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Abstract 22

A cross-sectional study was carried out on 400rexpuholdings (326 horses and 23
74 donkeys) samples to determine the prevalenc&aflia assemblages A, B 24
and E in Jordan. Identifying th&iardia assemblages was carried out using 25
ELISA as a screening test and PCR-RFLP targetintp Rgardin loci. In 26
addition, PCR targeting triose phosphate isomergeee {pi) specific for 27
assemblage A and B were used as confirmatory. B¥lsa tested positive by 28
ELISA for Giardia with an apparent prevalence of 8.5%. The PCR-RiEsP 29
confirmedGiardia assemblages in 30 of the 34 ELISA-positive samgilegag a 30
true prevalence of 7.7% (95% CI; 4.8-10.1). Of 30epositive animals/holdings, 31
18, 4 and 8 had assemblage A, B and E. AssemblagiasAsignificantly § < 32
0.05) more prevalent when compared to assemblagesl . The total infection 33
rates ofGiardia, assemblage B and E were significanfly<(0.05, Chi-square) 34
higher in donkeys 14.8%, 2.7%, 5.5% compared ted®5.8%, 0.6%, 1.2%, 35
respectively. Analysis of risk factors revealedttbaly season was significantly 36
associated with the differer@iardia assemblages. Autumn (OR = 0.09) was 37
associated witlGiardia infection regardless of the assemblage type asciegl 38
factor. The odds of infection of assemblage A anddfeased in winter (OR = 39
6.8) and spring (OR = 4.5), respectiveBrardia assemblages A, B, and E infect 40
both horses and donkeys in Jordan with potentiglachon human and animal 41
health and the odds of infections is significamibgociated with season. 42
43
Keywords. Giardia assemblages; donkey; horse; prevalence; risk fgcto44

climate; season; Jordan 45

46



1. Introduction 47
Giardia duodenalis (also known a&. lamblia andG. intestinalis) is very 48

common intestinal pathogen of humans and domesitncads worldwide in both 49

temperate and tropical climate zones [1]. Acbitardia infection is 50

characterized by diarrhea in both humans and asjmdiile chronic infectionin 51

children and young animals are reportedly assatiatth failure to thrive, 52
wasting and malabsorption syndrorfardia is usually transmitted by the 53
fecal-oral route, both directly and indirectly B}, TheG. duodenalis is the 54

only known species that infects human and most mam]. It is considered as 55
species complex, which has eight assemblages A tdentified by sequencing 56
the ribosomal RNA gene and have been supporteeédpescing other genes [3]. 57
Assemblages A and B were most commonly isolated fiamans and 58
presumed zoonotic [5]. In addition, there is maseation with assemblages 59

where it can be divided into sub-assemblages asliland Alll, according to 60

glutamate dehydrogenaggll)) gene sequences [4]. 61
Compared to other animals, only few studies hawes lsenducted to 62
investigateGiardia infecting equine, mainly horses. Infection raseied 63

between 1.5 % in China to 71% in the USA [6-12].t0& other hand, there is 64
only one report abougiardia infection among donkeys in China [13]. In Jordan65
although giardiasis was included in WHO’s negledisgases initiative [14], 66
Giardia infection was never evaluated in animals, andetlage only few reports 67
on Giardia prevalence in human [15-19]. Recently, two assagdd ofGiardia 68
were isolated from 48 Jordanian human patients evhssemblage A was found 69

in 44.9% of samples while assemblage B was fourtdih% of samples [20]. 70



The main objective of the study reported here isvtestigate the
prevalence oGiardia assemblages A, B and E infections in horses ankeys.
Furthermore, potential risk factors associated W@idrdia infection were

explored.

2. Methods

2.1 Study area and population

Four out of the 12 Jordanian Governorates locatddur climate zones

were included in the study: Irbid, Mafraq, thedkor River Valley and Amman.

The Irbid area is located at the north-westernspafrtiordan characterized by
warm temperate climate mostly planes and semi-hmllyature. Equines are
mainly used in the studied areas for transportatiwhploughing lands. The
Jordan River Valley is the natural western bordeloodan and situated 200 to
400 meters below sea level and is characterizdthisyng a warm steppe
climate. On the other hand, the Mafraq area istémtat the eastern part of
Jordan characterized by cool desert climate. ThenAmarea is located at the
middle part of Jordan characterized by cool railmpate and is considered

mountainous in nature and is located at about bd&@rs above sea level.

Equines are mainly used in the studied areasdosportation and ploughing. As

the capital of Jordan, equines are mostly usedmman for sports and
horseback riding.

The average seasonal rainfalls were reported &rbe, 386.6, 144.7
and 0.0 mm during winter, autumn, spring and sunseasons respectively

(Source: Jordan Metrological Department).
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The grazing season starts in January and finishikarch in the river 95
valley (warm steppe climate), while in the othezaa, it is usually between 96

February through May on green grazing and from Jdaraigust in the aftermath 97

of wheat and barley and other crops. 98
Equines in Jordan are individually owned, with éxeeption of few 99
horse stables kept for riding and sport activitiesunderdeveloped areas, they 100
are used for farming and transportation. Whileesett areas, mainly donkeys 101
are used for transhumance sheep and goat farmorgesiare used by tourists 102
for horseback riding and exploring attraction sgash as Petra and Dead Sea. 103
Only horses kept in big stables are vaccinatedhag&tanus, herpesvirus and 104
influenza. 105
106
2.2 Sample size deter mination 107

The prevalence dbiardia among horses in Jordan or the Middle East has 108
not been previously reported. However, as them® igrevious work on the 109
prevalence oGiardia assemblages’ among equines in Jordan or the Migae 110
prevalence rate of 50% was assumed. Accordingntasfield [21] for an 111
expected prevalence of 50%, the approximate nuofEamples to be examined 112
Is 384 at 95% level of confidence and 5% absoluteipion. Representative 113
samples were selected according to estimated glenstich study area. Atotal 114
of 400 samples were collected. The study hadast 0% power at the 5% 115
significance level to detect an odds ratio (OF) for risk factors present in 50% 116
of controls, and an OR 3 for those present in 20% of controls. 117
118

2.3 Samples and sampling 119



In the period from September 2014 to August 2016fa of 400 120
systematic fecal samples were collected using aflisquine holdings in each of 121
the included areas. A total of 400 households wgstematically selected as 122
every 5th on the holdings list was sampled. Moghefholdings (376, 94%) had 123

one animal only while 22 (5.5%) holdings had 2-braals and two stables of 30 124

and 70 horses. One animal from holdings with 1ifhafls and 10-20% of 125
animals from holdings with more than 5 heads waneglomly selected and 126
sampled from each holding. One hundred holdinggewampled during each 127
season employing 25 holdings from each climate Zdhes, 400 different 128
equine households in the study areas were employed26 horses and n= 74 129

donkeys). The age of enrolled horses ranged fronohs to 22 years, with 218 130

females and 182 males. The age of enrolled donleeyged from 1 to 9 years, 131
with 22 females and 52 males. Sampled animals apgdwealthy with no 132
clinical sign of diarrhea or weight loss. 133

At least 5 grams of fecal samples were collectegctly from the rectum 134

using clean disposable gloves. The collected sampk mixed well and 135
aliquots were preserved by transferring 0.5 grahkeofecal sample to 2 mi 136
tubes contains 1 ml 2.5% potassium dichromate toddsat 4°C until being 137
tested. At the time of sample collection, five abtes including; the time of 138

sample collection, equine species, animal age,ayearttl location were recorded 139

and entered in MS Excel file. 140
141
2.4 The Enzyme-Linked Immunosor bent Assay (ELISA) 142

All fecal sample were screened ferardia using commercial ELISA kit, 143

(RIDASCREEN®, R-Biopharm, Germany) detect@gardia-specific antigen 65 144



(GSA 65) according to manufacturer’s instructiofise color change was 145

detected using the ELISA reader (Dynatech MR50G&r@sey, UK) at a wave 146

length of 450 and 630. The samples were considestiive if the reading 147
exceeded the negative control by 0.150 OD accorimganufacturer’'s 148
instruction. The test was reported with 96 % sensjitand 100% specificity 149
according to the manufacturer’s instructions. 150
151

2.5 DNA extraction 152

All ELISA positiveGiardia samples were subjected to DNA extraction 153
using QIAamp DNA stool mini kit (Qiagen, Hilden, (aeany) according to 154
manufacturer instructions with modification. Bef@draction, samples were 155
subjected to 5 cycles of freezing under liquidagen and thawing at 95°C to 156

break down the cyst walls. Extracted DNA was st@e-20°C for further PCR 157

analysis [22]. 158

159

2.6 PCR amplification and RFLP analysis 160

DNA molecular analysis was performed using nesteR For the 161
amplification of targeted region within tifiegiardin gene. In the first PCR 162

reaction primer pair; forward G7'¢5 163

AAGCCCGACGACCTCACCCGCAGTGC-3and the reverse primer G759-(5 164

GAGGCCGCCCTGGATCTTCGAGACGACBwere used to amplify a 753bp 165

fragment [23]. The second PCR reaction amplifyicgtip fragment was 166
performed using internal primers pair; forward G5 ( 167
GAACGAACGAGATCGAGGTCCG-3 and the reverse G545 168
CTCGACGAGCTT CGTGTT-3 [24]. PCR cocktail for both reactions 169



consisted of 1M of each primer, 12,8 of MasterMix (Promega, Germany), 170
2ug BSA and 4l of DNA templet in a total volume of 2& PCR was carried out 171
in the thermocycler (Gene Pro Thermal Cycler, m@d&lE-96G, China) under 172
the following conditions: initial denaturation férmin at 96°C, 35 cycles (20 sec 173
at 95°C, 30 sec at 53°C and 45 sec at 72°C) foltiowea final extension of 7 174
min at 72°C. The second PCR cycling condition vikes the first PCR run 175
except the extension time was for 50 sec and &xtdnsion time was for 10 min. 176
The amplified products were digested using 10l 0f Haelll (New 177
England BioLabs, RO108L, UK) in a final volume @2 for 3 h at 37°C. 178
Digested pattern visualized on 3% agarose gel gthidium bromide stain used 179
for assemblage analysis, according to previousrtep@4]. Appropriate 180

negative and positive controls for each assemblage employed. The test has 181

a high sensitivity and specificity comparable tdR3¢A giardia gene [23]. To 182
confirm the RFLP findings another PCR assay usssgmblage A and B 183
specific primers targeting the triose phosphatmms@setpi) gene was 184
performed as described by Bertrand et al. [22]. 518
186
2.7 Statistical analysis 187
Data were stored in a database and analyzed upirigfa 7 (CDC, 188

Atlanta, Georgia) and SPSS versionl16.0 [25]. The prevalence was calculated 189
using apparent prevalence, test sensitivity andipiéy according to Rogan and 190

Gladen [26] . The 95 % confidence interval was walked for the prevalence. 191

Chi-square analysis was used to test the assatiatmng the proportions, and 192
the odds ratios were calculated. The dependerdablas were:Giardia infection 193

regardless of the assemblage typrdia assemblage A or B or E infections 194



status, coded as 0 (negative) or 1 (positive) &mheA total of five variables 195

(categories) were tested: species (donkey an@éh)ayender (male and female), 196
age groups (less than and older than 5 years)atgiicool temperate rainy, cool 197
desert, warm steppe, and warm temperate rainy)s@asbn (spring, summer, 198
autumn, and winter). The screening for the sigaiftcvariables to be used inthe 199

final logistic regression was conducted using QGuased test. The variables that 200

were statistically significar < 0.2 (two sided) were included in the 201
multivariable model forward selectioR.value of < 0.05 was considered 202
significant. 203
204
3. Results 205
Table 1 summarizes the true prevalence resultthé400 samples 206
screened by ELISA test, 34 were positive@ardia infection giving an 207

apparent prevalence of 8.5% (95% CI; 5.8-11.2). HGR-RFLP test confirmed 208

Giardia assemblages in 30 of the 34 ELISA positive samgpidag a true 209
prevalence of 7.7% (95% ClI; 4.8-10.1). Of the 38ifpee animals, 18 had 210
assemblage A (63% of infected equines and 68.4ifetted horses), 4 had 211
assemblage B (13.3% of infected equines and 10f5Aéexted horses) and 8 212
had assemblage E (23.3% of infected equines aid®df infected horses). 213
PCR targetingpi gene for assemblage A or B confirmed the resat&RFLP. 214

Assemblage A was significantly more prevalentqnires compared to 215
assemblages B and E%€ 10.7, 2 d.f.P = 0.005). There was no significant 216
difference between the prevalence of assemblageslfE K°= 1.35, 1 d.f.P = 217
0.24). There was no mixed infection wiinardia assemblages. The infection 218

rates ofGiardia regardless of assemblage type, assemblage B awdeE 219

9



significantly p < 0.05, Chi-square) higher in donkeys 14.8%, 2arfb 5.5%
compared to horses 5.8%, 0.6% and1.2%, respectively

The Chi-square results for the associatiofi@irdia assemblages and
analysis of evaluated risk factors are summarinethble 2a, b and c. Only
species and season were associgied(.2) withGiardia infection regardless of
the assemblage type in equines (Table 2a). Aftevdial selection, only the
season autumn was significantly associated @itindia infection (Table 3).
Similarly, species and season were associgted)2) withGiardia assemblage
E infection (Table 2c) and after forward selectibe model revealed that only
spring season was associated (Table 3). Of theviviables/categories, age
group and season were associafed (.2) withGiardia infection assemblage A
in equines (Table 2b) and after forward selecti@rodel had only winter
season (Table 3). With regardGoardia assemblage B infection, species was
the only variable associategQ.1) with this assemblage in the univariable

analyses only.

4. Discussion

To the authors’ knowledge, this is the first reparaluatingGiardia
prevalence and risk factors among horses and dsnkealifferent geographical
and climate zones in Jordan. The results shd@rardia true prevalence rate
among equines in Jordan to be 7.7% using ELISARDR-RFLP tests. Horses
and donkeys living in the included locations wererfd to be infected with
Giardia assemblages A, B and E. Also, the findings ofrésearch reported here
demonstrated significantly higher true prevalenic€iardia assemblages A

(4.6%) when compared to assemblages B and E. Dsritad higher infection
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rate than horses, 14.8% and 5.8% respectively.i$lugnsidered the first report 245
of the infection in donkeys witBiardia assemblages A and E worldwide, while 246
the only publication on donkeys afardia [13] they do found only assemblage 247

B. Seasons were associated with the infection wigh bdds during winter and 248

spring and low odds during autumn depending oryibe ofGiardia 249

assemblage. 250
Table 4a summarizes the previous reportSi@andia infection, 251

regardless of assemblages and occurrence amongesquorldwide. Previous 252

reports on equines were all in horses except oslewhich included countries of 253

the Middle East, Europe, and North and South Anaetitfection rates varied 254
between 0 % in California and Nevada in the Unf¢ates to 19.6% in Iraq 255
employing different diagnostic tests. Most studised the microscopy test (n = 256
8) or direct immune fluorescent antibody test {3)e current work showed a 257
lower true prevalence among horses (6.0%) in Joundarg ELISA and PCR 258
tests than most reported rates. The tests used higth sensitivity and 259

specificity using one sample [23, 27]. In addititme nature of horse husbandry 260
with restricted movement, limited grazing and loandity, might have played a 261

role in lowering the infection rate compared toestharts of the world. 262

In Jordan, donkeys are exposed to humans, dogsawcdtwild life either 263

directly or indirectly. During the grazing seasdonkeys are an integral 264
component of small ruminant (sheep and goats) figekviding means of 265
transportation for the shepherd and carrying ttoals. Also, in some flocks, 266
donkeys are equipped with a bell around its neckusmed as a small ruminant 267
flock leader followed by the whole flock in traviell, replacing the head ram. 268
Thus donkeys, especially during the grazing seégmmng and summer) are 269

11



relatively more exposed to environmental contanmmatvith Giardia from 270

infected sheep, goats, dogs and cats. On the loimel, movement of horses is 271
commonly more restricted as they are kept in stablgere they are exposed to 272
dogs, cats and wild animals in addition to humautddss so with sheep and 273

goats in contrast with donkeys. 274

Reports evaluatin@iardia assemblages in equines are available from six 275
countries in Europe, one country in South Americd @hina (Table 4b). Four 276
studies reported the occurrence of assemblagesi iBuropean countries, 277
Colombia and China. The contribution of both Asskamgés A and B to infection 278
ranged from 0 to 50 % while that of assemblagenged from 0 to 100%. The 279
current results demonstrated higher proportioressesémblage A in infected 280
horses (68.4%) and donkeys (46%). The prevaleateam the paper presented 281
here is considered high when compared with thegbeece rate oGiardia in 282

horses worldwide (Table 4Db). 283

Other studies reported that B as the dominant ddsgein horses [7, 12, 284
28]. The variability in the dominant assemblageatihg equines in different 285
countries/areas, especially the presumed zoonatiants (A and B), might be 286
affected by environmental factors, season and neamegt factors including the 287
contamination of the pasture and/or water resousggshuman and animal 288
waste. Zhang et al. [13] study on donkeys in Chdeatified 4, 1 and 3 subtypes 289

of Giardia assemblage B only. 290

Most studies reported the occurrence of assemidagénorses (Table 291
4b). The percent of assemblage E among evaluatedlss ranged from 0% to 292

100%. In Jordan, among infected samples, 21% odfdinges and 36% of the 293

12



donkeys had assemblage E with percentages rankeddsafter assemblage A 294
and ahead of assemblage B and similarly the pregal€lable 1). Assemblage E 295
has been reported as the dominant assemblagédlsmarad sheep [29-31]. Thus, 296
in Jordan, assemblage E is expected to occur magquines especially donkeys 297
where most (98%) of domestic animal populationssheep and goats which 298

have a close association with donkeys. 299

Although this study had the limitation of being dosted during one year 300

period, seasonal influence on Brrdia infection rate, regardless of 301
assemblages, was clear in this paper. The prevalgas highest in the winter 302
(13%) and spring (10%) compared to the summer @dd)autumn (1%). In 303

Jordan, spring and summer are the main grazingssashe increase in the 304
odds of infection in winter can be explained by ¢batamination of the barns, 305

water and the pasture with infecti@ardia cysts from infected animals. Thisis 306

exacerbated by overcrowded conditions and thewater flushing the cysts into 307

the environment, spreading them over a wider axpaseng the infection to 308
other animals. 309

In the United Kingdom, it is believed that transsms ofGiardia is 310
increased by heavy rain [32]. In Jordan, the wiraatumn and spring seasons 311

are wet while the summer is dry with reported get of water. Although the 312
effect of rain falls in autumn on cyst dispersanimimal compared to winter and 313
spring. This may be explained by soil aridity calibg the long hot dry summers 314
which kill the infective cysts and dries out thdl $o a significant depth 315
facilitating the absorption of the precipitationcacing during the autumn 316
season washing down the cysts from the topsoilowitsignificant runoff. Thus 317

Giardia contamination in the environment is reduced. 318

13



The prevalence of assemblage A is significanthhbaign winter (6.8%) 319
while assemblage E was highest in the spring,ctimisbe explained by the source 320
of the infection. As assemblage A presumed to lo@atic with a winter peak 321
concomitant with the rainy season and the higrastall in Jordan. This may be 322
due to the contamination of water resources wighhilhiman and animal waste. 323
Conversely, assemblage E which is not considerego@sotic is more common 324

in hoofed farm animals [29-31]. The peak prevalevfcthis assemblage is inthe 325

grazing season (spring) and may indicate the rojgazing animals in 326
contaminating the environment. Also, giardiasisi\tre common in young 327
animals as age resistance usually occurs over $gprng is the lambing and 328

kidding season with the largest population of spgbk young lambs and kids 329

which would potentially shed large number<zoérdia cysts leading to the 330

consequent high environmental contamination irsgireng. 331
Our study was conducted on apparently healthy ahihals which 332

resulted in the limited effect of age on the premak. On the other hand, it is 333

important to study these subclinical animals wisehve as reservoir f@iardia 334

that infect humans and other animals. In additadtmough samples were 335
collected from 4 different areas representing \de&limate zones, there was 336
only a limited effect orGiardia prevalence. The relative proximity between 337
these areas (with 70 km radius), the free movemieanimals and trading, and 338
transhumance type of grazing adopted in the Mid@ist could all explain the 339
minimal area effect on the prevalence. 340

Although using3-giardin PCR-RFLP is a sensitive technique in detgc 341
Giardia assemblages, more work is needed to detect sembkrges to confirm 342

the zoonotic nature of the assemblages found cadparthe sub-assemblages 343

14



found infecting humans in Jordan. In addition, &hsence of mixed assemblages 344

infection in our study might need confirmation sother gene target. Finally, 345
wider studies including other animal species aickdrg water quality are 346
needed to document the transmission dynam@iarfdia in Jordan. 347

348
5. Conclusions 349

The current study documented for the first timeghevalence oGiardia 350
including assemblages A, B and E in equine in Joedal assemblages A and E 351

in donkeys worldwide. The dominance of the presugwahotic assemblage A 352

in this study may indicate the role of equines aswce of environmental 353
contamination wittGiardia with all impact on human and animal health in 354
Jordan. 355
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Table 1 479
True prevalence dbiardia assemblages detected in equines (h=400) using thel80

ELISA test and confirmed by PCR-RFLP analysis tangeBeta giardin loci and 481

digested with Haelll enzyme during September 2@14ugust 2015. 482
Subtype No. +ve True prevalence (95% CI)
A 18 4.6* (2.7-7.1)
B 4 1.0 (0.02-2.0)
E 8 2.1 (0.8-3.9)
Total 30 7.7 (4.9-10.1)
*Significant Chi-squar test = 10.7, 2 d®.= 0.005 483
484
485
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Table 2a 486

Univariate association between potential risk fexctand Giardia infection 487
positivity regardless of the assemblage type, bySELand PCR-RFLP tests 488

among 400 equines during the period September @0Adgust 2015 in Jordan 489

Variable Category Coding Total No. +ve% P
(n=30)
Species Horses 0 326 5.8 (19) 0.01
Donkeys 1 074 14.8 (11)
Gender Female 0 218 6.4 (14) 0.29
Male 1 182 8.7 (16)
Age group Upto5 0 229 8.3(19) 0.47
(Years)
>5 1 171 6.4 (11)
Climate Cool temperate rainy 1 100 7.0 (7) 0.39
Cool desert 2 100 9.0 (9)
Warm steppe 3 100 10 (10)
Warm temperate rainy 4 100 04 (4)
Season Spring 1 100 10.0 (10) 0.01
Summer 2 100 06.0 (6)
Autumn 3 100 01.0 (1)
Winter 4 100 13.0 (13)

490
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Table 2b 491

Univariate association between potential risk fexctndGiardia Assemblage A 492

infection positivity by ELISA and PCR-RFLP tests @mg 400 equines during 493

the period September 2014 to August 2015 in Jordan 494
Variable Category Coding Total No. +ve% P
(n=18)
Species Horses 0 326 4.0 (13) 0.30
Donkeys 1 074 6.9 (5)
Gender Female 0 218 4.1 (9) 0.88
Male 1 182 4.4 (8)
Age group Upto5 0 229 5.7 (13) 0.19
(Years)
>5 1 171 2.9 (5)
Climate Cool temperate rainy 1 100 5.0 (5) 0.77
Cool desert 2 100 6.0 (6)
Warm steppe 3 100 4.0 (4)
Warm temperate rainy 4 100 3.0 (3)
Season Spring 1 100 3.0 (3) 0.01
Summer 2 100 3.0(3)
Autumn 3 100 0.0 (0)
Winter 4 100 12.0 (12)
495
496
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Table 2¢

497

Univariate association between potential risk fexcttndGiardia Assemblage E 498

infection positivity by ELISA and PCR-RFLP tests @mg 400 equines during 499

the period September 2014 to August 2015 in Jordan 500
Variable Category Coding Total No. +ve% P
(n=8)
Species Horses 0 326 1.2 (4) 0.02
Donkeys 1 074 5.5 (4)
Gender Female 0 218 1.4 (3) 0.32
Male 1 182 2.7 (5)
Agegroup Upto5 0 229 1.7 (4) 0.67
(Years)
>5 1 171 2.3 (4)
Climate Cool temperate rainy 1 100 1.0 (2) 0.38
Cool desert 2 100 2.0 (2)
Warm steppe 3 100 4.0 (4)
Warm temperate rainy 4 100 1.0 (1)
Season Spring 1 100 5.0 (5) 0.03
Summer 2 100 3.0(3)
Autumn 3 100 0.0 (0)
Winter 4 100 0.0 (0)
501
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Table 3 502
Multivariable logistic regression models of factomssociated withGiardia 503
Assemblages A, B and E infection detected by ELI&A PCR-RFLP tests 504

among 400 equines (horses and donkeys) duringdhedoSeptember 2014 to 505

August 2015 in Jordan 506
Giardia Variable/ Category Odds Ratio 95% CI P
Assemblage
A BorE Season /Autunin 0.09 0.01-0.70  0.01
A Season / Wintér 6.8 2.5-18.6  0.01
E Season / Sprifig 4.5 1.2-19.6 0.04
3 ikelihood ratio of chi-squared (L¥): 106.6 on one degree of freedom (d.f.), 507
°LRX? 131.6 on one dfLRX?: 69.9 on one d.. 508
509
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Table 4a 510

Previous work or@iardia infection regardless of assemblages’ type among 151
horses worldwide and donkeys from Jordan only 512
Country No. Examined Infection Test used Reference
%
Middle East
Iraq 107 19.63 Microscopy  [33]
Jordan 326 5.8 ELISA &  Current results
PCR
74 donkeys 14.8
Europe
Czech Republic 360 5 Microscopy  [34]
Germany 37 foals 5.4 Microscopy  [35]
North America
USA, California 91 0-3.2 Microscopy  [36]
USA, California and 58 0 Microscopy  [37]
Nevada
USA, Colorado 300 0.66 (2) IFA [38]
USA, Nevada 305 4.6 IFA [39]
USA, Ohio and 222 13 DIFA [11]
Kentucky
USA, Florida 223 1.29 Microscopy  [40]
Canada 35 20 IFA [41]
South America
Brazil 64 0 Microscopy  [42]
Brazil 396 0.5 Microscopy  [43]
513
514
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Table 4b

515

Previous work orGGiardia assemblages’ infections among horses worldwide aril6

donkeys (from Jordan only) 517
Country No. Examined Infec Test Gene Assemblage % Ref.
tion A B E
%
Middle East
Jordan 326 5.8 ELISA B giardin 68 11
X Current
PCR- tpi results
RFLP
74 donkeys 15 ELISA B giardin 46 18 36
PCR- tpi
RFLP
Europe
Italy 150 (120 13.3 DIFA, SSU- 0 0 100 [10]
foals & 30 PCR rRNA
adults)
Italy 431 8.6 PCR SSU- 43.2 29.7 27 [9]
rRNA,
B giardin
Belgium, 134 foals 14.2 DIFA, B giardin 45 45 10
Netherland 44 foals 114 PCR tpi Mixed 7]
Germany 30 foals 10.0 A&B
Greece 190 foals 11.6 (8)
Poland 10 10 DIFA B giardin 0 0 100 [8]
PCR
N. America 8 NA PCR SSU-
rRNA, B
Australia 2 NA giardin, [28]
tpi
S. America
Colombia 195 17.4 PCR SSU- 5.9 94.1 0 [12]
rRNA, B
giardin,
gdh tpi
China 262 15 PCR SSU- 50 50 0 [6]
rRNA
181donkeys 155 PCR tpi, 0 100 0 [13]
gdh, (4,1&3
B giardin subtypes)
518
519
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High lights:

» Thisisthefirst prevalence and genotyping study to document Giardia
infecting equine in Jordan.

* Prevaence of Giardia was more in donkeys when compared with horses

* Themost prevalent assemblage in horse was A when compared with
assemblage B and E

* Findings of this study suggest seasonal association with prevalent assemblages
of Giardia affecting horses and donkeys



