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A B S T R A C T   

Polyethylene glycol (PEG) is a biocompatible polymer used in biotherapeutics to increase bioavailability, reduce 
the frequency of administration, and optimize pharmacokinetics. Anti-PEG antibodies have been detected in 
healthy individuals and may decrease efficacy and alter the pharmacokinetics of PEGylated therapeutics; how-
ever, the prevalence of anti-PEG antibodies is unclear. In this study, a flow cytometry assay was optimized to 
detect anti-PEG IgG and IgM in human blood plasma. Three hundred (300) plasma samples from healthy blood 
donors were screened; anti-PEG IgG or IgM was detected in 65.3% of the total population, with 21.3% having 
anti-PEG IgG, 19.0% having anti-PEG IgM, and 25.0% having both anti-PEG IgG and IgM. The presence of anti- 
PEG IgG and IgM was confirmed using a 0.5% Tween-20 interference assay, a 20 kDa PEGylated polystyrene 
bead binding assay, and Western blotting of purified plasma from human IgG and IgM purification columns. The 
concentrations of anti-PEG IgG and IgM in positive samples ranged from 39 ng/mL to 18.7 μg/mL and 26 ng/mL 
to 11.6 μg/mL, respectively. The highest prevalence of both anti-IgG and anti-IgM was in individuals 18–24 years 
of age. The prevalence of anti-PEG IgG and IgM tended to be higher in women but did not differ among races. 
Age, sex, and race were not associated with the concentrations of anti-PEG IgG or IgM. No correlation was found 
between anti-PEG IgG and IgM concentrations. Our study indicates that flow cytometry can be used to detect 
anti-PEG IgG and IgM antibodies in human plasma.   

1. Introduction 

Polyethylene glycol (PEG) is a biocompatible synthetic polymer 
composed of repeating ethylene oxide subunits that is used in PEGylated 
therapeutics, nonprescription medicines, cosmetics, personal care and 
household cleaning products, and foods [1,2]. PEGylation is the process 
of either covalently or non-covalently linking a high-molecular-weight 
(MW) PEG to an agent (drug or therapeutic peptide/protein), and is 
commonly used to increase the serum half-life of drugs or proteins/-
peptides, improve efficacy, and reduce the immunogenicity of the pro-
teins/peptides [3]. To date, at least 20 PEGylated therapeutics have 
been approved for use in humans [4] and most of them have been used 
in the treatment of various diseases for over a decade. 

Although PEG is generally considered to be non-immunogenic, 
several reports have demonstrated a potential immunogenicity of PEG 
[5,6]. An early study observed antibody formation against PEG in rab-
bits immunized with PEG-linked proteins [7]. A single intravenous 

administration of PEGylated bovine serum albumin, ovalbumin, or 
adenovirus produced an anti-PEG IgM response in Wistar rats [8]. 
Repeat injections of PEGylated solid lipid nanoparticles in mice and 
beagles induced an unexpected anti-PEG immunogenic phenomenon of 
accelerated blood clearance [9,10]. 

Anti-PEG antibodies have been detected in patients after exposure to 
PEGylated therapeutics [11–15]. In most instances, the anti-PEG anti-
bodies had little to no impact on the safety or efficacy of the therapeu-
tics. However, in some situations, anti-PEG antibodies altered the 
pharmacokinetics, including half-life, clearance, maximum concentra-
tion, and area-under-the-curve, and affected the efficacy of the PEGy-
lated agents [11,16–19]. Moreover, anti-PEG antibodies have been 
linked to acute severe allergic reactions to the PEGylated RNA aptamer 
pegnivacogin [20,21]. They have also been associated with adverse ef-
fects, such as gout flares and mild-to-moderate pain, cellulitis, and ur-
ticaria at the injection site following subcutaneous injection of 
mammalian PEG-uricase [11]. Thus, anti-PEG antibodies may be a 
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concern for the efficacy and safety of PEGylated therapeutics. 
Unlike other antidrug antibodies, anti-PEG antibodies in humans 

have been found in healthy individuals who have never been treated 
with PEGylated therapeutics [22]. The existence of anti-PEG antibodies 
in healthy untreated individuals could also be a significant factor 
affecting the efficacy and safety of PEGylated therapeutics. Thus, recent 
FDA guidelines recommend screening of anti-PEG antibodies in patients 
when evaluating the potential immune response of PEGylated thera-
peutics [23]. 

Assays for analyzing and characterizing anti-PEG antibodies are still 
being developed. The prevalence of anti-PEG antibodies has varied 
dramatically from < 1% to 72% in healthy untreated individuals [16,20, 
24–26]. This variation may be due to differences among subjects and to 
the use of a variety of assays, such as immunodiffusion, passive hem-
agglutination, bridging assays, and enzyme linked immunosorbent as-
says (ELISAs), and competitive ELISAs, that can have different 
sensitivities and specificities [7,8,14,24,26–28]. The lack of positive 
human anti-PEG antibody standards also makes it difficult to compare 
results of anti-PEG antibodies from different studies. Recently, a few 
positive chimeric human anti-PEG antibodies have been generated and 
characterized [24,26]. In the current study, we optimized a flow 
cytometry assay [17] to analyze the prevalence and concentrations of 
anti-PEG antibodies in human plasma and applied the method to 300 
plasma samples from healthy blood donors. The detection of anti-PEG 
antibodies in healthy blood donors was validated using a 0.5% 
Tween-20 interference assay, a 20 kDa PEGylated polystyrene bead 
binding assay, and Western blotting of purified plasma from human IgG 
and IgM purification columns. 

2. Methods and materials 

2.1. Reagents and antibodies 

Human chimeric anti-PEG antibodies cHu6.3-IgG and cAGP4-IgM 
were obtained as described in previous studies [24,26]. TentaGel™ M 
OH beads (particle size 10 μm), horseradish peroxidase (HRP)-conju-
gated goat anti-human IgM (μ-chain specific) secondary antibody, and 
HRP-conjugated goat anti-human IgG (γ-chain specific) secondary 
antibody were purchased from Sigma-Aldrich (St. Louis, MO). Fluores-
cein isothiocyanate (FITC)-conjugated goat anti-human IgM (μ-chain 
specific) secondary antibody was purchased from Novus Biologicals 
(Centennial, CO). FITC-conjugated goat anti-human IgG (γ-chain spe-
cific) secondary antibody was purchased from Thermo Fisher Scientific 
(Waltham, MA). Linear methoxy PEG with molecular weights (MWs) of 
40 and 60 kDa were purchased from JenKem Technology USA, Inc. 
(Plano, TX). 

2.2. Plasma samples 

Plasma samples (n = 300) of healthy blood donors were purchased 
from BioIVT (Hicksville, NY). The characteristics of the donors are listed 
in Table 1. The ages of these healthy blood donors ranged from 18 to 77 
years (median age of 38 years). Plasma samples were stored at − 80 ◦C 
until analysis. 

2.3. Flow cytometry assay 

To analyze anti-PEG antibodies in plasma samples, a previously 
described flow cytometry assay [17] was slightly modified. Specifically, 
TentaGel™ M OH beads were used without sonication, the reaction was 
conducted by shaking at 800 rpm with an Eppendorf Thermomixer R 
(Eppendorf North America, Hauppauge, NY), and the TentaGel™ M OH 
beads were incubated with diluted human plasma (10 μL plasma and 40 
μL 5% BSA) for 1 h. All other experimental conditions were the same as 
described by Armstrong et al. [17]. After the beads were stained for 
bound IgG or IgM with a specific FITC-conjugated anti-human IgG or 

IgM secondary antibody, the beads were washed three times with PBS 
and analyzed on a Beckman Coulter CytoFlex flow cytometry (Indian-
apolis, IN). Data were acquired and analyzed using CytExpert 1.2 Soft-
ware (Beckman Coulter). The forward-scatter (FSC) signal and the 
side-scatter (SSC) signal were measured in the linear mode, with a 
gain of 20 for FSC and 30 for SSC. FITC fluorescence was detected on a 
logarithmic scale. A total of 10,000 beads was analyzed for each sample. 
The mean fluorescence intensity was used to analyze the presence or 
absence of anti-PEG antibodies in plasma. cHu6.3-IgG (1:500) and 
cAGP4-IgM (1:500) were the positive anti-PEG antibody standards and 
5% BSA was used as a negative control. The FITC-conjugated anti--
human IgG and IgM secondary antibodies were affinity-purified and 
further tested by flow cytometry to ensure no cross-reaction with other 
human immunoglobulins. All wash and incubation steps were per-
formed using PBS without any surfactant. 

The intra-assay variation coefficient was < 5% for both positive anti- 
PEG antibody standards from more than three analyses within 1 day; the 
inter-assay variation coefficient was 9.7% and 15.9% for cHu6.3-IgG 
and cAGP4-IgM, respectively, from more than six independent experi-
ments performed over one month. 

Both cHu6.3-IgG and cAGP4-IgM standard curves were constructed 
by plotting the mean fluorescent intensity versus the antibody concen-
tration. The relative concentration of anti-PEG IgG and IgM was calcu-
lated by comparison to the cHu6.3-IgG or cAGP4-IgM standard curves, 
respectively. The detection limit was 35 and 25 ng/mL for cHu6.3-IgG 
and cAGP4-IgM, respectively. 

2.4. Validation assays 

Three assays, i.e., a 0.5% Tween-20 interference assay, a 20 kDa 
PEGylated polystyrene beads binding assay, and Western blotting of 
purified plasma from human IgG and IgM purification columns, were 
used to confirm the detection of anti-PEG antibodies in the healthy blood 
donors. 

In the interference assay, all procedures were performed as in the 
flow cytometry assay described above, except for using PBS containing 
0.5% Tween-20 in the incubation of TentaGel™ M OH beads with 
plasma samples or positive anti-PEG antibody standards. 

In the binding assay, 25 μL of 2% (w/v) 20 kDa PEGylated poly-
styrene beads (particle size 3 μm) (Creative PEG Works, Research Tri-
angle Park, NC) were incubated with human plasma (10 μL plasma and 
40 μL 5% BSA) or positive anti-PEG antibody standards (1:500) and 125 
μL PBS at room temperature with shaking at 800 rpm for 1 h. The beads 
were then centrifuged at 5000 g for 2 min and the supernatant (175 μL) 
was incubated with the TentaGel™ M OH beads as in the flow cytometry 
assay described above. 

In the third validation assay, human plasma samples (400 μL or 
various amount of plasma diluted in 5% BSA to 400 μL) or 400 μL of 
positive anti-PEG antibody standards (1:500) were added to equilibrated 

Table 1 
Characteristics (sex, age, and race) of healthy 
blood donors.  

Sex Number 

Female 116 
Male 184 
Age* (years) Number 
18 - 24 41 
25 - 64 253 
≥ 65 5 
Race Number 
Caucasian 18 
Hispanic 134 
Black 142 
Asian 1 
Unknown 5  

* The age of one male was not known. 
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microspin columns prefilled with 100 μL LigaTrap® human IgG or IgM 
purification resin (LigaTrap Technologies, Durham, NC) and mixed 
overnight at 4 ◦C. Human IgG or IgM was then purified following the 
manufacturer’s instructions. The eluent from the microspin columns was 
diluted in 5% BSA (1:50 – 1:1,000) and subjected to Western blotting. 

2.5. Western blotting 

PEG with MWs of 40 kDa (125 ng per well) and 60 kDa (62.5 ng per 
well) was loaded into 6% Bis-Tris gels, separated by gel electrophoresis, 
and transferred onto a polyvinylidene difluoride membrane. The mem-
branes were blocked with 5% BSA and incubated with human positive 
anti-PEG antibody standards (cHu6.3-IgG, 1:25,000; cAGP4-IgM, 
1:10,000) or the eluent from human IgG or IgM purification microspin 
columns, followed by a specific HRP-conjugated anti-human IgG 
(1:30,000) or IgM (1:15,000) secondary antibody. The washing solution 
did not contain any polyoxyethylene-type nonionic detergents, such as 
Tween-20. The blots were detected by chemiluminescence using 
Immobilon Western HRP Substrate (Millipore, Billerica, MA), a Fluo-
rChem R System (ProteinSimple, San Jose, CA), and Digital Darkroom 
software for acquisition & analysis (ProteinSimple). 

2.6. Statistical analyses 

Statistical analyses were performed using SigmaPlot 13.0. Variations 
in the prevalence of anti-PEG IgG or IgM antibodies with respect to sex, 
race, or age were assessed using Chi-square analysis. For the positive 
plasma samples, a one-way ANOVA was used to analyze the differences 
in the concentrations of anti-PEG IgG or IgM antibodies with respect to 
sex, race, or age. If the normality or equal variance tests failed, the 
analysis was conducted using a Kruskal-Wallis one-way ANOVA on 
ranks test. A Pearson Product Moment Correlation analysis was con-
ducted to determine the correlation between the levels of anti-PEG IgG 
and IgM antibodies. The results were considered significant at p < 0.05. 

3. Results 

3.1. Anti-PEG antibodies in healthy blood donors 

A flow cytometry assay was optimized to measure the prevalence and 
levels of anti-PEG IgG and IgM in human plasma. As shown in Fig. 1a, 
positive anti-PEG antibody standards, i.e., cHu6.3-IgG (1:25,000) and 
cAGP4-IgM (1:10,000), strongly bound to 40 and 60 kDa PEGs. The 
representative histograms shown in Figs. 1b and 1c demonstrate that 
cHu6.3-IgG (1:500) and cAGP4-IgM (1:500) had much higher fluores-
cent intensity than the negative control (5% BSA). 

After the complete analysis of the 300 plasma samples, a cutoff-point 
was established. The cutoff-point was equal to the mean fluorescent 
intensity of the negative control of each experiment plus 3 standard 
deviations, which were calculated from the fluorescent intensity of the 
negative controls for all the experiments. The plasma was considered 
positive for anti-PEG IgG or IgM if the mean fluorescent intensity in 
plasma from a healthy blood donor was higher than the established 
cutoff-point (Figs. 1b and 1c). Anti-PEG IgG or IgM was detected in 
65.3% of the 300 healthy blood donors, with 21.3% having anti-PEG 
IgG, 19.0% having anti-PEG IgM, and 25.0% having both anti-PEG 
IgG and IgM. 

The concentrations of anti-PEG IgG and IgM in human plasma sam-
ples were calculated by comparison to the cHu6.3-IgG and cAGP4-IgM 
standard curves. The standard curves of cHu6.3-IgG and cAGP4-IgM 
were determined in at least three independent experiments and had a 
linear correlation coefficient ≥ 0.991 (Supplemental Fig. 1). The con-
centrations of anti-PEG IgG and IgM in positive human plasma samples 
ranged widely, with a mean of 0.88 and 0.93 μg/mL (median of 0.26 and 
0.31 μg/mL) for anti-PEG IgG and IgM, respectively (Fig. 2). There was 
no correlation between the concentrations of anti-PEG IgG and IgM. 

The concentrations of antidrug antibodies have been associated with 
altered pharmacokinetic parameters in clinical trials of monoclonal 
antibodies [29]. According to the antibody concentration, positive 

Fig. 1. (a) Western blotting of positive anti-PEG antibody standards (cHu6.3-IgG, 1:25,000; cAGP4-IgM, 1:10,000). Lane 60 kDa PEG: 62.5 ng; lane 40 kDa PEG: 125 
ng. Representative flow cytometry histogram overlay plot showing the detection of anti-PEG IgG (b) and IgM (c). TentaGel™ M OH beads were incubated with 
negative control (5% BSA, red), cHu6.3-IgG or cAGP4-IgM positive standard (green), and human plasma samples (negative, teal; pink, low-level anti-PEG IgG or IgM; 
black, medium-level anti-PEG IgG or IgM; blue, high-level anti-PEG IgG or IgM) as described in the Materials and Methods. The dashed line in b and c indicates the 
cutoff-point. 
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plasma samples were categorized as low (< 100 ng/mL), medium 
(100–500 ng/ml), and high (> 500 ng/mL) [29]. The prevalence of 
blood donors with a low level of anti-PEG IgG and IgM was 8.3% and 
5.3%, respectively. The prevalence of blood donors with medium and 
high levels of anti-PEG IgG and IgM was comparable (medium-level: 
22.7% vs 21.7%; high-level: 15.3% vs 17.0%). 

3.2. Validation of anti-PEG antibodies in healthy blood donors 

The detection of anti-PEG IgG or IgM in human plasma was validated 
using three different assays. Due to the structural similarity of PEG and 
polyoxyethylene type nonionic detergents, 0.5% Tween-20 was used in 
an interference assay. Tween-20 completely inhibited the binding ac-
tivity of cHu6.3-IgG to TentaGel™ M OH beads (Fig. 3a) and caused an 
approximately 70% decrease in the fluorescent intensity of cAGP4-IgM 
(Fig. 4a). Due to the interference of Tween-20, the fluorescent in-
tensity of anti-PEG IgG or IgM positive plasma samples returned to or 

near to the background level of the negative control (Figs. 3b and 4b). 
An interference effect of 0.5% Tween-20 on anti-PEG IgG or IgM nega-
tive plasma samples was not observed. 

Preincubation of 20 kDa PEGylated polystyrene beads with cHu6.3- 
IgG or cAGP4-IgM led to a loss > 95% their fluorescent intensity, indi-
cating a strong reactivity of anti-PEG IgG or IgM with 20 kDa PEGylated 
polystyrene beads (Figs. 3a and 4a). Following the preincubation, most 
(88%) anti-PEG IgG positive plasma samples exhibited ≥ 70% decrease 
in fluorescent intensity and other positive plasma samples lost 40–70% 
in fluorescent intensity (Fig. 3b). With anti-PEG IgM-positive plasma 
samples, the preincubation decreased their fluorescent intensity > 90% 
(Fig. 4b). There was no decrease in fluorescent intensity upon pre-
incubation of anti-PEG IgG or IgM negative plasma samples. 

To confirm further the detection of anti-PEG IgG or IgM in healthy 
blood donors, Western blotting assay of purified plasma from human IgG 
and IgM purification columns was performed. Five plasma samples from 
the negative and low-level groups and 10 plasma samples from the 
medium- and high-level groups were purified. As shown in Figs. 3c and 
4c, eluent of cHu6.3-IgG, cAGP4-IgM, or medium- and high-level plasma 
samples from the purification column gave distinct bands of 40 and 60 
kDa PEGs. On the other hand, no band was observed from the negative 
plasma samples eluent (BRH1549229 and BRH1549339) (Figs. 3c and 
4c). Of the five low-level plasma samples purified, only one plasma 
produced faint bands of 40 and 60 kDa PEGs when assessed with anti- 
PEG IgG and none had detectable bands of 40 and 60 kDa PEGs with 
anti-PEG IgM (data not shown), indicating that the validation assay 
might not be sufficiently sensitive to detect low levels of anti-PEG an-
tibodies. These data verified the detection of anti-PEG IgG or IgM human 
plasma samples as analyzed by the optimized flow cytometry assay. 

3.3. The correlation of sex, race, or age with anti-PEG antibodies in 
healthy blood donors 

The relationship between the prevalence or concentrations of anti- 
PEG IgG or IgM and donor characteristics, including sex, age, or race, 
was analyzed. Of the 300 healthy blood donors, 139 donors (46.3%) and 
132 donors (44.0%) had detectable anti-PEG IgG and IgM, respectively. 
Female donors had a higher prevalence of anti-PEG IgG (53.4%) and IgM 

Fig. 2. The concentrations of anti-PEG IgG and IgM antibodies in healthy blood 
donors. Line and bar represent the mean and standard deviation. Boxes indicate 
the range of antibody concentrations. The dashed line indicates the cut-
off-point. 

Fig. 3. Representative flow cytometry histogram overlay plot showing decreased fluorescent intensity of cHu6.3-IgG positive standard (a) and an anti-PEG IgG 
positive human plasma (b) resulting from the 0.5% Tween-20 interference assay (orange) and 20 kDa PEGylated polystyrene beads binding assay (black). The dashed 
line in a and b indicates the cutoff-point. (c) Representative Western blotting of elution from human IgG purification column with the application of cHu6.3-IgG 
positive standard or positive (BRH1549176 and BRH1549079) and negative (BRH1549229) anti-PEG IgG plasma samples. Lane 60 kDa PEG: 62.5 ng; lane 40 
kDa PEG: 125 ng. 
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(47.4%) antibodies as compared to male donors (41.8% for both IgG and 
IgM), but the difference did not reach statistical significance. In the 
positive plasma samples, the concentrations of anti-PEG IgG ranged 
widely, with a mean of 1.02 μg/mL in females and 0.77 μg/mL in males 
(Fig. 5a). Similarly, a great variation in the concentrations of anti-PEG 
IgM also occurred in women and men (Fig. 5a). No statistically signifi-
cant difference in the concentrations of anti-PEG IgG or IgM was 
observed between women and men. 

Based on the classification of age groups by Statistics Canada (http 
s://www.statcan.gc.ca/eng/concepts/definitions/age2), the samples 
were separated into three age groups (18–24, 25–64, and ≥ 65 years). 
One male with an unknown age was not included in the analysis. The 
prevalence of anti-PEG IgG was 65.9%, 43.1%, and 60.0% in age groups 
18–24, 25–64, and ≥ 65 years, respectively, and a variation that was 

significant (p = 0.021, Chi-square analysis). The prevalence of anti-PEG 
IgM did not vary significantly among age groups and there was not a 
significant relationship of age with the prevalence of either anti-PEG IgG 
or IgM when age was considered as a continuous variable. The con-
centrations of anti-PEG IgG and IgM ranged widely across all age groups 
(Fig. 5b). There was no difference in the concentrations of anti-PEG IgG 
or IgM among the age groups. 

The correlation of race with the prevalence or levels of anti-PEG IgG 
or IgM in healthy blood donors was also analyzed. One Asian male and 
five “unknown” individuals were not included in the analysis. Differ-
ences among races in the prevalence or levels of anti-PEG IgG or IgM 
(Fig. 5c) were not significant. 

Fig. 4. Representative flow cytometry histogram overlay plot showing decreased fluorescent intensity of cAGP4-IgM positive standard (a) and an anti-PEG IgM 
positive human plasma (b) resulting from the 0.5% Tween-20 interference assay (orange) and 20 kDa PEGylated polystyrene beads binding assay (black). The dashed 
line in a and b indicates the cutoff-point. (c) Representative Western blotting of elution from human IgM purification column with the application of cAGP4-IgM 
positive standard or positive (BRH1549118 and BRH1549169) and negative (BRH1549339) anti-PEG IgM plasma samples. Lane 60 kDa PEG: 62.5 ng; lane 40 
kDa PEG: 125 ng. 

Fig. 5. (a) The concentrations of anti-PEG IgG and IgM in (a) females and males, (b) age groups, and (c) races among healthy blood donors who are positive for anti- 
PEG IgG and IgM. The concentration of anti-PEG IgM for the ≥ 65 age group is not presented because there was only one individual, who had an anti-PEG IgM level of 
146 ng/mL. Line and bar represent the mean and standard deviation. Boxes indicate the range of antibody concentrations. 
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4. Discussion 

In this study, the presence of anti-PEG IgG and IgM in 300 plasma 
samples from heathy blood donors was assessed using an optimized flow 
cytometry assay. The detection of anti-PEG antibodies was verified using 
three validation assays. Anti-PEG antibodies were detected in healthy 
blood donors with a prevalence of 21.3%, 19.0%, and 25.0% for anti- 
PEG IgG only, anti-PEG IgM only, and both anti-PEG IgG and IgM, 
respectively. The prevalence of anti-PEG IgG was associated with age. 
The concentrations of anti-PEG IgG and IgM ranged from 39 ng/mL to 
18.7 μg/mL and 26 ng/mL to 11.6 μg/mL, respectively. No statistically 
significant correlation was found for the concentrations of anti-PEG IgG 
or IgM based up sex, age, or race. Thus, the flow cytometry assay pro-
vides an approach to investigate the impact of anti-PEG antibodies on 
the therapeutic efficacy and safety of PEGylated therapeutics and to 
screen the concentrations of anti-PEG antibodies in patients before the 
administration of PEGylated therapeutics. 

The analysis of anti-PEG antibodies requires methods with high 
specificity, sensitivity, rapidity, and reproducibility. The most recent 
studies have used ELISAs in their analyses [8,24,26,28]. However, 
competitive ELISAs using PEG as the inhibitor may not detect anti-PEG 
antibodies accurately because anti-PEG antibodies have been shown to 
bind less efficiently to unconjugated PEG in solution compared to 
PEGylated agents [30]. Most animal studies have used only direct ELI-
SAs using microplates coated with the same PEGylated agents that were 
administered; thus, the specificity of antibodies to the PEG moiety was 
doubtful. In this study, our optimized flow cytometry assay provided a 
reliable, accurate, and robust analysis of anti-PEG antibodies. The 
inter-assay variation coefficient was < 5.0% and the intra-assay varia-
tion coefficient was < 16.0%. All secondary antibodies used in this study 
were tested for specificity and did not show any cross-reactivity with 
other immunoglobulins. More importantly, the detection of anti-PEG 
antibodies was validated using three different approaches, which thor-
oughly confirmed the specificity of anti-PEG antibodies. Since Western 
blotting generally requires a high quality of antibody with the appro-
priate concentration [31], the low concentration of anti-PEG antibodies 
may be a factor leading to the discrepancy in the detection of the 
low-level anti-PEG antibodies using a flow cytometry assay and Western 
blotting of purified plasma from human IgG and IgM purification 
columns. 

Our study demonstrated that 0.1% Tween-20 completely inhibited 
the binding of anti-PEG-positive standards to PEG in the Western blot-
ting (Supplemental Fig. 2) due to the structural homology between PEG 
and polyoxyethylene type nonionic detergents. The interference assay 
further showed that 0.5% Tween-20 significantly decreased the binding 
of both anti-PEG-positive standards and positive plasma samples. These 
findings agree with other reports [22,26,32] and clearly demonstrate 
that polyoxyethylene type nonionic detergents should not be used in any 
immunological methods, including immunohistochemistry assays, to 
examine anti-PEG antibodies or PEG. 

This study focused on a flow cytometry assay to measure the prev-
alence and concentrations of anti-PEG antibodies in human plasma. 
Since the current study used the same anti-PEG-positive standards as 
Yang and colleagues [26], the prevalence of anti-PEG antibodies in the 
general populations was expected to be similar. The high prevalence of 
anti-PEG antibodies in our study may partly be due to the high sensi-
tivity of the flow cytometry assay. In our study, 15.3% and 17.0% of 
blood donors had a high level of anti-PEG IgG and IgM, which differed 
from the report of Yang and colleagues [26]. Individuals with high levels 
of anti-PEG antibodies following the treatment of PEGylated agents have 
accelerated drug clearance and a great risk of adverse reactions [20,33]. 
Thus, sensitive measurement of anti-PEG antibodies in clinical settings 
may be of great importance to ensure the efficacy and safe use of 
PEGylated agents. 

We assessed the potential effects of sex, race, and age on the prev-
alence and concentrations of anti-PEG antibodies in healthy blood 

donors. Our findings indicated that race did not impact the prevalence 
and concentrations of anti-PEG antibodies, but that their prevalence was 
greatest in the 18–24 years age group. These results agree with recent 
studies [24–26]. The higher prevalence of anti-PEG antibodies in 
younger heathy individuals may result from age-specific changes in the 
immune system [34] or other unknown factors. 

Our study provides an analytical approach to examine anti-PEG an-
tibodies and demonstrates their presence in most healthy individuals. 
Considering the impact of anti-PEG antibodies on the therapeutic effi-
cacy and safety of PEGylated agents, it is important to measure regularly 
anti-PEG antibodies in patients after exposure to PEGylated agents. 
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