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Abstract
Despite adequate infection prophylaxis, variation in self-reported quality of life (QOL) throughout the
intravenous immunoglobulin (IVIG) infusion cycle is a widely reported but infrequently studied
phenomenon. To better understand this phenomenon, immunode�ciency subjects receiving replacement
doses of IVIG were studied over 3 infusion cycles. Questionnaire data from 6 time points spread over 3
IVIG infusions cycles (infusion day and 7 days after each infusion) was collected in conjunction with
monitoring the blood for number of regulatory T-cells (Treg) and levels of 40 secreted analytes: primarily
cytokines and chemokines. At day 7, self-reported well-being increased, and self-reported fatigue
decreased, re�ecting an overall improvement in QOL 7 days after infusion. Over the same period,
percentage of Treg cells in the blood increased (p<0.01). Multiple in�ammatory chemokine and cytokine
levels increased in the blood by 1 hour after infusion (CCL4 (MIP-1b), CCL3 (MIP-1a), CCL2 (MCP-1), TNF-
α, granzyme B, IL-10, IL-1RA, IL-8, IL-6, GM-CSF, and IFN-γ). The largest changes occurred in subjects
initiated on IVIG during the study. A signi�cant decrease in IL-25 (IL-17E) following infusion was seen in a
majority of intervals among subjects already receiving regular infusions prior to study entry. These
�ndings con�rm IVIG “wear off” and provide a basis for the phenomenon. Secondary �ndings including
differences between IVIG-experienced and IVIG-naïve subjects and the novel �nding of suppression of IL-
25 levels in the blood following IVIG are identi�ed as novel immunomodulatory aspects of IVIG infusion
in immunode�cient patients worthy of further exploration.

Capsule Summary
IVIG "wear off" was assessed over the course of three infusion cycles by longitudinal analysis of blood
analytes.  Changes in levels of regulatory T cells and cytokines and chemokines were simultaneously
assessed. IVIG infusion had cyclic effects on QOL, regulatory T cells, and cytokines/chemokines that
warrant further investigation.

Introduction
Immunoglobulin (Ig) replacement either delivered intravenously (IVIG) or subcutaneously prevents
infection in primary immunode�ciency diseases (PIDD) with defects in antibody production [1] and is
used as an immunomodulatory and anti-in�ammatory therapy in a variety of diseases [2].  Particularly in
patients receiving IVIG for PIDD, it has been widely observed that patients experience a phenomenon of
“wear-off” in quality of life or feelings of well-being following infusion [3].  Wear-off occurs in patients
receiving IVIG every 3 to 4 weeks and is characterized by symptomatic improvement following infusion
with subsequent deterioration at some time preceding the subsequent infusion, typically the preceding
week. 

Varied immune parameters �uctuate in response to IVIG. Blood Treg and in�ammatory monocyte levels
transiently increase in the immediate post-infusion period.[4,5]  Chemokine and cytokine levels �uctuate
at varioius time points following IVIG infusion.[6] Longer-term changes in other immune lineages have
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also been associated with the initiation and continued use of IVIG infusion in immunoglobulin de�cient
populations.[7] These shifts suggest a dramatic interplay between IVIG and the immune system, one that
provides rationale for its use in a variety of immunode�cient and immunodysregulatory conditions. 

The implications of these transient immunologic alterations to clinical parameters have not been
investigated extensively, particularly in relation to IVIG wear off. To address this knowledge gap, we
sought to better understand the changes in immunologic parameters that occur over the time frame
during which QOL changes. This study was initiated to speci�cally better characterize changes in either
Treg numbers and/or blood cytokine and chemokine levels that occur around the times when IVIG wear
off are typically reported. In this cohort of immunode�cient patients, IVIG wear-off was indeed a common
phenomenon, and both Tregs and numerous chemokines and cytokines �uctuated in amount over the
time period when IVIG-wear off occurred.

Methods

Study Design
Subjects were monitored over the course of 3 infusion cycles beginning with a visit on the day of the
infusion and followed by a visit 7 days after the infusion (day 7). In total, there were 6 study visits. Blood
was drawn on infusion days both before (pre-infusion) and 1 hour after infusion completion (post-
infusion). On day 7, blood was drawn once. Questionnaires were administered on the day of infusion and
on day 7 (Fig 1). This sequence was repeated 3 times for a total of 3 cycles. 

Subjects
Subject data are presented in Table 1. The study was approved by the National Jewish Health IRB.
Twenty-one subjects signed an IRB-approved consent form to participate in the study. One subject failed
to meet enrollment criteria due to concurrent use of tocilizumab and was removed. Two subjects were
enrolled but were lost to follow up prior to completing study visits on at least 2 consecutive intervals. In
total, eighteen subjects with a clinical and laboratory diagnosis requiring replacement immunoglobulin
therapy were enrolled and completed the study with at least 2 evaluable intervals: 15 subjects completed
6 visits, 1 subject completed 5 visits, and 2 subjects completed 4 visits. The mean age at enrollment was
50.1 years ± 17.8 years. Twelve subjects (66.7%) were female. The diagnoses included: autosomal
dominant hyper IgE Syndrome (n=1), combined immunode�ciency (n=1), common variable
immunode�ciency (CVID) (n=10), X-linked agammaglobulinemia (XLA) (n=3), and unde�ned
hypogammaglobulinemia (n=3). The mean IVIG replacement dose was 494 ± 110 mg/kg. All subjects
received IVIG at 4-week intervals through the duration of the study. Three subjects initiated IVIG during the
study (naïve group, mean age 66.3 ± 10.5 years, all female). Twelve subjects received Gamunex-C
(Grifols) and 6 subjects received Privigen (CSL Behring).

Table 1
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Patient Demographics.

Subject Age
(yr)

IVIG Indication Sex IVIG Dose
(g/kg)

IVIG
Naïve?

# Study
Visits

01 67 Hypogammaglobulinemia Female 0.42 no 7

02 52 Combined
immunode�ciency

Male 0.59 no 7

03 72 Hypogammaglobulinemia Female 0.36 no 7

04 61 XLA Male 0.63 no 7

05 18 AD Hyper IgE Syndrome Female 0.73 no 4

06 51 CVID Female 0.48 no 7

07 60 Immunode�ciency Female 0.49 no 7

08 48 CVID Male 0.47 no 6

09 24 XLA Male 0.66 no 1

10 68 CVID Female 0.39 no 7

11 52 CVID Female 0.37 yes 6

12 60 CVID Female 0.51 no 7

13 33 XLA Male 0.50 no 7

14 32 CVID Female 0.72 no 7

15 31 CVID Female 0.39 no 7

16 33 CVID Male 0.40 no 7

17 20 XLA Male 0.54 no 5

18 77 CVID Female 0.38 yes 7

19 57 CVID Female 0.53 no 6

20 70 Hypogammaglobulinemia Female 0.50 yes 4

21 58 CVID Male 0.47 yes 2

 

Questionnaires
Subjects were administered two QOL questionnaires on the infusion day and day 7: a modi�ed SF-12 that
was adjusted to better capture perceived health over the week prior to administration of the questionnaire
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and a visual analog scale (VAS) (Fig S1). Questionnaires were administered once on each visit day. 

Measurement of Treg Levels
Peripheral blood mononuclear cells (PBMC) were separated from heparinized whole blood using density
gradient centrifugation and incubated with 20 mcL each of CD4-FITC, CD25-PE and CD3-PerCP-Cy5.5 (all
purchased from BD Biosciences, San Jose, CA) for 20 minutes. The cells were permeabilized and stained
with 20 mcL of anti-FoxP3-Alexa647 (BD Biosciences) for 30 minutes. Regulatory T cells were identi�ed
as CD3+CD4+CD25hiFoxP3+ lymphocytes, gating initially on lymphocytes based on forward- and side-
scatter, and were reported as a percentage of CD3+CD4+ T cells. 

Measurement of Blood Cytokines and Chemokines
Serum analytes were measured using the Luminex Human XL Cytokine Discovery Kit (R&D Systems) run
on the MAGPIX CCD imaging system (Luminex Corp.). Standard curves were generated using a 5-point
weighted logistic model using xPONENT 4.2 software. For the mixed model analysis, values below the
limit of detection (LOD) were removed. For the remainder of analysis, the lower of either LOD/2 or (lowest
measured value/2) were used.

Statistical Analysis
All analyses were performed in the R language (version 3.6.0) [8]. For ordinal questionnaire data,
relationships between infusion day and day 7 pre-infusion were analyzed using the clmm function from
the ordinal package (version 2019.4-25) [9] with random intercept by subject, probit link, and equidistant
cut-points, though similar results were found with the lmer function with Gaussian response. VAS scores
and Treg numbers were analyzed using the lmer function from the lme4 package (version 1.1-21) [10] with
random intercept by subject. Log-transformed cytokine and chemokine concentrations were analyzed
using the lmec function in the lmec package (version 1.0) [11] with random intercept by subject and left
censoring of concentrations below the assay limit of detection (LOD). The Benjamini-Hochberg procedure
was used to adjust p-values to control the rate of false discoveries among the cytokines and chemokines
[12]. Figures were produced with the following R packages: ggplot2, corrplot, and ggpubr.

In post-hoc analysis, VAS score was normalized to the subject mean. Kruskal-Wallis test was used to
assess correlation between VAS and SF-12 responses. For cytokine analysis, concentrations below the
LOD were substituted with the lesser of LOD/2 or the lowest detected value divided by 2 which varied by
cytokine/chemokine. Cytokine and chemokine concentrations were log-transformed prior to analysis. 

Results
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Self-reported QOL increases following IVIG infusion
Self-reported quality of life was assessed on the day of infusion — the presumed QOL nadir — and at day
7, when the positive effect of IVIG was likely to have onset and unlikely to have diminished (Fig 1).
Changes over this interval were modeled with random intercept by subject to control for inter-subject
variation. Under this model, the overall VAS score increased (improved) at day 7 (p=0.0003, Table 2, Fig
2a). In the modi�ed SF-12 questionnaire, fatigue (question 5) and general assessment of health for the
prior week (question 2) decreased (improved) over this same period (p=0.03, p=0.03, Table 2, Fig 2c & 2d).
We then tested for correlation between the VAS and individual items from the modi�ed SF-12. Changes in
VAS score were signi�cantly correlated with modi�ed SF-12 question 2 (health for the prior week) on day
7 (Kruskal Wallis, p=0.001, Fig 2b) but did not correlate with question 5 (fatigue) either at day 7 or as the
difference in fatigue scores between infusion day and day 7 (p=0.13, p=0.32, Fig S2). These �ndings
support the concept of IVIG “wear-off”. VAS scores were consistently lower on the day of infusion
compared to 7 days later. Question 2 of the modi�ed SF-12 con�rms this observation, as on day 7,
subjects reported their health was worse 7 days prior to questionnaire administration. In addition, fatigue
over the preceding week decreased from infusion day to day 7; however, fatigue scores did not correlate
with the VAS score or day 7 report of prior weeks. Therefore, the questionnaires captured two independent
quality of life measures – general health and fatigue – that changed from infusion day to day 7.

Table 2

Signi�cant Relationships Between QOL Measures on Infusion Day and Day 7.

Measure Coe�cients p-values CI_2.5 CI_97.5

Weekly Health (1-5 scale, 1 is high) -0.5088 0.0295 -0.9552 -0.0624

Suffer from fatigue? -0.4840 0.0320 -0.9154 -0.0527

VAS 4.6440 0.0003 2.1439 7.1441

Treg numbers increase following IVIG infusion
Treg numbers were measured at 3 time points during the cycle: before infusion, one hour after infusion
completion, and 7 days after the infusion. There were no signi�cant changes in numbers between the pre-
infusion and post-infusion blood draw; however, levels increased at the visit 7 days following the infusion
(p=0.01, Fig 3 and Fig S3A). We tested whether Treg levels on infusion day, day 7, or change from pre-
infusion to day 7 correlated with changes in VAS score or fatigue score over the same time interval. There
was no correlation between Treg levels and changes in VAS score or changes in fatigue score (Fig S3B &
S3C), suggesting either the absence of a relationship between increases in Treg numbers and the
assessed QOL measures, or insu�cient numbers of measurements to identify such a relationship.
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Changes in serum cytokine and chemokine levels during the
infusion cycle
Multiple changes in cytokine and chemokine levels occurred between the pre- and 1h post-infusion blood
draws. CCL2, CCL3, CCL4, TNF-a, granzyme B, IL-10, IL-1RA, IFN-g, IL-8, and CCL20 increased while IL-25
decreased (Fig S8). After strati�cation of naïve vs. IVIG-experienced subjects, (Fig 4) additional signi�cant
increases in IL-6 and GM-CSF and signi�cant decreases in EGF and CD40L were seen in IVIG-naïve
subjects. In IVIG-experienced subjects, CCL3, CCL4, and granzyme B were the only signi�cant cytokine
increases, with increases in CCL2, TNF-a, IL-10, IL-1RA, IFN-g, IL-8, and CCL20 no longer attaining
signi�cance. Interestingly, the decrease in IL-25 level identi�ed in the non-strati�ed subject sample was
entirely attributable to the non-naïve group and was not detected in IVIG-naïve subjects (Fig 4). Thus, IVIG
infusion in IVIG-naïve subjects was rapidly followed by an increase in a subset of in�ammatory cytokines
in the blood. In IVIG-experienced subjects, a partially overlapping set of changes was identi�ed with
similar but lower magnitude changes in CCL3, CCL4, and granzyme B, and a distinct decrease in IL-25
that was not detected in the naïve subjects.

To determine whether these changes represented large changes in few subjects or whether these changes
were widespread, a direction of change was assigned for each interval and the proportions of direction of
change were examined (Fig 5). CCL3, CCL4, granzyme B, TNF-a, and IFN-g increased for the majority of
pre-to-post infusion intervals, whereas IL-10, CCL2, IL-6, GM-CSF, IL-8, and IL-1RA were increased in only
the minority. Among the cytokines found to decrease signi�cantly, CD40 ligand, IL-25, and EGF decreased
for the majority of pre-to-post infusion intervals (Fig 5, Fig S4, Fig S5, Fig S6). These �ndings suggest that
increases in the levels of CCL3, CCL4, granzyme B, TNF-a, and IFN-g are typical changes in response to
IVIG infusion, as are decreases in CD40 ligand, IL-25, and EGF.

Comparing pre-infusion to day 7, no changes in cytokine levels reached statistical signi�cance of
adjusted p-value < 0.05; however, IL-25 trended towards a decrease during the interval (p = 0.051). As IL-
25 was decreased immediately after infusion, we further determined that the log-fold change in IL-25
between the pre-infusion and post-infusion time point was not different than the pre-infusion and day 7
time points (paired T-test, p=0.46, Fig S7). Therefore, in the IVIG-experienced group, IL-25 levels decrease
immediately following IVIG infusion and frequently remain low at least 7 days post-infusion. IL-25
decreases occurred in 55% of pre-to-post intervals and 58% of pre-to-day-7 intervals and increases
occurred in 30% of both intervals. Thus, IVIG infusions are frequently associated with immediate and
prolonged decreases in IL-25 in a subset of subjects.

Correlation analysis links clusters of cytokines
To better understand the relationship between cytokines, we calculated correlation coe�cients for
changes in cytokine/chemokine levels before and immediately after infusion. In IVIG-experienced
subjects, CCL2, CCL3, CCL4, TNFa, IL-8, IL-1RA, granzyme B, and IL10 were highly correlated (Fig 6). This
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suggests that these cytokines were secreted by the same cell or at least were induced in response to the
same stimulus. IL-25 was not correlated with this group of cytokines, indicating that decreases in IL-25
occurred independently of increases in the identi�ed in�ammatory cytokines and chemokines. 

Relationships between cytokine changes and QOL
measures
Changes in cytokine levels were tested for relationships with either the change in VAS or fatigue score
from infusion day to day 7. IVIG-naïve subjects were not evaluated independently as the number of
measurements was inadequate to power such an analysis. No linear relationship was seen between
change in VAS or change in fatigue score and any of the cytokines or chemokines that were signi�cantly
changed in the study. Since the largest changes in cytokine levels were detected in the small number (3)
of IVIG-naïve subjects, this result was not surprising but warrants further analysis in a larger cohort.

Discussion
The objective of this study was to better understand the IVIG "wear off" phenomenon by characterizing
changes in Tregs, cytokines, and chemokines in blood samples drawn around the times when wear off
occurs. Despite the small sample size, we identi�ed several aspects. We con�rmed that following
infusion of replacement doses of IVIG there is a decline in quality of life in a subset of patients over time.
We showed that Treg levels increase over 7 days following IVIG infusion. We showed that several serum
cytokines and chemokine levels change immediately and at the day 7 time point. We performed an
analysis to determine if these blood changes correlated with changes in QOL measures but were unable
to identify any clear relationship. In this patient cohort, IVIG improved measures of general health and
fatigue while simultaneously affecting Treg, chemokine, and cytokine levels, but the relationship between
these cytokine changes and self-perceived quality of life remains to de�ned.

The “wear off” phenomenon has been reported in multiple contexts[3,13,14], and patients with a primary
immune de�ciency disease often report a signi�cant diminished quality of life compared to their “normal”
counterparts. In this study, 50% of all intervals between day 7 and the next infusion were associated with
a decrease in VAS score. These intervals where worsening occurred involved a majority of patients (12 of
17, 70%) with evaluable intervals. Rojavin et al. reported “wear off” in 43% of patients on a 4-week cycle
but only in 10% of all cycles [3]. Our approach was different in that they analyzed QOL changes between
week 2 and the last week of dosing after decreases in QOL occurs which may account for some of the
differences in the two studies. Additional variation could arise from differences in the patient population,
length of IVIG treatment, and geography.

The impact of IVIG infusion on Treg cells has been studied extensively in the context of in�ammatory
disease and less so in primary immunode�ciency. The proportion of Tregs increased following high-dose
IVIG-treatment in patients with vasculitis[15,16], Guillain-Barre syndrome[17], and Kawasaki disease[18].
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Likewise, a prior report indicated an increased percentage of CD4 Treg 30 minutes following replacement-
dose IVIG infusion in CVID patients [4]. While we did not con�rm that Treg levels as a percentage of CD4 T-
cells increase immediately following infusion, we saw a signi�cant increase at the day 7 in patients
receiving replacement-dose IVIG. This change in Treg proportion did not appear to be associated with
QOL changes over the measured interval, suggesting that in this cohort, Tregs were not involved in the
process that drives improved QOL over the week following infusion. 

This study aimed to identify associations between cytokine changes and variation in QOL through the
IVIG cycle. Despite identifying quite large immediate cytokines changes, we did not �nd associations
between these changes and the reported QOL improvements. There a multiple likely reasons for this. First,
most cytokine changes were predominantly the result of the few IVIG-naïve subjects, whereas the
magnitude of cytokine changes in the IVIG-experienced group was of much lower magnitude. Second, the
low number of enrolled subjects restricts the power of the study to identify subtle correlations missed
here. Third, it is possible that timing of this relationship differs from that designed in the study, in that
additional analyte changes may be occurring between the infusion and day 7. In light of these
de�ciencies, it is impossible to rule out the possibility that a relationship between these cytokine changes
and QOL changes was missed.

Despite not �nding cytokine-QOL associations, this study identi�ed important and potentially relevant
changes in cytokine levels that follow IVIG infusion in patients with hypogammaglobulinemia. It has
previously been reported that in�ammatory cytokines such as TNF-α, IL-6 , IL-1RA, and IL-8 levels
increased following IVIG infusion in similar patient populations;[6,19] however, we have shown that these
changes predominate in IVIG-naïve subjects, suggesting an adaptation in experienced subjects that
diminishes these responses. At least part of this process remains active in IVIG-experienced subjects, as
evidenced by the statistically signi�cant increases in CCL3, CCL4, and granzyme B that persist, albeit at a
lower level. The timing of this adaptation has not yet been studied but is likely greater than 3 months, as
dramatic shifts in cytokines were still observable during the third infusion in the IVIG-naïve group. Another
novel �nding was the decrease in serum IL-25 level detected both after infusion and 7 days later in a
subset of IVIG-experienced subjects. IL-25, among other functions, ampli�es atopic in�ammation and is
produced by various cell types including epithelial cells, Th2 cells, alveolar macrophages, mast cells,
basophils, and eosinophils can produce IL-25.[20] The attenuation of levels of this cytokine provides a
partial rationale for the clinical e�cacy of IVIG in allergic disease.[21]

In summary, in this study, the QOL "wear off effect" following IVIG infusion was con�rmed, and although
several potentially-relevant factors were identi�ed, a clear role for these factors in this effect remain
elusive. In this cohort, increases in Treg levels and various serum chemokines and cytokines did not
correlate with reported improvement and subsequent deterioration in QOL throughout the IVIG cycle.
Nonetheless, novel �ndings regarding replacement-dose IVIG infusions were discovered particularly
relating to the differential response of IVIG-naïve vs. IVIG-experienced subjects. This constellation of
�ndings provides a framework for future work exploring the non-infectious physiologic alterations
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induced by IVIG infusions and how they relate to the feeling of well-being among the highly burdened
PIDD patient population.
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Figure 1
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Outline of study visits. Subjects participated in three identical cycles. Each cycle consisted of an infusion-
day visit and a day-7 visit (2 visits per cycle). Questionnaires were completed once per study visit day for
a total of 6 time points. Blood was drawn for Treg levels and blood analytes 3 times per cycle, twice on
the infusion day (before infusion and 1 hour after completion) and once at the day-7 visit.

Figure 2

Generalizable Improvement of QOL Measures on Day 7 vs. Infusion Day. A. Paired boxplot representing
the change in normalized VAS score from infusion day to the day-7 visit. The box borders represent the
�rst and third quartiles with the whiskers extending to 1.5*(interquartile range). Median is represented by
a horizonal line. VAS scores were normalized to Z-scores by subtracting the mean for each subject and
dividing by the standard deviation. B. Boxplot of response to question 2 from the modi�ed SF-12:
“Compared to the week before, how would you rate your health in general now?” vs. change in normalized
VAS score between infusion day and day 7. Box features as in 2A with mean scores are marked by a
short horizontal bar. Patients who reported no improvement (#3) or worsening (#4) of general health had
lower mean normalized VAS scores at day 7 and patients who reported improvement (#1 or #2) had
higher mean normalized VAS scores. C. Paired boxplot representing change in weekly-health score
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(question 2) between infusion day and day 7. Scores were normalized to the mean for each subject. D.
Paired boxplot representing change in fatigue scores (question 5) between infusion day and day 7.
Fatigue scores were normalized to the mean for each subject. Infusion day scores are enriched for
positive values (more fatigue) and day 7 scores are enriched for negative scores (less fatigue).

Figure 3

Proportion of T cells with Treg Phenotype Increases from Pre-Infusion to Day 7. Paired boxplot
representing the change in Tregs as a percentage of CD4+ T cells from the pre-infusion blood draw to day
7. P-value is derived from the random effects model of the relationship between day 7 and the pre-
infusion draw.
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Figure 4

Statistically-signi�cant Cytokine Changes Between the Pre-infusion and Post-infusion Blood Draws Plot
of the mean (dot) and con�dence interval (whiskers) for the coe�cients of the pre-infusion to post-
infusion interval. Subjects were separated by whether IVIG treatment was initiated during the study
(naïve) or if the subject was already receiving IVIG regularly (non-naïve). P-values for coe�cients were
adjusted by the Benjamini-Hochberg method. Adjusted p-values < 0.05 are highlighted in red.
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Figure 5

Proportions of Intervals Where Cytokines Change Varies Between Cytokines Stacked bar graph for each
cytokine found to change between the pre- and post-infusion measurements. Direction of change is
signi�ed by depth of color as shown in the �gure legend. "Up" signi�es a greater than 10% increase and
"down" signi�es a greater than 10% decrease.



Page 17/18

Figure 6

Correlations of Cytokines that Signi�cantly Change Between the Pre-infusion and Post-infusion Blood
Draws Pearson's correlation between cytokine pairs is indicated by color and size of dots. The larger and
deeper colored dots indicate a higher r value. The analytes were hierarchically clustered, and the black
boxes correspond to clusters generated at a level of 6 clusters.
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