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Figure 1. Emergence of Influenza A [H1M1) Yiruses from Birds and Swine into Humans.

The diagram shows the important events and processes in the emergence of influenza A {H1N1) viruses during the
past 91 years. Avian, swine, and human populations are represented in the top, middle, and bottom of the diagram,
respectively. Epidemnic or zoonotic viruses are shown as wide horizontal armows (white for avian viruses, light blue or
pink for swine viruses, and dark blue for human viruses). Cross-species transmissions are shown as vertical dashed
lines, with thick lines for transfers that gave rise to sustained transmission in the new host and thin lines forthose
that were transient and resulted in a self-limited number of cases. Principal dates are shown along the bottom of the
diagram. The disappearance of HIM1 in 1957 most likely represents competition by the emerging pandemic HZMN 2
strain in the face of population immunity to HIM1. The reemergence in 1977 is unexplained and probably represents

reintroduction to humans fromn a laboratory source.
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Triple-Reassortant Swine Influenza A (H1)
in Humans in the United States, 2005—-2009
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Figure 1. Genetic Components of Triple-Reassortant Swine Influenza A [(H1)
Viruses lsolated from 11 Patients betweesn December 2005 and February
2009 in the United States.

HA denotes the hermagglutinin gene, M the matrix protein gene, NA the
neuraminidase gene, NP the nucleccapsid protein gene, NS the nonstruc
tural protein gene, PA the polymerase PA gene, PBI the polymerase PE1
gene, and PE2 the polymerase PE2 gene.

M Engl | Med 2009;361.
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Spread of a Novel Influenza A (HIN1) Virus via Global Airline
Transportation
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Figure 1. Destination Cities and Corresponding Velumes of International Passengers Arriving from Mexice between March 1 and April
30, 2008.
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Pandemic Potential of a Strain of Influenza A (HIN1): Early Findings

Sciencexpress /| wwwsciencexpress.org / 11 May 2009

that 23,000 (range 6,000-32,000) individuals had been
infected in Mexico by late April, giving an estimated case
fatality ratio (CER) of 0.4% (range 0.3% to 1.3%) based
on confirmed and suspect deaths reported to that time. In
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Estimated epidemiologic parameters and morbidity
associated with pandemic H1N1 influenza

Results: The median incubation period was 4 days and the
duration of symptoms was 7 days. Recovery was faster
among patients less than 18 years old than among older
patients (hazard ratio 1.23, 95% confidence interval 1.06—
1.44). The risk of hospital admission was 4.5% (95% Cl
3.8%-5.2%) and the case-fatality rate was 0.3% (95% Cl
0.1%-0.5%). The risk of hospital admission was highest
among patients less than 1 year old and those 65 years or
older. Adults mare than 50 years old comprised 7% of
cases but accounted for 7 of 10 initial deaths (odds ratio
28.6, 95% confidence interval 7.3-111.2). From the simula-
tion models, we estimated the following values (and 95%
credible intervals): @ mean basic reproductive number (R,
the number of new cases created by a single primary case
in a susceptible population) of 1.31 (1.25-1.38), a mean
latent period of 2.62 (2.28-3.12) days and a mean duration
of infectiousness of 3.38 (2.06—4.69) days. Fram these val-
ues we estimated a serial interval (the average time from
onset of infectiousness in a case to the onset of infectious-
ness in a person infected by that case) of 4-5 days.

Interpretation: The low estimates for R, indicate that
effective mitigation strategies may reduce the final epi-
demic impact of pandemic HIN1 influenza.
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Figura 5: Estimates of the basic reproductive number (R, number of new cases creatad by a single primary case in a
susceptible population) in the province of Ontario during the wave of pandemic HIN1 influenza in the spring of 2009,
Estimates wera generatad with the use of Markav Chain Monte Carlo simulation modalling. The mean estimate for R,
is 1.31 (95% credible interval 1.25-1.38).

CMAJ = FEBRUARY 9, 2010 » 182(2)



Pathogenesis and Transmission of Swine-Origin 2009 A(HIN1) Influenza Virus in
Ferrets

occurring in the respiratory tract. Replication of seasonal A seasonal Aming A 2009 AHING
A(HINI) virus was confined to the nasal cavity of ferrets, % o \.:% |

but 2009 A(HIN1) influenza virus also replicated in the E "#”r '1:‘ . i g R
trachea, bronchi, and bronchioles. Virus shedding was g ’ £ M 0 D ' e
more abundant from the upper respiratory tract for 2000 ' s
A(HINI) influenza virus by comparison with seasonal : 5

virus, and transmission via aerosol or respiratory droplets ¢

was equally efficient. These data suggest that the 2009

A(HIN]) influenza virus has the ability to persist in the z c h o,
human population, potentially with more severe clinical %
consequences. 8

SClencexpress | www.sciencexpress.org / 2 July 2009,






Clinical Features of the Initial Cases of 2009 Pandemic
Influenza A (HIN1) Virus Infection in China

Table 2. Clinical Features of Infection in the 426 Patients.*

Symptom or Sign

Symptom
Elevated temperature
3IF.3-358.0°C
38 1-39.0°C
= 3907
Cough
Sore throat
Sputum production
W hite sputum
Yellow s puturn
Rhinamrhea
Headache
Masal congestion
Fatigue
Myalgia, arthralgia
Chill
Conjunctival congestion
Diarrhea
Mausea, vormiting
Chest pain
Sign
Congestion of throat
Swelling oftonsils

Enlargement of ymph nodes

Present on Admission

na frotal po ((2E)

1347426 (31.5)
1147426 (26.3)
397426 (3.2)
296,426 (£9.5)
156/426 (36.6)
1047426 (24.5)
547104 (51.9)
507104 (48.1)
1017426 {23.7)
83426 (19.5)
637426 (16.0)
44426 (10.3)
437426 (10.1)
32426 (7.5)
12/426 (2.8)
12426 (2.8)
8426 (1.9)
2426 (0.5)

3197426 (74.9)
319/426 (74.9)
37426 (0.7)

Median
Crur aticn

days (1QR)

3 [2—4)

5 (3-6)
4 (2-5)
4 [2-6)

A
A
3 (2-5)

2.5 (1-4)
3 (2-4)
3 (1-4)
3 (2—4)

A
2 (1-3)
1.5 (1-3.5)
A
6.5 (6-7)

4 (3—-6)
4 (3—-6)

5 (4-5) N Engl | Med 2009361,



Clinical Features of the Initial Cases of 2009 Pandemic
Influenza A (H1N1) Virus Infection in China

Table 1. {Continued.)

Characteristic Value

Incubation period — days|

Madian 2
Range 1-7
Exposure site— no./total no. (%)
Airplana B0 145 (40.5)
Haome 257148 (16.9)
Classroom or office 13148 (8.8)
Car, train, or bus 20148 (13.5)
Restaurant 47148 (2.7

Clutcomes — days

Duration of fever

Median 3.0

Range 1-11
Wiral shedding verifiad with real-tire RT-PCR testing

Median 6

Range 1-17

Interval between temperature returning to nommal and negative real-time
RET-PCR test result

Meadian 3
Range =1-13
Adverse events — o (3601
Abnommal liver function 2 (0.5)
Mausea and vomiting 2 [D.5)
Rash 1 (0.2)

N Engl | Med 2009;361.



* In contrast to seasonal influenza, hospitalized adults are
younger (including 20-64 years and >65 years, risk
Increases with age), and many are previously healthy
(17-28%);

— but in up to one-third of the cases (10-34%), ICU admission may

be required because of severe pneumonia, which is associated
with a high mortality

— WHO, Echevarria-ZunoS_Lancet09, OliveiraW_EuroS09, Donaldson_BMJ09, Tuite
AR_CMAJO09, LouieJK_JAMAOQ9, JainS_NEJM09

* Pregnancy women in their second and third trimesters
consist 7-13% of hospital admissions, and they have 10
times higher risk for deterioration

— WHO, OliveiraW_EuroS09, LouieJK_JAMAQ9, JainS_NEJMOQ9, LouieJK_NEJM10,
JamiesonDJ_Lancet09

 |n addition, obese Iindividuals are observed to have
higher risks for severe infection

— WHO, LouieJK_JAMAOQ9, JainS_NEJM09, Dominguez-CheritG_JAMAQ09



Infection and death from influenza A H1N1 virus in MeXico:
a retrospective analysis

Population  IU{incidence L)  Confirmed Ll cases admitted  Admittedwith ~ H1M1deaths Proporticn LI Confirmed  Confirmed

HiN1 to hospital with confirmed HIN1  confirmed H1N1 mortality HIN1 HiM1
(incidence severe acute (HINL (population admissionst  rated mortality  admission
confirmed respiratory admissicn H1M1 mortality rate§ miortality ratel]
H1M1*) infection (26 rate® ) rate®)

Age (years)

<1 03236 1636 (326.10) 248(4928)  184(1l%) 13(hEE) 4(079) 010 024% 16% 1213

1-9 CORBaCE 11482 (191.87) 1684 26.64) 405 (4% 112 (188} EN R 007 003 3% 6%

10-19 4061194 10071 (203.00) 188037 -89) 306 (3%) q0i1aEL J(06) (0L 003 02% 33%

20-29 C261106 11C02 (218-62) 1381 (26.26) 483 (4%) 10C (2007 12023 008 0107 0-9% 1145

30-39 G 889209 8204 (139.31) BE1(11-22) 373 (L) 76129 13(0:22) o1 0166 2. 1%

449 4373824 CCLO(126-89) 4100937 126 (5%) 470107 11020 o1 0204 7% 234%

LO-L9 2264339 3129 (96-1C) 200615} 204 (8) 7114y 9028 019 0-29% 4. 243

B0 2C47ace 139177 FO2TCY 182 (14%) 19 (075 4 (0189 0.7 013006 C7% 211%

=70 2ECI7CE 173(4112) 29(102) A2 %) T{0-25) 3(011) 024 0-26% 10-3% 429%

Kiszing data h& 8443 482 4 12 M M HA P& A

Tatal 6612179 63479(178.25) 6046 (19607 2989 (G) £33 (151) 63(018) 008 0106 9% 117

Region

CentralMexico 9704003 12632 (129.50) 486 (4.98) 9247 ) 1300133 45 (0-48) 027 036% 3% 34-6%

othreak

SEuI:‘hea;t Mesico 4022996 14196 (3C2.67) ITUETT 4BI(03%) 160(3-98) C(012) 0.0 0.0og 1% 31%

outhrea

Data from Mexican | rstitute for Social Secority, July 31, 2000, IL=influerza-like illness. HIML= influenza A HLNL HA=not applicabsle. * Per 100000 people afi liatedwith the Madican Institute for Sodial Security.
tAdmitted to hospitalwith confirmed HIM1-total confirmed HIMA. 3 Deaths= L0100, §iDeathssconfirmed HIML)=100. |[(Deaths+HIM1 admissionsi= 100,

Table 1: Effects of influenza A H1M1 by age-group and region, April-July 2009

www thelancet.com Published online November 12, 2009




Severe 2009 HIN1 Influenza in Pregnant
and Postpartum Women in California

Most pregnant patients (89 of 94 [95%]) were in the second or third trimester, and
approximately one third (32 of 93 [34%]) had established risk factors for complica-
tions from influenza other than pregnancy. As compared with early antiviral treat
ment (administered <2 days after symptom onset) in pregnant women, later treat
ment was associated with admission to an intensive care unit (ICU) or death (relative
risk, 4.3). In all, 1§ pregnant women and 4 postpartum women (total, 22 of 102 [22%])
required intensive care, and 8 (8%) died. Six deliveries occurred in the ICU, includ-
ing four emergency cesarean deliveries. The 2009 HINT influenza-specific mater-

nal mortality ratio (the number of maternal deaths per 100,000 Live births) was 4.3,
N Engl ) Med 2010;362:27-35.

H1N1 2009 influenza virus infection during pregnancy in
the USA

Findings From April 15 to May 18, 2009, 34 confirmed or probable cases of pandemic HIN1 in pregnant women were
reported to CDC from 13 states. 11 (32%) women were admitted to hospital. The estimated rate of admission for
pandemic HIN1 influenza virus infection in pregnant women during the first month of the outbreak was higher than
it was in the general population (0.32 per 100000 pregnant women, 95% CI 0.13-0.52 vs 0.076 per
100 000 population at risk, 95% CI 0.07-0.09). Between April 15 and June 16, 2009, six deaths in pregnant women
were reported to the CDC; all were in women who had developed pneumonia and subsequent acute respiratory
distress syndrome requiring mechanical ventilation.

www.thelancet.com Published online July 29, 2009



Intensive care adult patients with severe respiratory failure caused by Influenza
A (H1IN1)v in Spain

Critical Care 2009, 13:R148  doi:10.1186/cc8044
Results: lliness onset of the 32 patients occurred between June 23 and July 31, 2009. The median
age was 36 years (IQR = 31 -52). Ten (31.2%) were obese, 2 (6.3%) pregnant and 16 (50%) had pre-
existing medical complications. Twenty-nine (90.6%) had primary viral pneumonitis, 2 (6.3%)
exacerbation of structural respiratory disease and 1 (3.1%) secondary bacterial pneumonia. Twenty-
four patients (75.0%) developed multiorgan dysfunction, 7 {21.9%) received renal replacement
techniques and 24 (75.0%) required mechanical ventilation. Six patients died within 28 days, with
two additional late deaths. Oseltamivir administration delay ranged from 2 to 8 days after illness
onset, 31.2% received high-dose (300mg/day), and treatment duration ranged from 5 to 10 days

(mean 8.0 +3.3).



Clinical findings and demographic factors
associated with intensive care unit admission in

Utah due to 2009 novel influenza A (H1N1)
infection

Results: The ICU cohort of 47 influenza patients had a median age of 34, APACHE Il score of 21, and
body mass index (BMI) of 35. Mortality was [7% (8/47). All & deaths occurred among the 64% of
patients (n=30) with acute respiratory distress syndrome, twenty-six (87% ) of whom also developed
multiorean failure. Compared to the Salt Lake County population, novel HINI patients were more likely
to be obese (22% versus 74%; p<0.001), medically uninsured (14% versus 43%; p<0.001), and Hispanic
(13% versus 23%; p<0.01) or Pacitic Islander (1% versus 26%; p<0.001). Observed ICU admissions were
[ 5-fold greater than expected for those with BMI =40 (SMR 13.8, 93% CI1 8.3, 23.4) and 1.5-fold greater

among those with BMI 30-39 than expected for age- and sex-adjusted rates for Salt Lake County.

Chest, Prepublished online November 20, 2009,






Patients who develop primary viral pneumonia more
commonly have pre-existing cardiopulmonary diseases,
and usually present with fever, dry cough and dyspnea
at >3 days from symptom onset (sorethroat and runny-
nose only present in 1/3)

— Echevarria-ZunoS_Lancet09, JainS_NEJMQ09, Perez-PadillaR_NEJM09, DenholmJT_MJAL10,
Dominguez-CheritG JAMA09 MillerRR_ Chest09 RelloJ_CritCare09

Gastrointestional manifestations, such as vomiting and
diarrhea may accompany pneumonia in up to 13-37%

— Echevarria-ZunoS_Lancet09, JainS_NEJMO09, Perez-PadillaR_NEJMO09, DenholmJT_MJA10,
RiquelmeA_Gut09

Elevated serum lactate dehydrogenase and creatine
kinase levels are also reported

— Perez-PadillaR_NEJM09, KumarA_JAMAQ9, Dominguez-CheritG_JAMAQ9, RelloJ_CritCare09

Their chest-radiographs may show multifocal patchy, or
diffuse ground-glass infiltrates and/or consolidations
(lower and central zones), which sometimes mimic
pulmonary edema

— JainS_NEJMO09, Perez-PadillaR_NEJMO09, DenholmJT_MJA10, RelloJ_CritCare09,
WiebeC _ Lancet09 AgarwalPP_AJRO09, MarchlorlE EJRO9



Usual CAP?? Another case of APO??



Table 1. Charactenstics of Reported Hospitalized and Fatal Cases of Pandemic 2009 Influenza ACH1N1) Infections in Calfomia, April 23
Through August 11, 2009

Cases Aged 0-17 Years Casas Agad =18 Years
All Casas I Fatal Monfatal I I Fatal Hnnfatall
(M = 1085} in=8) n=336) n=110) n=634)
Malea, Mo, (%) 532 149 3i33) 203 50 565 151) 270 (4%
Aoa, madian ranoel, v 27 (=1-82) B f1-14) B =117} 45 (18-85) 28 (18-02)
Face/athnicity, Mo, {%)3 (n = BGEG) in=8) (n=280) in = &6) n =492
Hisganic 37443 B (7 E) 144 {51) 32 1370 192 (350
White, non-Hispanic 240 (28) 1013 44 (16 4 4 161 (33
Agian/Pacific lslandar 124 {14) 1113 62 (19) 7 8) B4 (1.3
Black, rnon-Hispanic GE (11) 0 27 (109 11013 B8 (12
Othar 32 (4} 0 12 (5 23 17 (5
Sions and symptoms, Mo, (%)
Fevier 972 (89) B {100 319 95) 21 3.3 554 BT
Cough 930 (8E) BT E) 274 (82 S5 36 BE4 B
Shortrass of breath G5 (5E] 3 (33) 112 (35 89 81} 401 B2
Maussafomiting 384 (35) 4 (50 126 (38) 22 (20 232 (37)
Muecle aches 3549 133) 2 125) S0 1E) 36 (33 271 4%
Sore throat 305 (28) 2 125) 70 {21) 21 (= 212 (3%
hills 221 1209 i 2517} 27 125 168 (27}
Diamhea 215 209 2 125) a3 (19 20 (18] 130 (200
Fhinomhea 213 20) 2 (25) 102 (30 10 5 20 (16
Headache 211 1149 0 46 (14) 17 15 148 (23
Altered mental status B0 (5] 0 12 (4} 13012 = (5
Conjunctivitis 21 (2) 0 12 (4} 1 =1} 7
Clinical findings and coursa, No. (%)
Positive rapid test result® 410¥618 (6E) 56 (83) 176207 (BE5) 24/55 (44 206/380 (53
Infittrates on chiest radioaraph® 547/8353 [BE) 45 (80) 1347224 B0 21/04 {97 318510 [62)
Addmitted to intersiw cars unit 340 (31) B (7 E) 84 26 88 | 162 (26
Mechanical ventilation® 22715 (258) 7/8 (88) 27282 (10) o L e 28/523 (19
Secondary bacteral infactions? 46 (4) 1113) 712 15 (14 Z3 (4
Aritiviral treatment3 T1/884 (79 5863 2057267 (77) BEEY (73 4207520 B2)
Racaived =48 h after symptom onset 357 51) 120 N7 IET 17 (26) 222 B2)

rcludes cases with known infomrmation anly.
DIndudes Staphyiococous aureus of all suscaptibiity pattems, group & Srepdococcus, Strepiococcus presmon@e, and gram-negative rods.




* The clinical course can become rapidly progressive
within 1-2 days, resulting in refractory hypoxemia and
the requirement of intubation and mechanical-ventilation

— KumarA_JAMAQ9, Dominguez-CheritG_JAMAQ9, RelloJ_CritCare09, Writing_ NEJMO08,
SchunemannHJ_LIDO?

* In many cases of H5N1 infection, in some cases of
pandemic H1N1 influenza, and less frequently with
seasonal influenza strains, acute respiratory distress
syndrome (ARDS) and multi-organ failure develop,
resulting in high fatality

— LouieJK_JAMAQ9, JainS_NEJMO09, Perez-PadillaR_NEJM09, KumarA_JAMAQ09, Dominguez-
CheritG_JAMAO09, MillerRR_ Chest09 RelloJ_CritCare09, Writing_ NEJMOS,
SchinemannHJ_ LIDO7

— ‘Extrapulmonary’ detection in 13-28%
— Lee N et al. Abstract, XIl ISRVI, March 2010

— Barotrauma (pneumothorax, pneumomediastinum) may further
complicate ARDS - a low tidal-volume ventilation strategy is

generally advisable



« Development of bronchiolitis obliterans organizing
pneumonia —like iliness, as supported by computed-
tomography findings, has also been reported to
complicate influenza

— RothbergMB_AJMO08, AgarwalPP_AJR09, AjlanAM_AJR09




Figure 1. Micrographs of Lung Tissue from Five Patients with Fatal 2009 HIN] Influenza.

Panel A shows hyaline membranes (arrows). Panel B shows a thickened alveolar septum associated with predomi-
nant ederna (arrows). Panel C shows hyperplasia of type Il pneumocytes (amows). Panel O shows an inflamed, ne-

crotized bronchicle wall with partial loss of the coating epithelium {arrow). Panel E shows inflammatory infiltrate in

H ENGL) MED}E‘I.}N HE|M.ORG  MOVEMBER 12, 20004



For pandemic H1N1 infection, although the overall case
fatality rate i1s <1% among all infected persons

— LouieJK_JAMAOQ9, WHO, Echevarria-ZunoS_Lancet09, Donaldson LJ_BMJ, Tuite AR_CMAJO09

the mortality rate among hospitalized patients in general
IS 9-15%, despite their younger age

— LouieJK_JAMAO9, JainS_NEJMOQ9, DenholmJT_MJA10

About 10-34% of patients require ICU admission
because of severe pneumonia

— WHO, LouieJK_JAMAOQ9, JainS_NEJMO09, DenholmJT_MJA10

among these patients, the mortality rate may be up to
17-41%

— Perez-PadillaR_NEJMO09, KumarA_JAMAQ9, Dominguez-CheritG_JAMAOQ9, RelloJ_CritCare09,
MillerRR_Chest09






» For pandemic H1N1 infection, the sensitivity of RIDT is
lower (10-67%); mismatch of viral nucleoprotein is likely
a contributory factor

— CDC, DrexlerJF_EID09, ChengPK_JCV09, KokJ_JCM09, FaixDJ_NEJM09, VasooS_CID09,
UyekiTM_NEJMO9

— Therefore a negative test result must be interpreted with caution,
as it does not exclude the diagnosis of influenza

o Early data suggest that for pandemic H1N1 virus, IF has
a sensitivity of 48-93% and specificity of >95% when
compared with PCR, but further study is required

— UyekiTM_NEJMO09, GinocchioCC_JCV09, PollockNR_CID09, Landry ML_JCMO09

— An advantage of IF is the possible simultaneous detection of
other respiratory viruses

— LeeN_AVTO07, LeeN_JIDQ9, HarperSA_CIDO09, PetricM_JID06



« PCR is now considered the test of choice and ‘gold
standard’ for the diagnosis of seasonal and pandemic
Influenza because of its high sensitivity and specificity

— it may allow virus detection in later-presenting patients and use

of wider range of specimen types (e.g. swabs)
— UyekiTM_NEJMOQ9, FaixDJ_NEJMO09, CDCdiagnosis_09

 pandemic H1IN1 influenza pneumonia, false-negative
results have been encountered with the use of upper
respiratory tract specimens

— UyekiTM_NEJMO9, YehE_CID10

e In such cases, lower respiratory tract (site of active viral
replication) specimens such as endotracheal aspirates
and bronchoaveolar lavage should be considered for
testing If available

— MainesTR_Sci09, MunsterVJ_Sci09, BlythCC_NEJMQ09, RelloJ_CCO09, HarperSA CIDO09,
WHOmanagement_09



Performance of laboratory diagnostics for the detection of influenza A(HINT jv
virus as correlated with the time after symptom onset and viral load

Table 1
Comparisan of viral culture and RT-PCR for the detection of influenza AtHINT v infection,
Daysafter Al respiratory Nasopharyngeal Throat and Other respiratary
symptom anset specimen types aspirate nasal swabs Specimens
No, tested Positive rate by the No, tested Positive rate by the No, tested Positive rate by the No, tested Positive rate by the

following methods following methods fallowing methods following methods

Viral culture and ~ Viral RT-PR Vialcoltureand Vil RT-PCR Vialculureand Vil RT-PCR Viral cultureand  Viral RI-PCR

RI-PCR culture RT-PCR culture RI-ACR Culture RT-PCR Culture
0 85 s 053 051 20 1000 000 w000 31 839 035 w3 2 8.0 020 06,0
1 A6 %3 a77 036 70 087 87 100 7 923 040 74 W 033 1000 083
1 123 U3 0g7 e 4 055 085 1000 £ 913 050 050 30 0.7 1000 06,7
] 8 033 044 030 40 025 25 100 1 903 035 g8 18 1000 1000 1000
4 B ¥l 842 1000 13 813 8331 1000 15 800 800 1000 5 1000 1000 1000
+ B 667 667 1000 18 632 632 1000 11 727 ] 1000 & 66.7 667 1000
Total 8 o 03] 081 220 030 030 1000 215 883 026 063 143 951 072 ad

Journal of Clinical Virology 47 (20100 182-185
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Hui DS, Lee N, Chan PK. Chest 2009



 Newer multiplex PCR techniques allow simultaneous
detection of multiple respiratory viruses and
differentiation of influenza A subtypes, which may have
Important treatment (e.g. viruses with different drug-
resistance profiles) and infection control implications (e.qg.
patient cohorting)

— GinocchioCC_JCV09, LamWY_JMV09, LeBlanc_JCMO09, GunsonR_JVMO09, LamwY_JCMO7,
PetricM_JID06
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Lee N, Chan PK, et al. Ann Intern Med (in press)




Diagnostic assays

Advantages

Disadvantages

Rapid influenza v Results available within a few minutes; Cannot distinguish influenza A subtypes;

diagnostic tests (RIDT) simple specimen collection of nasal and generally have low sensitivities (<40-60%),
throat swabs; may differentiate between thus a negative test result cannot exclude
influenza A vs B; used for ‘point-of-care’ influenza. Sensitivity for pandemic HIN1
testing virus is lower.

Immunofluorescence v Higher sensitivity than RIDT; provide Lower sensitivity than culture or PCR,;

microscopy (IF) — results in a few hours; possible cannot distinguish influenza A subtypes;

direct or indirect simultaneous detection of other respiratory require laboratory expertise for

immunofluorescent viruses (e.g. RSV, parainfluenza, interpretation; a quality specimen that

antibody staining adenovirus) that commonly cause ILI contains enough epithelial cells for IF
staining is required (e.g. nasopharyngeal
aspirates or flocked swabs);

Virus isolation v High sensitivity and specificity; allows Lower sensitivity than PCR; slow result
virus subtyping, strain identification, and limits its role in acute patient care
detection of antiviral resistance (conventional culture 3-10 days; shell-vial

culture 2-3 days); currently requires
biosafety-level-3 facilities for pandemic
H1N1

Reverse-transcription | v Highest sensitivity and specificity; rapid Availability, cost and technical demands;

polymerase chain
reaction (PCR)

results; wide range of specimen types
acceptable; possible influenza subtype-
specific virus detection; multiplex PCR
allows simultaneous detection of other
respiratory viruses.

false-negative results have been reported
for upper-respiratory tract specimens in
cases of pandemic HIN1 pneumonia;
cannot distinguish viable and non-viable
Viruses.







* In both seasonal and pandemic H1N1 influenza,
secondary bacterial infection is evident in about 9-13%
and 5-15% of all hospitalized cases respectively (but up
to 25-30% in ICU or fatal cases), either at presentation
or after hospitalization

— McGeerA CID07, LeeN_AVTO07, BabcockHM ICHEO6, MurataY_JID07, OliveiraEC_Chest01,
LouieJK_JAMAOQ9, Perez-PadillaR_NEJMO09, KumarA_JAMAQ9, MillerRR_Chest09,
RelloJ_CritCare09, CDCbact MMWROQ09, WrightPF_NEJMO09, ChienYW_NEJMO09.

« The commonest pathogens identified at presentation
Include S. pneumoniae, S. aureus (MSSA or MRSA, if
endemic), H. influenzae, and S. pyogenes

— gram-negative bacilli, such as P. aeruginosa, E. coli and
Acinetobacter species may infect compromised patients or
complicate patient’s hospital course



* Virus-bacteria synergy:

— viral neuraminidase cleaves sialic acid to release new virons

from epithelial cells-> cell damage and exposes binding sites for
bacterial adhesion,;

— bacterial toll-like receptor ligands desensitized,;

— the viral accessory protein PB1-F2->enhance inflammation and
severity of bacterial infection; bacterial neuraminidase can
upregulate influenza infection

— McAuleyJL_Cellhost07, McCullersJA _JID04, MorensDM_JID0S8, PeltolaVT_JID05

« Definitive diagnosis of bacterial super-infection can be
difficult; but typically there is initial clinical improvement
followed by recrudescence of fever and productive
cough, leukocytosis, and new consolidation on chest-
radiographs

—  WrightPF_NEJM09, MandellLA_CIDO7

 Failure to recognize and treat bacterial infection can
result in devastating outcomes

- MMWRO09, WrightPF_NEJMO09, ChienYW_NEJMO09



Susceptibility of currently available antivirals among
different seasonal and emerging influenza viruses

Influenza
Virus Seasonal influenza strains Emerging / novel influenza strains
Subtype
INE HIN1 :
A/H3N2 A/HIN1 B (2007-2008) (S-0O1V) H5N1°
(2009)
Oseltamvir S S R S S
Zanamivir S S S S S
Rimantadine
or R S S R variable
Amantadine

a. emerging H1N1 virus with H274Y mutation, leading to oseltamivir resistance

b. S-OIV — Swine-Origin Influenza A (HLN1), novel virus that emerged in 2009, preliminary susceptibility

testing suggest resistance to adamantanes
c. H5N1 (avian influenza) — oseltamivir 150 mg b.i.d. for 10 days has been suggested, reduced susceptibility or
secondary resistance had been reported; few data exists on clinical use of inhalational zanamivir; susceptibility of

adamantanes varies with the circulating clade/subclade of virus




H275Y Is the most frequently recognized resistance-
associated mutation in the H5N1 and pandemic HIN1
viruses post-oseltamivir exposure

— HaydenF_CID09, OngAK_JID07, deJongMD_NEJMO05, CDCimsp_MMWRO09,
CDCprophy_ MMWR09 BazM_ NEJMO9

As of December 2009, 109 cases of oseltamivir-resistant
pandemic H1N1 infections have been reported
worldwide (WHO), and continuous monitoring of the
situation IS necessary

High viral load and prolonged shedding (e.g. in children
and immunocompromised patients) and exposure to low
drug concentrations (e.g. with post- exposure prophylaxis)
are the risk factors for secondary resistance’s

emergence

— OngAK _JID07, CDCimsp_MMWRO09, CDCprophy MMWRO09, BazM_NEJMO09,
GooskensJ JID09 IsonMG_JID06

Survelllance data suggest that zanamivir-resistance Is
rare, and most oseltamivir-resistant virus (seasonal or
pandemic H1N1) remain susceptible to zanamivir

— HaydenF_CID09, OngAK_JID07, SheuTG_AACO08, GaurAH_NEJMO09



Global Transmission of Oseltamivir-Resistant Influenza

Anne Moscona, M.D.
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* In hospitalized patients who cannot take medications by
mouth (e.g. intubation, swallowing difficulties),
oseltamivir suspension/solution may be given via a
nasogastric tube.

— High serum concentration of the active metabolite oseltamivir
carboxylate had been detected using this delivery method in intubated
patients without Gl malfunction [TaylorwR_PLOSone08]

* |nhalational zanamivir results in high concentration in the
respiratory tract (oropharynx ~80%, lung 10-20%)
without significant systemic bioavailablity mosconaa_nesmos

e Delivery challenges such as difficulty in handling the
device, and the poor inspiratory capacity and the risk of
bronchospasm in patients with current or underlying lung
diseases (e.g. COPD, asthma) can limit its use.

— The adequacy of drug delivery to the lungs in cases of severe

viral pneumonia, pulmonary edema or ARDS is also uncertain

¢  WHOmanagment_09, SchiinemannHJ_LID07, HaydenF_CID09, OngAK JID07, MosconaA NEJMO5,
MedeirosR_AVTO7



o Of note, zanamivir dry powder should not be
administered by nebulization, as the lactose sugar in the
formulation can obstruct proper functioning of

mechanical ventilator equipments [csk_og

« Both oseltamivir and zanamivir are pregnancy category
C medications, though limited clinical experiences have

suggested their tolerability without major teratogenicity;

« given the mortality risk of complicated influenza in pregnancy,
these drugs are currently not considered as contraindicated

for treating such patients

— LouieJK_NEJM10, JamiesonDJ_Lancet09, TanakaT_CMAJO09, CDCtreatment_ 09,
WHOmanagement_09



* Preliminary data on pandemic H1N1 influenza suggest
that timely antiviral treatment is associated with
enhanced viral clearance, as well as improved survival in
the hospitalized patients

— JainS_NEJMQ09, CaoB_NEJMO09, Dominguez-CheritG_JAMAOQ9, LilW_Chest10

* In one study, it was found that 45% of survivors had
received antivirals within 48 hours from onset, in contrast
to only 23% among the cases with poorer outcomes
(p<0.05) -- Jains_NEIMO9



Clinical Features of the Initial Cases of 2009 Pandemic
Influenza A (H1IN1) Virus Infection in China

Table 4. Risk of Viral Shedding for More Than 5 Days .
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Critically Ill Patients With
2009 Influenza A(H1N1) in Mexico

Results Critical illness occurred in 58 of 899 patients (6.5%) admitted to the hos-
pital with confirmed, probable, or suspected 2009 influenza (AJH1N1. Patients were
young (median, 44.0 [range, 10-83] years); all presented with fever and all but 1 with
respiratory symptoms. Few patients had comorbid respiratory disorders, but 21 (36%)

were obese. Time from hospital to ICU admission was short (median, 1 day [inter-
quartile range {IQR}, 0-3 daysl), and all patients but 2 received mechanical ventilation
for severe acute respiratory distress syndrome and refractory hypoxemia {median day
1 ratio of Pao; to fraction of inspired oxygen, 83 [IQR, 59-145] mm Hg). By 60 days,
24 patients had died (41.4%; 95% confidence interval, 28.9%-55.0%). Patients who
died had greater initial severity of iliness, worse hypoxemia, higher creatine kinase lev-
els, higher creatinine levels, and ongoing organ dysfunction. After adjusting for a re-
duced opportunity of patients dying early to receive neuraminidase inhibitors, neur-
aminidase inhibitor treatment (vs no treatment) was associated with improved survival
(odds ratio, 7 .4; 95% confidence interval, 1.8-31.0).

JAMA, 200030217 ) (doi: 10,1007/ jama. 2009.7576)



 For seasonal influenza, antiviral started within 96 hours
has been associated with better clinical/virological
outcomes than nil treatment

— McGeerA_CIDO07, LeeN_CIDO08, LeeN_ICAACO9

« As viral replication in pandemic H1N1 influenza also
appears to be more prolonged, withhold antiviral
treatment in those late-presenters with severe
pneumonia is unadvisable

— CDC_09, WHO_09, ChengPK_JCV09, CaoB_NEJMO09, WitkopCT_AJPMOQ9, LilW_Chest10
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Yirus shedding profile of a 68 yr-old male who was hospitalized with acute exacerbation of COPD on
& July 2009 with 2 days history of cough, fever and increased dyspnea. His chest radicgraph
showed no consolidation. He was given prednisclone 30mag daily for 10 days and amovxcillin-

clavulanate 1g bd for acute exacerbation of COPD. RT-PCR from his nasopharyngeal aspirate taken

Hui DS, Lee N, Chan PK. Chest 2009



o At present, parental NAI is not routinely available. In
October 2009, the Food and Drug Administration in US
has approved emergency, conditioned use of
Intravenous peramivir for treating severe pandemic
H1N1 infection

— BirnkrantD_NEJMO09, KohnoS_ICAACO09

* Intravenous zanamivir may only be accessible through
compassionate-use programs

— GaurAH_NEJMO09, KiddIM_Lancet09
« Clinical experience with these agents is limited

e Combination regimes involving 2-3 drugs of from the
classes of NAI, adamantanes and ribavirin are of interest
because of potential synergism and lower risk of
resistance during treatment of severe influenza

— IsoMG_AVTO03, HaydenF_CID09, Govorkova EA_AACO04, ChanTack NEJMO09

— In an animal model, such triple-combination has been shown to

effectively suppress replication of the pandemic H1N1 virus
[NguyenJT_AACOQ09]



Summary

« pH1N1 Is an emerging infection that can
cause severe disease

e Diagnosis can be difficult sometimes

« Many management issues are still
unresolved, and require further study



