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Abstract :  Influenza A (H1N1) virus,  a  genetic reassortment of  endemic
strain of human, avian flu and swine flu, with an inherent ability to mutate
con t inuous ly  has  deve loped  a  sub type  which  i s  caus ing  p resen t  f lu  in
humans.  As on 10 th May,  2009,  twenty nine  countr ies  are  affected wi th
officially reported 4379 cases with Mexico – 1626 affected (45 deaths), US
2254 affected (02 deaths); Canada 280 (01 deaths) and Costa Ricia -8 cases
(01 death) respectively.  Rest of 15 countries have reported less than 100
officially confirmed cases of H1N1 infection.  WHO has already declared
Pandemic Alert V on 29th April, 2009.  If the present flu achieves equivalent
v i ru lence  to  tha t  o f  1918-19  pandemic  f lu ,  expec ted  dea ths  wi l l  be  62
million people. Travel advisory, stockpiling of antiviral drugs – Tamiflu &
Relenza;  vaccine development,  act ivat ion of  business continuity planning
for  main tenance  o f  e s sen t i a l  se r ives  e tc . ,  a re  some  of  the  impor tan t
mitigation approaches, being followed all over the world. WHO has a regional
rese rve  o f  10 ,000  mi l l ion  doses  o f  an t i -v i ra l  d rugs .  Na t iona l  Disas te r
Management  Authori ty (NDMA),  Government  of  India,  an apex body for
d isas te r  management ,  in  ac t ive  coordina t ion  wi th  Minis t ry  of  Heal th  &
other stakeholders/service providers is maintaining a constant state of vigil
on the present Influenza A (H1N1) outbreak. In collaboration with UNDMT,
NDMA has outl ined a strategy for Pandemic Preparedness beyond Health
in  Apri l ,  2008.  Var ious  non-pharmaceut ica l  in tervent ions  l ike  detect ion,
isolation and quarantine are required to contain the situation. Accordingly,
stockpiling of 10 million doses of anti viral drugs,  surveillance at airports,
isolation with strict enforcement of quarantine procedures, sustained supply
of respiratory masks & other personal protective equipment; deployment of
rapid response teams are some of the activities being undertaken by Indian
Government proactively. As situation goes to Phase VI, there will be a shift
in  s t r a t egy  f rom ac t ive  su rve i l l ance ,  de tec t ion  and  quaran t ine  to
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spreading through food products  and there
is no threat to food chain (3).

Emergence  o f  reassortant  H1N1 subtype  –  the
mutat ion  i s sue

Dur ing  the  seasona l  f lu  ou tbreaks  in
animals ,  the  virus  (H3N2) do have l imited
poten t ia l  to  jump f rom swine- to-humans ,
however ,  human- to-human t ransmiss ion  i s
genera l ly  no t  observed .  The  ab i l i ty  of  H1
N1 to transfer from human-to-human can be
at t r ibuted to  ant igenic  recycl ing leading to
evolu t ion  of  mutan t  s t ra in .  The  causa t ive
v i ra l  s t ra in  o f  In f luenza  A (H1 N1)  has
s imi la r  sur face  pro te ins  as  tha t  o f  swine
v i rus ,  thus ,  be longs  to  s imi la r  ca tegory
whether  i t  i s  ab le  to  in fec t  swine  or  no t .
The virus had three genera namely Influenza
virus A, B and C (1).  Among these,  B has
not  been  repor ted  in  swine .  A and  C a re
distinct strains endemic to human and swine.
Swine inf luenza is  known to be caused by
inf luenza  A subtypes  H1N1,  H1N2,  H3N1,
H3N2 and H2N3. In these subtypes,  H1N1,
H3N2 and H1N2 are circulat ing throughout
the world (4–6). Due to the constant mutation
of  in f luenza  v i ruses  and  the i r  ab i l i ty  to
swap  gene t ic  mate r ia l  wi th  one  ano ther
promiscuously  — par t icular ly  i f  an  animal
or person is infected with two strains at the
same t ime  — th i s  par t i cu la r  s t ra in  looks

INTRODUCTION

Recent  outbreak of  Influenza A (H1N1)
might  have  or ig ina ted  e i ther  in  swine  and
then shi f ted  f rom swine to  humans or  due
to  a  super - in fec t ion  in  humans  by  an
unknown variant  with variable genetic mix.
The  pa thogen  tha t  has  se ized  the  wor ld’s
attention has an official  name (swine-origin
influenza A H1N1),  an acronym (S-OIV),  a
n ickname ( swine  f lu )  and  an  apparen t
birthplace (Mexico). This early reference  as
‘Swine Flu’  was a  misnomer as  i t  has  not
been firmly established in swines yet .  I t  is
caused by viral  s train of  H1N1 endemic to
pigs.  Influenza is a simple virus, with just
e igh t  genes ,  bu t  i t  makes  poor  cop ies  o f
i t se l f ,  l ead ing  to  cons tan t  muta t ion .  In
H1N1,  the  ‘H’  refers  to  the  hemagglut in in
pro te in ,  and  the  ‘N’  re fe rs  to  the
neuramin idase  p ro te in  (1 ) .  I t  has  a  c lose
s imi la r i ty  wi th  H5N1 in  t e rms  of  caus ing
cytokines burst,  fluid secretions into organs
lead ing  to  s ta te  o f  b rea th lessness .  The
neuraminidase genetic segment of  the virus
provides it an ability to break out of infected
cells (2).   The underlying fact remains that
it  possess significant pandemic potential and
has reached 29  countries within 20 days of
the  f i r s t  repor ted  human casua l ty  f rom
Mexico.  Food and Agricul ture Organisat ion
(FAO),  has confirmed that  the virus is  not

containment ,  t reatment ,  prevent ion of  spread of  disease and maintenance
of  bus iness  con t inu i ty  beyond  hea l th  sec to r s .  The  major  concern  i s  to
utilise this latency period, between phase V and VI, to fill the gaps in state
of preparedness.  I t  is  also essential  to focus on development/procurement
of  appropr ia te  vaccine  to  manage the  s i tuat ion ar is ing f rom any fur ther
mutation of the existing causative virus to be resistant against existing anti
viral therapies. It  is a continued effort which can save many lives around
the world and everyone has to play i ts  assigned role effectively.

Key words  : pandemic influenza A (H1N1)
antigenic recycl ing antiviral  drugs vaccines
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under the most  opt imist ic  calculat ions,  and
taking adjuvants into account, today’s global
vaccine-making capabilities would cover less
than 10% of  the  world’s  popula t ion which
will also be influenced by distribution pattern
(8) .  The  ep idemiology  of  some of  the
important  outbreaks and problems occurred
in management of  such pandemics is  given
in Table I .

Ant igen ic  recyc l ing  o f  H1N1

H1N1 was prevalent in US among swine
t i l l  1998  and  then  H3N2 have  a l so  been
iso la ted  in  Augus t ,  1998 .  Seasona l  f lu  i s
genera l ly  exper ienced  f rom November  to

partly like another hybrid, or what scientists
call  a  reassortant  virus (7).

Learning  from pas t  inc idences

The analysis of incidence occurred in the
pas t  revea led  the  p resence  of  H1N1 v i rus
since one of the  biggest pandemic of 1918–
19 .  I t  has  been  repor ted  tha t  a  modern
pandemic  of  equ iva len t  v i ru lence  to  tha t
of  1918-19  would  k i l l  62  mi l l ion  people ,
wi th  96% of  those  dea ths  in  low-  and
middle-income countries (8). Therefore,  even
s tockpi les  of  an t i  v i ra l  d rugs  may res t r ic t
the outbreak a l i t t le as drug resistant virus
may emerge. It has been estimated that even

TABLE I : Ep idemio logy  o f  some  o f  the  impor tan t  ou tb reaks  and  l e s sons  l ea rn t .

O u t b r e a k E p i d e m i o l o g y Lessons  l earn t

1918  F lu  pandemic Around  500  mi l l ion  pe r sons  a t  tha t Genetic  mix of  variant  s t rain is  diff icul t
( H 1 N 1 ) t ime  a f fec ted  and  caused  a round to  manage ,  R&D ef fo r t s  coup led  wi th

50  mi l l ion  dea ths  ;  f a t a l i ty  r a te : epidemiological findings provide necessary
0.2-0.5% (8) . gu idance  dur ing  such  pandemics  (8 )

Hongkong  F lu  1968-69 Infec ted  an  es t ima ted  500 ,000 St ra in  o f  H3N2 descended  f rom H2N2
Hong  Kong  res iden t s ,  15% of  the by  an t igen ic  sh i f t  wh ich  has  now
popula t ion ,  wi th  a  low dea th  ra te developed antiviral  resistance and present
whi le  in  US 38 ,000  people  d ied . in  the  r ecen t  H1N1 ou tb reak  (9 ) .
Fa ta l i ty  ra te :  0 .1% (9)

1976  US ou tb reak Feb ,  1976  –  smal l  ou tb reak  in Ef fec t ive ,  however ,  some  immedia te
Armed  fo rces  l ed  to  a  mass deaths after  vaccination create secondary
vacc ina t ion  p rogramme for pan ic  due  to  vacc ina t ion .  The  causa t ive
40 mi l l ion  people  (10) fac to r  was  Gui l l a in -Bar ré  syndrome,  a

pa ra lyz ing  neuromuscu la r  d i so rde r ,
a f fec t ing  some people  who had rece ived
swine  f lu  immuniza t ions .  This  syndrome
is  a  r a re  s ide -e f fec t  o f  in f luenza
vaccines,  with an incidence of about one
case  pe r  mi l l ion  vacc ina t ions  (10) .

1977–1978Russ ian  F lu I t  in fec ted  mos t ly  ch i ld ren  and Pre -ex i s t ing  immuni ty  migh t  p lay  a
young  adu l t s  under  23  because pro tec t ive  ro le  in  r educ ing  dea th  to l l .
a  s imi la r  s t r a in  was  p reva len t  in
1947–57 ,  caus ing  mos t  adu l t s
to have substantial  immunity (11).

Fu j i an  (H3N2)  human Fuj ian  b i rd  f lu  s t r a in  o f  the  H5N1 Reassor tment  even t  tha t  caused  a  minor
f lu2003-04 sub types  o f  the  In f luenza  A v i rus ; c lade  to  p rov ide  a  haemagglu t in in  gene

af fec ted  Ta iwan  (12) . (12) .

2007  Ph i l ipp ine  ou tb reak  – 10  % mor ta l i ty  in  swine  f lu , Secondary  compl ica t ions  needs  ac t ive
Swine  F lu  (Aug  20 ,  2007) however ,  Hog  cho le ra  sp reads  ou t su rve i l l ance  and  p reven t ive  medica l

enhanc ing  number  o f  a f fec ted  (13) . management  e f fo r t s .
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Apr i l  due  to  in f luenza  v i rus ,  however ,
genera l ly  the  muta t ion  in  these  v i ruses
doesn’ t  resu l ted  in  such  le tha l  s t ra ins  o f
higher  v i ru lence .  In  2004,  the  v i rus  s t ra in
H3N2 wi th  t r ip le  reassor tan ts  f rom human
(HA, NA, and PB1), swine (NS, NP, and M),
and avian (PB2 and PA) lineages have been
ident if ied in swine and turkey s tocks (14) .
I t  cou ld  be  re fe r red  as  an  unusua l ly
mongre l i sed  mix  of  genet ic  sequences  and
indicates its potential to jump within species
followed by a number of reassortment events.
Eventual ly ,  now we are  fac ing the  present
ou tbreak  caused  by  in f luenza  A v i rus
subtype  H1N1,  inc lud ing  a  s t ra in  endemic
in humans and two strains endemic in pigs,
as  wel l  as  an  avian inf luenza .  Pre l iminary
gene t ic  charac te r iza t ion  found  tha t  the
hemagglu t in in  (HA)  gene  in  the  causa t ive
virus was similar to that of swine flu viruses
present in United States pigs since 1999, but
the neuraminidase (NA) and matr ix protein
(M)  genes  resembled  vers ions  p resen t  in
European swine f lu  isola tes .  The or igin  of
th i s  gene t ic  mix  i s  no t  known,  however ,
presumptions are there that swine might act
as a mixing vessel (15). The important news
is that molecular analysis revealed that it is
the same pathogen which has been observed
a l l  over  the  wor ld  which  boos t s  the  d rug
companies  to  deve lop  vacc ines  (F ig .  1 ) .
Spread of H1N1 viral flu- from 20th April to
10th May, 2009 and global  efforts  taken by
WHO are i l lustrated in Table II  & number
of affected persons on day-to-day basis are
given in Fig. 2A-B.

Symptoms  o f  H1N1 infec t ion  –  How gener ic  and
how spec i f i c ?

The  gener ic  symptoms inc lude  fever ,
cough ,  sore  th roa t ,  body  aches ,  headache ,

ch i l l s  and  fa t igue .  The  2009  ou tbreak
has  shown an  increased  percen tage  of
pa t ien t s  repor t ing  d ia r rhoea  and  vomi t ing
specifically.  Influenza viruses bind through
hemagglutinin onto sialic acid sugars on the
surfaces of epithelial  cells;  typically in the
nose ,  th roa t  and  lungs  of  mammals  and
in tes t ines  o f  b i rds  (16) .  The  symptoms
are  no t  spec i f ic  on ly  to  Swine  in fec t ion ,
thus ,  d i f fe ren t ia l  d iagnos i s  fo l lowed  by
conf i rmat ion  by  labora tory  tes t ing  of  a
respiratory sample which could be a simple
nose and throat  swabs is  necessary.

Prevent ion  through o ther  pharmaceut ica l  and
non-pharmaceut ica l  in tervent ions

At the level V, the management of H1N1
vi rus  requ i res  con t inued  surve i l l ance ,
de tec t ion  and  quaran t ine  so  tha t  v i rus
remains  conta ined.  Commercia l  vaccinat ion
of  p igs  cou ld  be  one  of  the  e f fec t ive
mitigation strategies.  However, the presence
of nonreact ive H3N2 SIV variants  suggests
that  current  commercial  vaccines might  not
effectively protect pigs from infection with a
major i ty  of  H3N2 vi ruses .  I t  indica tes  the
cont inuous  presence  of  v i rus  in  the  swine
populat ion.  Cull ing could be an al ternat ive
choice .  The  second  layer  o f  defence  i s
prevent ion of  swine to  human t ransmission
is  th rough  main tenance  of  hygiene  l ike
f requent  wash ing  of  hands  wi th  soap  and
water or with alcohol-based hand sanitizers,
especially in case of suspected contact. Any
f lu  l ike  symptoms should  be  immedia te ly
repor ted  to  publ ic  hea l th  au thor i t i es  and
soc ia l  d i s tanc ing  i s  an  e f fec t ive  non
pharmaceutical  intervention. The third layer
of  defence is  t reatment  of  infected humans
using effective anti-viral drugs and vaccines
(17–19) .  I f  the  s i tua t ion  worsens  to  l eve l
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Fig .  1 : Gene t i c  Reassor tment  o f  H1N1 lead ing  to  F lu  ou tb reak  among  human  popu la t ion  and
probab le  con t inuous  muta t ion  migh t  evo lve  a  viral  resistant s t r a in  in  second  pandemic
wave  (A mode l  based  on  ana lys i s  o f  va r ious  comments  ava i l ab le  on  web  and  WHO.
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TABLE II : Chrono logy  o f  sp read  o f  H1N1 v i rus  in  d i f f e ren t  pa r t s  o f  wor ld .

D a t e Ex i s t ing  S ta tus Preparedness  E f for t s

20 th Apr i l ,  2009 First  confirmed case has established In tens ive  d i scuss ions  beg in  and
a  new s t ra in  o f  in fec t ion  and in fo rmat ion  exchanged  wi th  WHO and
s imul taneous ly ,  in  Ca l i fo rn ia ,  the o the r  coun t r i e s
US Centres for Disease Control  and
Prevention had identif ied two children
as infected with the same flu strain.

24 th Apr i l ,  2009 Mexico  revea led  59  cases  o f  dea th Nat iona l  emergency ,  c los ing  schoo l s ,
due  to  pneumonia  (no t  conf i rmed museums ,  l ib ra r i e s  and  spor t s  s t ad iums
to  Swine  f lu ) ;  24  cases  o f  In f luenza before  shut t ing down the ent i re  Mexican
l ike  I l lness  –  03  dea ths ;  18  Mexican economy in  an  e f fo r t  to  con ta in  the
cases confirmed for H1N1 infections; epidemic. WHO and PAHO sending expert
07  conf i rmed  cases  in  US (05  in miss ions  to  Mexico  to  he lp  the  medica l
Ca l i fo rn ia  and  02  in  Texas ) a u t h o r i t i e s .

26 th Apr i l US :  20 laboratory confirmed cases: WHO and  GOARN exper t s  a re  work ing
(8  in  New York ,  7  in  Ca l i fo rn ia , on the  s i tuat ion;  On Saturday,  25 Apri l ,
2  in  Texas ,  2  in  Kansas  and  1  in upon  the  adv ice  o f  the  Emergency
Ohio-  no  dea ths ;  Mexico  :  Suspec t Commit tee  ca l led  under  the  ru les  of  the
c l in ica l  cases  have  been  repor ted In te rna t iona l  Hea l th  Regu la t ions ,  the
in  19  o f  the  coun t ry ’ s  32  s t a t e s . Di rec to r -Genera l  dec la red  th i s  even t

a  Pub l i c  Hea l th  Emergency  o f
In te rna t iona l  Concern .

27 th Apr i l ,  2009 Mexico  ra i sed  the  suspec ted WHO ra i se  the  a le r tness  l eve l  f rom I I I
dea th  to l l  f rom i t s  ou tb reak  to  149 to  IV a f t e r  conf i rmed  human  to  human
peop le  — 20  o f  those  conf i rmed  as t r a n s m i s s i o n .
swine  f lu  — and  cance l l ed  a l l
schools  un t i l  May  6 .  Near ly  2 ,000
peop le  the re  have  been  hosp i t a l i zed
wi th  se r ious  cases  o f  pneumonia .
Canad ian  government  announced
s ix  cases  o f  the  v i rus  were
conf i rmed  in  Canada  –  four  in
Nova  Sco t i a  and  two  in  Br i t i sh
Columbia  –  and  tha t  number
i s  expec ted  to  r i se .

28 th Apr i l ,  2009 Inf luenza  ou tb reak  has  192  conf i rmed WHO main ta ins  the  l eve l  IV ,  though
cases  in  Mexico  (26  fa ta l i t i e s )  and  one suspec ted  to  sh i f t  to  l eve l  V  and  VI
fa ta l i ty  in  Texas  in  US (64  l abora to ry s o o n .
conf i rmed  cases ) .   New s t ra in  was
suspec ted  to  have  in fec ted  more  than
2 ,500  ind iv idua l s  wor ldwide ,  wi th  152
a t t r ibu ted  dea ths .  F ive  coun t r i e s  have
been  a f fec ted .

29 th Apr i l ,  2009 German  and  Aus t r i a  added  in to WHO ra i ses  a l e r t  l eve l  to  V ,  i . e . ,
a f fec ted  coun t r i e s ;  n ine  coun t r i e s t ransmiss ion  conf i rmed  in  more  than
of f ic ia l ly  a f fec ted  wi th  148  cases ; two countries;  Travel advisory have been
US-91  (01  dea th ) ;  Mexico  26 issued for Mexico and  affected countries
(07  dea ths ) ;  Canada  (13) ,  New have  been  g iven  by  numerous  coun t r i e s
Zea land  (03) ,  Br i t a in  (05) ,  Spa in  (04) , to  the i r  c i t i zens .
Israel  (02),  Germany (  03),  Austria (01).

30 th Apr i l ,  2009 11  coun t r i e s  a f fec ted  ;  257  cases  : Vigi lance  a t  borders  i s  be ing redoubled;
US-  109 (01) ;  Mexico  –2500 Mexicans Quaran t ine  o f  suspec ted  v i s i to r s ;  Hea t
a f fec ted ,  more  than  170  d ied   o f sens ing  equ ipment  a t  a i rpor t s .
penumonia -  97  conf i rmed  cases
(07  dea ths ) .

Contd . . . . . . . .
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01 st May,  2009 Number  o f  coun t r i e s  a f fec ted  :13 ; WHO regional  of f ice  had  a  s tockpi le  of
Tota l  no .  of  cases  a f fec ted  :  367; 3  mi l l ion  Tamif lu  doses ;  Schoo ls  a re
Number  o f  dea ths  Mexico  (9 /156) be ing  c losed .
and  US (1 /141) .

02 nd May,  2009 Number  o f  coun t r i e s  a f fec ted  :  15 ; WHO main ta ins  l eve l  V  pandemic
Tota l  no .  of  cases  a f fec ted  :  615; a le r tness  and  p rov id ing  a id  and  he lp  to
Number  o f  dea ths :  Mexico  (16 /397 d i f fe ren t  coun t r i e s .
cases )  and   US (1 /  141  cases ) .

03 rd May,  2009 Number  o f  coun t r i e s  a f fec ted  :  18 ; WHO admit ted the possibi l i ty  of  PHASE
Tota l  no .  of  cases  a f fec ted  :  898 ; VI ,  though  p resen t  sus ta ined  ou tb reak
Number  o f  dea ths :  Mexico  (19 /506 i s  conf ined  to  the  reg ion  o f  Nor th
cases )  and  US (1 /226  cases ) . America ,  notably Mexico and the United

Sta tes .  Al though human cases  have  a l so
been  conf i rmed  in  Europe  and  As ia ,
there is  s t i l l  no evidence suggest ing that
sus ta ined  communi ty  ou tb reaks  have
occur red  in  the  two  reg ions .  I t  i s  the
t ime  to  be  p repared  and  no t  jus t
concen t ra te  to  wa i t  fo r  nex t  l eve l  to
r i s e .

4 th May ,  2009 Number  o f  coun t r i e s  a f fec ted  :  21 ; Travel  advisory;  Pandemic aler t  level  V;
Tota l  no .  o f  cases  a f fec ted  :  1085; no  c losure  o f  borde r s  fo r  t r ave l  ye t .
Number  o f  dea ths :  Mexico  (25 /590
cases )  and  US (1 /286  cases ) .

5 th May ,  2009 Number  o f  coun t r i e s  a f fec ted  :  21 ; Cont inued survei l lance;  WHO advises  no
Tota l  no .  o f  cases  a f fec ted  :  1124; res t r i c t ion  o f  r egu la r  t r ave l  o r  c losure
Number  o f  dea ths :  Mexico  (25 /590 of  borders .
cases )  and  US (1 /286  cases ) .

6 th may ,  2009 Number  o f  coun t r i e s  a f fec ted  :  22 ; Ind iv idua l s  a re  adv i sed  to  wash  hands
Tota l  no .  o f  cases  a f fec ted  :  1516; thorough ly  wi th  soap  and  wa te r  on  a
Number  o f  dea ths :  Mexico  (29 /822 regu la r  bas i s  and  shou ld  seek  medica l
cases )  and  US (1 /403  cases ) . a t t en t ion  i f  they  deve lop  any  symptoms

of  inf luenza- l ike  i l lness  especia l ly  those
which  a re  undergo ing  In te rna t iona l
t r a v e l .

7 th may .  2009 Number  o f  coun t r i e s  a f fec ted  :  24 ; WHO main ta ins  Pandemic  Ale r t  Leve l
Tota l  no .  o f  cases  a f fec ted  :  2371; V .
Number  o f  dea ths :  Mexico  (42 /1112
cases )  and  US (2 /896  cases ) .

8 th May ,  2009 Number  o f  coun t r i e s  a f fec ted  :  25 ; WHO i s  no t  r ecommending  t r ave l
Tota l  no .  o f  cases  a f fec ted  :  2500; res t r i c t ions  re la ted  to  the  ou tb reak  o f
Number  o f  dea ths :  Mexico  (44 /1204 the  in f luenza  A (H1N1)  v i rus .
cases )  and  US (2 /896  cases ) .

9 th May ,  2009 Number  o f  coun t r i e s  a f fec ted  :  24 ; I t  has  been advised that  individuals  who
Tota l  no .  o f  cases  a f fec ted  :  3440; a re  i l l  shou ld  de lay  t r ave l  p lans  and
Number  o f  dea ths :  Mexico  (45 /1364 re tu rn ing  t r ave l l e r s  who  fa l l  i l l  shou ld
cases ) ,  US (2 /1639  cases )  and seek  appropr ia te  med ica l  ca re .
Canada  (1 /242) .

10 th May,  2009 Number  o f  coun t r i e s  a f fec ted  :  29 ; WHO main ta ins  Pandemic  Ale r t  Leve l
Tota l  no .  o f  cases  a f fec ted  :  4379; V .
Number  o f  dea ths :  Mexico  (45 /1626
cases ) ,  US  (2 /2254  cases ) ,  Canada
(1/280)  and  Costa  Ric ia  (1 /8) .

*Complied on the basis  of  WHO 1-240 updates  (16)  and other  various news updates ,  and web based news
(subjec ted  to  var ia t ion  in  da ta  due  to  d i f ferences  in  au thent ica ted  informat ion  f rom numerous  web based
s o u r c e s ) .
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Fig .  2A-B : (A) :  H1N1 outbreak in  maximally affected s ix  countr ies  during f i rs t  20 days (20th   Apri l -  10th
May,  2009) ;  wi th  45  dea ths  in  Meixco;  02  dea ths  in  US;  01  dea th  in  Canada  respect ive ly ;  (B) :
H1N1 ou tb reak  in  s ix  coun t r i e s  (max imal  12  cases ;  01  dea th  in   Cos ta  R ic ia )  and  o the r  17
count r ies  (1-4  cases)  v iz . ,  Aus t r ia ;  Aus t ra l ia ,  Argent ina ,  E l  Sa lvador ,  China  Hong Kong Spec ia l
Admin i s t ra t ive  Reg ion ;  Co lombia ;  Denmark ;  Gua temala ;  I r e l and ;  Ne the r lands ;  Por tuga l ;  Pe ru ,
Japan ;  Po land ;  Panama;  Sweden  and ;  Swi tze r l and  wi th  ave rage  1 -2  a f fec ted  cases  each .

VI ,  the  mi t iga t ion  s t ra tegy  wi l l  go  fo r
conta inment ,  t r ea tment ,  p reven t ion  of
further spread and business continuity plans
in al l  sectors.

Current  drugs  for  H1N1 infec t ion

The causative virus H1N1 is responding
to neuraminidase inhibitors - oseltamivir and
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zanamivi r ,  provided the  ant iv i ra l  therapies
are given  within first 48 hrs of confirmation
of H1N1 in biological samples of the infected
individuals .

Osel tamiv ir  (Tamif lu  ®)  and  Zanamiv ir
(Relenza  ®)

It is an acetamido cyclohexene that is a
structural homolog of sialic acid and inhibits
neuraminidase.  I ts  effectiveness in terms of
prevention of viral infection especially those
who are in close contact of sick persons is
70% to 90% (18–19). These include medical
f i r s t  r esponders  and  o ther  emergency
functionaries, along with relatives in contact
with sick persons.  Oseltamivir  is  a prodrug
(usua l ly  admin is te red  as  phospha te ) ,  i t  i s
hydrolysed hepatically to the active metabolite,
the free carboxylate of oseltamivir (GS4071).
L ike  zanamiv i r ,  ose l tamiv i r  ac t s  as  a
t rans i t ion-s ta te  ana logue  inh ib i to r  o f
in f luenza  neuramin idase .  I t  has  b io log ica l
half life of 3 hrs (20).

Mechanism of  ac t ion  o f  tamif lu® and re lenza®

These  neuraminidase  inh ib i to rs  p revent
the  v i rus  to  escape  f rom the  infec ted  ce l l
thereby,  prevent ing the spread of  infect ion
and it might lead to possible aggregation and
r e l e a s e .

Centre  for  d i sease  contro l  recommendat ions

Centre for Disease Control (CDC, USA)
recommend Oseltamivir (brand name Tamiflu
®) to both prevent and treat influenza A and
B virus infection in people one year of age
and  o lder  whi le  Zanamivi r  (b rand  name
Relenza ®) should be used to treat influenza
A and B virus  infect ion in  people  7  years

and older and to prevent influenza A and B
virus infection in people 5 years and older
(18) .  These  drugs ,  the i r  pharmacokine t ics ,
dynamics ,  toxicology,  mechanism of  act ion
and s ide effects  are  discussed exhaust ively
by Timpka and co-workers in 2009 (20).

Amantadine  and  r imantadine  confers  v ira l
r e s i s t a n c e

On the  o ther  hand ,  amantad ine
(Symmetrel) and a closely related compound
Rimantad ine  (F lumadine)  ac t ing  v ia
interference with a viral protein, M2 (an ion
channe l )  which  i s  requ i red  fo r  the  v i ra l
par t i c le  to  become “uncoa ted”  once  taken
inside a cell  by endocytosis (2).  A total of
193 (92.3%) of 209 influenza A(H3N2) and 2
(25%)  of  8  in f luenza  A (H1N1)  v i ruses
analyzed contained point mutations resulting
in  a  se r ine- to -asparag ine  change  a t  amino
ac id  31  (S31N)  of  the  M2 pro te in  tha t
confer red  amantad ine  res i s tance  aga ins t
these  v i ruses  (21) .  These  changes  p reven t
the binding of these drugs to the ion channels.

How to  handle  drug  res i s tance

The  muta t iona l  behavior  o f  H1N1 i s  a
major future challenge for pharmacotherapy.
I t  has been observed that  people use these
an t i  v i ra l  d rugs  even  for  normal  seasona l
f lu ,  might  develop res is tance with  t ime.  I t
i s  therefore ,  ensured  tha t  d rugs  should  be
made available on medical prescriptions only.
Another  approach  i s  to  deve lop  nove l
vacc ines  aga ins t  the  H1N1 v i rus .
Government  o f  Ind ia  has  a l so  imposed  a
comple te  ban  on  sa le  o f  Tamif lu  th rough
retail  outlets.  I t  is  essential  as unnecessary
consumpt ion  due  to  pan ic  may  resu l t s  in
development  of  drug res is tance.
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Vacc ine  deve lopment  i s  a  cha l l eng ing  i s sue

The  vacc ine  for  the  human seasona l
H1N1 flu does not protect against the swine
H1N1 f lu ,  as  they  a re  an t igen ica l ly  very
d i f fe ren t .  The  impor tan t  under ly ing  fac tor
i s  tha t  the  con t inuous  presence  of  swine
H1N1 flu in human populat ion from varied
geographica l  reg ions  p rov ides  enough
oppor tun i ty  to  v i rus  to  muta te  fu r ther  to
become ex t remely  le tha l .  Thus ,  a  g loba l
effort  is  required to develop newer vaccine
to this  specif ic  viral  s t rain using ant igenic
epitopes which are essential for their survival
and has least  probabil i ty to mutate further.
If succeeded, the prevention of second wave
of such pandemic wil l  be manageable (17).
Research efforts are focused on the genetic
mix of H1N1 virus to develop a DNA based
or other types of vaccines.

On 3rd May, 2009; CDC stated that it had
built up a “seed stock” of the virus that could
lead to the production of a vaccine, probably
takes  s ix  months .  Though,  i t  wi l l  come in
ba tches  and  has  to  be  ra t ioned .  Doc tors ,
nurses ,  ambulance  workers ,  pharmacis t s ,
l abora tory  t echn ic ians  and  o ther  hea l th
workers would get the first shots to prepare
them to  dea l  wi th  the  s ick  (18) .  Other
emergency f i rs t  responders ,  such as  pol ice
and fire-fighters, would be next in line before
the  vacc ine  i s  adminis te red  to  the  res t  o f
the population. In India,  various orientation
and  t ra in ing  programmes  have  been
undergone at various states and UTs to have
t ra ined  doc tors  and  suppor t ing  s ta f f  to
manage any plausible cases of  pandemic.

Preparedness  and  Capac i ty  deve lopment  for
Medica l  Management  o f  H1N1  in  India

Ind ia  i s  one  of  the  mos t  vu lnerab le

count r ies  o f  As ian  subcont inen t ,  tha t  has
been affected by Avian flu a number of times
espec ia l ly  in  Maharas t ra ,  Wes t  Benga l
and  Nor th  Eas te rn  s ta tes  dur ing  las t
three years. So far, the country has managed
these incidences effect ively by coordinated
ef for t s  o f  In tegra ted  Disease  Surve i l l ance
Programme ( IDSP)  run  by  Minis t ry  of
Heal th  and  Fami ly  Wel fa re  (MoH&FW),
Minis t ry  o f  Agr icu l tu re -Depar tment  o f
Animal  Husbandry ,  var ious  l abora tor ies
across  the  count ry ,  DRDO and  o ther
stakeholders under the advocacy of NDMA.
These  inc idences  have  been  taken  as
ind ica tors  o f  p resen t  pandemic  s i tua t ion .
Consequently, MoH&FW developed Pandemic
Preparedness  P lans  to  be  fo l lowed  by
prepara t ion  of  p lans  by  o ther  min is t r i es /
Depar tments  concerned .  Pr iva te  sec tor  has
a l so  been  adv ised  to  deve lop  the i r  own
cont ingency  p lans .  The  p lans  should  be
rev iewed  and  made  f lex ib le  and  s t r ingen t
enough  to  manage  any  such  impending
s i tua t ion .  S ince  i t  i s  a  mul t i -d i sc ip l inary
efforts with first line of defence with medical
personnel,  various inter departmental efforts
are required to be taken to synchronize their
ac t ions .

Up gradat ion  o f  BSL Laborator ies  for
conf irmed d iagnos i s  o f  H1N1

After  the  re lease  o f  Nat iona l  Disas te r
Management  Guide l ines -Management  o f
Biological Disasters, MoH&FW has raised the
capacities of National Institute of Virology,
Pune to level IV and in network integrated
wi th  o ther  l abora tor ies .  Na t iona l  Ins t i tu te
of  Communicable  Diseases  (NICD) ,  Delh i ;
Japanese Leprosy Mission for Asia (JALMA),
Agra  and  NICED,  Kolka ta  a re  BSL-I I I
laboratories.  Additional BSL-III laboratories
are being set up at Regional Medical Research
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Cent re  (RMRC),  Dibrugarh  (Assam) ;  King
Ins t i tu te  o f  Preven t ive  Medic ine  (KIPM),
Chennai  (Tamil  Nadu).  DRDE, Gwalior  has
a l so  ra i sed  the i r  capac i ty  fo r  management
of biological  warfares.  We have signif icant
s tockpi les  o f  an t iv i ra l  to  manage  such
situation (22).

Preparedness  for  handl ing  impending  pandemic

National Disaster Management Authority
(NDMA),  an  apex  body  for  d i sas te r
management,  has issued Biological  Disaster
Management  Guide l ines  in  Ju ly ,  2008
wi th  a  separa te  focus  on  management  o f
pandemics and internat ional  cooperat ion.  I t
has  ra i sed  and  t ra ined  four  ba t ta l ions  o f
National Disaster Response Force to manage
such  s i tua t ions  o r  man-made  d i sas te r s .  In
addit ion,  significant efforts  are being taken
to  sens i t i ze  the  communi ty  about  these
disastrous si tuations.  While analysis ,  i t  has
been  rea l i sed  tha t  a  s t r ingen t  mi t iga t ion
approach  wi th  ac t ive  involvement  o f  non
hea l th  s takeholders  i s  essen t ia l  to  have  a
comprehens ive  management  o f  bus iness
continuity should be in place. To achieve this
goal, NDMA has initiated a joint effort with
United Nations Disaster  Management Team,
Pandemic Influenza Contingency (PIC) Team,
Unit of Office of the Coordination of Human
Affairs (OCHA), Geneva; Regional Planning
Officer, OCHA Regional Office for Asia Pacific
(ROAP) .  A workshop  on  ‘Pandemic
Preparedness  beyond Heal th’  was convened
on 21–22 Apri l ,  2008 wi th  invi ted  exper ts
f rom a l l  concerned  depar tments  and
minis t r i es  inc lud ing  MoH&FW and
representative from WHO. Main focus of the
workshop was to define the role of various
non-hea l th  s takeholders /essen t ia l  se rv ice
providers  and  main tenance  of  bus iness

cont inui ty  dur ing  s ta te  of  pandemic .  Af ter
two days  o f  in tens ive  de l ibera t ions ,  a
document  on var ious  regional  and nat ional
level  preparedness  ef for ts  to  be  taken was
compiled and released (22).  Eventually,  the
guidelines are made available at ground level
for  necessary  implementa t ion  by  the
concerned stakeholders. A follow up analysis
of review of activities around the world was
continued t i l l  date .

Recent  e f for t s  in  India  a f ter  the  H1N1 g loba l
o u t b r e a k

India has not reported any confirmed case
of  H1N1 infec t ion ,  though  necessary
precau t ionary  measures  a re  necessary .
Government of India has undertaken efforts
for  surve i l l ance  for  l a rge  number  o f
passengers identified as having entered India
from flu-affected countries like New Zealand,
Mexico, the US, Canada, Spain, France and
Britain from  27th April till  date. 2,000 odd
passengers are being traced from Mexico will
be traced for any possible symptoms. A large
number of medical teams have been deployed
a t  the  12  in te rna t iona l  a i rpor t s .  Large
s tockpi le  capsu les  o f  Tamif lu  doses  and
persona l  p ro tec t ive  equ ipment  inc lud ing
t r ip le - layer  surg ica l  masks  have  been
dispa tched  to  the  reg iona l  hea l th  o f f ices
across  the  count ry .

Stockpi l ing  o f  ant iv ira l  drugs

Ind ia  p lans  to  acqui re  10  mi l l ion
doses  s tockpi le  as  a  par t  o f  i t s  pandemic
preparedness plan. Gilead is the co-developer
of  Tamif lu ,  and  GlaxoSmi thKl ine  cont ro l s
Relenza  have  been  asked  to  increase  the
produc t ion  of  d rug .  They  have  3  mi l l ions
dosage of Tamiflu on standyby with 5 million



124 Chawla   e t  a l Ind ian  J  Phys io l  Pharmaco l  2009 ;  53(2 )

doses donated to UN Health agency in 2006
readily deliverable within 24 hrs. To increase
its preparedness, Indian Government on 28th

Apr i l  a sked  companies  inc lud ing  Cip la ,
Ranbaxy, Natco and Hyderabad-based Hetero
Drugs  to  s ta r t  s tock ing  the  chemica l s
required to produce the drug for the deadly
influenza (22) .  An ant icipated target  of  10
mi l l ion  doses  o f  an t iv i ra l  d rugs  need  to
ach ieved .  Cip la  has  g iven  conf i rmat ion  to
supply 1.5 million doses of generic Tamiflu
drugs to help fight outbreak of influenza.

Integrated  d i sease  surve i l lance  programme
( I D S P )

I t  i s  an  e f fec t ive  too l  wi th  MoH&FW
which monitors al l  the unusual  occurrences
up  to  the  loca l  reg ion  and  a  r igorous
information network to provide information
to centre and state authorit ies.  Surveil lance
measure  have  been  under taken  to  ge t  a l l
pas t  informat ion about  any vis i tor  v is i t ing
India .  Separa te  quarant ine  a reas  a re  be ing
iden t i f i ed  a t  the  a i rpor t s  and  a l so  i s sued
instructions to follow up the track of people
who have vis i ted  the  af fec ted  areas  for  a t
least 10 days (23). A continuous surveillance
is also required for the immigrants entering
the borders through roads, sea and railways
from the  neighbour ing countr ies .

Detect ion ,  i so la t ion  and  quarant ine  procedures

Use of clean food and water,  municipal
corpora t ion  depar tment  should  main ta in
strict  levels of city’s hygiene, activation of
loca l  house  ho ld  based  in te rven t ions ,
i so la t ion  wi th  s t r i c t  enforcement  o f
quaran t ine  p rocedures  based  on  need
assessment, R&D efforts to develop vaccines
for  the  new s t ra in  of  v i rus ,  t ravel  checks ,

ac t ive  and  even  door - to -door  surve i l l ance
us ing  In tegra ted  Disease  Surve i l l ance
Programme effor ts ,  ac t iva t ion  of  Pandemic
Preparedness /Response  p lans  and  i t s  l eve l
of  act ivat ion are  the important  effor ts  that
needs  to  be  pursued  depending  upon  the
grav i ty  o f  loca l  s i tua t ion  (19) .  De tec t ion /
identification, laboratory confirmation (non-
conf i rmed,  though suspected  ones ,  need to
be  t raced) ;  i so la ted  and  then  quaran t ined ;
immedia te  repor t ing  to  WHO and reg iona l
ne tworks ,  in i t i a te  t rea tment ;  h igh  a le r t  a t
source  p lace ,  necessary  con ta inment
measures would be undertaken based on risk
assessed .  Di rec tor  Genera l  o f  Hea l th
Serv ices ,  Government  o f  Ind ia ,  i s sued  a
Special Issue :  Human Swine Influenza :  A
Pandemic Threat in March-April, 2009. NICD,
MoH&FW has issued Guidelines for Sample
Collection and Handling of Human Clinical
samples  for  Laboratory Diagnosis  of  H1N1
Inf luenza  & Cl in ica l  management  Pro tocol
and Infection Control  Guidelines-Swine Flu
which  a re  ava i lab le  a t  the i r  webs i te
(www.nicd.nic.in).

Communi ty  awareness

Awareness  about  s imple  p recau t ionary
measures  fo r  a f fec ted  v ic t ims  tha t  should
ensure washing of hands regularly and using
tissues to cover your mouth and nose while
coughing  and  sneez ing .  Companies  and
essen t ia l  se rv ice  p rov iders  wi th in
government ,  pub l ic /p r iva te  sec tor  should
have thei r  cont ingency plans  for  necessary
implementa t ion .  A number  of  s ta tes  have
init iated the deployment of Rapid Response
Teams (RRTs)  for  management  o f  such
situations.  As on 10th May, 2009; there are
no confirmed cases in India after screening
of suspected cases.
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Chal lenges  Ahead  for  Pharmacotherapy

An important lesson learnt from the past
is  that  co-infection of H1N1 swine f lu and
Oseltamivir (Tamiflu) resistant H1N1 season
flu (H3N2 predominates from half a decade)
can lead to acquisition of H274Y by the swine
f lu  v ia  recombina t ion  or  reassor tment .  I t
indicates continual  evolution with t ime and
might provide resistance as H3N2 has gained
resistance increased from 1% in 1994 to 12%
in  2003  to  91% in  2005  aga ins t  s tandard
an t iv i ra l  d rugs  l ike  amantad ine  and
rimantadine (24). This virus has an inherent
abili ty to elude the protective antibodies as
i t  constantly changes with t ime and at  any
piece  of  t ime ,  human res i s tance  might
deve lop .  I t  i s  essen t ia l  to  unders tand  tha t
the  f i r s t  wave  of  such  v i ra l  pandemics  i s
mi lder  whi le  second  wave  wi l l  be  h igh ly
le tha l .  Based  on  ear l i e r  exper ience  of
res i s tance  of  d rug  in  Norway,  France  and
US in  l as t  year  H1N1 inf luenza  seasona l
spread (not exactly same as of present virus),
it could be anticipated that virus may mutate
to acquire resistance and then at  that  t ime,
the alternative could be an effective vaccine
(25). Epidemiological findings from past also
indicates such possibility. These possibilities
pose various challenges to Pharmacotherapy
that  whether  this  genet ic  mix virus  due to
i t s  inheren t  na ture  and  an  an t igen ic  d r i f t
able to mutate further ? If yes, whether that
muta t ion  enhances  the  l e tha l i ty  po ten t ia l
wi th  respec t  to  an  increase  in  an t i -v i ra l
res i s tance  to  the  cur ren t  Tamif lu  and
Relenza ? Whether the novel  vaccine which
is  deve loping  aga ins t  ex is t ing  H1N1 v i rus
ab le  to  manage  the  v i rus  sub type  goes  to
cause second wave of pandemic as observed
in 1918.  It is a matter of time that decides
the fate of  impending pandemic.

C o n c l u s i o n s

To conc lude ,  the  l eve l  o f  sever i ty  o f

Influenza A (H1N1) outbreak indicates that
we are at the verge of a ‘global tsunami’ of
flu that has a potential to disrupt all spheres
of life around the globe. It is a time where
there  a re  a  number  of  confus ions  in  mind
re la ted  to  d rug  res i s tance ,  vacc ines  and
cr i t i ca l  i s sues  in  comprehens ive  medica l
management .  Whi le  ana lys i s  o f  p resen t
s ta tus  revea l s  tha t  by  10 th May,  2009;  we
have not reached level VI which means we
st i l l  have t ime to  make ourselves  prepared
to  mi t igate  the  impact .  Phase  VI  refers  to
community  outbreaks happening in  a t  leas t
three countries in at least two of the WHO’s
regions. It is also to be kept in mind, even
with seasonal flu about half-a-million people
d ie  each  year  f rom compl ica t ions  and  a t
present, 29 countries has been affected with
4379 cases of infections with 45 deaths (1626
cases of infection in Mexico) and two deaths
in US (2254 laboratory confirmed cases) and
one death each in  Canada and Costa  Ricia
with 280 and 8 laboratory confirmed cases
respec t ive ly .  The  number  i s  con t inuous ly
increasing (with updates  avai lable  a t  WHO
website (16). It provides a golden opportunity
for countries l ike India,  which are sti l l  not
af fec ted  ye t  d i rec t ly ,  evolve  cont ingencies
and fill the gaps to contain the virus within
limited spread, preventing its entry into the
borders .  Ef for t s  under taken  by  Ind ian
government  in  l as t  two  years  p rov ide
significant confidence that  we, as a nation,
wi l l  be  ab le  to  bounce  back  f rom th i s
s i tua t ion  and  a l so  be  ab le  to  ex tend  our
helping hands to those countr ies  which are
in need of  assistance.
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