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ABSTRACT

Objectives: Common variable immunodeficiency (CVID) is a heterogencous disorder
characterized by hypogammaglobulinemia and increased susceptibility to recurrent
infections. Methods: We scarched PubMed, Web of Science, and Scopus databases
to find eligible studies from the earliest available date to January 2018 with standard
keywords. Pooled estimates of the infection prevalence and the corresponding 95%
confidence intervals were calculated using random-effects models. Results: We
found that pneumonia (67.7%) was the most prevalent infection followed by upper
respiratory tract (59.0%) and gastrointestinal infections (36.3%). Furthermore, bacterial
complications (41.7%) were higher in CVID patients compared to viral (25.4%),
parasitic (18.8%), or fungal (3.4%) infections. Patients with longer age at diagnosis
presented with fewer disease comorbidities. There was an inverse correlation between
T lymphocyte count and viral infections. Moreover, we found that immunoglobulin
M (IgM) serum level was inversely correlated with hepatitis C and gastrointestinal
infections, and IgG serum level was inversely correlated with infectious arthritis. Higher
numbers of CD4 and CD8 T cells were associated with the lower frequencies of otitis
media. CVID patients with infections had significantly lower percentages of CD3 T cells.
In contrast, higher percentages of CD19 lymphocytes were found in CVID patients who
had a history of infections. Conclusions: Our findings demonstrated that in addition to
hypogammaglobulinemia, patients with CVID have an imbalance in the frequency of T
lymphocytes, which is in parallel with the higher frequency of infectious complications.

ommon variable immunodeficiency
(CVID) is a heterogeneous category
and the most common clinically
significant primary immunodeficiency
(PID) disorder characterized by impaired B cell
differentiation to memory B cell and plasma
cell.' Diagnosis of CVID is done by a marked
reduction of at least two immunoglobulin (Ig)

isotypes: IgG with IgA and/or IgM, and impaired

specific antibody production against protein or
polysaccharide antigens and vaccines.*® Likewise,
T-cell dysfunctions are reported in approximately
one-third of CVID patients and contribute to
the more variable clinical manifestations of the
disease such as the development of opportunistic or
unusual infections.>*¢ Several reports proposed that
CVID represents a heterogeneous disease spectrum
with a variety of clinical presentations including
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autoimmune disorders (AID), lymphoproliferative
disease, enteropathy, malignancy, and recurrent
bacterial and viral infections.”®

Recurrent infections are among the first and the
most common clinical manifestation of the disease.
Acute and chronic infections are a leading cause of
morbidity in patients with CVID.” Approximately, all
CVID patients presented with recurrent upper and/
or lower respiratory tract infections, including otitis
media, sinusitis, bronchitis, and pneumonia.®”!°
Recurrent infections especially respiratory tract
infections (20-96%) and gastrointestinal infections
(30-88%) are associated with a low subset of B cells,
specifically reduced isotype-switched memory B
cells and reduced immunoglobin levels.>!-*4

In this review, we sought to evaluate the existing
evidence for rates of infectious complications,
and performed a cumulative analysis of all studies
reporting these complications. To the best of
our knowledge, this is the first systematic review
examining the infectious findings in CVID.

METHODS
This systematic review and meta-analysis is carried
out based on PRISMA statement guidelines.”

Our secarch strategy composed of three
components: (1) comprehensive searching of
international and national electronic databases
for published documents, (2) hand-searching of
the reference section of the retrieved scientific
documents, and (3) contacting experts in the field in
order to assess unavailable papers.

We performed a comprehensive search using the
Scopus, PubMed, and Web of Science databases to gather
English articles published up to January 2018. Search
strategy keywords and MeSH terms were categorized
in two groups and combined: (1) ‘CVID), ‘common
variable immunodeficiency, hypogammaglobulinemia
‘primary antibody deficiency’; and (2) ‘infection)
‘pneumonia; ‘sinusitis, ‘otitis, ‘meningitis, ‘diarrhea,
‘hepatitis C;, ‘skin infection, ‘gastrointestinal infection;
‘candidiasis, ‘upper respiratory tract infection)
‘tonsillitis, ‘pharyngitis, ‘abscess, ‘conjunctivitis, ‘CNS
infection), ‘sepsis, ‘septic arthritis, ‘osteomyelitis,
‘bacterial infection, ‘viral infection’ ‘parasitic infection,
or ‘fungal infection’

Screening of the gathered documents was done
in two steps. We first screened by title and abstract
to exclude all irrelevant studies, and then assessed

the full texts for eligibility criteria. The inclusion
criteria were: (1) English-language studies; (2)
study design as prospective or retrospective cohort,
cross-sectional, case series, or case-control studies;
(3) studies conducted on human subjects; (4)
the targeted population were those who met the
international (PAGID and/or European Society
for Inmunodeficiency (ESID) diagnostic criteria
for diagnoses of CVID; (5) their subject of the
evaluation was the epidemiological, clinical, and
immunological features of patients; and (6) their
primary or alternative outcome of interest was
infection incidence or prevalence.

Additionally, to gain further insight into the
characteristics of CVID patients who developed
infections, data from all studies which describe in
detail the characterization of CVID patients either
with infections or without infections was obtained.
Review articles, studies using animal models, and
studies regarding other types of PID than CVID
were all excluded. For studies with overlapping data,
only the study with the largest patient cohort was
included. Both the steps were done independently
by two reviewers, and discrepancies between the
reviewers were resolved by the third reviewer.

Two authors extracted data independently from
the included studies based on title and abstracts in
a standardized Microsoft Excel spreadsheet. Any
disagreements were resolved by discussing and
consensus with a third author. The following data were
collected from all identified studies: name of the first
author, published year, the country of origin of the
study, study design, the population characteristics,
demographics, clinical, and immunologic data. The
medical records of all papers were gathered if a case
was reported in more than one study.

Aggregated data analysis was done with simple
pooled data to provide an overall summary of
subgroup data or data from a number of related
studies. Data were combined without being
weighted, and the analysis was performed as if the
data were derived from a single sample. Central and
descriptive statistics were reported for quantitative
data. For variables with skewed distribution, median
and interquartile range (IQR) were reported as the
index of data dispersion. Analytical analyses was
performed using Mann-Whitney U, chi-square, and
Fisher’s exact tests.

Meta-analysis was performed for the prevalence
data on infections and various types of infections
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Figure 1: Flow diagram of the systematic review and meta-analysis for infections in CVID.

in the studies of CVID. Given the expected
heterogeneity between studies, a meta-analysis was
performed using a random-effects model to account
for inter-study variation. Heterogeneity was assessed
using the I-square (I?) statistic, which describes the
percentage of variation between studies that is due
to heterogeneity rather than chance. Data analysis
was conducted STATA v.14 software (Stata-Crop,
College Station, TX).

RESULTS
The results of the literature search and selection
process are shown in Figure 1. A total of 16969
articles were retrieved from the initial search from
which 5384 were duplicated studies. After screening
11585 studies for titles and abstracts, 481 articles
were selected, and the full texts were assessed. Of the
481 studies, 366 studies did not meet the eligibility
criteria, from which most did not present the data

of infections independently, and 36 case reports
were excluded. Finally, 79 studies met the inclusion
criteria and were analyzed.*'*!*® The characteristics
of the included studies in this systematic review
are depicted in Table 1. The sample sizes of CVID
patients varied from 4 to 2212 in a study from the
ESID. The studies were conducted in 19 countries
with most originating from the US (n = 11), Iran
(n =12), and France (n = 9). The oldest study was
carried out in 1972 and the latest in 2018.

Our findings showed that respiratory tract
infection was the most frequent infectious
complications in patients with CVID. Pneumonia
prevalence was between 19.1% and 100%, and based
on random effect model, the pooled prevalence
was 67.7% (95% confidence intervals: 61.5-74.0;
I* = 94.8) and it was the most prevalent infection
[Figure 2], followed by upper respiratory tract
infections (URTIs) with a prevalence of 59.0%.
Sinusitis, otitis media, and tonsillitis showed higher
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prevalence among URTIs with 57.6%, 46.5%, and
38.9%, respectively. Figures 3 and 4 represent the
forest plot and pooled prevalence of sinusitis and
otitis media. Forest plot of prevalent infections
did not show any trend of prevalence over time
[Figures 2, 3, and 4]. Gastrointestinal infection with
aprevalence of 36.3% was the second most infectious
complications in CVID patients. In contrast,
osteomyelitis was the least reported infection
among patients with CVID. Additionally, bacterial
infections were more reported in CVID patients
compared with viral, parasitic, or fungal infections
(41.7% vs. 25.4%, 18.8%, or 3.4%, respectively).
Detailed information regarding the prevalence of
infections are depicted in Table 2.

Based on meta-regression analyses, there were
several significant immunological characteristics
that explain the following types of infections
prevalence. By increasing the diagnosis age by one
year, there was a decrease in the prevalence of the
said diseases, pneumonia by 1.2%, sinusitis by 2.5%,
gastrointestinal infections by 1.6%, and infectious
arthritis by 0.9% (p = 0.009, p = 0.006, p = 0.016,
and p = 0.018, respectively). Moreover, per 100 mg/
dL increase in IgM serum level, the prevalence of
hepatitis C and gastrointestinal infections showed a
decrease of 6.6% (p = 0.006) and 1.2% (p = 0.090),
respectively. Also, per 100 mg/dL increase in IgG
serum level, there was a decrease in prevalence of
infectious arthritis by 4.4% (p = 0.037), and per 100
cell/mL increase in CD3* T cells, the prevalence of
viral infections showed a decrease of 2.7% (p = 0.016).

In order to obtain more insight into the infectious
characteristics of CVID patients, we compared
demographic and corresponding immunologic data
of CVID patients with and without infections in 24
completely defined studies. These studies comprised
a total of 404 patients with CVID, of which 264
patients had a history of at least one known infection.
CVID patients with infections showed significantly
lower percentage of CD3" T cells compared to
CVID patients without infections (478.0 (748.7) vs.
979.0 (678.1), p = 0.013). Also, the median (IQR)
age at diagnosis for CVID patients with infection
was 10.0 (13.9) years and was significantly lower
than that of CVID patients without infection (p =
0.003). Moreover, the median (IQR) age at onset of
symptoms, and IgA and IgM levels in CVID patients
having infections were lower than that of patients
without infection even though it was not statistically

significant. CVID patients with a history of infection
had lower percentages of CD4+ and CD8+ T cells
compared to CVID patients without infections,
although this was not statistically significant. In
contrast, higher percentages of CD19+ lymphocytes
(283.0 (294.0) vs. 146.0 (174.6), p = 0.027) were
found in CVID patients with a history of infections
compared to patients without this history. The
detailed compared parameters are shown in Table 3.

DISCUSSION

Infections are the main characteristic findings
and leading cause of morbidity and mortality in
CVID patients. Although, over the past years
carly diagnosis and therapeutic strategies of CVID
have been improved, yet there are accumulating
results from epidemiological studies proving a high
burden of infectious complications in these patients
leading to a high incidence of deaths. Several
studies have reported various prevalence rates of
different infections; however, almost all of them
are quite univocal to the fact that upper and/or
lower respiratory infections are the most prevalent
infectious complication among these patients.
The highest and the lowest prevalence of upper
respiratory infections were reported by Martinez
Garcia et al,’® and Pandolfi et al,'” at 100% and
Caligkaner et al,'"® at 12.0%, respectively. However,
the results of meta-analysis showed that the pooled
prevalence of URTTs was 59.0%.

Pneumonia is estimated to be the leading cause
of lower respiratory infection, morbidity, and
mortality globally in CVID patients.* There is a
high prevalence of pneumonia among patients with
CVID reported by large cohort studies conducted
by Hansel et al,’”” Mokhtari et al,* and Cunningham-
Rundles et al,® with frequencies of 90.1%, 82.3%,
and 76.6%, respectively. In this study, pneumonia
was assessed and reported in 58 studies, and based
on the results of the random effect method, the
pooled prevalence of pneumonia in total CVID
patients was 67.7%. Therefore, we can conclude that
pneumonia is one of the main complications of these
patients and, in cases of mismanagement, could cause
significant and everlasting further morbidities such
as bronchiectasis, which is commonly reported in
CVID patients.

We found that the cumulative infections
attributable to bacterial etiologies were more frequent
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ne, J. —_— . .524, 0. A2 = 91.021%, p = 0. . . .
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Cunningham-Rundles, C.2002 _— 400 (0.118, 0.769 0 25 5 75 1
Kainulainen, L. 2001 —_— .663 (0.563, 0.750 5 i i
Martinez Garcia, M. A. 2001 g fl— .737 (0.512, 0.882
e, 0 158 —=_ pmed
unningham-Rundies, C. 3 3 , 0. . el
Sihon. & 3. 1904 ——+— Gsyloaross  Figure 3: Forest plotand pooled prevalence of otitis
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weinber: e — X X , 0. M
Cebranchu, Y. 1991 —————%——  0.778(0.453, 0.937" media.
Hansel, T. T. 1987 ' — .901 (0.845, 0.938
Conley. M.E 1986 —_— 625 (0.306, 0.863)
Gajl-Peczalska, K. J. 1972 T— .889 (0.565, 0.980
Overall (12 = 94.841%, p = 0.000) : 677 (0.615, 0.740)
e . in CVID compared to viral or fungal infections
0 25 5 5 1
(41.7% vs. 25.4% and 3.4%, respectively). Similarly,
Figure 2: Forest plot and pooled prevalence of other studies reported a higher incidence of bacterial
pneumonia.

infections among CVID patients.>>'* The higher

prevalence of bacterial pathogens causing infections

Table 2: Pooled prevalence of various infections among the common variable immunodeficiency patients.

Infections Frequency  Sum of sample size, Prevalence range Pooled prevalence I*
of study sum of positive case % (95% CI) %

Pneumonia 58 3937,2294 19.1-100 67.7 (61.5-74.0) 94.8
URTI 20 1477,978 12.0-100 59.0 (45.5-72.4) 98.1
Sinusitis 44 1339,2187 6.3-100 57.6 (50.1-65.2) 93.7
Otitis media 32 1471, 628 10.0-100 46.5 (38.3-54.8) 91.0
Bacterial infection 19 950,274 5.3-100 41.7 (18.8-64.6) 99.4
Tonsillitis 4 507, 49 5.0-100 38.9 (20.3-98.1) 99.5
Gastrointestinal infection 26 1635, 409 0-87.5 36.3 (26.5-46.2) 97.2
Viral infection 26 1837,472 1.6-100 25.4(13.0-37.7) 98.9
Parasitic infection 22 1344, 163 1.9-87.0 18.8 (13.5-24.0) 91.9
Pharyngitis 4 598,101 7.2-32.0 18.8 (9.6-28.1) 81.2
Skin infection 17 938,178 2.5-364 17.1(11.9-22.4) 71.8
Abscess 11 1084,91 1.6-100 16.9 (10.4-23.3) 94.4
Conjunctivitis 13 975, 154 9.1-36.0 16.9 (12.1-21.7) 64.7
CNS infection 25 3141, 192 1.3-100 11.2(7.3-15.1) 96.1
Sepsis 14 1632,128 1.2-22.2 7.3 (44-10.3) 83.0
Candidiasis 12 1367, 125 0.8-42.9 7.0 (5.8 -13.9) 90.3
Hepatitis C 14 1870, 108 1.2-34.9 5.7 (3.4-8.0) 72.8
Septic arthritis 9 908, 44 0.8-24.0 5.0 (2.3-7.7) 75.7
Fungal infection 11 1458, 51 1.1-46.9 34 (1.4-5.5) 75.1
Osteomyelitis 7 900, 22 0.8-12.0 1.9 (0.1-3.6) 62.2

URTT: upper respiratory tract infection; CNS: central nervous system; CI: confdence intarval: P: Lsquare.
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Figure 4: Forest plot and pooled prevalence of
sinusitis.

in these patients can be interpreted as a result of
impairment in antibody production by plasma cells.
In contrast, cellular immunity is the effective defense
mechanism against viral and fungal infections (it is
already shown in the inverse correlation between the

T lymphocyte count and the viral infections), hence
infections caused by viral and fungal pathogens have
lower prevalence as cellular immunity is less affected
in patients with CVID.

CVID patients with infection had a significantly
lower age at diagnosis compared to CVID
patients without infection. It could be because
the presentation of infection is one of the main
characteristic features of the disease that could
lead to earlier diagnosis for CVID. Unlike patients
presenting with other manifestations of the disease,
such as autoimmunity, allergy, and cancers, which
are diagnosed in later stages of life.

There was a lower percentage of CD3* in CVID
patients with infection compared to the group of
CVID patients without infection. T cells, as well as
B cells defect, are associated with more severe disease
and higher infection rates in these patients.

Higher percentages of CD19* lymphocytes in
patients with a history of infections might indicate
that the primary defect s likely related to impairments
of terminal stages of B cell differentiation.®>%
Higher and/or normal numbers of CD19* does
not necessarily indicate a better immune response.
The impaired antibody production despite normal
B cell counts in a study conducted by Ahn and
Cunningham-Rundles.*> Also suggests a defect in the
differentiation of B cells into plasma and memory
cells in many CVID patients. Several studies have

Table 3: Demographic and corresponding immunologic data of CVID patients with and without infection.

Parameters Total

(n = 404)
Sex ratio (M/F), n =291 155/136
Consanguinity (Yes/No), n = 30 18/12
Age at onset, years median (IQR), n = 49 20.0 (20.0)
Age at diagnosis, years median (IQR), n = 96 12.0 (27.0)
Diagnostic delay, years median (IQR), n = 30 4.0(8.8)
IgG mg/dL, median (IQR), n = 193 276.0 (285.5)
IgA mg/dL, median (IQR), n = 149 9.0 (24.5)
IgM mg/dL, median (IQR), n = 149 10.0 (26.0)
CD3* lymphocytes, cell/mL, n = 40 947.5 (832.7)
CD4* T cells, cell/mL, n = 38 550.0 (274.5)
CDS8* T cells, cell/mL, n = 38 572.5 (482.7)
CD19* lymphocytes, cell/mL, n = 65 232.0 (237.1)
Lymphocyte, cell/mL, n =29 1700.0 (963.0)

Patients with Patients without p-value
infection (n =264) infection (n = 140)
123/108 32/28 0.990
16/11 2/1 1.000
14.0 (21.0) 24.0 (18.2) 0.296
10.0 (13.9) 28.0 (24.0) 0.003**
2.1(5.3) 4.0(8.7) 0.343
272.5(250.2) 280.0 (326.0) 0.406
6.0 (19.4) 10.0 (32.2) 0.129
17.0 (35.0) 10.0 (23.7) 0.051*
478.0 (748.7) 979.0 (678.1) 0.013**
429.0 (NA) 550.0 (271.0) 0.626
375.0 (NA) 580.0 (428.0) 0.570
283.0 (294.0) 146.0 (174.6) 0.027**
1700.0 (2912.0) 1722.0 (808.0) 0.981

CVID: common variable z'mmuna(/eﬁciw[]; M: male; F: fémﬂ/e; IQR: interquartile range; lg: ilnmuzl0g/abll/izl.
Note: For age, age at onset, age at diagnosis, delay in diagnosis, the median is shown [with 25th and 75th percentiles]. Mann-Whitney U test for a numerical variable

4}1/1[%’1? [17i—5qum‘f lest 07’[‘[‘&/7(’7’3’ exact [fSl/E)r [h[’ ﬂmﬂiﬂﬂll’ﬂi'ﬂik/{’ was mm’,

‘/Hu/m is Jtm‘ixtz'm//] x{gng’imm < 0.050.
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pointed out the decreased level of class switch
memory B cells (CD19*/CD27+/IgD/IgM"), IgM
memory B cells (CD19*/CD27%), and plasma cells
in patients with CVID disease.””® Furthermore,
Unger et al,”® reported that a subgroup of CVID
patients manifests with the expansion of a special
subset of B cells known as CD21" B cells, and it
has been demonstrated that its expansion is linked
with immune dysregulation in CVID patients.

A broad spectrum of T-cell abnormalities,
includingtotal numbers, percentages, surface markers,
and function of various T-cell subpopulations have
been reported in CVID patients. It has been shown
a reduction of the total, naive and memory CD4*
T cells, recent thymic emigrants, and an increase
in activated CD4" T cells. Some studies have
demonstrated that CVID patients with a profound
decrease in CD4" T-cell counts are more susceptible
to develop autoimmunity and lymphoproliferative
diseases, indicating that there is a strong correlation
between the frequency of naive T cells and clinical
manifestations.”? Similar to CD4" T cells, a decline
in the frequency of CD8* T-cell subsets has been
demonstrated. Naive and effector memory CD8*T-
cell numbers are reduced whereas higher percentages
of activated CD8" T cells have been reported.®?>%*
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