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G e W N

Abstract: Common variable immunodeficiency (CVID) is an antibody immunodeficiency with a
wide variety of clinical and immunological manifestations, and whose genetic cause is found in
about 25% of diagnosed cases. Giardia lamblia is one of the main causes of gastrointestinal infections
in CVID. 5-Nitroimidazoles are the most used first-line treatment, but nitroimidazole-refractory
giardiasis is increasing. Nevertheless, only a few cases of refractory giardiasis in CVID have been
reported. This study aimed to determine the incidence of Giardia infection in our CVID cohort, shows
our management experience and describes patients’ phenotypic features. Clinical data collection,
immunological, immunogenetics and microbiology assays were performed, and previous cases
of giardiasis in CVID were reviewed. The incidence of symptomatic giardiasis was 12.9%. The
main immunological features were undetectable or decreased IgA levels and reduced switched
memory B cells. A probable PTEN pathogenic variant was detected in one. Three patients responded
to metronidazole but suffered reinfections, and one was a refractory giardiasis eradicated with
innovative quinacrine plus paromomycin combination. This work could contribute to the decision-
making and therapeutic management of future patients with CVID and giardiasis, highlighting the
importance of the early detection and treatment of infections in patients with CVID to ensure a good
quality of life.

Keywords: CVID; immunodeficiency; gastrointestinal infections; Giardia; giardiasis; refractory;
treatment; immunology; immunogenetic

1. Introduction

Common variable immunodeficiency (CVID) is the most prevalent symptomatic pri-
mary immunodeficiency (PID) in humans [1] and is included in the antibody predominant
immunodeficiency category according to the International Union of Immunological Soci-
eties (IUIS) classification [2].

CVID is considered a complex group of PID due to its clinical and immunological
heterogeneity, and the underlying genetic cause is mostly unknown. Genetic defects are
detected in approximately 25% of the cases, involving defects in humoral and cell-mediated
immunity [3,4]. Diagnostic criteria for CVID, according to the European Society for Immun-
odeficiencies (ESID), include a decrease in IgG (at least two standard deviations below the
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(disease-cause stage)

mean for age) and a marked decrease in at least one of the isotypes IgM or IgA, an impaired
antibody production to vaccination or low percentage of switched memory B cells (<70%
of age-related normal value), clinical manifestations of recurrent infections, autoimmune
diseases or lymphoproliferation, the onset of clinical immunodeficiency at more than two
years of age and the exclusion of other causes of hypogammaglobulinemia [5]. The defect
in plasma cell differentiation causes hypogammaglobulinemia and abnormalities of circu-
lating B cell subsets, with a normal or low absolute count of B cells [6]. Although profound
T cell defects are not detected, alterations in their frequency and function can be found [7].

Severe and recurrent infections are the clinical hallmark in CVID patients. Giardia
lamblia is the most commonly identified gastrointestinal pathogen in CVID, followed by
Campylobacter jejuni and Salmonella species [8]. Giardia lamblia (also termed G. duodenalis
or G. intestinalis) is a flagellated parasitic protozoan with a lifecycle divided into two
phases: the dormant infectious cyst and the proliferating trophozoite [9] (Figure 1). Clinical
manifestations of Giardia infection are diverse, ranging from asymptomatic cases to diarrhea,
abdominal pain, nausea, anemia, malabsorption, or weight loss. Classic diagnosis is
performed by microscopic detection of trophozoites or cysts in stool samples, but in
recent years, rapid immunochromatographic antigen tests and more sensitive real-time
polymerase chain reaction (PCR) panels have appeared [10].

Cyst ingestion

Stool detection
(cyst and trophozoite)

Figure 1. Lifecycle of Giardia lamblia. Infectious cysts are ingested via contaminated food or water, or
by direct ingestion. In the human gastrointestinal tract, cysts excyst to release trophozoites, which
cause disease, in part, by promoting the disruption of the intestinal epithelial barrier. Both the cysts
and trophozoites can be detected in the stool, although the trophozoites released do not survive long.

5-Nitroimidazole compounds, such as tinidazole or metronidazole, are the most com-
mon first-line treatment for Giardia infection [11]. Nitroimidazoles are usually also effective
in CVID patients. However, CVID patients have a higher risk of chronification, reinfection
and relapse rate due to their immunodeficiency status or malabsorption syndrome, and
often require prolonged treatment [12,13].

Nitroimidazole-refractory giardiasis is increasing in the general population, linked
with parasite drug resistance and host factors [14-16]. Nevertheless, few cases of refractory
giardiasis in CVID patients have been published to date [17]. Currently, resistance Giardia
detection is not possible to perform in most laboratories, and there is no standard treatment
for refractory giardiasis. Empirical treatments are currently used, highlighting the use of a
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nitroimidazole other than metronidazole in monotherapy or with another drug, or other
agents such as quinacrine or paromomycin [18].

The aim of this study was to determine the incidence of Giardia infection in patients
diagnosed with CVID at our hospital center, describing our management experience and
their demographic, clinical, immunogenetic, and immunological characteristics. In ad-
dition, we have performed a literature review of previous reports of Giardia infection in
CVID patients.

2. Materials and Methods
2.1. Subjects of Study

Patients diagnosed with CVID and Giardia lamblia infection in the University Hospital
Virgen de las Nieves between 2000 and 2021 were recruited for this study. The diagnosis of
CVID was established based on the ESID criteria [5], excluding patients with other types of
antibody immunodeficiencies, secondary antibody deficiencies, and T-cell deficiency.

Giardia infection was determined by stool Giardia antigen detection test, microscopy
observation, molecular technique, or a combination of these, in patients with suggestive
symptoms as described below. Refractory giardiasis was considered when Giardia persisted
after one or more strategic treatments. We collected demographic and clinical data, family
and personal history, and immunoglobulin levels at CVID diagnosis. Furthermore, we per-
formed other immunological and immunogenetics assays during subsequent follow-ups of
each patient. This study was reviewed and approved by the regional ethics committee (Por-
tal de Ftica de la Investigacion Biomédica de Andalucia, PEIBA, code: 1206-N-22). Patients
or their legal representatives provided their written informed consent to participate.

2.2. Immunological Evaluation

Serum immunoglobulins (Ig) levels (IgG, IgA and IgM) were measured by immuno-
turbidimetry using the automatic analyzer Alinity ¢ system (Abbott Laboratories, Chicago,
IL, USA). For cellular evaluation, EDTA whole blood samples were collected. Lymphocyte
subpopulations (CD4+ T, CD8+ T, B and NK cells) were performed using BD Trucount
tubes and the BD Multitest 6 Color BTNK kit (BD Biosciences, San Diego, CA, USA),
which included the following mixtures of fluorophore-conjugated monoclonal antibodies
(mAb): anti-CD45-PerCP-Cyb5.5, anti-CD3-FITC, anti-CD8-APC-Cy7, anti-CD4-PE-Cy7,
anti-CD19-APC, and anti-CD16+CD56-PE. B cell phenotype was performed with an eight-
color panel of the following mAb: anti-CD45-APC-H?7, anti-CD19-V500, anti-CD10-V450,
anti-CD38-PE-Cy7, anti-CD21-PE, anti-CD27-PerCP-Cy5, anti-IgD-FITC, and anti-IgM-APC
(BD Biosciences, San Diego, CA, USA), following EURO-Class classification. Cells were
acquired on a BD FACSCanto II Flow Cytometer (BD Biosciences, San Diego, CA, USA), and
the InfinicytTM22.0 software was employed for multiparametric analysis (Cytognos SL,
Salamanca, Spain).

2.3. Immunogenetics

High-resolution genotyping of Human Leukocyte Antigen (HLA) class I (A, B and
C) and II (DRB1 and DQB1) loci was performed using the LABType sequence-specific
oligonucleotide typing test (One Lambda, Canoga Park, CA, USA). DNA whole blood
isolation was carried out with the QIAMP DNA Blood Mini Kit, following the manufac-
turer’s instructions (Qiagen, Hilden, Germany). Target DNA was amplified by PCR using
sequence-specific primers, followed by hybridization with allele-specific oligodeoxynu-
cleotides coupled with fluorescent phycoerythrin-labelled microspheres. Fluorescence
intensity was determined using a LABScan 100 system (Luminex xMAP, Austin, TX, USA).
HLA alleles were assigned using the HLA-Fusion software (One Lambda, Canoga Park,
CA, USA).

We also performed a clinical exome analysis based on Next-Generation Sequencing
(NGS) that covers the coding regions of 4490 genes with clinical significance (SOPHiA
Clinical Exome Solution, Lausanne, Switzerland), and analyzed 237 genes associated with
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primary immunodeficiencies (Supplementary Material S1). Sequencing was carried out on
the NextSeq 1000 platform (Illumina, San Diego, CA, USA), and the results were analyzed
with DDM v.5.8.0.3 program of Sophia Genetics and the IGV informatic application (Inte-
grative Genomics Viewer). The reference genome sequence used in the alignment phase
corresponds to the GRCh37/hg19 (UCSC) version. Bioinformatic predictors (Mutation-
Taster and CADD) were used to evaluate the pathogenicity of the variants found. Genetic
variants found were confirmed by Sanger sequencing.

2.4. Microbiology Giardia Infection Diagnosis

Giardia infection was diagnosed using antigen detection by immunochromatography
(Rida Quick Cryptosporidium/Giardia/Entamoeba, R-Biopharm AG, Darmstadt, Ger-
many), by microscopic observation of cysts in stool samples or by molecular diagnosis
(FilmArray Gastrointestinal Panel, bioMérieux, Marcy 1'Etoile, France).

2.5. Systematic Literature Review

A search was performed on the PubMed database up to 2022. Search terms used
were: “giardia” OR “giardiasis”, AND “common variable immunodeficiency” (37 results).
Articles available in English and Spanish were included, and articles that were not related
to the subject of the study or did not provide sufficient data on treatment for giardiasis,
microbiological and immunological diagnosis were excluded. Finally, 16 articles were
included (Figure 2).

4 N\
37 articles
identified and
analyzed in
database

21 articles

>
excluded

v

16 articles
included in
the review

Figure 2. Flowchart of study selection for the narrative review.

3. Results
3.1. Demographic Data and Clinical Manifestations

Thirty-one patients were diagnosed with CVID and treated with immunoglobulin
replacement in our hospital center between 2000 and 2021. Four CVID patients (12.9%)
suffered from Giardia infection during their clinical course. The median age of CVID
patients with Giardia infection was 44 years old (28-55), two were male (50%) and two were
female (50%). The median age at the time of CVID diagnosis was 33 (19-49) years. Giardia
infection was detected between the first and the fourth year after beginning intravenous
immunoglobulin (IVIG) treatment. CVID patients with Giardia infection had variable
gastrointestinal symptoms and others such as asthenia or febricula. Three of them had
Giardia reinfections (Cases 1, 2 and 4) and one was a refractory giardiasis (Case 3). In the two
females, nodular intestinal lymphoid hyperplasia (NILH) was detected by endoscopy after
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the first Giardia infection, and Case 4 developed a Crohn’s disease-like. During the evolution
of the CVID, without overlapping with the Giardia infection, patients also suffered from
other clinical conditions, infections and comorbidities, which are summarized in Table 1.

Currently, Cases 1, 2 and 3 are clinically stable. Case 4 continues with gastrointestinal
symptoms, arthritis, asthenia, anorexia and intense migraines, numbness in the face and
loss of vision, probably associated with her Crohn-like disease. All CVID patients are with
IVIG treatment. They receive 0,4 g/kg/day every 21 days except Case 4, which received
0,6 g/kg/day every 21 days because of her clinical condition.

3.2. Immunological Evaluation

The four CVID patients had undetectable or very low IgM and IgA levels from diag-
nosis. After IVIG treatment, all patients reached a normal IgG level, which is currently
maintained. The analysis of lymphocyte subsets showed CD4+ T cell lymphopenia in
Cases 3 and 4, a remarkable reduction of NK cells in Cases 1 and 4, and a very low B cell
count in Case 1. B cell immunophenotype highlighted the reduction in switched memory
B cells in all cases except in Case 3, in which they were absent. CD21low B cells were in-
creased in Case 1 and transitional B cells were remarkably increased in Case 3. EURO-Class
classification group and immunological data are indicated in Table 1.

3.3. Immunogenetics

HLA class I and II alleles genomic typing were performed and are shown in Supple-
mentary Tables, along with HLA allele frequencies in the Spanish Caucasian population [19].
Case 3 had homozygosity in HLA-DQBI alleles and Case 1 in HLA-DRB1. Case 1 had the
ancestral haplotype 44.3.

The exome analysis performed was negative for Cases 1 and 3. Case 2 showed the
heterozygous c.1555A>G (Lys519Glu) variant in the exon 17 of TCF3 or E2A gen, which
affects a region not associated with any of the major domains of the transcription factor it
encodes. In silico and phylogenetic studies suggested that the affected residue is highly
conserved and bioinformatic predictors did not give conclusive results on its pathogenicity.
The amino acid substitution slightly modifies the physical-chemical properties of the pro-
tein. Databases consulted showed that there are asymptomatic heterozygous carriers in the
general population as well as in asymptomatic carriers in families with severe agamma-
globulinemia caused by biallelic variants (gnomAD frequency of 0.016%). Case 4 had the
heterozygous ¢.1093G>A (Val365lle) variant in exon 9 of phosphatase and tensin homolog
(PTEN) gene, which affected the C-terminal domain of the mature protein phosphatase.
In silico and phylogenetic studies suggest that the affected residue is highly conserved
among vertebrate species and bioinformatic predictors showed that could be a pathogenic
variant (MutationTaster score: 1, DANN score: 0.969). The amino acid substitution slightly
modifies the physical-chemical properties of the protein. The database consulted points
to a rare variant (gnomAD frequency < 0.01%), only present in two heterozygous carriers
from the European population (Supplementary Material S2).

3.4. Giardia Infection Diagnosis and Treatment

The first Giardia infection was diagnosed by the Giardia/Cryptosporidium antigen test
in Cases 1 and 2. Case 3 was diagnosed by an antigen test and multiplex PCR and Case 4
by cysts stool detection. The detection of reinfection, treatment failure and eradication of
Giardia were performed by (a) stool cultures and/or the antigen test repetition in Case 2,
(b) an antigen test and a multiplex PCR with symptom remission in Case 3, and (c) the
remission of symptoms and negative antigen test in Case 4. In Case 1, it was not possible to
assure Giardia eradication after the first infection because microbiological tests were not
performed and the diagnosis was based on the remission of symptoms. In the reinfection,
a stool examination was performed and Giardia cysts were not detected, confirming its
eradication. None of the patients currently have evidence of Giardia infection, with antigen
test negative.
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Table 1. Epidemiological, clinical and immunological characteristics of patients with Giardia infection and CVID.

Case 1 Case 2 Case 3 Case 4 Reference Values
Sex Male Male Female Female
Age (years) 28 55 47 41
Age at CVID diagnosis (years) 26 49 38 19

Manifestation of Giardia infection

Clinical and comorbid conditions

Immunoglobulins (Ig) at diagnosis
1§G (mg/dL)

IgM (mg/dL)

IgA (mg/dL)

Immunoglobulins (Ig) after IVIG
treatment

1§G (mg/dL)

IgM (mg/dL)

IgA (mg/dL)

Lymphocyte subsets (cells/ L/ %)
CD3+

CD3+CD4+

CD3+CD8+

CD19+

CD3-CD56+CD16+

Ratio CD4/CD8

B cell subsets (%)

CD19+ naive (IgD+CD27-)
CD19+ pre-switched memory
(IgD+CD27+)

CD19+ switched memory
(IgD-CD27+)

CD19+ CD21low (CD38low, IgM+)
CD19+ transitional (CD38high, IgM+)

EURO-Class classification group

Diarrhea, weight loss

Recurrent respiratory infections,
SARS-CoV-2 infection, psoriasis

164
<5
<5

1072
<5
<5

1441 (92)
631 (40)
675 (43)
28 (2)
75 (4.8)
0.93

46.2
36.4

1.8

10.2
0.4
smB-Tr"o™
smB-21%°

Diarrhea, weight loss, abdominal
pain, malabsorption, rectal tenesmus,
anal itching, asthenia, febricula
Recurrent respiratory infection, otitis,
Campylobacter jejuni infection, latent
tuberculosis, verrucous cutaneous
squamous cell carcinoma

444
19
10

926
19
<5

1374 (69)
725 (36)
625 (31)
356 (18)
242 (12.1)
1.16

783
6.7

3.2

22
0.7

smB+21norm

Diarrhea, weight loss, abdominal
pain, rectal tenesmus, iron

deficiency, anemia

Recurrent respiratory infections,
NILH, ulcerative colitis, primary
hypothyroidism, chronic
hepatopathy, splenomegaly

461
9
<5

824
<5
<5

979 (60)
526 (32)
396 (24)
115 (7)
522 (32)
1.33

24
33.3

0

0.3
34.5
smB-TrM
smB-21norm

Diarrhea, weight loss, abdominal
pain, malabsorption, asthenia,
iron deficiency
Recurrent respiratory infections,
bronchiectasis, HBV, SARS-CoV-2
infection, NILH, Crohn-like disease,
arthralgias and arthritis

200
<5
<5

981
<5
<5

936 (81)
449 (39)
436 (38)
127 (11)
79 (6.9)
1.03

75
13.1

0.9

1.5

0.6
smB-Tr"o™
smB-21mem™m

540-1822
22-240
70-400

540-1822
22-240
70-400

960-2600/61-84
540-1660/32-60
270-930/13-40
122-632/6-27
127-509/10.1-20.9
0.94.5

53-86
3.3-12.8

4-22

0.4-4.5
0.9-6.3

NILH: nodular intestinal lymphoid hyperplasia; HBV: hepatitis B virus; Ig: immunoglobulin; IVIG: intravenous immunoglobulin.
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First-line Giardia infection treatment was metronidazole, which successfully cured
infection in Cases 1, 2 and 4. Quinacrine plus paromomycin was the successful treatment
used for refractory giardiasis in Case 3 (Table 2).

Table 2. Giardia infection treatments in each patient.

Case 1 Case 2 Case 3 Case 4
First-li Metronidazole 250 mg/8 h Metronidazole 250 mg/8 h Metronidazole 500 mg every 8 h for Metronidazole 250 mg every
irst-line treatment
for 7 days every 5 days 7 days 8 h for 8 days
1% failure: Metronidazole 500 mg
every 8 h for 14 days.

Other treatments

Successful Giardia
infection drug

2" failure: Tinidazole 2 g spread
over two consecutive days.

Reinfection: Metronidazole Reinfection: Metronidazole 3 failure: Reinfection: Metronidazole
250 mg/8 h for 20 days 500 mg every 8 h for 10 days Metronidazole plus Albendazole 500 mg every 8 h for 7 days
(400 mg/12 h) for 10 days.
4™ treatment: Quinacrine 100 mg
plus paromomycin 400 mg every 8 h
Metronidazole Metronidazole Quinacrine + Paromomycin Metronidazole

mg: milligrams; g: grams; h: hours.

3.5. Database Review Results

We found 17 published cases of giardiasis in CVID. The median age was 39 years
old (15-62), eleven were male (64.7%) and six were female (35.3%). Six were refractory
giardiasis (35.3%). The main clinical manifestations were diarrhea (14/17; 82.3%), weight
loss and abdominal symptoms (9/17; 52.9%), and three patients had splenomegaly (3/17;
17.6%). All CVID patients showed undetectable or decreased IgA levels. All summarized
data are collected in Table 3.
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Table 3. Cases of giardiasis in CVID documented in the literature.

Age (Years),

Clinical Giardiasis

References Giardiasis . . IgA Level Curative Treatment Microbiological Cure Other Characteristics
Gender Manifestations
Taylor GC et al., 1987 [20] 47, Male Refractory giardiasis Diarrhea, abdomlnal cramps, Undetectable Metrqmda_zole + Conﬁr‘med by stool Failure treatment: Metronidazole
weight loss Quinacrine microscopy
Bastlein C, Burlefinger P Abdominal pain, . Not done
Retal, 1988 [21] 31, Male Chronic giardiasis splenomegaly Decreased Metronidazole (symptomatic relief) NILH
Nash TE et al., 2001 [22] 46, Female Refractory giardiasis Naqsga, dlarrhe‘a 4 N.A. Metrqmda_zole + Conflrm.ed by Giardia Failure treatments: Metronidazole
pernicious anemia, Quinacrine antigen test
De Weerth, et al., 2002 [23] 40, Female Giardiasis Diarrhea, iabdommal pain, Undetectable Metronidazole Not dqn € NILH o'iete'ctlon, Whl.Ch reduces
weight loss (symptomatic relief) after Giardia eradication
Onbasi K, Giingar F et al., AT . . . Not done
2005 [24] 39, Female Chronic giardiasis Diarrhea, weight loss Decreased Metronidazole (symptomatic relief)
24, Mal
Oﬁ?z}t‘?ﬂpz%b?&gﬁn 1 5: MZIE Giardiasis Diarrhea Undetectable N.A, N.A.
Lymphadenopathy and
Abdominal pain, diarrhea, Tinidazole + Paromomycin Confirmed by Giardia splenomegaly regressed after
Ramsey NC et al., 2010 [26] 46, Male Refractory giardiasis splenomegaly and N.A. + Bacitracin + ontirmed by FIA Giardia eradication. Failure
lymphadenopath Cholestyrami antigen test (EIA) treatments: metronidazol,
ymphadenopathy olestyramine reatments: metronidazole,
cholestyramine + tinidazole
Dominguez-Lépez ME, .
Gonzalez-molero I, et al., 49, Male Chronic giardiasis Diarrhea, weight loss N.A. N.A. N.A. NI;“HII gastrectomy for gastric
2011 [27] cance
Diarrhea, weight loss, Not done
Silva GB et al., 2012 [28] 62, Female Giardiasis abdominal pain, and Decreased Metronidazole . . Isospora belli coinfection
. . (symptomatic relief)
intermittent fever
Olmez S, Aslan M et al., s . . R .
2014 [29] 38, Male Giardiasis Dyspeptic complaints Decreased N.A. Not indicated NILH detection
M idazol Confirmed by stool NILH detection, which reduces
Choi JH et al., 2017 [30] 41, Female Refractory giardiasis Intermittent diarrhea Undetectable gtlgom d azole + microscoy after Giardia eradication
endazole 124 Failure treatments: metronidazole,
albendazole, tinidazole
Paranjpe SM et al., PSR TO Diarrhea, weight loss, . Not done
2017 [13] 18, Male Chronic giardiasis abdominal pain Remarkably decreased Metronidazole (symptomatic relief)
Epigastric discomfort Helicobacter pylori coinfection,
At_ala1a—Mart1ns G 42, Female Refractory giardiasis postprandial fullness, diarrhea, Undetectable N.A. Not indicated gastric dysP1a51a, N.ILH’ Failure
Barbeiro S et al., 2017 [31] 3 X N treatments: metronidazole,
weight loss, fatigue, anemia ..
tinidazole, albendazole
. - . . X Hymenolepis nana coinfection.
Saurabh K, Nag VL et al., 16, Male Giardiasis Diarrhea, nausea, vomiting, Decreased Nltazox.amde + Conﬁr‘med by stool Finally, he died because of his
2017 [32] pedal edema Metronidazole microscopy . . o
immunological condition.
Failed treatments: Metronidazole,
. ornidazole, albendazole,
Diarrhea, nausea and nitazoxanid
Kaya F et al., 2018 [33] 28, Male Refractory giardiasis bloating, abdominal cramps Decreased N.A. N.A razoxaniae,
. trimethoprim/sulfamethoxazole
and weight loss ] N )
+ metronidazole, nitazoxanide
+ paromomycin
Diarrhea, weight loss,
Sousa D, 2020 [34] 33, Male Chronic giardiasis iron-deficiency anemia, Undetectable Metronidazole N.A.

splenomegaly

N.A.: not available. EIA: enzyme immunoassay. NILH: nodular intestinal lymphoid hyperplasia.
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4. Discussion

The incidence of symptomatic giardiasis in our CVID cohort was 12.9%. The main
clinical manifestations of Giardia infection were diarrhea, weight loss and abdominal pain,
both in our patients and in review patients. It is important to make a correct differential
diagnosis with other entities such as celiac disease and inflammatory bowel disease (IBD),
which was performed in our patients, because gastrointestinal symptoms are very common
in CVID, especially transient or persistent diarrhea [35]. Gastrointestinal Giardia symptoms
in Cases 2 and 4 produced protein loss and malabsorption, which made it difficult to
maintain their IgG levels in the normal range despite IVIG treatment. Immunoglobulin
replacement therapy is the basic treatment of these patients, which improve their symptoms
and their quality of life, but also prophylactic and therapeutic antibiotics for their recurrent
infections [8]. Antibiotics stimulate intestinal dysbiosis, producing digestive alterations
and favoring chronic or refractory infections by gastrointestinal pathogens such as Giardia.
The gut microbiome has been shown to play a key role in determining susceptibility or
resistance to Giardia colonization by modulating immune responses, while the parasite
itself can influence the immune response to the host [36]. Recent research has recognized
giardiasis as an important risk factor for developing long-term postinfectious syndromes,
such as IBD, chronic fatigue syndrome, and extraintestinal consequences such as arthritis
or allergies, even months or years after parasite clearance [16,37], which could be one of
the reasons for the Crohn’s disease-like symptomatology in Case 4.

It should be noted that Cases 3 and 4 had nodular intestinal lymphoid hyperplasia
(NILH), which is also found in CVID patients evaluated in the literature review (6/17;
35.3%). NILH is a rare condition that can occur as a form of compensation for the func-
tionally inadequate intestinal lymphoid tissue found in patients with immunodeficiencies.
However, NILH has also been associated with Giardia lamblia infection, and in some cases,
its eradication has resulted in NILH reduction [23], or with an overregulation of the re-
sponse mechanisms of the lymphoid tissue associated with the digestive tract [29]. In
Cases 3 and 4, neither possibility can be ruled out, but it would be interesting to monitor
its evolution because NILH could represent an intermediate stage and a risk factor for the
development of lymphoma [38].

IgA, Th17 and CD4+ T cells are key in the immune response against Giardia [39].
Undetectable or very low levels of IgA are a characteristic in our four patients and in all
available review patients, an immunoglobulin that is not replaced with IVIG treatment
and that is key in the defense of the intestinal mucosa. Various studies have associated
its deficiency with a greater capacity for binding and proliferation of foreign pathogens
such as Giardia to the intestinal epithelium [12]. T CD4+ lymphopenia found in Case 3
could be another immunological factor resulting in refractory giardiasis. The remarkable
reduction of B cells in Case 1 led us to suspect Bruton’s disease but it was ruled out by
the NGS study. A remarkable NK cell lymphopenia was detected in Cases 1 and 4. These
cells are important in the antiviral and antitumor defense. However, in CVID patients,
NK cells have been associated with high frequencies of severe bacterial infections and
non-infectious complications, suggesting that NK cells also have a role in controlling
bacterial infections [40].

The EURO-Class classification was a multicenter European effort that allowed defining
different subgroups of patients with CVID based on their B cell phenotype and some
clinical features [6]. In our study, all cases had a reduction in switched memory B cells. The
increase in CD21low cells is the strongest marker associated with splenomegaly. Case 3 had
splenomegaly, but CD21low B cells were not altered, and she had also a remarkable increase
of transitional B cells, without lymphadenopathy. In one literature case with refractory
giardiasis, lymphadenopathy and splenomegaly were detected, but both regressed after
Giardia eradication [26].

Different genetic variants have been involved in the pathogenesis of CVID, but most
patients do not have a specific genetic defect background [41]. The NGS analysis detected
possible CVID-associated variants in two of our patients. In Case 2, a heterozygous
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variant in TCF3 gene (p.Lys519Glu) was detected. This gene is located on chromosome
19p13.3 and codes for transcription factors that promote the expression of genes involved
in lymphopoiesis, differentiation and maturation of B and T cells. This variant has not been
previously described but its presence in the control population and in the asymptomatic
carriers of families with severe agammaglobulinemia caused by biallelic variants, as well
as the contradictory results of in silico predictors, point to a benign variant [42,43]. In Case
4, a heterozygous variant in PTEN gene (p.Val365lle) was detected. This gene is located
on chromosome 10g23.31 and codes for a phosphatase that acts as a tumor suppressor
gene. This enzyme also participates in the PI3K/ Akt signaling pathway and, thus, in the
differentiation and homeostasis of T and B cells. It has previously been considered a variant
of uncertain significance (VUS) according to human databases in patients with Cowden
syndrome type 1, a condition within the group of syndromes related to the development of
hamartomas (PHTS) following an autosomal dominant pattern of inheritance [44]. These
patients had heterogeneous phenotypes, some of whom had PHTS with a CVID phenotype,
exhibiting a decrease in switched memory B cells and a reduction in functional and mature
NK cells, immunological alterations that are present in our Case 4 patient. Likewise, loss-
of-function mutations in PTEN have also been described as being associated with activated
phosphoinositide-3-kinase delta syndrome-like (APDS-like) because it acts as an antagonist
in the PI3K-delta signaling pathway [45,46]. Cosegregation and functional studies will be
necessary to confirm the pathogenicity of this variant in the context of CVID, which will be
a future objective of our group.

The HLA class I and II genes code for cell surface molecules specialized in antigen
presentation to T cells and play a key role in the immune response. Previous studies have
reported a positive association between certain HLA alleles and different diseases, including
susceptibility to CVID [47]. It has been described that the extended haplotype HLA-A1,
-B8, -DR3 is more frequent in these patients [48] and that homozygosity in the HLA class II
region, specially HLA-DQ, is associated with greater susceptibility to CVID [49]. Curiously,
Case 3 patient has homozygosity in HLA class II, our giardiasis refractory case. This
homozygosity could result in a lower repertoire of HLA class II molecules on the cell
surface, resulting in a lower capacity to respond to foreign or pathogenic antigens and
contributed to CVID susceptibility to specific environmental conditions. Moreover, Case 4
has the HLA-DRB1*13:01 allele, which has been previously associated with susceptibility
to Giardia infection [50]. On the other hand, Case 1 patient has the C*06:02 allele, which is
one of the most strongly HLA alleles associated with psoriasis susceptibility [51]. None of
the four patients presented the ancestral haplotype 8.1 (HLA-A1, -B8, -DR3), although Case
1 had the ancestral haplotype 44.3 (A*29:02; B*44:03; C*16:01; DRB1*07:01; DQB1*02:02). It
would be advisable to extend the study to a bigger CVID cohort to have more precise data
on this evidence.

First-line giardiasis treatment is based on the use of nitroimidazoles [11]. In our cohort,
75% (3/4) responded to metronidazole, evidenced by negative microbiological tests and
remission of symptoms. This is similar to the case reports included in the literature review,
although reinfections occurred in all of our cases. However, one of the highlights of this
work is the first refractory giardiasis case diagnosis in our hospital in a CVID patient (Case 4)
and, to our knowledge, the first time that the combination of quinacrine plus paromomycin
has been described and has been effective. We consider the treatment successful because
stool examination has remained negative to date. So far, only six refractory giardiasis
cases in CVID patients have been published, and different curative treatments have been
applied [20,22,26,30,31,33]. Currently, there is no standard therapy for refractory giardiasis,
and multiple drugs have been tried [15]. Tinidazole, a derivative of metronidazole, has
been shown to be more effective than metronidazole [11,39] but was not effective in Case 3.
The combination of metronidazole and albendazole, the latter a benzimidazole, is more
effective in treating refractory disease than albendazole alone [15], but again no response
was obtained as a third-line treatment. On the other hand, the efficacy and safety of
the use of quinacrine in refractory giardiasis have been demonstrated in various studies,
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mainly in monotherapy or combined with metronidazole [22,52,53]. Quinacrine, also
known as mepacrine, was the first antimalarial drug used to treat giardiasis, but its use
was limited by detecting possible adverse effects of psychosis. Despite everything, it is
usually well-tolerated and has a clinical efficacy of >90% [54]. In the case of paromomycin,
its activity is variable against Giardia (55-90%) and is rarely used. It can be employed in
cases of resistance or pregnancy because it has a low absorption spectrum and does not
have systemic effects [14]. It is usually well-tolerated, although being an aminoglycoside,
it can cause nephrotoxicity and ototoxicity [15,54]. The quinacrine and paromomycin
combination therapy should be used in a larger patient cohort to confirm its efficacy and
safety, and more clinical trials are needed to establish the optimal therapy for patients with
refractory giardiasis.

Giardia drug resistance is currently undetectable in most microbiology laboratories.
This is due, on the one hand, because the parasite culture is difficult and takes a long
time, and success rates are relatively low [15] and, on the other hand, because resistance
depends more on epigenetic factors and post-translational modifications than on genetic
variants in the parasite genome. For these reasons, it is not yet possible to develop a routine
microbiology technique to detect Giardia susceptibility [14]. Moreover, since there are few
cases of refractory giardiasis, multicenter studies are required to define the best therapeutic
alternatives. At the diagnostic level, it would be interesting to develop a strategy that
combines the culture of the parasite with sequencing and comparative proteomics [55],
which may allow moving from empirical treatment to targeted treatment in the future.

The early detection and treatment of infections in patients with CVID are crucial to
ensure a good quality of life. Moreover, the immunological and genetic characterization of
these patients is necessary to improve their clinical follow-up and to better understand the
pathogenesis of CVID. One limitation of this work was that the cohort of CVID patients who
suffered from symptomatic Giardia infection was small. Still, to our knowledge, we present
a probably pathogenic PTEN variant associated with the CVID phenotype, and, for the first
time, a case of refractory giardiasis in CVID that was successfully treated with quinacrine
plus paromomycin combination. These data could contribute to the decision-making
and therapeutic management of future patients with CVID and giardiasis, especially in
refractory giardiasis cases.

Supplementary Materials: The following supporting information can be downloaded at https://www.
mdpi.com/article/10.3390/jem11237007 /s1, Supplementary Material S1: Genes associated with primary
immunodeficiency analyzed by Next-Generation sequencing; Supplementary Tables S1 and S2: Human
Leukocyte Antigen (HLA) genomic typing of CVID patients with giardiasis; Supplementary Material
52: Genetic results and sanger sequencing methodology.

Author Contributions: Conceptualization, M.A.L.-N. and C.H.-T,; formal analysis, I.D.-A., JM.G.-
A., PJ.and M.AL-N,; funding acquisition, M.A.L-N.; investigation, I.D.-A., J EG.-B. and A.E.-O.;
methodology, I.D.-A. and M.A.L-N.; supervision, M.A.L-N., C.H.-T. and P.A_; visualization, LD.-A.,
J.EG.-B., A.E.-O. and ] M.G.-A; writing—original draft preparation, 1.D.-A., ] EG.-B.,,A.E.-O. and PA;
writing—review and editing, .D.-A., ].EG.-B., A.E.-O.,, M.A.L-N. and C.H.-T. All authors have read
and agreed to the published version of the manuscript.

Funding: This study was partially financed by Palex Medical S.A.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, reviewed and approved by the Portal de Etica dela Investigacion Biomédica de Andalucia,
PEIBA (Cod. 1206-N-22).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Acknowledgments: This study is part of the doctoral thesis of Irene Diaz-Alberola, within the
program of Biomedicine, conducted at the University of Granada, Spain.

Conflicts of Interest: ] M.G.-A. is an employee of Health in Code S. L. All authors declare no conflict
of interest.


https://www.mdpi.com/article/10.3390/jcm11237007/s1
https://www.mdpi.com/article/10.3390/jcm11237007/s1

J. Clin. Med. 2022, 11, 7007 12 of 14

References

1. Ameratunga, R.; Allan, C.; Woon, S.-T. Defining Common Variable Immunodeficiency Disorders in 2020. Immunol. Allergy Clin.
N. Am. 2020, 40, 403-420. [CrossRef]

2. Tangye, S.G.; Al-Herz, W.; Bousfiha, A.; Cunningham-Rundles, C.; Franco, J.L.; Holland, S.M.; Klein, C.; Morio, T.; Oksenhendler,
E.; Picard, C.; et al. Human Inborn Errors of Immunity: 2022 Update on the Classification from the International Union of
Immunological Societies Expert Committee. J. Clin. Immunol. 2022, 42, 1473-1507. [CrossRef]

3. Ramirez, N.J.; Posadas-Cantera, S.; Caballero-Oteyza, A.; Camacho-Ordonez, N.; Grimbacher, B. There Is No Gene for CVID—
Novel Monogenetic Causes for Primary Antibody Deficiency. Curr. Opin. Immunol. 2021, 72, 176-185. [CrossRef] [PubMed]

4. Ameratunga, R.; Woon, S.-T. Perspective: Evolving Concepts in the Diagnosis and Understanding of Common Variable Immun-
odeficiency Disorders (CVID). Clin. Rev. Allergy Immunol. 2020, 59, 109-121. [CrossRef] [PubMed]

5. Seidel, M.G.; Kindle, G.; Gathmann, B.; Quinti, I.; Buckland, M.; van Montfrans, J.; Scheible, R.; Rusch, S.; Gasteiger, L.M.;
Grimbacher, B.; et al. The European Society for Immunodeficiencies (ESID) Registry Working Definitions for the Clinical Diagnosis
of Inborn Errors of Immunity. J. Allergy Clin. Immunol. Pract. 2019, 7, 1763-1770. [CrossRef]

6.  Wehr, C,; Kivioja, T.; Schmitt, C.; Ferry, B.; Witte, T.; Eren, E.; Vlkova, M.; Hernandez, M.; Detkova, D.; Bos, P.R.; et al. The
EUROclass Trial: Defining Subgroups in Common Variable Immunodeficiency. Blood 2008, 111, 77-85. [CrossRef]

7. Azizi, G,; Rezaei, N.; Kiaee, F,; Tavakolinia, N.; Yazdani, R.; Mirshafiey, A.; Aghamohammadi, A. T-Cell Abnormalities in
Common Variable Immunodeficiency. J. Investig. Allergol. Clin. Immunol. 2016, 26, 233-243. [CrossRef] [PubMed]

8. Yazdani, R.; Habibi, S.; Sharifi, L.; Azizi, G.; Abolhassani, H.; Olbrich, P.; Aghamohammadi, A. Common Variable Immunodefi-
ciency: Epidemiology, Pathogenesis, Clinical Manifestations, Diagnosis, Classification, and Management. . Investig. Allergol. Clin.
Immunol. 2020, 30, 14-34. [CrossRef]

9. Einarsson, E.; Ma’ayeh, S.; Svérd, S.G. An Up-Date on Giardia and Giardiasis. Curr. Opin. Microbiol. 2016, 34, 47-52. [CrossRef]

10. Alharbi, A.; Toulah, FH.; Wakid, M.H.; Azhar, E.; Farraj, S.; Mirza, A.A. Detection of Giardia Lamblia by Microscopic Examination,
Rapid Chromatographic Immunoassay Test, and Molecular Technique. Cureus 2020, 12, €10287. [CrossRef] [PubMed]

11. Ordéiiez-Mena, ].M.; McCarthy, N.D.; Fanshawe, T.R. Comparative Efficacy of Drugs for Treating Giardiasis: A Systematic
Update of the Literature and Network Meta-Analysis of Randomized Clinical Trials. J. Antimicrob. Chemother. 2018, 73, 596—606.
[CrossRef]

12.  Agarwal, S.; Mayer, L. Pathogenesis and Treatment of Gastrointestinal Disease in Antibody Deficiency Syndromes. . Allergy Clin.
Immunol. 2009, 124, 658-664. [CrossRef]

13. Paranjpe, S.M. Chronic Giardiasis in a Case of Common Variable Immunodeficiency (CVID): A Case Report. J. Clin. Diagn. Res.
2016, 10, DD03-4. [CrossRef]

14. Morch, K.; Hanevik, K. Giardiasis Treatment: An Update with a Focus on Refractory Disease. Curr. Opin. Infect. Dis. 2020, 33,
355-364. [CrossRef]

15. Carter, E.R,; Nabarro, L.E.; Hedley, L.; Chiodini, P.L. Nitroimidazole-Refractory Giardiasis: A Growing Problem Requiring
Rational Solutions. Clin. Microbiol. Infect. 2018, 24, 37-42. [CrossRef] [PubMed]

16. Lalle, M.; Hanevik, K. Treatment-Refractory Giardiasis: Challenges and Solutions. Infect. Drug Resist. 2018, 11, 1921-1933.
[CrossRef] [PubMed]

17.  Bourque, D.L.; Neumayr, A.; Libman, M.; Chen, L.H. Treatment Strategies for Nitroimidazole-Refractory Giardiasis: A Systematic
Review. |. Travel Med. 2022, 29, taab120. [CrossRef]

18. Vivancos, V.; Gonzalez-Alvarez, I.; Bermejo, M.; Gonzalez-Alvarez, M. Giardiasis: Characteristics, Pathogenesis and New Insights
About Treatment. Curr. Top. Med. Chem. 2018, 18, 1287-1303. [CrossRef]

19. Gonzalez-Galarza, FF; McCabe, A.; dos Santos, E.J.M.; Jones, ]J.; Takeshita, L.; Ortega-Rivera, N.D.; Cid-Pavon, GM.D.;
Ramsbottom, K.; Ghattaoraya, G.; Alfirevic, A.; et al. Allele Frequency Net Database (AFND) 2020 Update: Gold-Standard Data
Classification, Open Access Genotype Data and New Query Tools. Nucleic Acids Res. 2020, 48, D783-D788. [CrossRef]

20. Taylor, G.D.; Wenman, W.M.; Tyrrell, D.L. Combined Metronidazole and Quinacrine Hydrochloride Therapy for Chronic
Giardiasis. CMA] Can. Med. Assoc. J. 1987, 136, 1179-1180.

21. Bastlein, C.; Burlefinger, R.; Holzberg, E.; Voeth, C.; Garbrecht, M.; Ottenjann, R. Common Variable Immunodeficiency Syndrome
and Nodular Lymphoid Hyperplasia in the Small Intestine. Endoscopy 1988, 20, 272-275. [CrossRef]

22. Nash, TE,; Ohl, C.A,; Thomas, E.; Subramanian, G.; Keiser, P.; Moore, T.A. Treatment of Patients with Refractory Giardiasis. Clin.
Infect. Dis. 2001, 33, 22-28. [CrossRef] [PubMed]

23. De Weerth, A.; Gocht, A.; Seewald, S.; Brand, B.; van Lunzen, J.; Seitz, U.; Thonke, E.; Fritscher-Ravens, A.; Soehendra, N.
Duodenal Nodular Lymphoid Hyperplasia Caused by Giardiasis Infection in a Patient Who Is Immunodeficient. Gastrointest.
Endosc. 2002, 55, 605-607. [CrossRef]

24. Onbasi, K,; Giinsar, F; Sin, A.Z.; Ardeniz, O.; Kokuludag, A.; Sebik, F. Common Variable Immunodeficiency (CVID) Presenting
with Malabsorption Due to Giardiasis. Turk. J. Gastroenterol. Off. |. Turk. Soc. Gastroenterol. 2005, 16, 111-113.

25. Ogershok, PR.; Hogan, M.B.; Welch, J.E.; Corder, W.T.; Wilson, N.W. Spectrum of Illness in Pediatric Common Variable
Immunodeficiency. Ann. Allergy Asthma Immunol. 2006, 97, 653-656. [CrossRef] [PubMed]

26. Ramsey, N.C.; Liedtke, M.D.; Greenfield, R.A.; Lockhart, S.M. Successful 4-Drug Treatment for Refractory Giardia Lamblia. Infect.

Dis. Clin. Pract. 2010, 18, 275-276. [CrossRef]


http://doi.org/10.1016/j.iac.2020.03.001
http://doi.org/10.1007/s10875-022-01289-3
http://doi.org/10.1016/j.coi.2021.05.010
http://www.ncbi.nlm.nih.gov/pubmed/34153571
http://doi.org/10.1007/s12016-019-08765-6
http://www.ncbi.nlm.nih.gov/pubmed/31720921
http://doi.org/10.1016/j.jaip.2019.02.004
http://doi.org/10.1182/blood-2007-06-091744
http://doi.org/10.18176/jiaci.0069
http://www.ncbi.nlm.nih.gov/pubmed/27374799
http://doi.org/10.18176/jiaci.0388
http://doi.org/10.1016/j.mib.2016.07.019
http://doi.org/10.7759/cureus.10287
http://www.ncbi.nlm.nih.gov/pubmed/33047079
http://doi.org/10.1093/jac/dkx430
http://doi.org/10.1016/j.jaci.2009.06.018
http://doi.org/10.7860/JCDR/2016/16138.8183
http://doi.org/10.1097/QCO.0000000000000668
http://doi.org/10.1016/j.cmi.2017.05.028
http://www.ncbi.nlm.nih.gov/pubmed/28624613
http://doi.org/10.2147/IDR.S141468
http://www.ncbi.nlm.nih.gov/pubmed/30498364
http://doi.org/10.1093/jtm/taab120
http://doi.org/10.2174/1568026618666181002095314
http://doi.org/10.1093/nar/gkz1029
http://doi.org/10.1055/s-2007-1018192
http://doi.org/10.1086/320886
http://www.ncbi.nlm.nih.gov/pubmed/11389490
http://doi.org/10.1067/mge.2002.120786
http://doi.org/10.1016/S1081-1206(10)61096-4
http://www.ncbi.nlm.nih.gov/pubmed/17165275
http://doi.org/10.1097/IPC.0b013e3181d2ee84

J. Clin. Med. 2022, 11, 7007 13 of 14

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Dominguez-Lopez, M.E.; Gonzalez-Molero, I.; Ramirez-Plaza, C.P.; Soriguer, F; Olveira, G. Diarrea Croénica Refractaria y
Malabsorcion Secundaria a Hipogammaglobulinemia Comun Variable, Infestacion Créonica Por Giardia Lamblia y Gastrectomia
Total Por Adenocarcinoma Gastrico: Un Manejo Nutricional Complejo. Nutr. Hosp. 2011, 26, 922-925.

Silva, G.B.E.; Fernandes, K.P,; Segundo, G.R.S. Common Variable Inmunodeficiency and Isosporiasis: First Report Case. Rev. Soc.
Bras. Med. Trop. 2012, 45, 768-769. [CrossRef]

Olmez, S.; Aslan, M.; Yavuz, A.; Bulut, G.; Dulger, A.C. Diffuse Nodular Lymphoid Hyperplasia of the Small Bowel Associated
with Common Variable Immunodeficiency and Giardiasis: A Rare Case Report. Wien. Klin. Wochenschr. 2014, 126, 294-297.
[CrossRef]

Choi, ].H.; Han, D.S.; Kim, J.; Yi, K,; Oh, Y.-H.; Kim, Y. Diffuse Nodular Lymphoid Hyperplasia of the Intestine Caused by
Common Variable Immunodeficiency and Refractory Giardiasis. Intern. Med. 2017, 56, 283-287. [CrossRef]

Atalaia-Martins, C.; Barbeiro, S.; Marcos, P.; Cotrim, I.; Vasconcelos, H. Common Variable Immunodeficiency with Several
Gastrointestinal Manifestations. ACG Case Rep. J. 2017, 4, €106. [CrossRef] [PubMed]

Saurabh, K.; Nag, V.L.; Khera, D.; Elhence, P. Giardiasis Mimicking Celiac Disease in a Patient of Common Variable Immunodefi-
ciency. Trop. Parasitol. 2017, 7, 125-127.

Kaya, F; 1nkaya, A.C.; Magin, S.; Akyon, Y.; Ergiiven, S. Refractory Giardiasis in an Immunosuppressed Patient in Turkey. J. Infect.
Dev. Ctries. 2018, 12, 204-207. [CrossRef] [PubMed]

Sousa, D.; Neto Gongalves, T.; Marto, N.; Horta, A.B. Malabsorption Due to Chronic Giardiasis as a Presenting Symptom of
Common Variable Immunodeficiency. Cureus 2020, 12, e12201. [CrossRef] [PubMed]

Agarwal, S.; Mayer, L. Diagnosis and Treatment of Gastrointestinal Disorders in Patients With Primary Immunodeficiency. Clin.
Gastroenterol. Hepatol. 2013, 11, 1050-1063. [CrossRef]

Fekete, E.; Allain, T.; Siddiq, A.; Sosnowski, O.; Buret, A.G. Giardia spp. and the Gut Microbiota: Dangerous Liaisons. Front.
Microbiol. 2020, 11, 618106. [CrossRef]

Leung, A.K.C,; Leung, A.A.M.; Wong, A H.C,; Sergi, C.M.; Kam, ].K.M. Giardiasis: An Overview. Recent Pat. Inflamm. Allergy
Drug Discov. 2019, 13, 134-143. [CrossRef]

Benedetti, I.; Hoyos, J.; Carmona, R. Hiperplasia Nodular Linfoide Asociada Con Colitis Ulcerativa: Descripcion de Un Caso y
Revision de La Literatura. Rev. Colomb. Gastroenterol. 2017, 31, 288. [CrossRef]

Adam, R.D. Giardia Duodenalis: Biology and Pathogenesis. Clin. Microbiol. Rev. 2021, 34, e0002419. [CrossRef]

Ebbo, M.; Gérard, L.; Carpentier, S.; Vély, F.; Cypowyj, S.; Farnarier, C.; Vince, N.; Malphettes, M.; Fieschi, C.; Oksenhendler,
E.; et al. Low Circulating Natural Killer Cell Counts Are Associated with Severe Disease in Patients with Common Variable
Immunodeficiency. EBioMedicine 2016, 6, 222-230. [CrossRef]

Fekrvand, S.; Khanmohammadi, S.; Abolhassani, H.; Yazdani, R. B- and T-Cell Subset Abnormalities in Monogenic Common
Variable Immunodeficiency. Front. Immunol. 2022, 13, 912826. [CrossRef] [PubMed]

Ben-Ali, M,; Yang, J.; Chan, K.W.; Ben-Mustapha, I.; Mekki, N.; Benabdesselem, C.; Mellouli, E; Bejaoui, M.; Yang, W.; Aissaoui,
L.; et al. Homozygous Transcription Factor 3 Gene (TCF3) Mutation Is Associated with Severe Hypogammaglobulinemia and
B-Cell Acute Lymphoblastic Leukemia. J. Allergy Clin. Immunol. 2017, 140, 1191-1194.e4. [CrossRef]

Qureshi, S.; Sheikh, M.D.A.; Qamar, FN. Autosomal Recessive Agammaglobulinemia—First Case with a Novel TCF3 Mutation
from Pakistan. Clin. Immunol. 2019, 198, 100-101. [CrossRef]

Browning, M.J.; Chandra, A.; Carbonaro, V.; Okkenhaug, K.; Barwell, J. Cowden’s Syndrome with Immunodeficiency. J. Med.
Genet. 2015, 52, 856-859. [CrossRef] [PubMed]

Driessen, G.J.; IJspeert, H.; Wentink, M.; Yntema, H.G.; van Hagen, PM.; van Strien, A.; Bucciol, G.; Cogulu, O.; Trip, M.; Nillesen,
W.; et al. Increased PI3K/ Akt Activity and Deregulated Humoral Immune Response in Human PTEN Deficiency. J. Allergy Clin.
Immunol. 2016, 138, 1744-1747.e5. [CrossRef]

Nunes-Santos, C.J.; Uzel, G.; Rosenzweig, S.D. PI3K Pathway Defects Leading to Immunodeficiency and Immune Dysregulation.
J. Allergy Clin. Immunol. 2019, 143, 1676-1687. [CrossRef] [PubMed]

Kralovicova, J.; Hammarstrom, L.; Plebani, A.; Webster, A.D.B.; Vorechovsky, I. Fine-Scale Mapping at IGAD1 and Genome-Wide
Genetic Linkage Analysis Implicate HLA-DQ/DR as a Major Susceptibility Locus in Selective IgA Deficiency and Common
Variable Immunodeficiency. J. Immunol. 2003, 170, 2765-2775. [CrossRef]

Schroeder, HW.; Zhu, Z.-B.; March, R.E.; Campbell, R.D.; Berney, S.M.; Nedospasov, S.A.; Turetskaya, R.L.; Atkinson, T.P,; Go,
R.C.P; Cooper, M.D; et al. Susceptibility Locus for IgA Deficiency and Common Variable Inmunodeficiency in the HLA-DR3,
-BS, -Al Haplotypes. Mol. Med. 1998, 4, 72-86. [CrossRef]

De la Concha, E.G.; Fernandez-Arquero, M.; Martinez, A.; Vidal, E; Vigil, P; Conejero, L.; Garcia-Rodriguez, M.C.; Fontan, G. Hla
Class I Homozygosity Confers Susceptibility to Common Variable Immunodeficiency (CVID). Clin. Exp. Immunol. 2001, 116,
516-520. [CrossRef]

Garzon, T.; Ortega-Tirado, D.; Lopez-Romero, G.; Alday, E.; Robles-Zepeda, R.E.; Garibay-Escobar, A.; Velazquez, C. Inmunoin-
formatic Identification of T-Cell and B-Cell Epitopes From Giardia Lamblia Immunogenic Proteins as Candidates to Develop
Peptide-Based Vaccines Against Giardiasis. Front. Cell. Infect. Microbiol. 2021, 11, 769446. [CrossRef]

Chen, L.; Tsai, T.-F. HLA -Cw6 and Psoriasis. Br. ]. Dermatol. 2018, 178, 854-862. [CrossRef]


http://doi.org/10.1590/S0037-86822012000600023
http://doi.org/10.1007/s00508-014-0525-5
http://doi.org/10.2169/internalmedicine.56.7305
http://doi.org/10.14309/crj.2017.106
http://www.ncbi.nlm.nih.gov/pubmed/28879211
http://doi.org/10.3855/jidc.9669
http://www.ncbi.nlm.nih.gov/pubmed/31829997
http://doi.org/10.7759/cureus.12201
http://www.ncbi.nlm.nih.gov/pubmed/33489610
http://doi.org/10.1016/j.cgh.2013.02.024
http://doi.org/10.3389/fmicb.2020.618106
http://doi.org/10.2174/1872213X13666190618124901
http://doi.org/10.22516/25007440.102
http://doi.org/10.1128/CMR.00024-19
http://doi.org/10.1016/j.ebiom.2016.02.025
http://doi.org/10.3389/fimmu.2022.912826
http://www.ncbi.nlm.nih.gov/pubmed/35784324
http://doi.org/10.1016/j.jaci.2017.04.037
http://doi.org/10.1016/j.clim.2018.07.016
http://doi.org/10.1136/jmedgenet-2015-103266
http://www.ncbi.nlm.nih.gov/pubmed/26246517
http://doi.org/10.1016/j.jaci.2016.07.010
http://doi.org/10.1016/j.jaci.2019.03.017
http://www.ncbi.nlm.nih.gov/pubmed/31060715
http://doi.org/10.4049/jimmunol.170.5.2765
http://doi.org/10.1007/BF03401731
http://doi.org/10.1046/j.1365-2249.1999.00926.x
http://doi.org/10.3389/fcimb.2021.769446
http://doi.org/10.1111/bjd.16083

J. Clin. Med. 2022, 11, 7007 14 of 14

52.

53.

54.

55.

Requena-Méndez, A.; Goiii, P; Rubio, E.; Pou, D.; Fumado, V.; Lébez, S.; Aldasoro, E.; Cabezos, J.; Valls, M.E.; Trevifio, B.; et al.
The Use of Quinacrine in Nitroimidazole-Resistant Giardia Duodenalis: An Old Drug for an Emerging Problem. |. Infect. Dis.
2017, 215, 946-953. [CrossRef] [PubMed]

Ydsten, K.A.; Hellgren, U.; Asgeirsson, H. Quinacrine Treatment of Nitroimidazole-Refractory Giardiasis. |. Infect. Dis. 2022, 225,
1773-1776. [CrossRef] [PubMed]

Riches, A.; Hart, C.]J.S.; Trenholme, K.R.; Skinner-Adams, T.S. Anti- Giardia Drug Discovery: Current Status and Gut Feelings. J.
Med. Chem. 2020, 63, 13330-13354. [CrossRef] [PubMed]

Loderstidt, U.; Frickmann, H. Antimicrobial Resistance of the Enteric Protozoon Giardia Duodenalis—A Narrative Review. Eur.
J. Microbiol. Immunol. 2021, 11, 29-43. [CrossRef]


http://doi.org/10.1093/infdis/jix066
http://www.ncbi.nlm.nih.gov/pubmed/28453841
http://doi.org/10.1093/infdis/jiab287
http://www.ncbi.nlm.nih.gov/pubmed/34036328
http://doi.org/10.1021/acs.jmedchem.0c00910
http://www.ncbi.nlm.nih.gov/pubmed/32869995
http://doi.org/10.1556/1886.2021.00009

	Introduction 
	Materials and Methods 
	Subjects of Study 
	Immunological Evaluation 
	Immunogenetics 
	Microbiology Giardia Infection Diagnosis 
	Systematic Literature Review 

	Results 
	Demographic Data and Clinical Manifestations 
	Immunological Evaluation 
	Immunogenetics 
	Giardia Infection Diagnosis and Treatment 
	Database Review Results 

	Discussion 
	References

