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Abstract

intestinalis in children of Punjab, Pakistan.

from the guardian of each child to collect information.

and their correlation with clinical signs.

Background: Giardia intestinalis is the most common protozoan infecting the small intestine of human beings and a major cause
of enteric infection, especially in children throughout the world. It is a highly diverse protozoan, which comprises a complex of
eight genetic assemblages that are further differentiated into sub-assemblages.

Objectives: A cross-sectional study was conducted to detect the frequency, molecular detection and assemblage identification of G.

Methods: A total of 800 stool samples were collected from children ranging 0 - 10 years of age with gastrointestinal disturbances
and subjected to direct microscopy, enzyme-linked immunosorbent assay and polymerase chain reaction targeting small-subunit
ribosomal RNA (SSU rRNA) and triosephosphate isomerase (tpi) genes. A predesigned questionnaire was filled prior to sampling

Results: The results indicated that the prevalence of 9.5% (76/800) was achieved by microscopy, ELISA and PCR targeting SSU-TRNA
gene. The genetic DNA from 69 out of 76 (90.80%) was successfully amplified by tpi gene. Among these tpi gene-positive samples, 38
were successfully typed in assemblage B (55.07%) followed by 20 (28.98%) in assemblage Aand 11(15.94%) in mixed type assemblages (A
& B).Residency and socioeconomic status were statistically associated with giardiasis. Among the clinical presentations,abdominal
pain is prominent in assemblage B (57.89%) and vomiting in assemblage A (40%) type infections.

Conclusions: Advanced molecular tools for giardiasis are well-adapted to get true prevalence, better discrimination of assemblages

Keywords: Molecular Detection, Giardia intestinalis, Assemblages, Children, Pakistan

1. Background

Giardia intestinalis is one of the commonest causes of
gastrointestinal infections in children. It is the most vital
drinking water contaminant and re-emerging as a cause of
food-related illness (1). Giardia intestinalis, which is also fa-
mous as G. duodenalis or G. lamblia is a flagellated proto-
zoan parasite that not only invades small intestine of hu-
mans but also resides in domestic and wild animals (2).
Giardia is a parasite, which reproduces only in vertebrate
host and it exhibits two clinically important forms, the
cyst and trophozoite. Cysts are resistant to the environ-
mentand remain viable for several months even after treat-
ing with different disinfectants (3), while the trophozoites
shows clinical signs and symptoms in the hosts (4). There

are eight different assemblages of G. intestinalis (A-H) and
among these types, assemblage A and B have potential to
infect human and other mammals, while other genetic
groups (C-H) showed host specificity for domesticated an-
imals, livestock and wild animals. The type A and B have
sub-groups Al, All, Blll, and BIV which are mostly related to
human isolates (5-7).

The prevalence of G. intestinalis is variable: in devel-
oped areas of the world, it ranges from 2% to 5% (8), while
in developing countries the prevalence level is quite high
form 15% - 55% (9). In Pakistan, the reported prevalence
of G. intestinalis is between 9% - 10% (10, 11). A major part
of this prevalence consists of children less than 10 years
of age, particularly those who are malnourished (12). Rou-
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tinely the laboratory diagnosis of G. intestinalis is done by
direct or concentrated microscopic method to detect Gia-
rdia cysts[trophozoites but this method has many limita-
tions, including low sensitivity. On the other hand, antigen
detection immunoassays are also a choice used in public
health laboratories having better sensitivity and less time-
consuming ability but they are unable to discriminate be-
tween the genetic assemblages of G. intestinalis. In order to
improve the sensitivity, speed and specificity in compari-
son to microscopy and immunoassays, molecular diagnos-
tic techniques based on polymerase chain reaction (PCR)
are the better option to characterize Giardia in stool sam-
ples and to differentiate between its genetic assemblages
(13,14)

2. Objectives

The aim of this study was to detect the frequency of
G. intestinalis in pediatric children and to determine the
prevalence of genetic assemblages in Pakistan.

3. Methods

3.1. Study Design

The present cross-sectional study was conducted on
800 children admitted to the Pediatric wards of different
hospitals of Punjab, Pakistan between 2016 and 2017. The
children included in this study were ranging between 0-10
years of age showing gastrointestinal disturbances. Writ-
ten informed consent was obtained before sample collec-
tion from the parents of each child after explaining the
objectives and purpose of the study to them. Epidemio-
logical and clinical data from each child was recorded in
a predesigned questionnaire. The data includes some de-
mographic variables like age, gender, residential area and
socioeconomic status as well as disease variables like vom-
iting, nausea, and abdominal pain.

3.2. Collection and Processing of Samples

A fresh stool sample of 5 - 10 grams was collected in
sterile 50 mL screw-cap containers from each child by a
trained hospital staff member using non-probability con-
venience sampling technique. The sample size was esti-
mated according to a formula devised by (WHO) in man-
ual of epidemiology for district health management (15).
Each sample was divided into three equal parts, one for mi-
croscopic examination of Giardia cysts/trophozoites using
Lugol’s iodine and concentration methods (16), second for
Ridascreen Giardia enzyme immunoassay (R-Biopharm AG,
Germany) for antigen detection of G. intestinalis, and the

third part was used for molecular detection (17). All the Gi-
ardia cyst/trophozoite positive samples by microscopy and
ELISA were preserved in 10% formalin solution and stored
at-20°C for molecular analysis. The Giardia cysts were pu-
rified by sucrose gradient method. The walls of the cysts
were disrupted by freeze/thaw method, five to seven cycles
were done to achieve proper disruption of cell wall (18).

3.3. Detection of Giardia intestinalis by Conventional Methods

All the collected stool specimens were rapidly screened
for the presence of G. intestinalis cyst/trophozoite followed
by concentration techniques for detection of giardiasis.
The second portion of the samples was subjected to Ri-
dascreen Giardia enzyme immunoassay to detect G. intesti-
nalis antigens, according to the manufacturer’s instruc-
tions (11).

3.4. Detection of Giardia intestinalis by Molecular Methods

DNA Extraction: The genomic DNA of G. intestinalis was
extracted by Favor Prep stool DNA isolation Kit (Favorgen
Biotech Corporation, Taiwan) according to the manufac-
turer’s instructions.

Amplification of (SSU-TRNA) and (tpi) Genes for De-
tection of G. intestinalis: The extracted DNA was sub-
jected to SSU-TRNA polymerase chain reaction using spe-
cific primers RH11 (5-CATCCGGTCGATCCTGCC-3') and RH4
(5-GTCGAACCCTGATTCTCCGCCAGG-3") to amplify a 292 bp
product as described previously with slight modifications
(19). The thermal cycler profiling was adjusted to 95°C for
05 minf1 cycle, 95°C for 30 sec/35 cycles, 58°C for 30 sec[35
cycles, 72°C for 45 sec/[35 cycles and final extension at 72°C
for 07 min/o1 cycle using (Optimus 96G, Gradient Ther-
mal Cycler, UK). The detection of assemblages was done
by amplification of the triosephosphate isomerase (tpi)
gene using primers TPIA-F (5-GGAGACCGACGAGCAAAGC-
3’) and TPIA-R (5-CTTGCCAAGCGCCTCAA-3’) for assemblage
A while TPIB-F (5’-AATAGCAGCACARAACGTGTATCTG-3’) and
TPIB-R (5-CCATGTCCAGCAGCATCT-3’) for assemblage B as
previously described (20). The thermal cycler condition
varies and they were adjusted at 95°C for 15 min followed
by 50 cycles 94°C for 30 sec, 62°C for 30 sec, 72°C for 30 sec
and final extension was performed at 72°C for 7 min. A148-
bp fragment of the assemblage A gene and 81-bp fragment
of assemblage B gene were obtained with these primers.
The PCR products were run on a 2% agarose gel with 5 yL
of the reaction solution and visualized by staining the gel
with ethidium bromide (21).

3.5. Statistical Analysis

SPSS20.0 software (SPSS Inc., Chicago, IL, USA) was used
for all descriptive statistics. Chi-square test was used to ac-
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cess the association between variables and outcome. The P
value < 0.05 was considered statistically significant.

4. Results

The results of the present study showed that G. intesti-
nalis prevalence was 9.5% (76/800) among pediatric chil-
dren of Pakistan by microscopy, ELISA, and PCR targeting
SSU-TRNA loci. On the basis of assemblage-specific tpi gene
PCR, 90.80% (n =69) samples were amplified successfully.
The details of collected samples and positive samples by
different methods are given in (Table 1). The assemblage
specific tpi gene PCR categorized the highest (n =38) sam-
ples into assemblage B (55.07%) followed by 20 (28.98%) as
assemblage A, whereas 11 samples (15.94%) showed a mixed-
type infection with both assemblages A and B. Statisti-
cally the difference between the prevalence of these assem-
blages was statistically significant (P < 0.05) as shown in
Table 2. The highest number of assemblage B was detected
from Khanewal, while assemblage A was more prevalent
in Multan. Rawalpindi showed the elevated prevalence of
mixed (A + B) infections.

The association between G. intestinalis assemblages
and sociodemographic characters were also evaluated in
this study as shown in Table 2. No statistical association
was found between assemblages of Giardia and demo-
graphic variables (gender, residence and socioeconomic
status). Overall the giardiasis was statistically associated
with residence and socioeconomic status of the host (P <
0.05). The clinical variables associated with G. duodenalis
assemblages were investigated and listed in Table 3. The ab-
dominal pain was more prevalentin assemblage B(57.89%),
while vomiting is more frequent in assemblage A (40%) in-
fections. Bloody diarrhea is almost equally found in both
types of infections.

5. Discussion

In the present study, we applied conventional and
molecular methods for G. intestinalis diagnosis from chil-
dren attending pediatric wards of Punjab, Pakistan. In
the routine laboratory diagnosis, microscopic methods
are used mostly but these tests have less sensitivity, require
experienced laboratory technicians, are and unable to dif-
ferentiate between the assemblages of G. intestinalis (22).
Theresults indicated the prevalence of G. intestinalis in chil-
dren as 9.5% (76/800), which was similar to the findings
showed 9% in population of Kabul, Afghanistan (10). These
findings also resemble the results of 11.8% in Pakistan (23),
8% in Cuba (17), and 6.8% in Portugal (24). The difference
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in these results is due to variety of factors such as drink-
ing water, sewerage system and hygienic conditions of that
area.

The clinical signs of giardiasis are due to nutritional
status, immune status, nature of GIT microbiota of host,
and virulent potential of the parasite, which affect the dis-
ease outcome (25). When PCR was applied to the positive
samples targeting SSU-TRNA gene, all the samples were de-
tected positive in terms of Giardia genome, showing 100%
efficacy. These results are in accordance with the results
of some recent findings that recorded more than 80% ef-
ficiency of SSU-TRNA PCR (17, 26). The reason is SSU-TRNA
locus proved a greater sensitivity and traditional gene se-
quence for identification of G. intestinalis from stool sam-
ples due to its multicopy nature (27). On the other hand,
this sequence is more conserved as compared to others
(22).

It was observed in this study that genotype-specific tpi
PCR detected 69 out of 76 samples (90.80%) positive for
G. intestinalis genome. Very familiar results were achieved
with 96% (20), 91% (28), and 92.6% (17) in France, Iran, and
Cuba, respectively. Many scientists and coworkers also sug-
gested that the tpi gene proved itself a better candidate for
detecting G. intestinalis cysts from human stool samples
in comparison to glutamate dehydrogenase (gdh) and 185
rRNA genes (28,29). There is a variation in the performance
of these different genes but the cause is yet unclear; the
difference might be due to the presence of certain PCR in-
hibitors in stool samples as well as difference in thermal
cycling profiles adopted by different researchers. The tpi
gene is a polymorphic gene and has been established as a
profitable marker for genotyping of G. intestinalis (30).

The tpi gene PCR found 38 samples (55.07%) positive as
assemblage B of G. intestinalis followed by assemblage A
(28.98%), while the mix infection type (A + B) was detected
in 11 samples making (15.94%). Similar trend of results was
observed previously showing 64% assemblage B and 36%
assemblage A in 2005 (20), 16% assemblage B and 10% as-
semblage Ain 2013 (31), 67.9% assemblage B and 32.1% as as-
semblage Ain 2016 (19) and 50.8% as type B followed by 27%
as type A and 22.2% as mix types in 2017 (17). In contrast, a
higher prevalence of assemblage A (54.8%) and (80%) was
detected in 2011 and 2014, respectively (26, 28). The differ-
ence in the prevalence of G. intestinalis assemblages was
credited to geographical locations of the study area. Sec-
ondly, it also depends upon virulence of parasite such as
assemblage A is mostly present in cases with intermittent
diarrhea, whereas the assemblage B is profound in persis-
tent diarrheal subjects (32). Thirdly, it was also reported
that children infected with assemblage B shed more cysts
in their feces as compared to assemblage A (33). Other fac-
tors might be the immune system and diet of the host (25).
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Table 1. Geographical and Assemblage-Based Frequency of Giardia intestinalis in Children of Punjab, Pakistan®

iardi iti Different Assemblages in Positive Samples
Geographical Area/ District Total Giardia Positive Positive by tpi Gene PCR

Samples » » »

Assemblage “B’ Assemblage “A Assemblage “A+B

Faisalabad (n=200) 13 12(92.30) 6 4 2
Multan (n=200) 21 19(90.47) 10 7 2
Khanewal (n=200) 25 23(92.00) 15 5 3
Rawalpindi (n=200) 17 15(88.23) 7 4 4
Total (n=800) 76 69 (90.80) 38(55.07) 20(28.98) 11(15.94)

Pvalue non-significant (> 0.05)

significant (< 0.05)

*Values are expressed as No. (%).

Table 2. Frequency of Giardia intestinalis on the Basis of Demographic Characteristics in Children of Punjab, Pakistan®

Demographic Variables Assemblage A (N=20) Assemblage B (N =38) Assemblages A+ B (N =11) Total (N=69)
Gender
Male 15(75) 21(55.26) 6(54.54) 42(60.87)
Female 5(25) 17 (44.74) 5(45.46) 27(39.13)
Residence
Rural 18 (90) 30(78.95) 8(72.72) 56 (8116)°
Urban 2(10) 8(21.05) 3(27.28) 13(18.84)
Socioeconomic status
Poor 17(85) 32(84.21) 9(81.81) 58(84.06)°
Good 3(15) 6(15.79) 2(18.19) 11(15.94)

*Values are expressed as No. (%).
bStatistically significant at (P < 0.05).

Table 3. Frequency of Giardia intestinalis on the Basis of Clinical Signs in Children of Punjab, Pakistan®

Clinical Variables Assemblage A (N =20) Assemblage B (N =38) AssemblagesA+B (N=11) Total (N=69)
Abdominal pain 11(55) 22(57.89) 4(36.36) 37(53.62)
Vomiting 8(40) 5(13.15) 4(36.36) 17(24.63)
Bloody Diarrhea 2(10) 4(10.52) 1(9.09) 7(10.14)

*Values are expressed as No. (%).

The prevalence of G. intestinalis was statistically associ-
ated with residence and socioeconomic status of host. Sim-
ilarly, abdominal pain was more prevalently found in as-
semblage B (57.89%), while vomiting is more frequent in as-
semblage A (40%) infections. This result also favors by the
findings of some researchers that abdominal pain in Gia-
rdia infected children is more prominent in assemblage B
infections (34).

5.1. Conclusions

In conclusion, the current study reveals a high preva-
lence of G. intestinalis in pediatric children of Punjab, Pak-
istan. It is also demonstrated that PCR is a rapid and sen-
sitive method for detection of Giardia cysts from human

stools and plays an important role in understanding the
epidemiology, discrimination of assemblages and trans-
mission dynamics of G. intestinalis infections.
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