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Abstract: Helicobacter pylori is a well-known human-specific stomach pathogen that 
infects more than half of the world’s population. The infection with this bacterium can 
cause a variety of gastrointestinal problems, including chronic gastritis, peptic ulcers, and 
even cancer. H. pylori is a highly infectious bacterium. H. pylori causes an increase in gastric 
mucosa pH or gastric mucosa intestinal metaplasia. These modifications in the stomach 
environment are necessary for G. lamblia colonization to occur. Giardia lamblia is 
a flagellate protozoan parasite that can cause giardiasis in humans and other mammals. It 
dwells in the duodenum and upper jejunum. Globally, over 280 million cases of human 
giardiasis are predicted to occur each year. Simultaneous human colonization by G. lamblia 
and H. pylori is a typical occurrence since the viruses’ predisposing factors are similar in 
both groups. Giardiasis is a parasitic infection that affects both children and adults world-
wide. Infection with Giardia is more common in underdeveloped countries. Globally, more 
than 200 million cases of giardiasis are detected each year. In contrast, the presence of 
G. lamblia in the host body triggers an immunological response comparable to that of 
H. pylori, with lymphocytes strongly polarized towards Th1. As a result, their combined 
presence exacerbates host tissue damage. The major goal of this seminar is to describe the 
pathophysiology, immunology, and clinical aspects of G. lamblia and H. pylori coinfection 
using a comprehensive search of PubMed, Lancet, and Google Scholar sources. Upper 
gastrointestinal problems such as upper abdominal pain, abdominal bloating, nausea, vomit-
ing, epigastric pain/burning, and belching are all caused by both organisms. Differentiation 
by physical examination is impossible in people infected with both bacteria. For this 
coinfection distinction, a laboratory diagnosis is required. G. lamblia and H. pylori, when 
present together, have a synergistic effect on the host and can cause serious damage. As 
a result, researchers should delve deeper into the mechanics underlying this potential 
microbial interaction. 
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Introduction
H. pylori is a spiral-shaped gram-negative human pathogen that colonizes the 
stomach’s antrum and corpus. In the last decade, numerous virulence factors have 
been identified. These elements allow the bacterium to live in the gastrointestinal 
tract’s highly acidic environment, reach the more neutral environment of the 
mucous layer, and withstand the human immune response, resulting in persistence. 
Majority of the infections happen in the childhood age, with just a small percentage 
of infections progressing to severe conditions.1 Helicobacter pylori is a well-known 
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human-specific gastrointestinal pathogen that infects more 
than half of the world’s population. Infection with this 
bacterium can cause a variety of gastrointestinal problems, 
including chronic gastritis, peptic ulcers, and even cancer. 
H. pylori is a highly infectious bacterium. The cag (cyto-
toxin-associated genes) pathogenicity island, a 40-kb 
stretch of DNA that encodes components of the type IV 
secretion system, is found in H. pylori isolates (T4SS). 
This T4SS forms a pilus for the injection of virulence 
factors into host target cells such as the CagA 
oncoprotein.2 The function of the Helicobacter pylori 
cagA protein, the only H. pylori protein that has been 
identified as being transported into host gastric epithelial 
cells via a type IV secretion system, in the development of 
H. pylori-associated illnesses, such as gastric cancer.3 

Gastric carcinoma is the world second leading cause of 
cancer-related deaths, accounting for over 400,000 deaths 
each year. Infection with cagA-positive Helicobacter 
pylori has an important role in the development of sto-
mach cancer. The cagA gene product CagA is delivered 
directly into gastric epithelial cells by the type IV secre-
tion system.4

Giardia duodenalis (syn. G. intestinalis, G. lamblia), 
the etiological agent of Giardiasis, is one of the most 
common intestinal protozoan flagellates in humans. 
Giardia species have a simple life cycle that consists of 
two active trophozoites and cystic forms. This parasite 
spreads through direct or indirect ingestion of infectious 
cysts via the fecal-oral route. After ingesting cysts, the 
incubation period ranges from 9 to 15 days.5–7 Giardiasis 
is a parasitic infection that affects both children and adults 
worldwide. Infection with Giardia is more common in 
underdeveloped countries. Globally, more than 
200 million cases of giardiasis are detected each year. 
Since 2004, Giardia has been part of the World Health 
Organization’s neglected diseases initiative.8 Around 
about 200 million of people in the world are with clinically 
manifested giardiasis, With a global illness burden of 
around 280 million cases each year.9,10 A countrywide 
survey of giardiasis in Ethiopia, using formal ether con-
centration method, among school children (5–19 years of 
age) and residents showed overall prevalence rates of 
8.9% and 3.1% respectively.11

The acidic environment in the stomach and the pre-
sence of bile and trypsin in the duodenum stimulate infec-
tious cysts to excyst, and infectious cysts in contaminated 
food or water, or directly through the fecal–oral route, are 
transferred through ingestion of infectious cysts in 

contaminated food or drink. Then they change into tropho-
zoites, which use the sticky disc to connect to intestinal 
epithelial cell.12,13 Coinfections are common in places 
with inadequate sanitation and/or incorrect drinking 
water treatment, as the oral route of Giardia infection is 
shared with many other gastrointestinal (GI) pathogens. 
G. lamblia coinfections with pro-inflammatory pathogens 
such as Helicobacter pylori, Vibrio cholerae, and 
Escherichia coli are widespread and reported concurrently 
because this route of infection is shared by a wide range of 
gastrointestinal pathogens.5,14,15

G. intestinalis and H. pylori are known to infect 
humans’ gastrointestinal tracts early life and to be quite 
common in endemic locations throughout their lives. 
Giardia causes diarrhea, bloating, flatulence, and malnutri-
tion, whereas H. pylori colonizes the gastric mucosa and 
can cause peptic ulcers, chronic gastritis, and gastric can-
cer. G. intestinalis has a lot of genetic diversity, with two 
genotypes or assemblages (A and B) infecting people. 
Differences in symptoms have also been linked to these 
two separate genetic types of individuals.16,17

In an Indian study, the presence of G. lamblia tropho-
zoites was confirmed in biopsies from 54 stomach cancer 
patients and 100 peptic ulcer patients. Protozoa were 
found in 14.9% (8/54) and 20% (7/35) of the cases, 
respectively. There was a strong link between the presence 
of G. lamblia in stomach samples and the presence of 
H. pylori, with 6/7 people with peptic ulcers and all 
cases of gastric cancer coexisting with these microbes.18

People infected with G. lamblia had a threefold higher 
likelihood of co-occurrence with H. pylori in children 
from Sub-Saharan Africa, according to research (12.2% 
vs 30.2%). Furthermore, children aged one to five years 
old had the highest frequency of G. lamblia isolation 
(28.7%; 43/150).19 The prevalence of those coinfections 
varies by region in Ethiopia. For example, a study con-
ducted at Mekane Selam Hospital in South Wollo found 
that H. pylori infected participants had a higher proportion 
of intestinal parasites (44.3%). G. lamblia was responsible 
for 26% of the coinfected parasites.20

Predisposing factors are coincident in both groups of 
these pathogens, such as low age, immune suppression 
status, low socioeconomic and educational status, and 
consumption of contaminated water sources, and they are 
upper gastrointestinal complaints such as upper abdominal 
pain, abdominal bloating, nausea, vomiting, and epigastric 
bleeding.21,22 In patients coinfected with those pathogens 
differentiation by physical examination is not possible. So, 
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laboratory diagnosis is recommended. A sanitary life style 
as well as safe water source would prevent most of those 
infections worldwide.23 The aim of this review was to 
describe the pathogenesis, immunology and clinical fea-
tures of Giardia lamblia and Helicobacter pylori coinfec-
tion from different literatures.

Methodology
Literatures written on pathogenesis, immunology and clin-
ical features of Helicobacter pylori and Giardia lamblia 
coinfection from the year 1995–2021 were systematically 
searched and reviewed using Pub med, lancet, PMC and 
Google scholar sources.

Helicobacter pylori Pathogenicity 
Islands and Giardia lamblia Cysteine 
Proteases in Role of Coinfection and 
Pathogenesis
Pathogenesis
The two flagellate microorganisms, Giardia lamblia and 
Helicobacter pylori, colonize the gastrointestinal tract of 
their human hosts in close proximity. Giardia trophozoites 
can colonize and replicate in rapidly in the human gastro-
intestinal tract, causing symptoms in the process. Giardia 
can also infect the gall bladder, where bile serves as 
a major growth factor stimulant. It is thought to have 
a strong predilection for a pH range of 6.38–7.02.24 In 
the general population, gastrointestinal complaints are 
very common. Dyspepsia is the most prevalent upper 
gastrointestinal symptom complex, with dyspeptic symp-
toms affecting 25% of the general population. The causes 
of dyspepsia are unknown, however infectious and non- 
infectious agents are likely to be involved. Dyspepsia is 
caused by Helicobacter pylori (H. pylori), Giardia lamblia 
(G. lamblia), and celiac disease.25 H. pylori is thought to 
infect more than half of the world’s population,20 with the 
highest burden in underdeveloped nations like Africa. 
G. lamblia has a global spread, infecting around 
200 million individuals and causing 500,000 new cases 
each year.26,27 In patients with dyspepsia, 30% of H. pylori 
and 15.8–44% G. lamblia infection, respectively, were 
reported.25,28 H. pylori infection, giardiasis, and amoebia-
sis were found in 65%, 10–25% of children with stomach 
symptoms, respectively.29 A possible link between intest-
inal protozoans and H. pylori infection has been estab-
lished in several parts of the world, with 75% prevalence 

of H. pylori infection among patients with gastric 
giardiasis.30,31

Helicobacter pylori
At least half of the world population has H. pylori in their 
stomachs. It is most commonly acquired during childhood, 
and if left untreated, it will last the rest of the host’s life.32 

Helicobacter pylori, an opportunistic stomach pathogen, 
secretes urease in its immediate environs to raise the pH of 
the mucus and so diminish its viscosity, as well as stimu-
lating monocyte and neutrophil chemotaxis.33 Gastritis and 
peptic ulcers are caused by Helicobacter pylori. H. pylori 
infection is connected to mucosal-associated lymphoid 
tissue (MALT) lymphomas and is a risk factor for gastric 
cancer.34 H. pylori infection has also been linked to the 
occurrence of stomach MALT lymphomas in epidemiolo-
gic research. In addition, elimination of the virus causes 
most localized gastric MALT lymphomas to disappear.35 

Although H. pylori causes histologic gastritis in all 
infected people, only a small percentage of them show 
any clinical indications of colonization. H. pylori-positive 
patients are said to have a 10% to 20% lifetime chance of 
getting ulcers and a 1% to 2% lifetime risk of developing 
distal gastric cancer.36 Gastric cancer is one of the most 
common cancers in both men and women, and it is the 
fourth leading cause of cancer-related deaths globally. The 
interplay of genetic and environmental variables is linked 
to the etiology of gastric cancer, with Helicobacter pylori 
(H. pylori) infection being a prominent contributor. Due to 
multiple evasive mechanisms generated by the bacterium’s 
virulence factors, invasion, survival, colonization, and 
encouragement of additional inflammation inside the gas-
tric mucosa are feasible.37 Helicobacter pylori infects the 
gastric epithelial cells of at least half of the world’s popu-
lation, and it’s the leading cause of gastrointestinal pro-
blems such as chronic gastritis, ulcer illnesses, and gastric 
cancer. The bacteria must survive extreme stomach condi-
tions in order to colonize and create a persistent infection. 
H. pylori has a well-developed mechanism for surviving in 
an acidic environment. Despite bacterial causes, gastric 
environmental conditions and host genetic elements work 
together to make gastric pathogenicity possible.38 

Although H. pylori possess flagella for motility, the 
added change in viscosity facilitates quick and easy trans-
port through the mucus layers.39 This bacterium has the 
ability to produce virulence factors that help to start and 
accelerate the spread of certain diseases. For example, the 
oncoprotein CagA (cytotoxin associated gene A) is linked 
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to the immortalization of gastric mucosal cells, the break-
down of tight junctions, and the onset of cell-to-cell con-
tact loss.40

CagA inhibits the actions of a recognized H. pylori 
toxin, and it has functions that are distinct from those of 
conventional toxins.41 Another H. pylori characterized 
toxin is VacA (vacuolating cytotoxin A), which contributes 
to cell apoptosis, promotes inflammation and inhibits the 
proliferation of T and B cells. In addition this pathogen 
produce large amounts of urease, an enzyme associated 
with the alkalization of the local environment, as well as 
outer membrane proteins (OMPs) that enable rapid and 
efficient colonization of the gastric mucosa.42

H. pylori Pathogenicity Islands and 
Colonization
H. pylori is a remarkable bacterium in that it may colonize 
the stomach of untreated humans for the rest of their lives. 
The stomach colonization, inflammation, altered gastric 
acid production, and tissue death that are hallmarks of 
H. pylori disease are caused by a variety of reasons. 
Initial colonization is aided by a bacterial acid–inhibitory 
protein that blocks acid production and neutralizes gastric 
acids with ammonia produced by bacterial urease 
activity.43 H. pylori’s ability to induce this range of dis-
orders is influenced by host, bacterial, and environmental 
variables. Urease, flagella, adhesins, and -glutamyl trans-
peptidase are examples of bacterial factors. H. pylori can 
survive for decades thanks to substances like lipopolysac-
charide, urease, and vacuolating cytotoxin, which cause an 
inflammatory response that damages host cells. The cag 
pathogenicity island contains genes that activate a signal 
transduction cascade, resulting in the synthesis of inter-
leukin-8. The inflammation is exacerbated by proinflam-
matory cytokines and a Th-1 cytokine response.44

Helicobacter pylori is a genetically diversified species, 
and the cytotoxin associated gene pathogenicity island is 
the most important bacterial virulence factor that raises the 
likelihood of disease versus asymptomatic colonization 
(cagPAI). Although socially housed rhesus macaques are 
frequently infected with H. pylori, which is comparable to 
the H. pylori that infects humans, nothing is known about 
the cagPAI. H. pylori strains derived from naturally 
infected rhesus macaques exhibit a cagPAI that is remark-
ably similar to that found in human clinical isolates, and it 
encodes a functional type IV secretion system, just like 
human isolates.45

An important virulence factor of H. pylori Localized 
tissue damage is urease by products (mucinase and phos-
pholipases), vacuolating cytotoxin A (VacA), cytotoxin- 
associated gene (cagA), the cag phosphoribosyl anthrani-
late isomerase (PAI) and Release of proteases and reactive 
oxygen.46 In humans, the pathophysiology of Helicobacter 
pylori infection may be broken down into three steps: (1) 
invasion, colonization, and adherence to the human sto-
mach mucosa; (2) avoidance, subversion, or exploitation 
of the human immune system; and (3) multiplication, 
tissue damage, and transmission to a new susceptible 
host.47 For H. pylori colonization in the stomach to be 
successful: there are four phases that must occur for 
H. pylori colonization and pathogenesis to occur: (1) sur-
vival in an acidic stomach; (2) flagella-mediated motility 
toward epithelial cells; (3) adhesin-mediated attachment to 
host receptors; (4) tissue damage caused by toxin release. 
These are reflected below:

Step 1: Urease and survival under acidic stomach con-
ditions: The pathogen that causes ulcers in the stomach 
and intestines known as Helicobacter pylori. Helicobacter 
pylori is the only bacteria known to colonize the stomach’s 
highly acidic environment. H. pylori lives in acidic envir-
onments by manufacturing urease, a protein that catalyses 
the breakdown of urea to create ammonia, raising the pH 
of the environment.48 H. pylori neutralize stomach acid by 
generating ammonia from urea utilizing bacterial by 
urease enzyme. The usage of H. pylori’s adhesion protein 
BabA to connect to Lewis’s antigens, which are naturally 
produced sugars on healthy gastric epithelium, is another 
survival mechanism.49 H. pylori has developed an acid 
tolerance system that regulates urease activity to promote 
periplasmic pH adjustment in the severe acidic environ-
ment of the stomach49 The H. pylori bacteria reduces the 
stomach’s and duodenum’s protective mucous layer, 
allowing acid to reach the delicate lining beneath. The 
acid and germs both irritate the lining, resulting in a sore 
or ulcer.50 By altering the viscoelasticity qualities of sto-
mach mucins, urease activity aids flagellar movement 
through the mucous layer. Gastric mucins produce a gel 
that effectively confines bacteria at low pH, while urease- 
catalysed ammonium ion synthesis elevates the pH to near 
neutral, transitioning the mucous gel to a viscoelastic fluid 
through which H. pylori can swim.51 The altered distribu-
tion of chemotaxis mutants associated with decreased 
inflammation, poor CD4+ T cell recruitment, and the 
absence of a T helper 17 (TH17) response, in addition to 
favouring clearance (Study demonstrating that chemotaxis 
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promotes interactions between the bacteria and epithelium 
that drive pro-inflammatory T H 17 responses).

Step 2: Flagella and movement toward epithelium 
cells: Helicobacter pylori is a flagellated bacterium that 
colonizes and leads to inflammation in the human gastro-
duodenal mucosa, causing gastrointestinal illness. 
Colonization and virulence factors are thought to be 
involved in its pathogenesis. The fundamental function of 
the flagella of Helicobacter pylori is to provide motility.51 

By the action of 4–7 polar sheathed flagella, H. pylori 
moves through the stomach mucosa epithelial layer to 
the basal layer, where the pH value is near to 7.0. Flagella- 
mediated motility is required for H. pylori colonization of 
the gnotobiotic piglet and mouse stomach mucosa.52 

Flagella can be thought of as a colonization/virulence 
component in the early stages. Furthermore, mice immu-
nized with a vaccine enriched for H. pylori flagella sheath 
proteins showed much lower colonization than mice 
immunized with whole-cell lysate. Flagella can be used 
as a diagnostic and vaccination target due to the high 
antigenicity of flagella associated proteins.53

Step 3: adhesin-mediated attachment to host receptors: 
Adhesins are virulence proteins that enable bacteria to 
bind cells in the host. Although many dangerous bacteria 
produce adhesins of varied types, they are frequently 
encoded on the bacterial backbone DNA.54 H. pylori 
adheres to mucins by using adhesion molecules or other 
molecules on its surface, enabling the bacteria to infiltrate 
the gastric mucosa epithelium. This event causes the acti-
vation of various bacterial genes, including some that code 
for virulence factors and protect the pathogen against 
clearance mechanisms including liquid flow, peristaltic 
movement, or mucous layer shedding.55 H. pylori adhe-
sion to the mucus layer of the gastric epithelium is critical 
for the bacteria for initial colonization and persistence in 
the human stomach over decades or perhaps a lifetime. 
When H. pylori colonizes the stomach, it triggers humoral 
and cellular immune responses that seldom result in bac-
terial clearance.56 Lipopolysaccharide (LPS), Outer 
Membrane Proteins, blood group antigen-binding adhesin 
A (Baba), sialic acid-binding adhesin (SABA), adherence 
associated lipoproteins, outer inflammatory protein A, 
HOMB, and HopZ are all Helicobacter pylori adhesion- 
related molecules.57 HomB is an antigenic protein found in 
the membrane of H. pylori. Furthermore, the protein is 
linked to IL-8 release in vitro and contributes to bacterial 
adhesion, both of which are linked to the amount of HomB 
copies in a strain42 Housekeeping genes, virulence genes, 

lipopolysaccharide (LPS), and several OMP producing 
genes are all affected by H. pylori genetic diversity, 
which contributes to host adaptation, persistence, and 
immune response evasion, resulting in chronic inflamma-
tory reactions. The involvement of numerous Lewis-like 
antigens and adhesins factors has recently progressed for 
interaction of host cell. These interactions are described in 
terms of bacterial colonization and pathogenicity.57

Step 4: Toxin and host tissue damage: Ammonia 
(urease), lysolecithin (phospholipases), and acetaldehyde 
are all harmful chemicals produced by Helicobacter pylori 
enzymes (alcohol dehydrogenase). Ammonia’s detrimental 
effects have been examined the most, and it appears to be 
a potential pathogenicity mechanism.58 Cytotoxin- 
Associated Gene A (CagA): CagA is one of the pathogeni-
city factors of the bacterial pathogen Helicobacter pylori 
that has been extensively explored. The H. pylori cag-Type 
IV secretion mechanism is used to inject it into host cells. 
CagA is characterized as an oncogenic protein because of 
its link to gastric cancer.59

Vacuolating cytotoxin A (VacA): VacA is diffusible, 
pore-forming, exotoxin secreted by Helicobacter pylori, is 
epidemiologically connected to gastrointestinal illness in 
humans.60 Additionally, VacA is a multi-functional toxin 
that can produce “vacuoles,” which resemble late endo-
somes and early lysosomes; be taken up by the cell and 
localized to the mitochondria, causing apoptosis; bind to 
a protein on the cell membrane, causing inflammation; and 
obstruct T-cell activation and proliferation.61 Dur VacA is 
a multi-functional toxin that can produce “vacuoles,” 
which resemble late endosomes and early lysosomes; be 
taken up by the cell and localized to the mitochondria, 
causing apoptosis; bind to a protein on the cell membrane, 
causing inflammation; and obstruct T-cell activation and 
proliferation. Cytochrome C is released from the mito-
chondrial intermembrane gap into the cytoplasm via an 
unknown process, which activates downstream execu-
tioner caspases, resulting in cell death. It has been postu-
lated that VacA can produce membrane-embedded pores at 
the inner-mitochondrial membrane, resulting in the dissi-
pation of the mitochondrial electrochemical membrane 
potential, in accordance with its proposed pore-forming 
capabilities.61

In general: Urease-dependent ammonia production ele-
vates the pH during initial infection of the stomach lumen, 
which enhances bacterial survival and solubilizes the 
mucous gel to assist bacterial motility. Helical rod form 
and chemotaxis enhance flagellar movement away from 
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the acidic lumen to Helicobacter pylori’s preferred habitat, 
which lies on and close to gastric epithelial cells. SabA, 
BabA, and other adhesins factors may alter the balance of 
bacteria from mucus-associated to cell-associated 
bacteria51 Vacuolating cytotoxin (VacA), cytotoxin- 
associated gene A (CagA), and CagL, all of which have 
diverse cellular targets, influence gastric epithelial cell 
behaviour. The RGD motif of CagL mediates interactions 
with the 51-cell surface receptor, whereas interactions with 
the other cell surface receptor (v5 integrin) are RGD- 
independent.62 The combined action of these three effec-
tors causes a number of changes in the gastric epithelial 
cell, including CagA and VacA disruption of cell polarity, 
which can promote iron acquisition and cell extrusion; 
CagA- and CagL-dependent induction of chemokines 
and/or the gastric hormone gastrin; and CagL-dependent 
inhibition of acid secretion by the (H++K+) ATPase and 
cellular proliferation.63 CagA and CagY have been proven 
to bind 51 integrins, however the exact interaction surface 
is unknown. PS stands for phosphatidylserine, and T4SS 
stands for type IV secretion system.64

Giardia lamblia
Giardia intestinalis can damage enterocytes and the loss of 
the brush border of epithelial cells in the intestine, result-
ing in microvilli shortening and impaired epithelial barrier 
function. Aqueous diarrhea, steatorrhea, nausea, abdom-
inal pain, vomiting, and weight loss are all symptoms of 
this condition. Enhanced pro-apoptotic mechanisms, fol-
lowing breakdown of the intestinal epithelial barrier, 
hypersecretion of electrolytes, and increased exposure to 
luminal antigens by subepithelial host immune cells are 
hypothesized to be involved in Giardia pathogenesis.65 

Giardia infects surrounding tissues and entering the blood-
stream without passing the epithelium and cause illness. 
The epithelial abnormalities that cause intestinal malab-
sorption and diarrhea in giardiasis appear to be comparable 
to those seen in other enteric disorders like bacterial enter-
itis, chronic food allergy, Crohn’s disease, and celiac 
disease.66 The mechanisms responsible for pathophysiol-
ogy in giardiasis include both parasite and host immune 
factors. G. lamblia virulence factors have been suggested 
on the basis of their targeted effects.16 Giardiasis is 
a parasitic infection caused by the Giardia parasite. In 
humans, the parasite clings to the lining of the small 
intestine, causing diarrhea and preventing the body from 
absorbing fats and carbohydrates from digested foods.67 

An illness causes a person’s or an organ’s function to be 

disrupted. A pathophysiologic alteration, for example, is 
a change in function as opposed to a structural flaw. The 
four pairs of flagella allow for movement, while the ven-
tral sticky disc proteins and surface lectins promote proper 
attachment to upper small intestine enterocytes, while the 
four pairs of flagella allow for mobility and assist elude 
host IgA directed clearance.68

The parasite’s arginine deiminase depletes arginine in 
intestinal epithelial cells, limiting intestinal epithelial pro-
liferation and nitric oxide generation69 and The degrada-
tion of chemokine ligand 8 (CXCL8) by cathepsin B-like 
proteases results in reduced neutrophil chemotaxis. In 
a myosin light chain kinase-dependent way, Giardia also 
causes enterocyte apoptosis and destroys the epithelial 
barrier. Maldigestion and malabsorption result from CD8 
+ lymphocyte-dependent microvillus shortening. Indeed, 
when compared to controls, the height of microvilli as 
well as digestive enzyme activity did not differ following 
Giardia infection in immune defective mice unable to 
manufacture T cells. Together, these findings show that 
parasites and host variables both play a role in giardiasis 
epithelial abnormalities. Giardia may exacerbate these 
symptoms by increasing chloride output and intestinal 
transit, all of which lead to diarrhea. In some situations, 
Giardia infection can cause bile hypersecretion, which can 
lead to steatorrhea when combined with lipid 
malabsorption.15,45–47 In general giardiasis is multifactor-
ial disease, reflecting the complex interplay between the 
host and parasite.

(1) Diffuse shortening of microvilli and inhibition of 
brush border enzymes. This involves attachment of the 
parasites and CD8+ T cells. (2) Induction of chemokines in 
IECs, resulting in attraction of immune cells like mast cells 
and dendritic cells (DC). (3) Disruption of tight junctions. 
(4) Induction of apoptosis. (5) Starvation for arginine in 
IECs, resulting in less NO, cell cycle arrest and apoptosis. 
(6) Increased intestinal permeability induced by mechanisms 
three to five. (7) Increased chloride ion secretion. (8) 
Intestinal hypermotility. (9) Crypt hyperplasia and increased 
mucus secretion. (10) Changed composition of bacterial 
normal flora. The parasite and host cells secrete specific 
proteins during the interaction (ESPs).

Virulence Factors and Antigenic Variation 
of G. lamblia
By developing into infective cysts, giardia trophozoites 
undergo fundamental alterations in order to survive 
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outside of their host’s intestine. Cyst wall components are 
synthesized, processed, transported, secreted, and 
assembled extracellularly during encystation. Giardia 
undergoes antigenic variation to survive within the gut, 
a process in which the parasite swaps its main surface 
molecules on a regular basis, allowing it to dodge the 
host’s immune response and cause chronic and repeated 
infections.70 Cathepsin B is a known virulence factor and 
secreted protein that inhibits neutrophil chemotaxis by 
degrading IL-8. Cathepsin B and cystatin, a protease inhi-
bitor of cathepsins, were upregulated in response to 
secreted host factors.71 Controlling giardia infections 
necessitates both innate and adaptive immune responses. 
Specific antibody production is linked to parasite clear-
ance, and hypogammaglobulinemia patients have a greater 
rate of symptomatic infections. Antibodies are required for 
clearance late in infection in mice, with secretory immu-
noglobulin A being the most critical antibody isotype. 
Antigenic variation is a technique by which protozoan 
parasites evade the humoral immune response of their 
vertebrate hosts.16 Antigenic variation permits the patho-
gen to not only escape the immune response of its present 
host, but also to infect previously infected hosts again. 
Immunity to re-infection is based on the acquired immune 
response’s detection of the pathogen’s antigens, which are 
“remembered”.72 Antigenic variation occurs in Giardia 
lamblia both in vitro and in the intestines of infected 
people. The principal antigens identified by the host are 
variant-specific surface proteins (VSPs), which cover the 
whole surface of the trophozoites. Significant progress has 
been made in understanding the antigen switching process 
in the last year, indicating that antigenic variation in 
Giardia is regulated at the post-transcriptional level by 
a mechanism comparable to RNA interference (RNAi).73 

VSP mRNA silencing and/or translational repression are 
mediated by several RNAi pathway enzymes. Although 
there are still some unanswered concerns about how indi-
vidual VSP antigens are chosen for expression on the 
parasite surface, it is obvious that an epigenetic mechan-
ism is at work.74

Secreted Cysteine Protease Expression 
and Colonization of G. lamblia
Enzymes that break down cysteine are known as cysteine 
proteases. Cysteine proteases are enzymes that have 
a cysteine thiol residue in their catalytic core (CPs). Clan 
CA, which comprises papain- and calpain-like peptidases, 

and clan CD, which contains calpain-like peptidases, make 
up the majority of parasite-produced CPs. The clan CA 
proteases, which represent for 84% of parasite CPs, are 
divided into 24 families based on their primary sequence 
and tertiary structure. The family C1 (eg, C1A), which 
accounts for 45% of protozoan peptidases, is split into two 
cysteine cathepsin subfamilies, catB-like and cathepsin 
L-like (EC. 3.4.22.15) enzymes, based on pro-domain 
sequences and length.75,76 Cysteine proteases (CPs) are 
recognized as virulence factors in Giardia, their exact role 
in the disease’s molecular pathogenesis remains unknown. 
The goal of this study was to describe the three primary 
secreted CPs (CP14019, CP16160, and CP16779), which 
were discovered in the medium during interaction with 
intestinal epithelial cells (IECs) in vitro using mass spectro-
metry. The CPs were first epitope-tagged and found in endo-
plasmic reticulum and cytoplasmic vesicle-like structures. 
Second, we demonstrated that recombinant CPs produced 
in Pichia pastoris are more active in an acidic environment 
(pH 5.5–6) and used fluorogenic substrates to assess the 
kinetic characteristics.77,78 Giardia CP activity plays a role 
in trophozoite attachment to IECs. Taken together, our find-
ings show that Giardia CPs play a significant role in Giardia- 
intestinal colonization interactions.79 Giardia excretory– 
secretory products such as surface proteins, secreted pro-
teases, and extracellular vesicles appear to play critical 
roles in Giardia infection pathogenesis, compromising host 
epithelial integrity. Macrovesicles (MVs) are secreted by 
Giardia, and they may play a role in innate immune system 
activation, host attachment, and toxicity.77,80 CP is also 
extensively produced during the trophozoite and encystation 
phases. CWPs, such as CPW2, are expressed during encysta-
tion alongside intracellular CP2, which processes CWP2 to 
initiate polymerization and cyst wall formation.75 Giardia 
CPs disrupt epithelial apical junctional complexes in 
Giardiasis, resulting in impaired barrier function as 
a pathophysiological process. Several studies have shown 
that Giardia causes reductions in IEC transepithelial resis-
tance (TER), a marker of epithelial integrity and 
permeability.75,81 CP2 causes a variety of epithelium injury 
in the host. Induce apoptosis and villin degradation in epithe-
lial cells. Recombinant CP2 induces the formation of apop-
totic bodies in epithelial cells. Phosphatidylserine levels rise 
in response to CP2, as does caspase-3 synthesis, which is 
time-dependent, and PARP-1 cleavage. Furthermore, the CP 
inhibitor E-64 against CP2 inhibited the development of 
apoptosis in IEC-6 cells, demonstrating that CPs play a role 
in Giardia-induced cell death.81 Giardia Secreted cysteine 
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protease promotes the secretion of antimicrobial peptides 
such as beta-defensin 2 and is important for intestinal muco-
sal homeostasis and antimicrobial defense against entomo-
pathogens such as Helicobacter pylori. Human -defensin-2 
(HBD-2) is induced in IECs in vitro after exposure to sto-
mach epithelial cells during human Helicobacter pylori 
infection, for example.82

Coinfection
H. pylori and G. lamblia coinfection in stomach causes 
duodenal biopsies. H. pylori play a role for G. lamblia 
colonization by different mechanisms. H. pylori producing 
urease, which converts urea from the stomach wall to 
ammonia, raising the stomach pH and allowing intestinal 
parasites to readily pass and reach the intestine.83,84 

Parasites, on the other hand, escape the immune response 
by expressing antigenic variation on their surface or 
employing other unique mechanisms such as nutrition 
deprivation. The survival strategies used by Giardia lamblia 
after infection are examined in this paper.85 Levels of IL-18 
in gastric epithelial cells and the monocyte cell line THP-1 
increased when cocultured with Helicobacter pylori. 
H. pylori-infected epithelial cells and monocytes produced 
significantly more IL-18 in both systems. The intensity of 

gastric inflammation was closely linked with IL-18 levels in 
H. pylori-infected gastric mucosa, demonstrating that 
H. pylori-induced IL-18 plays a significant role in gastric 
damage.86 Furthermore, decreased acid secretion may result 
in the generation of pro-inflammatory cytokines such as IL- 
1b, a powerful inhibitor of gastric acid production, and 
a secreted H. pylori component that may directly target 
parietal cells. This creates an ideal environment for 
G. lamblia to reproduce in the duodenum, where the tro-
phozoites bind to enterocytes, causing damage and generat-
ing gastrointestinal symptoms.5,87

The colonization of stomach mucosa by H. pylori gen-
eration of acute and subsequently chronic inflammation, as 
well as the emission of toxins and enzymes by the bacteria 
which resulted in disruption epithelial cells.88 Gastric atro-
phy and intestinal metaplasia are also one of the complica-
tions of H. pylori infection that may also facilitate Giardia 
colonization of the stomach.89 Even though the mechan-
isms are different both organisms have dual or synergistic 
effect on the host by inducing epithelial cell damage, 
destructing the mucus and tight junction, gastro intestinal 
metaplasia and gastritis resulting from each organism pre-
disposes the person to the other. The coinfection rate of 
H. pylori and G. lamblia coinfection as shown (Table 1).

Table 1 Coinfection Rate of H. pylori and Intestinal Parasites

Number of Study Subject Prevalence and Coinfection Rate of Infectious Agent Country (Reference)

318 70.8% Venezuela90

427 30.2% Uganda17

801 52.5% Egypt91

120 50% Mexico92

188 54.5% Mexico92

215 45% Colombia93

155 21% Colombia93

68 29.7% Iran30

206 51.4% Egypt94

98 45.8% Turkey5

187 8% Pakistan95

100 5% Sudan96

363 26.3% Ethiopia20

434 13.1% Ethiopia97
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Immunological Mechanisms
The Immune Response to Helicobacter pylori are both 
humoral and cellular immune responses are induced by 
H. pylori. IgA, IgM, and IgG isotypes have been demon-
strated in both local and systemic antibody responses 
H. pylori infection also induces the activation of innate 
and acquired response from the host immune system.98 

Despite powerful innate and adaptive immune responses, 
H. pylori survives in the stomach mucosa for a long time. 
In addition to virulence factors, the ability of H. pylori to 
escape, disrupt, and manipulate the host immune system 
has a significant impact on its survival. By changing its 
surface components, this bacterium can avoid being recog-
nized by innate immune receptors. In addition, H. pylori 
subverts adaptive immunity by modulating effector 
T cells.99 Th1 and Th2 cells both have a role in defining 
this response, with Th1 taking the lead. These immune 
cells regulate the cellular response of the host, increase the 
release of proinflammatory cytokines such as IL-2 and 
INF-, and suppress Th2-dependent immunological activity 
Th1 and Th2 cells both have a role in defining this 
response, with Th1 taking the lead. These immune cells 
regulate the cellular response of the host, increase the 
release of proinflammatory cytokines such as IL-2 and 
INF-, and suppress Th2-dependent immunological activity. 
Th17 cells, which are the source of the cytokine IL-17, are 
also recruited.100 The production of IL-8, 
a chemoattractant pro-inflammatory cytokine that stimu-
lates neutrophil chemotaxis into stomach tissue, is affected 
by an increase in IL-17 release. Chronic neutrophil infil-
tration wreaks havoc on the mucosa because these cells 
produce oxidative stress from reactive oxygen and 
nitrogen.101 Despite the fact that both Th1 and Th17 
cells are involved in the antimicrobial response to 
H. pylori, neither is capable of entirely eliminating the 
bacteria from the body. This is because H. pylori 
encourages the recruitment of regulatory lymphocytes 
(Treg), which suppresses the antibacterial host immune 
response and prolongs the infection of the gastric 
mucosa.21 H. pylori manipulates host immune responses 
as an effective technique in the development of gastroin-
testinal illnesses, in addition to other virulence factors that 
lead to its survival. The mucus released by epithelial cells 
and the innate immune cells in the lamina propria are the 
principal defenses against H.pylori.99

Giardia lamblia infection elicits both innate and adap-
tive immune responses in humans and animals. The innate 

immune system is responsible for the first identification of 
Giardia by the host. Antimicrobial peptides like as defen-
sins are released by Paneth cells in the Lieberkühn crypts 
in addition to pancreatic secretions. Lactoferrin, which has 
been demonstrated to be harmful to Giardia trophozoites 
in vitro, is released continually by the gallbladder.102 The 
epithelial cells lining the wall of the intestine respond to 
Giardia trophozoite contact by production of cytokines 
and chemokines. Dendritic cells are also able to recognize 
and respond to Giardia trophozoite and nitric oxide could 
inhibit trophozoites replication.96

The adaptive system establishes specific response and 
memory towards a pathogen and is responsible for anti-
body production. Infection with G. lamblia typically 
results in strong antibody response against the 
parasite.103 For instance, incubation of trophozoites with 
specific antibody can lead to inhibition of parasites repli-
cation as well as parasite death depending on the particular 
antibodies and the presence of complement. 
Immunoglobulin A (IgA) is believed to be more important 
in parasite control and also passive transfer of anti-Giardia 
antibodies in milk can help protect human new born.104 

Conversely, variant specific surface proteins (VSPs) coat 
the surface of Giardia trophozoite may contribute to 
pathogenicity and allow Giardia to evade immunological 
memory responses.105

T cells has crucial role to play a key part in the immune 
response to Giardia infection, and memory responses to 
the parasite can endure for years. Three animal investiga-
tions of Giardia infection have recently discovered TH17 
responses.106 In CD4+ effector memory (EM) T cells, the 
production of tumor necrosis factor alpha (TNF-), gamma 
interferon, interleukin-17A (IL-17A), IL-10, and IL-4 was 
evaluated. It is unknown how important the cytokines IL- 
17A, IFN-, TNF-, IL-4, and IL-10 are in the T cell 
response to Giardia infection in humans.107

T-cells, which include CD4+ helper T cells and CD8+ 
or cytotoxic T cells, are another component of the adaptive 
immune response that is necessary for appropriate Giardia 
infection treatment (Tc). CD4+ helper T cells, in addition 
to supporting Tc cell activation and B lymphocyte growth, 
are primarily responsible for this protective effect.108 Mast 
cell activation causes increased smooth muscle contrac-
tions, which affects intestinal motility. CD8+ cells produce 
a robust immunological response (pathophysiology) that 
results in diffuse microvilli shortening. IL-17 has been 
shown to play a role in Giardia infections in both mice 
and humans.96
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The presence of H. pylori and G. lamblia in the same 
environment can have a major impact on the host immu-
nological response. Giardiasis is caused by an increase in 
intraepithelial lymphocyte infiltration caused by H. pylori, 
which leads in epithelial damage and malfunction. As 
a result, G. lamblia causes a wide loss of the microvillous 
brush border, resulting in disaccharidase deficiency and 
malabsorption of electrolytes, minerals, and water, produ-
cing diarrhea and crypt hyperplasia.109

Similarly, the cohabitation of G. lamblia and H. pylori 
in the host organism produces an immune response 
marked by lymphocyte polarization toward Th1. These 
immune cells are more numerous in the stomach of 
Helicobacter pylori-infected individuals, causing inflam-
mation. The antimicrobial type 1 response is characterized 
by the release of pro-inflammatory cytokines such as IL 2, 
IL-12, and IFN-. As a result of their coexistence, the host 
suffers tissue damage. In H. pylori infection, the type 1 
immune response is also necessary for the development of 
gastritis, peptic ulcers, gastrointestinal metaplasia, and 
gastric cancer.110 For this reason, the presence of 
G. lamblia and H. pylori together significantly aggravate 
these ailments.111

Clinical Features
The bacteria H. pylori (Helicobacter pylori) can cause an 
infection in the stomach or duodenum (first part of the 
small intestine). Peptic ulcer disease is most commonly 
caused by this. The stomach lining can also be inflamed 
and irritated by H. pylori (gastritis). Long-term H. pylori 
infection can lead to stomach cancer if left untreated.35 

H. pylori infection can last for years after colonization, 
and it can cause acute and chronic illnesses. Infections that 
go untreated can become chronic, even life-threatening. 
When a person experiences upper stomach pain, nausea, 
or heartburn, it is likely that they have gastroenteritis. 
Swelling of the tissue leading into the small intestine can 
be caused by gastric ulcers.112 This makes it difficult for 
food to pass through the stomach, resulting in pain, bloat-
ing, nausea, and vomiting after eating. Peptic ulcers are 
another consequence that can result in perforation, bleed-
ing, and blockage. H. pylori is also a risk factor for gastric 
cancer, according to several research.113

G. lamblia is a non-invasive bacterium that reproduces 
by attaching itself to the intestinal epithelium. Giardiasis is 
a disease with varying degrees of severity; it can be acute 
or chronic, and asymptomatic carriers are prevalent.114 

Symptoms of disease usually appear 7–12 days after 

infection. Diarrhea, nausea, vomiting, weight loss, malab-
sorption, and steatorrhea (fatty stools) are the most pre-
valent clinical indications of infection.105 It also causes 
vitamin deficiencies, especially in the fat-soluble vitamins 
A, D, E, and K, as well as folic acid, which can lead to 
a variety of health issues. Some individuals have a slight 
ailment that goes away on its own, while others may have 
a serious disease that lasts a long time. Achlorhydria can 
lead to symptomatic giardia infection, hypogammaglobu-
linemia, and a lack of secretory IgA in the small intestine 
(John and Petri, 2006).

Upper gastrointestinal problems caused by both organ-
isms include upper abdomen pain, bloating, nausea, vomit-
ing, early satiation, epigastric pain/burning, and belching. 
Acute H. pylori infection is followed by hypochlorhydria, 
which makes it easier to acquire G. lamblia due to the loss 
of the gastric acid barrier, resulting in diarrhea and iron 
deficiency anemia (IDA). The ensuing synergistic effect of 
diarrheal illness and micronutrient deficiencies on child 
growth and cognitive function has major public health 
implications for these countries’ socioeconomic 
development.115 Differentiation by physical examination 
is impossible in people who are coinfected with those 
diseases. As a result, laboratory testing is advised. 
Additionally, triple therapy (clarithromycin + amoxicillin 
or metronidazole plus a proton pump inhibitor like ome-
prazole or lansoprazole) is required).105

Conclusion and Recommendations
G. lamblia and H. pylori coinfection can be caused by 
common risk factors and transmission routes. They take 
possession of the upper gastrointestinal tract and activating 
predictable side effects on the gastrointestinal tract. 
H. pylori induced-pathologies and hypochlorhydria in the 
stomach could facilitate Giardia colonization in gastric 
mucosa. The presences of both pathogens together signifi-
cantly influence the modulation of the host immune 
response. H. pylori induce CD8+ T cell by increase infiltra-
tion of intraepithelial lymphocytes that ultimately lead to 
epithelial injury and malfunction in giardiasis. Th1 and Th2 
cells both have a role in defining this response. In the same 
manner the presence of G. lamblia with H. pylori in the host 
organism results immune response with strong polarization 
of lymphocytes towards Th1 and leads to host damage. So, 
their presence together aggravates host tissue damage.

Even though the mechanisms are different both organ-
isms have dual or synergistic effect on the host by indu-
cing epithelial cell damage, destructing the mucus and 
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tight junction, gastro intestinal metaplasia and gastritis. 
Both organisms have similar clinical manifestations. 
Thus, differentiation solely by clinical sign and symptoms 
is not possible for patients coinfected with those patho-
gens. Therefore, laboratory diagnosis is essential for the 
effective treatment and management of infections caused 
by G. lamblia and H. pylori. The biological mechanisms 
behind this potential microbial interplay indeed should be 
investigated more by researchers. Since both pathogens 
can cultured in vitro and in vivo assays may be implemen-
ted to gain further understanding of how they interact with 
the host’s immune response. There should be also 
improvement of health measures such as personal hygiene 
and water purification are useful ways for elimination of 
the infections.
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