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Common variable immunodeficiency (CVI) is a pri-
ary immunodeficiency disease characterized by re-

uced serum immunoglobulins and heterogeneous clin-
cal features. In these studies we describe the clinical
nd immunological status of 248 consecutively referred
VI patients of age range 3–79 years who have been

ollowed for a period of 1–25 years. The median age at
he time of onset of symptoms was 23 years for males and
8 years for females; the mean age at which the diagno-
is of CVI was made was 29 years for males and 33 years
or females. Forty percent of patients had impaired T
ell proliferation to one or more mitogens; lymphocyte
ransformation to mitogens was directly related to the
evel of the serum IgG. Females at all ages had higher
evels of serum IgM than males. Survival 20 years after
iagnosis of CVI was 64% for males and 67% for females,
ompared to the expected 92% population survival for
ales and 94% for females. Parameters associated with
ortality in this period were lower levels of serum IgG,

oorer T cell responses to phytohemagglutinin, and,
articularly, a lower percentage of peripheral B cells
P < 0.006). © 1999 Academic Press

Key Words: common variable immunodeficiency;
VI; CVID; intravenous immunoglobulin; survival.

INTRODUCTION

Common variable immunodeficiency (CVI) is a pri-
ary immunodeficiency disease characterized by hypo-

ammaglobulinemia and recurrent bacterial infections
1–5). Although there have been a number of investi-
ations into the nature of this defect since it was first
ecognized in 1953 (6), the fundamental cause of this
isorder remains unknown. The phenotypic defect in
VI is a failure in B cell differentiation, with impaired
ecretion of immunoglobulins (7, 8), but T cell abnor-
alities, including decreased lymphocyte proliferation

o mitogen and antigens, deficiency of antigen-primed
cells (9–12), and reduced production and/or expres-

ion of IL-2 and other cytokines, are common (13–16).
n impairment in early signaling events following trig-

ering of the T cell receptor has been suggested (17). c

521-6616/99 $30.00
opyright © 1999 by Academic Press
ll rights of reproduction in any form reserved.

34
ther studies have highlighted macrophage activation
n this disease, demonstrating increased production of
umor necrosis factor, with biochemical evidence of
xidative stress, which could lead to some of the in-
ammatory manifestations of this disease (18, 19).
The clinical spectrum of CVI is quite broad, and

ymptoms of antibody deficiency may not become obvi-
us until young, middle, or even late adult life. Chronic
ung disease, particularly the development of bronchi-
ctasis, is a common medical problem, leading to fre-
uent hospitalizations and in some, severe respiratory
mpairment. Some patients with CVI present with
lassic or, more often, atypical inflammatory gastroin-
estinal disease resulting in diarrhea, malabsorption,
nd weight loss (20). For unknown reasons, autoim-
une diseases, particularly autoimmune hemolytic

nemia, autoimmune thrombocytopenia, rheumatoid
rthritis, and pernicious anemia, are relatively com-
on in this patient group. In other subjects, granulo-
atous infiltrations develop, mimicking sarcoidosis

21, 22). Patients with CVI also have an increased
ncidence of cancer, particularly lymphoma (23).

Because of the varied illnesses that may appear,
atients with CVI tend to receive medical care from
hysicians in many clinical specialities; this can lead to
elayed recognition of the antibody defect, and in some
ases, suboptimum treatment. Standard treatment for
VI is periodic intravenous immunoglobulin (IVIg), a

herapy available for 15–18 years. While a number of
eports have demonstrated the efficacy of this treat-
ent (24–27), the effect of long-term IVIg on the di-

erse clinical manifestations of CVI remains unknown.
n these studies we have collected data on a large
roup of subjects with CVI in order to provide an up-
ated view of the spectrum of illnesses which occur in
his patient group over a long period of follow-up and
he conditions and immunologic parameters which are
ssociated with increased mortality.

METHODS

The Immunodeficiency Clinic at Mount Sinai Medi-

al Center serves as a referral center for both adult and
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35COMMON VARIABLE IMMUNODEFICIENCY
ediatric patients with known or suspected immune
eficiency disease. Subjects with CVI have been re-
erred to this clinic, located at Memorial Hospital in
ew York City, from 1973 to 1986 and at Mount Sinai
edical Center from 1986 until the present, over a

5-year period. The diagnosis of CVI was made by
tandard criteria, including reductions of serum IgG,
gA, and/or IgM by two or more standard deviations
rom the normal mean (1). Specifically, all subjects had
educed levels of at least two Ig isotypes. Subjects with
educed serum IgG alone, or just antibody deficiency,
ere excluded; no subject had an IgG of more than 600
g/dl. For all subjects with IgG levels over 400 mg/dl,

xamination of antibody levels to tetanus, diphtheria,
aemophilus influenzae, and pneumococcal antigen af-

er vaccination were determined and antibody defi-
iency was documented. In order to define a numeri-
ally defined population for study, this report is
estricted to patients with CVI seen from 1973 until
998. We excluded patients less than 2 years of age
ho had no further follow-up history to confirm contin-
ed hypogammaglobulinemia. Patients with known
-linked (XLA, Bruton-type) agammaglobulinemia,
ypogammaglobulinemia with thymoma, and immuno-
lobulin deficiency due to secondary loss (intestinal
oss, etc.) were excluded. For male patients with B cell
umbers of 2% or less, molecular studies of the Bruton
yrosine kinase, Btk, were performed by Dr. M. E.
onley to further exclude XLA. Follow-up informa-

ion for patients not currently receiving care at Mount
inai Medical Center was obtained by contacting the
atient, if possible, and/or the patient’s physician to
scertain current health. For those who had died, the
ause of death was determined by review of death
ertificate, autopsy report, and/or by contacting the
ttending physician.

aboratory Testing

Blood samples were tested for immunoglobulin lev-
ls and other immunologic tests on the first clinic visit.
or about half of the subjects, this was before treat-
ent with IVIg was started; for all others, serum im-
unoglobulin levels obtained prior to IVIg treatment
ere obtained from referring doctors. Antibody defi-

iency was additionally verified in most cases for pa-
ients not yet on immunoglobulin treatment by quan-
itation of antibody responses to diphtheria and
etanus and/or immunization with a pneumococcal vac-
ine. Anti-IgA antibodies were sought in the sera of 30
atients, which included all patients who had a history
f having a reaction to blood or blood products. Enu-
eration of T and B cells and the lymphocyte prolifer-

tive responses to mitogens phytohemagglutinin, con-
anavalin A, and pokeweed, and tetanus and candida

ere performed by standard methods (1, 3, 9). In cases u
here the history suggested that another family mem-
er might also have an immunodeficiency, this individ-
al was also tested by us or by a family physician to
etermine whether the quantitative immunoglobulin
evels were in the normal range. In some cases serum
f parents, siblings, and/or children of the patient were
lso tested, despite the absence of a suggestive clinical
istory.
Further assessment was done by obtaining complete

lood counts, chemistries, electrolytes, and other tests
o define specific diseases (Coomb’s test, hepatitis C
NA by polymerase chain reaction, thyroid hormones,

hyroid autoantibodies, thyroid stimulating factor, an-
inuclear antibody, rheumatoid factor, sedimentation
ate, folic acid, stool fat content, and xylose tolerance
est). Chest and sinus X rays, cultures, gastrointestinal

rays, electrocardiogram, and complete pulmonary
unctions were obtained as medically required. Other
rocedures, such as endoscopies and biopsies, were
erformed where medically necessary.

tatistical Methods

Initial testing results were used for the evaluation of
mmunologic values. Differences between males and
emales in values of immunologic parameters and of
ges were tested with Wilcoxon rank-sum tests. Since
here was a wide range of immunologic values, ages
nd immunologic levels were grouped, and an associa-
ion between age at diagnosis and immunologic values
as tested by x2 tests of trend, stratifying on sex.
ollow-up time was counted as the time between diag-
osis and either the date of death or the date of last
ontact. Probabilities of survival after diagnosis of CVI
ere estimated from Kaplan–Meier life tables and

ompared with the expected survival in the general
opulation based on U.S. mortality rates for 1990 for
ersons of the same age and sex (28, 29). The Cox
roportional hazards model was used for the analysis
f factors that might be associated with increased risk
f death. For this analysis, the time between the age at
iagnosis and the age at either death or last contact
as used as the “time” variable; immune parameters of

hose who had died were compared to the immune
arameters of all others of the same attained age (30).

RESULTS

From 1973 until 1998, there were 248 patients re-
erred with or diagnosed as having CVI. The age range
as 3–79 and there were 102 males and 146 females.

ncluded are 11 subjects of Hispanic origin and 4 black
mericans; the remainder are Caucasians of European
escent.
There were differences in the male and female pop-
lations; a review of the charts showed that the mean
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36 CUNNINGHAM-RUNDLES AND BODIAN
ge at the onset of symptoms was 23 years for males
nd 28 years for females (P 5 0.06) (Fig. 1). The mean
ge at the time of diagnosis was 29 years for males and
3 years for females (P 5 0.01) (Fig. 1). By 1998, 57 of
he patients had died (24%), 153 were known to be
live, and 38 could not be located. The mean age of the
atient population at the end of 1998 was 41 for males
nd 45 for females.

erum Immunoglobulins and Lymphocyte Studies

At the time of diagnosis, the baseline serum IgG was,
y definition, two standard deviations below the nor-
al level for age; the mean for this group was 246
g/dl. The level of IgA was under 10 mg/dl in 70%.
erum IgM was less than 25 mg/dl for 82%. Mean
erum immunoglobulin levels for the group are given
n Table 1 and percentiles in Fig. 2. While the overall
gG levels are widely dispersed for the group, the level
f serum IgG was closely correlated to the levels of both
erum IgA (r 5 0.262; P 5 0.001) and IgM (r 5 0.334;
5 0.0001). Initial levels of serum IgG were similar for
ales and females, but females had significantly
igher levels of serum IgA at the time of diagnosis (P 5
.05) and significantly more serum IgM at all ages than
ales (P 5 0.01) (Table 1). An inverse relationship was

lso found between the age of the subject and serum
gM, such that younger patients of both sexes were
ore likely to have lower levels of serum IgM at the

ime of diagnosis (P 5 0.03) (Table 2). This is a linear
nd inverse association; for an illustration of the dif-
erences found, we show data for “younger” and “older”
VI subjects, arbitrarily distinguished as over or un-
er age 30.
T cell abnormalities were common. Of the 176 pa-

ients who were tested, 40% had subnormal lympho-
yte proliferative responses to one or more mitogens,
hytohemagglutinin (PHA), concanavalin A (Con A),
nd pokeweed mitogen (PWM) (Table 1; ranges consid-
red normal are shown). A relative lack of CD4 T cells
less than 400 cu/mm) was found for 20% of subjects.
he ratio of CD4/CD8 T cells and the number of CD4 T
ells but not lymphocyte numbers were closely related
o lymphocyte proliferation to PHA (P 5 0.006) and to
WM (P 5 0.002), but not clearly to proliferative re-
ponses to Con A (P 5 0.087). The level of serum IgG
as also significantly correlated to lymphocyte prolif-
rative response to PHA (r 5 0.247; P 5 0.002), Con A
r 5 0.246; P 5 0.0009), and PWM (r 5 0.189; P 5 0.04).
Figure 3 shows this relationship for PHA.) In contrast
o serum IgM and IgA, lymphocyte subsets and T cell
unctions were not related to the sex or age of the

atient. w
ssociated Conditions

A number of diseases or conditions appear with in-
reased frequency in CVI, the main categories being
nfections, autoimmune disease, hepatitis, granuloma-
ous infiltrations, gastrointestinal or pulmonary dis-
ase, lymphoma, and cancer (Table 3). The frequency of
hese conditions is likely to be an underestimate since
8 subjects could not be currently located, but were not
xcluded from the total group, since at least a portion
f their medical history could be included. It is also
mportant to note that the true incidence of some con-
itions, for example, granulomatous disease, which
as found in 21 of these subjects, many of whom were

ncluded in a prior report (22), would be particularly
ifficult to determine since many patients have never
ad biopsies.

Infections. Acute, chronic, or recurrent infections
ere found in almost all cases, particularly pneumo-
ia, sinusitis, and otitis (Table 4). Bacterial meningitis
ccurred in 2 subjects prior to immunoglobulin treat-
ent; we are not aware of any other cases in immuno-

lobulin-treated subjects in this group. Almost all of
he patients had a history of recurrent episodes of
ronchitis, sinusitis, and/or otitis. The majority (78%)
ad had pneumonia at least once prior to diagnosis.
any had noted chronic or recurrent conjunctivitis,

ulturing H. influenzae in most cases. By 1998, 68
ubjects (27% of the total group) were known to have
eveloped chronic lung disease (with or without bron-
hiectasis). Five patients of the 153 subjects for whom
e have current information now require continuous
r intermittent oxygen treatment. Due to advancing
ung disease, 3 subjects have had a heart/lung or
ung transplantation. Mycoplasma pneumonia or joint
nfection was diagnosed in 6 subjects of the group.
nusual, or opportunistic, infections were also found,

ncluding both viral and fungal pathogens (Table 4).
neumocystis carinii infections developed in 7 sub-

ects: a 10-month-old infant later found to have CVI, a
5-year-old on high-dose corticosteroids for hyper-
plenism, 1 subject who contracted HIV infection, and
others, only 2 of whom had extremely impaired T cell

mmunity.

Autoimmune disease and treatment. Fifty-six sub-
ects (22%) developed one or more autoimmune condi-
ions (Table 5). Excluding subjects with anti-IgA anti-
odies (7 subjects), there were 52 subjects with
utoimmune disease. Female CVI subjects had more
utoimmune disease (40 conditions) than males (26
onditions). Five subjects had one or more bouts of
utoimmune hemolytic anemia (AHA) and idiopathic
hrombocytopenia (ITP) (Evan’s syndrome), episodes of
hich occurred before and after treatment with IVIg

as initiated. For treatment of ITP and AHA, most
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37COMMON VARIABLE IMMUNODEFICIENCY
atients were given a high dose of IVIg coupled with
hort courses of corticosteroids; for RA, SLE, and vas-
ulitis, corticosteroids were used for varying times.
ne subject given long-term corticosteroid treatment

or chronic nephrotic syndrome developed an anaerobic
eg infection requiring an amputation and then died of

TAB
Immunologi

Normal rangea

(mg/dl)

mmunoglobulins
IgG 800–1800
IgA 90–450
IgM 80–300

ymphocyte markers (%)
T cells 65–95
B cells 3–25
CD4 T cells/CD8 T cells 1.7 average

ymphocyte proliferative response (cpm)
Phytohemagglutinin (PHA) 16,000–29,000
Concanavalin A (Con A) 10,000–24,000
Pokeweed mitogen (PWM) 5,000–13,000

a Taken as the range including two standard deviations above an
* Differences significant, P , 0.05.

FIG. 1. The age at the onset of clinical symptoms of immunode
ercentiles. The median ages for males and females for the ages at
** Difference significant, P , 0.01.
he infection. One patient with long-term JRA, who
lso had Hodgkin’s disease at age 8, was given meth-
trexate; 11 years later at the age of 19, pulmonary
odgkin’s disease returned. Another patient with a
ast history of Hodgkin’s disease was given methotrex-
te for primary biliary cirrhosis. Three years later he

1
arameters

ales (n 5 102)
median (range)

Females (n 5 146)
median (range) (Wilcoxon test)

210 (8–600) 220 (0–591) 0.65
6.5 (0–202) 7 (0–255) 0.05*
22 (0–227) 30 (0–645) 0.01**

77 (39–94.5) 79 (27–97.6) 0.65
8 (0–30) 8 (0–29) 0.55

1.5 (0.29–5.5) 1.48 (0.3–5) 0.92

100 (190–118,300) 21,697 (183–127,990) 0.43
488 (220–53,400) 11,087 (269–122,780) 0.98
401 (63–29,982) 4,249 (100–81,851) 0.22

elow the mean for normals of age range for subjects 18–45 years.

ency and the age at diagnosis for males and females are shown in
et of symptoms and at diagnosis are given.
LE
c P

M

20,
10,
5,

d b
fici
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38 CUNNINGHAM-RUNDLES AND BODIAN
eveloped a primary brain lymphoma and died after an
utologous bone marrow transplant.

Hepatitis. Twenty seven (11.9%) patients had sig-
ificant liver dysfunction (Table 6). In 5 cases, this was
iagnosed as non-A non-B hepatitis; PCR testing was
ot available at that time. For 10 others, hepatitis C
as diagnosed by PCR. Non-A, non-B hepatitis C was
cquired from plasma infusions, IVIg, or unknown
ources. In 3 other subjects, liver biopsy demonstrated
rimary biliary cirrhosis. In 7 cases, the cause of liver
ysfunction was unknown. Eight patients of this group
ave died of liver disease, 4 of these of non-A non-B or

FIG. 2. The range for serum IgG, IgA, and IgM for the group at
aving the indicated serum values is given.
hat in more recent cases was identified as hepatitis C. s
Lymphoma and cancer. Non-Hodgkin’s lymphoma
NHL) developed in 19 subjects (7.7%) (14 females and

males), in mostly extranodal locations. In all those
tudied, these lymphomas were B cell in type. The first
1 of these were described in a prior report (30). In 10
f these cases, it was the cause of death (Table 7).
nother three subjects had Hodgkin’s disease, and 1
ad Waldenstrom’s macroglobulinemia. Aside from
HL, there were 24 other cancers in this patient
roup, including 2 stomach cancers (Table 8).

Gastrointestinal disease. Gastrointestinal disease
as found in 53 subjects of the group (Table 9). Ten

time of diagnosis, prior to start of IVIg. The number of individuals
the
ubjects of this group were found to have nodular lym-
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39COMMON VARIABLE IMMUNODEFICIENCY
hoid hyperplasia, but this is likely to be an underes-
imate of the prevalence of this condition, since asymp-
omatic subjects may have had nodular lymphoid
yperplasia, but did not have endoscopy or radio-
raphic procedures. Inflammatory bowel disease (ul-
erative colitis, ulcerative proctitis, or Crohn’s disease)
as found in 16, while 6 others had a sprue-like illness
ith flat villi, not responsive to wheat withdrawal. Ten
dditional subjects, with no specific gastrointestinal
iagnosis, had significant malabsorption. Five subjects
f the group have required total parenteral nutrition.
pecific infectious agents have been sought for all cases

n which diarrhea was the presenting symptom, but a
pecific organism was documented in only an occa-
ional instance. These were some differences in intes-
inal diseases found in males and females; females

FIG. 3. The level of serum IgG (mg/dl) at the time of diagnosis of
VI is correlated to the lymphocyte proliferation responses to mito-
ens; here the relationship to PHA proliferation (given in cpm) is

TABLE 2
Distribution of Serum IgM Levels for Females and Males

by Age at Diagnosisa

Serum IgM (mg/dl)

Age of females Age of males

,30 $30 ,30 $30

(%) (%)

–25 50 41 67 46
5–75 35 28 27 38
75 15 32 7 15
edian IgM (mg/dl) 25.5 36 15 27

a There is a linear inverse association between age at diagnosis
nd serum IgM level, stratified for sex: P 5 0.03. The age “30,”
hosen to separate older from younger CVI subjects, was chosen
rbitrarily to point out differences for these groups of individuals.
hhown.
ere more often diagnosed with nodular lymphoid hy-
erplasia than males, while males were more often
iagnosed as having Crohn’s disease.

Splenectomy. Sixteen subjects of the group had a
plenectomy, in most cases for autoimmune disease not
ontrolled by corticosteroids. In all but 1, splenectomy
uccessfully resolved the autoimmune disease, but 3
ubjects had significant postoperative surgical compli-
ations (Table 10).

Transplantation. Four organ transplants have
een performed in this patient group, one heart and
ilateral lung transplantation, two bilateral lung
ransplants, and one liver transplantation. Two stem
ell transplants were also done. The outcome of these
rocedures is shown in Table 11.

amily Members with Immunodeficiency

As reported previously, relatives of CVI patients may
lso be found to be immunodeficient. In this series, 10
f the women had 1 or more IgA-deficient children
9.6% of the 104 females who had children and have
een followed here); no male CVI subject in this group

TABLE 3
Associated Conditions

Illness
Number of

patients %a

istory of serious or recurrent infections 242 90
hronic lung disease 68 27
utoimmunity 55 22
epatitis 27 11
ranulomatous disease 21 8
on-Hodgkin’s lymphoma 19 8
ther cancersb 19 8

nflammatory bowel diseasec 16 6
plenectomy 16 6
alabsorption 10 4
iabetes mellitus 6 2
odgkin’s disease 3 ,1
chizophrenia 3 ,1
ucocutaneous candidiasis 3 ,1
resentation with hives and angioedema 3 ,1
erebral atrophy 3 ,1
XY 1 ,1
iGeorge syndrome 1 ,1
myloid of thyroid 1 ,1
emyelinating disease 1 ,1
aldenstrom’s macroglobulinemia 1 ,1

a Of the total group of 248 CVI subjects, 38 were not currently
ocated; however, for calculations of frequency the total group was
sed.

b Breast, 6; stomach, 2; colon, 3; mouth, 2; prostate, lung, vagina,
vary, skin, and melanoma, 1 each.

c Crohn’s disease, ulcerative colitis, ulcerative proctitis.
as been found to have an IgA-deficient child, although
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40 CUNNINGHAM-RUNDLES AND BODIAN
man had 2 daughters diagnosed as having CVI by
tandard criteria. In both cases the prolonged immu-
odeficiency in the daughters resolved, as described
elow. This group also contains 2 sibling immunodefi-
ient pairs with unaffected parents and 1 male whose
lder brother (not part of this series) had CVI, but died
f a carcinoid tumor.

reatment with Immunoglobulin

While a number of the older patients had been
reated with plasma infusions in the past, only three
ubjects in this patient group now receive plasma, one
ecause of intolerance to IVIg solutions and two others
ho have not wanted to switch from this treatment to

VIg. Two subjects have received subcutaneously in-
used immunoglobulin for extended periods, one be-
ause of medically unmanageable reactions to intrave-
ous delivery and the other due to poor venous access.
nly one patient in this group has required an indwell-

TABLE 4
Infections

Number of
patients %

ecurrent bronchitis, sinusitis, otitis 243 98
neumonia 190 76.6
iral hepatitis 16 6.5
istory of severe Herpes zoster 9 3.6
iardia enteritis 8 3.2
neumocystis carinii infections 7 2.8
ycoplasma pneumonia 6 2.4
hronic mucocutaneous candidiasis 3 1.2
almonella diarrhea 3 1.2
epsis (Pseudomonas, pneumococcus,
H. influenzae, Listeria

3 1.2

ampylobacter enteritis 3 1.2
eningitis (H. influenzae,
pneumococcus, and pseudomonas)

2 ,1

steomyelitis 2 ,1
eptic arthritis 2 ,1
ecurrent parotitis 1 ,1
yoderma gangrenosum 1 ,1
ocardia brain abscess 1 ,1
naerobic leg infection leading to
amputation

1 ,1

IV infection 1 ,1
ryptococcal lung abscess 1 ,1
iral myocarditis 1 ,1
ytomegalovirus, intestinal infection 1 ,1
icrobacterium avium, lung 1 ,1
atal measles encephalitis 1 ,1
ycoplasma joint infection 1 ,1
soas abscess (Escherichia coli and
Bacteriodes)

1 ,1

elvic abscess after appendectomy,
unknown organism

1 ,1
ng catheter for administration of IVIg. The only other w
xceptions are patients who have required infusions of
arenteral nutrition or antibiotics in a home care set-
ing; IVIg was occasionally given on a temporary basis
ia the same indwelling line. Two subjects of the group
eceived no immunoglobulin treatment.

ransient Immunodeficiency

For almost all CVI subjects studied, the degree of
mmunodeficiency has remained stable over long inter-
als. However, four subjects originally been found to be
anhypogammaglobulinemic had resolution of immu-
odeficiency. Two of these were daughters of a pro-
oundly hypogammaglobulinemic man who died at the
ge of 48, of lymphoma of the stomach. Both children,
aving low levels of immunoglobulins, at ages 4 and 10,
ere treated with intramuscular immunoglobulin but

erum levels of immunoglobulin slowly normalized and
ventually immunoglobulin treatment was stopped
hen the girls were 18 and 24, respectively. (At age 4,
ne sister had IgG 5 50, IgA 5 12, IgM 5 53 mg/dl; the
ther sister, at age 10, had IgG 5 249, IgA 5 55, IgM 5
1 mg/dl). Both have remained healthy with normal
erum immunoglobulins. The third subject, referred
ith intestinal disease, had a bowel biopsy suggestive
f lymphoma and was found to have no plasma cells in
he intestinal tract; he had total IgA deficiency, and a
ow serum IgG. He was diagnosed as having CVI, and
VIg was started. After being treated with IVIg for 2
ears, immunoglobulin levels rose to normal and im-
unoglobulin replacement was discontinued.

TABLE 5
Autoimmunity

Type

Numbers

Male Female

diopathic thrombocytopenia purpura (ITP)a 8 7
utoimmune hemolytic anemia (AHA)a 6 6
heumatoid arthritis 0 5
uvenile rheumatoid arthritis 2 2
nti-IgA antibody 1 6
icca syndrome 0 2
rimary biliary cirrhosis 1 2
lopecia totalis 2 2
ernicious anemia 0 3
yperthyroid disease 0 2
utoimmune neutropenia 1 1
ephrotic syndrome 2 0
ystemic lupus erythematosus 1 1
asculitis 2 1

5 autoimmune diseases in 56 patientsb

a Five patients had both ITP and AHA, Evan’s syndrome.
b Sixty-five total conditions: 26 of these were found in males, 40

ere found in females.
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uality of Life

In spite of the number and variety of medical condi-
ions that have been found in this patient group, 77 of
he 116 individuals (66%) between the ages of 21 and
6 for whom we have current information hold full-
ime jobs. While 28 individuals of this group (24%) are
isabled, in 6, the disability is not due to CVI or di-
ectly related problems. Twelve women of the group
ave had 14 pregnancies after the diagnosis was made
nd IVIg was started. The deliveries were uncompli-
ated in all, but 2 women who had previously estab-
ished lung disease had worsened lung function after
regnancy and now require continuous oxygen treat-
ent.

ortality and Survival: Relationship to Sex and
Immune Functions

The median follow-up time for these patients was 7

TAB
Liver

Patient

Type of hepatitisge Sex

4 M Granulomatous disease Stable,
6 M Unknown, hepatitis C later Chroni
1 F Non-A, non-B,a from plasma? Chroni
2 F Hepatitis C, source? Chroni
7 M Hepatitis C, source? Died li
8 M Unknown Died, u
3 M Non-A, non-B,a from plasma? Died at
4 M Non-A, non-B,a from plasma? Died at
4 M Hepatitis C, from plasma Died of
5 M Hepatitis C, from plasma? Died li
5 F Granulomatous Died p
5 F Hepatitis C, from IVIg Chroni
8 M Hepatitis C, source? Chroni
9 M Unknown Stable
9 F Autoimmune? Unknown Died li
0 M Hepatitis B, from plasma? Recove
0 M Primary biliary cirrhosis Died of
2 F Autoimmune? Unknown Died of
5 F Primary biliary cirrhosis Chroni
5 F Hepatitis C, from unknown source? IVIg Stable,
9 M Hepatitis C, from experimental IVIg Recove
3 F Hepatitis C, from experimental IVIg Chroni
4 F Primary biliary cirrhosis Died of
7 M Unknown Health
8 F Non-A, non-B,a from plasma? Recove
0 F Granulomatous? Stable,
9 M Non-A, non-B,a from plasma Stable
3 M Unknown, autoimmune? Liver f
0 F Granulomatous? Stable,

a Non-A, non-B hepatitis was diagnosed in these subjects prior to
epatitis C; all others indicated to have hepatitis C were tested and
ears (range 0–25), during which 57 subjects died, s
rom 1 to 32 years after their diagnosis, at ages ranging
rom 5 to 90 (median age 43). Excluding the 38 subjects
ho could not be located, this represents a mortality of
7%. If none of the 38 subjects who were not found
ave died, the mortality for the group would be 23%.
hus the true mortality lies between 23 and 27%. Of
hose who died, there were 32 females and 25 males
Table 12). The mean age of females at the time of
eath was older (45.5 years) than the mean age for
ales (40 years). The major single cause of death was

ymphoma (10 cases). Another important cause of
eath was chronic pulmonary infections resulting in
or pulmonale (6 patients).
To compare the survival of CVI subjects to that ex-

ected for males and females living in the United
tates, survival analyses were performed. Figure 4
hows the estimated probability of survival after diag-
osis of CVI, for males and females, compared to the
xpected survival in the general population, based on
.S. mortality rates for persons of the same age and

6
ease

Outcome

s granulomata in lymph nodes
epatitis from age 2, died of other problems at age 16
epatitis, died of other problems
ver disease
disease, respiratory insufficiency, and inflammatory bowel disease

nown degenerative cerebral disease
e 38, liver failure
e 38, liver failure
lon cancer; also had Nocardia brain abscess
failure
lung transplantation
epatitis
ow grade

disease
, died of lung disease
S lymphoma, post autologous stem cell transplantation

er disease, respiratory insufficiency
epatitis, died of other problems at age 61
rhosis

epatitis, died after transplant? cause
spiratory insufficiency; pneumonia

s granulomatous lung disease

re, died
s granulomatous lung disease

ailability of PCR for hepatitis C; these cases were not proven to be
nd positive by PCR.
LE
Dis

ha
c h
c h
c li
ver
nk
ag
ag
co

ver
ost
c h
c, l

ver
red
CN
liv

c h
cir

red
c h
re

y
red
ha

ailu
ha

av
ex (28, 29). The probability that males with CVI will
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42 CUNNINGHAM-RUNDLES AND BODIAN
urvive 20 years after the diagnosis of CVI is estimated
o be 64%, compared to an expected 92% survival of
ales at the same ages in the general population.

TABLE 8
Other Cancers

Number of cases

Males Females

aldenstrom’s macroglobulinemia 1 0
odgkin’s disease 2 1
denocarcinoma of stomach 0 2
denocarcinoma of ovary 0 1
denocarcinoma of colon 2 1
reast cancer 0 6
rostate cancer 1 0
quamous cell carcinoma of vagina 0 1
quamous cell carcinoma of skin 1 0
quamous cell carcinoma of mouth 2 0
quamous cell carcinoma of lung 0 1
quamous cell carcinoma 1 0
elanoma 1 0

nvasive basal cell carcinoma 0 1

TAB
Non-Hodgkin

Non-Hodgkin’s
lymphoma

LocationAge Sex

3 F Cervical node Chemotherapy
1 F Parotid Surgery
1 M Brain Chemotherapy

transplant
4 F Proximal jejunum Surgery
5 M Chest None
6 F Pelvis Chemotherapy
8 M Stomach None
2 F Pelvis, recurrent buccal

mucosa
Chemotherapy

2 F Pleura Radiation
4 F Parotid, axilla; chest wall Surgery, surge

4 F Inguinal node Surgery

6 F Pelvic nodes Chemotherapy
3 M Bone marrow, ascites Plasmapheresi
7 F Diffuse, supratavicular

area, abdomen
Chemotherapy

7 F Diffuse Chemotherapy
1 F Chest lymph nodes, lungs Chemotherapy
2 F Cervical lymph nodes Alpha interfero
5 F Chest Radiation
7 M Chest Chemotherapy

Note. Abbreviations: CHOP, cyclophosphamide, doxorubicin, vincri
mide, vincristine, dexamethasone; RT, radiation therapy; CP, cis-pla
2, vincristine, cyclosphosphamide.
a Eleven of these cases were previously reported (28).
imilarly, the probability that females with CVI will
urvive 20 years after diagnosis is estimated to be 67%,
ompared to an expected 94% survival for females of
imilar ages in the general population.

TABLE 9
Gastrointestinal Diseases

Female Male

odular lymphoid hyperplasiaa 9 1
lcerative colitis 2 2
lcerative proctitis 2 1
rohn’s disease 1 8
alabsorption, no other diagnosis 7 3
iardiasis 4 4
rotein loosing enteropathy 2 1
prue-like disease 3 3
alnutrition requiring total parenteral nutrition 2 3
ytomegalovirus enteritis 1 0

nterstitial lymphangiectasia 1 0
ntestinal granulomatous disease 1 0
ampylobacter 3 2
almonella infection 2 1

7
ymphomasa

reatment Outcome

HOP) Died, age 13
Alive, 1 year later

tologous stem cell Died, age 41

Unknown, alive 8 years later
Alive, 1 year later

pe?) Died
Died, age 48

HOP) Died, age 56

Alive, 2 years later
chemotherapy Alive, but 10 years later relapsed,

now on chemo., age 68
Died other causes, 15 years later,

age 69
-BACOD, CHOP, RT, CP) Alive, 12 years later
HOP, M-BACOD, M2) Died, age 65

-MOPP) Died, age 68

HOP) Alive, stable 8 years later
-MOPP) Died, age 72

Died, age 73
Alive, stable, 2 years later

pe?) Died, age 77

e, prednisone; M-BACOD, methotrexate, doxorubicin, cyclophosph-
um; C-MOPP, cyclophosphamide, oncovin, procarbazine, prednisone;
LE
’s L

T

(C

, au

(Ty

(C

ry,

(M
s (C
(C

(C
(C
n

(Ty

stin
tin
a Most likely underdiagnosed.
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To identify an immunologic parameter which might
e associated with an increased risk of death, the Cox
roportional hazards model was used. For this analy-
is, the age attained after the age at which the diag-
osis of CVI was made was used as the time variable.
he immune parameters of all subjects of comparable
ge known to be alive were compared to the parame-

TAB
Transp

Age Sex Procedure Rea

27 M Heart and lung Respiratory insuffi

26 M Bilateral lung Respiratory insuffi

32 F Bilateral lung Granulomatous lu

54 F Liver Liver failure to he
5 F Placental stem cell T and B cell defec

38 M Autologous stem cell CNS lymphoma, p
Hodgkin’s disea

TAB
Reasons for Splene

Age at
splenectomy

(years) Sex Reason

8 M Hodgkin’s disease Non

14 M Hypersplenism Non

15 M ITP Non
18 F Idiopathic thrombocytopenia purpura Non
19 M ITP Non
30 F Hypersplenism Non

33 F Hemolytic anemia, granulomata in
spleen

Sple
ob
ga
ab

35 M Presumed lymphoma Non
35 F ITP Non
36 M Autoimmune hemolytic anemia Dra

ye
38 M Presumed lymphoma Non
40 M Abscesses in spleen (E. coli plus

Bacteriodes)
Post

flu
55 M Uncertain Pne

sp
55 F Hypersplenism Non
56 F Hemolytic anemia Non
60 F Hemolytic anemia Non
ers of the subjects or subject who had died. A separate
est was done for each immune parameter. The per-
entage of peripheral B cells showed a highly signifi-
ant association with the risk of death (P , 0.006), as
id the PHA response (P , 0.04) and initial level of
erum IgG (P , 0.05). When the various immune pa-
ameters as well as gender were combined in a multi-

11
tation

Outcome

ncy Good condition for 3 years, chronic rejection
for 1; developed bleeding disorder,
platelet dysfunction

ncy Good condition for 2 years, low-grade
rejection, developed bleeding disorder,
platelet dysfunction

disease Difficult procedure due to scarring of
pleural surfaces, died 3 days after
transplantation, of surgical complications

itis C Developed dementia posttransplantation
chronic anemia Died 6 months posttransplant of infections
history of

had primary
Died posttransplant of infection

10
my and Outcome

Operative complications Outcome

Relapsed, Hodgkin’s disease
11 years later after
chemotherapy

Died of lymphoid pulmonary
infiltrates 12 months later

Alive and well 21 years later
pneumococcal sepsis 1 year later Alive and well 4 years later

Alive and well 6 years later
Died unknown liver disease

8 years later
granulomata LUQ abscess, bowel

uction, temporary colostomy,
ocutaneous fistula, large
minal hernia

Stable 4 years later; had
reconstructive abdominal
wall surgery

Alive, 10 years later
g fistula to back, closed in 2 Alive and well 14 years later

Alive and well 6 years later
rative fever due to collection of
drainage performed successfully

Alive and well 9 years later

ococcal sepsis 2 years after
ectomy

Died at age 63 of lymphoma

Alive and well 5 years later
Alive and well 1 year later
Hemolysis continued, died

vasculitis, lymphopenia
LE
lan

son

cie

cie

ng

pat
ts,
ast
se;

biliary cirrhosis, on methotrexate
LE
cto

e

e

e
e—
e
e

nic
str
str
do
e
e
inin
ars
e
ope
id

um
len
e
e
e
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44 CUNNINGHAM-RUNDLES AND BODIAN
ariate analysis, the percentage of B cells remained an
ndependent predictor of death. In fact, for each per-
entage decrease in the number of B cells, the risk of
eath in this follow-up period increased by a factor of
.92 (95% confidence interval: 0.87–0.98).

DISCUSSION

Common variable immune deficiency is a complex
mmunological disease because of the variety of asso-
iated immunological defects and clinical manifesta-
ions. In a 1976 report of 50 cases of CVI, the average
ge at the time of diagnosis was 41.9 years (31). In our
rior report in 1989, the average age at the time of
iagnosis was 28 (3). In the current group, the average
ge at the time of diagnosis was 31 years for the group,
ut for males was 4 years earlier than for females. For
oth males and females there remains a period aver-
ging 4–6 years during which symptoms of immune
eficiency are present, but the diagnosis of CVI has not
et been made.
The hallmark of CVI is hypogammaglobulinemia,

nd the standard treatment is IVIg. While this form of
reatment has altered the spectrum of illnesses, a large

TABLE 12
Causes of Death

Cause of death Cases

ymphoma 10
or pulmonale 6
nknown 5
epatitis (viral, 4; autoimmune, 1) 5
espiratory insufficiency, malnutrition 4
ost lung transplant, chronic or acute rejection 3
arcinoma of stomach 2
rteriosclerotic heart disease 2
arcinoma of colon 2
one marrow aplasia, malabsorption 1
etal measles infection 1
erebral vascular accident 1
uicide 1
ccident 1
alnutrition 1
ost stem cell transplant 1
iral meningitis 3 paraplegia, suicide 1
erebral atrophy 3 neurologic degenerative disease 1
evere rheumatoid arthritis 1
one marrow aplasia 1
etastatic squamous cell carcinoma of mouth 1
denocarcinoma of ovary 1
nerobic leg infection 2° steroids for renal disease 1
neumocystis carinii pneumonia 2° steroids for
hypersplenism 1

ung cancer 1
ML (progressive multifocal leukoencephalopathy) 1
asculitis 1

57
umber of medical conditions continue to appear in f
his patient population. Previously, bacterial meningi-
is, sepsis, and recurring pneumonia were commonly
een in hypoglobulinemic patients (1–6, 32, 33). How-
ver, in our series, no cases of bacterial meningitis or
epsis have occurred in CVI subjects given standard
mounts of IVIg; recurrent bacterial pneumonias have
eveloped in one subject who has severe bronchiectasis
nd only rarely for other CVI subjects on IVIg. On the
ther hand, significant lung disease remains a charac-
eristic of this patient population, with at least 27% of
he group affected by bronchiectasis, restrictive, or ob-
tructive lung disease. This may be due to damage
ustained before IVIg treatment was started, contin-
ed inflammatory changes not treated by IVIg, or both.
ue to severe lung disease, three subjects of this group
ave required lung transplantation, and five others
equire continuous oxygen treatment.
While most patients with CVI are particularly sus-

eptible to infections with pneumococcus and hemophi-
us, mycoplasma infections, previously found to be an
mportant pathogen in CVI (34, 35), were documented
n seven instances, but were probably underdiagnosed.
ther infections, suggestive of severe T cell defects,

ncluding Pneumocystis carinii, scarring Herpes zoster,
hronic candidiasis, cryptococcal lung abscess, Myco-
acterium avium, and cytomegalovirus enteritis, were
ound in a few subjects, not all of whom had reduced
D4 T cell counts or exceptionally poor T cell prolifer-
tion. Opportunistic infections such as these have
een previously reported in a rare patient with CVI
4, 36, 37).

Nineteen non-Hodgkin’s lymphomas (NHL) have ap-
eared in this patient group, 14 of these being in
omen. The first 11 of these were previously described

31). The association between NHL and congenital im-
unodeficiency is well established, with most cases

ppearing in patients with T cell defects such as ataxia–
elangiectasia, Wiskott–Aldrich syndrome, and severe
ombined immune deficiency, as well as CVI (38). As
or other congenital immunodeficiency diseases, the
ymphomas that occur in subjects with CVI tend to be
xtranodal in origin and B cell in type. Unlike the NHL
ound in other immunodeficiency disorders, which are
ften poorly differentiated, the lymphomas in CVI tend
o be well differentiated and secrete immunoglobulin.
he female predominance remains unexplained, except
o note that our older CVI subjects are predominantly
emale; the increased appearance of NHL in these
lder female subjects may be due to a relative lack of
lder males with CVI in our group. Six lymphomas
ere previously reported in a CVI patient group of 240

ubjects in the United Kingdom (4); the age and sex
ere not given. The true incidence of NHL in CVI
ould be difficult to determine from the current popu-

ation; however, in our prior study we estimated that

emales with CVI had 438-fold increased likelihood of
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45COMMON VARIABLE IMMUNODEFICIENCY
eveloping NHL compared to the age-adjusted ex-
ected incidence (23). Two stomach cancers were noted
n this patient group, while in another large survey,
hree stomach cancers were found in 240 CVI subjects
4).

Data presented here suggest that chronic immuno-
uppression in CVI, using corticosteroids or methotrex-
te, may result in medical complications. Two subjects
eceiving methotrexate for autoimmune disease (both
f whom had a prior history of Hodgkin’s disease) de-
eloped an additional malignancy or recurrent disease.
rolonged corticosteroid treatment in another case was

ollowed by Pneumocystis carinii pneumonia in one, a
ocardia brain abscess in another, progressive multi-

ocal leukoencephalopathy in a third, and a severe
naerobic leg infection, leading to amputation, in a
ourth. These data suggest that prolonged immunosup-
ressive therapy should be used with caution in pa-
ients with CVI. Whether the chronic long-term immu-
osuppression required after organ transplantation is
afe for this patient group is not yet settled. Two sub-
ects of our group had prolonged graft survival (2.5 to 4
ears) after bilateral lung transplantation without se-
ere infections, but both developed chronic rejection
nd an undiagnosed bleeding disorder, characterized
y platelet dysfunction and pulmonary bleeding. Suc-

FIG. 4. Survival curves for male and female CVI subjects are gi
nd females in the United States (28).
essful liver and lung transplantation has been re- w
orted in CVI (38, 39) but long-term follow-up is not
vailable.
In this group, although 10 CVI women are known to

ave children with IgA deficiency, this is not likely to
eflect the true incidence of IgA deficiency in these
amilies, since family screening was not done on the

ajority of subjects. The predominance of female
ransmission of IgA deficiency in this setting has been
reviously reported (41). While several prominent ma-
or histocompatibility haplotypes have been found in
oth CVI and IgA deficiency (41, 42), most CVI subjects
tudied here have not had tissue typing. Whether one
r more genetic elements located in the MHC region
ontribute to the development of these immune defects
emains uncertain; however, for 16 multiplex families
ith dominant transmission of IgA deficiency and CVI,
o MHC linkage was discovered (43).
Almost all patients in this group have had a stable

mmunodeficiency, with serum immunoglobulins re-
aining similarly reduced over very long periods of

ime; however, four subjects included here displayed a
ifferent course. For each of these individuals, serum
mmunoglobulins (IgG, IgA, IgM) have become normal
ver a period of 18 months to 14 years. Two were girls
iagnosed in childhood after their father was found to
e profoundly hypogammaglobulinemic; the other two

in comparison to the expected survivals at the same ages for male
ven
ere adults. In all four cases, antibody production and
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46 CUNNINGHAM-RUNDLES AND BODIAN
mmunoglobulin levels are now normal. Spontaneous
esolution of immunodeficiency such as this has been
oted previously (44), suggesting that this immunode-
ciency is not always an intrinsically permanent B cell
efect, or that this more transient form cannot cur-
ently be distinguished from CVI.

The mortality in this CVI group is high, between 23
nd 27% over a median follow-up period of 7 years. In
ur previous report, we found that the mortality was
2% over a 13-year period (3). This prior report re-
ected more data for a period during which intramus-
ular immunoglobulin was the standard treatment
han the currently compiled information which in-
ludes data collected 15–18 years after IVIg was intro-
uced. While the currently presented data seem to
uggest that IVIg has not made an impact on mortality
n CVI, a number of subjects referred to this medical
enter in the past decade have been in poor medical
ondition. These CVI subjects, with more systemic dis-
ase, have most likely increased the overall mortality
ate for this patient group. In fact 16 subjects, included
n this series, died within 1 year of their first visit to
his medical center. An older report demonstrated a
2% mortality over a 13-year period, 1960–1973, (30);
more recent report showed a 30% mortality for a

roup of 240 CVI subjects followed over a 30-year pe-
iod (4). These mortality rates appear to exceed that for
LA, where the mortality in one study was 17% (45).
he reasons for the apparently increased mortality in
VI compared to XLA are unknown, although gastro-

ntestinal disease, lymphoma, and autoimmune dis-
ase are not commonly found in XLA (45). A potential
xplanation for these differences could be that the ad-
itional T cell defects in CVI may lead to immune
ysregulation and perhaps additional medical compli-
ations.

Additional studies were done to determine if any
pecific immune parameters were associated with ear-
ier diagnosis or poorer survival. Although females
ended to have a later onset of symptoms and to be
iagnosed later than male CVI subjects, after the di-
gnosis of immunodeficiency was made, the survival of
ales and females was similar, both being signifi-

antly reduced at all ages compared to U.S. population
urvival statistics (28). Similarly reduced survival
urves were found for another group followed in the
nited Kingdom, although comparisons of CVI sub-

ects to that expected for age-matched individuals in
he same population were not determined (4).

Since females had a later onset of symptoms and
ended to be diagnosed later than males, immuno-
ogical differences between males and females were
ought; females were found to have higher levels of
erum IgA, and especially serum IgM, than males at
he time of diagnosis. In addition, serum IgM levels

or females exceeded that for males at all ages. Se- o
um levels of IgM have been noted previously to be
igher in normal females than in males; earlier stud-

es found that the level of serum IgM appears related
o the number of X chromosomes (46, 47). Whether
he X chromosome influence is related to the higher
gM levels in CVI females is unknown; however, the
igher serum levels of IgM (and IgA) might afford
emales with some additional degree of antibody pro-
ection, leading to a delay in onset of symptoms.
erhaps related to this is the observation that
ounger patients of both sexes had significantly re-
uced levels of serum IgM compared to older CVI
ubjects; this is consistent with the view that more
ignificant immune impairment in these individuals
esulted in the earlier appearance of illnesses requir-
ng immunologic investigation and earlier diagnosis.
owever, these higher levels of serum IgM in fe-
ales appear not to enhance survival after diagno-

is, since survival curves for males and females were
imilar. Perhaps as another feature of retained B cell
unction, females were also more likely to develop
utoimmune disease; whether the immune differ-
nces between males and females may relate to the
reater numbers of B cell lymphomas, or in the ap-
arent excess of nodular lymphoid hyperplasia, in
emales is unknown.

The immunologic differences between the subjects
ho died, as opposed to those who survived during the

ollow-up period, were also sought. The subjects who
ied were more likely to have lower levels of serum IgG
t the time of diagnosis and poorer T cell proliferative
esponses to PHA. Serum IgG and proliferative re-
ponses to PHA were also closely associated with each
ther, suggesting that these immune functions are
oth interdependent and predictive of survival. How-
ver, the parameter most strongly associated with bet-
er or worse survival was the percentage of peripheral

cells. Reduced percentages of peripheral B cells have
een previously noted in some subjects with CVI (1–8,
8); in male subjects, exclusion of XLA is important.
he reason for the B cell deficiency in these CVI sub-

ects is unknown; however, accelerated peripheral B
ell apoptosis has been demonstrated for some CVI
ubjects and may be involved in B cell depletion (49).
ur data suggest that the immune mechanisms lead-

ng to a lack of circulating B cells signify an immune
mpairment associated with reduced survival.

At this point in time, the genetic causes of CVI and
he reasons for the widely differing clinical manifesta-
ions remain unknown. While pronounced antibody de-
ciency is the unifying parameter, there is accompany-

ng immune dysregulation, with T cell deficiency and
oorly controlled inflammation leading to additional

rgan damage and reduced survival.
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