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ABSTRACT

Little is known about the epidemiology of giardiasis in New Zealand. Most interest has
been focused on the occurrence of Giardia cysts in the water ways of this country and in
particular in municipal water supplies. Little is known about the occurrence of
asymptomatic or even symptomatic giardiasis in people as this is not a notifiable disease,
even less is known about giardiasis in domestic or wild animals.

Giardia can now be cultured in the laboratory. G. intestinalis may be cultured in vitro
while (5. muris is often cultured in the mouse. G. intestinalis cysts when harvested are
often only a portion of the total cells present with trophozoites and incompletely formed
cysts being a larger portion of the cell population. For ease of counting cysts it was
desirable to destroy the trophozoites and incompletely formed cysts. On average 64% of
the trophozoites can be destroyed when harvested cultures are incubated in double distilled
water overnight. Trophozoites were found to remain present in the water for weeks when
stored at 4°C. Sonication destroyed trophozoites within two minutes while incompletely
formed cysts persisted in suspension with completely formed cysts. The only way to
quickly and easily destroy trophozoites and incompletely formed cysts was to incubate the
cell suspension in 0.1% SDS for approximately two minutes and then wash the cysts
remaining by slow centrifugation. The result is a clean suspension of non-viable completely
formed cysts.

New Zealand animals shown to harbour the parasite Giardia include farm animals; cattle,
sheep, dogs and chickens, of importance to anyone using animal manure on their gardens
especially on vegetables that do not require cooking before consumption. Domestic animal
wastes can enter the water supplies on farms and get into rivers that supply town water
supplies. Wild animals infected with Giardia studied in more detail were the possum, house
mouse and ship rat. These animals may be a reservoir for contaminating water ways in less
populated areas of New Zealand though they were more likely to just maintain the infection
within their own population due to little contact with running water. Other wild animals
defecating near water ways could serve as sources of infection.

Little is known about the zoonotic potential of (Giardia found in animals. In past trials with
Giardia cysts from beavers were shown to infect 2 out of 3 people. Dogs and cats have
been implicated as possible sources of household infections and it is recommended when
treating a family for giardiasis to also treat household pets.

Giardia intestinalis cysts cultured in vifro are commonly used for experimental work due to
the ease of harvesting large numbers. It was not known if the in vifro cultures truly
reflected the characteristics of Giardia isolates from people and animals. Morphologically,
few cysts harvested from the flask are elliptical in shape, most being round. It is thought



]
in vitro culturing is highly selective and resulting cultures would only represent a small
portion of the wild population.

G. intestinalis cysts cultured in vitro were compared to (. intestinalis isolated from human
faeces and (5. muris cultured in the mouse. Cysts could not survive in the absence of water.
Laboratory trials found that Giardia cysts were able to survive and remain viable for
months in cold water (4°C) and for shorter periods of time at higher storage temperatures.
Cysts suspended in water free of faecal matter were viable and detectable for a longer
period of time than those cysts exposed to faecal matter. Cysts incubated at 4°C had the
best survival rate with respect to viability and the length of time cysts were present.

Preservation of cysts in 10% formalin did not necessarily prolong the length of time Giardia
cysts could be stored for. Cysts stored in water at 4°C survived for as many months as
cysts fixed in 10% formalin. Giardia cysts studied in the laboratory are often fixed in 10%
formalin or Schaudin's fixative (PVA) to enable long term storage of specimens in
suspension or on slides. Using Schaudin's fixative, Giardia cysts were destroyed and the
internal morphology of the cysts was greatly distorted. Fixing with osmium tetroxide was
not found to distort internal morphology as no difference in morphology was viewed under

Nomarski optics between viable organisms and those fixed with osmium tetroxide.



ACKNOWLEDGMENTS

Thanks to the Department of Microbiology and Genetics of Massey University for the
opportunity and facilities to complete this investigation.

Many thanks to Professor Tim Brown for his support and guidance through the years it
took to complete my studies.

Thank you to Dr John Clarke for putting me on the right track for research ideas.

To Shalome, Erica, Phil, George, Kirsty and Morgan, thank you for a refreshing view on
life in the laboratory.

I would like to express gratitude to Don Waddington and Dr Bob Brockie, Natalie Walker
and Dr Des Till of NZCDC, for help in my research. I have enjoyed working with you all.

I have had extra help from Charlie O'Kelly in instructions on using the Nomarski
microscope and also from Dr Morris of Massey University Student Health for the treatment
of this disease in people. Thank you both very much. Thanks also Doug Hopcroft and
Raymond Bennett, Horticultural Research Electron Microscope Unit, Palmerston North for
the scanning electron micrographs produced so quickly - the chocolate fish were worth their
weight in gold.

To my family and Peter's Mum thank you all and God bless you Mum and Ken for your
undying belief in me, I have finally finished school! Peter and Maru have been a major part
of my life during the last few years and in their own way have helped me through their
humour and love.



TABLE OF CONTENTS

ABSTRACT 11
ACKNOWLEDGMENTS v
TABLE OF CONTENTS \4
LIST OF FIGURES . VII
LAST OF TARLES svsonsssuvsissniomunesonionsass IX
LIST OF PLATES X
CHAPTER 1. INTRODUCTION 1
L1, The O aniSNL........ccoecevreeruriirnaesensensassnsscsnesssnnsssssssssnsnsssssnsnssssssusssssessassasse 1
1.2 TheDisease......ccc. AR S0 A SR AR S O AR 6
e L 9
LA CryOprsBEVaHON . ......omnmimsnss cimsmnmassssnsssmmsdsmtussihssn s e dntomiysdsisssssn 13
1.5,  BEBIHOBES. .....occimmaonensmanremmsmmmssy st sy s mom s e e s s s s 14
1.6. Introduction to This Study and Its Justification. ..................cccoooiiiiiiinn. 16
CHAPTER 2. MATERIALS AND METHODS 18
2.1. Invitro Cultivation of Giardia intestinalis ...............................ccccoovvvennn.... 18
2.2. Recovery of In vitro Cultured Giardia intestinalis Cysts from
ErODHONOIIN s S sORRst b e 19
2.3. Techniques to Recover and Detect Giardia Cysts from
Environmental and Laboratory Samples................cccccocooiiiiiiiin. 24
2.4. Comparison of Commercial Diagnostic Kits with Commonly Used
Diagnostic Methods. ..........ccoeiiiiiiiiiieccicecee e 29
2.5, Sucrose Flotation ReVIEWEH ........ovmmmmsssemmsasmssmssisisss s 31
2.6, ‘New Zealand Animials STIVEVRH......coinwnmmimsmmmasaimmemi i w 32
2.7. Methods Used to Differentiate Species .................cccccoooeeiiieeiiiieiiee 32
2.8. Culturing Giardia muris in the MOUSe .................ccocooiiiiiiiiiiiiiiiie 33
2.9, Establislimg VIAREY ... cuocmmnnimicmonisiosnimimmsmasasssin sbuibsismi s s 33
2.10. Environmental Effects on Giardia Cyst Presence and Viability.................... 35
2.11. Preservation of Giardia Cysts...................c.coooviiiiieiieeeieeeeeeeeeeeee 37
CHAPTER 3. RESULTS 48
3.1. Recovery of In vitro Giardia Cysts from Trophozoites.............................. 48



3.2,

3.3

34.
3.5,
3.6.
=
3.8.
3.9
3.10.

CHAPTER 4.
4.1.
472,

43.

44.
4.5.
4.6.
4.7.
438.
409,
4.10.

APPENDIX A. DATA FOR THE RESULTS

Techniques to Recover and Detect Giardia cysts from Environmental
atd Laboiatory SRmPIES ..o

Comparison of Commercial Diagnostic Kits with Common
B G T T U DSOSy B

Review of Stcrose FIOEAHON ......cuvviussnnmin suamiiisssipmstes i s s,
New Zealand Animals Surveyed.....................coooiiiiiiiiiieeeeeeieeeeeee
Methods Used to Differentiate Species ..................ooveveiviiiiiiiiiiciiiiee,
Culturing Crioredie muris 10108 VIOHSE:...cccomisesmassammsssrsmmetsrmmmisions
Eetablighing VIability . .....c...cncumuemssisiis s i
Environmental Effects on Giardia cyst Presence and Viability.....................
Preservation of Giardia CystsS......................ccoooeiiiiiiieieeeeeeeeeeee
DISCUSSION

Recovery of In vitro Giardia Cysts from Trophozoites..............................
Techniques to Recover and Detect Giardia Cysts from

Environmental and Laboratory Samples..................ccccooeevviiiciiennnn

Comparison of Commercial Diagnostic Kits with Commonly Used
Diagnostic Methods..............oooiiiiiiiiiiiiiicee e

Sucrose Flotation Reviewed ...................oooooooiiiiiiiii
New Zealand Animals SUrveved.......ocuasmmunsssimssmisimssns
Methods Used to Differentiate Species ...............cccocooieeiiiiiiiiiiien,
Culturing Giardia murisinthe Mouse ..o,
Establishing Viability ....................oocoooiiie e,
Environmental Effects on Giardia Cyst Presence and Viability............

Preseivation OF CHIordio QVSS ..o msamms iy sasssiss

Data for 3.1. Separation of /n vitro Giardia Cysts from Trophozoites by

Data

SOTICHEION ..o camismsmmsivamcine s des s s s i s e e st

for 3.2. Techniques to Recover and Detect Giardia Cysts from
Environmental and Laboratory Samples......................cccoocoiiiiiiin,

Data for 3.5. New Zealand Animals Surveyed.........................c.coooeinii
Data for 3.7. Culturing Giardia murisin Mice .............................cccocceein..

Data for 3.9. Environmental Effects on Giardia Cyst Presence and Viability
Data for 3.10. Preservation of Giardia Cysts ..................ccccccovveiieeccncen...

APPENDIX B. REAGENT FORMULATION

BIBLIOGRAPHY

50

52
52
53
53
54
60
62
69

74
74

75

76
77
77
79
79
80
81
82

84

86

94

100

107

109

113



LIST OF FIGURES

Fig. 1:  Representation of the three morphological types of Giardia ............................ 2

Fig. 2.  The % of 103 Giardia cysts cultured in vitro recovered after a period of
time subjected to sonication at various intensities. ...................cccoccoeeeieerinenn. 48

Fig. 3:  The % of 100 Giardia cysts cultured in vitro recovered after a period of
time subjected to sonication at various intensities. ...............ccccoooeeiciniinnn. 49

Fig. 4.  Giardia muris cysts isolated from fresh faeces of Group 1 mice....................... 56

Fig. 5.  Giardia muris cysts isolated from fresh faeces of Group 1 mice, after
they had been treated with flagyl, tested negative for a Giardia muris

infection and reinoculated With G. muris.. ..................cccccovvieviiiiccicin. 56
Fig. 6.  Giardia muris cysts isolated from fresh faeces of Group 2 mice...................... 57
Fig. 7.  Giardia muris cysts isolated from fresh faeces of Group 3 mice....................... 57
Fig. 8.  Giardia muris cysts isolated from fresh faeces of Group 4 mice....................... 58
Fig. 9:  Giardia muris cysts isolated from fresh faeces of Group 5 mice....................... 58
Fig. 10: Giardia muris cysts isolated from fresh faeces of Group 6 mice....................... 59
Fig. 11: Giardia muris cysts isolated from fresh faeces of Group 7 mice....................... 59
Fig. 12: Histogram representing data in Table 10 - The Method of Feely, 1986. ........... 60
Fig. 13: Histogram representing data in Table 11 - Feely's Method, 1991. .................... 61

Fig. 14: The % of recovered Giardia intestinalis cysts cultured in vitro
according to the method of Schupp er al (1988), suspended in milli-Q
water and stored at ~20°C. ... 62

Fig. 15: The % of recovered Giardia muris cysts suspended in mouse faeces, and
BEOTSH BEATE ..o mmssmmssnshiiessonsivsmvaserts T 62

Fig. 16: The % of recovered Giardia muris cysts isolated from mouse faeces,
suspended in water and stored at 4°C. ...................coooiiiiiii 63

Fig. 17 The % of recovered Giardia intestinalis cysts cultured in vitro
according to the method of Schupp et a/ (1988), stored in sterile milliQ
watel ant MCODRION BUIC. ..o icamunmmmssoniis e o SR S SRS 63

Fig. 18. The % of recovered Giardia intestinalis cysts suspended in human
Theves, 200 SIOTEH BEAVEC ...y s e S 64

Fig. 19: The % of recovered Giardia intestinalis cysts isolated from human
faeces, suspended in sterile milli-Q water and stored at 4°C............................. 64



Fig. 20:

Fig. 21:

Fig. 22:

Fig. 23:

Fig. 24:

Fig. 25:

Fig. 26

Fig. 27:

Fig. 28:

Fig. 29:

Fig. 30:

Fig. 31:

Fig. 32:

Fig. 33:

The % of recovered Giardia muris cysts suspended in mouse faeces, and
| 65

The % of recovered Giardia muris cysts isolated from mouse faeces,
suspended in'water and stored at 4°C. ... 65

The % of recovered Giardia muris cysts suspended in mouse faeces, and
REOTEO Bt 2070 vinaiisinncasiovmsinsiinsinimiiess s A A S S 66

The % of recovered Giardia muris cysts isolated from mouse faeces,
suspended i 'waterand stored at 20°C. ..ot 66

The % of recovered Giardia muris cysts suspended in mouse faeces, and
SEOTBE BE 3770 swsisnsmssmmisansss o oS SSRGS 67

The % of recovered Giardia muris cysts isolated from mouse faeces,
suspended in water and stored at 37°C. ............... R 68

The % of recovered Giardia muris cysts suspended in mouse faeces,
fixed with PVA and stored at 20°C...............ccoooiriiiiiieiciceeeee e 69

The % of recovered Giardia muris cysts isolated from mouse faeces,
fixed with PVA and stored at 20°C....................cooooiiiiiiiiiiieeeeee 70

The % of recovered Giardia intestinalis cysts cultured in vitro
according to the method of Schupp er al (1988), suspended in 10%
formahn Sl S50 W ANC .. i RS R 70

The % of recovered Giardia intestinalis cysts suspended in human
faeces, fixed in a final concentration of 10% formalin and stored at 4°C........... 71

The % of recovered Giardia intestinalis cysts isolated from human
faeces, suspended in 10% formalin and stored at 4°C...................................... 71

The % of recovered Giardia muris cysts suspended in mouse faeces,
fixed in a final concentration of 10% formalin and stored at 4°C..................... 72

The % of recovered Giardia muris cysts suspended in 10% formalin and
BEOTEH BE AP . ccinrvmsinnainassavsimsimmssm s s o e R A AT RS SR 72

The % of recovered Giardia intestinalis cysts cultured in vitro
according to the method of Schupp ef a/ (1988), exposed to 0.1% SDS,
suspended in sterile milli-Q water and stored at 4°C. ..............cc..ooooiieiiieennn.. 73



LIST OF TABLES

Table 1:
Table 2:
Table 3:
Table 4:
Table 5:
Table 6:
Table 7:
Table 8:
Table 9:
Table 10:
Table 11:
Table 12:
Table 13:

Table 14:

Table 15:

Table 16:

Table 17:

Table 18:

Data for recovery of lysed trophozoites in double distilled water at 4°C........... 49
Data for recovery of in vitro G. intestinalis cysts from faeces...................... 50
Data for recovery of G. intestinalis cysts isolated from human faeces. ............. 50
Data for recovery of G. intestinalis cysts isolated from mice faeces. ................ 50
Comparison of different stains by faecal origin..................cc.ccooovviiiii 51
Comparison of new diagnostic kits vs. common diagnostic methods. ............... 52
Data for sucrose flotation of G. muris cysts, without brakes. ......................... 52
Data for sucrose flotation of G. muris cysts, with brakes. ...................ccocoeo. 53
A general description of each mouse group studied. ...................ccooiienn. 54
Data for establishing viability via Feely's Method, 1986. .................................. 60
Data for establishing viability via Feely's Method, 1991. ...................cc.coen 61
Data for recovery of Giardia cysts left in sawdust after 24 hours.................... 67

Data for recovery of 105 in vitro cysts from trophozoites and
incompletely formed cysts by sonicating a suspension at Sp (27.5u) ................ 84

Data for recovery of 105 in vitro cysts from trophozoites and
incompletely formed cysts by sonicating a suspension at 6y (33p) .......cooove.. 84

Data for recovery of 10° in vitro cysts from trophozoites and
incompletely formed cysts by sonicating a suspension at 7p (38.5p). ............... 84

Data for recovery of 100 in vitro cysts from trophozoites and
incompletely formed cysts by sonicating a suspension at Sp (27.5p) ............... 85

Data for recovery of 10® in vitro cysts from trophozoites and
incompletely formed cysts by sonicating a suspension at 6p (33p) ................... 85

Data for recovery of 100 in vitro cysts from trophozoites and
incompletely formed cysts by sonicating a suspension at 7p (38.5u). ............... 85



LIST OF PLATES

1. PHOTOGRAPHS OF GIARDIA TROPHOZOITES VIEWED BY DIRECT LIGHT
MICROSCOPY

A. Giardia intestinalis trophozoite cultured in vitro ...................cccccoveeeeinnen

B. Giardia muris trophozoite cultured inthemouse..........................ccooinniien

2. PHOTOGRAPHS OF GIARDIA CYSTS STAINED WITH A FLUORESCENT ANTIBODY
AND VIEWED UNDER EPIFLUORESCENCE

A. Giardia intestinalis cysts from human faeces......................ccoccooviiiiiien.

B. Giardia muris cysts from monse FAECES... ... cusrosssmosssssssasssssmmussisasamssasesvase

3. PHOTOGRAPHS OF GIARDIA CYSTS AND TROPHOZOITES VIEWED UNDER
NOMARSKI OPTICS

A. Giardia intestinalis trophozoite cultured in vitro. .................cccccovvvvvcneeenn..
B. Giardia muris trophozoite cultured inthemouse......................c....oooe.
C. Giardia intestinalis cysts cultured i Vifro...............cocvviniiimismsiismsnneissassmians
D. Gigrdia cysts ciltured n the Bamster ... ..o tmnaviomimog

E. Giardia muris cysts cultured in the mouse................cocooviiiiiiiiiiiiiciin

4, PHOTOGRAPHS OF GIARDIA USING THE SCANNING ELECTRON MICROSCOPE ......vcc
A. Giardia intestinalis trophozoite cultured in vifro ...,

B. Giardia intestinalis cysts cultured in Vifro.......................ccccoeviviiiiiiceie

42
42
42

43
43
43



