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One-Year Sequelae in Patients with West Nile
Virus Encephalitis and Meningitis in Louisiana

Alan C. Ou, MD, MPH and Raoult C. Ratard, MD, MPH

Wiesl Mile Vires [WNV infection can be severe and complicated by nenminvasive disease, such as meningitle
anid iniephalitis. Mol muck is knnwn ghout the one-year sequelas following a complicated WHNY infection
Fenii [uly b Decemnber 2000, the firsd Lige entboak of WNY in the Soothem Undted S4afes oceprred in
Liowilsdama. This epideimic resalbed in 329 cases of WY indeclion islading 125 cases of Wes) Nile fever smil
I cases complicated by meningitis and encephalifis. One year later, dsring e Tall of 2009, & sebephone
swrvey wirs cmneducied I enderstand the ome-vear effocls of severe WNY Infections. WY case Tatality rale
was 1065, [healk omtificates of all the deceased were reviewed 1o verify iise martality rage from WY
imlectinin The telephome surery revealed thed one-year sequelar frosn severe WY infeclions are common
and can affeet be body snd sdind. In sddition, i con change a pemsan's pererplimm af the state of their health

wmt Ml Viens (WA wae fiest Idoodiled in
1937 in the West Mile district of Llgandn® In
1he past, the course of WY infection was be-
nign. bak only sineid 1957 in Jerad did the vinsleace
wosim with Hie ligsl natural cases ol encephalits,” The
lang-erm sequelae of seven: WY infoctons are nol very
well understood, even for the European WY epldemics
il il Badis 19 D D9, WORIY aias recegidiees] ko the
firsk diemer in the western hiemisphere sl MNew Yok, * bul
the seqquelae have only been dessribed up o eighd maonths
peilstnfectivn.  Hecent survelllance dals roveals ihal
cawes o human WY infectuns have sprend [ram e
sasl ool porves thee comtmental Unisted States 1o the west”
A WY becomes mire widespresd, i owill be impistant
fer cleniclans it anderstand il long-leren cumpepienoes
i mrvgme WY infectims
A WA epidemic oommrred in Lonistana from fuly o
Dhvcemuber 00 During ilss epldomic, 139 cases of WNY
tnlection were lentified. Among the coses, 208 pses
were complicated by neaminvasive diseass, such as
menirgits ard ercephalitie, and 13% cases were the more
mild aaud wvdoleit fore, Wesl SBile feviee* &hilu:r Wi
wsed B condien WY infection for all sispected WY
rases” The nomber of ases of WY B most likely an
underestimabe, since i bs likely bl qme of e people
witth the mose inchilesd comirse of WY inlection did noet
recognire the need 1o present oo physician for evalua-
thisis and thereloee wene nod diagnossd. This was he et
B anatbsteak of WY i Ehe sinaibern Linidi] Stadis,
Dhiring, the 263 negolar session of the Serade of the
Legishature of Louisiana, Senate Resofution Member 103
was pansinl which magussiod by Degartinent of Healil
arsl Hoespatals o stiscly thee imgeact of Wisil Mile vimis on
survivors of the tlness® As part of the regalar mandated
aciivities of the Oflce of Pulstic Fealil (00D, (Wi sur-
vy wis puriarmed, The primary’ chjectioe of This pager
is 1 discribe the one-year physical and pswcholigical
mrirbidily symploms in & populative bklected by WY

ﬂ | L ko B S WM 157 sy Vb, HETI

amd complicated by meningitis and encephalitis, Sec-
erdary ofjectinees are o compare the eeverity of the dis-
vace morbidity with regands g siverity of e ingial -
vt pitl dendgraphic chasacieristics, and b Ffind the
moetality rde doe o WY inloction.

POPULATION & METHODS

An the TYNY 1'|,Ili.|J|.lII.'|i| s aitthakhiig m WD, & murnadl-
lamen! system was pob in pace o onllect infoemation mbo
an Macrossi it IMS) Accese® database. [n arder 1o condoct
i crossesectonal sudy ane voar after the acule WY
mntection, informabion from this database was used o
caninct this cohort oF petients whie hod developed WY
encephalibs or meningitis

Friem Ui dalabsase, all 300 cazes Elal widiv |.1h'|.'||:-||_-l.|.'
diagnueed with contral nervous system (CMS1 invilve
ment were selected. One hundred swenly-seven people
comrpleted the siervey and will b pelereed tieas = s poid-
s,

Case Drefinition: Coses owere classified 0s mening)-
tis, encephalitls, or Aacckd paralveis basod on the (o]
lowing ek definiilee:

Al ez sl hove evidenoe of acuie viml infection
o the central pervous svatem induding one or more of
thee follwing™

+ fever =307 = TIHFFY or hypothermaa <355

+ nnabnormal cencbrospival Tusd CSF) profile sig-

eatingy a viral etinlisgy: & negative backerial stain
and cultwre with pleveytosis (WEHC = 5ols /o™
ar elevated progein kevel (40 mg /d1)

Al casies musl hove evideinoe of sl West Nile
wirnl infectivns which was confinmed by ests Tor spedific
WY anlihodes™ ™

+ ki acube phace seram by Bghd antibsdy caphaneen-

eyma lmked immuno-sochent assay IMALC-ELERA)
comfirmed by F||-:I.|.'|IJE neukralization aszay,



+ i pcucde phase C5F by MAC-ELISA

The climical clasgification was based on the follw-
mg, crideria:®

Encophalitis: Fvidenoe of CNS imvolvemwnt such s
altered meninl stalus Taltersd kel of conscimisness, con-
tusiom, agitaton, disodvmdnbaon, of lethargy] or olber cor
teal sigms (efamial perve palsbes, paresie or paralvais,
Farkinspnian sigra, bremors, ataxia, or convalsinns,

Meningitis: Clinical signs of meniageal irllanms-
tom inchicling, nachal rgidity, Kermig's or Brodeinaki's
sign, pholophobia or phonaphobia.

Aoute Flaccld Paralysis TAFPL Acule vesel ol sl
srwaleniss Wil it kisd proggression over 48 homrs ansd at
least two af the fodlowing:

+ apllesin Chyporellesia ol alfechal lhmnbis)

o abserce ol palp, parsthesio. of auimlness inoal-

fected Emibis)

+ plectrodiagnestic studies conssstent with am anbe

rioe horn cell pathological process

¢ spinnkcord magnetic-resomaroe imaging doou-

mentbig at abiormally fcncesed signal i the
anlerine gray malier.

The diagnaais af AFI* took precedence mocases ihat
also had Epmp o ard i signg I ] eiwephalitis ar mer-
il

Boctality: For ibe peeple whic wese reported g be
uad following WHY infection, dedail cortificalss were
reviewsd fo combirm the morality 2nd bo clarify whether
desth was 2 resalt of thee WNY inlection.

Telephon: 5'?‘““:‘: A sl ard semi-stiotumed Sele-
phome sirvey ws comdbuched from September 11, 2000 3
Oelotber 21, B0 o collect information an marbdéd iy, With
resphsd fis pesluuial sy, npends W st e
tnr providie infoematies andy on symptoms that may have
lingezed since the dse off thelr WY indection. To asziss
Hir ¢ Prigiee by Pinetional slalis, ruspriliids worre ek
aboud their lubbies apd cooupations at the Bme of their
mnfecton amd then at the Bmee of the Interview. To get a
ssvnaat ool A sty o morksilily, responcinds werd asked
t Fisk the nomber i hospitalizations they bave had snee
thee timne of their WY infection, the admiiing diagnesis,
and ihe acdmissian date, Each patieinl may have had
mulfiple hespitalizations [ollowinyg the aoite WAV in-
fesction pewsd.

Amalymis: The slits was enbered il an M5 Acoess®
database and analyacd asing Epd Info 2002 and M5 Ex-
vel. Satistlcal associations are expresesd with codde ra-
tie (LHAD el 95% comfidencoe intervals (10 of the OF
Morbedity dala was siratified by ape, race, and gender.

RESLILTS

Chit of 204 patients with neunoimeasive WNY disease, 37
pabients wese abready knowwn i be deceased befora (e
andtiatiom al the sevsyoar Ddlee-ap sy, Among ke
17 already deceased, 25 deaths were due (o complica-

Tahle 1. Du'r:gwpl'ﬁirﬂmhn of Besponden wres
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Herns aof WY, aned 2 deathe were duse i ather causes Of
the 177 semabiing patioiks b b mlervieasd, 127 cm-
pletesd the survey, 5 were diceased. and A5 did nit com-
et the survey. OF the 45 that did oot complete the sirs
vary, 4 rfused, and 41 conild ol b reachesd. OF the 177
inses pal docemsed, follow-mp was chlamed for 7E6% of
the casmis) for the 13 people contscbed by tedophsanie, 1w
Fass it balid, o ibw proporisn who cinmphded 8 sucos
araig dbose wlhis wiene combacted, was 0%

Responders Versus Non-respondors

When comparing people whe respocded and people who
il nod, the distribution of people amoeng fve age gougs

(0-79, Ji-4d, 45-58, AT, 7540 shewawsd o significant
dilference [p = AT and there was alao no signifont
difference with regards o gender (malke/ female OR = L2
] = L1T-112% Ifmplu wrmh.rqn'uhd Fassel o sy g
518D years do = [LA3L People who wene fan-responsders
had & mean age of 3001 vears (o = 304).

Wihils runpotiders were fol ditlefenl [rim nim-ne-
spereders with respect 1o age or gensler, there were ififfer-
ene im race ared clinkeal classification. With respect 1o
rae, BOAE af e whiles werd angd o) 5 ol ik blacks
wert respomidens (OR. = 274 Cl = 121625, [n addition,
H2 8% of paticnis with menmggiis and 5550 of paticnis
wilh encephalits were fspondens o the survey 10R =
Ak CT = OLITN 210, This difference does persist after strati-
fication by age growp f=ld ard 45 oge groups) with a
eummary Maniol-Haenszol, po= 00 A more detailed
comparisan of neponders versus noteresponders B pre-
eenled in Talble 1.
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Tahle I Crararernbos of & s Camplionted by Meranges | Tablr 3, Frequency of symptioms srong segandits win
v Encephalitis repmrte] il skl oo sympitin,
E_E'I_'riﬁ.llllll % Mamingikis | Sr-iﬂm % HI'I'HIHH!'H.
AB" Caruuprs e 4i=0% | R n=118
Iyuarsl [Maaris Chiermilic Hasdae b 114
-39 1L H Rl Faint Pain din
He44 123 Nk tlusscle Ache LU
1559 185 ELh Sensary Paresthesia 432
174 H1H 15.1 Tremar 158
5+ o7 m Mutnr Wiealniss L
 iRaganeln S ey Mental Geate  Alsersd Minlal Status 4.1
Cremnler T e Cuinfisling g
Wik 21 ki e gnnes Bl
Femisle 7T 6L C i i
O, =, TR, =Y Oikier Chs Shurred Speech ITH
HKmce w5y n==44 ¥isal Impaimmni 42
ek Nn L5 Audifory Imrpairmend Il
W hiss A4 i i Halamiy Pl 115
W Pl Théjsduiaiii nr
Anuisly i o
M-N'Hﬂ"‘,l' Hyperactivity LA
Emoiional Labrility Tl
Thae mmisan age I Lhi pm:plu Wb -d.n'ehped meningitis AZrremivity 1
was 4155 years I = LIHL For the presple who I-l-t'l-'i'hlprd Ajgitabin §5H
eowephalitis, the mean age was 5820 years (o= LML A Pk Ak |
comparison af olber demographls characiensiics inr pa. Chronic Fatigae 512
tienls with meningitis versas ihose with encephalitis i= Urimary Incoalinenoe (L1 J

prossied in Table 2

Answers ki whether the nllowkng emaining sipgns
and symptoms persisted were oblamed from palicnis
whin had swlfened from WY encephalibs. and meningi-
b Wiealoniss, incordinenoe, chronls beadachy, joind pain,
miscle ache, paeresthesies, tremors, altens] nenlal so-
lus, comlusan, slumed speoch. selzures, vasion problems,
|re-un=.n|1_ difFicultivs, halancs difficillss; chroaic fabpue,
epression, anxiety, hyperactivity, emaotional labiliy,
approstivity, agitatkon and pantc attacks. To psseds
whether severily of nearsnvasive dissase was o factar
in leveld pf monbidity, resposders whix had suffened Fram
mmeningilies wene compared 1o responders. who saiffered
tromn encephalitis

Chat o 127 responders, mine repartis] do ome-veat
srguitlar, and eeven anly had one sequela. Twenty-eaghi
repocted mone than 15 segielse. The irequencies of re-
parted symptoms nmong the the pogulation wiih
nusiavasive disoase whis n.-p-l.rrt-:-.i at liast ane symp-
jem ane presenied m Talsde 3,

There wiere v significant differences Betwsen thise
wil g itis arad epophalitls except for presence of
chromic headaches (21.5% among ml.'l.l.|.ll'||:l|-i|il- palienis,
LA4% amaong, meningitis pabents, OR = 036, C| = 1,15
(1580 amd pisdiory Imipalinenl C395 amony thoee with
encephalitis, 1329 oo thise with mendaglils, OF =
385 Ol = 1.39-11.05),

.\llhuu;g]- fhere was nal a statistically significant re-
labanship befwaren the follmving syiigaims. and the e
yerliy il WHNY neoroinvasive disease, the following
imepls wene olservisl: wieures (108N among, encephali-

B g i Mo Sor VOB 15T sy ebnany AN

tis patienis, 1.9% among meningibs pafienis, OF = 528,
o= 0k Vetalled Flsher's Exact), balance difficulties
(4929 ameng thaose with encephalitis, 3319 among
those with menimggtis, OF = 305, T = [LA-4691,

A BManeel-Haenszel test weighted odda mtio (H-
Y was callcvilaled 1 Like 6o secoanl he effect of apge
on chronic headache associatiom wilth menkngitis. 11
ahcnwed o significant diference in sach age stratum and
i wriphied Bl H-CIR af 1156 (C] = 0211483, The sme tesi
was psed i best the sssociabion betwies sudifney prob
lems apd encephalitis. There was a signifscant associa-
tiun Bedwoern encephalitis and avdliory lmpairment
amang those aged 45 years and ohiler (OR = B85 CL -
120047 90 buk miok amnng the younger age group aged 0
to &4 yars (0 = 155 O = 0210211 and the weighted
MH-OR was .51 {C1 = L12-1K170

Hospitalizations

Twenty-nane pereent of the responders b b lospi-
talimind ol ksl cnce after their inital bospitalization for
Wilgsl Pl fidections, OF all the responcirs, 189 were re-
admitted at lenst snoe for mesdicad probdenss thal were
rielated i WY miecbon, and TR6% were re-admifbed ot
legisk gpwcn (o pem= WY relabed neodical probdems. Strati-
fication by age group (044 vears old} andd alink il sarer-
iy 1=r-|.1-|1h.1||!i.| vemius meningiis) showed no sigmifi-
cank “-'.'m-lnmbhlp IMHEONR = BH6, OF = B2E-230 in b
pitalization rates.



Functivsmal Status

Taerty-fowr percent i the suspumslers had changed jobs
during the year alber thetr West Bile infection. Them was
i significant didfference (p = CUIH) Bebwean erivephalitis
cames [HLOFE} arel meningitis copes (5390 with nespect
£ peuipde changing jods, Stealification by age group 6144
weriie oldd anad clemical sevenity lemciephalllis vorsis men-
imptisl also shwed no sgidlizant Jillerense (MH-OH =
(LE, O s 13320400 wilh posjer] b occupatinnal stafuos,

Forty=pane pereent of the responders chaeged ibweir
by or lei=ure activites within the vear afier the Wess
Mile infection. With respect i changes in bubby, there
wiak i algnllicand difference {p = 0320 bebween enoopha-
lklks cases (43,18} and meningitis cases (JL1E), When
stratifying the nesules Iy age, hinvver, o ssgnificant did-
ference was nistind Ielieen hobby staliss and age (O =
036, C1 015084 With increasing age lage +45), thepn
wis increasing lkedihood that 6 change in bbby we-

curred  after WY  dpfection  complicated by
nitarsiyasive disossie,
Mlortality

AL thie end pd 262, ibene woene 37 deaths ecoeded among
[[FS vrrphalitis casies, 15 were altribobed o WY dis-
ease complications, 2o other comditioms, During the
survey of the papulatien that developed severe WHY
cidmigilcatiicng, an sdditiomal 5 deaths were recorded,
atirdbpdesd o WY, With & iodal of 30 Geaths over cosis
(2 = 41 not contacted), B caso talality mbe was 196%
arniisg s with meeminvmive WHNY discase over ane
wer, Thae case Fadaliky mabe wae 3% for age O o 44, 9% bor
the agge proup 45-59 159 for these B0 78 and 399 far
those 75 and alder. The overall cose falality rabe was not
calevilaied Ieause the ol number of cases, 5349, 5 mins
likely an underestimate. and caleulation usivng this fp-
e woukd pot be accurale

DISCLISSI0ON

Che varar after thiey were indocted swith the Wess Nile Wi-
rus, Ihe resporse rate tis the |u|ip1u:ne survey wis high
(R} and peogile war Otien b this surveillasce; the sur-
vy was el reoemvisl.

Thes survey would oaly be marginalby alfscis) by the
non-respaise of pableigs since fhere was o sigdficant
diffarency batween responders and nios-respondess iy
e amid gender, This was nob the case for raoe, nig frrci-
ous studies i Louslans hive sbown no sigrificant dif-
ference in clivical severity of WNY infectian by mce. Per-
haps race, which is pesocated with seckicesdmic el
affected how permanent comtacy infosnsadion, such ns
addresses and folephone numbers, existed in certain
Ivirszchodds. This, in tum, woald affect the miervlewer's
ability to contact people, which would aifece resgHm S
rates amang diiferen papulations,

Wit Mile mbection usesd to resuli in mdld isndalesi

symphormss and a fever, bub since the 19508, the severity ol
niss las worsimed, Recent ohservations in Euirenn arl
Mew York City show a shift 1 dissase that B mone
newrpenvasive. With thile shift. it appears that ope-ywear
sl kv gssociphed with severe infection, The nealis
ol fhis stisdy reveal that there ar, lscoed, invpartant one-
vear sequelas asspelabedd with Wess Nile infection. The
mosl commmen s yropsemes among the infecled e o
fnbigee (54.290, wenkness (0%, muscle pohe 149,25,
mint pain (B66%E and agiation 45850 In addstion,
there wer wini sissis changes nssociated with Wy
mrurninvasive disease with regards o hobby and wiork
with o statmtically sigmdficant chasgye i hubih:,.- amang
chder patients. Lidostisnalely, this study i limited by the
fat thal Ibwere wing no combrol gramp 1o coampae wiils the
imbected patients wihien locking at the presence of ssquelae.

It is urclear how' lactors, such as age, may inbersct
arad aifect the fndings ol this study. With icreasing
ap, there seems fo be higher morhidity, 1 s possible,
hewever, that ssme of B sogquelae that wene stodied in
this paper want simply e commen with oéder people,
reggardliss o whither people were Infecied in the sl
with WY, Perhapa the neuralavassve complicataoms al
WY caused the rades of sijusbae 10 be higher in older
A greps companed fo the uninfected. Comparing skudy
resspumiders with a control groap cowld have clarifsd the
bachground rale of ihy sequelae  that were
shisdied.

Oither Hmvitations to this study include the Gt hal
sepuelae, fonctional satus, asd hospilafization events
were self-reportid. For the e allotied o do this sur-
vielllanee study, 18 wis not hsgble o pull all the awtps-
thuiel anil bospital charts of responders 1o vorlly B ex-
istemee and sccuracy of thess symploms and hospital-
deations. In addithin, the maortality rate may have been
urslerestimudl. For the people who were nis-gunp -
ers, A neew of the stale death g lsery cisild have clari-
fied if some of ibese people wione dicessist or nok. bot due
Eir Hmee limbntions, this also was not performed.

Pasible means of pathogenests with regards i
reurninvasive distase includes weakening of the blood
brain barrier throujth chronic condibions, Industrialized
ceimbris, #ich as Bomiamis ancd the Dinided States, swhiere
recent WINW puibrenks have cooarmed, ed 1o ave high
prevalences of chronic diseases ol the dreolatory ays-
tene Past oheervations lkave shown that with a WY
Infection, chromlc conditbons, suck as diabeics smd
fenTumesupression, may predispose o pema o desl =
[l i poasible that certiin conditions, such as diabetes
wiiellitup and hypertension, contrbuts o e inceased
permueshibity of blood vessels duse 1o thaly debetiious of-
fects on Hhe micrvvasculabuee. Witk I-rp.u,g.- sl i place,
the West Mibe virus could essily pass irom the Hood o
the beain and cause nrarminvasive disease a8 waoll je
incressed mortality. Unfortusataly, this type of mfarma-
ton cannol pevessarily b gleanesd from the death certifi-
cnbs 1hal were availoble for review. Perhaps fstum m-
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Jinrrsal od fhwe Loosisra Slane Ml Sooety

search ool clarity the eHect of other co-marbid conadi-
tans sn thie severite of WY infiscbon

Mary o ihe oyl sijuska are non-sgeacific and
arw a sl ol plgsical impaermend. A large perormbage
of cases may alse bave residoal sympioms due o pey-
chalogseal effecis. When the West Mile Craibroak coourred
from July o December 20002, 18 wie g majior adio snvent
and cassed musch anzicty amang the population. At that
temie. WY infection was mysherious, lerrifying,. poten-
tially life-threstening, and iis king-leem effecls wene un-
ke b o gevserad public. Studies have shown ihil
insilepake iy Bndie msss panic in o popalaton® ALl
1Ee abtentien and snsdety surroueding the outhreak could
have predisposed peaple to increased psychalogical
travima dusing the epidemic. Evein ionigh e aoahe WY
Indectinm s oy oever, perhaps the kigh mee of seliper-
teplion of peor health siokies is 2 residual effect of e
anaiety and traema that sesudicd from tbe WY inlecs
tinn | fuinire years, ae people bugome o Bamilior wigh
the sHedts af WY induction, pethaps ibe ansocky ahoat
WY patbreaks will decrense, and seli-perception af
health: siatus of lke recently mfected will invprove. Fu-
fuire mescarch of the F-ay.:hluglcﬁl. aRght ol WY inif-
Phir s ol an dontpasadive studies, possibly between
the LS54 and Bomania muthreaks, coold serve o eluct-
ik thise theories fariber.
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