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Background: Acute respiratory infections (ARIs) are a leading cause of death among children under the age
of 5. However, there are no effective drugs for most of these severe viral infections. Passive immunotherapy
with convalescent plasma or hyperimmune intravenous immunoglobulin (H-IVIG) is a potential therapeutic
option for serious viral infections. It is important to find a suitable source of convalescent plasma and of
H-IVIG containing high titer neutralizing antibodies (NAbs).

Methods: Sera from 96 healthy adult donors in southern China and commercially available IVIG were
analyzed for the titers of NAD to several most common respiratory viruses including respiratory syncytial
virus (RSV), seasonal influenza A (InfA), enterovirus 71 (EV71), coxsackievirus A16 (CA16), adenovirus type 3
(Ad3) and a recent epidemic adenovirus type 55 (Ad55) by microneutralization test.

Results: A high proportion of samples from healthy adult donors were positive for NAbs (>16) to all the
viruses except Ad55. A different proportion of these samples had high NADb titers (>512) for InfA (25%), Ad3
(17.71%), RSV (9.38%), EV71 (1.04%), CA16 (3.13%), and Ad55 (4.17%). Commercially available IVIG
had high NAD titers to InfA and Ad3 (>1,000) and lower NAb titers to RSV [320], EV71 [160], and CA16
[160]. Strikingly, IVIG also had a high NAb titer to Ad55 (>1,000).

Conclusions: Convalescent plasma could be screened from healthy blood volunteers to establish blood

banks and to prepare specific H-IVIG for treating severe ARIs caused by common respiratory viruses.
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Introduction

Acute respiratory infections (ARIs) are a leading cause of
death among children under the age of five, killing more
than four million people per year and accounting for over
8% of the global burden of disease. The infections often
result in pneumonia, which is the single largest infectious
cause of death in children worldwide and killed an estimated
935,000 children under the age of five in 2013 (1). ARIs can
be caused by viruses, bacteria, or fungi. The availability of
improved diagnostic tools has led to the identification in
recent years of viruses as an increasingly frequent cause of
pneumonia (2). Previous work from our group and others
found that respiratory syncytial virus (RSV), seasonal
influenza A (InfA), enterovirus (EV), and adenovirus (Ad)
were the predominant pathogens in children with ARI (3-6).
Adenovirus type 3 (Ad3) and Ad7 were the most prevalent
serotypes of Ad that caused ARI (7,8), but in recent years
adenovirus type 55 (Ad55) has also caused severe pneumonia
and death in children and adults worldwide (9,10).

There is no effective medicine for most severe viral
infections and general supportive care is currently the only
clinical option (11), so new treatments for these infections
are desperately needed. One potential therapeutic option
is passive immunotherapy with convalescent plasma or
hyperimmune intravenous immunoglobulin (H-IVIG) (12).
Previous work has suggested that this approach might be an
effective treatment for infections with Spanish InfA (HIN1),
avian InfA (H5N1), 2009 pandemic InfA (HIN1), SARS
coronavirus (SARS-CoV), and Middle East respiratory
syndrome coronavirus (MERS-CoV), among others (12-18).
However, few studies have been reported using this
approach for the most prevalent viral pathogens. Infections
with these common viruses have a lower fatality rate than
those caused by the viruses listed above, but they cause
a large number of severe ARIs (SARIs) and even deaths
worldwide every year.

For passive immunotherapy, it is important to screen
convalescent plasma and prepare H-IVIG from convalescent
serum with high titers of neutralizing antibodies (NAbs)
(19-22). Intravenous immunoglobulin (IVIG), which is
produced from a large pool of healthy volunteers with
unknown NAD titers, has been used clinically for preventing
and treating bacterial and virus infections (23-27). And
H-IVIG from vaccine-immunized donors has been
used clinically for preventing and treating specific virus
infections, such as rabiesvirus and HBV. Given the high
infection rate in childhood of viruses causing ARIs, there
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may be high titers of NAbs against these pathogens in the
adult population and, therefore, in IVIG. So healthy blood
volunteers may be a suitable source of convalescent plasma.
However, up to now, only a few reports have described
a neutralizing activity against specific respiratory viruses
in support of this hypothesis (28-33). Therefore, in the
present study we has investigated the prevalence and serum
titers of NAbs against the main viruses that cause ARIs,
including RSV, seasonal InfA, EV [enterovirus 71 (EV71)
and coxsackievirus A16 (CA16)] and Ad (Ad3), as well as
those against a rare virus Ad55 which has caused several
epidemic outbreaks in recent years, in healthy adults in
southern China. We also evaluated the NADb titers against
these viruses in commercially available IVIG to discuss the
need for preparing H-IVIG from convalescent serum.

Methods
Human serum samples

Serum samples from 96 healthy donors were collected
at random in 2014 by Dongguan Children’s Hospital in
Dongguan, Southern China. Donors ranged in age from
20 to 49 years old with a sex ratio of 1:1 without any
other patient identifier. This research involving human
participants was approved by the Ethics Committee of the
Affiliated First Hospital of Guangzhou Medical University,
and informed consent was obtained from each of the
volunteers.

Human immunoglobulin for intravenous injection (IVIG)

A total of ten bottles of human immunoglobulin (pH4) for
intravenous injection with an IgG protein concentration of
5% (50 mg/mL; IVIG) from five production lots were used
in this study. They were produced by Guangdong Shuanglin
Bio-Pharmacy Co., Ltd. between January 2014 and October
2014 from plasma collected from healthy donors. The
IVIG was diluted with Dulbecco’s Modified Eagle Medium
(DMEM) (Gibco, China) before use.

Virus neutralization assays

The following virus strains were used for neutralization
assays: human Ad3 GZO01 strain (Genebank No.
DQ099432), enterovirus type 71 GZ08 strain (Genebank
No. FJ360545), coxsackie virus A16 GZ08 strain (Genebank
No. FJ198212.1), human respiratory syncytial virus A strain
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Long (RSV) from ATCC (Genebank No. AY911262.1),
InfA strain PR8 (A/PR8/34, HIN1) from ATCC, human
Ad55 Shanxi-Y16 strain (GenBank No. KF911353.1) which
was kindly provided by Lin Chen of Guangzhou Medical
University (Guangzhou, China).

The NAbs against the respiratory viruses in both
human serum samples and commercially available IVIG
samples were quantitatively detected by standard in vitro
microneutralization tests with appropriate cell types. In
brief, human embryonic kidney (HEK) 293 cells (for HAds),
Vero cells (for EV71 and CA16), HEp-2 cells (for RSV), and
MDCK cells (for InfA) were seeded at a density of 2x10*
cells per well in 96-well plates and cultured for 24 hours.
Concurrently, 100 50% tissue culture infectious dose (T'CIDs;,)
of the viruses were mixed with equal volumes of 2-fold
serially-diluted human serum or IVIG at 37 °C for 1 hour.
Then, the mixtures were adsorbed onto the corresponding
cells and incubated for 48 hours. Titers from triplicate wells
were read as the highest dilution of sera that inhibited virus
growth without visible cytopathic effect (CPE).

Statistical analyses

Comparisons between the seroprevalence of different
groups were evaluated using Pearson’s y¢* for binary variables
(with Fisher’s exact method when appropriate), and
statistical analyses were computed with SPSS version 13.0
(SPSS Inc., Chicago, IL, USA). For all analyses, P values of
less than 0.05 were regarded as significant.

Results

Seroprevalence in the bealthy adult population of NAbs
against respiratory viruses

First, we wanted to evaluate the seroprevalence in healthy
adults of NAbs against common respiratory viruses. As
shown in Figure 1, after incubation for 48 hr, the typic
CPE could be seen in cells infected with RSV, InfA, Ad3,
Ad55, EV71 or CA16. We collected 96 serum samples
from healthy donors and performed microneutralization
assays to measure the titers of NAbs against several
respiratory viruses. As shown in Figure 2, only to Ad5S5,
a high proportion of samples from healthy adult donors
were negative for NAbs (>16); to the other five viruses the
highest proportion of samples has NAb at titer 16-128.
As shown in Table 1, 80.21%), 19.79%, 100.00%, 73.96%,
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82.29%, and 100.00% of the samples were positive (NAb
titers >16) for Ad3, Ad55, RSV, EV71, CA16, and InfA,
respectively; and 41.67%, 8.34%, 16.67%, 7.29%, 10.42%,
and 43.75% of the samples had notably high NAbD titers
(>128) against Ad3, Ad55, RSV, EV71, CA16, and InfA,
respectively. All of the samples were positive for RSV and
InfA NAbs. Many samples had high NAD titers (>512) for
RSV (9.38%), InfA (25.00%) and Ad3 (17.71%) and several
samples had extremely high NAD titers (>2,000) for Ad3.
However, a high proportion of samples, 80 (83.33%), 64
(66.67%), and 69 (71.88%) had low but significant NAb
titers [16-128] for RSV, EV71, and CA16, respectively.
Only 19.79% of the samples were positive for Ad55 NAbs,
but some of these (4.17%) had high (>512) titers. The mean
of NAbs titer were 221, 216, 158, 53, 61, 70 to InfA, Ad3,
RSV, Ad55, EV71 and CA16, respectively.

Further comprehensive analyses were performed and
frequency histograms were drawn to illustrate the impact
of age on respiratory virus infection. The percentage of
samples from age groups of 20-29, 30-39, and 40-49-year-
old that were positive for Ad55 NAbs were 0%, 19.75%,
and 40.625%, respectively, as demonstrated in Table 2. The
percentage of samples that were positive for Ad55 NAbs
(titers >16) increased with the age of the donors (P<0.01).
For the other tested viruses, there were no significant
differences in the proportions of samples positive for NAbs
between age groups (Figure 3). Additionally, there were not
any significant differences in the proportions of NAb titers
between males and females for any of the tested viruses
(Tible 3).

A total of 36 (37.5%) samples were positive for NAbs
against all five of the most common viruses that were
tested: RSV, EV71, CA16, Ad3, and InfA. Eighty (83.33%)
samples were positive for NAbs against at least four of these
five viruses, and 92 (95.83%) samples against at least three
of them.

NAb titers of IVIG

Next, we wanted to assess the NADb titers against the same
common respiratory viruses in commercially available
IVIG. A total of ten bottles of five human immunoglobulin
lots (pH4) intended for intravenous injection were assessed.
These samples had an IgG protein concentration of 5%
(50 mg/mL). The IVIG were then diluted with DMEM, and
the NAD titers were detected by standard microneutralization
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Cell control Cell infected with virus

Figure 1 Typic cells pathic effect infected with respiratory viruses (200x). (A) HEp2 cells infected with RSV; (B) MDCK cells infected with InfA;
(C) HEK293 cells infected with Ad3 (middle) or Ad55 (right); (D) vero cells infected with EV71 (middle) or CA16 (right). RSV, respiratory
syncytial virus; InfA, influenza A; Ad3, adenovirus type 3; Ad55, adenovirus type 55; EV71, enterovirus 71; CA16, coxsackievirus A16.

tests. As shown in Figure 4, all of the IVIG from different Ad55 [2048]. However, IVIG had lower NAD titers to RSV
production lots had the same titers against the same viruses. [320], EV71 [160], and CA16 [160], which corresponds with
IVIG had extremely high NAb titers to InfA [8192] and Ad3 the lower proportions of high NAb titer (>128) samples that
[2048]. It is striking that IVIG also had a high NADb titer to we found in healthy donors (Figure 2).
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Discussion

It may be possible to treat ARI using convalescent plasma or
serum IVIG containing high titers of NAbs against specific
pathogens. Passive immunotherapy, which mainly uses
convalescent plasma or convalescent serum, and H-IVIG
prepared from convalescent sera, has been suggested as a
potentially effective method to prevent and treat severe
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Figure 2 Distribution of NAbD titers against respiratory viruses
in healthy adults. The NAD titers of total 96 sera samples were
detected by neutralization tests in vitro against six respiratory

viruses. NAb, neutralizing antibody.
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viral infection (12). This method has been used for treating
ARI caused by H5N1, HIN1, SARS-CoV, and MERS-CoV
(11-16). However, ARIs in children are mainly caused
by RSV, InfA, EV, and Ad (3). Therefore, passive
immunotherapy should be further studied as a potential
treatment for ARI in children. For passive immunotherapy,
the screening and preparation of convalescent plasma or
serum is the main difficulty (19). In general, convalescent
plasma is prepared from donors who are diagnosed patients
or volunteers who have been vaccinated with high titers of
specific antibodies. H-IVIG is then produced from a mixture
of convalescent plasmas from different individuals (16).
There are few reports about the seroprevalence of NAb
titers against common respiratory viruses in healthy adult
donors (29-31). In this study, we piloted a successful attempt
to screen plasma with high titers of NAb against common
respiratory viruses from healthy adult donors, and we found
that the commercial IVIG contained high titers of NAbs
against RSV, InfA, EV, and Ad.

A high proportion of healthy adult donors were found
to have NAbs against these common respiratory viruses
(Table 1). The high rates of vaccination against and infection
with InfA may explain our finding that the highest proportion

Table 1 Seroprevalence of NAbs against respiratory viruses in healthy adults from southern China

Viruses, n (%)

Neutralizing titer Sex
Ad3 Ad55 RSV EV71 CA16 InfA
<16 Total 9 (19.79) 77 (80.21) 0 (0.00) 25 (26.04) 17 (17.71) 0 (0.00)
Male 5(10.42) 39 (81.26) 0 (0.00) 10 (20.84) 6 (12.5) 0 (0.00)
Female 4 (29.16) 38 (79.16) 0 (0.00) 15 (31.26) 1(22.92) 0 (0.00)
16-128 Total 37 (38.54) 1(11.45) 80 (83.33) 64 (66.67) 69 (71.88) 54 (56.25)
Male 20 (41.66) 5(10.42) 38 (79.16) 32 (66.67) 38 (79.16) 23 (47.92)
Female 7 (35.42) 6 (12.5) 42 (87.50) 32 (66.67) 31 (64.58) 31(64.58)
129-512 Total 23 (23.96) 4(4.17) 7 (7.29) 6 (6.25) 7 (7.29) 18 (18.75)
Male 5(31.26) 2(4.17) 3 (6.26) 5(10.42) 4(8.34) 9 (18.76)
Female 8 (16.66) 2(4.17) 4 (8.34) 1(2.08) 3 (6.26) 9 (18.76)
>512 Total 17 (17.71) 4(4.17) 9(9.38) 1(1.04) 3(3.13) 24 (25.0)
Male 8 (16.66) 2(4.17) 7 (14.58) 1(2.08) 0 (0.00) 16 (33.34)
Female 9 (18.76) 2(4.17) 2(4.17) 0 (0.00) 3 (6.26) 8 (16.66)
>16 Total 77 (80.21) 19 (19.79) 96 (100.00) 71 (73.96) 79 (82.29) 96 (100.00)
Male 43 (89.58) 9 (18.75) 48 (100.00) 38 (79.17) 42 (87.50) 48 (100.00)
Female 34 (70.83) 10 (20.83) 48 (100.00) 33 (68.75) 37 (77.08) 48 (100.00)

NADb, neutralizing antibody; Ad3, adenovirus type 3; Ad55, adenovirus type 55; RSV, respiratory syncytial virus; EV71, enterovirus

71; CA16, coxsackievirus A16; InfA, influenza A.
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Viruses, n (%)

Age (y) -

Ad3 Ad55 RSV EV71 CA16 InfA
20-29 26 (81.25) 0 (0.00) 32 (100.0) 28 (87.50) 26 (81.25) 32 (100.0)
30-39 25 (78.125) 6 (18.75) 32 (100.0) 21 (65.625) 28 (87.50) 32 (100.0)
40-49 26 (81.25) 13 (40.625) 32 (100.0) 22 (68.75) 25 (78.125) 32 (100.0)

*, P<0.05 for difference of prevalence by age groups. NAb, neutralizing antibody; Ad3, adenovirus type 3; Ad55, adenovirus type
55; RSV, respiratory syncytial virus; EV71, enterovirus 71; CA16, coxsackievirus A16; InfA, influenza A.
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Table 3 Seroprevalence of NAbs against respiratory viruses in different genders
Viruses, n (%)
Gender
Ad3 Ad55 RSV EV71 CA16 InfA
Male 43 (89.58) 9 (18.75) 48 (100.00) 38 (79.17) 42 (87.50) 48 (100.00)
Female 34 (70.83) 10 (20.83) 48 (100.00) 33 (68.75) 37 (77.08) 48 (100.00)

NADb, neutralizing antibody; Ad3, adenovirus type 3; Ad55, adenovirus type 55; RSV, respiratory syncytial virus; EV71, enterovirus

71; CA16, coxsackievirus A16; InfA, influenza A.
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Figure 4 NAD titers of commercial IVIG against respiratory viruses.

NAD, neutralizing antibody; IVIG, intravenous immunoglobulin.

of NAb positive samples was for this virus and that many
of the positive samples had high NAD titers against InfA.
Only the seasonal InfA vaccine is used in China; however,
no vaccines are used here for Ad, RSV, EV71, or CAl6.
Our finding that a high percentage of the samples were
positive for these viruses demonstrates the high infection
rate of these viruses in the Chinese population. A sizable
proportion of the samples had high NAb titers (>512) for
InfA (25%) and Ad3 (17.71%). Although they were less
abundant, some samples also had high NAD titers against
RSV (9.38%), EV71 (1.04%), CA16 (3.13%), and Ad55
(4.17%). These results suggest that healthy blood volunteers
may be a suitable source for convalescent plasma for use
in treating SARIs and preparing blood banks against these
specific viruses (20). Clinically, SARIs are still common in
southern China, especially in children and immunodeficient
patients. Currently, these cases are sometimes treated using
plasma with undetermined NAD titers as general supportive
care. In these cases it may be more effective to use plasma
with a high NAD titer.

With these resources, the relationship between the NAb
titer against respiratory viruses and the therapeutic effect
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could be studied. Additionally, the blood with high titers
of NAbs against respiratory viruses also could be used to
specifically screen for human neutralizing monoclonal
antibodies against individual viruses. In this study, we
used the InfA standard strain A/PR8/34 (H1N1), which
was isolated over 80 years ago, to evaluate the prevalence
of NAbs, and we found that 25% of the serum samples
had high NAb titers against HIN1. This result could be
explained by the presence of cross-reactive NAbs from
natural infection with HINT1 (28,31,34-36). However, due
to the high variability in influenza virus antigenicity, it
might be more appropriate to screen plasma using recent
epidemic influenza strains.

The percentage of samples that were positive for NAbs
against Ad55 (titers >16) increased with age (P<0.01), as
demonstrated in Figure 3 and Table 2. For NAbs against
other viruses, there were no significant differences in the
positive proportions between age groups 20-29, 30-39, or
40-49 years. This trend agrees with previous work showing
that Ad55 are often detected in the adult population in
contrast with EV71, RSV, CA16, and Ad3, which are mainly
detected in children (5-9). There were not any significant
differences in the proportions of positive samples or in the
titers of NAbs between males and females for any of the
tested viruses (Table 3). Based on these results, blood from
male or female 20-49-year-old volunteers can be used for
screening NAbs against these viruses.

H-IVIG is prepared from the convalescent plasma of
patients with a specific pathogen infection. Unlike H-IVIG,
standard IVIG is produced in the blood of healthy donors
and has been widely used clinically for preventing infection.
IVIG has also been successfully used for treating CMV
infection and parvovirus B19 infection (26,27). Only
H-IVIG has been used for treating infections with SARS-
CoV, MERS-CoV and H5N1, which is likely because of the
low infection rates of these viruses in the population (12).
The high titers of NAbs against Ad3, and InfA (Figure 4)
that we found in samples from healthy donors suggest that
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IVIG might be useful for treating SARIs caused by these
viruses. We found that the NAb titers in IVIG are not as
high against RSV [320], EV71 [160], and CA16 [160] as
against InfA [8192] and Ad3 [2048], AdSS5 [2048] (Figure 4);
therefore, high-dose IVIG may be needed for treating
infections caused by these viruses. To our knowledge,
there have been no studies testing the use of IVIG to treat
infections with these viruses, but our results suggest that
this treatment should be investigated. However, high-dose
IVIG used in children may cause side effect, such as allergic
reactions. And commercial IVIG is expensive. It is easy to
understand that H-IVIG prepared only from sera with high
titer NAb against specific virus would have a much higher
titer NAb against this virus, and then could be used at a
low-dose. Due to the presences of high NAbs against these
viruses in adults, H-IVIG could be prepared from screened
sera with high titer NAbs as personalized medicine which
may be more economical and effective for treating specific
respiratory virus infection.

Ad55 is a new type of Ad, which was recombined from
Ad14 and Ad11, and it has caused severe infections in China
and other regions since 2006 (7-10). It is interesting to find
that only a low proportion of samples from adult donors
were positive for NAbs to Ad55, but that commercially
available IVIG had a high NAb titer against this virus.
These findings may be due to the fact that the commercially
produced IVIG was prepared from healthy donors who
came from a larger area. The low proportion of samples
from our donors that were positive for NAbs against
AdS5S5 suggests that there may be little protection in the
population of southern China and indicates that this area
should be frequently surveyed for Ad55 infection. The
high titers of NAb against Ad55 in IVIG suggest that IVIG
may be potentially effective as an early treatment for Ad55
infection and this possibility should be investigated further.

Conclusions

Convalescent plasma with high NADb titers against common
respiratory viruses (Ad3, Ad55, InfA, RSV, EV71 and CA16)
can be screened from healthy blood volunteers to establish
blood banks for treating SARIs. Additionally, commercial
IVIG had high titer NAbs against Ad3, Ad55 and InfA,
but low titer NAbs against RSV, EV71 and CA16, which
indicates that it may be necessary to prepare H-IVIG from
sera with high titer NAbs for treating these specific virus
infections. This research provides useful data for further
developing passive immunotherapy against SARI.
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