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Avian influenza A virus (H7N7) associated with human
c-onjunctivitis and a fatal case of acute respiratory
distress syndrome
Ron A. M. Fouchierr+. Peter M. Schneebergers, Frans W. Rozendaals, Jan M. BroekmanS. Stiena A. G. Keminkq,
Vincen't Munsterr. Thils Kuikenr, Guus F. Rimmelzwaant, Martin schuttenr, Gerard J. J. van Doornumi, Guus Kochl,
Arnold Bosmanl, Marion Koopmansl, and Albert D. M. E. Osterhausi

:,o:!:1T:ll 1l 
u',:l?sY.à nd Nâtiondl Influenza center, Ersrmus Medical cenreL Dr. Môlewat€rprein 50, 30ts cE, Rotterdâm, rhe Nethertandrj

neroen Bosrh Horprtat, Nieufftrââr 34 521I NL, Den Bosch, Th€ Nethertandr; isection of Notifiabte ând Exoti( Viral Diseâsêl, Central Institutê forAnimâlDiseate contfol. P.o. Box 147, 8200 ac, Lelyçtad, The Nethertandsj and center Jor lnfediour Disease Epidemiotoov and Diaonost'i_-
Làbordtoryfot lnfè(ljot)s Djseas€s and pefjrâtôl Screeoirg, Natjonaj tDstjtute ot pubtjc Heâlth ànd the f"vi.onment nntË'nie van i"-"u*"nf,o.rraun g,
37?0 BA, Bilthoven, The Nethertandt

Communicat€d by Peter Pâlêse, Mount Sinai School of Medi.ine, New York, NY, De(ember 16, 2003 (received for review November 28, 2003)

Highly pêthogeni< âviàn influenza A viruses ofsubtyper H5 ând H7
are thè Gusative agent of fowl plague in poultry. Influenza A
viruses ol subtype H5N1 âlso caured ievere respiratory disease in
humanr in Hong Kong in 1997 ând 2003, induding at least reven
Iatal (aset, posing a serious humân pandemic threât. Between the
end ot F€bruary and the end of May 2003. â fowl plàgue outbreak
occurred in The Netherlands, A highly pathogenia avian influenzâ
A virus of subtype H7N7, clorely related to low pathogenic virus
isolatês obtained from wild ducks, was isolatêd {rorn (hidens. The
sam€ virus was detected su bseq uently in 85 humans who handled
affe<ted poultry and in thre€ oftheir family memb€rs. Of these 89
patients, 78 presênted with (oniunctivitis, 5 presented with (on-
junctivitis and influenzaJike illness, 2 prcs€nted with influenza-
like illness, and 4 did not fit the câse definitions. Influenza-like
illnerres were generally mild, but a fatal case of pneumonia in
(ombination with aaute respifatory distrers syndrome occurred
also. Mostvirus isolates obtained from humâns, including probable
secondary aaset had not aacumulated gigniticant mutetions. How-
ever, the virus isolated from the fatal casê dirplayed .14 amino acid
subrtitutions, some of which may tre asso<iated with enhan@d
diiease in this <âse. Becauie H7N7 viruses have Gused direare in
mammâl5r inaluding horset sealt and humans, oD several occa-
jions in the part, thêy may be unurual in their zoonotic potential
ênd, thus, form a pandemia threat to humâns.

ll/l igratory birds and waterfowl are thought to be the reser-
lUlvoir for inf luenza A virtrses in nature (1,2). To date,
influenza A viruses representing 15 hemagglutinin (HA) and 9
neuraminidase (NA) subt),pes have beeû described irl wild birds and
poultry throùghout the world (3). Viruses belonging to the antigenic
subtlpes H5 and H7, in contrast to virus€s possessing other HA
subtypes. may become higt ) parhogenic when lrans;ined from
wild birds to poultry and, thus, cause fowl plagues (4).

Avian influenza A viruses (AIV) pose the threat of initiatirg
new pandemics in humans be.cause the humar Dooulation is
serological ly naive toward mosr HA and NA subtypes. Unti l
recently. i l  wâs lhoughl thar pigs uere require<j as ân inr.r. .-
diate host for transmission of AIV to humans (5, 6). AIV, irl
genelal, do not replicate efficiently or cause disease ir humans
(7). However, in Hong Kong in 1997 and 2003, highly pathogenic
aviar influenza (HPAI) of subtype H5N1 was transmitted from
birds to humans, of whom at least seven died (8,13). The only
other reports on nâtural irlections of humans by HPAI viruseis
were cases of conjunctivitis associated with avian H7N7 viruses,
transmitted either directly from birds to humans or by seals (14,
15). Low pathogenic AIV may also be transmitted to humans,
eitier dirccfiyor on transrnission to pigs; the pandemics of 1918
(HlN1), 1957 (H2N2), and 1968 (H3N2) were caùsed by influ-
enza viruses harboring Hl and N.,1 genes ofavian or swine origin

1355-136'l I PNAs I FebrEry 3.2004 vol. 1Ot no. s

(1, 2). Because of the recent increase in awareness of AIV
zoonoses and the increase in tbe intensity ofsurveillance studies.
sporadic zoonotic infectionswith H9N2AIV in China hâve been
detected also (16). The transmission of AIV from birds to
hùmans, therefore, coltinùes to be a threat to public health.

Here. we describe the characterizal ion of vi iu5 i561n1s5 66-
tained from poultry and humans du ng âû outbreak of HpAl
that started in February 2003 iû The Netherlaûds aûd spread
subsequently to poulrry in Gerrnany and Belgium (13).

Methods
Subje<ts. Case firiding of H7N7 infectiots iû humans was initiated
under the auspices of the Dutch Ministry of public Health,
Welfare, and Sport (The Hague, The Netherlands). From individ-
uals in contact with H7 AIV and suffering from coûiunctivitis
and/or influenza-lil.e illness. throar. no:e. aid conluncriva swabs
were collected in \.irus Lmnspon media for diagnosrjc te\ting.
subtlping, and turther characteization (M.I(, B. Wilbrink, M.
Conyn, G. Natrop, H. van der Nat, H. Vennema, A Meijer, J. vân
Steenbergen, R.A.M.F., AD.M.E.O., and A.8., unpublished data).

virus lrolatior. Samples frorr birds and humans were inoculated
in the allantoic cavity of 11-day-old specific pathogen-free
embryonated chickeD eggs (17). All RT-PCR-positive samples
from humans rvere inoculared in tert iart,  monkev kidner, ceLls or
Madine-Darby caninc kidney cel ls ( t8): t \olat ion of HiNT virus
was successful for 47 samples, and samples ftom which no virus
could be isolated generally had low "virus load', [high threshold
cycle (Ct) values in RT-PCR assaysl. AIV uas dereded by
hemagglutination assays using turkev erythrocytes (18).

RT-PGR. RNA isolation and RT-PCR for the detection ofAIV. as
described in ref. 17, and a real-time RT-PCR using RNAisolared
on a MagnaPure I ighl Cycler syslem were performed indepen-
dently for all human samples in two laboratories. An H7-specific
faqMan assay was designeJ bt|sed on rhe tlA gene of A/
Chicken/Netherlands/1/03 by using the primers 5'-GGCAA-
CAGGAATCAAGAATGTTCC-3' and 5'-AATCAGACC-
TTCCCATCCATTTTC-3' and the probe 5'-f luorescein
-AGAGGCCTATTGGTGCTATAGCcccTTTCAT{erra-

Abbreviètions: ct, threrhold rycle; HA, heôâggluinin; NA n€ùràminidase; Atv, àviân
influenÈAvirusa; HPA, highly pà1hôgeôicavian influ€nza;PBn, basi( polymerôseri PA,
ècidi< polymera*; N5, nonnructural qene.

Data dep05ition: The 5equen.e5 reported in this paperhavê bæn deposired inrhe GenBânk
dâtâbasê (âcce$ion nos. AY33a4s5-AY13a462, AY34O074,AYj,1OO9I, and Ay3424tO

'To whoû <oiièsponden.e should beàddresèd. E-mâil: r.fouchierôerarmusm..nl.
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methylrhodamine-3'. A real-time RT-PCR assay for the detec-
tion of the gene of human H3N2 irfluenza A viruses was
used also (19). Samples were run on an ABI 7700 machine with
the EZ recombinant thermus thermophilus kit (Applied Biosys-
tems). Cycling conditions were as follows: 2 min at 50"C, 30 min
at 60'C, and 5 min at 95"C (one time), and 0.15 sec at 95'C ârd
1 min at 6TC (40 times).

Sequen.e Anâlys€r and Phylogenetic Treer. RT-PCR specific for the
conserved noncoding regions of AIV was described (20). PCR
products were purified by using the QlAquick gel e{raction kit
(Qiagen, Leusden, The Netherlands) and sequenced directly or
when cloned in pCR2.1 (Invitrogen). Sequencingwas performed
by using the Big Dye Terminator sequencing kit, version 3.0
(Amersham Biosciences) and an ABI Prism 3100 genetic ana-
lyzer (Applied Biosysterns). Primer sequences are available on
request. Nucleotide sequences are available from GenBank.

Nucleotide sequences were aligned by using BroEDrr 5.0.9, and
ma,\imum likelihood trecswere generated with PHYLIP 3.6 (21)
by using 100 bootstraps and 3 jumbles. The consensus tree was
used as a user tree in DNAML to recalculate branch lengths, and
tlees were rerooted at midpoint. The following reference se-
quetces, represeûting the known genetic lineages of influenza A
virus, were used for phylogenic trees: American avian
(AF451691-AF 45'7'/  01 and AF457703), Eurasian avian
(4F144300-AF144303, AFl44306, and AF144307), gù11
(M80959, M73525, M26088, M25933, M27521, and M63539),
eqùine H3N8 (M73526, M30758, M63529, M80973, M26082, and
M25929), equine H7N7 (M63533, M30750, M73520, M25928,
M26087, and M80954), swine H3N2 (M80960 aûd AF2513m-
AF?51394), swine H1N1 (M55481, M55482, M55473, M55469,
M55472, and M22578), human HlNl (ISDN134l9-ISDN13421,
ISDN13423, ISDN13425, and ISDN13426), human H2N2
(M81576-M81581), and hùman H3N2 (AF348170, AF348173,
4F348175, AF348180, AF348188, and AF348198).

Serologi€l Assays. The Directiger Flu A+B immûnoassay (Beck-
ton Dickinson) was used for the detection of AIV artigen (22).
Hemagglutiration inhibition assâys were performed as described
(18). Rabbit sera raised âgainst purified HA and NA of A/Seal/
Massachussets/ 1/80 (H7N7) and A/Equine/Prague/ I  /54
(H7N7) were used for ideltification of H7 viruses. Human sera
were tested against A/Mallard/Netherlands/12/00 (H7N3) or
A/Chicker/Netherlands/1 /03 (H7N7) (18).

Histologkal and Examinations. Histolosical
and immuûohistochemical examiratioûs were oerformed as
described ( l l ) .  Briei ly, samples Ior histologicai examination
were stained with hematoxylin and eosin or with an a\.idin
biotin complex immunoperoxidase method, by using an mAb to
the nucleoprotei[ of idfluenza virus A as a primrry antibody.
Positive control sections from the wattles of a chicken idected
with H7N7 AIV were tested concurreltlv. The followine tissues
from the fatal case were examined by l ighr microscopli for the
presence of lesions and for detection of influenza viral antigen:
adrçnal gland, epiglottis, heafi, liver, lung, lymph rode, kidney,
pancreas, and spleen.

Results
Charactefizâtion ot lhe Viru. Causing the Outbreak in Poultry. On
March 1, 2003, five TGweek-old layer chickens at a fârm in
Scherpenzeel, The Netherlânds, suffering from iespiratory PIob-
lems, diarrhea, yawnin& swollen headt and swollen combs were
culled. In autopsy, gross lesions included marked s.c. edema of
head, comb and wattles, diffuse pulmonary €dema, and multifocal
hemonhage in various tissues, consistent with HPAL Cloacal and
tncheal swabs from four animals showed a weak rcaction in the
Directigen Fhr A+B test. RT-PCR specific for the rrdtrir gene
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Fig. l. Amino acid sequence âlignmentofthe HA oRFsofselected isolâtes.
The HA gênes of A./Mallârd/Netherlands/12l00 (H7N3), A/chi.ken/
Netherlandr/1/03 (H7N7), and A/Netherlânds/219/03 (H7N7) are shown. The
s€quence oT thê chicken isolate is identical to thar of A/N€therlands/33./02
(H7N7). Gapt are indicâred by dashes, and idênticâl residues to the mallard
isolate are indi.at€d by per:ods. Boxes indicate rhê potential N-tinked gty.o-
rylâtion rites (N-X-T/5), andtheshaded resid uer r€present the deavage site in
the HA prerul90r pfotein.

showed that all five animals were positive (data not showr). The
and N,4 genes were seqlrenced, providing clear evidence for the
viral subtlpe H7N7. AviÎus isolate, A/Chickçn/Nethedands/1/03,
wus characterized by hemagglutination inhibition assays a-s aû H7
AIV. The It4 ard N,4 genes displayed high homology to thos€ of
A/Mallard/Netherlands/12l00 (H7N3) (Fig. 1) and A/Mà[aId/
Netherlands/z/O0 (H10N7), respectively (Fig. 2), two viruses iso-
fared ftom mallard ducks (Arus pktyfunchos) within oùr AIV
surveillarce studies in migratory birds. The HA of the H7N7 AIV
contains a protease cleavage site consistiûg of multiple basic amino
acids, PEIPKRRRR*GLF, which is in agreement with this virus
being classified as a HPAI virus. This basic cleavage site is distinct
ftom those seer in other recent H7 AIV outbreak aûd is lacking
iû H7 of the Mallard isolate (PEIPKGR.GLF) (24, 25).

Chara<teriration of the Virus Câuring Diseas€ in Humans. The first
conJirmed mse of human conjunctivitis mused by H?N7 AIV was
rn a veterinarian who visited several farms with infected flocks. The
symptoms h the first eye started 30 h after his last farm visit, and
similar problems occuned in the other eye within 24 h. Swabs
collecte d from both eyes rcvealed the pres€nce of AMy RT-PCR.
A virus isolate (A/Netherlands/33/03) was obtained in chicken
eggs and tertiary monkey kjdney cells, and it was chaiacterùed as
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Fig- 2. Amino â.id req uence a lign ment of the NA ORFS oTsetected isotates.
The NA genes of  A/Mal lafd/ 'Nether lând5/2/00 (Hl0N7),  A/chicken/
Netherlôndt/ 1 /01 (H7N7), â nd A/Netherla ndr/2 1 9/03 (H 7 N7) âre shown. The
tequence of the chicken irolate is identicâl to that of A/Nerherlands/31/02
(H7N7). Gapt are indicated by dashes, and identical residues to the mallard
isolate are ind;câted by periods. Boxes indicatethe potenrialNlinked glyco-
sylation sites (N-X-T/s).

an H7 AIV (data not sho$r). The 1{4 aûd N,4 geûes rere idenrical
to those of the chicken isolate (Figs. 1 and 2).

After this initial detection. other persons in contact with
infected poultry presented with sirnilar;ymptoms and activecase
finding was initiated (M.K.. B. Wilbrink, M. Conyn, c. Narrop,
H. van der Nat, H. Vennema, A. Meler, J. van Steeûbergen,
R.A.M.F., A.D.M.E.O., and A.B., urpublished work). A case of
conjunctivitis was defined as possible contact with H? AIV and
two or more of the following symptoms: red, tearful, itchiûg,
painful, burning cyes; purùlent fluid in eyes; or sensitivity to
light. A case of influenzalike illness wâs defired as an acute
onset of symptoms (prodromal phase ma:<imal 4 days), fever
(>38,5'C), and at least one of the following symptoms: cough,
rhinorrhoea, sore throat, myalgia, or headache.

Between March 1 and May 16,89 confirmed cases of human
H7N7 iûfeation werc detected (Fig. 14). Of these cases, 78
presented with conjunctivitis, 5 preseûted with conjulrctivitis and
inf luenza-like ilhess, 2 presented with inf lueûa-like illness, and
4 did not fit tbe case definitioris. Six of sever cases of influenza-
like illness rvere mild, with patients reporting subjective (unre-
corded) fever (n - 7), cough (, : 4), runny nose (a = 3),
headache (, : 3), muscle pain (r = 3), sore throat (r : 2), aûd
fatigue (r = 1). Red eyes were reported most frequently (9470)
in cases of conjunctivitis, followed by tealful (77%), burûing
(64%), and itching (51Vo) eyes, and by pus in eyes (,18%),
photophobia (33Vo), ar.d pain in eyes (31%). H7N7 AIV was
detected in three individuals who hâd not beer in cortact with
iflfected polrltry, but who were famity members of individuals
with H7N7 co.junctivitis, iûdicating that transmission of virus
from hqnan to human had occurred.

1:ls8 I !v\e.pnâe.orglcai/doi;10.1073./pnas.0308352100

A/H7

Fig. 3. Detedion of H7N7 inJluenza A virus in humans. (A) Numbêrs a{
conTirmed .â5e, of H7N7 infedion in individuals presentinq with conjunctivitis
or influenza like illness in The Netherlands between Mar.h 1 and Aoril 30.
2003, âs determined by RT PCR. (8) compàrison of the Ct valuer, the fint
TaqMan RT-PCR cy(le in which matix gene of influenza Avifus was dêtected
inthroàt ,hose(op€n baB)orconjuncr iva(f i l ledbars)swâbsin HTNTand H3N2
inTluenza A virus,intucted individualr, identlfied in the sâme sroup of indi-
v iduals in the sâme t ime per iod.

As a measure of virus load in Alv-Dositive individuals. we
compared the f irst TaqMan RT-PCR ctcle in which virus was
detected (Ct value) in samples collected from the coniunctivae
and the respiratory tract (Fig. 3B). In 91 pairs of samples
collected from the 89 H7N7-positive individuals (from two
individuals, samples collected 3 days apart were positive), aver"
age virus load was higher in conjunctiva swabs as compared with
throathose swabs (mean Ct values of 31.3 and 38.9, rcspectively).
For tine pairs of samples from eight H3N2-positive individuals,
vkus load was lower in coûjÙnctiva swabs as compared with
throat/nose swabs (mear Ct of 39.7 and 28.8, respectively). The
high virus load in conjunctiva swabs collected frorn H7N7-infected
individuals suggests active replication in human cells rather than
spillover of virùs from the environmeût. No doùble infections with
H7N7 and H3N2 viruses werc detected.

A Fâtâl Câs€ ol A.ute Respirâtory Distress Syndrome, A 57-year-old
veterirarian who visited a poultry farm affected by HPAI H7N7
infectiot in Teeifelen, The Netherlands, died on April 17, 2003,
as the result ofpreumonia lbllowed by acute tespiratory distress
syndrome and related complications in a hospital in 's-

Hertogenbosch, The Netherlands.
On April 4, the veterinarian suffered from high fever and

severe headache. When he first visited his family doctor for
persistitgfever and headache 4 days later, no signs ofrespiratory
disease or conjunctivitis were observed, and the man, therefore,
did not receive medication- Because of his farm visit on ADril 2.
throât and eye swabs $ere col lecred on Apri l  9. RT-PCi resrs
performed in two laboratories were negative. On April 11, the
man was admitted to hospital, and interstitiâl opacities in the
lower right lobe were detected (Fig. 4). Treatment with oxygen
and i.v. antibiotics (750 mg of cefuroxime three times daily aûd
1,000 mg of erythromycin four times daily) was started. He was
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Fig.4.  Chêrt  x raytaken on âdmhsion on Apr i l9,2OO3, of the veter inar iàn
who developed â.ute respiratory distrêss syndrome and died on Aprit 17,
2003. The xjay reveals extensive infiltra.tes in the lower right tobe withour
pleurâl effusion. The left lung is normâ1. The tàbet(r) indicâterrhe point of
referen(e on the uDDer lêft arm.

moved to rhe intensive cÂre unit 2 days later with deteriorating
coûditions and was put on mechanical ventilâtion. X-thorax,
performed on Ap l 13 when his condition worsened, tevealed a
bilateral pneumonia, and a brorchoalveolar lavage was per-
formed for diagrostic purposes. Throat swab sarnples collected
on Apdl ll and Apdl 13 indicated thepresence of herpes simplex
virus 1 , for which he was treated with aciclovir. On Aoril 14. his
renal function decreased and dialysis wa: sttLrted. On Apri l  17.
his pulmonary condition worsened fùrthet and he died of
respiratory insufficiency. Laboratory testiûg for specific diseases
(Q fever, brucellosis, psittacosis, Legionnaire's disease, Pneu-
t tocystis ccrifiiî pneumonia, and tuberculosis) and pathog€ns
[pneumococci, mycoplasms, Chlamydia, respiratory syncytial
virus, influenza B virus, hùman metapneûmovirus, cytomega-
lovirus, herpes simplex virus 2, HIV, Puumala hantavirus, and
severe acute respiratory s1'ndrome (SARS)-coronaviiusl wer€
al l  negative.

The bronchoalveolar lavage revealed the preseûce of H7 AIV
by using real-time PCR assays. PCR analysis and virus isolation
from postmo.tem specimens ofthe right and left lung confirmed
the presence of H7 AIV (A/Netherlands/219/03). A serum
sample collected on April 17 displayed \ery wealq inconclusive
reactivity with H7 AIV in hemagglutination inhibition assays. It
is unclear why the respiratory sample collected from the veter-
inarian on April 9 remained negative when RT-PCR and virus
isolatioû were performed.

Padrology. Aùtopsy revealed generalized edema with l,500 ml of
pleufal fluid or both sides and 1,000 ml of serous fluid in the
abdominal cavity. The weights of the right and left lungs were
about three times the normal weight. On cut-surface, the lungs
were oedematous, emphysematous, and fitm, with serous fluid
in bronchi and bronchioli.

Histologically, there was severe diffuse alveolar damage,
characterized by serosanguineous fluid in alveolar lumioa, mul-
tifocally adûixed with fibrin and neutrophils in rhe lower pul-
monary lobes. Alveolar lumina were distended with occasional
rupture of alveolar septa. Alveolar septa were thickened by
dilatation of capillaries and infiltration with a few lymphocytes
atd neutrophils. There was evidence of epithelial regeneration,
characterized by scattered atypical pneumocytes aûd ciliated
epithelial cells lining the alveolar septa and bronchiolar walls,

C I

Fig. 5. Phylogenetic trees repres€nting the internat gênes of inftuenza A
varuses. Tree5 were constructed based on â 2,302,nr f ragment of gene segmênr
1 (PB2), a 2,28s-nt fragment of gêne segmeni 2 (p81), a 2,151-nt frôgment of
gêne s€gment 3 (PA), a 1,498,nt frâqmenl oJ gene segment 5 (Np), a 979-nt
fragment o{ generegment 7 (MA), and a 885-nt fragmentof qene segment 8
(NS). Sequences obtained from influenza virus A/Ch icken/ Nethertânds / I /03
were aligned with thore of reference nrains available from GenBank, repre-
sênting the known genetic lineages of inJluenza Avirus.scale bars repreeent
*10% of n ucleotide .ha nges between close relarives.

respectively. Thesc atvpical cells were unusually large and had
large nuclei, coarse chromatin, and promioent nucleoli. Influ-
enzavirus àntigen could not be detected in lungs oi othet tissues
by immunohistochemistry. There were no significart lesions in
any organs. olher thân those of the respirarory lract. by gross or
nrslotoslc exammatton_

Sêquen(ê Analyies of H7 7 lsolates. The ertire genomes of
A /Ch i cken /Ne lhe r l ands / l / 01 .  A /Ne the r l ands / J l / 01 ,  and
A/Netherlands/219/03 *ere sequenced. All gene segments
from these isolates were most similar to Eurasiai AIV (Fies. 1,
2. and 5). A /Ch icken/Ner herlands/ t  /03 and A/Nelherla;ds/
33/03 were almost identical, \,/ith two silelt nucleotide changes
in lhe b.?ri .  polvmerare 2 (PB2) gene and onc amino ai id
substitution ir NSI (Table 1).

A 343'nt fragrnent ot the HA gene, spanning the basic
cleavage site, was obrained from 20 additional cases of human
conjunctivilis, and it revealed a single-nucleotide substitution
in two virus isolates of which one resulted in an amino acid
substitution (D264N in A/Chicken/Netherlands/1/03). In
four of these patients, virus was detected both iû samples
collected from the eyes and in samples collected from nose/
throat, revealing identical sequences. We also sequenced parts
of the viral genome [616-nt lragmerr ofPB2; 641-nt fragment
of Pr1; 592-ût Tragment of acirlic polymerase (PA);1,675-\t
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Table 1. Compâdson of nucleotide and aftino acid sequen(es of influenza viruse5 A/Netherlands/33l03 and
A/Netherlânds/219/03 with A/Chicken/Netherlânds/ l/03

No. of rubstilutions in A/NL/33/03' No. of substitutions in A/NL/219/03*

Virus gene s€gment

i . :'1{, .

&
a%l
!t.#

ffiw
i#
hw
ffi
ffi
iffi
lif$,
,*i
i.nf
i:-*.i

l;:rij
,i$

' ï

o
.i.À'*it

ijj:

:i*
,:'rw
it$
$#
f{ù11
;{s
lrqq

r$
;t$
:'.ii:
:$
,i-_:tl

Ë,

:1li
iil
:,,";î
r, _.:l
,.l..;1
:+:,1,

.,;;

;iii
ffi'trj
....it
.,t l

1 (P82)
2 (PBr)
3 (PA)

4 (HA)
s (NP)

6 (NA)

7 (MA)

8 (NS)

0
0
0
0
0
0
0
1 (K126R)r

2
0
0
0
0
0
0
I

8
2
5
4
l
5
0
1

s (S791, V2971, R3s5K. Q563R, and E627K)
0
1 (F666r)
3 (1135, A1431ând K416R)
0
4 (N308s. A346V, Trt42A, and P4585)
0
1 (V137r)r

nt nu(leolide; aa, amino à(id; NP, nucleoprotein; MA, matrix.
*sequênces were compâ red with thore of A/Chicken /Netherlandr/ 1 /03, a nd âmino acid subçtitutions are indicâted with resid ue 1 beinq
the stârt codon in the open reâding Jrame.

rAmino acid gubstitutions are inthe N51 open reading frame oTthe NS gene regment.

tragment of 1d4; 388-nt fragment of NA; 972-\t fragment of
matrk; and 587-nt ftagment of nonstructural gere (NS)l ofvirus
isolates obtairled from two patients, the wife and daughter of
a poultry worker, who were putative secondary cases of H7N?
infection. Wilh the exception of one silent mutatioû ir the ld4
gene, all sequerces were idertical, indicating that the virus did
not accumulate significant mutatiols on humal transmission.
The genome ofA/Netherlands/219/03, isolated irom the fatal
case, revealed 26 nucleotide substitutiols of which 14 resulted
in amino acid substitutions. Five amino acid substitutions were
fourd in the PB2 ORF, four were found in NA, three were
found in HA, one was found in PA, and one was found in NSl
(Figs. 1 and 2 and Table 1).

Discussion
Here, we describe the characterizâtioo of the AIV that caused
arl outbreak of HPAI that started in February 2003 in The
Netherlards and spread subsequently to poultry in Germany and
Belgium. This outbreak probably started with the introduction oT
a low pathogenic virus from wild ducks to poultry in whicb it
evolved to its pathogeric phenotype. This assumption is sup-
ported by the tact that no H7 and N7 sequences were mote
closel)' reiated to A/Chicken/Netberlands/1/03 than those from
virus isolates obtained irom Dutch mallards (25, 26).

ln cotrtrast to this H7N7 outbreak. llo cases ofbird-to-hùmar
transmission were reported during the HTN1 and H7N3 episodes
in ltaly. lt may be of interest to identify the determinants ofhost
range for these H7 viruses. Although the lL4 genes of these
recent H7N7, H7N1. and H7N3 are quite similar, they may still
play a significant role. Altematively, the Nl or internal genes of
these AIV may determine their capacity to replicate and cause
disease ir hùrans. H?NJ rhuses have caused disease on sevetal
occasions in mammals. They have been endemic iû horses fot a
Iong time (27), atrd they have caused outbreaks in seals and
conjunctivitis in hùmans when transmitted from seals or birds
(14, 15). Thereforç, H7N7 viruses may be unusual in their
zoonotic potential.

Despite their potertial to cross the species barrier, the Dutch
H7N7 viruses did not appear to replicate well ill the respintory
tract of humans because H3N2-infected individuals had higher
virus loads ir the respiratory tract than H7N7-irifected individ-
uals- These data sùggest that although the avian HTNTvirus may
replicate well in cells iû or close to the human eye, it generally
does not replicate to high titers iû the respiratory tract.

Coinfections with humat and avian viruses could have re-
sulted in the generation of reassortant straills, with enhanced
replication properties iû humans. We did rot detect dùal iûfec-
tions nor nonavian gene segments in tl1e H7N7 AIV analyzed,

1160 | !!!W.p.ôs.or9l'caildoi/10.1073,/p^âs.0308352100

suggesting that reassortment had not occurred. The human AIV
isolates, with the exception of A/Netherlands/219/03, also
revealed remarkably few mutations even when transmitted from
numan to human.

The pathologic changes in the lungs of the deceased veteri-
na an are consistent with a viral paeumonia together with the
seqùelae ofhigh'pressure ventilation, and they are similar to the
pathologic changes in the lungs found in H5N1-infected humans
(9, 28) and macaques (23, 29). Acute respiÉtory distress s)î-
drome and multiple organ dysfunctiotr associated with severe
bronchointeEtitial pneumonia wete detec:ted frequently in fatal
cases of H5N1 infection aIId also in the deceased veterina an.
The failure to detect influenza vius antigen in affected lung
tissue, despite the positive results ofRT-PCR and virus isolation,
may be due to the protracted course of disease. Pathologic
examiration reveuLled no preexisting disease to explain this fatal
course of H7N7 i ection.

One important question that remains is why the veterinarian
presented with such severe sJ,'nptoms and died. The veterinarian
was not immurocompromised and did ûot suffer from any
significant uûderlying disease. He was a smoker, had mild
recurrent labial herpes, and wâs treated for glaucoma, a recur-
rent mild âllergic blepharitis, and conjùnctivitis. He did not
receive an influenza vacciratior. A possible explanation for
the severe symptoms could be the accumulation of mutations
that may result in more pâthogenic properties in humaN,
for instance, because of enhanced replication in human lungs.
One mutation in PB2 (E627K) is of Darticular interest because
this mutation was shown to affect thè virulence of H5N1 AIV
in mice (30). Mutations ir HA and NA may be importaût
also, because these genes are determinants of the host range of
AIV. The addition of a potential N-linked glycosylation site at
position 141 ir HA may be of importance because changes near
the receptor-binding site or at the tip of HA have been impli-
cated in determining the pathogenic propÈrties of H?N? AIV
(31. 32).

As a consequence of our findings, the World Health Organi-
zation Global Influenza Surveillance Network has initiated the
development of test kits and candidate vaccines. In accordarce
with the World Health Organization pandemic preparedness
plan, surveillance and diagnosis should be enhanced in humans
and in susceptible animals ir countries where cases of H7N7
infection are detected.

We thank R. van Beek, C. Baas, J. Guldemeester, and T. Bestebroer for
technical assistance ând Jan de Jongfor critically reâdingthe manuscript.
This work was supported in part by grants from t}le Dutch Ministry of
Agriculture and the Eùropean Union. R.A.M.F. is a fellow of the Royai
Dutch Acâdemv of Arts ând Sciences.
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