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Abstract
Background HCMV hyperimmunoglobulin-preparations (HIG) contain high concentrations of HCMV-specific IgG. The 
reduced maternofetal-HCMV-transmission rate of IgG may be due to HCMV-specific neutralizing antibodies against the 
HCMV pentameric complex (PC). In contrast to HIG, standard intravenous immunoglobulin (IVIG) may have more neu-
tralization (NT) capacity than HIG due to higher IgG subclass 3 levels (Planitzer et al., 2011).
Methods We investigated the HCMV-specific NT-capacity of HIG  Cytotect®, using a recombinant pentameric complex 
(gHgLUL128-131A) for specific antibody-depletion. We used a modified UL130-peptide (TANQNPSPPWSKLTYSKPH) 
based on original-sequence of Saccoccio et al. (Vaccine 29(15):2705–2711, 2011) (SWSTLTANQNPSPPWSKLTY) as 
neutralization target. Both UL130-peptides and the PC were bound via sixfold HisTag and anti-HisTag mAbs to magnetic 
beads to deplete HCMV-specific IgGs from HIG  (Cytotect®). Modifying this depletion strategy, we analyzed the role of 
IgG subclass 3 in both HIG and IVIG.
Results After CMV IgG-normalization of HIG and IVIG, we found a significant trend towards a decrease (16%) of neu-
tralization-capacity for the UL130 TAN-peptide, but not for the original UL130 SWS-peptide. However, highly significant 
loss of NT-capacity could be only observed by PC depletion (42%). The IgG subclass 3 depletion revealed no significant 
reduction of NT-capacity in both HIG and IVIG.
Conclusion Via specific antibody depletion, we could demonstrate that pentameric complex-specific antibodies are present in 
HIG and bind to the recombinant PC resulting in a highly significant reduction of NT-capacity compared to the UL130 TAN-
and SWS-peptides. We could not confirm the functional role of IgG subclass 3 neutralizing antibodies in IgG-preparations.

Keywords Cytomegalovirus · CMV · Hyperimmunoglobulin · HIG · Pentameric complex · gHgLUL128-131 · Neutralizing 
antibodies · IgG subclass 3

Introduction

HCMV is a ubiquitous virus that causes an incidence of 
congenital infection in the range of 0.2–2% of all live births. 
After a primary maternal infection during pregnancy mater-
nal–fetal transmission rates increase from 9% in early or 
preconceptional pregnancy to 65% in the third trimester. 
Maternal HCMV primary infection during pregnancy is 
asymptomatic in about 80% of cases. HCMV may cause 
several neuronal disorders resulting in long-term sequelae 
that include hearing loss and mental retardation [1]. Effec-
tive vaccines to prevent HCMV primary infection and mater-
nofetal transmission are unavailable. A promising vaccine 
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candidate for glycoprotein B failed in a phase II study to 
induce high titers of neutralizing antibodies [2].

Glycoprotein B is a fusion protein that mediates with gH/
gL-complexes the viral entry process into cells [3–6]. Using 
a murine cytomegalovirus animal model (MCMV), two viral 
gH/gL entry complexes (gH/gL/gO and gH/gL/MCK-2) have 
been identified. While gH/gL/gO of MCMV is essential for 
initial infection in host organs, the subsequent spread within 
tissues such as the salivary gland is provided by both entry 
complexes gH/gL/gO and gH/gL/MCK-2 [7]. In humans, the 
trimer complex gH/gL/gO is responsible for viral entry into 
fibroblasts [8, 9] and there is an alternative gH/gL complex, 
formed by gH/gL/pUL(128,130,131A). This pentameric 
complex promotes viral entry into epithelial, endothelial, 
dendritic, and monocytic cells [10–13] and is involved in 
maternal–fetal transmission of HCMV [14].

During natural infection, antibodies binding to the HCMV 
pUL128–131 glycoproteins are generally potent neutralizers 
[15]. Therefore, the pentameric complex is a major target for 
neutralizing antibody responses and vaccine development 
[16]. However, the pleiotropic humoral immune response 
during early gestation after a primary maternal infection 
induces antibodies to HCMV gB as well as to the PC. A 
monoclonal antibody against the glycoprotein B inhibited 
the infection of placenta-related trophoblast progenitor cells 
(TBPCs), but two monoclonal antibodies against the PC did 
not [17]. TBPCs possess no PC-related receptor in contrast 
to epithelial or endothelial cells. A delay of maternal anti-
bodies to PC is associated with fetal HCMV-transmission 
during primary infection [18].

HIG for treatment of HCMV primary infected pregnant 
women shows a trend towards reduction of HCMV trans-
mission to the fetus and reduced disease at birth [19–22]. 
However, the HIG treatment of HCMV primary infected 
pregnant women is not generally recommended outside of 
clinical trials, according to the current consensus recom-
mendation [23].

The aim of this in vitro study was to demonstrate that 
potent neutralizing antibodies against the HCMV penta-
meric complex, especially against defined UL130 peptides 
are present in HIG preparations and may potentially play an 
important role in prevention of maternofetal HCMV trans-
mission [24]. Recently, we characterized the IgG subclass 
distribution of HCMV hyperimmunoglobulin preparations 
 Cytotect® and  Cytogam®, as well as the IgG subclass dis-
tribution in standard immunoglobulins  Kiovig®,  Octagam® 
and  Gammunex® [25]. We could demonstrate that IgG 1 is 
predominantly present with about 50–70% of all IgG sub-
classes in HIG and IVIG. Interestingly, IgG subclass 3 and 
4 were found in remarkably low concentrations (< 2%). IgG 
subclass 3 antibodies were suggested to be mostly efficient 
in neutralization of HCMV in immunoglobulin preparations 
[26], according to former data of the impact of IgG subclass 

antibodies [27]. We performed additional depletion experi-
ments of the IgG subclass 3 from  Cytotect® and  Kiovig® 
to investigate their impact on HCMV-specific NT capacity.

Methods

Reference pools

For calibration of HCMV-neutralization, we generated 
an HCMV-IgG positive/IgM negative serum pool of 100 
healthy HCMV latently infected mothers at birth. The 
HCMV IgG/IgM serostatus was analyzed via five differ-
ent assay systems  CLIA® (DiaSorin),  CMIA® (Abott), 
 ECLIA® (Roche), ELISA  Enzygnost® (Siemens),  ELISA® 
(Medac). Only sera with concordant test results were 
included and used as positive control cohort of reactive 
HCMV-neutralizers.

Additionally, we used an HCMV-IgG negative/IgM nega-
tive serum pool of 100 healthy HCMV-seronegative women 
at birth. The test results in all five assay systems were con-
cordant HCMV-IgG/IgM negative for the included sera. 
The negative pool forms the baseline of our NT assays with 
a neutralization capacity of 0%. Both serum pools repre-
sent two greatly comparable collectives of clinical serum 
samples of pregnant women at birth. The samples derived 
from the cCMV screening study in Tuebingen and were 
cryopreserved until use, approved by our local Ethics Com-
mittee at the University Hospital of Tuebingen; EK number 
506/2015BO2 [24, 25].

Target cells

The neutralization assays were performed using human 
foreskin fibroblasts (HFF) form ATCC (LOT: 62339645); 
passage: 18–26 [DMEM (1X) Dubecco’s Modified Eagle 
Medium,  Gibco®] and retinal pigment epithelial cell mon-
olayers (ARPE-19 cells) from ATCC (LOT: 59814960); pas-
sage: 19–27 (DMEM F12 Medium,  Gibco®). Cell culture 
was biweekly tested for mycoplasma contamination [25].

Virus strains

We used defined dilutions of cell-free culture supernatants; 
containing an HCMV-isolate from amniotic fluid (H2497-
11) which was first isolated and propagated on HFF or 
directly isolated and propagated on ARPE-19 cells without 
any previous adaption to HFF. The quantity of infectious 
virions were determined, using tissue culture infectious dose 
50%  (TCID50) determination after virus passage 20 for HFF 
(6.4  TCID50/ml) and virus passage 21 for ARPE-19 cells 
after 18 h incubation, which reached a value of 5.2  TCID50/
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ml. A least, a serial passage number of 16 was necessary 
to obtain cell-free virus from cell culture supernatant [25].

Immunoglobulin preparations

Cytotect® was used as HIG preparation for PC antibody 
depletion (Biotest Pharma, charge: B797033|50 mg/ml), as 
well as the IVIG preparation  Kiovig® as additional control 
(Baxter charge: LE12M265BC|100 mg/ml). Proteins, IgG 
subclass analysis and HCMV-specific IgG antibodies were 
characterized in a previous work [25].

UL130 peptide design

The modified UL130 peptide TANQNSPPWSKLTYSKPH 
(TAN) based on the original UL130 peptide from Saccoc-
cio SWSTLTANQNPSPPWSKLTY (SWS) (Table 1), which 
induced neutralizing antibodies in a rabbit animal model 
showed a high antigenicity scale [28, 29]. Our modified 
UL130 TAN-peptide showed the highest “percentage of 
probability” (> 75%) for epitope similarity. The peptide syn-
thesis was performed by Intavis Peptide Services, Reutlin-
gen Germany with an additionally 6xfold HisTag on the 
respective C-terminus (TANQNSPPWSKLTYSKPH-HHH-
HHH) for magnetic bead anti-HisTag antibody labeling. The 
epitopes were designed with software for linear epitopes by 
the use of the sequence of the strain Merlin HCMV pro-
tein UL130, which was obtained from the “Uniprot Code”: 
P16772 (available online: http://www.unipr ot.org/unipr ot/
P1677 2). These computer servers were used for the epitope 
prediction: “BepiPred” (http://www.cbs.dtu.dk/servi ces/
BepiP red/) [30] and “SVMTriP” (http://sysbi o.unl.edu/
SVMTr iP) [29, 31]. The physical and chemical properties 
were calculated with the computer server “Bcepred” (http://
crdd.osdd.net/ragha va/bcepr ed/), which included hydro-
phobicity, flexibility and accessibility [32]. In addition, the 
three-dimensional structure of UL130 region was predicted 
theoretically, using the computer server “I-TASSER”: (https 
://zhang lab.ccmb.med.umich .edu/I-TASSE R/) [33].

Recombinant HCMV pentameric complex

The investigated HCMV pentameric complex is a recombi-
nant product, which was generated by The Native Antigen 
Company, Oxfordshire UK (Product Code: HCMV-PENT) 
and was used in a concentration of 0.01 mg /ml. This native-
like HCMV pentameric complex is produced in human cells 
(HEK293) to ensure that all proteins are properly folded and 
possess their native glycosylation pattern. The presence of 
all five proteins in the purified complex was confirmed by 
mass spectrometry. According to the manufacturer, there is 
an additional sixfold HisTag linked to gH. The genetic back-
ground for the recombinant HCMV pentameric complex is 
the VR1814 strain.

HCMV antibody depletion strategy

First, we analyzed HCMV-specific peptides, which are part 
of the HCMV pentameric UL130 region with an additional 
sixfold [HisTag] on the C-terminus (Fig. 1). In a second 
experiment, we used a recombinant pentameric complex 
with a linked sixfold [HisTag] on glycoprotein H. In both 
approaches, we used magnetic beads (Cell Signaling Tech-
nology, Danvers United States), which is coated via biotin-
streptavidin bridge with protein G to attach monoclonal anti-
HisTag-antibodies to the bead surface. After incubation for 
24 h at 37 °C, the bead-fixed immune complex was mixed 
with serial diluted IgG preparations, followed by a second 
incubation for 24 h at 37 °C.

Using a 6 Tube magnetic separation rack, bound HCMV-
specific immune complexes were depleted and supernatant 
were transferred into new tubes. The magnetic beads, anti-
HisTag-monoclonal antibodies as well as the 6-tube mag-
netic separation rack were derived from Cell Signaling Tech-
nology (Danvers, USA).

For the IgG subclass 3 depletion in immunoglobulin 
preparations, we modified the given antibody depletion 
strategy (Fig. 1), which is shown in Fig. 2. We linked anti-
human IgG 3 mAb (Product code: 5247-9850, Clone: 5G12, 

Table 1  The UL130 peptide 
design was established by the 
modification of amino acid 
sequences and showed the 
prediction of percentage of 
probability for epitope-specific 
antibody binding using software 
calculation [29]

No. Peptide Position Ratio E-B

1 TANQNPSPPWSKLTYSKPH

32-50

E= 17/19
B= 2/19

2
SWSTLTANQNPSPPSKLTY[13]

E = 14/15
B= 1/15

E = Exposed residue B= Buried residue

Antigenicity scale [14]

http://www.uniprot.org/uniprot/P16772
http://www.uniprot.org/uniprot/P16772
http://www.cbs.dtu.dk/services/BepiPred/
http://www.cbs.dtu.dk/services/BepiPred/
http://sysbio.unl.edu/SVMTriP
http://sysbio.unl.edu/SVMTriP
http://crdd.osdd.net/raghava/bcepred/
http://crdd.osdd.net/raghava/bcepred/
https://zhanglab.ccmb.med.umich.edu/I-TASSER/
https://zhanglab.ccmb.med.umich.edu/I-TASSER/
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Mouse-anti-human; BioRad laboratories, USA) to magnetic 
beads, to deplete IgG subclass 3 antibodies from  Cytotect® 
and  Kiovig®.

Long term cell‑free HCMV plaque reduction assay 
(HCMV‑PRA)

The dilution of cell-free virus supernatant (H2497-11) was 
adjusted to generate approximately 100 HCMV plaques per 
well in 96-well micotiter-plates after 5d incubation in the 
HCMV-IgG negative control.

The test was performed as described recently [25]. 
Briefly, serial sample dilutions (1:50, 1:500, 1:1000, 1:5000, 
and 1:10000) were used to define the  NT50 values of the 
investigated IgG preparations. Serum dilutions were pre-
incubated with cell-free HCMV H2497-11 (250×  TCID50/

ml) at 37 °C for 1 h and were inoculated to microtiter-plates 
containing initially 20000 target cells/well (ARPE-19 or 
HFF cells), including negative and positive controls. For 
neutralization testing, the dilution of cell-free virus super-
natant was adjusted to form about (n = 100) HCMV plaques/
well in 96-well micotiter-plates after 5d of virus-cell culture 
incubation in the HCMV-IgG negative control.

The IgG-preparations were used in two different dilution 
patterns—first, we used the HCMV IgG-concentration of 
the original stock IgG preparations (stock-HCMV-IgG-PRA) 
and secondly, we normalized the HCMV IgG-concentration 
of the IgG-preparations to the HCMV IgG level of the serum 
positive pool of 100 latently infected mothers at birth (nor-
malized HCMV-IgG-PRA) [25]. We calculated the semi-
quantitative neutralization capacity (%) to generate a cal-
culation base, which leads to elimination of test-dependent 

Fig. 1  HCMV pentameric depletion scheme: two UL130-peptides 
and a recombinant pentameric complex were bound via sixfold 
HisTag to magnetic beads, which were coated with biotin-streptavidin 
bridge and protein G to attach anti-HisTag monoclonal antibodies. 

This peptide-magnetic bead complex was used to deplete epitope-
specific antibodies from polyclonal sera and IgG preparations via a 
6 Tube magnetic separation rack. The depleted supernatant was used 
for in vitro NT assay experiments
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microtiter-plate-factor. The IgG seronegative pool represents 
an infection rate of 100% or rather a neutralization capacity 
of 0%. Complement inactivation was performed at 56 °C for 
30 min prior to neutralization assays.

In the absence of a WHO HCMV IgG unit standard, 
we used the HCMV PEI standard (110  U/ml, ELISA: 
 Enzygnost® Anti-HCMV/IgG Siemens Healthcare Diag-
nostics) from 1996 to calibrate our NT assays [25].

Statistical analysis

All compiled data were measured in threefold replica, cali-
brating mean and standard deviation for further statistical 
analysis. We compared the percentage of neutralization 
capacity to reflect the variation of viral plaque numbers in 
each individual microtiter-plate (plate-factor). For PROBIT 
analysis and p value determination the statistic programs 

PASW Statistics version 18  (SPSSInc® Company) and JMP 
version 18  (SAS® Company) were used. The Wilcoxon 
signed-rank test was used to compare quantitative measured 
values between defined groups.

Results

On the computer-based server analysis of the UL130 pep-
tide (TAN), we predicted five antigenic regions (Suppl. Mat. 
Fig. 1A, B). Both servers showed concordance and high 
scores between positions W29 and H51. The properties of 
hydrophilicity, flexibility, and accessibility had a considera-
ble score value (Suppl. Mat. Fig. 1C), whereas the tridimen-
sional structure obtained by crystallography (code: 5VOB on 
the Protein Data Bank, available online: https ://www.rcsb.

Fig. 2  IgG subclass 3 depletion scheme: Anti-human IgG subclass 3 mAbs were bound via protein G to magnetic beads to deplete IgG subclass 
3 specific pAbs from  Cytotect® and  Kiovig®. For control, the IgG + reference pool was also depleted

https://www.rcsb.org/pdb/explore/explore.do?structureId=5VOB
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org/pdb/explo re/explo re.do?struc tureI d=5VOB) was similar 
with our theoretical prediction (Suppl. Mat. Fig. 2).

In the first plaque reduction assay (PRA), undiluted 
HCMV-IgG stock solutions of the investigated IgG-prep-
arations  Cytotect® and  Kiovig® were analyzed for their 
impact on specific NT-capacity reduction using the UL130 

TAN-peptide with ARPE-19 target cells (Fig. 3a).  Cytotect® 
showed the highest NT-capacity, followed by  Kiovig®, while 
the HCMV-IgG + pool had the lowest level of NT-capacity. 
The HCMV-specific IgG reduction effect using  Cytotect® 
showed with (16%; p = 0.12) the highest difference of NT 
reduction at a dilution of 1:5000 or 29.44 mPEI U/ml 

Fig. 3  a TAN-peptide antibody depletion was performed PRA with 
stock HCMV IgG concentration of the investigated IgG preparations 
to show the impact on NT-capacity (%) on ARPE-19 target cells; b 

 NT50 PROBIT analysis of the PRA using TAN-peptide antibody 
depletion without prediluted HCMV IgG concentration

https://www.rcsb.org/pdb/explore/explore.do?structureId=5VOB
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HCMV IgG resulting from the difference between the native 
samples (75%) and depleted samples (59%).

For  Kiovig®, the highest reduction effect (15%; p = 0.11) 
was found at dilution 1:5000 or 8.24 mPEI U/ml HCMV IgG 
and the HCMV IgG + pool revealed the greatest difference 
(11%; p = 0.11) at 1:1000 corresponding to 42.62 mPEI U/ml 
HCMV IgG. The  NT50 values for the investigated IgG prepa-
rations and the HCMV-IgG + pool are shown in Fig. 3b via 
PROBIT analysis. The  NT50-values decreased in all HCMV 
IgG samples after IgG depletion. However, the HCMV-
IgG-specific depletion effects showed only non-significant 
trends towards decrease of NT-capacity in all tested samples. 
For proof of principle, we found no significant reduction-
effects on NT-capacity using human foreskin fibroblasts as 
target cells (p = 0.78 HCMV-IgG + pool; p = 0.65  Cytotect®; 
p = 0.69  Kiviog®) (data not shown).

In a second step, following HCMV IgG normalization of 
stock solutions of the IgG-preparations, we analyzed in a 
PRA the impact on NT-capacity using both UL130 peptides 
(TAN) (Fig. 4a1) and (SWS) (Fig. 4b1) against ARPE-19 
cells. In both experiments the IgG preparations  (Cytotect®, 

 Kiovig®) and the HCMV IgG + reference pool showed 
similar NT-capacities to HCMV IgG concentrations of the 
latently infected mothers.

Interestingly, both  Cytotect® (p = 0.01) and  Kiovig® 
(p = 0.02) showed a significant difference between the native 
and depleted sample using the TAN-peptide. Furthermore, 
comparing the NT-capacity reduction effects of our modi-
fied TAN-peptide (TANQNPSPPWSKLTYSKP) with that 
of Saccoccio et al. [28] (SWSTLTANQNPSPPWSKLTY) 
[28], we could detect similar contribution of both peptides 
in HCMV antibody binding and NT-capacity. The reduc-
tion effects were about 15% at the maximum in both UL130 
peptide depletion tests. The PROBIT analysis confirmed our 
result and showed similar decreases of  NT50 values compar-
ing the depleted and the native samples of the TAN- and 
SWS-peptide (Fig. 4a2, b2).

For the pentameric complex, we investigated the specific 
antibody depletion using ARPE-19 cells with normalized 
CMV IgG concentration of the different IgG preparations 
(Fig. 5a1). The total number of HCMV plaques in the ref-
erence HCMV-IgG-negative pool was n = 83 (mean ± 2). 

Fig. 4  a1 TAN-peptide antibody depletion was used in PRA with 
normalized HCMV IgG concentrations to show the impact on NT-
capacity (%) on ARPE-19 target cells; a2  NT50 PROBIT analysis 
of the PRA using TAN-peptide antibody depletion with normalized 
HCMV IgG concentration. b1 SWS-peptide antibody depletion was 

used in a PRA with normalized HCMV IgG concentration to reveal 
the impact on NT-capacity (%) on ARPE-19 target cells; b2  NT50 
PROBIT analysis of the PRA using SWS-peptide antibody depletion 
with normalized HCMV IgG concentration
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The effect of HCMV IgG depletion of  Cytotect® showed a 
significant difference (42%) of NT reduction at a dilution 
of 1:5000 or 29.44 mPEI U/ml HCMV IgG resulting from 
difference between the native (57%) and depleted samples 
(15%) (p < 0.05; 0.01).

The HCMV IgG + pool showed the highest reduction 
effect of NT-capacity (30%) and a significant difference 
(p < 0.05; 0.03) at dilution 1:1000 or 42.62 mPEI U/ml 
HCMV IgG between the native and depleted samples. 
 NT50-values (Fig. 5a2), revealed a significant HCMV-
specific antibody depletion effect of the recombinant 
PC. Interestingly, the ECLIA assay system was not able 
to detect any difference of HCMV-specific IgG-antibody 
binding between native and depleted samples of  Cytotect® 
at a dilution of 1:5000 or 29.44 mPEI U/ml HCMV IgG 
and the HCMV-IgG + pool at a dilution of 1:1000, respec-
tively, 42.62 mPEI U/ml HCMV IgG (Table 2). For a con-
trol, we also investigated the decrease of NT-capacity after 
PC depletion using fibroblasts as target cells (Fig. 5b1). 
Comparing the reduction of NT-capacity effects,  Cytotect® 

and the HCMV-IgG + pool showed no significant differ-
ences in human foreskin fibroblasts (p > 0,05; 0.68/0.87) 
(Fig. 5b2). In Fig. 6, the results for the IgG subclass 3 
depletion are given for ARPE-19 cells (Fig. 6a1, a2) and 
for HFF (Fig. 6a1, a2). Comparing  NT50-values, we could 
not observe any significant difference (p > 0.05) in NT-
capacity before and after IgG 3 depletion for  Cytotect® and 
 Kiovig®, as well as for our HCMV-IgG + reference pool of 
latently infected mothers.

Fig. 5  a1 PRA was performed using a recombinant pentameric com-
plex to deplete PC-specific antibodies from IgG-preparations without 
CMV IgG predilution on ARPE-19 target cells; a2  NT50 PROBIT 
analysis of the PRA on ARPE-19 target cells using PC-specific anti-
body depletion with stock HCMV IgG concentration. b1 PRA was 

performed to deplete PC-specific antibodies from IgG-preparations 
with stock HCMV IgG concentration on fibroblasts as target cells; 
b2  NT50 PROBIT analysis of the PRA on fibroblasts as target cells 
(PRA) using PC-specific antibody depletion without HCMV IgG pre-
dilution

Table 2  The comparison between native and depleted samples of 
the IgG-preparations revealed no differences in CMV ECLIA values 
using the Cobas 6000  Analyzer® (Roche)

ECLIA Roche (U/ml)
 HCMV-IgG + pool (stock) 105
 HCMV-IgG + pool (depleted) 99.4
 Cytotect® (stock) 312.3
 Cytotect® (depleted) 322.8
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Discussion

HCMV-specific hyperimmunoglobulin preparations such 
as  Cytotect® are pooled sera of healthy donors with high 
HCMV-specific IgG concentrations. We found that HIG 
preparations contain higher concentrations of HCMV 
neutralizing antibodies than standard IgG preparations as 
observed using plaque reduction NT assays with epithe-
lial target cells. We also observed that HIGs contain lower 
concentration of total IgG, but higher concentrations of 
HCMV-specific IgG than standard IgG preparations using 
the Roche ECLIA HCMV IgG test system. We also ana-
lyzed the IgG subclass distribution in immunoglobulin 
preparations with very low concentrations of IgG 3 and 
IgG 4 [25]. A former study postulated, that IgG subclass 3 
would have main impact on CMV neutralization in HIG and 
IVIG preparations which would result in higher functional 
HCMV neutralization titers for  Kiovig® than for  Cytotect® 
[26]. Therefore, we depleted subclass 3 IgG in modification 
to PC depletion from both immunoglobulin preparations. We 

demonstrated that IgG 3 subclass depletion did not result in 
any significant reduction of the functional NT capacity for 
both IgG preparations and the target cell types of fibroblast 
and epithelial cells. Importantly, in contrast to the IgG sub-
class 3 levels, the different HCMV-specific IgG concentra-
tions in HIGs and IVIGs stock solutions were not considered 
in context of their resulting NT capacity [26].

Furthermore, in all depletion experiments of UL130 pep-
tides, PC, and IgG 3, we observed that the HIG  Cytotect® 
has a higher NT-capacity than the IVIG  Kiovig® using stock 
concentrations, which confirmed data of our former study 
analyzing selected IVIG and HIG preparations [25]. Our 
characterization of the NT-capacity of HIGs and standard 
IgG preparations, calibrated with HCMV IgG PEI units/
ml was also confirmed [34, 35]. Like Wang et al. [35], we 
observed that the HIG preparations of PEI CMV standard, 
 Cytotect® and  Cytogam® have similar biochemical com-
positions with respect to total protein, albumin, IgG class 
and subclass distributions. Furthermore, CMV-specific IgG 
antibodies were two- to threefold higher in HIGs than in 

Fig. 6  a1 IgG preparations  Cytotect® and  Kiovig® were used in stock 
HCMV IgG concentrations in a PRA after depletion of IgG subclass 
3 antibodies, performed on ARPE-19 cells. b1  NT50 PROBIT analy-
sis of the PRA on ARPE-19 cells, using IgG subclass 3 antibodies 
for depletion of pAbs from  Cytotect® and  Kiovig®. b1 After depletion 

of IgG subclass 3 antibodies,  Cytotect® and  Kiovig® were used in a 
PRA on HFF. b2  NT50 PROBIT analysis of the PRA on HFF, using 
 Cytotect® and  Kiovig®, which were pervious depleted with IgG sub-
class 3 antibodies
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standard IgG preparations like  Kiovig® with high NT-capac-
ity in vitro [25].

Based on these findings, we wanted to evaluate the 
HCMV antibody binding and NT-capacity against HCMV 
pentameric complex, especially against defined epitopes 
of the UL130 region. We used a peptide design the region 
W29-H51 of the UL130 peptide, which is given in (Suppl. 
Mat. Fig. 1A, B). The high antigenicity for this region was 
described and showed optimal physical and chemical prop-
erties as well (Fig. 1c). In an analysis of protein modelling, 
T46 was reported as part of our TAN peptide to be involved 
in the complex stabilization of the UL130 [36]. We also 
observed structural similarities between our tridimensional 
predicted model and a model that used crystallographic 
analysis [36].

In the PRAs, we confirmed HCMV-specific antibodies 
against PC and TAN/SWS-peptides in both HIG and IVIG 
by magnetic bead peptide depletion and their individual 
specific contribution on virus neutralization in vitro against 
ARPE-19 target cells. Using stock solutions of HIG and 
IVIG, we found significant reduction of NT capacity only 
by depletion of PC-specific antibodies, while UL130 pep-
tide specific antibody depletion via TAN- and SWS-peptides 
showed a non-significant trend forward reduction of NT 
capacity.

In contrast, no PC-dependent antibody depletion effect 
was found using human foreskin fibroblasts. This observa-
tion confirmed former data, that HCMV uses another mecha-
nism of viral entry into fibroblasts than into epithelial cells 
[3–13]. This result also confirmed the variations in NT-
capacity of IgG preparations using different target cells [37]. 
Ryckman described the UL128-UL130A region is mainly 
responsible for viral entry into epithelial and endothelial 
cells as part of pentameric complex and confirmed former 
findings of Wang and Adler, which revealed the requirement 
of the pentameric complex for epithelial and endothelial cell 
tropism [9, 12, 15]. In this context, the UL128-131 genes are 
also essential for viral growth in endothelial cells, followed 
by viral transfer to leukocytes [10]. The depletion of gH/
gL-specific antibodies using another hyperimmunoglobulin 
preparation  (Cytogam® from CSL Behring) induced hardly 
any decrease of NT-capacity compared to PC depletion [38]. 
Therefore, the UL128-131 region of the pentameric com-
plex seems to be mainly responsible for virus neutralization 
and not the gH/gL fragment alone [38]. The results of our 
UL130 TAN/SWS peptide depletion experiments support 
this hypothesis. Interestingly, we observed a substantial 
amount of NT reduction via polyclonal antibodies present 
in the HIG preparation  (Cytotect®) using the UL130 TAN 
and SWS peptides (16%), compared to the NT reduction via 
polyclonal HIG-antibodies directed against the full-length 
pentameric complex with 42%. However, it might be due to 
the fact that gH/gL dimers might fail to effectively reduce 

the in vitro NT-capacity [38] because of an unphysiological 
conformation, compared to a complete PC (gH/gL-UL128-
131A). Macagno et al., 2010 showed that neutralizing mAbs 
need a co-expressing of at least two genes of the UL128 
locus (UL128/UL130 and UL128/UL131A). This fact could 
explain the non-significant reduction of NT-capacity, using 
single UL130-specific peptides like TAN and SWS in our 
work. But it has to be considered, that Magcagno investi-
gated four neutralizing mABs, which may not recognize all 
present epitopes for effective neutralization. This might be 
the source for a still observed NT reduction of 16% using 
the polyclonal IgG preparation  Cytotect®.

Our results of the antibody depletion from IgG prepara-
tions, using the UL130 TAN peptide are confirmatory and 
revealed additional defined expressed epitopes of this gene 
region in modification to Saccocio et al. [28]. Gerna et al. 
[45] investigated components of the pentameric complex, 
especially the UL128-UL131A region in context of anti-
HCMV therapeutic antibodies and potential HCMV-vac-
cines [40]. In a further study, domain-specific antibodies 
against the UL128-UL131A region were identified [41]. We 
could not detect any difference of HCMV-specific antibod-
ies between native and depleted samples using the ECLIA 
HCMV  IgG® test system (Table 2). We suggest, that the 
ECLIA assay using recombinant mixture of HCMV-specific 
antigens, does not bind a substantial amount of polyclonal 
pentameric complex-specific antibodies which are present 
in HIG preparations. However, PC-specific antibodies seem 
to be crucial for HCMV neutralization in epithelial and 
endothelial cells. This correlates with our observation that 
HCMV-specific antibody binding and corresponding NT-
capacity may differ, since women with high ECLIA values 
(> 500 U/ml), may have very low in vitro neutralization 
titers and vice versa (data not shown).

The expression of the pentameric complex was described 
using a Chinese hamster ovary (CHO) system for future 
vaccine production [42]. The maternal–fetal transmission 
of HCMV through the placenta depends on known and 
unknown factors which involve a complex interaction of 
different cell types. We suggest that the divergent findings 
of Fouts and Zydek are part of the multistep maternofetal 
transmission process [14, 17]. More recently, neutralizing 
mAbs to one, or more components of the pUL128L blocked 
syncytium formation in highly infected ARPE-19 epithelial 
cells, whereas only a partial inhibitory effect occurred with 
mAbs against the trimer gH/gL/gO or against gB at compa-
rable concentrations [40].

In the absence of an efficient vaccine, HIGs are the only 
relevant treatment option to manage HCMV primary infec-
tion in pregnant women in the first trimester, combined with 
an early hygiene-counseling of the women to prevent the 
HCMV infection following maternal–fetal transmission [43]. 
However, the administration of HIG is not recommended 
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outside of clinical studies since the only available RCT study 
did not reach statistical significance in reduction of mater-
nofetal transmission using a 4 week administration study 
design [19, 22]. In our in vitro investigations, we aim to 
elucidate the mode of action of these antibody preparations 
to develop an optimized HIG application scheme [24, 44].

In conclusion, the HCMV pentameric complex is a target 
for virus-specific antibody binding and neutralization that 
may lead to an effective HCMV vaccine [45]. Our in vitro 
experiments demonstrate that HIG and IVIG preparations 
contain PC-specific antibodies with high NT capacity, poten-
tially able to prevent maternal–fetal HCMV transmission in 
early pregnancy [24].
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