
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

The 3-dimensional play of human parechovirus infection; Cell, virus and
antibody

Westerhuis, B.M.

Publication date
2014
Document Version
Final published version

Link to publication

Citation for published version (APA):
Westerhuis, B. M. (2014). The 3-dimensional play of human parechovirus infection; Cell, virus
and antibody. [Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/the-3dimensional-play-of-human-parechovirus-infection-cell-virus-and-antibody(eba02295-edd4-48a0-b45a-9f87070ae7b1).html


Polyclonal and monoclonal Abs against HPeV3 lack the 
ability for efficient neutralization of HPeV3 viral 
infection.  

B.M. Westerhuis1, G. Koen1, A.Q. Bakker2, T. Beaumont2 and 

K.C. Wolthers1

1Department of Medical Microbiology, Laboratory of Clinical Virology, Academic Medical Center, 

University of Amsterdam, Amsterdam, the Netherlands

2AIMM Therapeutics, Academic Medical Center, Amsterdam, the Netherlands

Manuscript in preparation

8.



122
C

H
A

P
T

E
R

 8

Abstract

Within the genus of Parechovirus, human parechovirus (HPeV) genotype 3 has been shown 
to differ in various aspects from HPeV1, 2, 4, 5 and 6. In contrast to infection with most 
of the HPeV genotypes, HPeV3 infection has frequently been reported to cause severe 
disease in infants. Since absence of neutralizing antibodies in serum against closely related 
enteroviruses has been shown to be a risk factor for severe disease in infants, prophylactic 
and possible therapeutic treatment of human picornavirus infections with mAbs is a rational 
option. In this study we generated a polyclonal rabbit IgG by rabbit immunization with 
HPeV3 and three different HPeV3 specific human monoclonal Abs. These human mAbs 
were generated by screening supernatants of antibody-producing B cell cultures, derived 
from donors who experienced HPeV3 infection, for direct binding to HPeV3 infected cells 
by fluorescent microscopy. In contrast to the polyclonal HPeV rabbit IgG that inhibited 
HPeV3 infection to some extent and which showed cross-binding with all HPeV1-6 
genotypes, the three human mAbs AT12-015, AT12-017 and AT12-018 were specific for 
HPeV3 binding only, but were not able to inhibit HPeV3 replication in vitro. 
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Introduction

Within the genus Parechovirus, human parechovirus (HPeV) genotype 3 has been shown 
to differ in various aspects from HPeV1, 2, 4, 5 and 6. HPeV3 was first isolated in 2004 
from a stool specimen from a 1-year old child with transient paralysis (1). After this report 
more often severe cases of HPeV3 infection were reported, showing significantly more 
severe symptoms during infection with HPeV3 compared to infections with HPeV1 (1–6). 
Moreover, HPeV3 is the most predominant subtype detected in cerebrospinal fluid (CSF) 
(3, 7–11), showing the importance of HPeVs in CNS infection. Children infected with 
HPeV3 are younger (<6 months) compared to children infected with HPeV1 (>6 months), 
suggesting that maternal HPeV3 specific antibodies are absent or are non-protective and 
thereby the newborn is vulnerable to infection.
Although classified as a different Picornavirus genus, HPeVs are closely related to human 
enteroviruses (HEVs). During enteroviral infections humoral immunity is thought to play a 
major role in clearing the virus. Maternal Abs derived before birth and during breastfeeding 
may play an important role in protection of neonates against picornavirus infections. A 
previous study showed an association of high maternal antibody titers in serum and in breast 
milk with a reduction of the frequency of EV infections (12). Thereby, absence or low levels 
of neutralizing maternal-derived HEV specific antibodies, have been shown to be related 
to more severe infection in neonates (13). In case of HPeVs high levels of neutralizing Ab 
titers against HPeV1, 2, 4, 5 and 6 can be detected already at young age (14). Two Finnish 
studies showed anti-HPeV1 seroprevalence of >97% in adults, and of the 21 neonates tested, 
95% had HPeV1 Abs, which suggested maternal Ab protection against HPeV1 (15, 16). 
This in contrast to data obtained in HPeV3 seroprevalence studies indicating that levels 
of neutralizing Abs against HPeV3 are generally low e.g. 4% in Finland and 8% in the 
Netherlands. Even more strikingly we only found 1 child out of 330 (age 0 to 5 yrs) positive 
for antibodies neutralizing HPeV3 (14). In addition we showed that in two adults with a 
history of HPeV3 infection, no neutralizing serum Abs could be detected during, nor one 
year after infection (17). In a Japanese study in adults it was shown that up to 71 days after 
onset of a HPeV3 infection, mostly very low neutralizing Ab titers were induced, indicating 
an inefficient Ab response against HPeV3 (18). The lack of neutralizing (maternal) Abs 
against HPeV3 is a major risk, since no treatment is available, although neonates with severe 
HEV infection occasionally receive intravenous immunoglobulins (IVIg) as supportive 
treatment. Whether this treatment is truly effective remains elusive since high titers are 
needed against the specific serotype to be beneficial against severe infection (13, 19). We 
showed in a previous study that, compared to the other genotypes, protective Abs against 
HPeV3 were also low (titer <1:40) in different IVIg batches (17). 
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The well-characterized arginine-glycine-aspartic acid (RGD) motif in the C-terminal 
of the VP1 capsid protein of HPeV1, shown to be important in receptor binding and Ab 
neutralization, is absent in HPeV3. We previously isolated two highly neutralizing mAbs 
against HPeV1 (AM18 and AM28), even showing cross-neutralization with HPeV2, 4, 5 and 
6, but not with HPeV3 (Westerhuis et al., 2014, submitted). Showing that next to the RGD 
motif, other epitopes in the VP0 and VP3 capsid proteins are involved in Ab neutralization 
(Shakeel et al., submitted). The absent cross-binding and neutralization by AM18 and AM28 
of HPeV3 suggest that the neutralizing epitope recognized by these antibodies is absent in 
HPeV3.  The identification of specific HPeV3 neutralizing Abs would provide a good tool 
for further studies in HPeV3 Ab neutralization and receptor binding. Secondly, neutralizing 
specific HPeV3 mAbs would provide a good option in antiviral treatment of severe HPeV3 
infection in neonates. In this paper we describe the characteristics of a polyclonal Ab and 
three novel human mAbs against HPeV3.

Materials and Methods

Virus culture and purification 

HPeV1-Harris and the HPeV2-2008 strain were provided by the Dutch National Institute 
for Public Health and the Environment (RIVM), Bilthoven, the Netherlands, the primary 
strains HPeV3-150237, HPeV4-251176, HPeV5-552322 and HPeV6-550389 were obtained 
in house. Two additional HPeV3 strains, HPeV3-0252277 and HPeV3-1051930 were 
isolated from feces and passaged twice to obtain a sufficient viral stock. For virus culture of 
HPeV1, 2, 4, 5, and 6, the human colon carcinoma cell line HT29 was used, while HPeV3 
was cultured on African green monkey kidney (Vero) cells. The cells were maintained in 
Eagle’s Minimum Essential Medium (EMEM) with L-glutamic acid (0.2X), non-essential 
amino acid (1X), streptomycin (0.1 μg/ml) and ampicillin (0.1 μg/ml), supplemented with 
8% heat-inactivated Fetal Calf Serum (FCS). The virus concentration was determined by 
the median tissue culture infective dose (TCID50) and calculated by the Reed and Muench 
method (20). Total virus purification was performed as described before (Westerhuis et al. 
, 2014, submitted)

Rabbit polyclonal Ab preparation and Antibody discovery
Polyclonal Abs were obtained by rabbit immunization (Harlan Laboratories, United 
Kingdom). The purified virus was used for immunization of one rabbit. The rabbit received 
5 times every 14 days a boost of 200μg purified virus and 0.5ml FCA/FIA adjuvant. The final 
bleed was taken after 77 days.
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The AT12-015, AT12-017 and AT12-018 antibodies were obtained from healthy human 
donors generated as described previously (21, 22). In brief, CD27+ memory B cells were 
isolated from peripheral blood by FACS sorting. Cells were stimulated for 36 hrs with 
CD40L and interleukin (IL) 21 and subsequently transduced with a retrovirus containing 
the Bcl-6 and Bcl-xL transgenes together with the marker gene GFP. The presence of 
HPeV3 Abs in B cell supernatants was tested by binding to HPeV3 infected cells as shown 
by immunofluorescence. Cultures showing binding were single cell subcloned to obtain 
monoclonal B cell cultures. The antibody heavy and light chain genes were retrieved from 
these B cell clones and expressed as recombinant protein in 293T cells. IgG1 antibodies were 
subsequently purified using HiTrap Protein A columns on an ÄKTA instrument (GE).

Immunofluorescence assay

The immuno-fluorescence was performed as described previously (17). The cells were 
incubated with the primary Abs, AT12-015, AT12-017 and AT12-018. As secondary Ab 15 
μg/ml of anti-human IgG (Alexa 488) was used and the nucleus was stained with 0.5 μg/ml 
4’,6-diamidino-2-phenylindole (DAPI) (Sigma).

Expression and purification of HPeV capsid proteins

To generate recombinant capsid protein VP0, VP3 and VP1 from the HPeV1-Harris cDNA 
strain and the virus isolates HPeV2, 3, 4 primer sequences were used as depicted in Table S1, 
using the following PCR: 5’ 95°C, followed by 35 cycles 30s at 95°C, 30s at 55°C and 60s at 
72°C and an extension step of 10’ at 72°C. The purified PCR fragments were cloned into the 
expression vector Pet102 with his-tag and expressed in Escherichia coli BL21 Star™(DE3) One 
Shot® cells. Single bacterial colony was inoculated in LB medium supplemented with 100 μg/
ml ampicillin and propagated at 37°C with 220rpm speed on a shaker incubator till the 
culture reached logarithmic growth phase (at OD600 0.6–0.7). To stimulated recombinant 
protein expression 0.5mM isopropyl β-D-thiogalactopyranoside (IPTG) was added to the 
cultures. The proteins were purified by using Ni-NTA purification system with Anti-His(C-
term)-HRP Ab in accordance with the manufacturer’s instructions (K953-01, Invitrogen).
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Table S1. Primers for generating the different capsid proteins

ELISA

ELISA plates were coated with 200ng of purified HPeV1-6, or the different capsid proteins 
VP0, VP3, VP1 from HPEV1-4 overnight at room temperature (RT). After washing the plates 
were washed with 0,1%tween/PBS (3 times) the ELISA plates were blocked with 2% BSA in 
PBS for 2 hours at room temperature. The plate was incubated with 2 µg/ml of the HPeV3 
Abs for 1 hr at RT and washed 3 times with PBS/0.1% Tween.  Anti-human IgG HRP labeled 
(0.3 µg/ml) was used as the secondary Ab, incubated for 1 hr at RT and washed three times 
with PBS/0.1% Tween. The substrate solution containing 3,3’,5,5’-tetramethylbenzidine was 
added and incubated for 10min at RT in the dark. The reaction was stopped by the addition 
of 0.8 M H2SO4. The O.D. at 450nm and 620nm was measured with a microplate reader.

Virus neutralization assay

Abs of 0.25 mg/ml concentration were used for an endpoint neutralization assay, Abs (7.5μg/
ml – 0.03μg/ml) were mixed with HPeV3 virus suspension containing 100 TCID50/50μl. 
Mixtures were incubated at 37°C for 1hr, and were used to inoculate different cell lines Vero, 
BGM (buffalo green monkey kidney), A549 (human colon adenocarcinoma) and Caco2 
(human colon adenocarcinoma) cells (on a 96-wells plate (200 μl). As positive control cells 
were inoculated with 100TCID50 without Abs present, as negative controls only Abs (1:16) 
or only medium was added to the cells. The cells were examined for the appearance of CPE 
every 24h for 7 days. At day 7, 25μl of supernatant was removed for RNA isolation using 
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the total nucleic acid isolation kit with the MagnaPure LC instrument® (Roche Diagnostics). 
The RNA was eluted in 50μl elution buffer and reverse transcribed as previously described. 
Five μl of cDNA was used for to estimate viral copy number using LC480® real time PCR 
machine (Roche Diagnostics). The virus copies per PCR were calculated with a standard 
curve as previously described (23, 24)

Results 

Human monoclonal antibody generation

Human memory CD27+IgG+ B cells were obtained from peripheral blood from two healthy 
donors with a proven HPeV3 infection one year before donation (Wildenbeest et al., in 
preparation). The B cells were cultured at different cell densities per well in 96 well plates, 
and the supernatants were tested for binding to HPeV3 infected cells. From the cultures 
showing binding to HPeV3 infected cells, single B cell cultures were generated to retrieve 
the original monoclonal B cell. The supernatants from the selected clones were also tested 
for direct neutralization of HPeV3 infection. All of the binding clones were selected and 
RNA was isolated to retrieve the antibody heavy and light chain sequences (Table 1), unique 
sequences were used to generate recombinant protein from 293T cells. 

Table 1. Antibody sequences characteristics
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Table 2. Binding of HPeV3 polyclonal Ab and monoclonal Abs to purified HPeV1-6 and the different capsid proteins in an 

ELISA

Antibody neutralization of HPeV3 

The HPeV3-specific polyclonal and monoclonal Abs were tested for neutralization capacity 
against 100TCID50 of HPeV1-6, by monitoring CPE as well as the decrease in viral copy 
numbers in real time PCR (Figure 2, 3). The polyclonal HPeV rabbit IgG was able to 
neutralize HPeV3-150237 at an IC50 dilution factor of 205 and HPeV3-0252277 at an IC50 
dilution factor of 68. Although AT12-015, -17 and 18 did recognize HPeV3 infected cells the 
mAbs could not neutralize HPeV3 infection at 10 or 100TCID50 on Vero cells. To exclude 
any influence of cell tropism, we also tested neutralization of different HPeV3 clinical 
isolates on the BGM cell line (Figure 3). At most AT12-015 Ab was able to inhibit viral 
replication of our prototype HPeV3-150237 strain with a maximum of 1 log viral copies in 
both the Vero and BGM cell lines. The highest inhibition that could be observed was a 15% 
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(2 log) difference in replication of the HPeV3-1051930 strain in the BGM cell line at high 
Ab titers (Figure 3). The AT12-017 and AT12-018 did not inhibit viral infection of any of the 
HPeV3 strains. Moreover, the Abs did not neutralize HPeV1, 2, 4, 5 or 6 (data not shown).

Figure 2. Neutralization of HPeV3- 150237 and HPeV3- 0252277 using the polyclonal HPeV rabbit IgG. An end point 

neutralization assay is performed with 100TCID50 of HPeV3. The viral copies per sample are measured by PCR at day 7 

at the different serum dilutions. 

Figure 3.  Neutralization of primary HPeV3- 150237, - 0252277 and - 1051930 strains using the three different mAbs AT12-

015, AT12-017 and AT12-018 in a) Vero and b) BGM cells. An end point neutralization assay is performed with 100TCID50 of 

HPeV3. The viral copies per sample are measured by PCR at day 7 at the different AB concentrations.



131

Discussion 

In this study we generated a polyclonal HPeV rabbit IgG by total HPeV3 antigen 
immunization, and three human monoclonal Abs specific for HPeV3 from donors who 
experienced HPeV3 infection one year before blood was obtained. The polyclonal HPeV 
rabbit IgG generated against HPeV3-150237 did show specific neutralization but only at 
very low dilution. This is in agreement with what we observed for the Japanese Ab (A308-
99), which was able to specifically neutralize the HPeV3-A308-99 strain at very low dilutions 
(1:10), but was not able to neutralize the HPeV3-150237 strain, despite efficient binding to 
infected cells (Westerhuis et al., 2013). Thus two independently generated polyclonal rabbit 
Ab sera against HPeV3, the polyclonal HPeV rabbit IgG and aHPeV3-A308 Ab (Japan), 
were not able to neutralize HPeV3 infection efficiently at low dilutions, in contrast to what is 
shown for polyclonal rabbit sera generated against HPeV1. To study the human monoclonal 
antibody response against HPeV3, we developed 3 novel IgG1 antibodies specific for HPeV3. 
All three mAbs specifically recognized HPeV3 infected cells, they did not neutralize HPeV3 
infection in vitro. Previously, we generated mAbs against HPeV1 using the same B cell 
immortalization technique but then we could directly screen for neutralization, something 
that was technically impossible for HPeV3. Using the direct neutralization screening assay 
it proved to be relatively easy to obtain mAbs with high neutralization titer against HPeV1 
(Westerhuis et al., 2014 submitted). In general HPeV3 neutralization in vitro is more 
difficult and possibly requires higher antibody concentrations. Therefore, the screening and 
selection for HPeV3 specific mAbs in our study was based on specific binding which resulted 
in HPeV3 specific antibodies that however did not neutralize in the standard HPeV3 in vitro 
neutralization assays. Interestingly, the polyclonal Ab generated by immunization showed 
cross-binding to HPeV1-6, but specific albeit low neutralization against HPeV3. Thus it 
could be that by selecting HPeV3-specific binding Abs, neutralizing Abs were missed or 
that more than one antibody in the rabbit sera synergistically neutralized the virus. For 
the generation of HPeV3 specific mAbs, initially all positive supernatants were tested for 
HPeV3 neutralization, but no neutralizing Ab could be selected. It could be that potential 
neutralizing Abs were not present in concentrations high enough to obtain neutralization. 
A second possibility, which is supported by the lack of high neutralization of the polyclonal 
Abs, is that both aHPeV3 polyclonal and monoclonal Abs are not be able to efficiently reach 
the neutralizing epitope and cannot disturb the binding to the (unknown) receptor, and 
thus infection. Since HPeV3 neutralization by human sera is also absent or weak (14, 25, 
26), this supports our previous suggested hypothesis that maternal Ab protection might fail 
even when Abs are present, a risk of severe disease in neonates. This together may suggest 
that the general humoral immune response to HPeV3 is weak and not very potent, and 
therefore other defence mechanism (T-cell or innate immunity) are responsible for clearing 
HPeV3 infection. 
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Another hypothesis is that the Abs are not able to neutralize viral infection in in vitro 
experiments. For FMDV it has been shown that mAbs passively protect neonatal syngeneic 
(BALB/c) mice at dilutions which they could not neutralize virus infection in vitro (27), 
suggesting that opsonisation and phagocytosis play a major role in the immune response. 
To test this hypothesis animal models are needed. It has been shown that the availability 
for animal models for HPeV infections is limited. Newborn mice inoculated with HPeV1 
and HPeV2 were only infrequently infected, and cynomolgus monkeys showed no 
neuropathological changes after 30 days of observation (28).

In this study we were not able to isolate highly neutralizing mAbs against HPeV3. Secondly 
we could not identify the location of the specific mAb binding epitope of HPeV3 among the 
three different capsid proteins. This indicates that the mAbs bind a conformational epitope 
of the virus particle. Knowledge of the specific HPeV3 epitopes would also be of great value 
in the development of a specific HPeV3 assay, for example an ELISA specifically detecting 
HPeV3 Abs in sera, as the detection of (neutralizing) Abs in serum appeared to be difficult. 
For the identification of these epitopes and to study the differences in neutralization and 
receptor binding between HPeV1 and HPeV3 further research is needed. One approach 
is cryo- electron microscopy to reveal the HPeV3 structural features and to identify the 
specific binding epitopes of the non-neutralizing HPeV3 mAbs described in this study.
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