical structure of TMC207

Vol. 48 No. 1 January 2015 23



4. NAS-21 tLaz NAS-91
Wuenlgne lsaunatss LagIgIu1InIneE
'Y o & o & I
Taulsald nalnnseangnivedsn AedLHINIRIATIZR
. . A . o & P T
mycolic acid TaiduaIutsznavveINhIlTanva LT
° ' a A
dunislun1seangnd Ae FAS-Il dehydratase @9
Qﬂﬂﬂ@iﬁ”ﬁﬂﬂ%ﬁﬂlﬂiﬁu Rv063647 $1NIRaITAAN

Tasagemaiad mumﬂugﬂ‘n 5

WAS-81

Figure 5. Chemical structure of NAS-21 and NAS-91

5. Phenothiazines

mlumémf @A thioridazine waz chlorpromazine
1l calmodulin antagonist® aaﬂq"n%:r‘hmm%a mycobacteria
ﬁlmﬁ'ﬂag’lu macrophage®™  laggUsInN Tz LW TURES
weadon uazsusewlmifidesandunaaifon wanan
ifuwudﬂmmju phenothiazines 01N ITaIny  efflux
pump inhibitor® Falassairomsaivesen thioridazine
@”@meiugﬂﬁ 6

N 5

S

thioridazine

Figure 6. Chemical structure of thioridazine

6. Benzothiazinones
o & - o &
2aNNFIUEINITRILATIZHNIILTARVBILT
. . .
lagwuindunisfisnaangnfagf DprE1 subunit
Yyadiaw ol decaprenylphosphoryl-B-o-ribose
. 4 oo ; - .
2'-epimerase TadusindsznaunltlumssaiaTeinbaias’
=) L4 = e dl
flassaimaaiidiuaaslugui 7

a 6 A '
24 ’J’]iﬁ’]ﬂ'ﬂﬂ%ﬂﬂ’ﬁLLWﬂUL‘H?JGI‘VE&J

F4C

penzothiazinones

Figure 7. Chemical structure of benzothiazinones
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dnalnlunsvian e Tanuand19aInes NI lInLa
dl o = va dq’ Q/ lﬂq/ U U 1
fsanInthanlslumsinmddagainliafomle laun
- . A a i

81 bedaquiline %38 delamanid mﬁmnwulugmmﬁ
193081 MDR-TB  lagwuIN®I8150L NI HZIaUDS
sputum-culture conversion MFUAAN 889NN
ﬂaﬁ;u”uﬁ'aagﬂum”u@aumm clinical trial wazazduwilitasin

I lglunssnsnimlsa ldass

mm@qﬂﬁmirﬁmaaﬁﬂaUﬁﬁm‘ﬁva XDR-TB
wihwangvesnstastiunnséaiio XDR-TB  uwnsl
msldduuzhlumsiudsenmusunidihe lasldfine
eImILEND LL@:W;‘T‘U‘Qm%%’umﬁ‘nmashwimﬁm
e lnganaanlse a@mm‘wini:mm"fi?avlﬂﬂ’aqﬂﬂa
8w uananuaslEeiduszinsnm lavlggasenaa
fasemzamaplanldunsinlWldlunissnen XDR-TB
LaL NI UAUNN SR RENAIT  §WSUNIIA TS TedY
ardenusiai gndes uazdilsz@ntnw Wfasann
myifaaslds fusslomilunsdenldorfinunzau
LLriQ”am‘%Ta yaaniluiasd fudnseasldiuniseusy
Agatun1nfufidinins wazdsufiaeuiuige
mycobacteria LiladaalfiGuiisanuienasinlu
biological safety cabinets (BSC) wzau 3 lauldgunyni
Uoarueaas 1w 1Han n4ila LLa:%ﬁwmnnﬂﬂ%
lunsdfudnuluissd fudniswienrelulsiwerus
A23810309N389810"4 (air filtration) W38 UBEEHE)
(ultraviolet germicidal radiation) LﬁaﬁﬂaﬂﬂL%aﬁaﬁﬂaglu
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aNMe
%JWL%aﬁqmmﬁ 121 aseoaides Wwnan 30 wif Wia
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Introduction: Glucose-6-phosphate dehydrogenase is an enzyme that protects RBCs from oxidative damage
by free radicals in food, drug, chemical or infectious conditions. If blood from donors with G-6-PD deficiency
is transfused to patients, it can cause hemolysis, especially in exchange transfusion for neonate.
Objective: To study the prevalence of G-6-PD deficiency in blood donors of Chiang Mai Province using

methemoglobin reduction test.

Materials and methods: One thousand and seventeen EDTA blood samples obtained from blood donors at
Regional Blood Center X Chiang Mai, Thai Red Cross Society were subjected to screen of G-6-PD deficiency using

methemoglobin reduction test.

Results: Nine hundred and ten samples (89.5%) were found to have normal G-6-PD activity. Thirty three
samples (3.2%) were partially deficient and 74 samples (7.3%) were completely deficient for G-6-PD enzyme.
The prevalence of G-6-PD deficiency in blood donors was estimated to be 10.5%, with males being 6.4% and
females being 4.1%.

Conclusions: Prevalence of G-6-PD deficiency in blood donors of Chiang Mai Province is considerably high.
Thus, screening for G-6-PD deficiency among blood donors in this area and other areas with high prevalence is
recommended in order to suggest the donation of blood components instead of red blood cells.

Bull Chiang Mai Assoc Med Sci 2015; 48(1): 29-33. Doi: 10.14456/jams.2015.4

Keywords: G-6-PD deficiency, methemoglobin reduction test, blood donors
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Table 1. Results of G-6-PD using methemoglobin reduction
test in blood donors at Regional Blood Center X Chiang Mai,
Thai Red Cross Society

Results No. of samples (%)

Male Female Total

Normal 575 335 910
(89.7) (89.1) (89.5)
Partial deficiency 6(0.9) | 27 (7.2) | 33 (3.2)
Deficiency 59 (10.1) | 15 (4.0) | 74 (7.3)
Total 641 (100)|376 (100)( 1,017
(100)
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Abstract

Introduction: BA400 (Biosystems, Spain) is a new clinical chemistry analyzer for spectrophotometric,

tubidimetric and ion-selective determination of biochemical analytes. Validation of method performance

before routine operation is needed.
Objective: The objective of this study was to perform the analytical evaluation of BA400 analyzer.

Materials and methods: The evaluation was performed according to the guidelines of Clinical
Laboratory Improvement Amendments (CLIA). The evaluation included determination of within-run and between-run
imprecision, linearity and method comparison with Cobas 6000 (Roche). The 39 test analytes including metabolites,

enzymes, trace elements, proteins and electrolytes were evaluated.

Results: All analytes met the required specifications for imprecision except opiates, amphetamines and Phenytoin.
The result showed acceptable inaccuracy for all analytes except cholinesterase, AST, microalbumin and valproic

acid. The linearity was in acceptable ranges for all analytes.

Conclusions: BA400 analyzer has satisfactory accuracy, precision and linearity for majority of analytes.

However, some analytes require more study and adjustment for routine operation.
Bull Chiang Mai Assoc Med Sci 2015; 48(1): 34-48. Doi: 10.14456/jams.2015.2

Keywords: BA400 analyzer, method validation, imprecision, inaccuracy, method comparison
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Table 1. Methods and reagents used in the evaluation of BA400 analyzer.

Analyte Unit Method
AMY U/L CNPG3
TP g/dL Biuret
ALB g/dL BCG
AST U/L Kinetic without Pyridoxol-5-Phosphate
ALT U/L Kinetic without Pyridoxol-5-Phosphate
ALP U/L AMP-pNPP; IFCC
GGT U/L Enzymatic:IFCC
TBIL mg/dL Diazo
DBIL mg/dL Diazo
BUN mg/dL Urease
CRE mg/dL Jaffe
CK U/L Kinetic IFCC
CK-MB U/L Enzymatic
LDH U/L L>P; IFCC
CHOL mg/dL Oxidase/POD
HDL-C mg/dL Accelerated
LDL-C mg/dL Direct
TG mg/dL Enzymatic GPO
Ca mg/dL Arzenaso llI
Mg mg/dL Xylidyl blue
P mg/dL Molybdate UV
Na mmol/L Direct ISE
K mmol/L Direct ISE
Cl mmol/L Direct ISE
CO2 mmol/L PEPC
GLU mg/dL Hexokinase
CHE uU/L Bultylrythiocholine
Iron pg/dL Ferrozine
Uric mg/dL Uricase
HbA1C mmol/L Immuno inhibition
hsCRP mg/L Latex- high sensitivity
MicroALB mg/L Latex
TP-urine mg/dL Pyrogallol red
BUN-urine mg/dL Urease
CRE-urine mg/dL Jaffe
Amphetamine ng/mL Homogeneous enzyme immunoassay
Opiate ng/mL Homogeneous enzyme immunoassay
Phenyltoin pg/mL Recombinant DNA
Valproic acid pg/mL Recombinant DNA

AMY-Amylase; TP-Total protein; ALB-Albumin; AST-Aspartate aminotransferase; ALT-Alanine aminotransferase; ALP-Alkaline phc y>hatase; GGT- -Glutamyltransferase;
TBIL-Total bilirubin; DBIL-Direct bilirubin; BUN-Blood urea nitrogen; CRE-Creatinine; CK-Creatine kinase; CK-MB-Creatine kinase-MB; LDH-Lactate dehydrogenase;
CHOL-Cholesterol; HDL-C-High density lipoprotein cholesterol; LDL-C-Low density lipoprotein cholesterol; TG-Triglyceride; Ca-Calcium; Mg-Magnesium; P-Phosphorus;
Na-Sodium; K-Potassium; Cl-Chloride; CO2-Carbondioxide; GLU-Glucose; CHE-Cholinesterase; Uric-Uric acid; HbA1C-Hemoglobin A1C; hsCRP-High sensitivity

C-reactive protein; MicroALB-Microalbumin.
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Table 2. Within-run and between-run imprecision of tests analyzed by BA400 analyzer (n = 20).

Within-run imprecision

Between-run imprecision

Analyte Level 1 Level 2 %CV Level 1 Level 2 %CV
Mean %CV®  Mean %CV  accept’  Mean %CV Mean %CV  accept
AMY 66.70 1.26 380.04 211 7.50 70.79 4.39 398.75 3.70 9.90
TP 6.25 1.53 3.87 1.52 2.50 6.72 2.85 3.96 2.21 3.30
ALB 3.90 1.19 2.79 1.66 2.50 4.08 1.87 2.60 2.46 3.30
AST 43.28 2.90 225.69 0.71 5.00 47.06 3.85 242.85 1.78 6.60
ALT 33.33 414 88.85 1.90 8.75 33.16 2.35 96.26 1.45 11.55
ALP 83.98 4.32 407.33 1.94 7.50 82.38 9.68 364.42 2.51 9.90
GGT 51.57 4.38 145.76 3.02 5.55 58.34 7.09 154.55 3.17 7.33
TBIL 1.26 3.68 4.21 1.94 7.75 1.25 4.09 4.08 241 10.23
DBIL 0.29 6.75 1.89 1.71 11.13 0.29 13.48 1.69 4.20 14.69
BUN 16.67 3.70 42.11 1.87 3.93 16.97 5.08 42.81 3.03 5.18
CRE 1.89 1.89 4.25 0.57 6.25 2.02 6.60 4.47 4.26 8.25
CK 147.96 1.71 506.59 0.88 7.50 151.24 2.84 505.93 1.64 9.90
CK-MB 34.45 3.46 N/Ad N/A 6.03 36.2 4.99 N/A N/A 7.95
LDH 149.55 2.81 329.08 1.84 5.00 170.44 4.29 368.14 3.1 6.60
CHOL 244.01 0.53 106.01 1.80 2.50 249.58 2.79 104.17 2.20 3.30
HDL-C 64.57 3.69 18.91 2.83 7.50 72.60 5.55 19.38 9.41 9.90
LDL-C 122.86 1.13 61.44 0.77 3.40 109.69 3.28 56.48 3.65 4.49
TG 191.55 1.77 76.41 4.07 6.25 195.95 3.18 79.47 5.32 8.25
Ca 8.95 1.32 12.17 1.02 2.56 9.94 2.68 12.55 1.57 3.38
Mg 2.53 1.63 4.82 3.18 6.25 2.10 477 4.42 5.86 8.33
P 3.16 1.81 7.37 0.77 2.56 3.68 2.03 7.57 1.82 3.41
Na 142.13 0.29 121.87 0.12 1.25 148.74 1.51 126.63 1.27 1.65
K 3.79 0.20 6.03 0.35 1.50 3.92 3.16 6.10 1.02 1.98
Cl 99.08 0.19 84.15 0.20 1.25 101.91 1.26 86.02 1.52 1.65
Cco2 44.46 1.03 19.54 1.21 5.00 38.25 4.03 17.52 4.61 6.60
GLU 89.07 1.76 281.55 0.97 2.50 88.20 2.07 28417 0.84 3.30
CHE 6302.1 1.20 9173.37 1.77 2.33 6346.84 298  8555.00 1.77 3.23
Iron 245.80 1.13 39.65 4.69 5.00 233.54 1.62 71.96 2.56 6.60
Uric 4.95 2.92 9.01 0.92 4.25 5.07 4.35 9.13 3.21 5.67
HbA1C 5.05 1.61 10.04 2.70 2.98 5.34 1.26 9.94 2.09 3.93
hsCRP 4.56 1.27 10.24 0.57 12.50 4.20 2.74 10.75 1.97 16.50
MicroALB 39.63 0.82 N/A N/A 11.53 40.94 1.58 N/A N/A 15.21
TP-urine 68.78 4.83 N/A N/A 12.88 74.96 6.95 N/A N/A 14.36
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Table 2. Within-run and between-run imprecision of tests analyzed by BA400 analyzer (n = 20). (Continued)

Within-run imprecision

Between-run imprecision

Analyte Level 1 Level 2 %CV Level 1 Level 2 %CV
Mean %CV?® Mean %CV acceptb Mean %CV Mean %CV accept
BUN-urine  413.32 1.86 746.42 5.67 6.83 391.95 7.69 722.72 4.88 9.01
CRE-urine 49.49 1.69 105.31 1.51 10.53 50.99 4.34 108.83 3.29 13.89
Amphetamine  28.48 5.06 109.79 3.36 5.50 41.64 12.91 112.34 6.57 6.60
Opiate 14.03 7.26 100.62 2.62 5.50 50.85 11.28 339.55 3.81 6.60
Phenyltoin 16.77 4.47 53.96 222 6.25 32.23 14.49 79.35 10.00 8.25
Valproic acid  179.40 3.18 810.63 2.01 6.25 166.46 5.01 775.54 2.72 8.25

“Coefficient of variation (%CV) is SD divided by mean and multiply by 100.

Acceptable CV is not more than 0.25 times of allowable total error (TEa) for within-run variation and not more than 0.33 times of TEa for

between-run variation.

°N/A-Not done
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Table 3. Accuracy analysis of BA400 analyzer. Comparison study was performed for BA400 analyzer using the

Cobas 6000 analyzer as the comparative method.

Analyte (units) N r Slope Intercept MDL TEcal TEa % Bias
AMY (U/L) 42 1.000 0.893 0.000 50.00 15.27 30 10.70
120.00 15.27 10.70
200.00 14.96 10.70
TP (g/dL) 40 0.978 0.961 0.000 45 7.13 10 3.90
6 7.13 3.90
8 7.13 3.90
ALB (g/dL) 100 0.986 0.941 0.000 2 8.87 10 5.90
3.5 8.11 5.90
5.2 8.11 5.90
AST (U/L) 100 0.997 1.102 1.381 20 21.19 20 17.11
60 17.3 12.50
300 12.6 10.66
ALT (U/L) 40 0.987 1.011 0.000 20 9.3 35 1.1
60 9.3 1.1
300 3.5 1.1
ALP(U/L) 42 0.994 1.029 0.000 50 13.50 30 29
150 13.50 29
400 6.07 29
GGT (U/L) 40 0.989 0.915 0.000 20.00 16.83 22.20 8.50
50.00 16.83 8.50
150.00 12.87 8.50
TBIL (mg/dL) 41 0.997 1.102 0.204 1.40 20.28 31 24.77
2.50 23.83 18.36
20.00 14.31 11.22
DBIL (mg/dL) 43 0.991 1.228 -0.063 1.1 21.61 44.50 17.07
4.2 25.83 21.30
14 26.88 22.35
BUN (mg/dL) 108 0.991 1.000 0.000 6 6.28 15.70 0
25 6.28 0
50 3.56 0
CRE (mg/dL) 40 0.999 0.927 0.000 0.6 14.17 25.00 7.30
1.6 14.17 7.30
6 11.60 7.30
CK (U/L) 40 0.998 1.050 -9.846 100.00 8.16 30 4.85
240.00 4.21 0.90
1800.00 6.31 4.45
CK-MB (U/L) 40 0.976 0.822 0.000 48 23.87 24.10 17.80
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Table 3. Accuracy analysis of BA400 analyzer. Comparison study was performed for BA400 analyzer using the

Cobas 6000 analyzer as the comparative method. (Continued)

Analyte (units) N r Slope Intercept MDL TEcal TEa % Bias
LDH (U/L) 40 0.995 0.913 19.96 120 13.06 20 7.3
300 5.66 2.05
500 8.32 4.71
CHOL (mg/dL) 42 0.9976 1.057 0.000 90.00 8.54 10.00 8.70
240.00 8.54 5.70
260.00 8.54 5.70
350.00 8.54 5.70
HDL-C (mg/dL) 40 0.978 0.888 0.000 25.93 21.02 30 11.20
76.15 17.84 11.20
LDL-C (mg/dL) 40 0.983 0.983 0.000 59.01 5.43 13.60 1.70
120.34 5.16 1.70
TG (mg/dL) 100 0.989 1.020 -6.369 40 20.61 25.00 13.92
150 8.94 2.25
400 7.10 0.41
Ca (mg/dL) 40 0.978 1.027 0.000 17 5.69 10.20 2.70
11 4.57 2.70
13.5 4.57 2.70
Mg (mg/dL) 40 0.985 1.047 0.000 1.20 9.76 25 4.70
2.00 9.76 4.70
5.00 11.36 4.70
P (mg/dL) 40 0.988 1.028 0.000 1.5 5.52 10.20 2.80
2 5.52 2.80
5 4.78 2.80
Na (mmol/L) 44 0.985 0.997 0.000 115 1.57 5 0.30
135 1.83 0.30
150 1.83 0.30
K (mmol/L) 44 0.977 0.943 0.306 3 7.67 6 4.50
5.8 1.51 0.42
7.5 2.70 1.62
Cl (mmol/L) 44 0.984 0.872 11.71 90 1.49 5 0.21
112 3.62 2.34
CO2 (mmol/L) 40 0.975 0.906 4.444 20 17.57 20 12.80
33 8.21 4.05
GLU (mg/dL) 100 0.989 1.070 -5.585 45 8.13 10 5.41
120 8.07 2.35
180 5.18 3.90
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Table 3. Accuracy analysis of BA400 analyzer. Comparison study was performed for BA400 analyzer using the

Cobas 6000 analyzer as the comparative method. (Continued)

Analyte (units) N r Slope Intercept MDL TEcal TEa % Bias
CHE (U/L) 40 0.998 0.9842 -369.300 4275 13.45 9.80 10.24
11150 9.80 4.91
Iron (pg/dL) 40 0.997 1.025 0.000 50 7.84 20 2.50
220 4.47 2.50
400 4.47 2.50
Uric (mg/dL) 41 0.985 0.934 0.000 2 11.84 17.00 6.60
8 11.84 6.60
10.7 9.93 6.60
HbA1C (%) 40 0.996 1.193 -1.134 5.7 2.64 11.90 0.59
9.3 10.52 7.11
hsCRP (mg/L) 40 0.982 0.998 0.658 2.53 28.83 50 25.81
6.64 11.76 9.71
MicroALB (mg/L) 40 0.974 1.150 0.000 11.8 16.78 46.10 15.0
56.7 16.78 15.0
TP-urine (mg/dL) 40 0.980 0.962 0.000 78.7 11.26 425 3.8
BUN-urine (mg/dL) 44 0.992 0.934 0.000 419 17.45 27.3 6.6
721 14.08 6.6
CRE-urine (mg/dL) 40 0.999 1.338 0.000 688 38.46 42.1 33.8
158 37.41 33.8
Phenytoin (ug/mL) 40 0.989 0.946 0.000 39.2 15.64 25 5.40
86.6 15.64 5.40
Valproic acid 40 0.914 0.872 0.000 260 18.73 25.00 12.80
(ug/dL) 972 16.19 12.80

MDL-Medical decision level; TEcal-Calculated total error; TEa-Allowable total error.
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Figure 1. Comparison plot of selected analytes. Graphs were plotted between comparative result (Cobas 6000 analyzer) on X-axis and test

result (BA400 analyzer) on Y-axis.

44 MIxsneiamsunngdigosdnd 17 48 a1iufl 1 unTAN 2558



NANTTU T UTIVDINANIINAREL V8ILATDY BA400

luninaseufidbvesitnlilumsiienzd (analytical range w3a reportable range) launismiszausngauas

Aaa A A ed v A Y . ' A . L. A A A % °
sgara93inltlunsiienedindadannugndas (inaccuracy) uazdnanaifios (imprecision) Wlufiiugatiald lanin
gaIunIefIdiasIRIfonaduenutudud g uadienzdaisgsniieionld lagdasnzidr 3 a3y e

o (% ' { ¥ o . o { A v ° ° o A .

ATINIAINIMIFLEAY WAIF1WIT %bias LABLABUAUANNAITILLTUTIN FHANNNTEIWID FIRIUMTU T2 % %bias
da3detasningl TEa F93zfonvansule Mn1sAnEATIRlaYinIIaARaUNINNG 34 19NIINARIL LA8NINITAITII
CK-MB amphetamine opiate phenyltoin LLaz valproic acid Lﬁaaﬁnﬂvlajmmmm@]”'saai'm@hggd6] e il’mﬂ’liﬁmsnwui’lﬂﬂ
3'1ﬂmimmﬁmmgﬂﬁaamumwﬁﬁﬁmu@ Aol %bias WaaNINFN TEa AILRAIIANITIN 4

Table 4. Linearity experiment of BA400 analyzer.

Analyte (units) Theoretical value Bias %Error TEa accept (%) Linearity®
AMY (U/L) 0 - 1163.29 9.79 — 19.71 1.07 - 3.37 30 0-1,317
TP (g/dL) 0 - 14.05 0.18 - 0.48 1.68 - 8.16 10 0-15
ALB (g/dL) 0-8.07 0.04 - 0.17 0.69 - 4.71 10 0.1-7.0
AST (U/L) 0 — 693.27 1.40 — 17.80 0.20 - 9.40 20 0-500
ALT (U/L) 0 —645.20 1.31 -24.85 0.27 - 10.38 20 1.6-500
ALP (U/L) 0 — 1473.89 473 - 1417 0.32 - 3.21 30 0-1,200
GGT (U/L) 0-312.81 2.56 — 14.18 3.25-453 22.2 0-300

TBIL (mg/dL) 0-15.58 0.09 - 0.49 0.78 — 9.80 20 0-15

DBIL (mg/dL) 0—24.71 0.36 -1.76 3.96 - 7.11 445 0-15

BUN (mg/dL) 0 - 150.39 0.14 - 17.32 0.39 — 11.52 15.7 0-140

CRE (mg/dL) 0-25.23 0.02 - 1.29 0.12 -5.11 15 0-20
CK (U/L) 0-1274.0 4.50 — 14.50 1.10 — 1.52 30 9.2-1,300
LDH (U/L) 0 — 1049.45 4.01-12.29 1.16 — 1.56 20 6.2-1000

CHOL (mg/dL) 0 — 846.31 11.71 — 29.05 1.85 - 6.36 10 0-1,000

HDL-C (mg/dL) 0 -201.10 437 -9.77 4.32 - 8.69 30 0-200

LDL-C (mg/dL) 0 — 946.67 4.00 — 15.67 1.37 - 2.21 13.6 0-990

TG (mg/dL) 0 — 497.00 7.44 — 47.05 5.99 — 947 25 1.6-600
Ca (mg/dL) 0-22.39 0.28 — 1.11 497 - 6.24 10.2 0-18
Mg (mg/dL) 0-4.30 0.005 - 0.12 0.36 - 5.12 25 0-4

P (mg/dL) 0-21.29 0.26 — 0.73 1.64 — 6.98 10.2 0-20
Na (mmol/L) 0 —240.80 0.13 -5.20 1.09 — 2.16 3 100-200
K (mmol/L) 0-11.04 0.02 - 0.29 0.85 — 2.66 5.8 1-10
Cl (mmol/L) 0 —168.40 1.67 —4.77 2.16 — 3.96 5 50-150

CO2 (mmol/L) 0-70.12 0.09 — 2.49 0.51 -4.74 10 2.62-50

GLU (mg/dL) 0 —573.76 222 -117 0.39 - 8.28 10 0-500
CHE (U/L) 0 —23591.39 188.27 — 222.69 0.80 — 2.83 8.9 0-25,000

Iron (ug/dL) 0 — 1155.04 1.72 - 5.33 0.15-1.85 20 0-1,000
Uric (mg/dL) 0-—14.21 0.04 — 2.39 0.61 —8.40 17 0-25
HbA1C (mmol/L) 0-1.77 0.00 — 0.06 0.05 — 8.20 11.9 0.06-1.61
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Table 4. Linearity experiment of BA400 analyzer. (Continued)

Analyte (units) Theoretical value Bias Y%Error TEa accept (%) Linearity®
hsCRP (mg/L) 0-16.04 0.13-10.33 0.05 — 3.46 50 0.06-15
MicroALB (mg/L) 0-92.92 0.25 - 2.77 0.36 — 8.93 46.1 0-130
TP-urine (mg/L) 0 —4373.01 38.74 — 544.07 3.54 —12.44 435 70-4000
BUN-urine (mg/dL) 0 - 8516.00 19.67 — 1229.00 0.92 — 14.43 27.3 0-7000
CRE-urine (mg/dL) 0 - 1021.35 0.84 — 17.88 0.33-1.75 28.4 0-1000

? Linearity values were reported by Biosystem company.
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Abstract

Introduction: Clostridium. botulinum strains that produce types A and B to in generally associated with several
outbreaks in the United States, China, South Amerca and southern European countries, and the most
frequently implicated foods are vegetables. Diagnosis of botulism has been made by detecting the neurotoxin
and C. botulinum cells in patients and/or suspected food samples. The aim of this study was to identify

the cause of foodborne outbreak and analysis the symptoms of botulism in Chaiyaphum Province, 2014.

Materials and methods: The samples from Chaiyaphum Province outbreak were comprised of suspected food and
clinical samples from 4 patients. Total 11 samples were identified by the cultivation, mouse bioassay and typing toxin
genes amplication by multiplex PCR. The subtypes B1-B8 were compared based on the amino acid sequences
alignment of bont/B1 to B8 subtypes using MEGA software which produce an unweighed pair group method with
arithmetic mean (UPGMA).

Results: The clinical symtoms were observed especially with blurred vision, glossoplegia, dysarthria, nausea,
dyspnea and required mechanical ventilation for support breathing. The etiological agent of this foodborne botulism
outbreak detected by culturing, mouse bioassay and multiplex PCR method in fermented bamboo shoots contaminated
was C. botulinum type B8. The phylogenetic tree of Chaiyaphum 2014 strain was constructed and the result demonstrated
an identical to B8 subtype of Surat Thani 2012 strain (KC 714045).

Conclusions: From this study showed that the etiologic agent of an outbreak in Chaiyaphum Province was
fermented bamboo shoot contaminated with C. botulinum type B8. Botulism disease must be considered clinical
symptoms which was important to provide treatment of patients in time. It should combine with laboratory diagnosis

in order to obtain the accurate results.
Bull Chiang Mai Assoc Med Sci 2015; 48(1): 49-58. Doi: 10.14456/jams.2015.3
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Introduction

Clostridium botulinum produces a characteristic
botulinum neurotoxin (BoNT), which is classified by
Centers for Disease Control and Prevention as one of
the six highest risk threat agents for bioterrorism (Category
A agent)." Botulinum neurotoxin (BoNT) exists into
8 toxin types (A-H), distinguished by the neutralization
of toxin using type-specific polyclonal antibodies and
molecular bioloay methods.>® Botulinum toxin types A,
B, E, F, and H cause disease in humans. Types A, B,
and E are associated with foodborne illness, especially
type E associated with fish products. Type C produces
limberneck in birds and type D causes botulism in other
mammals. There is no disease associated with type G.

a 6 A '
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An eighth toxin, type H, was discovered by researchers
at the California Department of Public Health in 2013.
Four of these (types A, B, E and rarely F) cause human
bot lism. Types C, D and E cause illness in other
mammals, birds and fish. C. botulinum strains that
produce types A and B toxin were generally associated
with several outbreaks in temperate and warmer regions.
Proteolytic type toxins A and B are linked to majority of
the outbreaks in the United States, China, South America
and southern European countries, and the most frequently
implicated foods are vegetables. In France 2014, an
outbreak of human botulism was due to consumption
of ham containing botulinum neurotoxins B and E.* In
China 2014, two patients from Sichuan Province with

symptoms of food-borne botulism, a rare but fatal
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illness caused by the consumption of foods containing
C. botulinum type A.° Also, occurring in Ontario,
Canada 2014, two adult females consumed a meal
consisting of a traditionally prepared salted fish
contaminated with C. botulinum type E.° Laboratory
investigation of botulism has been made by detecting
of the neurotoxin and microorganism in patients and/

or suspected food samples.”®

Mouse bioassay is
the only universal method for the detection of
toxin-producing C. botulinum. 1t is highly specific and
sensitive whereas it is time-consuming and involves
in rigors animal ethical issues. Phylogenetic analysis and
typing of C. botulinum by molecular biology methods
such as pulsed-field gel electrophoresis (PFGE)° ribotyping
(rRNA analysis), amplified fragment length polymorphism
(AFLP)," multilocus sequence typing (MLST)," randomly

amplified polymorphic DNA analysis (RAPD) and

repetitive element sequence based PCR (Rep-PCR)"™"
are currently in use. Detection of virulence factor(s) is a
prerequisite for the identification of toxigenic C. botulinum
strains and other related species for causing the botulism.
The aim of this study was to identify the cause of
foodborne outbreak and analysis the symptoms of

botulism in Chaiyaphum Province, 2014.

Materials and methods

Observation of patients

Clinical observations recorded by nurse as a
part of clinical information on admission to hospital. The
symptom of observations must reflect the requirements
of therapies. In certain clinical circumstances further
observations (for example neurological symptoms) may

be required.

Culture and isolation of C. botulinum

The outbreak in Chaiyaphum province comprised
of 3 stool samples, 6 sera samples and 2 fermented
bamboo shoots samples received during 22April to
1 May 2014. Stool and sera samples of the 1%-4"
patients were received as showed in table 1. The
fermented bamboo shoots were collected from the

leftover (13-57-06653) and the same lot of the leftover

collected from factory (13-57-06730). Epidimiology

Bull Chiang Mai Assoc Med Sci

staffs collected all samples and sent for identification
at the Anaerobic bacteria section, National Institute of
Health, Thailand. One gram of food or stool specimens
was weighed in a steriled container. The specimen was
transferred to a steriled mortar and 1 mL of cold gelatin
diluent buffer was added. The samples were centrifuged
in refrigerated centrifuge at 12,000 x g for 20 minutes,
and the supernatant were applied for toxigenicity test
using mouse bioassay." Half of pellet from samples
was inoculated and grown on Egg Yolk Agar (EY) plates
and incubated under anaerobic conditions at 35°C
for 2 days. The results showed lipase positive which
were suspected C.botulinum. The remaining of the
pellet was divided into three parts and each was
inoculated onto Chopped Meat-Glucose-Starch
(CMGS) medium, CMGS medium heated at 80°C
for 15 min, and Tryptone peptone glucose yeast
extract trypsin (TPGYT). All of them were
incubated in anaerobic conditions at 35°C for 5 days. All
clinical isolates were characterized as followed by
Dowell and Hawkins,” and biochemical testing by
Holdeman.” The biochemical testing were SIM Test
(hydrogen sulfide, indole, motile), hippurate hydrolysis
Test, nitrate reduction test, gelatin, milk, esculin, the
ferment of the peptone yeast extract containing
starch, arabinose, dextrose, fructose, lactose, maltose,
mannose, mannitol, salicin, sucrose, xylose. The results
of suspected C.botulinum were milk digestion, gelatin and
esculin hydrolysis positive. All suspected C.botulinum
should confirm by mouse bioassay and molecular technique.
Institute of Health Animal Care and Use Committee
(NIH-ACUC) permit No. 57-017.

Mouse bioassay (MBA)

The mouse bioassay (MBA), a lethal assay,
is the standard procedure for detection of BoNT. Mice
are injected intraperitoneally with a sample suspected
of containing toxin and monitored for as long as 4 day.
BoNT potency is defined by the MBA and, by definition,
the limit of detection is 1 LDSO. This value represents
the results of serial dilutions of BoNT in which each
dilution is injected intraperitoneally into 8-10 mice; 1 LD50
is the amount of toxin that produces botulism in 50% of
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the mice at a single dilution (for example, if 10 mice
were injected with 1 LDSO, only 5 would be expected
to show signs of botulism). Although the MBA typically
is positive within 24 h, many clinical specimens have low
levels of toxin (less than 4 LDso/mL) which may not be
evident within 4 days. If a sample is positive for botulinum
neurotoxin, mice develop ruffled fur, a narrowed waist
(due to respiratory failure), and muscle weakness. The
toxin type can be determined by adding type-specific
antitoxins to aliquots of the diluted sample; mice
injected with a toxin-containing sample that also
contains antitoxin do not exhibit symptoms of botulism.
The MBA has been used to detect BoNT in a wide
variety of matrices, including serum, stool, vomitus, gastric
content, enema wash with steriled water, food, tissue
samples, and culture supernatants. Detection and typing
of neurotoxin in serum and supernatant of culture were
previously described by Hatheway et al.” The
neutralization test was conducted using monovalent
botulism antitoxin reagent and performed according
by qualified laboratories from the Biological Reagents

Program, CDC. The protocol was approved by the National

Identification of C. botulinum DNA by multiplex PCR

C. botulinum were grown in Wiklins Charlgen
broth (WB), incubated anaerobically at 35°C for 48 h,
and bacterial cells was harvested by low speed
centrifugation. Cell pellets was re-suspended in 1 mL
of distilled water and chromosomal DNA were extracted
using the QIAmp DNA Mini Kit (Qiagen Inc., Valencia,
CA), according to the manufacturer’s instructions and
stored at 4°C until use. The multiplex PCR ultilized for
BoNT identification was performed as previously
described by Lindstrom et al.'” The primers were as
following, CBMLA1: 5AGC TAC GGA GGC AGC TAT
GTT3’, CBMLA2: 5CGT ATT TGG AAA GCT GAA AAG
G3’ for bont/A, CBMLB1: 5CAG GAG AAG TGG AGC
GAA AA3’, CBMLB2: 5°CTT GCG CCT TTG TTT TCT
TG3 for bont/B, CBMLE1: 5CCA AGA TTT TCA TCC
GCC TA3’, CBMLE2: 5GCT ATT GAT CCA AAA CGG
TGA3’ for bont/E and CBMLF1: 5°CGG CTT CAT TAG
AGA ACG GA3, CBMLF2: 5TAA CTC CCC TAG CCC

CGT AT3’ for bont/F. Thirty microliters of reaction
52 ymanefiemIuwngdidealn

composed of 0.5 pL of extracted DNA template, 0.1
UM of each primer, 200 nM of each deoxynucleotide
triphosphate (dNTP), 5X Buffer, 1U of GoTaq® DNA
polymerase and 1.5 mM MgCI2 (Promega). PCR was
done in 35 cycles and the profiles were as followed
denaturation at 95°C for 20 sec, annealing at 55°C for
30 sec, extension at 62°C for 2 min. The amplified PCR
products were electrophoresed in 2% agarose gels, and
stained with ethidium bromide and visualized by UV
transilluminator (Syngene, UK). All positive results were

confirmed by mouse bioassay.

Sequence analysis of bont genes

The neurotoxin genes of Chaiyaphum 2014
strain were amplified by PCR using the available
sequences on GenBank database. PCR was per-
formed in a 50 yL reaction containing 1 ng extracted
DNA, 0.5 yM of each primer, 2.5 mM MgCIZ, 200 uM
of each dNTP, 5X Buffer and 2.5 U of GoTag® DNA
polymerase and 1.5 mM MgCI2 (Promega). Each
PCR cycle composed of denaturation at 94°C for
1 min, 55°C for 1 min, 72°C for 1 min and was repeated
for 30 times. Final extension was carried out 72°C
for 10 min. Amplicons were directly sequenced by
primer walking and using the ABI Prism BigDye Termi-
nator Cycle Sequencing Kit (Applied Biosystems, Foster
City, CA).

Phylogenetic analysis

DNA alignments were created with Clustal-wW
version 2.0 (http://www.clustal.org).”® A phylogenic tree
was constructed based on the sequences of bont/B using
the unweighed pair group (UPGMA) with 1,000 bootstrap
replication, and analysed by MEGA program version

5019

Observation of patients

During the Songkran day (April 15, 2014), all
relatives would gather and ate together. The outbreak
occurred in Chaiyaphum Province, the family gathering
was 4 persons with 3 female and 1 male, aged between
21 and 38 years. After consumption of the fermented

bamboo shoots, all of them had typical food poisoning
1171 48 aviufl 1 unaan 2558



symptoms. Two persons stayed in the Chaiyaphum
Province but one couple returned to Chonburi Province. On
April 16, the first female patient with the aged of 27 years
(Patient 1), had symptoms with severe pain in the lower
right abdomen and admitted at Chaiyaphum Hospital.
The doctor diagnosed suspected appendicitis. Upon
slight recovery the patient was discharged on April 18.
On April 19, she was admitted in hospital again with the
symptom of blurred vision, dysarthria, dysphagia. On
April 16, another 21-year-old female patient (Patient 2)
with symptoms of nausea, vomiting and had diarrhea
four times a day admitted in the Chaiyaphum Hospital.
Two day later, she had symptoms of blurred vision,
slurred speech, numbness of hands, dysphagia and
drooping eyelids both. Both patients were diagnosed
to be botulism and treated with antitoxin. The patients
recovered and could spontaneously breathing after
treatment. Likewise, the couple of patients consisted of
a aged 38-year-old male (Patient 3) and a 33-year-old
female (Patient 4) had symptom of headache, nausea
on April 16, 2104, and one day later, they were

admitted to Phyathai-Sriracha Hospital with similar

Chaiyaphum
ak

bp

I

symptoms and subsequently ventilated to support
breathing and tansferred to the intensive care unit. On
April 17, they were diagnosed to be botulism and were
treated with antitoxin and the respiratory support indicated
the severity of the illness. Eventually, they recovered

under medical observation.

Identification of C. botulinum and detection of

neurotoxin production

C. botulinum type B was identified in three
stool specimens and one fermented bamboo shoots
by culturing, and multiplex PCR whereas the remain
sample was negative (Table 1). All supernatant samples
were tested by mouse bioassay, the result of supernatant
of all stools and fermented bamboo shoot (13-57-06653)
were positive except the sera and fermented bamboo
shoot (13-57-06730) as showed in table 1. The amplified
PCR products for bont/A, B, E and F were 782 bps, 205
bps, 389 bps and 543 bps, respectively. The bont/B
amplicon from Chaiyaphum 2014 strain was detected as

shown in figure 1.

C. botulinwm type B
C. botulinwm type E
C. botulinwm type F

C. botafinuwm fype A

Figure 1. Sequencing analysis of C. botulinum bont/B genes from Chaiyaphum 2014 strain
The bont/B8 gene of C. botulinum Chaiyaphum 2014 strain showed the identical to Surat Thani 2012 strain (KC 714045) which classified as

subtype B8 (Fig 2). The nucleotide sequences determined in this work were submitted to the NCBI database and designated to be accession

numbers KM 0673795

Bull Chiang Mai Assoc Med Sci
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The information about botulism outbreak
in Thailand showed that sources of outbreaks in
1997, 1998 and 2006 were associated with home-
canned bamboo shoot preparations contaminated with
C. botulinum type A***' Pork sausage contaminated
with C. botulinum type A(B) and fermented soy bean
and fermented crab contaminated with C. botulinum type
B8 were previously reported in several outbreaks.”?
The BoNT produced by C. botulinum showed sequences
differences in both within and between serotypes
of wide environmental origin, and has geographical
distribution. The gene transfer mechanisms are
reportedly responsible for such sequence diversity
in this species.” In this outbreak, Chaiyaphum 2014
strain was identified to be type B8 C. botulinum from
fermented bamboo shoots samples. For table 1, the
toxin was rarely detected in the sera of patients.
Woodruff et al studied that the cultures were
positive for 51% of stool specimens and toxin testing
was positive for 37% of sera.”* The lethal dose of 0.2-10
ng per kg for various animal including human,” due to
MBA is still one of the most sensitive to detect BoNT.”
The main limiting factors or growth of C. botulinum
in foods are temperature, pH, water activity,
redox potential, food preservatives, and competing
microorganisms. All of these factors are interrelated and
so changing one factor influences the effect of other fac-
tors. The interaction of factors may have a positive or
negative effect on the inhibition of C. botulinum.” In this
study, even the same lot of fermented bamboo shoots,
the factors of the different may be the container con-
taminated with spore of C. botulinum and the random
sampling which cause the variation of the results.

More than 90% of the outbreaks are caused
by home-prepared or home-preserved foods, especially
vegetables (asparagus, green beans and peppers),”

230 Intoxications with

dairy and fishery products.
C. botulinum producing toxin are often associated with
vegetable -based products that at some point contained
soil with C. botulinum spores.®' Although heating at 100°C

for 10 min can destroy botulinum toxin in food, but the

a € '
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spores are heat-resistant and can survive even after
prolonged heating. The thermo-resistance of
C. botulinum spores varies by strain and other factors
such as the lipid and protein content of the food matrix.*'
In this outbreak, the patients did not heat the fermented
bamboo shoots before eating. Certain environmental
conditions, such as the absence of oxygen (anaerobic
conditions), a pH of over 4.6, warm temperatures
(greate than 4°C), moisture content (water activity) and
a lack of competing bacterial flora could promote the
botulinum toxin production in foods contaminated with
C. botulinum.”* The alteration of evironmental
conditions could increase the pH and allow for the

growth of C. botulinum and toxin production.

Conclusion

Foodborne botulism remains a public health
problem because of its severity and epidemic potential.
Our experiental data showed that the etiologic agent
of outbreak in Chaiyaphum Province was fermented
bamboo shoot contaimated with C. botulinum type B8.
The molecular methods allow rapid identification and
a better understanding the epidemiology of botulism
so that proper preventive protocol has to be prioritized
at the hospital level. It seems that variation of toxin
variants will need to be produced for therapeutics and
vaccine. Source of outbreak of foodborne botulism was
associated with consumption of home-made, home
canned products. Improper cooking may have fostered
C. botulinum growth and toxin formation. To prevent
the future botulism outbreaks, raising awareness of
botulism related to home-made fermented food and proper

cooking process should be advocated.
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Figure legend
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Fig 1. Multiplex PCR for typing of Chaiyaphum 2014 strain.
Lane M and N are 100 bp DNA marker and negative. Lane 1-6 were the bont/B amplicon (205 bps) from strain Okra, 111,
Osaka05, Chaiyaphum 2014 (S1, S2 and F1), respectively. Lane 7-10 were the bont/A (782 bps), bont/B (205 bps), bont/E (389 bps) and

bont/F (543bps) amplicons from C. botulinum type A (DMST27808), type B (DMST27809), type E (DMST48795) and type F (DMST 27810),
respectively.
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Fig 2. Comparison of the amino acid sequences of bont/B1 to B8 subtypes.

The phylogenetic analysis of nucleotide sequences representing all bont/ B. One representative of each subtype is shown. The
phylogenetic tree was generated using the neighbor-joining method and p-distance model. Genetic distance and bootstrap values are shown.
Botulinum toxin subtypes, and strains and Genbank accession numbers used in the analysis are as follows: B1 = Okra (AB232927); CDC1758
(EF033127); Danish (M81186); Hall6517(B) (EF028399); CDC1656 (EF028396); B2 = 111 (AB302854 ); Prevot25 NCASE (EF033129);
ATCC7949 (EF028395); Smith L-590 (EF028398); Prevot59 (EF033128); CDC1828 (EF051571); CDC6291 (EF028401); Osaka06 (AB302853);
Korean soil 1 (DQ417353); Korean soil 2 (DQ417354); B3= CDC795 (EF28400); B4= EKlund 17B (X71343); 10068 (EF028402); Eklund 17B
(B257) (EF051570); ATCC17844 (EF028394); B5= CDC593 (AF300466); CDC1436 (AF295926); 657Ba (EF033130); CDC588 (AF300465);
CDC3281 (Y13630); Iwate 2007 (AB665556); Saraburi 2010 (JQ964804); B6=Osaka05 (AB302852); B7 = Bac-04-07755 (JQ354985);

NCTC3807 (JN120760); B8 = Maehongson 2010 (JQ964806); Surat Thani 2012 (KC714045); Chaiyaphum 2014 (KM0673795)
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TABLE LEGEND

Table 1. Chaiyaphum 2014 outbreaks identified by using culture, mouse bioassays and molecular techniques.

Sample received date Mouse bioassay Isolation Molecular
A F | C. botulinum typing

Sera Patient 1 13-57-06635 (BT) |22 April 57 A A ND ND
Patient 2 13-57-06636 (BT) |22 April 57 A A A A ND ND

Patient 3 13-57-06724 (BT)| 28 April 57 A A A A ND ND

13-57-06725 (AT) |28 April 57 A A A A ND ND

Patient 4 13-57-06726 (BT)| 28 April 57 A A A A ND ND

13-57-06727 (AT) |28 April 57 A A A A ND ND

Stool Patient 1 13-57-06637 (S1) |22 April 57 D A D D + B8
Patient 3 13-57-06728 (S2)| 1 May 57 D A D D + B8

Patient 4 13-57-06729 1 May 57 D A D D + B8

Fermented 2 samples |13-57-06653 (F1) |22 April 57 D A D D + B8
bamboo shoots 13-57-06730 1 May 57 A A A A - ND
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The influence of age on the constant error of joint position sense of the lower extremities
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Introduction: Proprioception is the sense of knowing of joint position and kinesthetic movement. Proprioceptive
feedback is also an importance in the control of voluntary movements. Impaired proprioceptive acuity with advancing

age is an interesting topic for study.

Objectives: The purpose of this study was to compare the constant error of joint position sense (CEJPS) of the
lower extremities between the young adult (20-35 yr.), middle-aged adult (40-55 yr.) and older adult (60-75 yr.)

groups, and to compare the CEJPS between dominant and non-dominant legs in each individual group.

Material and methods: Twenty subjects in each group were blinded and instructed to be measured the error of joint
position sense (EJPS) of both dominant and non-dominant legs in standing position, and the EJPS was calculated
to be the CEJPS for statistical analysis. The CEJPS of all groups was analyzed by one way ANOVA for between

subject effects, and were compared within subject effect by paired sample t-test.

Results: For between subject effects, the CEJPS of the lower extremities of all groups was significantly different in
both dominant and non-dominant legs at p=0.000 and p=0.001, respectively. The CEJPS of the older adult group
was significantly higher than the young adult and middle-aged adult groups, while the CEJPS between the young
adult and middle-aged adult groups was not different. In other hand, for within subject effect, the CEJPS of both

dominant and non-dominant legs in all groups was not different.

Conclusions: Advancing age was significantly influenced on the increasing of the CEJPS of lower extremities, and
the difference between dominant and non-dominant legs was not influence on the joint position sense of the lower
extremities.

Bull Chiang Mai Assoc Med Sci 2015; 48(1): 59-66. Doi: 10.14456/jams.2015.1

Keywords: proprioception, joint position sense, kinesthesia, ageing
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Figure 1. Standing proprioception test: A, Initial position; Flexed position; C, Return to initial position.
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Table 1. Subjects demographic data (mean + standard deviation).

Data Young adult Middle-aged adult Older adult p-value
Age (years) 22.20+3.56"* 48.90+3.47° 67.80+5.21 0.000*
Weight (kilogram) 59.25+13.62 61.75+14.04° 51.90+9.80 0.045*
Height (centimeter) 166.65+9.07"7 158.15+6.59 156.15+6.20 0.000*
Body mass index (kilogram/meter?) 21.21+3.72" 24.59+4.93° 21.17+3.25 0.012*

* One-Way ANOVA is significant at p< 0.05.
! Post Hoc Test is significant between young adult group and middle-aged adult group.
?Post Hoc Test is significant between young adult group and older adult group.

®Post Hoc Test is significant between middle-aged adult groupand older adult group.
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Table 2. Comparison of the constant error of joint reposition sense (centimeter) of the lower extremities between young

adult, middle aged adult, and older adult groups (within subject effect and between subject effects).

Constant error of joint eposition

One-Way ANOVA

Young adult Middle-aged adult Older adult (p-value)
Dominant leg 1.73+0.78" 192+0.92° 3.65+2.47 0.000*
Non-dominant leg 1.48+0.94' 152+0.76° 2.59+1.16 0.001*
Paired-Sample T Test (p-value) 0.153 0.346 0.144 -

* One-Way ANOVA is significant at p< 0.05.

' Post Hoc Test is significant between young adult group and older adult group.

?Post Hoc Test is significant between middle-aged adult group and older adult group.

NANTIN 2 LLam?j”aQamm@mmmmmﬂm@Lﬂﬁau
mﬁmaammé’uﬁugjﬁ’]Lmuwmia@iasmaﬁmumawm"l
femuuandnsiuadaiipsaymoadfsninms 3 ngw
°11aaQ”mTﬁ"sumiﬁnmvﬁlﬁmnﬁ@LLa:@Tm"I,&in‘lI@ Tagwy
'jwm@maammﬂm@Lﬂﬁaumﬁmaamﬁ'ufﬁ'nmmm”a
@iaimdﬂ‘mumwaamﬁmnffmaan@ju@gomqﬁmmn
ﬁqﬂLmzﬁ@hmnn'jméju;i“lmg@]auﬁul,m:néjuQ’ng'@]au

o Nt a

navadIlnyIANIIRAEN p = 0.000 U8z p = 0.001

Bull Chiang Mai Assoc Med Sci

WAL UANTINT IWIATBIANUAMALAREUAIATES
3Ty dunidadarsnsdarudsvasdinliniia
1uﬂ§§m§§amqﬂ'aﬁ@hmnﬁqﬂLLa:ﬁmmﬂn'jﬁnﬁjugﬂmy
mauﬁuua:nq’u;d“‘lmg@lauﬂmdaﬂﬁaﬁﬁfﬁﬁwﬁ'zymdaﬁﬁﬁ
p=0.001 U8z p = 0.001 MNIAL 8819 19NAY VWAV
@hmm@m@Lﬂﬁaumﬁ'maamﬁ'ug”@‘hl,muﬁa@iasm\m‘
fhumwaana;w;jilmgmauﬁuua:ngjupd”lmy'maunmaﬁza

MUntaLRzM W LI nNa L dawandnani

Vol. 48 No. 1 January 2015 63



= 3
sabHan1IEnEN

NnMsdnsdniwazesanydadininunaia
Lﬂﬁaumﬁmaamﬁ’uj@‘hme?‘fa@iasmaﬁmuﬁmlu@:ﬁw
i"mmsﬁﬂmﬁﬁmqi:wm 20-75 1 ﬁﬁqmmwﬁ 15id
szidmaduthe LLa:Iiﬂﬂs:§1m°aﬁawadawa@iamﬁuj:
AURSEN MaN3ANE WU dranuesaLeRauasNves
mi%'uj:@hLmuﬁa@iasmaﬁmuﬁmizmwﬁ’mnﬁ@LLa:
dulindanmolungudidiiunsdnmusdazngs (within
subject effect) liwuaNNuaAndINULEAIlAARINBNTNE
°naam%mﬁf@vl,&idawa@ian’m%’uf@i’nmﬂwaﬁa@ia e
LfiaLﬂ%‘ﬂuLﬁyus:wjnﬂéjmj’nﬁs”mmsﬁﬂmLL@ia:ﬂéjw
(between subject effect) WU fanuasIaLaRauaIN
maami%'uj”@‘hLmﬁﬁaﬁasmaﬁmumaﬁmmLmﬂ@mﬁ'u
sdnadindagninmasevlusuniauazeulinie
I@ﬂwm’]mm']mm@Lﬂﬁaumﬁmaaﬂ'ﬁ{uf@‘hLmum]”a
davaIngudgieny (60-75 J) Aenannningurlnajaan
@ (20-35 0) uaznguelnjmaunans (40-55 0) ar1ad
wudaymeada adnelsfion wudidianuaaaaien
mﬁﬂuaamﬁuiﬁ’nmuﬁa@iamaamjmﬂmg’mauﬁmmz
Jlvnaeunasliuandroiu waduwalinfidianuaaa
mﬁaumﬁmaamjw;j’lmy"mauﬂmdﬁmmnnd'ma;wﬂmyj
DU °1TaQaﬁ%iﬁﬁudﬁwmwaa’i’mﬂmg’mauna’m
L’%'uﬂs'mgm'mLﬁamaamﬁuia'lﬁ'ﬂﬁ%m FOAANDI
AUMsAN®IVeY Laidlaw was Hamiton® AN INavas
mq@ian’m%’ufﬁ'nmﬂﬁa@ia ‘[mwudma‘juqﬂﬂamq
329 17-35 O sunTavendunisvesteszlnn Tain
LLafz"ﬁaLﬁ'}vl,@TLLaiuﬂﬂn’hﬂaiuqﬂﬂaﬁﬁmqizij 50-85 1
wananil Bullock-Saxton uazam:" ld@nwna
maamqm’ammLL&iuﬂfmaams%’uf@i’nmuwaﬁaLm'ﬂuvh
fuszwinanguens 20-35 I nauany 40-55 1 uazngwuens
60-75 O wuin mwLszuz‘iwaoﬂ']ﬁuf@‘mmmnuamj"alszh
iw'jwﬂéjwﬁmwmmmhaaﬂ'waﬁﬁfﬂﬁmvmﬂuﬂwmaau
LLUUﬁ%ﬂGﬁWWﬁﬂUNﬁ?% (partial weight bearing) Tuane
Ansnasauiuasinninidud (full weight bearing) laiwy
AMNUANG mmj"a;ﬂaiwaﬁu%’tmﬁu’hmqﬁﬁm‘fu lag
mww:l,fial,ﬁflgﬁ'ﬂgamq m']mmjuﬁwaamﬁuf@hme
Tadadiaansiofiounugisiean  Seradunawian
ﬂifzmumilﬁawaﬁﬂg\amq (ageing-related changes) ‘ﬁ
Iﬂsaa%“waLLa:msﬁmﬁwﬁ'maﬁ'Nmmj’gamqﬁmwmﬁau
MAUBTINTNG wonandt ImsansEeEiTInen Uy
s wuan mmunws’awaamﬁ'uj’mn”ﬂﬁ%mslu;ﬁa
mqLﬁsaﬁadn”urlwsﬁwawumamﬁai:uuﬂi:mmmﬂma

a 6 1
64 'J’]iﬂ’]iL‘Y]ﬂ%ﬂﬂ’]iLL‘W‘ﬂUL“EEJ\‘ISL%&J

(central nervous system) waztruulszaInaindany
(peripheral nervous system) lasluszauszuudszan
d'suﬂmﬂﬁwumnﬂﬁﬂmmawamﬁw%’ummfﬁnﬂ%ﬁ
ayfluﬂa’wmf:a (muscle spindles) ﬁﬁ”}ﬁﬁ”}ﬁ{ufﬁ’nmm
LLazmimﬁauvlmmaaﬂj’aiﬂywumwmﬁ‘maaLLﬂﬂsgaLﬁu
ifu (increased capsular thickness) Lﬁuﬂhquﬁﬂmda@m
(decreased spindle diameter) a5 luNIABUAKES
868 (decreased sensitivity) ﬁ‘]”m’msltlﬂﬁ’]mf‘:a (intrafusal
muscle fibers) %oy wazdinTuINTaILN WY IERIN
#1aan (axonal swelling) Foidunaanigulszan
9Nn¥iNany (denervation) wananii wi y%’ummjﬁm“ﬁma
nfAmILaldfianis (cutaneous and subcutaneous
mechanoreceptor) sl,u'i'ﬂqamqﬂ'&ﬁﬁwuauammaz
mmﬁsmwwmuumamma%'ummjﬁn@iawﬁmmwaa
fanthitsanasdnaie laun wdiiiaw aawaida (pacinian
corpuscles) ﬁﬁmﬁwﬁ%’ujﬂﬁéﬁauﬁau wazluduas
AONFLTN (meissner’'s corpuscles) ﬁﬁmﬁﬂﬁﬂ’mmﬂ
IORUAE S‘fjad\mans%’ujmmjﬁné;uuazmﬁm%'uw"'a
sanslaganzagefaniusnorhuh nisisanaliiAnnna
Liguasvasmmssvinuazmsedenlna™ Taadnisfinm
WU MsasinminuULLENT (full weight bearing) 813150
°ﬁ'mLﬁmmwmmiﬂuﬂﬁ%’uf@‘hme%@iavlﬁﬁ“fmﬁm
mmﬂﬁmimzéfumﬁufmawﬁm%’umwjﬁﬂ (receptor
activation)'' 1 BWIABIUMETIANNIANINTada (joint
mechanoreceptors) Al unanaanaTWAR Lauds (ruffini
ending) WATLHew AawalGa (pacinian corpuscles) Wag
noala-tnuaan (golgi-tendon)® lumefinaidasnudas
°uaoizuuﬂszm'ﬂa"auﬂmaﬁLf'i'mn”umﬁujmﬂ”ﬂﬁ’%m
wodlwivgeangdnmigydefiates dusasa (neural
substrate) iluﬁoﬁﬂﬁiaﬂadmadLﬁaLﬂﬁ (grey matter) ¥83
awaaf‘éaLﬂudmﬁagmawﬁLmaﬁﬂizmﬂiuu’%!,ams‘hl,mm
Lﬂﬁaﬂauadﬁau%’umwjﬁﬂm\mmﬂgugﬁ (primary
somatosensory cortex) ‘ﬁ'aglmayﬁuﬁéﬁiaoﬂma
(postcentral gyrus) 2YIRNBINAUTN (parietal lobe) G‘é\‘l
Li‘juﬁfuﬁwé’ﬂ"namwaﬂ,ummﬂawamné’tytywmmwjﬁﬂ
Lﬁ'mﬁ'ué’uw”aﬁvsﬂm%’ummj?kﬂagjﬁu’%nmﬁmﬁfd”
ﬁagaﬁ‘l@i’mﬂmsﬁﬂmﬁ“ﬁ’sﬂﬁmwﬁfmﬁdmm
Lﬁawaﬁ'wmwmmﬂq I@mawwzamaﬁ'ﬂufﬂgamq
ﬁmﬁ'uj@‘immi,wa\‘i“ﬂ’a@iasmaﬁmuﬁ’mﬁmslﬁaumﬁd
LLﬁLﬂugﬁﬁqmmwﬁuazvlwﬁﬂ”ﬁ]ﬁ'ué"usl@ﬁﬁdNa@iamm
mmsﬂumﬁ'uj@‘hme'ﬂ’a@ia WONNI ANWENANTD
Tunsfugduniitadavasfidhiaunsdnmluivglng

o A v da A a &
(ﬂauﬂmaﬂ\mLLu’JIuNY];Jﬂ’]ﬂ’J’]Mﬂm@]Lﬂaautwwu’m"uu

17 48 aiufi 1 unaw 2558



Lfia!,ﬁﬂuﬁufﬂéilmyﬂami’u G3iu nseentiiaIny
nIoMITAINITUNIIMe (physical activity) Lﬁ‘laﬁmj
mwaJmmsﬂumﬁufmﬁ'ﬂﬁ%mmn‘%luﬂszﬁ’]@lgaLwﬂu
’J”mj'l,my'muﬁu Lﬁﬂdﬁ]’]ﬂﬁﬂ’]iﬁm:}’]’j’]ﬁﬂw’ﬁn“ﬁ’sUﬂiz@j‘u
mMthnuwesniksiuaNNiinvesmiuianditele™
Tasianwzmafanssunsemssenmdineiinisasi

o e iy
AUNDENLAUN

asduanisdnmn

mmmaammwﬂm@mﬁiaumﬁmmmﬁui
duniidadaresddiuavaInguygiaty (60-75 1) &
mmmﬂm@Lﬂﬁaumﬁmﬂﬂdwmjw;ﬂ’lmymuﬁu (20-35 1)
wazglngjaaunand (40-55 J) aeiiduddyneada

LL@ivl&iwumwLL@m@iNizmnmjmju@my'@amTuLLaz
Q’lmyj@auﬂmd wonanit anwaiavesnlifnadans
suzdunisuaidada Fonamsansitusadliiiuinie
whgiaggeonanauduilunsiuiduniitadasanad
faussazaaasswdunannanuFenaNTIINT A V04

' 6 R v A oA a v
TNTT]UN‘L&E’UG\‘]LLN'J'H]ﬁVLQJNﬂﬁ]ﬁ]EIQ%NWLﬂEI'J“IJB\‘J

aduanisdnsn

maﬂuauqmammmrﬁmamf NAINLRLNELEN

z%m%’ummﬁfumgunuﬁﬁ' 3

LONANTD19D9

1. Gandevia SC, Refshauge KM, Collins DF. Proprioception: peripheral inputs and perceptual interactions. Adv

Exp Med Biol. 2002; 508: 61-8.

2. Bevan L, Cordo P, Carlton L, Carlton M. Proprioceptive coordination of movement sequences: discrimination

of joint angle versus angular distance. J Neurophysiol. 1994; 71: 1862-72.

3. Goble DJ, Coxon JP, Wenderoth N, Impe AV, Swinnen SP. Proprioceptive sensibility in the elderly:

Degeneration, functional consequences and plastic-adaptive processes. Neuroscience and Biobehavioral

Reviews. 2009; 33: 271-8.

4. Shumway-Cook A, Woollacott MH. Motor control: translation research into clinical practice. 3 ed.

Philadelphia: Lippincott Williams & Wilkins; 2007.

5. Skinner HB, Barrack RL, Cook SD. Age-related decline in proprioception. Clin Orthop. 1984: 208-11.

6. Stillman BC. Making sense of proprioception: the meaning of proprioception, kinaesthesia and related terms.

Physiotherapy. 2002; 88(11): 667-76.

7. Sturnieks DL, Lord S. Balance disoders in the elderly. Neurophysiological Clinique/Clinical Neurophysiology.

2008; 38: 467-78.

8. Pirart J. Diabetes mellitus and its degenerative complications: a prospective study of 4,440 patients observed
between 1947 and 1973. Diabetes Care. 1979; 2: 168-88.

9. Kokmen E, Bossemeyer RW, Williams WJ. Quantitative evaluation of joint motion sensation in an aging

population. J Gerontol. 1978; 33: 62-7.

10. Laidlaw RW, Hamilton NA. A study of thresholds in appreciation of passive movement among normal control

subjects. Bull Neurol Inst. 1937; 6: 268-73.

11. Bullock-Saxton JE, Wong WJ, Hogan N. The influence of age on weight-bearing joint reposition sense of the

knee. Exp Brain Res. 2001; 136: 400-6.

Bull Chiang Mai Assoc Med Sci

Vol. 48 No. 1 January 2015 65



66

12.

13.

14.

15.

16.

Train the brain forum committee. Thai mental state examination (TMSE). Siriraj Hosp Gaz. 1993; 45: 359-74
(In Thai).

Ahmad CS, Stein BE, Jeshuran W, Nercessian OA, Henry JH. Anterior cruciate ligament function after tibial
eminence fracture in skeletally mature patients. Am J Sports Med. 2001; 29(3): 339-45.

Perry SD. Evaluation of age-related plantar-surface insensitivity and onset age of advanced insensitivity in

olderadults using vibratory and touch sensation tests. Neurosci Lett. 2006; 392: 62-7.

Quiton R, Roys S, Zhuo J, Keaser M, Gullapalli R, Greenspan J. Agerelated changes in nociceptive

processing in the human brain. Ann NY Acad Sci. 2007; 1097: 175-8.

Thompson KR, Mikesky AE, Bahamonde RE, DB B. Effects of physical training on proprioception in older
women. J Musculoskel Neuron Interact. 2003; 3(3): 223-31.

Mssnaiamsunwndigosdnd 19 48 aUuN 1 anAN 2558



~ ~ A A 'y ~ ' U
AMsdSauiauseazn19ntawlan1als 6 WIN 321IN9 gﬂaﬂfsﬂ
ﬂamqmﬁuﬁa%’aﬁﬁl,l,az\la\iﬁm'az‘[aﬁmma

A comparison of six-minute walk distance between COPD patients with and without anemia
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It is known that exercise capacity in patients with COPD is reduced. Also, anemia can reduce exercise
capacity. However, there was no evidence of the reduction of exercise capacity in anemic COPD patients. The
aim of this study was to compare the six-minute walk distance (6MWD), the heart rate, and the oxygen saturation
immediately after the test (HRim and SpO2im) among the normal subjects and the COPD patients with and without
anemia during six-minute walk test (6MWT). Fifty one sedentary elderly subjects were recruited into this study. Thirty
four subjects were diagnosed as COPD. According to their hemoglobin level, they were divided into two groups: the
anemic group and the non-anemic group (11.58 £ 0.72 g/dL vs. 13.21 + 1.00 g/dL; p<0.05). Thirty five apparently
healthy subjects were used as the control group. The spirometry maneuvers and the 6MWT were performed in all
subjects. Additionally, blood samples were collected to identify their hemoglobin level. The lowest hemoglobin level
was found in the anemic group compared with the non-anemic and the control group (11.58 £ 0.72 g/dL vs. 13.21
+ 1.00 g/dL vs. 13.08 £ 0.32 g/dL). The shortest 6BMWD was statistically showed in the anemic group compared with
the non-anemic and the control group (300.12 + 88.55 m. vs. 390.12 + 50.75 m. vs. 470.35 + 43.10 m; p< 0.05).
The SpO2im in the anemic group was statically significant difference among the groups (84.82 + 6.69% vs. 90.06
+ 7.11% vs. 96.65 £ 2.62%; p< 0.05). However, the HRim was not different among the groups. Also, moderate to
very severe COPD patients with anemia have reduced 6MWD.

Bull Chiang Mai Assoc Med Sci 2015; 48(1): 67-74. Doi: 10.14456/jams.2015.23

Key word: COPD, Anemia, Six minute walk test
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Introduction

Chronic obstructive pulmonary disease (COPD)
is characterized by airflow limitation and inflammation of
the airways and the lungs." The clinical manifestations in
COPD are chronic cough, sputum production, dyspnea,
exercise intolerance, deconditioning, and decreased
quality of life.” COPD has diverse effects, including
respiratory and peripheral muscle weakness, weight loss,
impaired cardiovascular system, and abnormalities of the
autonomic nervous system.®

Anemia is a common condition associated with
chronic diseases such as chronic heart failure (CHF),
chronic kidney disease (CKD), cancer, rheumatoid arthritis
(RA), and COPD.** The clinical symptoms of anemia
in chronic diseases are weakness, fatigue, cachexia,
impaired nutrition, and exercise intolerance.® Previous
studies have shown that proinflammatory cytokines such
as tumor necrosis factor-alpha (TNF-QL), interleukin 6 (IL-6),
interleukin 8 (IL-8), and C-reactive protein (CRP) are increased

in patients with COPD, similar to the mechanisms
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of anemia.”® Other studies have suggested that anemia
contributes to exercise intolerance and dyspnea in chronic
diseases.”® Additionally, the anemia in COPD contributes
to increased mortality, decreased gas exchange and
hemodynamic, abnormal breathing, and skeletal muscle
dysfunction.9 Therefore, the anemia associated with COPD
may further reduce exercise capacity in COPD patients.
The six-minute walk test (6MWT) is a valid and
reliable tool for the evaluation of the pulmonary, cardio-
vascular, and musculoskeletal systems during exercise in
chronic diseases patients, including those with COPD."
This test can indirectly determine the exercise capacity
in moderate to severe COPD patients, and yields similar
values of peak oxygen consumption (VOZ) to the
incremental exercise test."" The six-minute walking
distance (BMWD) was used to assess exercise capacity.™
The 6MWD, heart rate, and oxygen saturation immediately
after BMWT (HRim and SpO2im, respectively) have been
used as predictors of the prognosis in moderate to severe
COPD patients ."""*" A study with CHF and CKD
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patients reported that anemia was the main factor that
decreased exercise capacity as indicated by reduction
in BMWD."*" However, a study of exercise capacity in
anemic COPD patients were limited and small sample
size."”” Therefore, the present research was aimed to
evaluate the exercise capacity in COPD patients with and

without anemia, by using the 6MWT.

Materials and methods

1. Subjects

The study tentatively included 35 normal
subjects, 30 COPD patients with anemia, and 35 COPD
patients without anemia from the internal medicine
outpatient clinic, Maharajnakorn Chiang Mai Hospital,
Chiang Mai University and Mae Jun Hospital, Chiang Rai.
Both male and female COPD patients were recruited and
all clinically stabled, without any change in medication
during the previous three weeks. They were classified as
stage II-IV according to GOLD COPD guideline." Anemia
was defined as hemoglobin concentration below 12 g/dl in
women and 13 g/dl in men. All subjects were matched in
age, weight, height, and gender.

The patients were excluded from this study if they

1) required oxygen therapy,

2) used medication affecting exercise
performance such as f3-blocker,

3) had conditions that limited exercise: heart
diseases, hypertension, diabetes mellitus, musculoskeletal
disorder, and neurological diseases,

4) did not understand verbal communication,

5) had impaired vision and hearing after
correction, or

6) had known vitamin B12 or folic acid deficiency.

2. Procedures

Prior to the study, written informed consents
were obtained and questionnaires were filled out. Blood
sample test, the spirometric maneuvers, and the 6MWT
were performed on all subjects. All the tests were
completed in one session. The data collection was begun
in the morning and the subjects were asked to not to have
alcohol, caffeine, or perform any vigorous exercise within

2 hours before the test.
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The subjects came to the laboratory in the
morning, and demographic data such as age, weight, and
height were measured. After resting for 5 minutes, blood
pressure and heart rate were recorded and the testing
procedures were explained to the subjects.

Then, the 5 milliliter peripheral venous blood
sample was collected. According to WHO guidelines, the
standard hemoglobin test was performed.”® This result
was used to identify individuals’ anemic condition. Then,
the FVC, FEV1, and FEV1/FVC were measured with the
standard spirometry maneuvers according to the ATS
guideline.”” The results of these tests were used to
confirm the inclusion criteria.

Finally, the standardized BMWT was performed."
Subjects were asked to walk from the starting point to
the end point. They were asked to cover as much as
distance as possible in 6 minutes. The subjects walked as
fast as possible but running was prohibited. All subjects
were permitted to slow down, to stop, or to rest as needed
during the test. The same verbal encouragement “do
your best” at the start of each minute was provided
to all subjects. If the subjects took a rest, the verbal
encouragement “begin walking as soon as you feel able”
was given. Before and immediately after the test, the
heart rate, the blood pressure, the oxygen saturation, the
dyspnea scale, and the fatigue perception were recorded.
In addition, the total walking distance covered in 6 minutes
was recorded after the test. The second trial of 6MWT
was repeated after 30 minutes rest, or after the heart rate
returned to baseline. The best results of the 6MWT were
used for further analysis.

The test was terminated if the subjects
experienced chest pain, intolerance dyspnea, leg cramps,

staggering, diaphoresis, and pale or ashen appearance.

3. Statistical analysis

Data was reported as mean + SD. The significant
level at 0.05 was selected. The descriptive statistics were
used for demographic data, spirometry results, heart rate,
oxygen saturation, and 6MWD. One way ANOVA was
used to compare the differences among the normal

subjects, COPD patients with anemia, and without anemia.
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One hundred sedentary elderly subjects were
recruited into this study. Sixty five subjects were diagnosed
as COPD. According to their hemoglobin level, they were
divided into two groups: the anemic group (n=30) and the

non-anemic group (n=35) (11.58 + 0.72 g/dL vs. 13.21

Table 1. The subject’'s demographic data.

+ 1.00 g/dL; p<0.05). Thirty five apparently healthy subjects
were used as the control group. Their demographic data
were showed in Table 1. There were no statistically
significant differences in age, weight, height, and BMI
among the three groups. The smoking period was over
45 years in both the anemic and the non-anemic group
(51.43 £ 5.56 yrs and 50.76 + 4.65 yrs, respectively).

Variables Control group Pathologic group
Non anemic COPD Anemic COPD
(n=35) (n=35) (n=30)
Age (yrs) 68.35 + 4.36 70.25 + 5.47 70.44 + 5.57
Gender (M/F) 26/7 25/8 23/7
Weight (kg) 53.25 + 3.30 49.83 + 4.76 49.38 + 6.13
Height (cm) 160.64 + 4.53 159.45 + 6.36 161.88 + 4.66
BMI (kg/m?) 21.77 £ 1.25 20.99 + 3.14 20.35 + 2.53
Hemoglobin (g/dL) 13.08 + 0.32° 13.21 £ 1.00 11.58 £ 0.72°
FVC (L/s) 2.56 + 0.55° 2.04 + 0.61 1.79 + 0.53
% predicted FVC 95.88 + 5.45a° 74.37 £ 15.24 69.35 + 15.18
FEV1 (L/s) 2.05 + 0.392" 1.01 £ 0.29 0.92 + 0.35
% predicted FEV1 97.33 £ 8.15™° 47.82 + 14.01 46.65 + 13.22
FEV1/FVC 83.66 + 2.56™° 50.37 + 7.71 52.28 + 13.85

Data are presented as mean + SD

Note; BMI = body mass index; FVC = forced vital capacity; FEV1 = forced vital capacity in 1 second

a = significant between normal and non-anemic group (p<0.05)

b= significant between normal and anemic group (p<0.05)

c= significant between anemic and non-anemic group (p<0.05)

The FVC, the predicted FVC, the FEV1, the predicted
FVE1, and the FEV1/FVC showed the significantly
differences between the pathologic group and the control
group (p< 0.05). The degree of the airway obstruction
in the anemic group was comparable to the non-anemic
group. They were classified as moderate to very severe
degree of COPD based on GOLD guideline." The FVC
and the predicted FVC were not statistically significant
differences between the anemic and the non-anemic
group. However, the results showed that the anemic
group was more likely having the restrictive lung disease.

a € '
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All subjects completed the 6MWT. The phys-
iological responses during the 6MWT showed in
Table 2. The lowest walking distance was found in the
anemic group compared with the non-anemic and the

control group.
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Table 2. Physiological responses during 6MWT.

Variables Control group Pathologic group
Non anemic COPD Anemic COPD
(n=35) (n=35) (n=30)
6MWD 470.35 + 43.10° 390.12 + 50.75 300.12 + 88.55"
RestingHR (beats/min) 73.73 + 8.12° 84.65 + 9.01 87.94 + 9.09
HRim (beats/min) 97.00 + 12.07 105.06 + 10.42 111.35 = 11.61
Resting SpO, (%) 97.35 + 0.99 95.35 + 2.42 94.65 + 2.57
SpO%im (%) 96.65 + 2.62° 90.06 + 7.11 84.82 + 6.69°
Resting DBP (mmHg) 70.94 + 5.88 72.76 £ 6.28 72.12 + 6.63
DBPim (mmHg) 75.47 +7.92 77.94 +7.85 77.12 £ 8.70
Resting SBP (mmHg) 115.78 + 13.15 116.08 + 10.43 119.24 + 10.86
SBPim (mmHg) 127.65 + 10.33 129.41 + 9.66 130.08 + 9.05

Data are presented as mean + SD

Note; HR = heart rate; HRim = heart rate immediately after the test; SpO2 = oxygen saturation;

SpOzim = oxygen saturation immediately after the test; DBP = Diastolic blood pressure; DBPim = diastolic blood

pressureimmediately after the test; SBP = Systolic blood pressure; SBPim = Systolic blood pressure immediately after the test

a = significant between control and pathologic group (p<0.05)

b= significant between anemic and non-anemic group (p<0.05)

All subjects completed the 6MWT. The
physiological responses during the 6MWT showed in
Table 2. The lowest walking distance was found in the
anemic group compared with the non-anemic and the
control group.

At rest, all the groups had the SpO2 above 95%
and there was no statistical difference on resting SpO2
among the three groups. However, immediately after
the test, the lower SpOzim was found in the pathologic
group when it was compared with the control group
(p< 0.05). Furthermore, the anemic group showed the
lowest SpOZim among the three groups. There were no
differences on blood pressure at rest and immediately

after exercise among the groups.

The control group had the highest walking
distances among the groups. Additionally, the walking
distances in the anemic group was lower than the
non-anemic group. This result is comparable to the
previous study (265 + 122 m. for the anemic group vs.
325 + 124 m. for the non-anemic group; p<0.05)."
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This implies that the functional capacity is
reduced in the anemic group via the reduction in oxygen
carrying capacity. Additionally, the difference of walking
distance between the anemic and non-anemic group is
about 90 meters in our study. The evidence suggested
that changing of the walking distances greater than 70
meters could alter the patient’s clinical perception.”
Additionally, this result was similar to the previous study
about the six-minute walk distance and reaction time in
anemia and non-anemia COPD."® Also anemia is the
factor may be reduce exercise capacity in COPD.

In this study, the highest resting heart rate was
found in the anemic group compared with the others.
Physical inactivity can increase resting heart rate.” Also,
dominant sympathetic outflow can increase heart rate and
stroke volume in patients with anemia.® Thus, the anemic
condition and the sedentary lifestyle, may affect their
resting heart rate.

In this study, the HRim was higher in the patho-
logic group than the control group, though, it was not
statistically significant difference among the three groups.

This may be due to the effect of increase weak of breathing

Vol. 48 No. 1 January 2015 71



primarily from the airway obstruction in the pathologic
group.1 Furthermore, the highest HRim was found in the
anemic group. The anemic condition can increase plasma

volume of the blood.?®

This consequently results in
congestive heart failure leading to pulmonary hypertension
and pulmonary edema, respectively.”” Low lung compliance
is occurred. Thus, the restrictive lung in the anemic group
is possibly due to the low compliance. This restrictive type
can increase the WOB and the heart rate, respectively.

The resting SpO2 was over 95% in all groups. At
rest, the oxygen availability can meet the basal metabolic
rate. However, during the 6MWT the oxygen supply
does not meet the oxygen demand due to high exercise
intensity and gas exchange impairment.

It is known that the intensity of the 6MWT is
comparable to the maximal exercise stress test in
moderate to severe COPD patients.” The range of
exercise intensity in that study between 67 to 105 percent
predicted maximal heart rate.”" In this study, the exercise
intensity of the non-anemic and the anemic group was
approximately 69.95 and 75.5 percent predicted maximal
heart rate, respectively. Thus, the test can elicit the
oxygen supply deprivation and is sufficient to stress the
cardiopulmonary system in this study.

A previous study reported that the SpOzim was
significant lower in the COPD patients than the healthy
individuals.”' This result is repeated in this study. However,
the SpOzim comparison between the anemic and the
non-anemic COPD patients has been made. This study
is the first study demonstrated that the SpOzim in the
anemic group was statistically significant lower than the
non-anemic group. Additionally, the greater deoxygenating
and the greater reduction of the SpOZim was found in the
anemic group (from 94.65 + 2.57% to 84.82 + 6.69%)
when it was compared to the non-anemic group (from
95.35 + 2.42% to 90.06 £ 7.11%). This is because the
higher the heart rate is the greater reduction of transit
time at the pulmonary capillary. Thus, the severity of the
gas exchange in the anemic group is greater than the
non-anemic group.

Ozalevli et al” reported that the SBP and the
DBP were not statistically significant differences between

the COPD and the healthy group during at rest and
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immediately after the 6MWT. However, the SBP and the
DBP during at rest and immediately after exercise was
slightly higher than the healthy group. These are
reproducible in this study. The comparison of the SBP
and the DBP before and after the 6MWT between the
anemic and the non-anemic group had been made in this
study. The sympathetic activity was greater in the anemic
group than the non-anemic group, even though this group
tried to reduce the walking speed.

Pervious study showed that the dyspnea after
the 6MWT in the anemic group was greater than the
non-anemic group.” In this study, the fatigue and the
dyspnea before and after the test were obtained. The
pathology group had greater the fatigue and dyspnea than
the control group before and after the 6MWT. Specific
consideration between the anemic and the non-anemic
group was made. The fatigue and the dyspnea were
greater in the anemic group than in the counterpart before
and after the test.

Hypoxemia in patients with severe COPD
stimulate the EPO production in kidney and resulting in
the increase of RBC production.® Thus, polycythemia
should be frequently seen in the patients with COPD. In
fact, it is not always the case. Form the epidemiologic
study, the anemic prevalence in COPD was 23.1%.°
Additionally, the EPO resistance was found in the anemic
group.”

Both of COPD and CHF are considered as
the systemic inflammatory disease.”® The anemic
mechanisms in CHF have been already proposed. Firstly,
the increase level of inflammatory cytokines may reduce
red blood cell survival. Secondly, there is the inhibition
of erythropoietin production in bone marrow. Lastly, iron
utilization is inhibited. Currently, the mechanisms of anemia
in COPD are unknown. These mechanisms may cause
anemia in COPD patients. Thus, further study needs to
be clarified on these issues.

Some limitations were found in this study. Firstly,
there was no physical examination on gastrointestinal
(Gl) bleeding and laboratory test on iron deficiency in all
subjects. Since, Gl bleeding and iron deficiency are

commonly caused the anemia in elderly population.”®
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Secondly, pulmonary artery and capillary pressure were anemic group compared with the non-anemic group and

not directly measured. Lastly, objective physical exam- the control group. However, the HRim was not statistically
inations on the heart issues need to be done. This is significant difference among three groups. Immediately
because the cardiac disease is one of the most common after the 6MWT, the anemic group showed the lowest
co-morbidities in patients with COPD.? In conclusion, this SpO2 among the three groups.

study showed that the lowest 6MWD was found in the
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