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Abstract
Purpose Patients with antibody deficiency rely on immuno-
globulin products for protection against many vaccine-
preventable diseases. We measured antibody titers against
Bordetella pertussis and Neisseria meningitidis in patients re-
ceiving immunoglobulin (IG) therapy to determine if they
have any protection against infections from these organisms.
Methods In an unblinded, prospective assessment we mea-
sured antibody titers against B. pertussis filamentous hemag-
glutinin (FHA) and pertussis toxin (PT) antigens and
N. meningitidis serogroups A, C, W-135, and Y in patients
receiving immunoglobulin therapy for primary immune defi-
ciency (PI).Wemeasured steady state levels in patients receiv-
ing subcutaneous immunoglobulin therapy while in patients
receiving intravenous immunoglobulin therapy we measured
titers immediately before and after infusion to more clearly
define the contribution of the infused product.
Results Thirty subjects, 17 females and 13 males, participated
in the study, 22 were receiving intravenous IG products and 8
were receiving subcutaneous IG products. Diagnoses included
common variable immunodeficiency in 12, combined immu-
nodeficiency in 6, specific antibody deficiency in 6, X-linked

agammaglobulinemia in 4 and ataxia telangiectasia and hyper-
IgE syndrome in one each. All subjects had detectable IgG
antibodies against the pertussis antigens measured and most
had antibody to the meningococcus serotypes measured.
However, only 26.6 % had protective levels (>=2 mcg/mL)
against serogroup C at trough or steady state.
Conclusions Patients receiving immunoglobulin therapy have
antibodies against B. pertussis and most of them have antibod-
ies against the four measured serogroups of N. meningitidis.
There is significant variability in the levels of antibody be-
tween patients and the low titers against group C may suggest
a role for active immunization in those who may respond to
conjugated polysaccharide vaccine administration.
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Introduction

Patients with deficiencies or dysfunctions in their humoral
immune responses rely on regular infusions of human immu-
noglobulin (IG) for protection against infectious diseases.
These immune deficiencies include, among others: common
variable immune deficiency (CVID), X-linked agammaglob-
ulinemia (XLA) and selective antibody deficiency (SAD), as
well as combined immune deficiency (CID), severe combined
immune deficiency (SCID), ataxia telangiectasia, and some
patients with HIV-1 [1]. IG is manufactured from plasma ob-
tained from healthy donors and contains antibodies against
many organisms for which there are effective vaccines
[1–3]. At the present time, however, the donor population
from which IG is prepared may be largely underimmunized
against B. pertussis and N. meningitidis, and it is not known if
and to what degree IG products contain antibodies against
these organisms. Two patients with PI who developed
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meningococcal sepsis while on appropriate IG replacement
therapy [4] raise the question of whether patients receiving
IG therapy are protected against this and other vaccine pre-
ventable organisms.

The objective of this study was to determine the pres-
ence and levels of antibodies against B. pertussis and
N. meningitidis, the causative organisms for pertussis
and meningococcal meningitis, respectively, in patients
receiving IG replacement therapy for PI.

Methods

Patients receiving IG replacement therapy in a hospital-based
office setting were invited to participate in this research study.
The study was approved by the institutional review board and
written informed consent was obtained from all patients or
parents/legal guardians. Those that accepted had blood drawn
for research purposes at the time of venipuncture for standard
laboratory monitoring during a clinic visit. Medical records
were reviewed; data extracted included age at time of study,
most recent IgG trough level, route of IG therapy, IG product
infused, diagnosis as indication for IG therapy, and past re-
ceipt of vaccination against B. pertussis or N. meningitidis, if
any. For each subject receiving intravenous immunoglobulin
(IVIG), pre- and post-infusion samples were collected. This
allowed clear differentiation of the contribution of IVIG to the
measured antibody levels and identification of potential loss
of protection at the Btrough^ of IgG. For each subject receiv-
ing subcutaneous immunoglobulin (SCIG), the antibody
levels were assumed to approximate steady state [5] and to
provide an indication of antibody persistence throughout in-
fusion intervals. Antibody levels against B. pertussis and
N.meningitidiswere measured at Focus Diagnostics, Inc. (Cy-
press, CA – owned by Quest Diagnostics, Madison, NJ) using
a microsphere-based multianalyte immune detection (MAID)
system [6]. This methodology was developed primarily to
define antibody responses to specific vaccines (Focus Diag-
nostics Technical Summary, accessed online October 29,
2011). As no clear serologic threshold for protective immunity
to B. pertussis and N. meningitidis has been defined with the
MAID system, results of this study defined qualitatively
whether IG infusions provide detectable antibodies to patients
with PI. Results below the detectable range for the assay were
assigned a number between zero and the minimum detectable
level; levels above the quantifiable range were assigned the
maximum distinguishable level.

We calculated the median and interquartile range for pa-
tients getting IVIG and SCIG for each of the eight antibodies
tested, then we calculated the differences between peak and
trough for patients receiving IVIG and used the sign test to
assess the statistical significance of this difference. Because of
the inherent 15 % variability in this test (Quest Diagnostics,

personal communication J.C.) we also looked at the propor-
tion of patients with more than a 15 % rise in titers and calcu-
lated 95 % confidence intervals for this proportion.

Results

We enrolled 30 patients, 22 of whom were receiving IVIG
therapy and 8 of whom were receiving SCIG therapy. There
were 17 females and 13 males, ages 2–57 years old. The
patients in the study had a variety of underlying primary im-
mune deficiencies, including CVID (n=12), CID (n=6), spe-
cific antibody deficiency (n=6), XLA (n=4), ataxia telangiec-
tasia (n=1), and hyper IgE syndrome (n=1). Of the patients
receiving IVIG, 15 were using Privigen 10%TM (CSL Beh-
ring, King of Prussia, Pennsylvania), 5 patients were receiving
Gammagard Liquid 10%TM (Baxter, Deerfield, Illinois), 1
used Carimune NFTM (CSL Behring), and 1 patient was on
GammunexTM (Grifols, Los Angeles, California). Of the pa-
tients on SCIG, 7 were on HizentraTM (CSL Behring) and 1
was on GammunexTM (Grifols). The patients receiving IVIG
had a mean trough IgG level of 1180mg/dL (range 632–1760)
and those receiving SCIG had a mean steady state level of
1262 mg/dL (range 949–1680). All patients in our clinic re-
ceive a minimum immunoglobulin dose of 0.5 g/kg per
month, which is titrated up as needs be to maintain an ade-
quate trough total IgG level. All 30 patients showed evidence
of IgG against the pertussis antigens measured, FHA and PT.
The patients receiving IVIG therapy each demonstrated a rise
in titers greater than 15 % in their IgG titers for FHA and PT
post-infusion and the differences between the peaks and
troughs were statistically significant (Table 1). The confidence
interval for each of these antibodies rising more than 15 %
above trough levels was 84.6–100 %. Titers of IgA against
FHA and PT were undetectable in most patients, and when
there were detectable levels there was no significant change
between peak and trough, suggesting that subjects had pre-
existing exposure to B. pertussis or B. pertussis vaccine.

For meningococcus, 28 of the 30 patients had detectable
levels of antibodies against all the serotypes measured. How-
ever, the percentages of patients having titers over 2 mcg/mL,
the presumed protective level, were low for serotypes C and
W-135 (Table 2). Of the 28 patients with titers there were 20
patients receiving IVIG, two of them had titers above the
quantifiable range of the assay for both peak and trough for
two serotypes each. Therefore we cannot determine the con-
tribution of IVIG to the antibody levels for those serotypes in
those two patients, so we analyzed the data without them but
included the patients that didn’t have detectable antibody
(Table 3). Two patients demonstrated no measurable antibody
against the four meningococcal serotypes tested at both peak
and trough despite having a threefold rise in titers of IgG
against FHA and PT post-infusion; both patients had CVID
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but each received different intravenous formulations of IG.
However, other patients receiving these same products had
antibodies against these antigens.

No specific trends were noted with relation to titers and
underlying diagnosis or IG product infused. We collected per-
tussis and meningococcal immunization history from these
patients, but for many of the patients we were unable to get
a complete history that included the vaccine given and the date
it was administered. For this reason we have not included
these data in the manuscript.

Discussion

The primary mechanism of protection against pertussis and
meningococcal infection is likely antigen-specific antibody
[7], so it is reasonable to try to protect antibody-deficient
patients from these diseases with IG replacement therapy. Un-
fortunately there is no widely accepted protective antibody
level for pertussis. There is, however, evidence to show that
risk of infection is inversely proportional to concentration of
antibodies against PT and pertactin (a third vaccine protein,
not measured in this study) [8]. In meningococcal infection,

the commonly referenced protective antibody level is 2 mcg/
mL. This value is based on a study done by the Finnish mil-
itary showing that their adult population had a very low rate of
meningococcus A infection and that 60 % of them had titers
over 2 mcg/mL to meningococcus A [9]. This has been em-
pirically extrapolated to the other serotypes with the assump-
tion that they would require the same titers for protection.
Thus we chose to examine the antibody levels in our subjects
to determine if they had levels of antibodies that suggested
protection against these diseases.

For pertussis, we found that subjects universally have
IgG against FHA and PT, which implies some level of
immunity against pertussis. The presence of these anti-
bodies in patients that cannot make IgG due to XLA or
SCID, the consistent increase in titers after IV infusion of
IG therapy, and the lack of IgA to these antigens in the
presence of IgG against them all support the conclusion
that the IG therapy is the source of the antibody. This
universal presence of pertussis antibodies is consistent
with the observation that to our knowledge severe pertus-
sis has not been reported in patients receiving IG replace-
ment therapy for PI.

Similarly for meningococcal antigens we found that 28 of
30 patients had measurable antibody against the four sero-
types we tested. This implies that most patients on IG replace-
ment therapy are afforded some protection against these two
diseases. Patients in our study had lower titers against
serogroups C and W-135, with only about a quarter of indi-
viduals having levels≥2 mcg/mL against serogroup C and
10 % having≥2 mcg/mL against serogroup W-135 at trough
or steady state sampling (Table 3). This is potentially
concerning because serogroups C and B are the main causes
of meningococcal outbreaks in the US. Of note, both of the
reported patients with CVID that suffered from meningococ-
cal infections [4] were receiving SandoglobulinTM, now

Table 1 Summary of Antibody Measurements in Patients Receiving IVIG (n=22)

Trough Measurements Peak Measurements Peak-Trough Differences Sign Test

Median Q1 Q3 Median Q1 Q3 Median Q1 Q3 P value

BP PT IgG (IU) 5 4 8 18.5 12 23 12.5 8 16 <.0001

BP PT IgA (IU) 0.8* 0.8* 1 0.8* 0.8* 1 0 0 0 1.0000

BP FHA IgG (IU) 39 26 56 109 85 156 74 52 97 <.0001

BP FHA IgA (IU) 0.9 0.8* 4 1 0.8* 5 0 0 0 0.7266

NM Sg A (mcg/mL) 4.5 3.5 7.5 10.7 7.5 17.5 4.95 4 8.7 <.0001

NM Sg C (mcg/mL) 1.2 1 2.1 2.8 2.2 4.3 1.5 1.2 2.9 <.0001

NM Sg Y (mcg/mL) 2.65 1.9 4 7.15 4.6 10.2 4.15 2.2 5.2 <.0001

NM Sg W-135 (mcg/mL) 0.8 0.6 1.2 1.9 1.5 3 0.9 0.6 1.4 <.0001

*Antibody levels below the assay’s threshold of detection are assigned non-zero values - this may not represent the presence of antibodies

BPBordetella pertussis,NMNeisseria meningitidis, FHA filamentous hemagglutinin, PT pertussis toxin, Sg serogroup,Q1 top value of first quartile,Q3
top value in third quartile

Table 2 Percentage of patients protected against each tested
meningococcus serotype at trough or steady statea measurement (n=30)

Serogroup of N. meningitidis A C Y W-135

Percentage of Patients protectedb 93.3 % 26.6 % 80 % 10 %

a In patients receiving IVIG we got trough levels and in patients receiving
subcutaneous immunoglobulins we got steady state levels
b This assumes that titers>= 2 mcg/mL are protective – the validity of this
assumption is discussed in the accompanying article
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known as CarimuneTM (CSL Behring) in the US. However
these two infections occurred over a decade ago in the
United Kingdom and were caused by N. meningitidis
serogroup B, which is not in any of the meningitis vaccines
currently approved in the US. One of our patients was
receiving CarimuneTM and demonstrated titers suggestive
of protection against all four serotypes in current meningo-
coccal vaccines.

The variability in measured titers raises questions about
variation within a single formulation of IG, as two patients
without antibody against meningococcus were receiving prod-
ucts shared by other participants in this study who had anti-
meningococcal antibodies from the IG they received. One
approach to addressing this would be for manufacturers of
IG products to label batches with relevant antibody concen-
trations that are known to be variable. The low levels of anti-
body against Neisseria meningitidis serogroup C are particu-
larly concerning as this is the most relevant meningococcal
serotype for North American patients. This suggests that pa-
tients receiving IG therapy but who nevertheless may be able
to respond to conjugated polysaccharide vaccines may benefit
from meningococcal immunization. Furthermore, clini-
cians treating patients with IVIG cannot assume that their
patients are fully protected against specific infections un-
less protective levels of antibody are demonstrated in the
product.
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