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ABSTRACT
Recently, many cases of  mixed invasion by Giardia and ascarids have been registered. Gastrointestinal lesions in 
patients are often accompanied by dysbiotic changes. The aim was to study the effect of  probiotics containing 
Saccharomyces bouvardias CNCM I-745 in the complex therapy of  patients with giardiasis, ascariasis, and mixed invasion. 
90 patients with giardiasis, ascariasis and mixed invasion were divided into 3 groups, depending on the type of  inva-
sion. Each group was divided into two subgroups, depending on the treatment (basic treatment and treatment with 
probiotics). When studying the state of  the intestinal microbiota, the following changes were detected in all patients 
before treatment. The content of  Bifidobacterium spp., Lactobacillus spp., Enterococcus spp. and the total content of  E. coli 
was reduced. At the same time, there was an increase in the content of  Peptostreptococcus spp., Bacteroides spp., E. coli 
with low enzymatic properties, hemolytic E. coli, opportunistic Enterobacteriaceae spp., Candida spp. and Staphylococcus spp. 
Under the influence of  treatment, the subgroup with probiotics addition to the basic treatment, was more effective 
for all types of  invasions. The use of  probiotics containing Saccharomyces bouvardias CNCM I-745 in the complex ther-
apy of  patients with mixed invasion of  giardiasis and ascariasis increased treatment efficiency following a significant 
improvement in intestinal microbiota.
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INTRODUCTION

Parasitic diseases constitute a significant proportion of  the 
burden of  infectious diseases, and the prevalence in Ukraine re-
mains high. The most common intestinal parasitic diseases are 
giardiasis and ascariasis. Recently, more and more cases of  mixed 
invasion by these pathogens have been registered [1, 2]. The clin-
ical picture of  mixed invasion by Ascaris lumbricoides and Giardia 
lamblia is characterized by a more severe course, and the number 
of  complications increases, including changes in the intestinal 
microbiota [3, 4]. Many scientists have proven that intestinal 
dysbiosis is not only a concomitant clinical and laboratory syn-
drome of  major somatic gastrointestinal tract pathology but can 
also manifest itself  as the onset of  many pathological conditions, 
especially in young children [5–7]. Prolonged giardiasis and asca-
riasis in the human body lead to disorders of  the entire digestive 
system. Mechanical damage to the small intestine mucous mem-
brane and destruction of  the glycocalyx contributes to the inoc-
ulation of  opportunistic Enterobacteria and pathogenic microbiota 

with the development of  dysbiosis [7–9]. The primary modern 
method of  pathogenetic treatment of  intestinal dysbiotic changes 
is the use of  probiotic drugs. Studies show that these drugs are 
efficient in both non-communicable diseases and diseases caused 
by infectious agents. There is data on using probiotics in certain 
parasitic infestations, but insufficient on their effectiveness in 
mixed invasion in adults [10, 11].

The aim of  the study was to investigate the effectiveness of  
probiotics containing Saccharomyces bouvardias CNCM I-745 on the 
intestinal microbiota in the complex therapy of  patients with 
giardiasis, ascariasis, and mixed invasion.

MATERIAL AND METHODS 

90 patients with a mean age of  32.43±1.18 years were under 
medical supervision. 43 (47.8%) were men and 47 (52.2%) wom-
en. The diagnosis of  giardiasis and ascariasis was confirmed by 
detecting the pathogen using a parasitoscopic study of  the fecal 
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sample [7]. Patients were divided into 3 groups, equivalent in age 
and sex, depending on the invasion. Group 1 included patients 
with giardiasis (n=30), patients with ascariasis (n=30) were in-
cluded in group 2, and group 3 consisted of  patients with mixed 
invasion. Each group was divided into 2 subgroups, depending 
on the type of  treatment. The first (a) subgroup (n=15) included 
patients who received traditional basic treatment (included en-
terosorbents, enzymes, spasmolytics and proper diet) and etio-
tropic treatment (ornidazole (1a), albendazole (2a) or both (3a). 
The second (b) subgroup (n=15) consisted of  patients whose ba-
sic therapy included additional probiotic containing Saccharomyces 
bouvardias CNCM I-745 (hereinafter – probiotic) directed for 
intestine microbiota changes. It was administered orally, 1 cap-
sule 2 times a day for 14 days [3]. 1 capsule contains 250 mg 
of  Saccharomyces bouvardias CNCM I-745 at least 6×106 CFU and 
excipients. The control group consisted of  20 healthy individ-
uals. We used the pure cultural method of  feces to determine 
the population level of  microbiota by V.A. Znamensky [7]. The 
study was performed twice: before treatment and 14 days after 
treatment. The statistical analysis of  results was performed using 
the variational-statistic analysis method.

Statistical analysis

The evaluation of  the research results was carried out using 
descriptive statistics. Data were checked for the type of  distribu-
tion using the Shapiro-Wilk test; therefore, the arithmetic mean 
and error were chosen to represent the normal trend (typical 
values). Accordingly, the reliability of  the data difference in the 
comparison groups was assessed using the Student's parametric 
t-test. The results were considered reliable at p<0.05. 

RESULTS

According to fecal microbial analysis, some changes in the 
species composition of  the intestinal microbiota in two subgroups 
of  patients with giardiasis were revealed (Table 1).

In the group of  patients with mixed invasion, the follow-
ing changes in the intestinal microbiota composition before 
treatment were observed. The number of  Bifidobacterium spp., 
Lactobacillus spp., Enterococcus spp. and the total content of  E. coli 
was reduced. At the same time, there was an increase in the 
content of  Bacteroides spp., E. coli with low enzymatic proper-
ties, hemolytic E. coli, opportunistic Enterobacteriaceae spp. and 
Candida spp. After treatment of  patients in group 1a, the con-
tent of  Bifidobacterium spp. was slightly reduced and amount-
ed to 7.63±0.27 lg CFU/g (p<0.05). The quantitative com-
position of  Lactobacillus spp. was 7.70±0.19 lg CFU/g, but it 
was higher than before treatment (p<0.05). Patients had a re-
duced number of  Bacteroides spp. (7.13±0.37 lg CFU/g); the 
total number of  E. coli was 6.98±0.17 lg CFU/g, although its 
content was higher than before treatment (0<0.05). An in-
creased level of  E. coli with low enzymatic properties was not-
ed, which was 0.69±0.13 lg CFU/g (p<0.05). Hemolytic E. coli 
(0.37±0.14 lg CFU/g) was revealed, as well as the number of  
Enterococcus spp. (7.22±0.25 lg CFU/g) (p<0.05). The opportunistic 
Enterobacteriaceae spp. content in patients was 4.21±0.21 lg CFU/g 
(p<0.05), including Klebsiella and Proteus. There were Candida spp. 
in the amount of  2.05±0.35 lg CFU/g (p<0.05). In group 1b, pa-
tients had a significant improvement in the microbiota. The con-
tent of  Bifidobacterium spp. was 7.99±0.22 lg CFU/g, which was sig-
nificantly higher compared to the other two groups (p<0.05). The 
quantitative composition of  Lactobacillus spp. was slightly reduced 
and was equal to 7.97±0.23 lg CFU/g (p<0.05). The number of  
Bacteroides spp. was normalized (7.01±0.22 lg CFU/g) (p<0.05). 
The total content of  E. coli (7.43±0.21 lg CFU/g) increased; 
there was a decrease in the content of  E. coli with low enzymatic 
properties (0.51±0.14 lg CFU/g) (p<0.05). Besides, the hemolyt-
ic E. coli was detected only in one patient (0.05±0.12 lg CFU/g) 
(p<0.05). Almost complete normalization of  Enterococci spp. lev-
els were observed (7.83±0.23 lg CFU/g (p<0.05). There was 
a decrease in the opportunistic Enterobacteriaceae spp. content 
(4.11±0.21 lg CFU/g (p<0.05). The level of  Candida spp. was 
minimal (1.28±0.20 lg CFU/g), comparing similar results of  
other groups (p<0.05).

Table 1. Quantitative composition of microbiota in patients with giardiasis.

* – p<0.05 the reliability of the difference between the similarity indicators between the group before treatment and the control group; 
** – p<0.05 the reliability of the difference between the similar indicators between the group before treatment and the 1a group; *** – p<0.05 the 
reliability of the difference between the similar indicators between the group before treatment and the 1b group; # – p<0.05 the reliability of the 
difference between the similar indicators between the 1a and 1b groups.

Groups of 
microorganisms

Number of microorganisms, lg CFU/g, M±m

Before treatment (n=30)
After treatment

Control group (n=20)
1a group (n=15) 1b group (n=15)

Bifidobacterium spp. 6.89±0.10* 7.63±0.27** # 7.99±0.22*** 8.05±0.15

Lactobacillus spp. 6.41±0.13* 7.70±0.19** # 7.97±0.23*** 8.10±0.18

Peptostreptococcus spp. 6.24±0.12 6.01±0.15 5.72±0.18 5.65±0.20

Bacteroides spp. 7.61±0.14* 7.13±0.37** # 7.01±0.22*** 6.85±0.20

E. coli (total) 6.87±0.10* 6.98±0.17** # 7.43±0.21*** 7.50±0.20

Weak ferm. E. coli 0.83±0.09* 0.69±0.13** # 0.51±0.14*** 0.45±0.11

Hemolytic E. coli 0.61±0.10* 0.37±0.14** # 0.05±0.10*** 0

Enterococcus spp. 7.09±0.13* 7.22±0.25** # 7.83±0.23*** 7.95±0.14

Opportunistic 
Enterobacteriaceae spp. 5.17±0.20* 4.21±0.21** # 4.11±0.21*** 4.05±0.27

Candida spp. 2.26±0.15* 2.05±0.35** # 1.28±0.20*** 1.25±0.18

Staphylococcus spp. 2.41±0.18 2.44±0.31 2.30±0.20 2.20±0.12
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According to fecal microbial analysis, changes in the species 
composition of  the intestinal microbiota were detected in two 
subgroups of  patients with ascariasis (Table 2).

In the group of  patients with ascariasis, changes in the 
composition of  the intestinal microbiota before treatment were 
observed. The content of  Bifidobacterium spp., Lactobacillus spp., 
Enterococcus spp., and the total content of  E. coli was reduced. At the 
same time, there was an increase in the content of  Bacteroide spp., 
E. coli with low enzymatic properties, hemolytic E. coli, opportunis-
tic Enterobacteriaceae spp. and Candida spp. After treatment of  patients 
in group 2a, the content of  Bifidobacterium spp. was slightly reduced 
and amounted to 7.63±0.27 lg CFU/g (p<0.05). The quantita-
tive composition of  Lactobacillus spp. was 7.70±0.19 lg CFU/g, 
but it was higher than before treatment (p<0.05). Patients had 
a reduced number of  Bacteroides spp. (7.13±0.37 lg CFU/g), 
the total number of  E. coli was 6.98±0.17 lg CFU/g, and its 
content was higher than before treatment (p<0.05). An in-
creased level of  E. coli with low enzymatic properties was 
noted (0.69±0.13 lg CFU/g) (p<0.05). Hemolytic E. coli 
(0.37±0.14 lg CFU/g) and Enterococci spp. (7.22±0.25 lg CFU/g) 
were revealed (p<0.05). The opportunistic Enterobacteriaceae spp. 
content in patients was 4.21±0.21 lg CFU/g (p<0.05), including 
Klebsiella, Citrobacter, and Proteus. There were Candida spp. in the 
amount of  2.05±0.35 lg CFU/g (p<0.05). In group 2b, patients 
showed significant signs of  improvement in the microbiota. The 
content of  Bifidobacterium spp. was 7.98±0.22 lg CFU/g, which was 
significantly higher compared to the other two groups (p<0.05). 
The quantitative composition of  Lactobacillus spp. was slightly 
reduced and was equal to 7.94±0.23 lg CFU/g (p<0.05). The 
number of  Bacteroides spp. was normalized (7.02±0.22 lg CFU/g) 
(p<0.05). The total content of  E. coli (7.32±0.21 lg CFU/g) 
increased, and there was a decrease in the content of  E. coli 
with low enzymatic properties (0.55±0.14 lg CFU/g) (p<0.05). 
Besides, the hemolytic E. coli was detected only in one patient 
(0.11±0.12 lg CFU/g) (p<0.05). Almost complete normaliza-
tion of  Enterococci spp. levels were observed (7.73±0.23 lg CFU/g 
(p<0.05). The opportunistic Enterobacteriaceae spp. content de-
creased (4.09±0.21 lg CFU/g (p<0.05). The level of  Candida spp. 

was minimal (1.30±0.20 lg CFU/g), comparing similar results of  
other groups (p<0.05).

According to the microbiological study of  feces, some 
changes in the species composition of  intestinal microbiota in 
patients with mixed invasion (Table 3) were revealed. 

Patients in this group had changes in the composition of  
the intestinal microbiota before treatment. The content of  
Bifidobacterium spp., Lactobacillus spp., Enterococcus spp., and the to-
tal content of  E. coli was reduced. At the same time, there was 
an increase in the content of  Peptostreptococcus, Bacteroides, E. coli 
with low enzymatic properties, hemolytic E. coli, opportunistic 
Enterobacteriaceae spp., Candida spp. and Staphylococci spp. After treat-
ment, positive changes were observed in both study subgroups. 
Thus, in patients from group 3a the content of  Bifidobacterium spp. 
was slightly reduced (6.93±0.27 lg CFU/g) (p<0.05). The quan-
titative composition of  Lactobacillus spp. was 6.79±0.19 lg CFU/g, 
but it was higher than before treatment (p<0.05). There was also 
a small amount of  Peptostreptococcus spp. (6.21±0.15 lg CFU/g) and 
Bacteroides spp. (7.93±0.37 lg CFU/g) (p<0.05). Patients had a re-
duced total number of  E. coli (6.57±0.17 lg CFU/g), although its 
content was higher than before treatment (p<0.05). An increased 
level of  E. coli with low enzymatic properties was noted, which 
was 1.07±0.13 lg CFU/g (p<0.05). There was hemolytic E. coli 
(0.57±0.14 lg CFU/g), which is not normally registered (p<0.05), 
as well as the number of  Enterococci spp. (6.93±0.25 lg CFU/g) 
(p<0.05). The opportunistic Enterobacteriaceae spp. content af-
ter treatment was 5.21±0.21 lg CFU/g (p<0.05) and included 
Klebsiella, Enterobacter, Serratia, Citrobacter, and Proteus. There were 
Candida spp. in the amount of  2.86±0.35 lg CFU/g (p<0.05). 
There was a decrease in the number of  Staphylococci spp. 
(2.64±0.31 lg CFU/g), compared with the group before treat-
ment (p<0.05). In group 3b (treatment with probiotics addi-
tion), there were more significant signs of  improvement in the 
intestinal microbiota concerning the results obtained before 
treatment and compared with patients' data in group 3b. The 
content of  Bifidobacterium spp. was 7.93±0.22 lg CFU/g, which 
was significantly higher compared to the other two groups. The 
quantitative composition of  Lactobacillus spp. was slightly reduced 

Table 2. Quantitative composition of microbiota in patients with ascariasis.

* – p<0.05 the reliability of the difference between the similarity indicators between the group before treatment and the control group; 
** – p<0.05 the reliability of the difference between the similar indicators between the group before treatment and the 2a group; *** – p<0.05 the 
reliability of the difference between the similar indicators between the group before treatment and the 2b group; # – p<0.05 the reliability of the 
difference between the similar indicators between the 2a and 2b groups.

Groups of 
microorganisms

Number of microorganisms, lg CFU/g, M±m

Before treatment (n=30)
After treatment

Control group (n=20)
2a group (n=15) 2b group (n=15)

Bifidobacterium spp. 6.30±0.10* 7.63±0.27** # 7.98±0.22*** 8.05±0.15

Lactobacillus spp. 6.07±0.12* 7.70±0.19** # 7.94±0.23*** 8.10±0.18

Peptostreptococcus spp. 6.77±0.10 6.01±0.15 5.76±0.18 5.65±0.20

Bacteroides spp. 8.09±0.17* 7.13±0.37** # 7.02±0.22*** 6.85±0.20

E. coli (total) 6.36±0.09* 6.98±0.17** # 7.32±0.21*** 7.50±0.20

Weak ferm. E. coli 0.95±0.09* 0.69±0.13** # 0.55±0.14*** 0.45±0.11

Hemolytic E. coli 0.86±0.11* 0.37±0.14** # 0.11±0.10*** 0

Enterococcus spp. 6.98±0.12* 7.22±0.25** # 7.73±0.23*** 7.95±0.14

Opportunistic 
Enterobacteriaceae spp. 5.45±0.11* 4.21±0.21** # 4.09±0.21*** 4.05±0.27

Candida spp. 2.52±0.14* 2.05±0.35** # 1.30±0.20*** 1.25±0.18

Staphylococcus spp. 2.70±0.19 2.44±0.31 2.31±0.20 2.20±0.12
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–7.64±0.23 lg CFU/g (p<0.05). Among other representatives of  
the anaerobic intestinal flora, the number of  Bacteroides changed 
positively (7.07±0.22 lg CFU/g) (p<0.05), and the number of  
Peptostreptococcus spp. (5.86±0.18 lg CFU/g) was insignificantly 
lower than in patients from group 3a (p>0.05). The number of  
E. coli also changed in this group of  patients: the total content 
of  E. coli (7.21±0.21 lg CFU/g) increased, compared with data 
before treatment and without probiotics use (p<0.05). There was 
a decrease in the content of  E. coli with low enzymatic proper-
ties (0.57±0.14 lg CFU/g) (p<0.05). In addition, hemolytic E. coli 
was detected only in 2 patients (0.14±0.12 lg CFU/g), which is 
significantly lower than that before treatment (p<0.05) and com-
pared with patients in group 3a (p<0.05). 

Analyzing the content of  other representatives of  the an-
aerobic spectrum of  the intestinal microbiota, almost complete 
normalization of  the level of  Enterococcus spp. was observed 
(7.64±0.23 lg CFU/g) (p<0.05). Against the background of  treat-
ment with probiotics, a decrease in the content of  opportunistic 
Enterobacteriaceae spp. was noticed, equal to 4.21±0.21 lg CFU/g 
(p<0.05). The level of  Candida spp. was minimal (1.36±0.20 lg 
CFU/g), comparing similar results of  other groups (p<0.05). 
There was also a decrease in the content of  Staphylococci spp. 
(2.36±0.20 lg CFU/g), however, the results were not reliable for 
the group without probiotics (p>0.05).

DISCUSSION

Following the analysis of  system indicators of  the intestinal 
microflora, we observed an increase in the content of  autochtho-
nous intestinal flora (lactobacteria, bifidobacteria, the total num-
ber of  Escherichia and enterococci), and a decrease in the number of  
allochthonous microorganisms (Bacteroides, Escherichia with weakly 
fermentative properties, UPE and fungi of  the genus Candida) 
and hemolytic Escherichia coli [12–14]. 

The use of  probiotics containing Saccharomyces's bouvar-
dia has proven effective in various conditions accompanied by 

intestinal dysbiosis, and in combination with the mediated effect 
of  silymarin, its level increases [15, 16].

The most significant changes related to the state of  intesti-
nal microflora were the increase in the content of  autochthonous 
intestinal flora (lactobacteria, bifidobacteria, the total number of  
Escherichia and enterococci), and a decrease in the number of  alloch-
thonous microorganisms (Bacteroides, Escherichia with weakly fer-
mentative properties, UPE and fungi of  the genus Candida) and 
hemolytic Escherichia coli [17–19]. The use of  probiotics contain-
ing Saccharomyces's bouvardia has proven effective in various 
conditions accompanied by intestinal dysbiosis [6, 20, 21].

CONCLUSIONS

Dysbiotic changes in the intestinal microbiota were ob-
served in patients with giardiasis and ascariasis and were most 
pronounced in their mixed invasion, which was character-
ized by a decrease in the level of  normal intestinal microbi-
ota (Bifidobacterium spp. – 4.61±0.19 lg CFU/g, Lactobacillus spp. 
– 4.57±0.20 lg CFU/g), an increased content of  opportunistic 
enterobacteria included Klebsiella, Enterobacter, Serratia, Citrobacter, 
Proteus (7.11±0.36 lg CFU/g), fungal flora (5.32±0.33 lg CFU/g) 
and Staphylococci spp. (3.96±0.20 lg CFU/g). Basic treatment 
of  patients with giardiasis, ascariasis and mixed invasion was 
accompanied by improvement in some indicators of  the in-
testinal microbiota, compared with the data before treat-
ment (Bifidobacterium spp. – 6.93±0.27 lg CFU/g) (p<0.05), 
Lactobacillus spp. – 6.79±0.19 lg CFU/g (p<0.05), Candida spp. – 
2.86±0.35 (p<0.05).

The use of  probiotics containing Saccharomyces bou-
vardia CNCM I-745 in the complex therapy of  patients with 
mixed invasion of  giardiasis and ascariasis increased treatment 
efficiency given the significant improvement in the intestinal 
microbiota (Bifidobacterium spp. – 7.93±0.22 lg CFU/g) (p<0.05), 
Lactobacillus spp. – 7.64±0.23 lg CFU/g (p<0.05), Candida spp. 
– 1.36±0.20 (p<0.05), Staphylococci spp. – 2.36±0.20 lg CFU/g 

Table 3. Quantitative composition of microbiota in patients with mixed invasion.

* – p<0.05 the reliability of the difference between the similarity indicators between the group before treatment and the control group; 
** – p<0.05 the reliability of the difference between the similar indicators between the group before treatment and the 3a group; *** – p<0.05 the 
reliability of the difference between the similar indicators between the group before treatment and the 3b group; # – p<0.05 the reliability of the 
difference between the similar indicators between the 3a and 3b groups.

Groups of 
microorganisms

Number of microorganisms, lg CFU/g, M±m

Before treatment (n=30)
After treatment

Control group (n=20)
3a group (n=15) 3b group (n=15)

Bifidobacterium spp. 4.61±0.19* 6.93±0.27** # 7.93±0.22*** 8.05±0.15

Lactobacillus spp. 4.57±0.20* 6.79±0.19** # 7.64±0.23*** 8.10±0.18

Peptostreptococcus spp. 8.11±0.29* 6.21±0.15 5.86±0.18 5.65±0.20

Bacteroides spp. 9.71±0.22* 7.93±0.37** # 7.07±0.22*** 6.85±0.20

E. coli (total) 5.11±0.17* 6.57±0.17** # 7.21±0.21*** 7.50±0.20

Weak ferm. E. coli 1.32±0.15* 1.07±0.13** # 0.57±0.14*** 0.45±0.11

Hemolytic E. coli 2.21±0.25* 0.57±0.14** # 0.14±0.10*** 0

Enterococcus spp. 5.75±0.20* 6.93±0.25** # 7.64±0.23*** 7.95±0.14

Opportunistic 
Enterobacteriaceae spp. 7.11±0.36* 5.21±0.21** # 4.21±0.21*** 4.05±0.27

Candida spp. 5.32±0.33* 2.86±0.35** # 1.36±0.20*** 1.25±0.18

Staphylococcus spp. 3.96±0.20* 2.64±0.31 2.36±0.20 2.20±0.12
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(p<0.05) compared to treatment results and with a similar group 
without use.

ACKNOWLEDGMENTS

Conflict of interest
The authors declare no conflict of  interest.

Ethical approval
This study was approved by the Ethics Committee of  

Ivano-Frankivsk National Medical University and Ivano-Frankivsk 
Regional Clinical Infectious Diseases Hospital (approval ID: 
29-11.02.2022). Our study was conducted according to the 
Declaration of  Helsinki adopted in 1975 and revised in 2008, and 
the ethical principles were entirely respected.

Consent to participate
Written informed consent was obtained from the participants.

Data availability
The data of  this study is available by request.

Authorship
POY contributed to conceptualizing the study. PAL contrib-

uted to the methodology. SMV contributed to writing the origi-
nal draft. BOP contributed to editing the manuscript, and GPR 
contributed to data collection. 

REFERENCES

1. Allain T, Amat CB, Motta JP, Manko A, Buret AG. Interactions of  Giardia sp. 
with the intestinal barrier: Epithelium, mucus, and microbiota. Tissue Barriers. 
2017;5(1):e1274354. https://doi.org/10.1080/21688370.2016.1274354

2. Lee SC, Tang MS, Lim YAL, Choy SH, et al. Helminth Colonization Is 
Associated with Increased Diversity of  the Gut Microbiota. PLoS Negl Trop 
Dis. 2017;8(5):2880. https://doi.org/10.1371/journal.pntd.0002880

3. Hjøllo T, Bratland E, Steinsland H, Radunovic M, et al. Longitudinal cohort 
study of  serum antibody responses towards Giardia lamblia variant-specific 
surface proteins in a non-endemic area. Exp Parasitol. 2018 Aug;191:66-72. 
doi: 10.1016/j.exppara.2018.06.005

4. Mabbott NA. The Influence of  Parasite Infections on Host Immunity to Co-
infection With Other Pathogens. Front Immunol. 2018 Nov; 9:2579. https://
doi.org/10.3389/fimmu.2018.02579

5. Farrell SH, Coffeng LE, Truscott JE. Investigating the Effectiveness of  
Current and Modified World Health Organization Guidelines for the Control 

of  Soil-Transmitted Helminth Infections. Clinical Infectious Diseases. 2018; 
66(4):253–259. https://doi.org/10.1093/cid/ciy002

6. Lee SC, Ngui R, Tan TK, Roslan MA. Understanding Giardia infections 
among rural communities using the one health approach. Acta Trop. 2017 
Dec;176:349-354. https://doi.org/10.1016/j.actatropica.2017.08.030

7. Protsyk A. Clinical peculiarities of  the mixed invasion of  giardiasis and 
ascariasis. Galician medical journal. 2018;4(25):36-39. https://doi.
org/10.21802/gmj.2018.4.10

8. Beatty JK, Akierman SV, Motta JP, Muise S, et al. Giardia duodenalis induces 
pathogenic dysbiosis of  human intestinal microbiota biofilms. International 
Journal for Parasitology. 2017; 47: 311–326. https://doi.org/10.1016/j.
ijpara.2016.11.010

9. Partida-Rodríguez O, Serrano-Vázquez A, Nieves-Ramírez ME. Human 
Intestinal Microbiota: Interaction Between Parasites and the Host 
Immune Response. Arch Med Res. 2017 Nov; 48(8):690-700. https://doi.
org/10.1016/j.arcmed.2017.11.015

10. Besirbellioglu BA, Ulcay A, Can M, Erdem H, et al. Saccharomyces boulardii 
and infection due to Giardia lamblia. Scand J Infect Dis. 2006;38(6-7):479-481. 

11. Midha A, Janek K, Niewienda A, Henklein P, et al. The Intestinal Roundworm 
Ascaris suum Releases Antimicrobial Factors Which Interfere with Bacterial 
Growth and Biofilm Formation. Front Cell Infect Microbiol. 2018 Aug; 
8:271. https://doi.org/10.3389/fcimb.2018.00367

12. Allain T, Chaouch S, Thomas M, Travers MA, et al. Bile Salt Hydrolase 
Activities: A Novel Target to Screen Anti-Giardia Lactobacilli? Front 
Microbiol. 2018 Feb; 9:89. doi: 10.3389/fmicb.2018.00089.

13. Kho HP, Leow CY, Shueb RH, et al. A hypothetical oxidative stress regulatory 
role of  alpha giardins in the protozoan parasite Giardia intestinalis. Tropical 
Biomedicine. 2018; 35(1): 41–49.

14. Plutzer J, Lassen B, Jokelainen P, Djurković-Djaković O, et al. Review of  
Cryptosporidium and Giardia in the eastern part of  Europe, 2016. Euro Surveill. 
2018 Jan;23(4):16-00825. doi: 10.2807/1560-7917.ES.2018.23.4.16-00825

15. De Freitas Fonseca J, Alvim LB, Nunes ÁC. Probiotic effect of  Bifidobacteria 
longum 51A and Weissella paramesenteroides WpK4 on gerbils infected 
with Giardialamblia. J Appl Microbiol. 2019 Oct;127(4):1184-1191. doi: 
10.1111/jam.14338

16. Leppera HC, Pradab JM, Davisa EL, Gunawardena SA, Hollingsworth 
TD. Complex interactions in soil-transmitted helminth co-infections from a 
cross-sectional study in Sri Lanka. Trans R Soc Trop Med Hyg. 2018 Aug 
1;112(8):397-404. doi: 10.1093/trstmh/try068.

17. Cooper AJ, Hollingsworth TD. The impact of  seasonality on the dynamics 
and control of  Ascaris lumbricoides infections. J Theor Biol. 2018 Sep 14;453:96-
107. doi: 10.1016/j.jtbi.2018.05.025

18. Lalle M, Hanevik K. Treatment-refractory giardiasis: challenges and 
Solutions. Infection and Drug Resistance. 2018 Oct 24;11:1921-1933. doi: 
10.2147/IDR.S141468

19. Ventura LL, de Oliveira DR, Gomes MA, Torres MR. Effect of  probiotics 
on giardiasis. Where are we? Braz. J. Pharm. Sci. 2018; 54(2). https://doi.
org/10.1590/s2175-97902018000217360

20. Halder JB, Benton J, Jule AM, Guerin PJ, et al. Systematic review of  studies 
generating individual participant data on the efficacy of  drugs for treating 
soil-transmitted helminthiases and the case for data-sharing. PLoS Negl Trop 
Dis. 2017 Oct 31;11(10):e0006053. doi: 10.1371/journal.pntd.0006053.

21. La Hoz RM, Morris MI. Intestinal Parasites including Cryptosporidium, 
Cyclospora, Giardia, & Microsporidia, Entamoeba histolytica, Strongyloides, 
Schistosomiasis, Echinococcus: Guidelines from the American Society of  
Transplantation Infectious Diseases Community of  Practice. Clin Transplant. 
2019 Sep;33(9):e13618. doi: 10.1111/ctr.13618.


