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Background A(H1N1)pdm09, a new influenza pandemic virus

emerged in 2009. The A(H1N1)pdm09 infection had several unique

characteristics which included rapid transmissibility and high

morbidity in obese individuals, pregnant women and individuals

suffering from chronic diseases.

Objectives To study the relationships between A(H1N1)pdm09

influenza infection and infections with other respiratory viruses

such as respiratory syncytial virus (RSV), human metapneumo virus

(hMPV), adenovirus and seasonal influenza.

Methods Samples (nasopharyngeal swabs or aspirates) collected

between 2007 until 2012 from patients of various ages that were

hospitalized due to respiratory virus infections were analyzed for the

presence of various respiratory viruses, using qRT-PCR.

Results In 2009–2010, when the pandemic influenza A(H1N1)

pdm09 first appeared, two major infection peaks were noted and

individuals of various ages were infected. Following the decline of

the A(H1N1)pdm09 virus infection, the percentages of patients

infected with adenovirus and hMPV increased, while infection

frequency with RSV B and with seasonal influenza virus decreased.

Furthermore, RSV infections were delayed and very few percentages

of patients were co-infected with more than one virus. Interestingly,

the A(H1N1)pdm09 virus lost its dominancy when it reappeared in

the winter of 2010–2011, and at this time, only the incidence of RSV

infections was affected by the A(H1N1)pdm09 virus.

Conclusions The A(H1N1)pdm09 virus had distinct effects on

other respiratory viruses when it first appeared versus later, when it

evolved from being a pandemic to a seasonal virus.

Keywords A(H1N1)pdm09 virus, human metapneumo virus,

respiratory syncytial virus, respiratory viruses, seasonal influenza

viruses.
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Introduction

Acute respiratory tract infection (ARTI) is a major cause of

morbidity and mortality worldwide. Throughout the winter

season, many children are hospitalized due to respiratory

infections, primarily caused by influenza virus, adenovirus,

respiratory syncytial virus (RSV) and human metapneumo

virus (hMPV).1 The influenza virus is a negative-sense,

single-stranded RNA virus that contains eight gene segments

encoding 12 proteins.2 It causes a clinically distinct, systemic

illness, typically characterized by abrupt-onset fever, head-

ache, myalgia, and malaise. Similar clinical characteristics

have been detected following hMPV infections.3,4 hMPV has

a negative-sense single-stranded RNA genome, containing

eight genes, encoding nine different proteins.5 RSV has a

negative-sense single-stranded RNA genome, encoding 10

subgenomic mRNAs, which are translated into 11 known

proteins,6 and is the most common cause of lower respira-

tory tract infections in infants up to 1 year of age.4 In

contrast to the aforementioned viruses, adenoviruses are

non-enveloped, double-stranded DNA viruses that contain

12 viral proteins.7 Adenovirus infections are observed

throughout the year and are considered one of the most

common causes of upper respiratory tract infections.4

Influenza infections can be life-threatening, mainly among

the elderly, yet present a risk for the entire human population

in the wake of influenza pandemics. Four major pandemic

outbreaks have occurred in the last 100 years: the Spanish

Flu pandemic (1918–1920, H1N1), the Asian Flu (1957–
1958, H2N2), the Hong Kong Flu (1968–1969, H3N2), and

the A(H1N1)pdm09 Flu (2009, H1N1). The A(H1N1)pdm09

virus was first detected in Mexico and subsequently spread to
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over 214 countries.8 In Israel, the virus circulated in two

phases: from April 2009 until March 2010 and from October

2010 until March 2011. During 2012, only a handful of A

(H1N1)pdm09 infections were reported.

The pandemic caused by the A(H1N1)pdm09 strain

provided us with a unique opportunity to study the

relationship between A(H1N1)pdm09 infection and infec-

tions caused by other respiratory viruses. While this

relationship has been investigated by others,9–11 these studies

focused on the impact of A(H1N1)pdm09 on other viruses

during 2009–2010, when the virus first appeared. Here, we

assessed the effects that the A(H1N1)pdm09 had on other

respiratory viruses when it first appeared and later, when it

became a seasonal influenza virus.

Materials and methods

Ethics statement
The institutional review board (IRB) of the Chaim Sheba

Medical Center approved this study (Helsinki Number

9155-11-SMC). Samples (nasopharyngeal swabs or aspirates;

no oropharyngeal specimens were used) were obtained from

the Chaim Sheba Medical Center and from other Israeli

hospitals. All diagnostic tests were performed in the Chaim

Sheba Medical Center. No extra samples were specially

obtained for this research. Informed consent (either written

or verbal) was not required. The institutional review board

waived the need for written informed consent from the

participants.

Patients and samples
The samples were all taken from patients who presented

influenza-like symptoms; all samples were sent for routine

clinical testing to assay for the presence of various respiratory

viruses. Table 1 summarizes the distribution of patients

positive for the various viruses from 2007 to 2012. Tables 2

and 3 summarizes the ages of the patients infected with various

respiratory viruses and with influenza virus, respectively.

Extraction of viral nucleic acids
Viral genomic RNA was extracted from patient samples using

either the High Pure viral RNA extraction kit (Roche

Diagnostics GmbH, Mannheim, Germany) or NucliSENS�

easyMAG� (BioMerieux, France).

Real-time transcription-PCR (RT-PCR) assay
Infection by the RNA respiratory viruses tested for here

(influenza, RSV, hMPV, and A(H1N1)pdm09) was deter-

mined by TaqMan, using a panel of real-time reverse

transcription-PCR (rRT-PCR) assay.12–16 For detection of

the DNA virus (adenovirus), RT-PCR was performed, as

previously described,17 using TaqMan Chemistry on the ABI

7500 instrument. For the RNA rRT-PCR assays, the Ambion

Ag-Path master mix (Life Technologies, USA) was used,

while ABgene Absolute Blue (Thermo, UK) was used for the

DNA assays. The tests were performed using multiplex

reactions, which involves simultaneous amplification of more

than one target sequence in a single reaction. In 2007–2009,
the multiplex reactions contained primers for influenza A

(Flu A) and influenza B (Flu B). In 2009–2011, the multiplex

reactions contained primers for Flu A, Flu B, and

H1N1pdm09 and in 2011–2012, two different multiplex

reactions were performed: one that included primers for

RSV, Flu A, Flu B, and H1N1pdm09 and the other contained

primers for hMPV and adenovirus.

Statistical analysis
The chi-square test was applied to test the dependency/

relationship between two variables (Figure 3–6 and Table 1).

All the winter season samples were compared with the winter

season reference period 2009–2010, the season in which the A

(H1N1)pdm09 virus had first appeared. As adenovirus

Table 1. Distribution of positive laboratory cases by virus and year

Virus

2007–2008 Pos./Total

(%)

2008–2009 Pos./Total

(%)

2009–2010 Pos./Total

(%)

2010–2011 Pos./Total

(%)

2011–2012 Pos./Total

(%)

RSV 164/558 (29�4) 208/903 (23) 232/1403 (16�5) 503/2853 (17�6)* 447/2812 (15�8)*
hMPV 15/202 (7�4) 61/716 (8�5) 169/1371 (12�3) 118/2853 (4�1) 148/2812 (5�3)
Adeno 74/487 (15�2) 107/821 (13) 294/1438 (20�4) 421/2853 (14�7) 433/2812 (15�4)
Flu A** 26/495 (5�3) 79/886 (8�9) 12/16147 (0�074) 182/2853 (6�3) 142/2812 (5�1)
Flu B 45/495 (9�1) 29/886 (3�3) 16/16147 (0�099) 90/2853 (3�2) 95/2812 (3�4)
H1N1pdm 0 0 4435/16147 (27�5) 122/2853 (4�3) 21/2812 (0�7)

P < 0�05 for all viruses mention in this table in the various periods as compared to the reference period 2009–2010, using the chi-square test.

*The two exceptions are not significant.

**“Flu A” refers to seasonal influenza virus only.
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infections are continuously observed throughout the year, we

analyzed the average percentage of adenovirus infections

from week 43 until week 19 in each year and compared it to

the infections recorded during 2009–2010, the year in which

the A(H1N1)pdm09 first appeared. The non-parametric

Wilcoxon–Mann–Whitney Rank sum test for independent

samples was used to assess the significance of these

measurements. The data was analyzed by an expert statisti-

cian, using the SAS � version 9�1 (SAS Institute, Cary North

Carolina).

Results

A(H1N1)pdm09 affects the infection rate of other
respiratory viruses
This study began with analysis of the percentage of patients

infected with respiratory viruses routinely tested in our

laboratory, such as seasonal influenza, adenovirus, hMPV,

and RSV, between October 2007 and April 2012. The A

(H1N1)pdm09 virus appeared in Israel and around the world

in 2009, and therefore from 2009, we also assayed for the

presence of the A(H1N1)pdm09 virus. Other common

respiratory viruses, such as rhinoviruses, parainfluenza

viruses, and coronaviruses were not investigated, because

they are not routinely tested in our hospital. Significant

changes were noted following the appearance of the A

(H1N1)pdm09 virus (Table 1). A minimal number of

patients were hospitalized due to influenza A and B virus

infections in 2009–2010 (P < 0�0001, compared with the

other years, chi-square test). In contrast, the percentages of

patients infected with hMPV and with adenovirus were

significantly increased during 2009–2010 (P < 0�04 and

P < 0�01, respectively), concomitant with the appearance of

the A(H1N1)pdm09 infection, and returned to their usual

incidence rates in the following seasons (Table 1). In

addition, the percentage of patients infected with seasonal

influenza viruses declined sharply in the year that A(HIN1)

pdm09 first appeared (Table 1). However, in subsequent

years, seasonal influenza infections with Flu A and Flu B were

observed at normal rates. The number of patients hospital-

ized due to A(H1N1)pdm09 infection gradually declined

with time; in 2011–2012 only a few percent (0�7%) of

patients were hospitalized due to A(H1N1)pdm09 virus-

associated respiratory infections (P < 0�0001) (Table 1).

The A(H1N1)pdm09 effect on the time of infection
with other respiratory viruses
To test whether the emergence of the A(H1N1)pdm09 virus

also affected the time of infection with other respiratory

viruses, we analyzed the weekly distribution of respiratory

virus infections. Before the appearance of the A(H1N1)

pdm09 virus, a hierarchy in respiratory viruses infections was

observed, where the onset of RSV infections was at approx-

imately week 43 and hMPV infections were observed between

weeks 4–5 of the following year (Figure 1). Interestingly,

following the A(H1N1)pdm09 infection, which was first

Table 2. Age distribution of patients infected with various respiratory

viruses

Virus

Age

(years)

Before

pdm

2007–2009

No. (%)

During

pdm

2009–2010

No. (%)

Following

pdm

2010–2012

No. (%)

hMPV <1 5 (6�57) 46 (27�71) 15 (6)

1–5 33 (43�42) 57 (34�33) 116 (46�4)
6–10 2 (2�63) 8 (4�81) 12 (4�8)

11–20 3 (3�94) 7 (4�21) 10 (4)

21–50 16 (21�05) 22 (13�25) 20 (8)

>50 17 (22�36) 26 (15�66) 77 (30�8)
Total No. (%) 76 (100) 166 (100) 250 (100)

Adenovirus <1 39 (18�57) 29 (22�48) 114 (15�38)
1–5 109 (51�9) 77 (59�68) 506 (68�28)

6–10 8 (3�8) 10 (7�75) 25 (3�37)
11–20 21 (10) 6 (4�65) 32 (4�31)
21–50 16 (7�6) 3 (2�32) 38 (5�12)

>50 17 (8�09) 4 (3�1) 26 (3�5)
Total No. (%) 210 (100) 129 (100) 741 (100)

RSV A <1 54 (52�94) 131 (45�8) 230 (54)

1–5 25 (24�5) 60 (20�97) 60 (14�08)
6–10 1 (0�98) 16 (5�59) 14 (3�28)

11–20 2 (1�96) 9 (3�14) 13 (3�05)
21–50 10 (9�8) 23 (8�04) 30 (7�04)

>50 10 (9�8) 47 (16�43) 79 (18�54)
Total No. (%) 102 (100) 286 (100) 426 (100)

RSV B <1 23 (48�93) 40 (50) 174 (58�78)
1–5 12 (25�53) 27 (33�75) 42 (14�19)

6–10 1 (2�12) 3 (3�75) 5 (1�69)
11–20 1 (2�12) 2 (2�5) 8 (2�7)
21–50 5 (10�63) 2 (2�5) 16 (5�4)

>50 5 (10�63) 6 (7�5) 51 (17�22)
Total No. (%) 47 (100) 80 (100) 296 (100)

Table 3. Age distribution of patients infected with influenza virus

Age

(years)

Flu A

No. (%)

Flu B

No. (%)

H1N1pdm

2009–2010

No. (%)

H1N1pdm

2010–2012

No. (%)

0–10 159 (50�16) 80 (45�98) 692 (17�13) 63 (44�37)
11–20 23 (7�26) 9 (5�17) 591 (14�63) 11 (7�75)
21–30 17 (5�36) 7 (4�02) 764 (18�92) 14 (9�86)
31–40 6 (1�89) 15 (8�62) 524 (12�97) 8 (5�63)
41–50 5 (1�58) 9 (5�17) 489 (12�10) 6 (4�23)
51–60 10 (3�15) 19 (10�92) 435 (10�77) 16 (11�27)
61–70 34 (10�73) 6 (3�45) 350 (8�66) 8 (5�63)
71–100 63 (19�87) 29 (16�67) 193 (4�77) 16 (11�27)
Total

No. (%)

317 (100) 174 (100) 4038 (100) 142 (100)
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noticed in week 18 of 2009, the timing of infection with other

respiratory viruses changed. In the winter of 2009–2010, RSV
infections were noticed later than usual, peaking only at week

4, with the decline of the A(H1N1)pdm09 virus (Figure 1).

In addition, the hMPV infection peak was detected only

following the decline of the RSV infection and the disap-

pearance of the A(H1N1)pdm09 virus, in week 7. In contrast,

in the winter of 2010–2011, the hMPV infection peak was

observed again in week 14 (Figure 1), coinciding with the

time frame of its appearance in the years preceding 2009

(Figure 1). Regarding adenovirus, while infections with all

the respiratory viruses were not recorded until the A(H1N1)

pdm09 infection declined in week 50 of 2009, the pattern of

the non-seasonal adenovirus infections remained stable

(Figure 1). Continuous adenovirus morbidity was observed

from week 49 of 2009 until week 13 of 2010, and another

wave of continuous adenovirus infection was recorded from

week 17 of 2010 until week 5 of 2011 (Figure 1).

In Israel, seasonal influenza infections are typically

detected between January and April, peaking at the end of

February, in week 9 (Figure 2). Sporadic cases of influenza

infections are also detected even later in the year, between

weeks 42 and 50 (Figure 2). In 2009, infection with seasonal

influenza was detected, as usual, between weeks 1 and 9

(Figure 2), immediately prior to the initial detection of the A

(H1N1)pdm09 infection in week 18 of that same year

(Figure 2). In addition, sporadic seasonal influenza infec-

tions were also detected, despite the presence of the A(H1N1)

pdm09 virus (Figure 2). In contrast, in the winter of 2009–
2010 (weeks 1–9 of 2010), infection with influenza (influenza

A, B and A(H1N1)pdm09) was hardly detected (Figure 2). In

the 2010–2011, the A(H1N1)pdm09 infection was observed

between weeks 1 and 8 of 2011, peaking at weeks 3–5
(Figure 2). Moreover, the A(H1N1)pdm09 infection also

demonstrated a biphasic pattern, with two dominating peaks

between weeks 22–30 of 2009 (Figure 2) and weeks 45–49 of

Figure 1. Time scale of infection with various respiratory viruses. Presentation of the weekly percent of positive cases for infection with various

respiratory viruses (Adenovirus, hMPV, RSV) from 2007 to 2012. The green line summarizes infections with RSV A and RSV B. The A(H1N1)pdm09

infection is indicated as (H1N1pdm). The percentage of individuals infected with each virus was calculated each week.

Figure 2. Time scale of infection with influenza viruses. Presentation of the weekly percent of positive cases of infection with various strains of influenza

virus (A and B), from 2007 to 2012. The A(H1N1)pdm09 infection is indicated as (H1N1pdm). The percentage of individuals infected with each virus was

calculated each week. “Flu A” includes seasonal H1N1 and H3N2 only.

A(H1N1)pdm09 and respiratory viruses
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2009 (Figure 2). This biphasic pattern was no longer

observed, since 2009–2010, and the virus peak was accom-

panied by infection with seasonal influenza A and B viruses

(Figure 2 and Table 1).

Age distribution of patients infected with various
respiratory viruses before, during and following the
A(H1N1)pdm09 pandemic
We next evaluated the age distribution of patients infected

in 2007–2012. A significant elevation in the percentages of

infants suffering from hMPV infection was observed during

the A(H1N1)pdm09 pandemic in 2009–2010. In 2009–2010,
approximately 28% of the infected children under the age of

1 year were infected with hMPV, as compared to approx-

imately 7% or 6% before or following the pandemic,

respectively (Figure 3A and Table 2). A significant elevation

in the number of hMPV infections among patients over

50 years of age was observed and approximately 31% of the

patients of this age group were infected with hMPV

following the A(H1N1)pdm09 infection (Figure 3A and

Table 2).

In contrast, the A(H1N1)pdm09 infection had a relatively

small impact on the ages of patients infected with adenovi-

ruses and with RSV A (Figure 3B, C and Table 2). However,

a significant decline in the percentages of 1- to 5-year-old

patients infected with RSV B was observed following the A

(H1N1)pdm09 infection in 2010–2012, where only 14% of

the children samples were infected with RSV B, as compared

to 34% in 2009–2010 (Figure 3D and Table 2).

Next, we investigated the age distribution of patients

infected with A(H1N1)pdm09 and with seasonal influenza

viruses between 2007 and 2012. Infections with seasonal

influenza A viruses were primarily detected among patients

ages 0–10 and 71–100, (around 50% and 20%, respectively,

Figure 4 and Table 3). In contrast, influenza B virus

infection was detected mostly in 0- to 10-year-old patients

(46%, Figure 4 and Table 3). In 2009–2010, patients up to

the age of 50 were equally infected with the A(H1N1)pdm09

A B

C D

Figure 3. Age distribution of patients infected with various respiratory viruses. Presentation of the ages of patients hospitalized over three periods:

before (2007–2009), during (2009–2010) and following (2010–2012) the A(H1N1)pdm09 pandemic. Patients were monitored for hMPV (A, 492

patients), adenovirus (B, 1080 patients), RVS A (C, 814 patients), and RSV B (D, 423 patients). For each virus, the sum of the positive cases per period was

set as 100% and the percentages of the various age groups per period were calculated for each virus type. The number that appears above the columns

represents the percentage of the positive cases of each virus in every age group in every period. * P < 0�05 using the chi-square test to compare between

2009–2010 and 2007–2009 in each age group. In addition, we compare between 2009–2010 and 2010–2012 in each age group. # In the Adenovirus

graph (B) P < 0�05 using the chi-square test to compare between 2007–2009 and 2010–2012.
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virus and the elderly population was less infected (Figure 4

and Table 3). In contrast, in 2010–2012, around 44% of the

A(H1N1)pdm09-infected patients were children under the

age of 10 (Figure 4 and Table 3), an infection trend similar

to that observed for seasonal influenza B viruses (Figure 4

and Table 3).

Reduced percentages of co-infections following the
emergence of the A(H1N1)pdm09 virus
We next analyzed the percentage of patients infected with

several viruses, prior, during and following the A(H1N1)

pdm09 infection (Figure 5). Only a small percentage of

patients were infected with more than two viruses (data not

shown). Around 50% of the co-infections were of adenovirus

together with RSV; no significant differences in the percent-

age of co-infections with these viruses were observed prior,

during or following the A(H1N1)pdm09 pandemic (Fig-

ure 5). Because seasonal influenza infections were hardly

detected during the A(H1N1)pdm09 pandemic in 2009–2010
(Figure 2 and Table 1), the percentages of patients co-

infected with seasonal influenza and with additional viruses

were significantly reduced in 2009–2010 (Figure 5). Overall,

the percentage of patients co-infected with A(H1N1)pdm09

virus and additional respiratory virus was reduced in the

years 2010–2012 (Figure 5), because A(H1N1)pdm09 infec-

tion rates were lower during this period (Figures 1 and 2 and

Table 1). Interestingly, the percentage of patients hospital-

ized due to co-infection with hMPV and RSV was reduced in

the years following the A(H1N1)pdm09 pandemic (Fig-

ure 5), likely to be due to changes observed in the timing of

RSV and hMPV infection following the appearance of A

(H1N1)pdm09 (Figure 1).

Figure 4. Age distribution of patients infected with the influenza virus. Presentation of the ages of patients hospitalized due to influenza infections

between 2007 and 2012. Patients were monitored for influenza A (Flu A) (n = 317), influenza B (Flu B) (n = 174) and A(H1N1)pdm09 (n = 4180). For A

(H1N1)pdm09 (H1N1pdm), two periods are shown: 2009–2010 (n = 4038 patients) and 2010–2012 (n = 142 patients). For each virus type, the sum of

the positive cases was set as 100% and the percentage of the various age groups was calculated for each virus type. The number that appears above the

columns represents the percentage of the positive cases of each virus in every age group. * P < 0�05 using chi-square test. *** P < 0�0008 using chi-

square test.

Figure 5. Distribution of co-infections.

Presentation of the percentages of co-infection

over three periods: before (2007–2009), during

(2009–2010) and following (2010–2012) the A

(H1N1)pdm09 pandemic. In each period, the

sum of the co-infection cases was set as 100%

and the percentage of the various co-infection

pairs per period was calculated. The co-

infection analysis was performed on samples

that were tested for the presence of all viruses.

*/ # P < 0�05 using chi-square test.

A(H1N1)pdm09 and respiratory viruses
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Clinical characteristics of A(H1N1)pdm09
infections in 2009–2010 and in 2010–12
A(H1N1)pdm09 infection-associated symptoms among hos-

pitalized patients were similar in both infection phases, and

included fever (94% and 85% of patients hospitalized during

2009–2010 and 2010–2012, respectively), cough (65% and

72%, during 2009–2010 and 2010–2012, respectively), dysp-
nea (33% and 43%, during 2009–2010 and 2010–2012,
respectively) and rhinorrhea (18% and 25%, during 2009–
2010 and 2010–2012, respectively) (Figure 6). In addition, A

(H1N1)pdm09-infected patients suffered from diarrhea/

vomiting (14% and 11%, during 2009–2010 and 2010–2012
respectively, Figure 6), symptoms which are typically

observed with seasonal influenza. Moreover, 15% and 18%

of the patients in 2009–2010 and 2010–2012, respectively,
had pneumonia (Figure 6) and only 16% and 7% of the

patients in 2009–2010 and in 2010–2012, respectively, had
sore/red throats (Figure 6), which is typically detected in

seasonal influenza infection.18,19 In contrast, significantly

more patients (75%) infected with the A(H1N1)pdm09 virus

in 2010–2012 had additional background diseases (Figure 6),

while only 48% of the patients infected in 2009–2010 suffered
from comorbidities (Figure 6).

Discussion

The presented analysis provides several important, time-

dependent findings that are associated with the pandemic A

(H1N1)pdm09 virus. The A(H1N1)pdm09 infection, which

was first noted in Israel in 2009, circulated in the country in

2009 and 2010–2012. In 2009, a biphasic pattern of infection

was observed, with peaks of infection during weeks 22–30
and weeks 45–49. In contrast, in 2010–2012, only one peak of
infection was detected, during weeks 3–5. Biphasic infection
patterns observed for the A(H1N1)pdm09 infection in 2009

were reported by others 20,21 and were also observed during

the 1918 and 1968 pandemics,20 and may correlate with the

school year and weather patterns. Indeed, the first 2009 peak

was observed in Israel during warm weather, at the end of the

school year, while the second peak was observed at colder

temperatures at the end of the summer vacation.

The A(H1N1)pdm09 infection patterns differed between

2009–2010 and 2010–2012, with more patients being affected

in 2009–2010, and with a greater impact on co-infection with

adenoviruses, hMPV and RSV during its first phase of

appearance. These disparities may have evolved from

immune protection, which became more accessible between

the two infection phases. In 2009, the A(H1N1)pdm09 virus

was new to the population, and therefore ,individuals of all

age groups were infected; however, in agreement with other

reports, the elderly population was less infected with the

virus.22 In contrast, by 2010–2012, around 50% of the

population had already developed immunity against A

(H1N1)pdm09.23 During this round of infection, 44% of

the patients were children under the age of 10, 58% of which

were infants under the age of 1 year, born after the 2009 A

(H1N1)pdm09 infection had already declined. Similar

differences in the age groups affected by A(H1N1)pdm09

Figure 6. Clinical characteristics of patients

infected with A(H1N1)pdm09. A summary of

the clinical symptoms of A(H1N1)pdm09

(H1N1pdm)-positive patients hospitalized at

Chaim Sheba Medical Center in 2009 and in

2010–2012. The number that appears above

the columns represents the percentage of

patients expressing the indicated clinical

characteristic. * P < 0�05 using the chi-square

test.
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have been described before.24 We therefore suggest that the

changes observed in seasonality and age distribution of the A

(H1N1)pdm09 infection reflects its evolution from a pan-

demic to a seasonal virus. Indeed, 75% of the hospitalized

patients infected with A(H1N1)pdm09 in 2010–2012 suffered
from comorbidities, whereas in 2009–2010, only 48% of the

hospitalized patients had additional diseases. Furthermore, in

2009–2010, the A(H1N1)pdm09 virus was the main influ-

enza virus strain circulating in the country, replacing the

previous seasonal influenza A, H1N1.

An additional interesting observation is that the A(H1N1)

pdm09 virus was dominant over other influenza viruses,

manifested by an influenza virus-free lag period in the winter

season of the 2010–2011. While the reasons accounting for

this lag period are unclear, it can be explained by a potential

general anti-influenza virus immunity in the population,

triggered by the 2009–2010 A(H1N1)pdm09 infection, that

prevented subsequent infections in 2010–2011. In the

beginning of 2011, the seasonal influenza and A(H1N1)

pdm09 infections were noted at the same time, an observa-

tion also seen in other countries.25,26 In addition, like in

other countries, the only seasonal influenza A observed as the

appearance of the A(H1N1)pdm09 was seasonal H3N2, while

the seasonal H1N1 has disappeared altogether since then.27

The dominance of the A(H1N1)pdm09 infection did not

affect co-infection with RSV and adenovirus, which is the

most common co-infection.28,29

We also observed that infection with the A(H1N1)pdm09

virus influenced the infection pattern of other respiratory

viruses, especially in 2009. The time of the infection with

other respiratory viruses changed and hMPV and adenovirus

infections were more frequent only after the A(H1N1)

pdm09 infection had declined. Increased hMPV infection

rates were noted in infants <1 year of age. Furthermore, in

agreement with other studies,30,31 following the A(H1N1)

pdm09 infection, RSV infections were detected later than

usual. We also observed, as reported in Hong Kong,32 that

children between the ages of 1–5 years were less frequently

infected with RSV B following the decline of the A(H1N1)

pdm09 infection. The reasons for this decline are not

completely understood, but can plausibly be due to the

generation of a cross-reactive specific and non-specific anti-

RSV B immunity following the A(H1N1)pdm09 infection.

Indeed, it has been well established that influenza virus-

infected cells produce interferon and other cytokines.32,33

Other studies have suggested that the impact of the A

(H1N1)pdm09 infection on RSV immunity may be the

result of increased hygienic measures implemented following

the pandemic.30,31 Regardless of the reasons accounting for

the reduced RSV infection following the A(H1N1)pdm09

pandemic, these results suggest that pandemic influenza

infections may provide some minor benefits by reducing

infection rates of other viruses.

In conclusion, we demonstrate here that the A(H1N1)

pdm09 virus significantly affected infections with other

respiratory viruses, when it first appeared in 2009. We further

showed that in subsequent years, the A(H1N1)pdm09 virus

lost its dominancy, suggest to be due to its evolvement from

a pandemic virus into a seasonal influenza virus.

References

1 Sloots TP, Whiley DM, Lambert SB, Nissen MD. Emerging respiratory

agents: new viruses for old diseases? J Clin Virol 2008; 42:233–243.

2 Jagger BW, Wise HM, Kash JC et al. An overlapping protein-coding

region in influenza A virus segment 3 modulates the host response.

Science 2012; 337:199–204.

3 Sandrock C, Stollenwerk N. Acute febrile respiratory illness in the ICU:

reducing disease transmission. Chest 2008; 133:1221–1231.

4 Stollenwerk N, Harper RW, Sandrock CE. Bench-to-bedside review:

rare and common viral infections in the intensive care unit-linking

pathophysiology to clinical presentation. Crit Care 2008; 12:219.

5 Feuillet F, Lina B, Rosa-Calatrava M, Boivin G. Ten years of human

metapneumovirus research. J Clin Virol 2012; 53:97–105.

6 Pancer K, Ciacka A, Gut W et al. Infections caused by RSV among

children and adults during two epidemic seasons. Pol J Microbiol

2011; 60:253–258.

7 Kobiler O, Drayman N, Butin-Israeli V, Oppenheim A. Virus strategies

for passing the nuclear envelope barrier. Nucleus 2012; 3:526–539.

8 World Health Organisation. Pandemic (H1N1) 2009 - update 112.

Available at http://www.who.int/csr/don/2010_08_06/en/index.html

(Accessed 6 August 2010).

9 Comach G, Teneza-Mora N, Kochel TJ et al. Sentinel surveillance of

influenza-like illness in two hospitals in maracay, Venezuela: 2006-

2010. PLoS ONE 2012; 7:e44511.

10 Nisii C, Meschi S, Selleri M et al. Frequency of detection of upper

respiratory tract viruses in patients tested for pandemic H1N1/09 viral

infection. J Clin Microbiol 2010; 48:3383–3385.

11 Pascalis H, Temmam S, Turpin M et al. Intense co-circulation of non-

influenza respiratory viruses during the first wave of pandemic

influenza pH1N1/2009: a cohort study in reunion Island. PLoS ONE

2012; 7:e44755.

12 Hindiyeh M, Goulding C, Morgan H et al. Evaluation of BioStar FLU

OIA assay for rapid detection of influenza A and B viruses in

respiratory specimens. J Clin Virol 2000; 17:119–126.

13 Hindiyeh M, Ram D, Mandelboim M et al. Rapid detection of

influenza A pandemic (H1N1) 2009 virus neuraminidase resistance

mutation H275Y by real-time reverse transcriptase PCR. J Clin

Microbiol 2010; 48:1884–1887.

14 Hu A, Colella M, Tam JS, Rappaport R, Cheng SM. Simultaneous

detection, subgrouping, and quantitation of respiratory syncytial virus

A and B by real-time PCR. J Clin Microbiol 2003; 41:149–154.

15 Itoh Y, Shinya K, Kiso M et al. In vitro and in vivo characterization of

new swine-origin H1N1 influenza viruses. Nature 2009; 460:1021–

1025.

16 Regev L, Hindiyeh M, Shulman LM et al. Characterization of human

metapneumovirus infections in Israel. J Clin Microbiol 2006; 44:1484–

1489.

17 Heim A, Ebnet C, Harste G, Pring-Akerblom P. Rapid and quantitative

detection of human adenovirus DNA by real-time PCR. J Med Virol

2003; 70:228–239.

18 Yap J, Tan CH, Cook AR et al. Differing clinical characteristics

between influenza strains among young healthy adults in the tropics.

BMC Infect Dis 2012; 12:12.

A(H1N1)pdm09 and respiratory viruses

ª 2014 The Authors. Influenza and Other Respiratory Viruses Published by John Wiley & Sons Ltd. 429



19 Yang ZF, Zhan YQ, Chen RC et al. A prospective comparison of the

epidemiological and clinical characteristics of pandemic (H1N1) 2009

influenza A virus and seasonal influenza A viruses in Guangzhou,

South China in 2009. Jpn J Infect Dis. 2012; 65:208–214.

20 Truelove SA, Chitnis AS, Heffernan RT, Karon AE, Haupt TE, Davis JP.

Comparison of patients hospitalized with pandemic 2009 influenza A

(H1N1) virus infection during the first two pandemic waves in

Wisconsin. J Infect Dis 2011; 203:828–837.

21 Mytton OT, Rutter PD, Donaldson LJ. Influenza A(H1N1)pdm09 in

England, 2009 to 2011: a greater burden of severe illness in the year

after the pandemic than in the pandemic year. Euro Surveill 2012;

17:1–9.

22 Taubenberger JK, Baltimore D, Doherty PC et al. Reconstruction of

the 1918 influenza virus: unexpected rewards from the past. MBio

2012; 3:1–5.

23 Weil M, Shohat T, Bromberg M et al. The dynamics of infection and

the persistence of immunity to A(H1N1)pdm09 virus in Israel.

Influenza Other Respir Viruses 2013; 7:838–846.

24 Engelhard D, Bromberg M, Averbuch D et al. Increased extent of and

risk factors for pandemic (H1N1) 2009 and seasonal influenza among

children, Israel. Emerg Infect Dis 2009; 17:1740–1743.

25 Li T, Fu C, Di B et al. A two-year surveillance of 2009 pandemic

influenza A (H1N1) in Guangzhou, China: from pandemic to seasonal

influenza? PLoS ONE 2011; 6:e28027.

26 Martirosyan L, Paget WJ, Jorgensen P et al. The community impact of

the 2009 influenza pandemic in the WHO European region: a

comparison with historical seasonal data from 28 countries. BMC

Infect Dis 2012; 12:36.

27 Dapat IC, Dapat C, Baranovich T et al. Genetic characterization of

human influenza viruses in the pandemic (2009-2010) and

post-pandemic (2010-2011) periods in Japan. PLoS ONE 2012; 7:

e36455.

28 Bezerra PG, Duarte MC, Britto MC, Correia JB. Severity of viral

coinfection in hospitalized infants with respiratory syncytial virus

infection. J Pediatr (Rio J) 2011; 87:461. author reply 2.

29 Stempel HE, Martin ET, Kuypers J, Englund JA, Zerr DM. Multiple viral

respiratory pathogens in children with bronchiolitis. Acta Paediatr

2009; 98:123–126.

30 Yang Y, Wang Z, Ren L et al. Influenza A/H1N1 2009 pandemic and

respiratory virus infections, Beijing, 2009-2010. PLoS ONE 2012; 7:

e45807.

31 Casalegno JS, Ottmann M, Bouscambert-Duchamp M, Valette M,

Morfin F, Lina B. Impact of the 2009 influenza A(H1N1) pandemic

wave on the pattern of hibernal respiratory virus epidemics, France,

2009. Euro Surveill 2010; 15:6–10.

32 Mak GC, Wong AH, Ho WY, Lim W. The impact of pandemic

influenza A (H1N1) 2009 on the circulation of respiratory viruses

2009-2011. Influenza Other Respir Viruses 2012; 6:e6–e10.

33 Khaitov MR, Laza-Stanca V, Edwards MR et al. Respiratory virus

induction of alpha-, beta- and lambda-interferons in bronchial

epithelial cells and peripheral blood mononuclear cells. Allergy

2009; 64:375–386.

Meningher et al.

430 ª 2014 The Authors. Influenza and Other Respiratory Viruses Published by John Wiley & Sons Ltd.


