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Abstract

,Background In addltlon to cllnlcal aspects and pathogen characterlstlcs, people s health- related behavuor and .
socroeconomlc condmons can affect the occurrence and severity of dlseases mcludmg mﬂuenza A(HlNl)pdmOQ

A, Methodology and Prmc:pa/ Flnd/ngs. A face-to-face interview survey was conducted in a hospltal in MeX|co Clty at the‘
- time of follow-up consultation for hospitalized pattents with pneumonia due to influenza virus infection. In all, 302 subjects
were enrolled and divided into two groups based on the period of hospitalization. Among them, 211 tested positive for
ylnﬂuenza A(H1N1)pdm09 virus by real-time reverse- transcrlptase—polymerase -chain-reaction durmg the pandemlc period
_(Group-pdm) and 91 tested positive for influenza A virus in the post-pandemm period (Group-post). All subjects were -
treated with’ oseltamivir. Data on the demographic characteristics, socioeconomic status, living environment, and
_information relating to A(H1 N1)pdm09, and related clinical data were compared between SUbJECtS in Group-pdm and those
in Group post. The ability. of household income to pay for utilities, food, and health care services as well as-housing quality
~in terms of construction materials and ‘number of rooms revealed a significant difference: Group-post_had lower
~ socioeconomic status than Group-pdm. Group post had lower availability of information: regardlng HIN1 influenza than
Group-pdm. These results indicate that subjects.in Group-post had difficulty receiving necessary information relating to
influenza and were more likely to be impoverished than those in Group-pdm. Possible factors mﬂuencmg time to seeking'
~ health care were number of household rooms, havmg recelved lnformatlon on the necessrcy of qunck access to health care,' -
and house constructlon materlals e : ~ s ,

; C'onc/us:ons. Health care seeklng behavror poverty level “and the dlstnbutlon of mformatlon affect the occurrence and
. severity of pneumonia due to H1N1 virus from a socioeconomic point of view. These socioeconomic factors may explain the
different patterns of morbidity and mortality for H1N1 influenza observed among different countries and regions.
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Introduction Health Organization (WHO) [6], effective management of the
influenza pandemic continued to be a major concern. Clinical
preparedness for AHINI)pdm09 was based on an understanding
of the pathogenic characteristics of the virus and host immune-
response patterns as well as the ability to undertake clinical
interventions and ordinary individuals’ knowledge about preven-
tion; all of these factors were thought to have been at a developed
stage in Mexico following the experiences of the 2009 influenza
pandemic. However, a similar number of hospitalized patients
with influenza-associated pneumonia presented again to the INER
in the post-pandemic period [7].

Various factors affecting occurrence of pneumonia, disease
severity, and mortality associated with ACH1NI)pdmO9HIN1 have
been reported from a clinical viewpoint [8,9,10,11]. Other

In March 2009, Mexico was the first country to raise the
international  alert about the outbreak of influenza
. AHINI1)pdmO09 virus infection [1]. The pandemic spread rapidly
worldwide; however, the number of severe and fatal cases differed
among different countries and regions [2]. In Mexico, there were
large numbers of hospitalized patients with acute and severe
illness, and fatalities occurred [1,2,3,4,5]. Many patients with
influenza-like symptoms, including pneumonia, presented to the
National Institute of Respiratory Disease (INER), Mexico City,
Mexico; a number of these required hospitalization owing to the
severity of the illness, and there were fatalities, especially at the
carly stage of the pandemic [1]. After the announcement of the
post-pandemic period for influenza A(HIN1)pdm09 by the World
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underlying conditions, including such environmental and socio-
economic factors as education and poverty, are also thought to
affect the disease morbidity and mortality [12,13]. However, only
limited data are available regarding the influence of socioeconomic
factors on the occurrence of pneumonia related to influenza virus
infection. Previously, we reported that the number of days
between symptom onset and oseltamivir treatment affects the
occurrence and severity of pneumonia due to HIN1 influenza
[14]. Delayed treatment is associated with socioeconomic difficul-
ties of INER patients [14]. A study in Canada also showed that
delayed antiviral treatment is independently associated with
disease severity [13]. We hypothesize that some risk factors
affecting the continued occurrence of pneumonia in the post-
pandemic period in Mexico, including delay in secking healthcare,
need to be addressed from the socioeconomic rather than clinical
point of view. These factors may explain the different mortality
and morbidity patterns for AHIN1)pdm09 in different countries
and regions.

The aim of the present study was to assess how socioeconomic
and living conditions relate to the disease severity of HINI
influenza, including pneumonia, in Mexico.

Materials and Methods

Study design

The survey was conducted at the INER, Mexico City between
December 2010 and April 2011, and it included follow-up
consultation with subjects or their relatives using structured
questionnaires administered by physicians or trained medical staff.
The subjects were former patients hospitalized in the INER for
pneumonia due to A(HINI1)pdm09 who tested positive by real-
time reverse-transcriptase-polymerase-chain-reaction (RT-PCR)
during the pandemic period; patients hospitalized for pneumonia
who tested positive for influenza A virus during the post-pandemic
period served as a comparison group. Patients with pneumonia
caused by primary bacterial infection were excluded. All subjects
were treated with oseltamivir. The pandemic period was defined
as April 2009 to July 2010, and the post-pandemic period was
defined as August 2010 to March 2011, in accordance with the
declaration of the post-pandemic period by the WHO [9]. No
subjects were hospitalized in both the pandemic and post-
pandemic periods.

The questionnaire was designed to collect data on the
demographic characteristics of subjects, socioeconomic status,
living environment, and information relating to A(H1IN1)pdm09,
as well as related clinical data. Socioeconomic status was classified
in terms of daily income while living environment was defined in
terms of numerous factors associated to living conditions,
including area in which subjects lived (i.e., location), house size
and construction material, among other factors. All questions were
cither closed-ended or multiple choice. Each variable was
compared between subjects hospitalized in the pandemic period
(Group-pdm) and those hospitalized in the post-pandemic period
(Group-post). In addition, factors affecting access to health care
were evaluated. Socioeconomic level was classified based on daily
income and on the ability of household income to pay for utilities,
food, and medical services according to the Social Gap Index by
the CONEVAL (Consejo Nacional de Evaluacion de la Politica de
Desarrollo Social) [16]. Location was defined by the accessibility to
public service which was also evaluated according to the Social
Gap Index.

All subjects provided written informed consent. Ethical
approval was provided by the Institutional Review Board of the
National Institute of Respiratory Diseases, Mexico City and the
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National Center for Global Health and Medicine, Tokyo. The
investigators maintained the datasets in password-protected
systems and have preserved the anonymity of the subjects when
presenting data.

Statistical Analysis

Data from the surveys were double-entered and analyzed using
SPSS ver. 19 (IBM, Armonk, NY, USA). For categorical variables,
frequencies were compared using the chi-square test and Fisher’s
exact test. For determination of independent factors for the time to
secking healthcare, multivariate regression analysis was conducted
using a stepwise selection method included all variables in baseline
characteristics, sociocconomic status, living environment, and
information relating to A(HIN1)pdm09, and related clinical data,
if p <0.1 in univariate analysis. For all analyses, significance levels
were two-tailed, and p value of <0.05 was considered significant.

Results

General and health-related backgrounds for study

subjects

In all, 302 subjects who were hospitalized with pneumonia
between April 2009 and March 2011 and reccived follow-up
consultation during the study period agreed to participate in the
present survey. Among them, 211 (69.9%) were hospitalized
during the pandemic period (Group-pdm) and 91 (30.3%) in the
post-pandemic period (Group-post). The general backgrounds of
subjects are listed (Table 1). The median ages of subjects in Group-
pdm and Group-post were 38.5 (range, 0-90) years and 42.0
(range, 2-91) years, respectively. There was a higher percentage of
younger subjects in Group-pdm than in Group-post (p =0.001).
There was no significant sex difference between the groups
(p=0.354). Approximately 17% of the subjects had received no
education, and there was no significant difference in education
level between the groups (p = 0.356). Although unemployment was
higher in Group-post (18.7%) than in Group-pdm (8.6%), the
occupations were not significantly different between the groups
(p=0.437). The socioeconomic level of 70.5% of all subjects was
low, whereas 29.5% were of middle socioeconomic level
(p=0.332).

The health-related background details of subjects are presented
in Table 1. The rate of seasonal influenza vaccination was
approximately 20% in both groups in 2010; however, the
vaccinated populations in 2009 and 2011 were smaller than in
2010. There were significantly more smokers in Group-post
(23.1%) than in Group-pdm (8.1%) (p =0.002). Medication for
chronic respiratory illness was being taken by 2.8% of Group-pdm
subjects and 44.0% of Group-post subjects (p<<0.001). The median
number of days to initiation of oseltamivir administration from
symptom onset for all subjects was 6 days (range, 0-35) and there
was no significant difference between the groups (p =0.379).

Economic factors

The detailed economic situation of the subjects was defined by
the Social Gap Index of COVEVAL (Table 2). The ability of
household income to pay for all utility services (light, gas, water,
sewerage, and telephone) or some (two or three of the five) was
significantly lower in Group-post than in Group-pdm (p<<0.001).
The ability of household income to pay for all foods (meat, egg,
milk, cereals, vegetables) or some foods (two or three of the five)
was 59.7% and 40.3%, respectively, n Group-pdm vs. 27.8% and
56.7%, respectively, in Group-post (p<<0.001); 15.6% of the
subjects in Group-post stated that could not pay for any food from
their income. The ability of household income to pay for all health
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Table 1. General and health-related backgrounds of study subjects.

treatment - median (range)*

Pandemic Post-pandemic
period* period* Total p value
N=211(69.9%)  N=91(30.3%) N'=302 (100.0%)
Gender
Maleno. (% of group) 128607 50 (54.9%)  178(s89%) 0354
Age —' nreriién (rangé) 385 (0;90) 420 (2~9‘I) 39.0 (0-91) ‘ 0.0b3 ‘
,,Ag‘e*group '-‘n,ok. S gr’bup)f o i ; . - e ;y ’ S —— ',0.001 .
<18 R - 45 (21;4) ' “4‘(‘4.4) 49 (16.3) -
18<50 108512 . s07) 160(530)
50-<65 43 (26.4) ' ’ 22 (24.2) ’65 (2".5)
=65 . 500 - 13(143) - 28(93) :
Education background no. (% of group) k o 0,356
None ‘ 340164 AL 51(169)
Prlmary school 57 (27.5) ' 4 25 (26.3) 82 (27.2) ‘
Secondary school a9 (237 16 (16.8) 65 (21.5)
ngh school 33 (15.9) 19‘ (26.6) ' 52 (1'7‘.2) ‘
University 300145 12026 420139
Graduate school 2(1 O) 3 (3.2) ’ 5 (1.7) -
Techmca! school k2 a 0) 3 (32) Srnpd : 507 - .
Occupatlon no. (% of group) - S - ’ 0437 'k
Unemployed : g ©6) : 7 (87 - 35 (11.7)“[‘7“ .
Retired 1 ‘(0.'5) ' 2(22) - 3(1;0) '
Smdent : 28 (13.4), e ‘ 5 (33) R i 31,(]0.3): ey
HouseW|fe 53 (25 4) ‘ 36 (33.6) ' 83 (27.'75" o
Governmental érﬁiplbyéé 4 a 9 3 '(3.3),"": o 7 ‘(’2.’3); -
Employee by pnvate compény 30 (14.4) ' 15 (16.5) ‘ 45(150)
Commercral 33 ’(15:.8)':‘ i (S.S) ; 38 (1"2‘.7)j' :
Selfemployed (sma!l busmess) k 28 (13;4) 3 (3;3) . 31 (10.3)
Socroeconomlc level* . , S 0}332'(1
Low 144 (72;4) B ‘69 (67. O)’ ‘213 (70.5) -
Middle o s576) uEe 890295
Hi\gh“ . 000 000 000
Heatl‘rérélated b’ackérou'ndf'f L G i : e -
Vaccmatlon (seasonal mfluenza) 4 0.263
Vaccmated m 2009 i ‘ (1 9) . e g (66) 10 (33) N~
Vaccmated in 2010 42 (19 9) - k20 (22. O) ’ 62 (’20.5)W .
Vaccinated in 2011 8(38) ey - 11Ge L
smOkmg e batrits SRR : ; : 0'002
smoker . 1BES ney e
ex-smoker \ 19 (9.0) ‘ 8 (8.8) 27 (8. 9) '
Chronic respiratory illness on medication 6 (28) @0 46052 0000
Day§ frorrrsymptom onset to initiétion 6f ' 6.0 (0-35) ' 5;0 (6;29) ‘ '6.0 (0—35) ' 0.379 “

adequate goods, and medical services.

doi:10.1371/journal.pone.0040529.t001

INumber of days from symptom onset to initiation of oseltamivir administration.

care services (consultation, hospitalization, and medication) or
some of them (consultation and hospitalization) were 28.8% and

67.6%, respectively, in Group-pdm vs.
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17.8% and 38.9%,

*Pandemic period, between April 2009 and July 2010; Post-pandemic period, between August 2010 and the end of survey period.

TSocioeconomic level evaluated by ability to pay for utilities, food, and medical service: low income, cannot cover electricity, water, telephone, house rent, foods, an:
Yy Yy Y Yy

medical service; middle income, can cover a part of electricity, water, telephone, house rent, and foods, but not any medical service; high income, can cover utility and

respectively, in Group-post (p<<0.001); 82.8% of subjects were

uninsured.
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Table 2. Detailed economic status of study subjects.
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Others 14 (6.6)

Pandemic Post-pandemic
period*i period* Total p value

. N=211(69.9%)  N=91(303%) N=302(100.0%)
Income ability to pay for utility 0.000
services’
Al services 76 (36.0) 16 (17.6) 92305
2-3 of éll i33 (63.b) 41'(4'5”,1) 174 (57.6) '
None 209  340374) g
Iﬁc;»me ability to pay for food* ‘ ' ‘ ' ' ‘0.000
All necessaries  126(597) 5078 sy
2-3 of all o 85 (40.3) 51k(’5'6.7) 136‘(45.2)
None , 000 - 14(158) Caan
Income abilfty to pay for HeaItH cafe o ' - 0.000
service
;éh&dltaﬁph, hosbitalizaﬁon, ‘Vrri‘edicyéﬁon 60 (28.6) : GE 16 (1 7.8). 76 (25.3) o
C&nsﬁlfafion, hosbitalizétibn - 142 (676) o ‘ 35; (“38;9) ‘ R 0)
Non;e' ’k ;k R 8(38) o . s (,43.3) . 7
Heatth insu.;a},ce : : ST 0104
None 179 @48) sy Csoms :
Govérnmenf insuranﬁeg ' 17 (8.1)'" ' '8”(8‘8) - 25 (8.3) -
e e ea ouo ey

12 (132) w68

fIncome can pay for expense of utilities; light, gas, water, sewerage, telephone.
HIncome can pay for expense of food; meat, egg, milk, cereals, vegetable.
$Governmental insurance included workers in private organizations.
doi:10.1371/journal.pone.0040529.t002

Life environment

Most of the subjects in Group-pdm and Group-post lived in an
area that provided all public services (p = 0.144), and there was no
difference between the groups. In terms of housing status (Table 3),
39.8% and 30.8% of subjects in Group-pdm and Group-post lived
for free in borrowed accommodation, whereas 18.5% and 34.1%,
respectively, lived in rental accommodation; there was a significant
difference in housing status between the groups (p=0.011).
Although most Group-pdm subjects lived in concrete houses or
a combination of concrete and tinplate houses, more subjects in
Group-post lived only in tinplate houses, and there was a
significant difference in housing quality between the groups
(p<<0.001). The number of rooms and individuals living in a
house were significantly different between the groups (p=0.003
and p<0.001, respectively). The median number of individuals
per room in each household was 2.5 (range, 0.29-8.0) in Group-
pdm and 3.0 (range, 0.67-9.0) in Group-post, and there was a
significant difference between the groups (p<<0.001).

Information relating to HIN1 virus infection

The most common source of information about influenza
A(HINI1)pdmO09 was television in both groups (p = 0.706) (Table 4).
Although subjects in Group-pdm were more likely than those in
Group-post to be informed through radio (55.5% vs. 25.3%,
p<<0.001), there was no significant difference in the use of other
sources of information between the groups.

More Group-pdm subjects than Group-post subjects received
clear information about methods of prevention of influenza
AHINI)pdmO9 (77.3% vs. 29.7%, respectively, p<<0.001) as well

@ PLoS ONE | www.plosone.org

*Pandemic period, between April 2009 and July 2010; Post-pandemic period, between August 2010 and the end of survey period.

as information regarding the necessity for early access to health
care (94.3% vs. 60.4%, respectively, p<0.001).

Delay in seeking health care from symptom onset in
hospitalized patients with pneumonia

In the multivariate regression analysis, the number of household
rooms, information regarding the necessity for quick access to
health care, and housing construction materials were independent
factors that tended to be associated with the number of days from
symptom onset to the initiation of antiviral treatment (Table 5).
Since the INER administered antiviral treatment soon after
hospital admission to hospitalized patients with pneumonia, the
number of days to initiation of antiviral treatment was practically
the same as the number of days from symptom onset to first access
to formal health care.

Discussion

Low awareness of the importance of early access to healthcare
and difficulty separating oneself from other individuals in a
household owing to poverty are possible reasons for hospitalized
pneumonia due to influenza virus infection in the post pandemic
period.

INER is a tertiary medical organization for the care of patients
with respiratory illness, and it provides medical services mainly to
uninsured individuals in the metropolitan area of Mexico City and
neighboring states. Most patients who visit the INER have a
similar low socioeconomic level, demographic characteristics, and
educational background [17], including the subjects in the present

July 2012 | Volume 7 | Issue 7 | e40529
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Table 3. Life environmental qualities of study subjects.

Pandemic Post-pandemic
period* period* Total

p value
N=211(69.9%) N=91(303%)  N=302(1000%)

Location’ 0.144

All public services , B7@E8E) 75824 262868 .
Partial public services - k k k24 (51.4) - ’ 16 (17.6) k o 40 (1’3’.2)

Housing S G il L . £ ’ ; : G G S o0t ‘
Borrow wnhout any payment ' R 84 (39.8) ‘ h 28 (30.8) ' ' 112 (37.1) '
Rt . 39085 3164 oy

oy o crecm' T : . L e (7!5) ; BN e o g 2,,(2.,2); Sk e (60) 8

Own R 724 30(@E0 102 338)

House constrection materiel ' a V ‘ o ' ' : <0r001
Concrete";k o . 179 (848) “ e 70'('76'9)k S . k"249;k(32r5)f e
Tlnplate ‘ V o ‘ 3-(1.4) ' ' ‘12 (13. 2) o ‘ 15 (5.0)

Concrete and tmplate L ; e i 29037 o 909 i ', i 3828 oy
Number of rooms in a house ‘ - - - ‘ ' . 0003 N
= S Bey e e
3-5 ‘ ’ "IZ'I (57.3) ’ ’ ’26 (28.6) ’ ‘ ’147 (48.7)

B L e ) e e
Number of |nd|v1duals ina house H - ‘ o B ' - <O‘00‘1’M
3~5 : R o (,79,5) i : 57 (526) . : . 224;(7_44) &
26 87 g o e S ’ 30 (143) s ’ ~"4']0 ('H 0) ) e . ’40 (133)

Number of individuals per a room, mean 2.5 (0.29- 80) 3.0 (0.67- 90) 2.5 (0.29- 90) <0.001
(range)

*Pandemic period, between April 2009 and July 2010; Post-pandemic period, between August 2010 and the end of survey period.
Location was defined by the accessibility of public service which is also followed by the Social Gap Index.
doi:10.1371/journal.pone.0040529.t003

study (Table 1). A detailed evaluation of socioeconomic similar subjects using the Social Gap Index of CONEVAL [16] revealed

Table 4. Availability of information related to influenza A(HTNT)pdmO09.

Pandemic Post-pandemic
period* period* Total

p value
~ N=211(699%)  N=91(303%) N=302(1000%)

lnformatlon resources

NeWSpaper o Musl s 13(143) S gse
Television - 170 (80.6) ' e k 245 81.1)
ol L ey By e
mtemet s S ‘9 ey i 3(3.3,) R ,7(2'3),,,
Famrly and fnends ‘: 5 22 i10.4)~ S 3 ¢ . 15 (15;5) Laa - r 37 (12.3) o
Healthcare workers in Hospltal ' 23 (10.5) B - 3 (3. 3) ’ ' 26 (86) o
No |nformat|on i 1(05) i o 3 @. 3) o \k: 4013) "" -
Received clear mformatlon how to ’ k’163 (773) o 27 (29.7) o k 190 (62.9)

prevent
influenza?

. _55 (604)11 . O

Recelved the mformatlon for the
necess:ty -
of qulck access to healthcare. 3

199 (943)

*Pandemic period, between April 2009 and July 2010; Post-pandemic period, between August 2010 and the end of survey period.
doi:10.1371/journal.pone.0040529.t004
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Table 5. Factors relating to delayed seeking of health care, using multivariate analysis.

95% confidence

Coefficient Standard error t value p value interval
Constant e ~10.246 4351 -2355 0022 —18985-—1.508
Nﬁmbef of robms in ths;é R 3.798’ ‘ ' 0895 ‘ ' 4242 . ' O.VOOOV 2.000—5.597 “
Received ihfdrmétidﬁ about necessity of quick " : 4.741 , 1986 . 0021 ; 0.75i¥8.730f o '
access to health care during pandemic period = © -0 G i e . -
House consfructioﬁ matérial* ' ' ’3‘0'56 i.473 2.075 0.043 0.097-6.015

doi:10.1371/journal.pone.0040529.t005

that <1% in Group-pdm were unable to pay for either utility
services or food; there was a greater number of such subjects in
Group-post (Table 2). Morcover, approximately half of the
subjects in Group-post were unable to pay for health-care services.
In contrast to Group-pdm subjects, those in Group-post lived in
houses constructed of tinplate with fewer rooms, and there was
also a greater number of individuals sharing the same house
(Table 3). These results reflect the situation of many poor people in
Mexico City, who live together with relatives and friends and help
one another in their daily lives, including payments for utilities and
food [19]. The subjects in Group-post were more likely to be
impoverished than those in Group-pdm and showed a greater
tendency to engage in mutual support. Economic difficulties and
the inability to pay for treatment create problems in accessing
formal health care in the early stage of any illness, even if the cause
i1s acute viral infection; these factors can lead to the delayed
initiation of appropriate treatment. For people without health-care
insurance and who are paid on a daily basis, it is especially hard to
stop work and seck medical assistance, even for a day. As a result,
by the time they present to a hospital, their disease has progressed
and may have become severe. This was the situation for patients in
both Group-pdm and Group-post; however, those in Group-post
faced greater poverty. There was a greater number of patients
facing cconomic difficulties in Group-post than in Group-pdm,
which indicates that subjects in the former group may have
experienced more problems in accessing early health care. We
previously showed that patients with severe pneumonia had a
lower socioeconomic level and delayed initiation of oseltamivir
treatment [14]. Patients in Group-post lived in houses with fewer
rooms, but they also lived together with a greater number of other
individuals (Table 3). This reflects not only the socioeconomic level
of the subjects, but also an increased risk for human-to-human
transmission of the influenza virus.

In Mexico, rural poverty is concentrated in southern areas of
the country [19,20]. Especially during the early stage of the
influenza outbreak in 2009, there was a high rate of infection in
populations in areas of rural poverty in the south including Mexico
City [21]. However, Mexico City is not a single metropolitan area
but a growing megalopolis. The city incorporates surrounding
areas of poverty, and low- and middle-income communities live in
close proximity in the same area. Most of the subjects in the
present study were impoverished; however, >80% of them were
located in areas with access to all public services, and there was no
significant difference between the subjects in Group-pdm and
Group-post (Table 3). This is typical of the unique living
environment in Mexico City, and it reflects the traditional
Mexican custom of social support, whereby high- and middle-
income individuals help those with low or no income [19].
Impoverished people in Mexico City depend for their daily

@ PLoS ONE | www.plosone.org

*House constructed of concrete, tinplate, and combination of concrete and tinplate.

existence on those with high and middle incomes; therefore, they
need to live close to high- and middle-income areas. As a result,
there was no significant difference in residential location between
the subjects in Group-pdm and Group-post (Table 3).

Seasonal influenza vaccination in Mexico is limited to the young
and elderly [22]. Although a previous study reported that
vaccination status was independently associated with HINI
influenza [23], there was no significant difference between the
groups in the present study (Table 1). Although smoking is also
associated with HINI influenza [2,18], there were significantly
more smokers in Group-post than in Group-pdm (p=0.002),
which may reflect the fact that there were more elderly patients in
Group-post (p=0.001). In terms of comorbid conditions, more
patients in Group-post had chronic respiratory illness than did
those in Group-pdm (p < 0.001). These results indicate that HIN1
influenza is an emerging infectious disease that could infect
individuals beyond the population without underlying respiratory
illness. One year after the influenza outbreak, after some of the
population had gained immunity [24,25], the elderly population
with underlying respiratory illness and who were smokers were
more likely to be susceptible to influenza virus infection than the
younger population without underlying respiratory illness.

The time from onset of symptoms to initiation of oseltamivir
treatment is a key factor in reducing severe respiratory conditions
due to HINI influenza [14,15]. The time to initiation of
oscltamivir treatment depended on health-care-seeking behavior.
After the first manifestation of the outbreak in Mexico, the mass
media drew attention to the disease and created a sense of fear in
the population [18]. However, among impoverished individuals
and those with less education, it may be difficult to obtain
information from media sources. Although television was a major
source of information for the patients in our study (Table 4), more
patients in Group-post than in Group-pdm did not receive
information about methods of prevention of HINI influenza
infection and the necessity for quick access to health care
(p<<0.001). This indicates the importance of the method of
information distribution and education for enhancing the social
response to an influenza pandemic. We also evaluated the factors
affecting the time from symptom onset to initiation of oseltamivir
treatment (Table 5). The number of rooms in the household,
receiving information about the necessity of quick access to health
care, and house construction materials were evaluated as
independent factors that possibly influenced health-care-seeking
behavior. Poverty is associated with difficult housing conditions
including the number of rooms and house construction materials.
It also associated with lower access to information from media
resources that could motivate people to seck early access to health
care owing to a lack of utility services in the household. In
addition, fewer rooms in a household was associated with
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increased risk of human-to-human infection. This indicates that
poverty strongly influences health-care-secking behavior and
suggests the importance of distribution of information and
educational resources.

The present study was limited to a population that was mostly
uninsured and facing socioeconomic difficulties in Mexico City.
Although there is a large gap between poverty and wealth in
Mexico, the present study did not evaluate the range of
socioeconomic levels in the population. Patients in Group-pdm
had HINI influenza confirmed by RT-PCR, but the same test was
not performed in patients in Group-post for budgetary reasons in
the INER. Therefore, Group-post may have included patients
with pneumonia not caused by influenza A(HIN1)pdm09 virus,
but by some other type of influenza A virus. Further study,
including an investigation of different socioeconomic populations,
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is needed to determine the -impact of socioeconomics on the
severity of disease due to influenza infection.

Although many factors affect disease occurrence and severity
(including pneumonia), health-care-seeking behavior, poverty, and
distribution of information are important factors from a socioeco-
nomic point of view. These factors may explain the different
patterns of morbidity and mortality for influenza A(HIN1)pdm09
in different countries and regions.
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Introduction

Although systemic corticosteroid treatment for severe pneumonia
due to influenza A(HINI)pdmO9 has been controversial [1,2,3],
systemic corticosteroid treatment in pneumonia patients especially
presenting with acute wheezing induced by influenza A(HIN1)pdm09
was frequently administered at the early stage of their illness in hospitals
in Japan during pandemic period. Wheezing is the end result of a
narrowing of the intrathoracic airways and a limitation of expiratory
air flow and is caused by many illnesses. Asthma and bronchiolitis were
the main illnesses which caused wheezing in influenza A(HIN1)pdm09
virus infection [4,5,6,7,8]. Acute exacerbation of asthma is usually
diagnosed in patients with wheezing and a history of asthma. It is
treated with anti-asthma agents as well as systematic corticosteroids
depending on the disease severity following the asthma treatment
guidelines [9,10,11]. On the other hand, a previous study in preschool
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children with acute virus-induced wheezing indicated that systemic
corticosteroid treatment was not superior to placebo [12]. Also, a study
in infants with bronchiolitis concluded that treatment with systernic
corticosteroid did not significantly affect hospitalization [13]. It has
been physicians’ questions whether pneumonia patients presenting
with wheezing need to be treated with systemic corticosteroid during
the pandemic period.

The aim of the present study was to evaluate if systemic
corticosteroid treatment is suitable for hospitalized pneumonia
patients with acute wheezing caused by influenza A(HIN1)pdm09.

Materials and Methods

Study design
We retrospectively reviewed the clinical data, chest radiologic
and laboratory findings of all hospitalized patients diagnosed with
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pandemic influenza A(HIN1)pdm09, admitted between August
2009 and March 2010 to the National Center for Global Health
and Medicine (NCGM), which is a tertiary care hospital in Tokyo,
Japan. Influenza A(HIN1)pdm09 infection was diagnosed accord-
ing to case definitions developed by the World Health Organiza-
tion [14]. Respiratory tract specimens of patients were either
tested positive for the influenza A(HIN1)pdm09 virus by real-time
reverse-transcriptase-polymerase-chain-reaction (RT-PCR) or test-
ed positive for influenza A virus by ImunoAce Flu® (TAUNS
Laboratories, Inc.) or Espline® (Fujirebio Inc.), rapid diagnosis
tests using an immunochromatography assay, which are approved
by the Ministry of Health, Welfare, and Labour, Japan. Among all
hospitalized patients, subjects who presented with respiratory
disorders were eligible as study subjects and classified into four
groups based on their respiratory disorders: upper respiratory tract
infection, wheezing illness, pneumonia with wheezing, and
prneumonia without wheezing (Figure 1). The four groups were
compared and evaluated in terms of the relationships among
clinical conditions, clinical time course, and treatments. The
clinical effects for systemic corticosteroids treatment were
evaluated among the subjects with pneumonia. Also, clinical
factors which leaded to prescribe systemic corticosteroids were
assessed among the study subjects. Systemic corticosteroid was
administered based on the treatment for acute exacerbation of
asthma in the asthma guidelines [9,10,11]. Wheezing was defined
as a continuous high pitched sound emitting from the chest during
expiration on auscultation. Pneumonia was diagnosed on the basis
of mfiltrative shadows on chest radiograph.

Statistical analysis

Subjects’ background data and clinical laboratory values were
summarized and compared among groups of respiratory disorders
as well as between those who did (steroid group) and did not (no-
steroid group) receive systemic corticosteroid treatment. The
Mann-Whitney test and Kruskal-Wallis test were used for
continuous variables, and the Chi-square test and Fisher’s exact
test were used for categorical variables. Survival curves on the
numbers of hours to fever alleviation from initiation of
administration of antiviral agents and the duration of hospitaliza-
tion in the steroid and the no-steroid groups were analyzed by the
Kaplan-Meier method and comparisons were made using the log-
rank test. For the evaluation of independent factors for using
systemic corticosteroid treatment, a step-wise sclection method was
used to select significant factors if p<<0.1 in the univariate analysis
for a logistic regression analysis. Data analyses were conducted
using SPSS statistics ver.19 (IBM, Armonk, NY, USA). For all
analyses, significance levels were two tailed, and a p value of
<0.05 was considered significant.

Ethics statement

The study was approved by the Institutional Review Board of
the NCGM. Informed consent was waived by the Board for this
retrospective study, with the study notification to public being
made by posters. Investigators kept the datasets in password-
protected systems and presented data with the anonymity of study
patients retained.

Results

Characteristics of the study subjects

During the study period, a total 104 patients were diagnosed
with influenza A(HIN1)pdm09 and admitted to the NCGM.
Among them, 89 (85.6%) patients who presented with respiratory
disorders were eligible as study subjects (Figure 1). Some subjects

@ PLoS ONE | www.plosone.org

Steroids in Influenza Pneumonia with Wheezing

were admitted with reasons other than respiratory disorders
including encephalopathy, dehydration, and abdominal symptoms
due to influenza infection.

The number of subjects in each category of respiratory disorders
was as follows: upper respiratory tract infection (n=22, 24.7%);
wheezing illness (n =9, 10.1%); pneumonia with wheezing (n= 30,
33.7%); and pneumonia without wheezing (n =28, 31.5%). Of all
89 subjects, the number of subjects with pneumonia was 58 (65.2%).

The characteristics of subjects according to respiratory disorders
are shown in Table 1. The median age of study subjects (45 male)
was 8 years (range, 0-71), and 80 subjects (89.9%) were aged less
than 15 years. More subjects with wheezing illness (55.6%) or
pneumonia with wheezing (43.3%) had a history of asthma than
did those with upper respiratory tract infection (13.6%) or
prneumonia without wheezing (17.9%), and there were significant
differences among the groups (p=0.017). The median oxygen
saturation (SpOyg) in room air on admission in subjects with
wheezing illness (91.0%) or pneumonia with wheezing (90.0%)
were lower than those in subjects with upper respiratory tract
infection (96.5%) or pneumonia without wheezing (93.0%), and
there were significant differences among the groups (p<<0.001).
Bacterial co-infection was detected in throat swabs and/or sputum
in 44.9% of subjects, but there was no significant difference among
the groups. In terms of laboratory findings, including total serum
Immunoglobulin E level, there were no significant differences
among the groups.

Treatment and clinical time course of study subjects

The treatments and clinical time courses of study subjects in
cach classified group of respiratory disorders during hospitalization
are shown in Table 2.

All subjects were treated with antiviral agents, either oseltamivir
or zanamivir. In some subjects antiviral medication was switched
from oseltamivir to zanamivir or vice versa. The regular dose of
oseltamivir was 150 mg/day for 5 days in adults, and 4 mg/kg/
day for 5 days in pediatric patients. The regular dose of zanamivir
was 20 mg/day for 5 days. The median number of days from
symptom onset to initiation of administration of antiviral agents
was 1.9 (range, 1-7), and the length to antiviral treatment from the
symptom onset in the pneumonia with wheezing group tended to
be longer (2.4 days; range, 1-5) (p = 0.054).

Systemic corticosteroid was used in 93.3% of pneumonia with
wheezing subjects, 77.8% of wheezing illness subjects, and 64.3%
of pneumonia without wheezing subjects (p<<0.001). The dosage of
corticosteroids was equivalent to methylprednisolone 1.0-1.5 mg/
body weight (kg)/time, 2-4 times/day, in subjects under 15 years
of age, and 40-80 mg/time, 2—4 times/day in those over 15 years
of age. The median number of days from symptom onset to
initiation of administration of systemic corticosteroids was 2.1
(range, 1-6), The median duration of systemic corticosteroid
treatment was 5.2 days (range, 2-9).

Treatment with anti-asthmatic agents other than corticosteroids
were included in drug regimens for asthmatic episodes, cough and
sputum using at least one of the following: short-acting Po-agonist,
long-acting [Po-agonist, inhaled isoproterenol, inhaled disodium
cromoglycate, aminophylline, and leukotriene receptor antagonist.
All subjects in wheezing illness and pncumonia with wheezing
groups received anti-asthma treatments; also, 27.3% of those with
respiratory tract infections and 75.0% of those with pneumonia
without wheezing had at least one administration with anti-asthma
agent (p<<0.001).

Oxygen was administered using a nasal cannula or face mask to
56.2% of subjects with respiratory disorders, but no subjects
required mechanical ventilation.
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Figure 1. Study population. A total of 104 patients were diagnosed with pandemic influenza A(H1N1)pdm09. Five patients (one of whom died)
were admitted to the ICU and were excluded from the study. The remaining 99 patients were the study subjects. Among them, 89 subjects presented
with respiratory disorders and 10 presented with symptoms other than respiratory disorders, including encephalopathy. The subjects with respiratory
disorders were classified into the following four groups: upper respiratory tract infection (n=22), wheezing iliness (n =9), pneumonia with wheezing
(n=30), and pneumonia without wheezing (n=28). The total number of subjects with pneumonia was 58.

doi:10.1371/journal.pone.0032280.g001

The time to fever alleviation from the initiation of administra-
tion of antiviral agents was not significantly different among the
groups (p = 0.967). There was a longer duration of hospitalization
in the pneumonia groups with and without wheezing compared
with the other two groups, and there was significant difference
among the groups (p<<0.001).

Evaluation of systemic corticosteroid treatment among
subjects with pneumonia

Systemic corticosteroid treatment was evaluated in subjects with
pneumonia (n = 58) and compared between subjects in the steroid
group and in the no-steroid group (Table 3).

Wheezing was presented 58.7% in the steroid group and there
was a significant difference between the groups (p = 0.002). SpO, in
the steroid group was lower than that in the no-steroid group
(Sp02, 90.0% vs. 95.6, respectively; p<<0.001) and the steroid group
required more oxygen supply than the no-steroid group (97.8% vs.
8.3%, respectively; p<<0.001). Anti-asthma treatment was applied to
97.8% of the steroid group and 50.0% of the no-steroid group
(p<<0.001). Although bacterial co-infection was found in 52.2% of
the steroid group and 25.0% of the no-steroid group at the time of
admission (p =0.093), antibiotics were administered to both the
steroid and the no-steroid groups (89.1% vs. 50.0%, respectively;
p =0.006). There were no significant differences in terms of time to
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fever alleviation (<37°C) after administration of antiviral agents and
in the duration of hospitalization between the groups (p =0.611 and
0.599, respectively).

Clinical time course were assessed by the Kaplan-Meier method
on time to fever alleviation from the initiation of administration of
antiviral agents and duration of hospitalization in subjects with
pneumonia (n = 58) and compared between the steroid and the no-
steroid groups using the log-rank test (Figure 2). There were no
significant differences between the groups in both time to fever
alleviation (p=0.835) and the duration of hospitalization
(p=0.626). ’

Clinical factors for using systemic corticosteroids
treatment among the study subjects

A multiple logistic regression analysis using baseline factors was
conducted for subjects with respiratory disorders (n=289).
Wheezing, pneumonia and SpO, on admission were independent
clinical factors associated with using systemic corticosteroids
treatment (Table 4).

Discussion

Our evaluation of hospitalized patients with pneumonia caused
by influenza AHINI)pdm09, who were mostly young and
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Table 1. Background and clinical characteristics of study subjects.
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4SpO,: oxygen saturation measured by pulse oximetry in room air.

aminotransferase; CRP, C-reactive protein; IgE, Immunoglobulin E.
doi:10.1371/journal.pone.0032280.t001

presenting with wheezing, revealed that early systemic corticoste-
roid treatment did not result in negative clinical outcomes if
patients were treated with antiviral agents during the early stage of
illness.

Although asthma is not the only illness that causes wheezing, asthma
is a risk comorbidity for influenza A(HIN1)pdm09 [8]. In the present
study, wheezing was observed in 43.8% of all subjects, including in
subjects who presented with pneumonia (Table 1). Systemic
corticosteroid treatment is recommended in the asthma guidelines
for treating acute exacerbation of asthma which requires hospitaliza-
tion [9,10,11], but its use remains uncertain for asthma-exacerbated
patients with pneumnonia due to influenza A(HIN1)pdm09 [1,2,3].

@ PLoS ONE | www.plosone.org

Ipathogenic bacteria co-infection was detected by throat swabs and/or sputum.
Definition of abbreviations: WBC, white blood cell count; LDH, lactate dehydrogenase; ALP, alkaline phosphatase; AST, aspartate amino transferase; ALT, alanine

*Wheezing was defined as a continuous high pitched sound emitting from the chest during expiration on auscultation.
TPneumonia was diagnosed on the basis of infiltrative shadows on chest radiograph.

§0ther comorbidities include smoking , alcoholism, diabetis meritis, chronic heart diseases , obesity.

The healthcare seeking behavior for people in Japan is
customarily early especially for acute diseases including pandemic
influenza and a median days to the initation of treatment with
antiviral agents from the symptom onset was 1.9 days (range, 1-7)
in the study subjects (Table 2). The previous study in Mexico
reported that the earlier administration of antiviral agent reduced
severity of pneumonia, occurrence of pneumonia, and the
duration of hospitalization [15]. In the present study, the study
subjects were not admitted in the ICU, did not require mechanical
ventilation support, and the median of duration of hospitalization
was 7 days (range, 2-14) (Table 1). These results indicated that the
study subjects, who were mostly young and were initiated the
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Table 2. Treatment and clinical time course of study subjects.
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Upper respiratory ~ Wheezing* Pneumonia’ with Pneumonia without

tract infection illness wheezing wheezing Total P value
Number of subjects (%) - 22(247) 9(0n) 3037  28(315  89(100.0) 0.007
Treatments o o '
T|me to initiation of antlwral agents from symptom ' ’ ,1.'8‘(1'—’3) " D 1‘.71(1_'3:) 3. 16 (1“_‘7)~ }1.‘9 (-7 ‘0.054 2
onset - median days (range) : . . Lo ; S
Antiviral agents 6.006
Osclaniy 120545) e 2@y 2@ BEs
Zanamivir ' 9 (40.9) ‘2 (22;2) - 7"(‘23.3) '1'3 (46.4) 3i (34.8)
Both oseltammr and zanamlwr‘ 1"(‘4.‘5')‘ 0 (00) 1 (373)‘: . j . 3 (10.7) 5 (5.6):',‘ :  ,'
Systemlc cortlcostermd treatment 4 (18‘2) 7'(7'7.'8) 28 (93.3)‘ ‘ ' '18 '(64‘1.3) 57 (64.0) <0;601
Time to initiation of systemic comcostero;ds fromk'! 2002 , o 20(]“5) : 24 (7"'6,)” ;k Y 2106 0134
symptom onset medlan days (range) . : ' 2 ‘: ¢ i g Co o .
Duration of systemic corticosteroid treatment» 5.0 (4-6) 3.3 (2-6) 5.8 (3-9) 4.4 (2-8) ’ 5.2’(2—9)’ <0.001
median days (range)
Antl asthma agents other thanV" c»rtlcosteroudT : e 6(273) ) : 9(1000) : ;’ 30(1000) o 21(750) 66 (742) <ooo1
Oxygen supply ‘ 7’(3i.8) ‘ 5 (556) o ‘19 (63.3) B ’19‘(67.5)‘ ' 56 (S6A2) 0.00Z
Antibiotics™* - 8(364) 8(889)  28(933) 19(679) 63 (70.8) <0001
Clinical time course ' ' ' - ' ' “ o
Tlme to fever alleviation* - hdufs‘,’mediah (ange) 354(11-120)  440(14-116) 320 (12-150) 373 (9-168) j35’0 (o-
Length of Hospitalization, days, median (range) ‘ 4.9 (2-9) ' 6.8 (3-1'0) ' 8.4 (6-14) ‘ 7.6 (3-14) "7 5 (2—14) <0‘001

fAntiviral medication was switched oseltamivir to zanamivire and vice versa.
time, 2-4 times/day in those over 15 years of age.

receptor antagonists.

"Oxygen was administered using a nasal cannula or face mask.
**Antibiotics.

doi:10.1371/journal.pone.0032280.t002

treatment with antiviral agents earlier, did not progress to be
critical.

Most subjects presented with respiratory disorders, including
upper respiratory tract infection, wheezing illness, and pneumonia
with or without wheezing. Wheezing is one of the manifestations of
asthma and a previous report indicated that wheezing is associated
with influenza mortality [16]. In the present study, total 43.8% of
subjects presented wheezing and 33.7% presented both pneumo-
nia and wheezing. Also, asthma history was more frequent among
subjects with wheezing illness (55.6%) or pneumonia with
wheezing (43.3%) than among the other subjects in upper
respiratory infection (13.6%) and pneumonia without wheezing
(17.9%) (Table 1). The results indicated that the occurrence of
exacerbation of asthma might have been increased by influenza
AMHINI)pdm09 in this study population; however, exacerbation
of asthma did not became critical. Systemic corticosteroid was
mainly used for patients with wheezing either with pneumonia or
without pneumonia. The presentation of wheezing can lead to a
diagnosis of asthma if the patients have a history of asthma. Also,
wheezing could also indicate a first episode of asthma attack or
bronchiolitis, which are difficult to distinguish on the basis of
wheezing alone. If a patient has asthma acute exacerbation or a
first episode of asthma attack, not using systemic corticosteroids
can increase disease severity and mortality [9,10,11]. Therefore,
systemic corticosteroid treatment should be a consideration for
clinical management of patients with wheezing despite the

@ PLoS ONE | www.plosone.org 5

*Wheezing was defined as a continuous high pitched sound emitting from the chest during expiration on auscultation.
‘+tPneumonia was diagnosed on the basis of infiltrative shadows on chest radiograph.

§The dose of corticosteroid was equivalent to methylprednisolone 1.0-1.5 mg/body weight (kg)/time, 2-4 times/day, in subjects under 15 years of age, and 40-80 mg/

YAt least one medication of shortacting B2-agonist, longacting B2-agonist, inhaled isoproterenol, inhaled disodium cromoglycate, aminophylline, and leukotriene

-presence of viral pneumonia and/or bronchiolitis. Also, anti-

asthmatic agents other than systemic corticosteroids were
administered to all subjects with wheezing (Table 2). Treatments
with anti-asthmatic agents together with corticosteroids need to be
included as well as antibiotic agents in case of bacterial co-
infection.

Respiratory condition, as reflected by SpOy, was more severe in
subjects of the steroid group than in the non-steroid group
(Table 3). Also, oxygen was more supplied to the steroid group.
Those results described that respiratory condition was more severe
in the steroid group; however, systemic corticosteroid treatment
has no influence to hours to fever alleviation after the initiation of
treatment with antiviral agents and the duration of hospitalization
(Table 3). In terms of assessment of clinical time course, the
Kaplan-Meier curves for hours to fever alleviation from the
initiation of antiviral agents and hospitalization days were not
significantly different between the steroid and the non-steroid
groups. (Figure 2). Systemic corticosteroids were administered for
the most of subjects with wheezing (Table 2). These results suggests
that systemic corticosteroid treatment for viral pneumonia with
wheezing may not have negative effects to clinical time course.

Multiple logistic regression analysis among subjects with
respiratory disorders evaluated that wheezing, pneumonia, and
SpOy were independent factors associated with using systemic
corticosteroid treatment (Table 4). The results indicated that these
were factors that could motivate physicians to start systemic
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corticosteroid treatment at the study site. It also indicated that
wheezing was not the only factor for using systemic corticosteroid
treatment but also pneumonia and low level of respiratory
condition which were reflected by SpOs. In the present study,
systemic corticosteroid treatment did not produce negative
outcomes, even in patients with pneumonia and might be in
patients with bronchiolitis. The results showed that the systemic
corticosteroid treatment in the early stage of illness together with
antiviral agents might work to reduce the time of critical
conditions and to prevent disease progression to severe pneumonia
among patients who were administered antiviral agents during the
early stage of illness when their pneumonia were not so severe
(Table 2).

Although secondary bacterial infection was reported as a
negative outcome of systemic corticosteroid treatment in the
severe ill patients with influenza H1N1pdm09 [2], in the present
study, no significant effects of systemic corticosteroid treatment
against bacterial co-infection were observed. It might be resulted
from the antibiotics treatment from the hospital admission
(Table 2, 3) and can be explained by the short duration of
hospitalization of study subjects. (Table 2, 3).

Limitations of the present retrospective study are that the
influenza HN1 2009 virus was confirmed in the limited number
of subjects by RT-PCR and patients strongly considered to have

@ PLoS ONE | www.plosone.org 6

Table 3. Clinical presentation of subjects with pneumonia according to systemic corticosteroid treatment.

Steroid group* No-steroid group* Total P value
Number of subjects No. (%) 146 (100) ~12(100) 58 (100) -
Symptoms and signs on admlssron
Wheezing" No. (%) 27 (587) 13 28 (483) 0002
Co-| mfectlonx No. (%) 24 (522) 3 (25.0 27 (46.6) 0.093
Body temperature °C median (range) 386 (36.5-40.3) 382 (36.2-40.2) : " '38.6 (36.2—49.3)' 3 0.261 - :
Laboratory fmdlngs on adm|ssron, medlan (range)
SpO,* (% ‘ . 9007497  956(91-98 © 910(74-98) <0001
WBC (103/uL) 8200 (2790 16280) 6385 0 (900—13280) 7715.0 (900~ 16280) 0.024
LDH (UML)~ 270 (201-418) 2555 (183-438) 2675 (183-438) 0687
CRP (mg/dL) 1.16 (0.05-9.23) 2.69 (0.07- 1041) 1.22 (0.05- 1041) 0.154
Sodium (mEd/L) 1351 (130-141) 1348 (126—139) 135 (126-141) 0734
Potassium (mEq/L) 3.96 (3.3-4.6) 3.39 (3.3-4.5) 3.95 (3.3-4.6) 0.438
Treatment~No.(%) o ' ‘ = b es : e
Days to administration of ant|V|raI agents‘ 2.0 (1-5) 1.8 (1-7) 2.0 (1-7) 0.589
Ann asthma treatments ; o o 45(978) 8(5000 . 51(879) o A ",<'(')V.(\yy)0k1k -
Antibiotic agents 41 (89.1) 6 (50.0) 47 (81.0) 0.006
Oxygen supply** S S k:' : = . 45 :(97.8) | (83) : 46 (793) k‘";k‘f<Q-0f01
Clinical outcomes, medlan (range)
Hours to allevxatlon of fever after admlssron o - 36-0’(9'150) . 355(9-168) L o 355(‘9,'163)‘.', S OrG“‘ .
Hospitalization days 8.2 (5-14) 7.7(3-14) 8.1 (3-14) 0.607
N=58.
*No-steroid and steroid group denote group of subjects who were not treated and treated with systematic corticosteroids.
tWheezing was defined as a continuous high pitched sound emitting from the chest during expiration on auscultation.
{Pathogenic bacteria co-infection was detected by throat swabs and/or sputum.
8Sp0,: oxygen saturation measured by pulse oximetry in room air.
4The number of days from symptom onset to the initiation of administration of antiviral agent either oseltamivir or zanamivir.
At least one medication of short-acting B2-agonist, long-acting B2-agonist, inhaled isoproterenol, inhaled disodium cromoglycate, aminophylline, and leukotriene
receptor antagonists.
**Oxygen was administered using a nasal cannula or face mask.
11The time (hours) to alleviation of fever to less than 37°C after the administration of antiviral agents.
Definition of abbreviation: WBC, white blood cell count; LDH, lactate dehydrogenase; CRP, C-reactive protein.
doi:10.1371/journal.pone.0032280.t003

2009 influenza A/HINI virus infection were included. During
the study period, influenza AMHINI1)pdm09 virus was the
dominant influenza virus in Japan according to the Infectious
Agent Surveillance Report in Japan [17]. Subjects who were
identified as having influenza A virus infection were strongly
considered to have influenza A(HIN1)pdm09 virus infection, so
physicians diagnosed those patients as having influenza
A(HINI)pdm09 infection. Also, most of the study subjects were
pediatric patients and the age distribution of the study subjects
was representative of that for influenza A(HIN1)pdm09 in Japan
[17,18]. The number of subjects in divided four groups according
to the respiratory conditions were not equal as well as the small
number of subjects without steroids treatment due to the
retrospective study in a single hospital. Therefore, the further
prospective study in patients with a variety of ages with large
population is needed.

In conclusions, systemic corticosteroid treatment together with
early administration of antiviral agents did not result in negative
clinical outcomes in patients with influenza viral pneumonia with
wheezing and without wheezing in the present study. The findings
suggest that influenza pneumonia patients with wheezing and
potentially without wheezing could be treated by systemic
corticosteroids and early administration of antiviral agents if the
severity of disease is before critical condition.
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Figure 2. Systemic corticosteroids treatment in the relation0 to clinical time course assessed by Kaplan-Meier methods. Kaplan-Meier
curves of the number of hours to fever alleviation (A) and hospitalization days (B) according to systemic corticosteroid treatment among subjects
with viral pneumonia in steroid (n =46) and non-steroid (n=12) groups There were no significant differences between the groups in terms of either
hours to fever alleviation (log rank test, p=0.835) or hospitalization days (log rank test, p=0.626).

doi:10.1371/journal.pone.0032280.g002
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Table 4. Clinical factors for using systemic corticosteroids treatment among the study subjects by multiple logistic regression

analysis.

Parameter Regression coefficient Standard error P value Odds ratio 95% confidence interval
Intercept - - 20444 8.927 . G ; S i

Wheezing* 2401 0.841 0.004 11.03 2.12-57.33

Pneumonia’ " 1208 ‘0618 0,036 366 1.09-1230"

SpOZI -0.229 0.094 0.015 0.80 0.66-0.96

n=289.

*Wheezing was defined as a continuous high pitched sound emitting from the chest during expiration on auscultation.
‘tPneumonia was diagnosed on the basis of infiltrative shadows on chest radiograph.

1SpOz: oxygen saturation measured by pulse oximetry in room air on admission.

doi:10.1371/journal.pone.0032280.t004
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Abstract An influenza pandemic occurred in 2009. We
performed a retrospective national questionnaire survey
about HIN1pdm?2009 myocarditis to compare influenza A
HIN1pdm2009 myocarditis in the pandemic (2009/2010)
and postpandemic seasons (2010/2011) by collecting data
from 360 hospitals. The diagnosis of myocarditis was
performed using the guidelines for Diagnosis and Treat-
ment of Myocarditis published by the Japanese Circulation
Society (JCS 2009). Twenty-nine patients with influenza A
HIN1pdm2009 myocarditis were reported, with 25 from
the 2009/2010 season and only 4 patients from the
2010/2011 season. Morbidity and mortality was 28 % (8/
29) among all the myocarditis patients. Six patients with
myocarditis were complicated by pneumonia. Myocarditis
was proved by endomyocardial biopsy or autopsy in 9
patients, although histological findings showed mild myo-
carditis even in clinically defined fulminant myocarditis
cases. Seventeen patients were diagnosed with fulminant
HIN1pdm2009 myocarditis with fatal arrhythmias or
varying degrees of cardiogenic shock. Fifteen fulminant
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myocarditis patients were seen in the 2009/2010 season and
only 2 in the 2010/2011 season. Ventilators were used in 16
patients. Mechanical circulatory support with intraaortic
balloon pumping or percutaneous cardiopulmonary support
(IABP/PCPS) was emergently inserted in 13 patients. Of
these, 9 patients were rescued with mechanical circulatory
support, and 4 patients died. Four fulminant myocarditis
patients treated without IABP/PCPS died. We described
the clinical features of patients with myocarditis associated
with influenza HIN1pdm2009 in the pandemic and post-
pandemic seasons and demonstrated the high prevalence of
fulminant myocarditis (17/29, 59 %). The number of
patients with myocarditis associated with influenza A virus
seemed to increase in the pandemic season.

Keywords Myocarditis - Influenza A - Pandemic

Introduction

Acute myocarditis is a potentially lethal disease: the etio-
logical agents of viral myocarditis include enteroviruses,
adenoviruses, parvoviruses, cytomegalovirus, and influenza
viruses [1-7]. Fulminant myocarditis causes severe hemo-
dynamic dysfunction that requires high-dose catecholamine
and mechanical circulatory support [1, 7]. Although the
frequency of myocardial involvement in influenza infection
is variable, that of fulminant myocarditis associated with
influenza infection is rare, as shown in previous papers [ 1-4].
An influenza pandemic occurred in 2009 {8-12]. The Min-
istry of Health, Labor and Welfare of Japan (MHLW) con-
firmed only 198 deaths among about 20.61 million patients
infected with influenza A HIN1pdm2009 in the 2009/2010
season and 150 deaths among about 10.3 million patients in
the 2010/2011 season in Japan [10, 11]. Although usually
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both the diagnosis and treatment of the pathogen involved in
myocarditis are difficult, in the 2009/2010 pandemic, ade-
quate diagnostic methods, such as the rapid influenza
tests and reverse transcription-polymerase chain reaction
(RT-PCR) for influenza HIN1pdm2009, and treatment with
neuraminidase inhibitors were already available [10~13]. By
conducting a cross-sectional national survey with assistance
from all members of the Japanese Circulation Society (JCS)
in the 2009/2010 influenza season, we previously reported 15
HIN1pdm?2009 myocarditis patients and demonstrated their
clinical features [13]. The Japanese Circulation Society
performed a prospective study of patients with myocarditis
associated with HIN1pdm2009 in the 2010/2011 season
using their website, although no case was reported. There-
fore, to compare myocarditis associated with influenza
H1N1pdm?2009 in the pandemic (2009/2010) and post-pan-
demic (2010/2011) seasons, we performed a national survey
with a fill-in-the-blanks and multiple-choice questionnaire
mailed to hospitals in Japan that have cardiology or pediatric
departments or both.

Patients and methods

We mailed questionnaires to 978 hospitals in Japan that have
cardiology and pediatric departments to compare myocar-
ditis associated with influenza HIN1pdm2009 in the pan-
demic (2009/2010) and postpandemic (2010/2011) seasons.
A fill-in-the-blanks and multiple-choice questionnaire was
designed to obtain information on patient profiles (sex, age,
and baseline disease), symptoms of influenza, symptoms of
myocarditis, laboratory findings (e.g., cardiac enzymes,
ECG, echocardiogram), treatment (e.g., neuraminidase
inhibitors, steroid, mechanical circulatory support, ventila-
tor), outcomes, and other. The questionnaire also included
information about the number of hospitalizations associated
with HIN1pdm2009 influenza during the two seasons.
Myocarditis was diagnosed using the Guidelines for Diag-
nosis and Treatment of Myocarditis (JCS 2009) [1]. Com-
patible clinical symptoms, echocardiographic abnormalities
in the absence of cardiac ischemia, and leakage of cardiac
enzymes or other evidence of myocardial damage aided the
diagnosis of myocarditis. Laboratory diagnosis of influenza
A HIN1pdm2009 was made by quick influenza diagnostic
testing or probe-based RT-PCR using a nasopharyngeal
swab or sputum. The study protocol was approved by the
Institutional Review Board of Osaka Medical College.

Results

We received completed questionnaires from 360 hospitals.
Although 25 patients with myocarditis associated with

influenza HIN1pdm2009 (17 men and 8§ women; mean age,
39 & 21 years) were reported to the task force of the
Clinical Research for Myocarditis in the pandemic season
(2009/2010), only 4 patients (3 men and 1 woman; mean
age, 45 X 15 years) were reported in the postpandemic
season (2010/2011). Total mortality rate among all the
myocarditis patients in both seasons was 28 % (8/29).
Patient profiles, laboratory findings, treatments, and out-
comes of patients with myocarditis associated with
HIN1pdm2009 are shown in Table 1.

Myocarditis was proved by endomyocardial biopsy or
autopsy in 9 patients (31 %); it was clinically diagnosed
based on clinical features, leakage of cardiac constitutional
proteins, such as troponin T/I, abnormalities on echocardi-
ography, and other findings in the other 20 patients. Cardiac
symptoms such as dyspnea, chest discomfort, hypotension,
and syncope developed within 3 days of sickness in 16
patients (64 %). The most frequent baseline disease was a
respiratory disorder in 7 (24 %) patients, including bronchial
asthma in 5 patients (17 %) and emphysema in 2 patients
(8 %). Six patients (21 %) with myocarditis were compli-
cated by pneumonia. RT-PCR or quick diagnostic testing
yielded positive results in all patients (100 %). Most patients
exhibited ECG abnormalities, such as ST-T abnormalities
(64 %). Echocardiography revealed abnormalities of left
ventricular wall motion in 24 patients (83 %). Seven of the 9
patients of histologically proven myocarditis were fulminant
myocarditis patients; 2 had acute myocarditis. Histological
findings of these 9 patients showed myocarditis with lym-
phocyte infiltration. Quantitative assessment of troponin T/I
was performed in 5 patients, in all of whom (100 %) it was
elevated. On the other hand, qualitative quick troponin
testing, which was conducted in 6 patients, was positive in
only 3 patients (50 %). Cardiovascular magnetic resonance
imaging (MRI) was performed in 2 patients. T,-weighted
cardiovascular MRI showed high-density signals in the
region of the left ventricle in a 28-year-old man with ful-
minant myocarditis; his serial biopsies showed mild
inflammation and degeneration of myocytes. RT-PCR test-
ing for HIN1pdm2009 from heart specimens was performed
in 2 cases (8 %), in both of whom it was negative. Cardiac
dysfunction almost completely resolved in 19 patients
(66 %) but remained partly unresolved in 2 patients (8 %).
Coronary studies, which were performed in 20 patients
(69 %), yielded normal results in all. Twenty-eight patients
(96 %) were treated with neuraminidase inhibitors.

Seventeen of the 29 patients (59 %) were diagnosed with
fulminant myocarditis with fatal arrhythmias and/or varying
degrees of cardiogenic shock. Fifteen fulminant myocarditis
patients (15/25, 60 %) were seen in the 2009/2010 season
and only 2 (2/4, 50 %) in the 2010/2011 season. The clinical
data of these 17 fulminant myocarditis patients are shown in
Table 2. Nine (53 %) of the 17 fulminant myocarditis
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Table 1 Patient profiles,
laboratory findings, results of

2009/2010 season

2010/2011 season

endomyocardial biopsies and/or
autopsies, treatments, and
outcomes of patients with
myocarditis associated with
HINIpdm2009 in the
2009/2010 and 2010/2011
influenza seasons in Japan

cases

Sex (male/female)
Age (mean £ SD)
Survival
Adult/children

Fulminant myocarditis (adult/child)

Biopsy/autopsy
Baseline disease

Pneumonia

Cardiac symptoms

Onset of cardiac symptoms

ECG abnormalities

Echocardiogram

Peak CPK values
Coronary artery (CAG/CT)

Other diagnostic tool
(positive/examined)

Antiviral drug
Other treatment

Number of HINIpdm myocarditis

25

17 (68 %)/8 (32 %)

39 £ 21

19 (76 %)

20 (80 %)/5 (20 %)

15 (60 %) (11/4)

10 (40 %)/3 (12 %)

Asthma, emphysema 6 (24 %)
DM 2 (8 %)

None 14 (56 %)

Viral 2 (8 %)/bacterial 2 (8 %)

Dyspnea 13 (52 %)
Chest pain 4 (16 %)
Syncope 3 (12 %)

Ist=3rd day of sickness 16
(64 %)

4th—10th day of sickness 6
24 %)

Over 11th day of sickness 3
(12 %)

ST-T abnormalities 16 (64 %)
VT, VF 5 (20 %)

Complete AV block 3 (12 %)
No information 2 (8 %)

Wall motion abnormalities 21
(84 %)

Pericardial effusion 3 (12 %)
No information 2 (8 %)

13,639 & 42,495 1U/

No stenosis 15 (60 %)

Not examined 10 (40 %)
Qualitative troponin 3/6 (50 %)

Quantitative troponin T/I 5/5
(100 %)

MRI 1/2 (50 %)

24 (96 %)

Steroid 5 (20 %)
7-Globulin 6 (24 %)

4

1 (25 %)/3 (75 %)

45 £ 15

2 (50 %)

4 (100 %)/0 (0 %)

2 (50 %) (2/0)

0/1 (25 %)

Asthma 1 (25 %)
Hypertension 1 (25 %)
None 1 (25 %)

Viral 1 (25 %)/bacterial 1
(25 %)

Dyspnea 3 (75 %)

Shock 1 (25 %)

Cyanosis 1 (25 %)

Ist=3rd day of sickness 0 (0 %)

4th—10th day of sickness 4
(100 %)

Over 11th day of sickness O
0 %)

PSVT 2 (50 %)
WNL 1 (25 %)

No information 1 (25 %)

Wall motion abnormalities 3
(75 %)

Pericardial effusion 1 (25 %)
No information 1 (25 %)
14,604 + 18,770 1UN

No stenosis 3 (75 %)

Not examined 1 (25 %)
Qualitative troponin 0/0

Quantitative troponin T/I 0/0

MRI 0/0

4 (100 %)

Steroid 0 (0 %)
y-Globulin 0 (0 %)

patients had no baseline disease. Three fulminant myocar-
ditis patients (17 %) were complicated by pneumonia.
Myocarditis was proved by endomyocardial biopsy or
autopsy in 7 (41 %) of the 17 fulminant myocarditis
patients. Histological findings were classified by the Dallas
Criteria [14]. The first biopsy, obtained from a 44-year-old
woman on day 1 showed myocarditis with lymphocytic
infiltration, degeneration of myocytes, and interstitial
edema; the second biopsy on day 23 showed resolving

&) Springer

myocarditis. Histological findings in the other § patients
showed myocarditis with infiltration of lymphocytes
(ranging from mild to moderate, but not severe). Autopsy of
the patient with fulminant myocarditis (on day 9) showed
only interstitial fibrosis without lymphocytic infiltration.
Ventilators were used in 16 patients (94 %). Mechanical
circulatory support with intraaortic balloon pumping
(IABP) and/or percutaneous cardiopulmonary support
(PCPS) was emergently inserted in 13 patients. Nine of
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Table 2 Patient profiles,
laboratory findings, reports of

Fulminant myocarditis

endomyocardial biopsies and/or
autopsies, treatments, and
outcomes of patients with
fulminant myocarditis
associated with influenza A
H1N1pdm2009 in Japan

Sex (male/female)
Age (mean =+ SD)
Survival

Baseline disease

Complicated pneumonia

Histological findings of heart tissue by

Dallas criteria (1987) [14]

Histological findings were
classified by the Dallas Criteria
[14]. First biopsy: myocarditis,
borderline myocarditis, no
myocarditis. Subsequent
biopsies: ongoing myocarditis,
resolving myocarditis, resolved
myocarditis

RT-PCR from heart tissue
Peak CPK values

Ventilator

IABP/PCPS

Survival with IABP/PCPS
Antiviral drug

LI lymph node infiltration, /E
interstitial edema, DM diabetes
mellitus, MD degeneration of
myocyte, /F interstitial fibrosis

Number of cases (adult/children)

Other diagnostic tool (positive/examined)

17 (13/4)

10 (58 %)/7(42 %)

32+ 19

9/17 (53 %)

Asthma, emphysema 4 (24 %)
DM 2 (12 %)

None 9 (53 %)

3 (18 %)

Resolving myocarditis (1st biopsy on day 1: myocarditis, LI,
IE, MD; 2nd biopsy on day 23: LI)

Myocarditis on day 1 (moderate LI, IE, MD)
Myocarditis on day 1 (moderate LI, IE, MD)
Myocarditis on day 4 (mild LI, IE, MD)
Myocarditis on day 32 (mild LI, IE, MD)
Borderline myocarditis (LI)

Borderline myocarditis on day 7 (LI)

No myocarditis on day 9 (IF)

No myocarditis on day 16 (IF)

0/2 (0 %) (on days 8 and 9)

23,640 & 52,471 IU/N

Qualitative troponin 2/3 (67 %)

Quantitative troponin T/1 5/5 (100 %)

MRI 1/2 (50 %)

15 (88 %)

13 (76 %)

9/13 (69 %)

16 (96 %)

these 13 patients (69 %) were successfully rescued with
mechanical circulatory support; the remaining 4 patients
died (31 %). Four fulminant myocarditis patients treated
without IABP/PCPS also died (100 %).

Discussion

The MHLW of Japan confirmed only 198 deaths (9.6 x
10™* %) among about 20.61 million patients infected with
influenza A HIN1pdm2009 in the 2009/2010 season, and
150 deaths (15 x 10™* %) among about 10.3 million
patients in the 2010/2011 season in Japan [10, 11]. The low
case-fatality rate in Japan may be a result of early diagnosis
and aggressive early intervention with antiviral drugs
[9-11]. Twenty-five influenza HIN1pdm2009 myocarditis
patients (>0.20 x 10™* %) were reported in the 2009/2010
season, although only 4 patients (>0.031 x 10™* %) were
documented in the 2010/2011 season in the present study.
The number of patients with clinically defined myocarditis
associated with the influenza A virus seemed to increase
in the pandemic season and obviously decrease in the

postpandemic season compared to the pandemic season
[2—4, 12, 13, 15-17]. The mean age (39 years) of myo-
carditis patients associated with HIN1pdm2009 influenza
seemed to be lower than the age of patients with serious
illness associated with seasonal influenza in the present
study, probably indicating an age shift to a younger pop-
ulation in myocarditis patients with high fatality.

The frequency of myocardial involvement in influenza
infection is variable, with fulminant myocarditis associated
with seasonal influenza infection being rare, as shown in
previous papers, probably because of the low affinity of the
influenza virus for the myocardium [1-6]. Small autopsy-
based studies demonstrated the complication rate of focal
to diffuse myocarditis in fatal cases as 39 % with the 1957
Asian influenza pandemic and 48 % with the Spanish
influenza pandemic [2]. Myocarditis caused by influenza is
likely to be a terminal event in patients during influenza
pandemics. In our survey, a total of 17 fulminant myo-
carditis patients were reported, 8 of whom died (47 %),
although fulminant myocarditis caused by influenza
infection is an uncommon type of myocarditis. We dem-
onstrated a high prevalence of fulminant myocarditis
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among all the myocarditis patients (17/29, 59 %). We
found that, along with pneumonia and encephalopathy,
myocarditis was an important cause of clinical deteriora-
tion in patients infected with HIN1pdm2009 in Japan [9,
10, 13, 15]. The influenza A virus might be more com-
monly associated with severe forms of myocarditis in the
pandemic season than other seasons [2-4, 13, 15-17].
Because there was no significant difference in the
HIN1pdm2009 virus in the 2009/2010 and 2010/2011
seasons [10, 12], we speculate that the pathological
mechanism of influenza myocarditis differs depending on
the pathogen, and may depend on host immunity, as indi-
cated by anti-HIN1pdm2009 titers.

In our study, quantitative values of troponin I/T were
elevated in all five patients in whom it was measured
(100 %). Conversely, the qualitative quick troponin test
was positive in only three of the six patients (50 %) in
whom it was measured. Hence, we recommend that
quantitative troponin I/T assays may be useful for the
diagnosis and management of myocarditis.

Many kinds of viruses have been implicated as causes of
myocarditis, with different viruses having different poten-
tials to cause myocarditis [2-7, 12, 13, 15-17]. In their
study, Bowles et al. reported that endomyocardial biopsy
samples from 624 patients with clinically defined myo-
carditis were analyzed by PCR to detect various viral
genes, of which 239 samples were positive [4]. Adenovirus
was detected from 142 samples, enteroviruses from 85
samples, cytomegalovirus from 18 samples, and influenza
"~ A from 5 samples (0.8 %) [4]. In the present study, RT-
PCR testing for HIN1pdm2009 from heart specimens were
negative in both patients in which it was performed.
Although it is well known that coxsackie viruses present a
high affinity for cardiac myocytes, the pathological effects
of influenza virus myocarditis in humans and mice are
reportedly milder than coxsackie virus myocarditis and are
more localized [4-6, 18]. The affinity of the influenza virus
for cardiac myocytes is also reportedly low [3, 4, 6, 18].
Pan et al. reported the molecular mechanism of myocarditis
associated with the influenza virus and revealed the
importance of trypsin induction and increased production
of pro-inflammatory cytokines in the pathogenesis of acute
myocarditis [17-20]. Besides the direct effect of influenza
virus infection, pro-inflammatory cytokines are thought to
contribute to the pathogenesis of severe clinical features,
including severe cardiac dysfunction, in influenza patients
[13, 15, 18-21].

Myocarditis was proved by endomyocardial biopsy or
autopsy in nine patients in this study, although the patho-
logical findings were mild even in clinically defined fulmin-
ant myocarditis patients. A new approach to diagnosing
myocarditis is cardiovascular magnetic resonance imaging
(MRI) [1, 15]. MRI was indicative of myocarditis in one of
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two (50 %) patients in this study in whom it was performed.
Hence, MRI might be more useful than invasive cardiac
biopsy for diagnosing HIN1pdm2009 myocarditis and for
estimating the activity and severity of inflammation, although
further evaluation of its diagnostic efficacy is recommended.

There are some limitations to this study. We planned a
statistical analysis between the number of myocarditis
patients and the number of hospitalizations associated
with HIN1pdm2009 influenza. However, this was not
possible because of the low response rate to the question
about the number of hospitalizations (responses were
obtained from only 40 hospitals); further, many hospi-
talizations in the 2009/2010 season were for social rea-
sons rather than serious illness.

Our study suggests that because cardiac symptoms
developed within 3 days of sickness in 17 patients and
cardiac dysfunction rapidly progressed in HIN1pdm2009
myocarditis, early diagnosis and prompt treatment of acute
myocarditis with heart failure is required in patients with
influenza infection during the pandemic season. Appro-
priate intervention in patients with fulminant influenza
myocarditis consists of treatment with neuraminidase
inhibitors to eliminate the causative virus, and mechanical
circulatory support [intraaortic balloon pumping (IABP)/
percutaneous cardiopulmonary support (PCPS)] to treat the
depressed myocardial function [1, 7, 12, 13, 15].

In conclusion, we confirmed the clinical features of
patients with clinically defined myocarditis associated with
influenza HIN1pdm2009 and demonstrated the high
prevalence of fulminant disease (17/29, 59 %) in patients
with influenza myocarditis. The number of patients with
myocarditis associated with influenza A virus seemed to
increase in the pandemic season but not in the nonpan-
demic season.
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