Abstract

Background: Giardiasis is an intestinal diarrhoeal illness caused by the
flagellate protozoan parasi@&ardia intestinalis(synonymous witlGiardia
lambliaandGiardia duodenali¥. Traditionally, giardiasis has been
diagnosed in patients using faecal concentration and microscopy techniques.
Non-microscopy based tests available for the laboratory diagnoses of
giardiasis include recent innovationspolymerase chain reaction (PCR)

and immunoassays with increased sensitivity. The laboratory diagnosis of
giardiasis is complicated by the intermittent excretion of the parasite and
asymptomatic presentation that sometimes occurs with this infection.
Clinicians may on occasion treat patients for giardiasis on clinical suspicion
alone when diagnostic tests have failed to ider@iyrdia intestinalisand

some of the patients do get better putting into question the performance of
the diagnostic test used. thie Hospital for Tropical Diseases (HTD) in
Londonthe ova, cysts anglarasitemicroscopy (OCRM) is the front line test
for diagnosing giardiasis.

Aim: The aim of this study was to critically analyse theqgrenance of a
commercial and a publishedattime PCRdiagnostic tests for their

potential use as front line tests for the diagnosis of giardiasis in the clinical
parasitology diagnostic laboratory at tH€D. Storage conditions that will
allow the best yield oGiardia intestinalisDNA from stored faeal samples
were also investigated in this study.

Methods: In the absence @gold standarda composite reference standard
(CRS)of enzyme immunoassd§IA) and rapid membrane t§d®MT) was
used to evaluate the performance of Primerdesign Ltdtinr@PCR kit for

Giardia intestinalis(which detects only assemblages A and B subtypes) and
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areattime PCR assaysing Verweij et apublished primers (Verweigal

time PCR)which targetedhe (SSUYRNA gene The two testsvere
comparedvith the OCPM testin adiagnostic accuracstudy using a nen
probability sampling technique with consecutive samples.

Results: The Verwelij reatime PCR which targeted the (SSU) rRNA gene
showed a diagnostic sensitivity of 93.4 % (95 % CI: 86.2 to 97.5 %) and a
specificityof 74.7 % (95 % CI: 63.6 to 83.8 %) with a limit of detection
(LOD) of < 5 cysts/ml. The Primerdesign Ltd. réahe PCR which also
targeted the gdh gene showed a diagnostic sensitivity of 61.5 % (95 % CI:
50.8 to 71.6 %) and specificity of 98.7 % (95 % €3.2 to 99.8 %) with a

l imit of detect i onAlsg, id B3eriatyfdiluted 1inl 4
10 dilutions of a known concentrati@iardia intestinalisDNA solution,

the Verweij reatime PCR produced efficiency (E) of 96 % (the slope was
3.414 with a correlation cdécient (R%) of 0.99 and a copy number

variance predominantly less than 10 % (< 10 %). The Primerdesign Ltd. had

E = 100 % (the slope wa8.342), R=0.95, and a copy number variance
predominantly greater than 10 %18 %).

In this study, the OCG®M missed 16.5 %siardia positive stool
samplexontrasted with 6.6 % missed by tfierweij reattime PCR.The
Verweij reattime PCRthereforeshowed approximately 10 % increase.(
16.5 %- 6.6 %)in detection rate ovehé OCPM andwith an estimated
detectionimit of < 5 cysts/mbf stool it alsocorrectly identified 70 %
(14/20) of the discrepant cases as true positives -K@kentified 10 %
(2/20).When sensitivities were adjustéa the Verweij reatime PCR as a
result of enhacement in the detection rate of the CRS, 19.3 % @%.35
% = 19.3%) more positive cases were notétle Verweij reattime PCR
provedto be more robust than the O®fand the Primerdegn Ltd. PCR
andhasthereforebeen shown tbe moresuited for defpyment as a first

line diaghostic test than the other two indests.Even in combination with
iii
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the OCPRM, the sensitivity remained unchanged at 93.4Méh its high
specificity, the Primerdesign Ltiardia PCR kit may be useful for
partitioning clinial history for epidemiological studies but wit®D of O
114 cysts/ml of stool and’R 0.99 when faecal samples are invohiedill
require further optimisation for use on clinical samplgis to the end of
April 2013, a literature search showedindependent evaluation of this
Giardia reattime PCR kit

Storage affects molecular analyses and from the findings of this study,
stool samples are best stored in industrial methylated spirit and kept at 4
°C if they are to be used for retithe PCR forGiardia intestinalisdetection
Alternatively they can bstored in the freezeat -20 °C without industrial
methylated spirit. Samples should however be tested within three months of
storage.
Conclusion: The reason why some patients get better when they are treated
empirically following microscopy negative resifor Giardia intestinalis
may be foundn the factthat, in this studythe OCPM failed to detect 16.5
% of positive cases.eVerweij reattime PCR performed better than the
OCPM and showed an improvemenit10 %in Giardia intestinalis
detection rat. The Primerdesign Ltdsiardia PCR kit requires further
optimisation for use on clinical samples. TWerweij realtime PCRwas
more robust than the O@® and the Primerdesign Ltd. PCR and therefore
IS more suited for use as a first line diagnosticwitst best results obtained
whenstool samples arfrst treated withindustrial methylated spitistored
in the fridge at 46 °C and tested within three months of storage.

The Verweij realtime PCRassay maye used as dandalone test for
in combinatio with the OCPM, there was no improvement ithe 93.4 %
sensitivity when it was used alon€he OCP-M, however, has the advantage

of identifying the presence of other parasites.
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Chapter 1: Introduction

1.1 Giardiasis

Giardiasis is an intestindiarrhoeal illness caused by the flagellated
protozoan parasit@iardia intestinalis(synonymous wittGiardia lambliaand
Giardia duodenalis This chapter discusses the global burdegiatliasis and
the history ofGiardia intestinalis Following on fran thesea discussion of the
biology of the parasite and the immune response that the human body produces
against it is given. The remainder of this chapter will be devoted to the clinical
laboratory diagnosis d@iardiasis besides making a case for a mobeist test
to diagnosésiardia intestinalis

Giardia infections have been known for many centuries @raddia

intestinalishas been a successful parasite because there are different genetic
strains with different levels of severity and virulence faxtaaking their
elimination by the bodyds defence me
of infection occur when the parasite triggers a reaction, ibisever does not
always occur and asymptomatic cases have been reported in the litgkkture
Mohammed, 201JAImeida et al., 2006 Knowing that different strains exist
will help in devising diagnostitests and strategies to combat the infection. In
addition to there being different genetic strains, there is also the problem of
antigenic variation, whereby the parasite expresses different surface antigens sc
quickly that the human immune system hagime to produce antibodies
against it and by that the parasite avoids detection. A variety of serological
assays have been used to detect circulating antibodies in serum but because of
the biological characteristics of the parasite and the lack of sugaliigens, the

sensitivity of serological assays remains pd@ubert, 2000



The life cycle ofGiardia, even though simple (i.e. faegaial), presents a
diagrostic challenge in that the two stages of the parasite (trophozoite and cysts!
are located in different regions in the body and a two pronged approach may be
required to detect both stages. Also an added complication is the intermittent
nature of excretionf the parasite. As consequence, diagnostic sensitivities
rarely get to 9@6 (DuqueBeltran et al., 20021In order to understand this
protozoan parasite bettenetcurrent understanding Giardia genetics and
strain variation, antigenic variation, and immunological responses to the
infection are discussed under sections 1.2 and 1.3. Knowing the biology of this

parasite will help immensely in the diagnosis and management of this infection.

1.1.1 Globd burden

Diarrhoeal diseases have been ranked second only to lower respiratory
tract infections by the WHO in its 2004 update of the leading causes of global
burden of disease for all agg§HO, 1996 2004 2008. This represents 4%
of total disability adjusted life years (DALYS), a tirbased measure that
combines years of life lost due to premature mortality and years of life lost due
to time lived in states of less than full hedhhathers, Fat, & Boerma, 2008
Yassin, Amr, & AtNajar, 2009. Even though future prediction by the WHO
puts the ranking of diarrhoeal diseases outside the top ten of the leading causes
of burden of disease, it still remains dnelss that requires a robust diagnostic
tool in addition to public health education to keep it under control. With an
estimated 280 million symptomatic human incidents per y&iardia is
regarded as the commonest cause of protozoan diarrheal infectidwide
(WHO, 199§.

In addition to the impact on society, there are also economic losses in the
agricultural industry foGiardia intestinalisis also known to infect a broad
range of mammals resulting in production log&&'siandley, Buret, McAllister,
Jelinski, & Olson, 2001 In fact, a study has shown that lambs infected with

2



Giardia parasiteexperienced significantly decreased weight gain, impaired feed
efficiency, and reduced carcass weight compared withinfented lamis

(Olson et al., 1996 Giardia intestinalisjs showing no signs of abating for after
a decline in UK incidence over a number of years, there has been a gradual
increase in reported casef Giardia infections to thd?ublic Health England

(PHE) at Colindale, UK(This was formally called the Health Protection Agency
(HPA)) (Figure 1.1XHPA, 2012

8000 ~

Mumber of isolates
M o = N O
[

[ ]

[

1

L]

2004
2004
2008
2007
2008
2009
2010

Figure 1.1: Giardia intestinalis laboratory reports.
All identifications reported to the Health Protection Agency England and Wales, 2000-
2010. Data source: 2000-2010 Labbase2. Last reviewed: 15 July 2011.

In the same way as in the UK, giardiasis is a nationally notifiable
gastrointestinal iliness in the USA addring 20092010, the total number of
reported casascreased 1.90, from 19,562 in 2009 to 19,927 2010(Yoder,
Gargano, Wallace, & Beach, 2012

1.1.2 History of Giardia intestinalis
The Dutch microscopist Van Leeuwenhoek described what, most likely,
wasGiardia intestinalisin his stool when he examined it microscopically in



1681. The description of whaelsaw has been cited by Dobell (1936)
follows:

RAll these described particles lay in a clear transparent medium, in

which | have at times seen very prettily moving animalcules, some rather
larger, others somewhat smaller than a blood corpuscle, and all of one and
the same structure. Their bodies easomewhat longer than broad, and

their belly, which was flattened, provided with several feet, with which they
made such a movement through the clear medium and the globules that we

might fancy we saw a pissabed running up against a wall. But although the

made a rapid movement with their feet, yet they made but slow progress."
[Cited by (Dobell, 1920.]

Figure 1.2: Giardia trophozoites under scanning electron microscope.
Credit: CDC Waterborne Disease Prevention Branch (Parasites: Giardia treatment, 2012)

Van Leeuwenhoek was clearly describB@rdia trophozoitegFigure 1.2).
This flagellatewas initially namedCercomonas intestinalisy Lambl in 1859
(Ortega & Adam, 1997and was later renamé&giardia lambliaby Stiles in
1915 in honour of Professor A. Giard of Paris and Dr. F. Lambl of Prague.
Many, however, consider the na@erdia intestinalisto be the correct name
for this protozoan parasite. According to tharasitology departmenf the

Centres foDiseaseControl andPrevention and foGlobal Health (CDC), the
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International Commission on Zoological Nomenclature is reviewing this issue
(Giardiasis, 200p

WhenGiardia intestinaliswas initially discovered, it was thought to be a
harmless commensal organism of the gut. It was not until the 1970s when it was
associated with community outbreaks and was also found in travellers returning
from endemic areas with classical symptoms that it came to be considered as a
pathogen. It has also been found in as many & 8Draw water supplies from
lakes, streams, and ponds and in as many &t dffiltered water samples
(Ryu, Alum, Mena, & Abbaszadegan, 2007

1.1.3 Presentation afiardiasis

Giardia causes diarrhoea and sometimes malabsorption in both epidemic
and sporadic forms and it is found worldwidertega & Adam, 1997 The
symptoms normally encountered vary, with the classical ones bearghaka,
abdominal cramps, bloating, and flatulence that may persist for weeks and can
be intermittent or chronic. Fat absorption can be impaired giving rise to
steatorrhoea. These are rgpecific symptoms anglardiasis can easily be
missed especially immunocompromised and palliative care patients.

Asymptomatic infections have also been repo(fddMohammed, 201)1

1.1.4 Transmission ogiardiasis

Giardiasis is transmitted through ingestion of contaminated water and
food, persofto-personcontact in child care centres, and men who have sex with
men. The life cycle oGiardiais composed of the two stages. They dte
trophozoite stagé-igure 1.3which exists freely in the human small intestine
and the cysstage(Figure 1.3which is te infectious form of the parasite. The
cyst is relatively inert and is passed into the environment being environmentally
resistant. Detection of the motile trophozoites correlates with symptomatic
giardiasis. Although one can have symptoms with justsaysthe stool and
both stages (independently or together) are diagnostic indicatgiesdiisis.
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Infections may result from the ingestion of ten or fe@e&rdia cysts
(Rendtorff, 1954

No intermediate hosts are required. Upon ingestion of the cyst contained
in contaminated water or food, excystation occurs in the stomach and the
duodenum in the presence of acid and pancreatic enzymes. Two trophozoites
per cyst are released and thegp into the small bowel where they multiply
rapidly, with a doubling time of-Q2 h. to populate the lumen of the proximal
small bowel. Here they remain free or attached to the mucosa by the ventral
sucking disc until encystation is triggered as the parasnsit towards the
colon. As trophozoites pass into the large bowel, encystation occurs in the

presence of neutral pH and secondary bile salts. Cysts are passed into the

environment, and the cycle is repeateédjure 1.3).

;Ccmlamlnshc-n of water, food, or
{ handsfomites with infective cysts.

Trophozoites are also
passed in stool but
they do mot survive im

A\ = infective Stage
A= Diagnostic Stage

N 2

Trophozoites’

Figure 1.3: Life cycle of Giardia intestinalis.
Source: CDC Department of Parasitology (Giardiasis, 2009).

The cyst is the stage found more commonly in formed stools and the
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incubation perial is variable, 25 days (or longer); medianID days.

The illness remains communicable as long as cysts are being shed, which
may be many months. The typical shedding period is however poorly defined
and may be intermittent. Humans and some animalsosts for this parasite
but human to human transmission is more common and well documented.
Cattle, beaver, and other wildlife may be important in contaminating surface
water supplies and domestic animals (e.g., dogs) may also be a source for some
human expsuregdMacpherson2009. In a short communication, Li et al
(2012 reported the finding oGiardia intestinaliszoonoticassemblage A in
dogs in Guangzhou, Southern China. To prevent the potential risk of
transmission to humans, they suggested the need for integoateol c
strategies and hygiene measures to control giardlases al., 2013. Effective
control measuwes cannot be put into place when diagnosis is lacking. Another
group of researchers, working with Rwandan children, have assoGitetia
intestinalisassemblage B with impaired child growdignatius et al., 2012
Effectivelaboratory diagnosis of suinicroscopic infections is needed to clarify
the actual contribution dbiardia intestinalisto morbidity in areas of high
endemicity for these areas constitute unrecognized reseofdransmission
(Ignatius et al., 2012

1.1.5 Treatment ofjiardiasis
Several drugs have been used to treat giardiasis. Of particular note are the

following five agents: nitroimidades, quinacrine, furazolidone,
benzimidazoles, and paromomycin. The nitroimidazoles used tqi@alia
infections include metronidazole and tinidazole. They were discovered in 1955
and at that time found to be very effective against several protoaoasitps
which includedTrichomonas vaginaliandEntamoeba histolyticdt was not
until sevenyears later, in 1962, that Darbon et(@001)reported the potential
use of metronidazole for treating giardia@®srbon, Portal, Girier, Pantin, &
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Leclaire, 1962Gardner & Hill, 200). Tinidazole is used to treat giardiasis in
the Hospital for Tropical Diseas€HTD) outpatients department in London and
IS sometimes given as presumptive therapy for giardiasis (S.G. Wright, personal
communication, June 10, 2010). The nitroimidazoles are effective against
anaerobic and micro aerophilic pathogens. They exertrthgagenic effects
when activated through the pyruvate:ferredoxin oxidoreductase pathway.
Reduced metronidazole, for example, serves as a terminal electron acceptor
which binds covalently to DNA macromolecule and thereby damages it. This
eventually resultg the death of the trophozoitédsdwards, 1993Mdiller,
1983. A single oral dose of tinidazole hasebgfound to be highly effective
treatment for giardiasis and is equal in efficacy teda course of
metronidazol€¢Speelman, 1985

Quinacrinas an antimalarial drug that is also effective agaBiardia
intestinalis.Ilts mode of action is not fully known, it is, however, thought to
intercalate readily witlGiardia intestinalisDNA and thereby inhibit nucleic
acid synthesis. Quinacrine remailnte drug of choice until the early 1960s
when the &nitroimidazole group of compounds was reported as having
antigiardial activity(Escobedo & Cimerman, 2007

Furazolidone is one of the nitrofuran compounds created since the class
was discoveredcithe 1940¢Gardner & Hill, 200}. It is believed that its
killing effect is related to the toxicity of reduced products which can damage
DNA (Gardner & Hill, 200). Thebenzimidazoles bind tGiardia intestinalis
betatubulin cytoskeleton causing inhibition of cytoskeleton polymerization and
impaired glucose uptak®'enkatesan, 1998Two members of this class of
compounds are albendazole and mebendazole. Albendazole is well known for
treating helminth infections but it is also known to have-giatidial activity
(Ali & Nozaki, 2007). However, the first largecale clinical study of
albendazole, conducted in Bangladesh, showed a lower average efficacy

compared with metronidazo{elall & Nahar, 1993
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Paromomycin is a member of the aminoglycoside family, first isolated in
1956. It inhibits protein synthesis @iardia by interfering with the 50S ahn
30S ribosomal subnits (Edlind, 1989. In vitro testing shows that
paromomycin has relatively low activity compared with the class of compounds
mentioned abovéGordts, Hemelhof, Asselman, & Butzler, 1985

Treatment failures have been reponéth all of the common anti
Giardia agents including metronidazole, quinacrine, furazolidone, and
albendazole. It is, therefore, important for clinicians faced with recurrence of
symptoms after therapy to differentiate between actual drug resistanees, cur
followed by reinfection, and po$iiardia lactose intolerance. In this study, an
attempt has been made to make this task less difficult for clinicians by
discovering a more sensitive and robust test that will help with the management

of this illness.

1.1.6 Prevention and control afiardiasis

PHEworks to prevent and control communicable diseases. As the mode of
transmission of giardiasis is via the faecedl route and persons remain
infective as long as cysts are being shed, the illness has the tendgamnto
for months in closed communities where standards of hygiene are
unsatisfactory. For this reason, public health guidelines are available in the
event of an outbreak to handle the situation. When the source Gliartya
infection is food borne, it Wlibe recorded and reported under tieading of
food poisoning by PHEANntimicrobial treatment of individual cases forms the
basis of control along with food sanitati(®almon et al., 2004

In the event of a suspected source of infection been identified (e.qg.,
contaminated well or infected animal), witle potential for transmitting
infection to a defined population, advice on measures to avoid exposure is giver

to the individuals involved. In the next section, the biolog@iairdia



intestinaliswill be discussed with particular reference to the distio and

potential virulence structures that characterize this parasite.
1.2 The biology ofGiardia intestinalis

1.2.1 Trophozoit structure
Giardia intestinalistrophozoites are peahaped and are about-13 um by 59
um in size(Adam, 200). The trophoaite has a convex dorsal surface and a flat
ventral surface that contains the ventral disc, a rigid cytoskeleton composed of
microtubules and microribbons. The trophozoite also contains four pairs of
flagella, directed posteriorly, that aid the parasitmoving. Two symmetric
nuclei with prominent karyosomes produce the characteristic face like image

that appears on stained preparations.

Basal bodies

Nucleus

Ventrolateral
flagella

Lateral
crest

| \ Ventral disc

B\ \
xan bodies

—

Anterolateral
flagella

T

Ventral
flagella

Posterolateral
flagella

Caudal
flagella

TRENDS in Parasitology

Figure 1.4: Schematic drawing of Giardia trophozoites.
(Monis, Caccio, & Thompson, 2009).

It possesses\aried number of median bodiaad it has been proposed that the

median bodies play a part in the in the biogenesis of the ventrgPavec&
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Benchimol, 2004 The location of the median bodies gives the parasite a
characteristic fsmil (Ankarkleh derstrant ai ne d
Hultgvist, Ringqvist, Troell, & Svard, 20)0The flagella are named according
to the part of the trophozoite that they ate&ached to. That anterior, posterior,
caudal, andrentral(Figure 1.4).They are locomotive organs, used during the
excystation process and are also thought to facilitate the attachment of the
ventral disc to the epithelial cell surface by creatingatiee pessure under the
ventral disqPiva & Benchimol, 2004 The presence of tw&ymmetric nuclei
with respect to the long axis (Biardia is rather unusual and it has been
suggested that they may have slightly different functions because they differ in
nuclei pore number and distributigenchimol, 200k There is also the
absence of nucleoli, which are the sites for rRNA transcription in the nuclei of
higher eukargtes. Nucleoli contaifibrillarin which is required for preRNA
processing. Fibrillarin has been demonstrated to be diffuse rather than localizec
in theGiardia intestinalisnuclei suggesting that rRNA transcription and
processing are not localizeddertain regions of the nuclehdam, 200).
However, since the publ i-gpexifici on of
molecular markerkave revealed the presence of-0.5 pmsized intranuclear
subcompartment domains of fibrgranular nature at the anterior zone of both
nuclei that may well indicate localized nucleoli as found in higher eukaryotes
(Carranza & Lujan, 200)0The ventral adhesive disc used for attachment to
enterocytess a unique structure and covers the anterior half of the ventral side
of the trophozoite. It is considered to be a virulence factor as attachment to the
intestinal wall is vital for its establishment in the intestine. The known
components of the disc inae a family ofGiardia-=s peci fi ¢ pr-ot e
a n dt ubb ud, +amn dgiérdin, SALR1 and aurora kinag®avids,
Williams, Lauwaet, Palanca, & Gillin, 200BImendorf, Dawson, &

McCaffery, 2003. Some of these proteins are contractile and cytoskeletal
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proteins. The ventral didhas also been suggested to play a role in nuclear
division (Benchimol, 2004Solari, Rahn, Saura, & Lujan, 2003

Giardia has four pairs of flagella and each flagellum has a highly
conserved basdody from which it emergedawson & House, 201(Bagolla,
Dawson, Mancuso, & Cande, 2Q0%hese bodis act as a type of signalling
transduction and control centre during cell division and differentiation, and
flagellar assemblyDavids et al., 2008@awson & House, 201Qauwaet et al.,
2007). The plasma membrane of t@gardia trophozoite is made up of a lipid
bilayer and a single coat covers the ergirgface of the trophozoite. It forms
the first line of defence against the innate immunity of the host. The plasma
membrane also acts as the attachment point for the cytoskeleton and regulates
the processes of endocytosis and exocy{@giam, 200). Giardia

trophozoites encyst as they go through the gut.

1.2.2 Cyst structure
Encystation inGiardia occurs after the parasite has undergmnaear

replication, but before cytokinesis. This prepares the cyst to release two
trophozoites upon excystation. The mature cyst therefore contains four nuclei
(Figure 1.3).The cyst is smootiwalled and oval in shee, measuring-82 um
long by 710 um wde. Once the host is infected, trophozoites may appear in the
duodenum within minutes. Excystation occurs within 5 min of exposure of the
cysts to an environment with a pH between 1.3 and\ukherjee et al., 20)1
After infection, the trophozoites attach to the enterocyieshe ventral
adhesive disk. This may occur through the presence of lectin on the surface of
the trophozoite or through other mechanical means. Encystation is a continuous
process during infection. As the trophozoites encounter neutral pH and/or
secondaryile salts, encystatiespecific secretory vesicles (ESVs) appear.
After 15 h, cyst wall proteins are visible. Within 24 h after the appearance of

ESVs, the trophozoite is covered with these cyst wall proteins, the form of the
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cyst has emerged, and newigens are present. The cyst wall is tough and
consists of 6@ carbohydrate and 4% protein that prevents hypotonic lysis in
the environmenfAnkarklev et al., 2010 Three cyst walproteins (CWP1,
CWP2, and CWP3) have been identified and these are potential targets for

enzyme immunoassay tests for diagnogjagdiasis.

1.2.3 Taxonomy ofGiardia intestinalis

The taxonomy oGiardia is evolving and this account relates to what is
currentlyknown in this field of study. The 1980 classification of the Protozoa,
based on morphology, plac&sardia in the phylum Sarcomastigophora, sub
phylum Mastigophora (Flagellata), class Zoomastigophorea, order
Diplomonadida and family Hexamitidg®lorrison et al., 200) According to
the new or current classification, which is based on genetic, structural, and
biochemical analysis;iardia belongs to the Phylutdietamonada, Subphylum
Trichozoa, Superclass Eopharyngia, Class Trepomonadea, Subclass Diplozoa,
Order Giardiida and Family Giardiid@eavalierSmith, 2003 Plutzer, Ongerth,
& Karanis, 2010. Giardiais very unusual in the sense that it is a eukaryotic
single celled organism and yet shares many characteristics with anaerobic
prokaryotes. It lacks comon eukaryotic sufgellular organelles such as
mitochondria, peroxisomes, and a discernible stehaty Golgi apparatus
(Plutzer et al., 2000 The functions of the latter appear to be taken over by other
structures. For despite the lack of any morphological similar@esdia ESVs
show severalibchemical characteristics of maturing Golgi cister(iarti &
Hehl, 2003.

1.2.4 Genetics and strain variation
The Genussiardia currently has six species identified by morphological
features using light and eleatranicroscopy and subsequently confirmed by
molecular analysis of the small ribosomal (18S) RNA dgémam, 2001
Plutzer et al., 2000 These species are associated with particular hostsas
13



in Table 1.1Isolates ofGiardia intestinalisare classified into seven
assemblages, based on the characterization of the glutamate dehydrogenase
(gdh), smaltsubunit(SSU) rRNA, and triosephosphate isomeragg genes

(Bertrand, Albertini, & Schwartzbrod, 20P5

Table 1.1: Giardia species host associations.

Giardia species

Host

Giardia agilis

Amphibians

Giardia ardeae

Birds (Herons)

Giardia psittaci

Birds (Psittaci)

Giardia muris

Rodents (Mice)

Giardia microti

Rodents (Voles)

Giardia intestinalisspecies complex

Human and other mammalian hosts

Giardia intestinalisspecies complex is composed of different strains
isolated from a large range of mammalian hosts including hu(@atzio,
Thompson, McLauchlin, & Smith, 200McRoberts et al., 1996To date, eight
assemblages (A to H) are delineated within@Gmrdia intestinaliscomplex and
H is not yet fully describedAssemblages A and B only are associated with
humans and the rest with other mammalian specissagnin Table 1.2
Molecular analyses of these assemblages have shown that they are not close
enough to be grouped under the same species. Sequence amdilysiss that
the distances beten these assemblages are actggbgter than those
separating certain genera of bact¢kionis et al., 2009 Hence, the suggestion
that the species complex should be broken up into different specieheairth
own particuar name assigned to them as shawhable 1.2(Lasek
Nesselquist, Welch, & Sogin, 201l0asekNesselquist, Welch, Thompson,
Steuart, & Sogin, 2009
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Table 1.2: Giardia intestinalis assemblages.
Species names have been suggested for Giardia intestinalis assemblages.

Giardia intestinalis Proposed species Host

assemblage

A G. intestinalis Humans and other primates,
dogs, cats, livestock, rodents|

other wild mammals

B G. enterica Humans and other primates,

dogs, cats and some specieg

wild animals

C/D G. canis Dogs and ther canids

E G. bovis Cattle and other hoofed
animals

F G. cati Cats

G G. simondi Rats

H (New species not yet | Pinnipeds ifparine mammals)

formally described)

It is known that the genetic loci @iardia differ in substitution rates.
The substitutiomates for the partiglSSU rRNA, bg, gdh, and tpi genes have
been reported to be 0.01, 0.03, 0.06, and 0.12 substitutions per nucleotide,
respectively(Wielinga, Ryan, Andrew Thompson, & Monis, 201These
differences have resulted in different resolution of parasite typing(S®ie
rRNA has been used mostly for genotyping, whereas the most variable locus,
tpi, is usually used for subtyping. The bg and gdh loci, with substitution rates
between those of tH&ESU rRNA and tpi genes, have a broad application
spectrum(Table 1.3Feng & Xiao, 201}
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Table 1.3: Commonly used Giardia intestinalis genotyping tools.
Target, primer, and assay type (Modified from Feng &Xiao, 2011).

Gene

Primer (sequenceb @ 6 ] )

Size(bp) Specificity

Assay type

Usages (s)

tpi

gdh

gdh

gdh

(SSU)
rRNA
gene

bg

AL3543
(AAATIATGCCTGCTCGTCG)

AL3546
(CAAACCTTITCCGCAAACC)
AL3544
(CCCTTCATCGGIGGTAACTT)
AL3545
(GTGGCCACCACICCGTGCC)

Ghd1l
(TTCCGTRTYCAGTACAACTC)

Gdh2
(ACCTCGTTCTGRGTGGCGCA)
Gdh3
(ATGACYGAGCTYCAGAGGCACGT)
Gdh4
(GTGGCGCARGGCATGATGCA)

GDH1
(ATCTTCGAGAGGATGCTTGAG)

GDHA4
(AGTACGCGACGCTGGGATACT)

GDHeF
(TCAACGTYAAYCGYGGYTTCCGT)

GDHiF
(CAGTACAACTCYGCTCTCGG)
GDHiIR
(GTTRTCCTTGCACATCTCC)

RH11

(CATCCGGTCGATCCTGCC)

RH4
(AGTCGAACCCTGATTCTCCGCCCAGG)
GiarF

(GACGCTCTCCCCAAGGACQ)

GiarR

(CTGCGTCACGCTGCTCG)

G7
(AAGCCCGACGACCTCACCCGCAGTGC)

G759
(GAGGCCGCCCTGGATCTTCGAGACGAC)
GiarF

(GAACGAACGAGATCGAGGTCCG)

GiarR

(CTCGACGAGCTTCGTGTT)

605

532

754

530

778

432

292

130

753

511

Genus
specifié

Genus
specific

Genus
specific

Genus
specific

Genus
specific

Unknown

Nested PCR,
sequencing

Nested PCR,
sequencing

PCR, RFLP,

sequencing

Seminested
PCR, RFLP

PCR,
sequencing

Nested PCR,
sequencing

Genotyping
and
subtyping

Genotyping
and
subtyping

Genotyping
and
subtyping

Genotyping
and
subtyping

Genotyping

Genotyping
and
subtyping

@Does not amplify assemblage D
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1.2.5 Pathophysiology angathogenesis
Thehostmicrobialinteractionghat govern the outcome wifection are
not fully understood. Available findings, however, show that microvillus
atrophy and enterocyte injury resulting fr@rardia infection result in
intestinal malabsorptioand hypersecretiofBuret, 2008. Giardia-induced
enterocyte apoptosis causes the pathophysiological activation of CD8+
lymphocytes which in turn induces difiishortening of brush border microvilli
resulting in malabsorption and maldigest{@otton, Beatty, & Buret, 20)1
Osmotic diarrhea can also occuiGiardia infections due to secondary
lactase and other enzyme deficiencies in the micr¢Wiser, 2007.
Nitric oxideis an important mediator of homeostasis. It is synthesized from L
arginine and any changes in its functions can affect the pathological state of an
organism. It has been reported t@#rdia spp.inhibits nitric oxideproduction
by consuming arginine. Thicould contribute to the variability of the duration

and severity of infections by this paragigavanelli et al., 2090

1.3 Immune response tdGiardia intestinalis
Epidemiological studies have shown that previous infection @Gigindia
is followed by a reduced risk o&infection and a reduced development of overt

symptomg SolaymaniMohammadi & Singer, 2030

1.3.1 Mechanisms of the immune response
The immune response to microbial pathogens, incluGiagdia sp.,
relies on both innate and adaptive components. Although the actual host defenc
mechanisms responsible for controlli@grdia infections are poorly
understood, many studies have demonstrated the development of adaptive
Immune responses as well as innate mechanisms in humans and other animals
(Gillon, Al Thamery, & Ferguson, 198RoxstromLindquist, Palm, Reiner,
Ringqvist, & Svard, 2006 Long et al. (2010) looked at the role of faecal
chemokines and cytokinestine resolution of diardeal Escherichia coland
17
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Giardia intestinalisinfections and found increased levels of monocyte
chemoattractant proteih (MCP-1), IFN-gamma, Il-4, and IL-5 to be

associated with increas@iardia intestinalisinfection durationwhile

increased IL8 levels were associated with decreased durétiong et al.,

2010. However, these associations may not represent the development of a
protedive immune response in the girtore effort should be directed to
understanding mechanisms of virulence and identifying specific parasite
virulence factors in order to understand the relative contributions of both the
host and the parasite to disefseng et al., 201D

1.3.2 Antigens and antigenic variation
Antigenic variation inGiardia intestinalisis the ability to spontaneously

switch to a differenvariantspecfic surface protein (VSP)t allows the
parasite to evade the host's immune response and by that produce chronic and/
recurrent infectionsThere are approximately 190 V&Bding genes and only
one is expressed on the surface of each parasite ataijgartime. Thesystem
of regulation of the VSEBxpression has been shown to comprise RNA
dependent RNA polymerase, dicer, and argonaute which are known component:
of the RNA interference machinefiyrucca et al., 2008

1.3.3 Immunecompromised hosts
Individuals with HIV and AIDS do not appear to be at particularly
increased risk of developing symptomatic giardiasis. Parasite clearance is
believed to be reliant mo secretory immunity in the intestinal lumen than
cell-mediated responses within the intestinal mucosa. Specific secretory (s) IgA
has been detected on the surfac&iafdia intestinalistrophozoites in human
jejunal biopsies and jejunal fluigrarthing, Cevallos, & Kelly, 2008Anti-
Giardia sIgA has also been found in milk and saliva and there is the suggestion
that they contribute to protection from giardiasis in bréagtinfants. Current
evidence suggests that a@iardia slgA has a role in clearin@iardia from the
18



gut lumen possiblyby trophozoitesagglutination and/or inhibition of flagella
motility (Farthing et al., 20081t has also &en observed in clinical practice that
AIDS patients, and especially those with low immunoglobulin levels, are
difficult to treat when they get giardiasis (P. Chiodini, personal communication,
June 142012. Using an enzyménked immunosorbent asg#o detect IgM,

IgG, and IgA specific toGiardia intestinalistrophozoites, Janoff, Smith, and
Blaser(1988)tested sera obtained from a group of AIDS patients and healthy
heterosexual men. Patients with AIDS who had acute symptomatic giardiasis
had significatly lower levels of all antibodies than did the heterosexual
subjects who had giardiasis; specific IgM too was absent in all but one patient
with AIDS. In spite of this result, they remarked that the treatment available for
AIDS patients is independentbfh e pati ent 6s I mmune st
patientsd with AIDS do not haGadat o ¢
intestinalisinfection (Janoff, Smith, & Blaser, 1988Another groumf

researchers (Cardoso et al., 2011), described the epidemiology of intestinal
parasites in patients from an AIDS reference centre in Brazil. They suggested
that the development of symptomatic giardiasis cannot be associated with a
particular arm of theanmune systenjFaubert, 2000 Experiments using mice
have also suggested the importance of CD4+ cells in parasite clearance by
switching Bcell IgM to IgA production during infectidfrarthinget al., 2008.
Therefore, the suggestion that the treatment given to AIDS patients with

giardiasis is independent of their immune status is yet to be substantiated.

1.3.4 Vaccination
Human vaccination again&iardia infection is currently not available,
thoudh a crude veterinary vaccine has been licensed for cats and dogs.
Jenikova et al. (2011) tested the vaccine potential of three conserved antigens
previously identified i-gi hu-olaseadd
and ornithine carbamoyl transfes in a murine model @iardia
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intestinalisi nf ecti on. Thei r f igradinisassitablen d i
candidate antigen for a vaccine against giardi@sisikova et al., 201

It was mentioned in &ction 1.3.2hat the system of regulation of thi&P
expression has beeshown to comprise RNAependent RNA polymerase,
dicer, and argonaute, known components of the RNA interference machinery
(Prucca et al., 2008 Disruption d the pathway for this system of regulation
of theVSP expression generates trophozoites simultaneously expressing
many VSPs. The fact that the parasite uses antigenic variation for survival
means that the expression of many VSPs at the same time miglsbéul
thing in generating vaccines against the par#Bmecca, Rivero, & Lujan,
2011, Rivero et al.2010.

1.4 Laboratory diagnosis of giardiasis

Since the 1% century when the Dutch scientist Antony van Leeuwenhoek
used a microscope to examine his own diarrhoeic stool sample, the microscope
has become a scientific tool in the control and treatmentdzpoal diseases.
Recent advancement in technology has opened up new approaches for the
development of improved diagnostic tools for the detec@@rndia intestinalis
(de Waal, 201p The aim of this section is to highlight how these have
contributed to the diagnosis of giardiasis and any further developments that ma

be required to improve an

1.4.1 Microscopy
Traditionally, giardiasis has been diagnosed in patients using the faecal
concentration technique described by Allen and Riiden & Ridley, 1970
Ridley, 1956. The procedures for thiBrect microscopic etection of cysts and
trophozoites in fresh or fixedil specimensare,however laborious, time
consuming and require experti€eaafar, 201l Also, the sensitivity of
parasite detection is hampered the intermittent pattern of excretiarf the
parasite which means that they may be atgatbnal levels for detection using
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the direct smear or concentration metiipdqueBeltran et al., 2002 The
sensitivity of parasite identific@in has been reported to increase up té6a85

when microscopic examination is performed on three faecal samples obtained
on different daygDuqueBeltran etal., 2002 Gaafar, 201)L Both noninvasive

and invasive procedures have been used to obtain samples for diagnosing

giardiasis.

1.4.1.1Use of norinvasive methods

Stool samples are commonly examinedtha investigation of
gastrointestinal disturbances. The samples are normally obtained without any
invasive procedure and the simplest method of microscopic examination is the
examination of smears with further staining and wet preparations with or
without staining(Garcia, 1999 A directwet preparation of a small amount of
stool mixed with normal saline is prepared on a microscope slide. This is useful
for the identification ofGiardia trophozoites. The advantage is that the
movement of thesparasites can be observed which aids identification. The
direct wet preparation can also be used to identify the cyst st&gardia.
Further staining of the faecal smear with a Romanovixghg stain (e.g. Rapid
Field) and the wet preparation with iodiis often used to improve the
sensitivity of this techniqu@e Waal, 201R The greatest disadvantage of
smears/wet preparations is their lack of sensitivity. To improve sensitivity,
methods for concentratin@iardia cysts from a largevolume of starting
material before microscopic examination have been developed. Of particular
note is the Allen and Ridley method for stool concentration which is still the
gold standard for microscopic examination for ova, cysts, and pargditss
& Ridley, 197Q Ridley, 1956. Formalin (10 %) and ether are mixed with the
stool sample to remove extraneous substances like faecal fat and large faecal
debris. The resulting mixture is spun down to deposit the parasites in the form
of a pellet. The supernatant is discarded and the pellet is examined
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microscopically after recongtiting with a couple of drops of normal saline. In a
study conducted to compare forrether concentration techniquasd direct
smearifor the diagnosis of intestinal parasjtése formotether concentration
techniquedetected 65.3 % of positive speciménisone or more parasites
including Giardia andthe direct smear detect8d.7% (Oguoma & Ekwunife,
2007 . The formotether concentration ¢bnique detect&iardia cysts and

cysts and larvae of leér parasites saithis project, the direct smear was added
to deteciGiardia trophozoites which otherwise will not be detected because the
ether and formalin mixture for the concentration technapstroys the
trophozoites. Even though the concentration methoelasively more sensitive,

it, however does noto detect the trophozoites stage.

1.4.1.2Use of invasive techniques

In patients with chronic diarrhoea and negative stool examinations, the
diagnais of giardiasis can be established by the examination of duodenal
contents. The patient swallows a gelatin capsule on a string (HEagty¢Beal,
Viens, Grant, & Hughes, 19Y.0After several hours, the capsule is removed by
pulling the string up and the string is examined microscopically for
trophozoites. Raly, duodenoscopy with microscopic examination of duodenal
fluid or histologic examination of biopsy specimens will be required to establish
a diagnosis. Although more invasive, it has the advantage of revealing
alternative diagnoses especially in HIV g patients who have a weakened
immune system and therefore are more susceptible to infe¢iidas, 199]).
Also Coeliac disease is looked for in biopsies. Some researchers have found the
examination of duodenal contents to be more sensitive than the examination of
stool specimenfKamath & Murugasu, 197/Rosenthal & Liebman, 1930
This is in contradiction to Goka et al. (1990) who fostmbl samples to be
more reliable than duodenal aspiréoka, Rolston, Mathan, & Farthing,
1990. In another study by a different group of workers, cysts were found in the
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stools of altenexperimentally infected persons, while duodenal aspirates
yielded negative resul{®ash, Herrington, Losonsky, Eevine, 1987.

Therefore, it would seem that the evaluation of stool and duodenal contents
complements each other, one test may be positive while the other is negative.
Experimental infections like this raise significant ethical issues and therefore an
ethical framework has been offered for evaluating infecimmucing challenge
experiments, which focuses on the scientific and public health rationale, among
other things, for conducting these studigldler & Grady, 200). This

experiment was done on healthy volunteers and extrapolating the tesults
vulnerable groups of people with compromised or immature immune systems
will not be straightforward. Alternative approaches to this type of investigation
will be much preferred, hence the need for more sensitive methods to test stool

samples.

1.4.2 Immunodianosis
Immunodiagnostic tests use antibealytigen reactions to diagnose
infection. In direct detection, the antibodies are usually the reagents and
antigens are the disease markers. If organisms occur at densities below the
detection level of the directethod employed, or cannot be directly
demonstrated because of the particular stage of their life cycle found in the

biological sample, serological tests are used to diagnose the infection indirectly.

1.4.2.1Antibody detection

Indirect fluorescent antibody tesEAT) is commonly used to detect the
presence of antibodies agaif&ardia intestinalisand by so doing attempt to
diagnose the infection indirecth polyvalent conjugate (recognizing IgG, IgM
and IgA) is used and a fodold or greater increase in tittetween acute and
convalescent sera indicates an acute active phase. A single positive reaction
represents previous exposure, siangbody titres are known to remain
elevated for at least six monti#s. t i 1t3P is codidered as antibody
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detected, and antibody not detected is < 1:16. A titre of 1:16 is considered as
equivocal and a repeat test, 3 to 4 weeks after the initial specimen, is tested if
clinically indicated(Mayo Medical Laboratories, 1995The reason behind this
cautious approach to the interfaon of the IFAT results is the fact that
antibodies persist for a long time, even after the elimination of the parasite and
therefore a positive test does not necessary mean an abtietoim is going on.
Serology is not useful for diagnosing acutéettions(de Waal, 201Pbecause

it takes a long time for the body to develop protective immunity against
Giardia. Even so, only partial immunity occurs for immunity does not
necessarily develop following a single infection. In a commuthidy

experienced tw&iardia outbreaks in an interval of five years, people infected
during the first outbreak were at significantly lower risk during the second
outbreak(lsaacRenton, Lewis, Ong, & Nulsen, 1994 here is also variability

in the humoral response @iardia infection with infants and young children
particularly affected because of their immature immune system and often are
exposed more tthe infection than other age groupsbertson, 1996

Antigenic variation inGiardia speciess also one of the reasons why serology is
not useful for diagnosing acute infections. The parasite changes the expression
of its surface antigens more often before the body camtraoresponse to any
trigger (see &ction 1.3.2). Serum antibody testingigeful epidemiologically,

but is not sensitive or specific enough for the primary diagnosis of individual
patients(Goka, Rolston, Mathan, & Farthing, 19&nith, Gillin, Brown, &

Nash, 1981Visvesvara, Smith, Healy, & Brown, 198®n alternative is to

detectGiardia intestinalisantigens rather thamost antibodies raised against it

1.4.2.2Antigen detection

Monoclonal antibodies have been raised ag#&hmestdia to detect the
presence of the parasite. For examplee most widely used antigen detection
immunoassays fdBiardia are the direct fluoresceanibody (DFA) test which
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detectsGiardia cysts(Garcia, Shum, & Bruckner, 1982and enzyme
iImmunoassays (ElAs), which detect soluble stool antig@ascia &Shimizu,
1997, 2000.

DFA tests (e.g., The Merifluor DFA (Meridian Bioscience, Inc.) provide
definitive diagnosis by using fluorescdabelled antibodies against cell wall
antigens ofGiardia cyst. The sensitivity and specificity of the Merifluor DFA
kit has been reported as 96 to 28Gnd 99.8 to 10& respectivelyJahnston,
Ballard, Beach, Causer, & Wilkins, 2003 his test has greater sensitivity than
traditional examination of permanent smearsGardia (Mank, Zaat, Delder,
van Eijk, & Polderman, 1997

Commercially available EIAs use antibodies for the qualitative detection
of Giardia antigens in both preserved and unpreserved stool speciRessf
et al., 198%. The reported sensitivities of EIAs range from 94 t@®@nd
specificities range from 99 to 106 (Johnston eal., 2003.

ElAs are useful when there are numerous samples to be screened becaus
the micraetitre tray can take about 96 samples. The test can also be read
objectively on a spectrophotometer as well as visually based on the level of
fluorescence. Howevefalsenegative test results have been repofittahson
& Cartwright, 200).

A rapid membrane teRMT), manufactured by Coris BioConcept uses
monoclonal antibodies raised agai@sardia intestinaliscyst membrane
antigens to detect the parasite. The kit is CE marked and marketed with the
productname ofGiardia-strip with reported 96.3 % sensitivity and 97.8 %
specificity with performance compared to microsc{pgris BioConcept,

2012.

Lack of trained microscopists, costly equipment, and the need to cat dow
turnaround times for the issuimd results have contributed to the development
of immunochromatographic laterdbw immunoassays (rapid assaysr

Giardia intestinalis.These tests are simple, 10 min card assays with reported
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sensitivity of greater than @ and specificity of 1086 (Chan et al., 20Q0
Garcia & Shimizu, 2000

1.4.3 Detection of parasite DNA

The advent of nucleic aciblased diagnostics, in particular the polymerase
chain reaction in 1985, has revolutionized the diagnosis of infectioegsgis in
general. Given the limitation of staining techniques including the inability to do
species or genotype identification, various molecular methods have been
developed to diagnose giardiasis for treatment mapand epidemiological
studies For exanple, SYBR Green redime PCR developed by Polley et al.
(2011) has now replaced microscopy as the frontline test in the detection and
species identification of microsporidial infections at the Hospital for Tropical
Diseases in LondofPolley, Boadi, Watson, Curry, & Chiodini, 2011
number of conventional spesspecific PCRs and prodmsed realime PCRs
also exist for the detection Gfiardia intestinalis(Hopkins et al., 1997
Nantavisai et al., 20Q¥erweij et al., 2004Verweij et al., 2008 One such
molecular method is a reaine PCR assy by Primerdesign Ltd. which targets
the gdh gene dbiardia intestinalisand a nestedonventionaPCRtargeting the
(SSU rRNA gene ofGiardia intestinalishas a reported sensitivity of 97.3 %
(95 % CIt 87.999.9 %) and specificity of 100 % (95€4: 91.3-100 %)
(Nantavisai et al., 2007

The molecular detection of parasite DNA begins with the extraction of
Giardia genomic DNA from stool samples. The principle is: samples are first
lysed using proteinase K and buffers are usqarovide optimal DNA binding
conditions. The lysate is loaded onto the DNeasy Mini spin column and that is
followed with centrifugation. During centrifugation, DNA selectively binds to
the DNeasy membrane as contaminants pass through. Remaining contemina
and enzyme inhibitors are removed in two efficient wash steps and DNA is then
eluted in water or buffer, ready for ugegurel.5).This is the method adapted
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for use on stool samples for this project. For detailed extraction procedure see
Section 2 ad the DNeasy® Blood & Tissue Handbook, Pg3ZBDNeasy
Blood and Tissue Handbook, 2006

Sample

!

T;Ta Lyse

Ready-to-use DMNA

Figure 1.5: DNeasy mini procedure.

With the DNA extracted, the appropriaterpers and probe are then
deployed to set up the PCR as discusse&kation 2. The primer selection takes
into consideration the purpose of the PCR whether it is for genetic
characterization or genus identification. This will determine the oligonucleotide
type to use (se€able 1.3) Probebased reatime methodology is used in this
project and therefore along with the primer selection is the choice of an
appropriate probe (s&ection 2). A number of genetic loci f@iardia

intestinalistargeted by thesaligonucleotides are known. Some of these are
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gdh, tpi,(SSUr RN A, -Gardich. Sfudies have shown that gene
polymorphism could group isolates into assembld@éslinga & Thompson,
2007). In a study to evaluate the discriminatory power of genotypic markers for
identifying nucleotide diersity within subgenotypes oGiardia intestinalis
assemblage B, Sattanapipong et af2007) showed that the combination of
two loci provides a higher discrimination power for gydnotypes oGiardia
intestinalisthan using any single locus. Thediimination powers of gdh, tpi,
b-Giardin, eftU ,  a-nDINA G&e were 100, 100, 96.43, 42.86, afd 0
respectively(Siripattanapipong et al., 2@). They could not, however, compare
the results directly because the datasets were from different sources
(Siripattanapipong et al., 20LTheless variable and conserved (SSRNA
gene was targeted by therweij reattime PCR primers in this project for
identification ofGiardia intestinalisto the genusevel. The (SSUJRNA genes
of Giardia intestinalisandGiardia murisare 80% similar andhis corresponds
to about 290 different bases over the length of the (fRoehelle, De Leon,
Stewart, & Wolfe, 199) Verweij et al. (20032004) designed and used a set
of primers on the basis of the kno{®SU rRNA gene sequence f@iardia
intestinalis(GenBank accession no. M54878) such that-bp&agment within
the (SSU rRNA gene wasamplified and detected specifically fGiardia
intestinalis

The gdh gene wassal targeted in this project usitftge Primerdesign
Ltd. reattime PCR. This gene has been reported to Ba@® %discriminatory
powerandis capable of both genotyping asdbtyping Giardia isolates
(Siripattanapipong et al., 20LThese techniques are very useful but they are
also susceptible to contamination ahdrefore working areas for extraction
procedures (fAdirtyo areas) shoul d be
(Acl eano areas) in order 4viable pdarasite mi z e

DNA could also be detected and therefore clinical judgeménhtoe needed in
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the interpretation of PCR results for treatment purpkesephson, Gerba, &
Pepper, 1993

1.4.3.1Conventional polymerase chain raant

Theconventional PCRequires a DNA template containing the target
region and two primers flanking the marked regieigure 1.6) After
amplification, PCRoroducts are separated electrophoretically on an agarose gel
according to size. There is a séknown DNA molecular weights (marksr
run on each gel as standards to aid in the determination of sizes of amplicons
(Figure 1.7).

Figure 1.6: Steps in the polymerase chain reaction.
(source: http://users.wmin.ac.uk/~redwayk/lectures/images/PCR-1.gif).
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