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Abstract

Background/Aims: Treatment with antiviral neuraminidase inhibitors suppresses influenza viral replication and antigen
production, resulting in marked attenuation of mucosal immunity and mild suppression of systemic immunity in mice. This
study investigated the effects of immunomodulator clarithromycin (CAM) supplementation on mucosal and systemic
immunity in pediatric patients with influenza treated with neuraminidase inhibitors.

Methods: A retrospective, non-randomized case series study was conducted among five treatment groups of 195 children
aged 5.9£3.3 years infected with influenza A in 2008/2009 season. The five treatment groups were oseltamivir (OSV),
zanamivir (ZNV), OSV+CAM, ZNV+CAM and untreated groups. Anti-viral secretory IgA (S-IgA) levels in nasal washes and IgG
levels in sera were measured. The re-infection rate was analyzed among the same five treatment groups in the 2009/2010
season.

Results: Treatment of influenza with OSV and ZNV for 5 days attenuated the induction of anti-viral S-IgA in nasal washes
and anti-viral IgG in serum, compared with the untreated group. The combination of CAM plus OSV or ZNV boosted and
restored the production of mucosal S-IgA and systemic IgG. The re-infection rates in the subsequent season were
significantly higher in the OSV and ZNV groups than the untreated, while CAM+OSV and CAM+ZNV tended to reduce such
rate.

Conclusions: CAM restored the attenuated anti-viral mucosal and systemic immunity and reduced the re-infection rate in
the subsequent year in pediatric patients with influenza treated with OSV and ZNV.
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Introduction

Influenza is a worldwide public health problem, particularly
with emerging new strains to which vaccines are ineffective,
limited, or unavailable. The antiviral neuraminidase inhibitors
oseltamivir (OSV) and zanamivir (ZNV) are important treatment
options for seasonal influenza infections [1,2], and are being
stockpiled in many countries as part of their pandemic response
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planning. These inhibitors impair the release of new influenza
virions from infected cells by blocking the actions of viral
neuraminidases [2], resulting in effective suppression of viral
RNA replication and viral antigen production. In contrast to the
therapeutic effects of OSV, we reported recently that OSV
significantly suppressed the production of mucosal antigen (Ag)-
specific secretory IgA (S-IgA) antibody and Ag-specific IgA-
forming cells in the mouse airway, probably due to the suppressed
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viral antigen production, but it did not seriously suppress the
production of systemic anti-viral IgG and IgG-forming cells in the
spleen [3].

In order to prevent complications and aggravation of the flu
symptoms, it is not uncommon, in Japan, to prescribe clarithro-
mycin (CAM) developed by modification of erythromycin [4], an
immunomodulator macrolide antibiotic [5-8] with antiviral
activities [9,10], in combination with OSV or ZNV. In this
regard, we previously reported that administration of CAM in
influenza A virus (IAV)-infected mice suppressed tumor necrosis
factor alpha production and augmented interleukin-12 production
in the blood [11,12], resulting in alleviation of the flu symptoms,
while oral treatment with OSV attenuated the induction of
respiratory anti-IAV specific secretory IgA (S-IgA) immune
responses [3]. Furthermore, we have verified in IAV-infected
children that oral CAM augments the nasopharyngeal mucosal
immune responses, while OSV suppresses the production of
mucosal anti-IAV S-IgA [13]. Of interest, we have also reported
that 75% of patients treated with the combination of CAM and
OSV show increases in S-IgA production to levels similar to those
seen in patients treated with CAM alone and untreated patients.
In addition, we recently determined the molecular mechanisms
responsible for the enhanced induction of mucosal IgA class
switching recombination in CAM-treated mice [14]. The obtained
data indicated that CAM significantly enhances the expression
levels of B-cell-activating factor of the tumor necrosis factor family
(BAFF) molecule on mucosal dendritic cells as well as those of
activation-induced cytidine deaminase and Ip-Cot transcripts on B
cells [14]. The results indicated that CAM enhances S-IgA
production through the induction of IgA class switching recom-
bination in IAV-infected mice.

In previous clinical studies [13] on the immunomodulatory and
boost effects of CAM on the nasopharyngeal mucosal immune
response in pediatric patients with influenza treated with OSV,
several questions remain to be answered: (i) Do antiviral
neuraminidase inhibitors other than OSV, such as ZNV, an
orally inhaled powder, also suppress the adaptive respiratory S-
IgA response? (ii) Do the antiviral neuraminidase inhibitors also
affect serum IgG responses in pediatric influenza? (ii1) Do antiviral
neuraminidase inhibitors, with and without CAM, affect the rate
of future influenza virus re-infection? The present retrospective
and non-randomized case series study was conducted to provide
answers to these questions in 195 children infected with IAV. We
report here that treatment with ZNV suppressed airway mucosal
immunity and systemic immunity in pediatric influenza in a
manner similar to OSV. The addition of CAM induced a mild
boost and tended to restore the suppressed mucosal anti-viral S-
IgA response in the OSV- and ZNV-treated patients, and also
boosted serum IgG response, with a significant improvement in
anti-IAV-specific IgG production in the ZNV-treated group. In
addition, CAM tended to decrease, albeit insignificantly, the re-
infection frequency in the OSV- and ZNV-treated groups.

Methods

Ethics Statement

After explanation of the purpose of this clinical study, written
informed consent was obtained from each parent of pediatric
patients for enrollment in the study and for the use of stored
nasopharyngeal aspirates and blood for quantitative analyses of
anti-IAV antibodies. Permission to perform clinical studies and
ethical approval of the study protocol were granted by the Ethics
Committee of Tokushima University Hospital (Permit Number,
#463). The study was conducted under the supervision of the
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pediatricians involved (MA, NH, YT, SS, KS, TY, KN, MM, MI,
YY and SS), and parents were advised of risks, benefits and the
right to withdraw their children from further involvement in the
study at any point without repercussions. All data, particularly
patient identification data, were physically and electronically
secured throughout the study.

Study population

The study subjects were 195 children (age, 5.9%3.3 years,
mean*SD, range, 0-14 years), who were infected with IAV
between October 2008 through March 2009 in 11 Pediatric
Clinics and Children’s Hospitals in the mid-west region of Japan.
A descriptive survey study on re-infection was conducted for the
same children from October through March of 2009/2010. The
inclusion criteria were the followings: patients who presented to
the Pediatric Clinics and Children’s Hospitals and diagnosed with
the rapid diagnosis Espline Influenza A&B-N kit (Fujirebio Inc.,
Tokyo, Japan) and whose treatment was initiated within 48 hours
of the onset of fever. Patients with congenital defects and those
with co-morbid chronic diseases were excluded. Since the number
of Japanese infected with influenza B in the 2008/2009 season was
not large [15], and the antigen of influenza B/Victoria lincage
prevailing in the season was not commercially available for the
analysis of antibody titers, statistical analysis was conducted only
on data of patients who presented with TAV.

Treatment regimens

Patients diagnosed with IAV infection were divided into five
groups according to the prescription of each pediatrician involved:
the no-treatment group (n=68), the OSV group (70 patients
treated orally twice daily with OSV at 2 mg/kg body weight for 5
days), OSV+CAM group (20 patients treated orally twice daily
with OSV at 2 mg/kg body weight for 5 days plus oral CAM at
5.0-7.5 mg/kg body weight for 5 days), the ZNV group (27
patients older than 4 years treated twice daily with orally inhaled
ZNV powder at 10 mg for 5 days) and ZNV+CAM group (10
patients treated twice daily with orally inhaled ZNV powder at
10 mg for 5 days plus oral CAM at 5.0-7.5 mg/kg body weight
for 5 days). There were no outbreaks of Mycoplasma or Chlamydia at
the time of the study. All patients were followed for 5 days.

Collection of biological samples

All children suspected clinically to have influenza underwent
both nasopharyngeal aspiration and serum collection. Nasopha-
ryngeal aspiration was conducted on each nostril for 1 minute,
through a silicon tube, and the aspirate collected in a centrifuge
tube connected to an evacuator, as described previously [16,17].
The isolated specimens were immediately cooled on ice, homog-
enized by sonification for 20 seconds on ice, in a model 250, 20%
duty, 2-cycle Sonifier® (Branson Ultrasonics Co., Danbury, CT),
and the insoluble materials were removed by centrifugation at
2000 % g for 5 minutes at 4°C. The supernatants of nasopharyn-
geal specimens and serum were stored at —30°C until use.

Enzyme-linked immunosorbent assay (ELISA)

The concentrations of total IgA, IgG and anti-IAV-specific S-
IgA in nasopharyngeal specimens and anti-IAV-specific IgG in
sera were measured by ELISA, as described previously [13,17].
For measurement of anti-IAV-specific antibody, the prevalent IAV
strains were selected as coating ELISA antigens: In the 2008/2009
flu season before May 2009, IAV/Brisbane/59/2007(HIN1)-like
and IAV/Uruguay/716/2007(H3N2)-like subtypes were prevalent
in Japan [15]. Since the affinity purified human anti-IAV-specific
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S-IgA and IgG standards for each IAV subtypes are not
commercially available, the concentrations of anti-IAV-specific
antibody in the nasopharyngeal specimens and sera were
determined from the standard regression curves with human IgA
and IgG of known concentrations in a human IgA and IgG
quantitation kits (Bethyl Laboratories Inc., Montgomery, TX).
The relative values of anti-IAV-specific S-IgA and IgG were
expressed as units (U); one U of each anti-IAV-specific S-IgA and
IgG was determined from the regression curves as the point
corresponding to 1 pug of human IgA and 1 mg of human IgG
detected in the assay system, respectively, as described previously
[13,17]. Since the concentration of nasal wash samples varies
widely between individuals depending on the aspiration efficiency
and patient age, the concentration of anti-IAV-specific S-IgA (U/
mL) was normalized by the amount of protein (mg/mlL). Since
there was no significant variability in serum protein concentra-
tions, the row values of anti-IAV-specific IgG concentrations (U/
mL) were used. The protein concentrations in the nasopharyngeal
specimens were measured using a bicinchoninic acid protein assay
reagent kit (Pierce, Rockford, IL).

Statistical analysis

Results are presented as the median (interquartile range), or
numbers (%) of observations. The S-IgA levels in nasopharyngeal
specimens of the different patient groups were compared by the
Mann-Whitney U-test and Wilcoxon signed-rank test. Between
group comparisons of disease symptoms were made using Fisher’s
exact test with the Bonferroni correction. A P value <0.05 was
considered statistically significant.

Results

Patient characteristics

Table 1 lists the characteristics of patients of the five groups.
The most common features of influenza were fever (defined as
body temperature =38°C), sore throat, cough, nasal discharge,
headache and body aches. About half (48.6-64.7%) of the patients
in each group had received vaccination before the onset of the
influenza season and no significant differences in the values were
observed among the five groups. The prevalence of disease signs
and symptoms at admission to hospital was similar among the five
groups. The time between onset of illness and initial examination
ranged from 1.0 to 1.9 days with a mean value of 1.7+0.6 days.

Clarithromycin Enhances Immunity

Effects of OSV and ZNV on nasopharyngeal antiviral-S-
IgA production and serum antiviral-IgG in patients
treated with or without CAM

Table 2 summarizes the levels of anti-IAV(HINT1)- and (H3N2)-
specific S-IgA (U/mg protein) and total S-IgA (ug/mg protein)
before and 5 days after treatment with OSV and ZNV, with or
without CAM. In the control (no treatment) group, significant
increases in the concentrations of anti-IAV-specific S-IgA against
subtypes HIN1 (£<<0.05) and H3N2 (P<0.01) were observed at 5
days after infection. The percentages of patients with greater than
or equal (=1-fold) to baseline titer before treatment and greater
than or equal to a four-fold increase (=4-fold) from baseline titer
in the no-treatment group against subtype HINI were 61.5 and
26.2, respectively, and against subtype H3N2 were 69.2 and 15.4,
respectively. Treatment with OSV and ZNV significantly
suppressed the percentage of patients with =1-fold of baseline
titer against both HIN1 and H3N2 subtypes, compared with the
values in the no-treatment group. However, co-administration of
CAM and OSV boosted S-IgA induction and increased the
percentage of patients with =1-fold of baseline titer from 42.9 to
65.0 against HIN1 and from 42.9 to 70.0 against H3N2 (P value
versus OSV group for HINI: P<0.06 to <0.09, H3N2: <0.05).
Co-administration of CAM and ZNV resulted in mild restoration
of the suppressed percentage of patients with =1-fold of baseline
titer from 37.0 to 50.0 against HINT and from 48.1 to 60.0 against
H3N2, although the differences between the two were not
statistically significant. There were no significant differences in
the percentages of patients with =4-fold of baseline S-IgA titer
among the five treatment groups.

Table 3 lists the levels of serum anti-IAV(HINT1)- and (H3N2)-
specific IgG (U/mL) and total IgG (mg/mL) before and 5 days
after treatment of IAV infection with OSV and ZNV, with or
without CAM. Significant increases were noted in serum levels of
anti-IAV-specific IgG in all groups at 5 days after treatment,
except those against HIN1 in the OSV and ZNV groups. In
particular, ZNV treatment significantly reduced the percentage of
patients with =1-fold of baseline titer against HIN1 compared
with the no-treatment group, from 73.5 to 40.9 (£<<0.01), in a
manner similar to that noted in mucosal S-IgA responses. In
addition, the combination of CAM plus ZNV significantly
increased the percentage of patients with =1-fold of baseline titer
against HINT (P<<0.01), though the increase against H3N2 was
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Table 1. Patient characteristics.
No

All patients Treatment osv OSV+CAM ZNV ZNV+CAM

(n=195) (n=68) (n=70) (n=20) (n=27) (n=10)
Age, years, (range)* 59%3.3 (0-14) 7.3%3.9(0-14) 4.2%x2.7 (0-10) 5.1%2.1(1-9) 7.0%1.6 (5-9) 6.9+2.0 (4-9)
Time between onset illness and initial examination (days)* 1.7+0.6 1.6+0.7 1.7+0.6 1.9+0.6 1.6+0.6 1.0%+0.7
Previous vaccination (%) 112(57.4) 44(64.7) 34(48.6) 12(60.0) 17(63.0) 5(50.0)
Fever (%) 180(95.2) 63(92.6) 68(100) 16(88.9) 25(96.2) 8(88.9)
Sore throat (%) 68(35.4) 24(35.3) 20(29.9) 4(20.0) 15(55.6) 5(50.0)
Cough (%) 173(88.7) 64(94.1) 61(87.1) 16(80.0) 23(85.2) 9(90.0)
Nasal discharge (%) 177(90.8) 67(98.5) 64(91.4) 17(85.0) 20(74.1) 9(90.0)
Headache (%) 70(36.6) 26(38.2) 20(30.3) 4(20.0) 14(51.9) 6(60.0)
Body aches (%) 54(28.7) 16(23.5) 24(37.5) 3(15.8) 8(29.6) 3(30.0)
*Data are mean=SD.
doi:10.1371/journal.pone.0070060.t001

July 2013 | Volume 8 | Issue 7 | e70060



Clarithromycin Enhances Immunity

£0010900£00°9u0d"[EUINO/| LE "0 L:10P
(3533 19BX® S 43ysld) dnoub ANZ 3y SNSI9A 'L0'0>d,

*(3533 12eX3 S, 42ysld) dnolb ANZ dU3 SNsIdA ‘60°0> 03 90°0>d
*(359) 39BX3 S,49YSld) JuSWIea1} OU 9A1d3dSAI YY) SNSISA 10'0>d4

(3591 SjueI-paubls UOXOD|IM) Jo1Weled WS By} JOJ JUBWIIRDI} DI0J2] SNSIA L0'0>d

'S0'0>d«

‘Aj2AnDadsai ‘Juswileal) J9)R pue 310497 SJ0USP JaYe pue 210jog ‘(dBues |iienbidlul) ueipsw ale eleq

005 40001 0'sT ,0°00L 61-6'9) 0L (0'Tz-z0l) ¥'SL 9T-¥0) ¥'L (£'0-7°0) ¥'0 «(8'1-70) 60 (90-2°0) €0 8 WVD+ANZ

T8l 89 o€l 1601 (r'8T-'6) €51 (r'Le-€8) 6'LL ,(60-7°0) S0 (50-7°0) €0 (1'L-+0) 90 (1'1-€0) 90 Tz ANZ

£yl LS8 v'ie 98/ (L'91-9%6) 0TL (1'1z-1ol) L'vlL «(TL-7'0) 90 (50-2°0) S0 ,#'1-50) 610 (90-€0) S0 L WVD+ASO

Lee 0'SL Tl S'€9 (r'21-9%8) 8'LL (9L1-16) TEL L(L'L-90°0) ¥'0  (S0-¥0°0) TO (01-900) S0 (£0-€00)T0 TS ASO

L'vE SeL 9°0€¢ SeL «(L'8T-T0L) LLL (£'87-6'01) €61 ,r'L-€0) 80 (£'0-T0) ¥'0 L(S'L-v'0) 80 (60-70) S0 6V JusWIeaN) ON
(210399 (210399 (21032q (210399 Yy 240j)99g BTV EILIEY: | STV EILIET: |

/1333Y) PIOJ-b=< /[431V) PIOJ-L=  [43YY) PIO)-v=< /I3V) PIO}-L=<

INEH LNLH ZNEH LNLH
(Qw/6w) 6] |e30) (Qw/n) D61 di1dads-AyI-RUY

u juswieal ]

juaweasy Guunp uonesusduod Hbj| >ydads-Ay|

-1ue Ul SasEa.IdUl P|oj-F= pue p|oj-L= Yum sjuaned jo abejusdiad

uonesuaduod Hhi|

INYD INOYUM 10 YyUM ‘sKep G 10} ANZ Pue ASO Yum paileall siuajed pue sjuanjed pajeasiun ul uondnpoisd Hb| dydads-pAy|-lue ul ssabueyd € ajqel

200¥'0900£00"2uod"[euInof/L £ 1'0LiIop
(3533 19BX® S 43Ysld) dnob ASO BU3 SNSIBA ‘S00>d, (3534 39BXD S J3ysld) dnoib ASO 3Y3 SNSIIA ‘600> 03 90'0>d
‘ﬁmwu 1oexa mx_w_,_m_n: juawiieall ou m>_uumemh 2y} SNSIaA ‘_.OOV&H Aumwu 1oexa mecm_n: juswiieall ou w>_uumewh 9Y1 sSnsJaA ﬁOOVQm
(3533 syueI-paUBIS UOXOD|IAN) JSIBWRIRd LIS S} 104 JUBWILDI] 310427 SNSIA ‘L0°0>d),

'S0'0>dx

"Aj2A1Dadsa) ‘Juawileal] Ja)Je pue 21049q 10UIP JdYe pue 2104ag “(d6uel djiienbialul) uelpaw ale eleq

0'0€ 009 00€ 0'0S (L0z-1S1) TELL  (20T-OL) €€bL ©L1-81) € ez L1 (561-27) €9 ('z~9'1) oz oL WVD+ANZ
ULl sy S8l s0'LE (9Lz-1oL) 867L  (L8L-8'98) £'60L (8'£-50) 9 (8'€-t'l) 0T (8S51-50) §¥  (€TL-L1) 8€ LT ANZ
00T ,00L 00€ 4069 «(rlz-6'86) L'¥EL  (ESL-LbL) 9'LTL , (92-€0) &1 (L'1-T0) L0 HETL-€0) 6L (r'1-€0) 60 0T WVD+ASO
£vl 16T 98l 6T (€91-878) 0'8TL  (Lyl-1'64) 8'TTL (L'€-50) L'L (8'C-1'0) 0'L (0s-t'0) T'L (65-90) €L 0L ASO
¥'sl 769 [4°74 S'L9 «(P0T-8LL) SEVL  (LLL-€°06) 9°0CL (L9-0°1) L'E (8'€-9'0) 7T «(8L-T1) L€ (LS50 €T $9 JuaWIeal) ON
(240329 (21032q (210329 (210329 Yy alojag BTV aJ10)9g Yy alojog
[191Y) PIO)-¥=  [43}V) PIO}-L= /[493V) PIO}-¥= /191Y) PIO)-L=
ZNEH LNLH ZNEH LNLH
(urs3oud Bwi/bri) y6I-S |e30L (urs3oud Bwi/n) v6I-S 2y1dads-AyI-BUY
juswieas) buuinp uonenuaduod yb6|-s dypads-Av| u juswieas]

-1ue Ul S3SEaIdUI P|oj-F= pue p|oj-L= Yum sjuaned jo abejusdiad

uonesuaduod yb|-§

INYD INOYUM IO YyUM ‘SAep G 1o} ANZ Pue ASO Yiim paieall siuanjed pue sjuanjed pajeanun ul uondnpoid ybi-S didads-pAy|-lue ul ssbuey) g ajqel

July 2013 | Volume 8 | Issue 7 | e70060

PLOS ONE | www.plosone.org



marginal, (P<0.06 to <0.09), compared with ZNV alone. There
were no significant differences in the percentages of patients with
=4-fold of baseline IgG titer among the five treatment groups.
Table 4 compares the prevalence of disease manifestations at
day 5 after treatment. Significant improvements were noted in the
prevalence of cough in the OSV+CAM group, compared with the
OSV group (P<<0.05), and nasal discharge in the ZNV+CAM
group, compared with the ZNV group (P<0.05). However, there
were no significant differences in the effects of various treatments
on the other listed symptoms among the five treatment groups.

Frequency of re-infection in subsequent year

Based on the low level of acquired mucosal anti-IAV-specific S-
IgA after infection, patients were at risk of re-infection in the
subsequent year, particularly those treated with OSV or ZNV.
Figure 1 lists the percentages of re-infected individuals according
to the treatment received in the preceding year. The IAV
pHIN12009 was the predominant circulating virus in Japan with a
peak during October-December of 2009. Even under the spread of
a new virus subtype in the 2009/2010, only 8.6% of the children
of the no-treatment group were re-infected. However, the
proportions of children treated the previous year with OSV and
ZNV who developed re-infection in 2009-2010 were significantly
higher at 37.3% and 45.0%, respectively (£<<0.01), than those of
the no-treatment group. The combination treatment of CAM plus
OSV and CAM plus ZNV tended to reduce the re-infection rate
to 17.6% and 22.2%, respectively, albeit insignificantly.

Discussion

The main findings of the present study were the following: (i)
Treatment with antiviral neuraminidase inhibitors, OSV and
ZNV, tended to suppress the production of respiratory anti-IAV-
specific S-IgA as well as systemic anti-IAV-specific IgG in pediatric
patients with influenza. (ii) The combination treatment of CAM
plus OSV or ZNV mildly or significantly enhanced the production
of anti-IAV S-IgA in the nasopharyngeal specimens and/or anti-
IAV IgG in sera and tended to restore the suppressed local
mucosal and systemic immunity observed with antiviral inhibitor
agents. (ii1) The rates of IAV re-infection in the subsequent year
were significantly higher for the OSV and ZNV groups than the
control group, whereas the combination of CAM plus OSV or
ZNV tended to reduce such rate.

There is general agreement that the first line of host defense
against infection is mucosal immunity, particularly nasopharyngeal
immunity, which constitutes a major component of the immuno-
logical humoral and cell-mediated responses in the upper and

ZNV+CAM.
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lower respiratory tracts [18,19]. However, the currently
available intramuscularly and subcutaneously-injected influenza
vaccines predominantly induce systemic IgG but not S-IgA and
weak cellular immunity in the airway mucosa [18-21]. In fact,
the levels of anti-IAV S-IgA relative to the total sIgA were low
in nasal washes of all influenza patients on admission, whereas
serum levels of anti-IAV IgG levels varied widely, probably
reflecting the history of infection and vaccination in these
individuals [13,17]. Treatment of pediatric influenza with OSV
or ZNV for 5 days significantly suppressed acquired anti-IAV S-
IgA levels in nasal washes (Table 2) and these changes may also
explain the higher frequency of re-infection in the OSV and
ZNV groups in the subsequent year (Figure 1). The results may
be supported by previous findings that mucosal S-IgA is
primarily involved in cross-protection of the mucosal surface
against variant IAV infection, and the mechanism of broad-
spectrum cross-protection could be explained by the wide-range
cross-reactivity of S-IgA [22-25].

The suppressive effects of OSV and ZNV on mucosal anti-IAV
S-IgA levels, probably due to diminution of viral antigen
production by anti-viral neuraminidase inhibitors, seem to be
ameliorated by co-administration of CAM. CAM boosted mucosal
and/or systemic immunity and tended to increase the levels of
anti-IAV S-IgA in nasal washes and IgG in serum in the OSV-
and ZNV-treated patients (Tables 2 and 3). This effect of CAM
resulted in an increase in the percentage of patients with =1-fold
of baseline titer before treatment, particularly S-IgA in the OSV-
treated patients and IgG in the ZNV-treated patients. Although
patients of the ZNV group were slightly older (about 2 years) than
those of the OSV group, because of age limitation of oral
inhalation of ZNV powder, the observed effects of ZNV on
mucosal and systemic immunity were similar to those of OSV with
or without CAM. The effects of OSV and ZNV with or without
CAM could be clearer in naive children with low or undetectable
pre-existing immunological memory. The present results empha-
size the need to study the effects of CAM in adult patients with
pre-existing immunological memory and elderly patients with low
immunological responses.

Nasopharyngeal-associated lymphoreticular tissue is known as
the production site of nasal S-IgA, where IgA-committed B cells
undergo class switching. Subsequently, IgA-committed B cells
migrate to mucosal effector tissues including the nasal passages
[26]. We reported recently that CAM enhances IgA class
switching recombination through upregulation of BAFF in
mucosal dendritic cells and activation-induced cytidine deaminase
in B cells [14]. The present clinical results add support to these
early studies.

Table 4. Rates of improvement of clinical symptoms after 5 days of no treatment and treatment with OSV, OSV+CAM, ZNV and

Improvement (%) Fever Sore throat Cough Nasal discharge Headache Body aches
No treatment (n=68) 94.1 (64/68) 92.0 (23/25) 35.4 (23/65) 41.5 (27/65) 96.0 (24/25) 100 (16/16)
0OSV (n=70) 94.3 (66/70) 68.2 (15/22) 31.3 (20/64) 39.4 (26/66) 100 (21/21) 100 (26/26)
OSV+CAM (n=20) 95.0 (19/20) 80.0 (4/5) 58.8% (10/17) 61.1 (11/18) 100 (4/4) 100 (4/4)
ZNV (n=27) 96.3 (26/27) 93.3 (14/15) 50.0 (12/24) 37.5 (9/24) 86.7 (13/15) 87.5 (7/8)
ZNV+CAM (n=10) 100 (10/10) 100 (5/5) 60.0 (6/10) 77.8" (7/9) 100 (6/6) 100 (3/3)

*P<0.05, versus OSV (Fisher's exact test).
P<0.05, versus ZNV (Fisher's exact test).
doi:10.1371/journal.pone.0070060.t004
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Data are percentage of patients who reported disappearance of symptoms per patients with symptoms at the start of treatment.
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Figure 1. Re-infection rate in 2009/2010 season. The re-infection rate in 2009/2010 season in children who were infected with IAV during the
2008/2009 season and either untreated or treated with OSV, OSV+CAM, ZNV and ZNV+CAM. Data show the percentage of infected children in each
group. *P<<0.05, * ¥P<<0.01, versus no treatment (Fisher’s exact test with Bonferroni correction).

doi:10.1371/journal.pone.0070060.g001

In conclusion, the present study showed that CAM boosts and

tends to restore the suppressed mucosal and/or systemic immunity
in pediatric patients with influenza treated with OSV and ZNV.
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