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In troducti o n 

The f i rst part o f thi s r eview dea l s with th e epidemiol og ic assessment an d 
current status 'Jf acute viral infections o f the centra l ne r· vous s y s Lem (C NS) 
occurring in th e Uni ted States . Th is assessment i s performed in terms of c l inica l 
sy ndromes ( asep t i c menin g i 1 i s , encep hali t i s and p a r a lytic po l romye l it i s ) as these 
are encount e r ed in medi ca l pr ac ti ce . Th e nexL t op i c considered r e la tes ro t he spe-
cific vir a l e tiol og ies of t hese synd r omes. ~lhic h agents are mo s t commo nl y i n -
volved? Ar e any trend s i n incidence di scer nibl e? In 1vhat per cent of cases ca n _no 
et i ology be ascer ta ine d? Th e an swe r to this l as t quest ion is r e l ated bo th to 
met hodology (v i ru s i so l ati on techniqu es, anti ge ns ava ilab l e fol'" serolog ica l tests) 
and criteri a for case inc l u s ion . 

A d i scu ss ion of herpes simp l ex encephal i t is would appear esse11tia l becuu se of 
th e recent ava il ab il i t y of a promi s i ng the rapeutic agent in thi s i nfrequent l;u t 
oftent i mes l e th a l disea se. Finally, p r·ac t ical sugg est i ons a re adv anced r e l ated to 
the et iol og ic wo rkup of CNS vir· ai i nfections. 

The following genera l references are r ecommended: 

1 . Vir a l encepha l it i s. A symposi um. Edi ted by Field s ,~/ . S. , and Bl at tner, 
R. J _ Ch a r l e s C. Thomas, Publi s her . Spr i ngfie ld , Illinoi s, 1958. 

2. Encep ha l it i des . Procee d i n gs of a Symposium on the Neu ropatho l ogy, El ec tro-
encephalograp hy and Biochemistry of Enceph a li t i des- Edi ted by Van 
Bogaert, J., Radermecker , J., Hozay, J . , and Lowe nth a l, A. El sev i er Pub -
li shing Co., Ne1o1 ';'ork, 196 1. 

3. In f ec ti o ns of th e Ne rvous System . Associa t ion f or Research in Ne rvous and 
11enta l Di sease. Edit ed by Zimmerman, H . M. 7he v/illi ams & Wilkin s Co ., 
Ba l timo r e, 1·\ary l and, 1968 . 

I t has been found u se fu l to cla ss ify vir a l infecLions of th e CNS into var i ous 
syndromes . Of hi s to r ica l i nt e rest are Wa llg ren' s crit er ia for a septic mening iti s 
(4,5). 

] . Acut e o ns et v-Jith ob v i ous s i gns and symp toms o f meningea l invo lvement 
2. Alt e ration of cerebro spinal flui d typi ca l o f meningit i s. Th e cerebrospina l 
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f l uid may show u smal l or l u r ge numb er o f ce ll s 
3. Ab sen ce of b ac t eria i n ccrebrosp i no l f lu 1d, as de,TJon s t. r ated by i'lppropri a t e 

di rect or cu l tura l Lc:'C hni ques 
4 . Re l a tive ly short benign course o f illness 
5. Ab se nce of l oca l paramen i ngeal infect ion (ot ,t i s, sin •Jsit,s, tr auma, ere .) , 

or a genera l di sease wh ich migh L present men ing, ti s as a seco n,Jary manifes
t a ~ion 

6. Ab sence f rom the coJnmunity of ep i dem ic dis ease 1n which mcn 1ng 'lis is a 
f ea tu re 

A c l as s i f i cat i on that is gene ra ll y recogn :zed f o l lows (6) : 

Asept ic men i ~l!__~ : Acu te onset of Feb ,· i l e i !! ne ss v11 th s ign s and sym]Jt O:ns of 
men i ngea l invol vement, pl eocyt os is and steri l e CSF (c u l tu•es nega t 1ve f o ~ bacter ia 
and fungi) . I ll nesses se l dom excee d t eon days ' dura t ion and reco ver y i s wi thout 
seque l ae. 

Encep ha li tis_: l-1enin gea l signs p l us c l in i c a l evidence of mo re deep - sea t ed neurolo -
gi ca l i nvo l vement (foca l para l ys i s, d ; so r icntat ,on, stupor, e>(Cess ive d•·ows i nes s , 
convul s i o ns, t r emor, ataxi a , s l ur r ed sp eech, p atho l ogica l r eflexes) . 

Th e catego r y, .J!l£.1'!inq o£_n_c!:.P_~~.?_ , p(obab ly should be· di sc a r ded i7' f avo r of 
encepha li ti s . t1os t pati ent s 1~ it h en cephal it is have mening ea l s ; gns and the te r m, 
encephalitis , gives precedence to t he mo ce se,e r e signs and svmptorPs. 

P ara l y_!_l_u:>_~omy~l~: Acu t e f ebri l e on set, meningeal · irr ita t i on , p l eocyto s i s 
a nd persisten t f l ~ ccid p ara l ysi s, wi thout ob j ective ev , de nce o f sen sory de f ect or 
cortica l damage. 

[ Cases 1<1 ith res i du a l flaccid para l ys is (60 d<Jys a f ter onset) and compa t· i bl e 
c l inica l an d ep idemio l ogica l f eatu r'es a r c designat ed in the ph r ase, " t h P. bes t 
ava i l able p ara l ytic po l iomye l i t i s case count '; b y th e Na~io na l Con•rnun icab l e Di sease 
Cen t er (N CDC ) an d represent t he mo'>l reliable i r>dicat i o " of th e numbe r of para l ytic 
il ln esses of poliovirus etio l ogy (7). ] 

I nappa r en t in fecti on : L aborato r y ev idence of vira l i nf ec t <on i •1 t he ab se nce of 
c lini ca l symp tomato l ogy. 

Q_tJler : (F ebr i l e headac he, tran s11erse mye l it i s, et c .) 

"- I ncidence and ~1o rta l i t y 

Becau se o f variab l e r eporti ng , it i s di ff1cult to arr i ve at exac t numb ers of 
ca ses with th e d i ff e ren t cl!nica l syndromes - The ]J r o!J i cm i s compounded by the fact 
t ha t, in t he pa s t, pati ent s wi th i nfecl i on s of t he CNS secondary t o mump s an d 
l ymphocyt i c choriomeningiti s have bee n cl as s i fi ed and r epor ted as ca~es o f enceph a
l iti s, a l though i t i s ~Aiid e l y ' ecognlz ed t h at che sc v irus r~s n 1o~ t com1non l y cause 
asepti c me ni ngi t i s . vlilh these co n s i de i· at : o n s in mi nd , su rve, J ian cc d ata fc.· r 1967, 
the most r ece n t complete y e <Jr for v1h ic i1 s La t· i s t ics ar e availab l e , revea l th e foll ovJ
ing (T abl e I ) (7,8,9) : 
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TAB LE l 

Surve ill a nce of Vir a l Infectio ns 
o f the Centr a l Nervo us Sys tern 

Uni ted States - 1967 

Syndrome 

As ept i c me nin g iti s 

Encep ha li t i s (i nc ludi ng 
mu mp s, LCM and cases 
as soc i at e d wi t h chi l d
hood illn esses ) 

Pa r a lyti c pol iomye lit i s 

No. Case s - ----
3,082 

2,368 

40 

5,490 

No . Deat hs 

245 

Sec ul ar Tre nd s . Th e numb e r of cases of asept i c me ning i t i s reported in the 
Un it ed St ates by mo nth a nd year i s s hm~n . The expecte d s umme r pea k, characte r 
i st i c of enterov iru s i nf ect i o ns, the most common cau s e of aseptic me ni ngitis, 
occurs year l y (Figu1·e l) (9). 

REPORTED ASE PTIC MEN INGITIS CASI: S BY WOIHH , 1963 - 196EI 

- ·~ 5 00 3 

~ ' "" 
i '" 

FIGURE l 

The in c i de nce ·of r eported cases of e ncepha li t i s i s a l so high es t in summe r. 
Pa rt of t he va ri a t i on in peak i nciden ce by ye a r ca n be re l ated to the occurre nce 
of ep ide mic s o f a rbov ira l e ncep ha l itis ( F i gu re 2) (8). 

i 
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REPORTED CA SES OF ENCEPHAL ITI S BY MONT H OF ONSE~ 
UNITED STAT ES , 1962- 1967 

\ 
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F I GURE 2 

A seco nd lesse r pea k in encepha l it i s case s occurs eDch spr i ng, coinc i dent 
wi th in creased number s of cases of rub eo l a, rub c l l a, var i ce l l a a nd mumps . The 
he i ght of th i s second peak '"ou l d appear to be decreasing by yea r. Thi s decrease 
i s re l ated to the diminish e d incidence of rubeola afte r wi des pread i mmuni za tion 
campa i gns. 

As expected, the in c ide nce oF para l ytic po li omye li t i s has decl in ed mark
ed ly s ince the in troduct io n of effective i mmuni z in ~J age n ts [ inact i vated po l io
my e li t is vacc i ne (IPV, Salk), ora l po li omyel i t i s vacc ine (OPV, Sabi n)] (F i gur e 
3) (7) . 
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A d i st urbing note s ho ul d be r a i sed in r e l a ti o nsh ip to p a r u lytic po liomye
liti s, hovtever. As c ase r ate s have declin ed , th e necess ity for i mmun i za t ion ha s 
see me d l ess ur gent . As a con se quence, the i mmuni zat i o n s t a tu s of pre sc hoo l 
childre n (< 4 years of age), p ar t i cul a rly from l owe r soc i oeco nomi c cl asses in 
c e rt a in a reas of the coun t ry, i s l ess than de s ir abl e . I n 1968, the Nationa l 
Immuni za ti o n Surv ey revea l ed th at 10 . 5% o f U.S . c hi l d r en l- 4 yea r s of age had 
received no OPV or IP V. Thi s f i gure decreased to 3.3t for c hil d r en 5-9 yea r s 
o l d, s i nc e i mmuni zat i on i s often accomp li s he d \'tith e n try int o e l ementary schoo l. 
Thi s lowe r ed i mmun iza t ion sta tu s coup l ed vJ ith fre e mo vement uc ross the u. s.
Mex i co bo r de r l e d to 66 ca ses of pa ralyt i c po l i omye l i t i s i n Te xas in 1966, 9 
cases in 1967 and 20 in 1968. The major i ty of these cases occurred i n ch i ldre n 
< 4 yea r s of age . Th e geograp hi c d i s tribu t ion of 1968 c ases shows the c lu s ter
in g of p a t i e nt s i n Texa s (Figur e I~ ) (?). 

PAR ALYTIC POLIOMYELITIS CASES BY COUIHY 

~-·\:~ 4 •• , 
• jY" 

~i 
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Hum an ca ses o f arthropod-bo rne encep haliti s vary marked l y by yea r, r e l ated 
to the occurrence of epidemics (T able 2) (8). 

TAO LE 2 

Human Cases of Arthr.EJ2od -Borne Enc epha I it i s 
1955- 1967 

Etiol ogy 

Yea r WE EE SLE CE Tota l 

1955 37 15 107 0 159 
1956 Lf7 15 563 0 625 
1957 35 5 147 0 187 
1958 ]i-II 2 94 0 23 7 
1959 14 36 11 8 0 !68 
1960 21 3 21 0 45 
196 1 27 I 42 0 70 
1962 17 0 253 0 270 
1963 56 0 19 I 76 
1964 64 5 '-17 0 11 2 582 
1965 17 2 8 58 59 29 7 
1966 Ll7 4 323 6[1 1+38 
1967 18 II 53 83 

Sp ec ifi c r ecent events un derly ing some of thi s year l y va1 i a tion can be li sted. I n-
cr eased numbers of cases of \~e s t e rn equ in e enceph ali ti s (HEE) occu rr ed in 1965 , 
part i cul ar l y in Colorado, after f l oo d ing of the Sou th Platte and .1\ rl ;ansas Ri ver 
bas in s . In 1967., an ep idem i c of St. Louis encep halit i s ( SLE) occur red i n t he Tampa 
Bay area, Fl or i da (10) . I n 1964, major SLE ep i demics occurred in Houston, Texas, 
and the De l awa r e River Va ll ey , Nel'l Je r sey and Penn sy l van i a (1 1- 13) . In 1966, SLE 
ep idemic s occurred in Dall as and Corpus Chri s ti 1 Texas. The 1959 Eastern equine 
encephali t i s epidemic i n New Je r sey has r ecent l y bee n ext ensive ly dcta i l ed (14··20). 
Thi s epidem i c caused severe prob l ems, r e l a ted no t only t o the seve rity of the el i s
easeand t he high inc idence of seq ue l ae in survivor s bu t a l so becau se cases v1ere 
occurrin g nea r r esor t a r eas a l o ng the New Jersey co ast with r es u l t ant eco nomic 
lo sses. Fol l ovling the r eports of ch il dren in F l ori da and \~ i ~;cons in ~,Jith encepha li 
ti s clue t o Californ i a encephal i tis virus (C EV), thi s an tigen .ha s been used incr eas
ing l y to e luc i date the e ti o l ogy of cases of encep halit· i s occu rri ng in the summe r 
( 21,22). CEV in fection s occur througho u t the country, predominantl y from rur a l 
areas and par t icul arly f r om t he midwes t (Oh i o, \-l i scon si n , Ind i ana ) . CEV has been 
i so l ated from mosqui toes in bot h Bea umont and Ho us ton, l exas . Th erefo r e, t hi s 
arbov iru s shoul d be co ns ide r ed in the dif ferent i a l di agnos i s when ch il dren, part i 
cul arly boy s, fr om rur a l Ea5t Texas pr esent ~v i t h encep ha li t i s. 

RefereQ_ces: 

1.~, \o/ a ll gren, A. Une nou ve ll e ma l acl i c in fect i euse cl ue systeme ner v eux.centr a l? 
Act a Ped i at. 4 : 158, 1925. 

5. Ad a i r, C. v. , Gauld, R. L ., and Sma de l, J , E. Asept i c menin g iti s, a d i sease of 
di ve r se etio l ogy: c l inica l and et i o l og ic st udi es on 85 4 ca ses. Ann . ln t . Med . 

39:675, 195 3 . 
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6. /·1eyer, H . M. , Jol-> nson, R. T . , Cr av1 ford, 1. P., Da scomb, H. E., and Ro9e r s , N. G. 
Centr a l ne rvous syndromes of " vira l" e ti o l o gy_. A s tudy of 7 13 c as es . Am. J. Mcd . 
29 :334,19 60 

7 - Neurot •·op ic Vi•·a l Diseases Su rvei l l ance. Annual pc'Jliomyeli Li s surnmar y - 1968 . 
Nat i ona l Commun icabl e Di sease Cen t er . u.s. Dep t . of Hea lth, Educ a ti on , and \•le i
far e , /\ t I a<1 ta, Ga . 

8 . Neuro tropic Vi r a l Diseases Survei l l ance . Annu a l encepha l iti s su mrna 1·y - l 967 . 
Nat i on a l Commun ic ab l e Disease Center. U .S. Dept . of Hea lt h, Educat i o n, and Wc l -
f a r·e , A t I an t a , Ga. 

9- Ann ua l Sumrn ary-1968 . Aseptic /4en ; ngitis and Non- Po l 10 En t erovir uses. Nat i on a l 
Commun icab l e Di sease Cent e r. U S. Dept . of Hea lth, Edu ca ti on, and We l fare, 
Atl anta , Ga . 

10 . Bond, J , 0 . , Quick, D. T . , Witt e, J . J ., and Oa rd, H. c. The 1962 epidemic of 
St. Louis enceph a li ti s in F l orid a. Epidemiologic observations. Am. J. Epid. 
8 1: 39 2, 1965. 

11 . A coop era t i ve s Ludy. Epi demic St Lou i s encephaliti s i n Hou s ton, 1964 . JAM/\ 
193:139 - 146, 1965. 

12 . Luby, J . P., Mi ll er, G. , Gardn e r , P . , P i gford, C. A., Henderso.,, B . E . , and 
Edd i n s, D. Th e epid em io l ogy of St . Loui s en cephil l it i s in Ho u s t on, Texas , 1961-+. 
Am . J Epid . 86 : 584 , 1967. 

13 . A l tm iln, R., and Go l df i e l d, M. Th e 1964 outb reak of St. Lo u i s encephaliti s i n 
t he D e J a,~ ar e Va ll ey. 1. Desc r i p t i on of outbreak .. Am . J . Epid. 87 . 457, 1968. 

] l t . Go l dfi e l d, /1. , a<1d Sussma n, 0 . The 1959 ou tb reak o f eas t e rn encephalit i s in 
New Jer·sey . 1 . lntroduc t•on and des cription o f outbreak - A1n . J . Epic!. 87: 1, 
1968 . 

15 . Rowan, D. F, Go l dfi e l d, /"1 . , v/e l sh , J . N, Tay l or , B . F . , and Sus sman, 0. The 
1959 ou tbreak of eastern enc eph a l itis i n New J e r sey Am. J. Ep i c!. 87: 11, 19 68 . 

16. Go l dfi e l d, M. , Tay l or, B . F., and We i sh, J . N . The 1959 ou r b reak of eas t er n 
encepha li tis i n NevJ Jer sey. 3. Serologic s t u d i es of c li n i ca l case s. Am. J . 
Epic! . 87 : 18, 1968. 

17 . Go l df i e ld, /·\., vle l sh , J . N., Tay l or, B . F . The 1959 outbrea k of eas t e rn 
enc eph a l 1Li s in Ne1r1 J ersey . 4. CF r eact i vi t y f o ll o~t1 i ng ove r t and inapparent i n-

'-... f ec tion Am. J . Epic! . 8 7 23, 1968. 

18 Go l dfi e l d, M , We l sh, J. N., and Tay l o r , B . F Th e 1959 outbreak or eas tern 
encep ha l iti s : n New J ersey . 5 . The i n g:Jp arent i nf ec tion : d i se ase r il tio. {-\m. J. 
Epid. 8 7 : 32 , 1968. 

19. Go ldfield, /1 . , Tay l or , B . F., and \•/e l sh, J . N . Th e 1959 ou t breilk of eas t er n 
encepha li t i s in New Je r sey. 6 . Th e frequency of prior i nfec t ion. Am . J. Ep i c!. 
87:39, 1968 . 

20 . Go l df i e l d, M., Tay l o r, B . F . , \~e l s h, J . 1~ . , A l tman, R. , B l ack , fl . C. , Mazz u r , 
S R., and B ill , J. s . The pe r s i s tence o f ea s t e r n encep ha l i t i s se ro l ogic r eac
t i vity fol l ov1 i ng overt ond i nappar en t human i nf ec t i o n--an e i gh t year f o ll ovJUp. 
Am - J . Epic!. 87 : 50 , 1968 . 

2 1. Quick, D. T. , . Sm i th, /\ - G. , L evo~ i s , A . L . , Sather, G. E., and H ammo n , \~. 14cD. 
Ca l iforn i a encepho lil i s v i ru s i n f ec t i on: a ca se r eport . /\111 . J . T r op . Mecl. & Hyg. 
14 : Lf56 , 1965 . 
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22. T hompson, ~~- H., Kal f ayan . B, ano Ans lo·,, , 8 . 0 ! so:ation of a Ca! ;f o •·nia 
enc cphal • tis g·oup v • • '-' 3 i r o n1 a !"acal hun' a:l i iJ ne 5s - Am . J . Ep i d . 8 ! :245, 
1965 . 

S i x se ,.i es of cases of CN S .. : ·al infectio11s have !Je.en r ev <e,,te d (6, 23-27). I n 
eac h o f these ~e.ries, an ac•. en,p· hc,d ~eer. n1ade !O cletermir·,e tlw sp ec • f i c e tiologic 
d i ag nosis i n as many ca ses as pcss • :>le Th e fo i i o;v•'lg f aC'o<~ WOCJ id appear to in-
f l uence Lh e success of ~ 1 c r stuc• :o> s 1) C-qer i a fer case i nclus i on l·!a'l)' non -
vira l condir•ons ca n sim: a •.c CN S _.:.-al . n fectio., :; a"d :t •s i P;po<tan t t o exc lu de as 
many of these c ases as t s reaso,·-a~ l ~· ;)cssibls . 2) ·~ · rn i <'g, nun'~· e ' and typ es of s pe-
ci men s subn1itted fo r ana:ysis Spr.c:mens shou l d be sub •r. i<ted f,om pat i e'lts ea rly i n 
t he cour· se of i I ! ness l~u ! t •pi e spcc i1:>e ns ar·d tho se frorr. d , f fe.r ent so u rces (stoo l , 
CSF, t h roa t sv.1abs, etc. ) increa se. tr. "" i ike i •C,ood of d • agnosi~. 3) Vi r u s isolation 
t echniqu es s r-culcl inci ude t he us e of both p<·n'a ' y monkey k i dr<:>.y t issue culture and 
suckling mice , at l east So!Tle Co x s ack i e A v::us s~ra • ·· s are read •ly iso l ated o n ly 
in su ci< l ing rnice . 4) Nec ess a •· ' ly, ! hese studies h a·,e us u a ll -y ··e] i e d on v i ru s i sola
ti on± se..-o l og i ca l ev i denc.e o< i nfE:ct ;o .-. wi th the horr•otyp : c ente~ov i rus. Due t o t he 
mu l tiplicity of enle n)V I ~a l types (C oxsackie v · <u ses of G· o up A, types I - 2Lf ; Cox
sac k i e viruses o f Grou o B, types 1-6. a'ld ECHO v ; ruse s, types 1-34) it i s not pos s i
b l e to t es t fo r i nfect i on '"-' i th mos t r:;f t l··ese a genr. s by ser o l ogical mean s a l one (28). 
Conceivab l y, i f thi s vJer e poss;b:e , c-a ses of ir.f8cl ion i q wh ich the v ir us -~as not 
i so l ated might be detec t ed Th e numbe r of such cases shou l d, however, be sma l I . 
5) Ant i gen s u sed for se.ro ! ogi c a l d:agr.os : s These s tu d . es have, Loa v arying ex
t ent, t es ted pa ir·e d sera againsr. a per i i"enL f1un>ber of ant;gen s , e .g . , Coxsack i e 
vi r·u s A-9 ; Coxsack ie vi·uses , Group B, mt.:mps, lyrnphocyL : c c ho r• omen ing i ti s (LCM), 
herpe s s imp l ex v •r us , po iiov•nJses, types 1·· 3, appropr i ate a~bov: ,·uses , etc. CEV 
antigen was not used p r •o r t o 196L1 and "''as no t •Pc l uded in any of the se ri es ,-e
viewed 

To ill u s t r a t e t he d.fficu ! ti es assoc • ated vJ ith ca se se l ec t·on, t he differen-
tia l d iagnos i s of C I~S vi.-a' infection <, 1vill be .- ev i e1·.1ed Of 120 p at ient s r efer red 
to a Scott i s h hos p i t a l as ca s-:s of encepha l :r: s, 52 \·Je -· e fo un d dur· • ng i nves t • gat i o n 
t o have other co nd; t ion s ( Tab le 3) ( 29) 

TAB L E 3 

Cereb;-a l ab sce s s 8 
Cer ebral tun,or 8 
Suba ra c hno· d hemor rha<Je 7 
Cerebra ! a t roohy 6 
Di ssemina t ed sc lcros • s 5 
O cc lu s · ~e cerebrova scu l ar lesion 4 
Tuberc u l ous rnen •n gi tt 5 3 
I d i opath i c ep• l ep sy 3 
Subdural hetPatoma 2 
Polyneurir1s 
11yo ca rd i a l :nfarct 
Dr u g overdo ~e 

I d iop a t hi c hypop ara t hy ro • dtsm 
No diagnosi s made 

Tor oJ 1 : 

2 
1 
I 
1 

1 
52 
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Although extens i ve, t hi s li s t does not inc l ud e many ot he r i mro r tont d ifferen-
tia l di ag nost i c con s i derat i on s. Prom i ne nt amo ng th ese are pa rti a ll y treo t ed b ac -
ter i a l meningit i s , ear l y b ac t e r i a l mening i tis (rare), ea rly g r anul on1atou s menin g i t i s 
(tub e rcu l o s i s , fungi), l ep t osp i rosi s, b 1·u ce ll os i s and syphil i s . 

All the bia ses mentioned mu s t be co n s i de r ed i n attcn1pt ing to as ce r ta in ~~hat 

p erce nt age of CNS v i ral i nfect i on s a re, in fact, cau sed by un kno vm agent(s) . The 
proto type of t he se stud i es i s t he continuing ser i es of in ve st i gotio ns pe rfo rmed at 
th e Wa l te r Reed Army I nstitut e of Res ea rch (5,6,23) . Pat i ent in format i on an d spec i 
mens vJere sent to \-/ a lter Reed fr om various mili tary and Vet e rans Adm ini st r at i on hos
pit a l s ; > 9a'lo vJC re hos p i t a l i zed in t he U .S. Th e r esu l ts of th e tvJO most r ecen t 
published st ud i es can be summar i zed as fo ll ovJs (Tab l e 4) (6,23). 

TAB LE /-1 

Spec i f i c Etio~y of CNS Syndromes of 1/ir o l Et i oloqy , 
Wa l t e r Reed Arrnv In s ti t ut e of Res ea r c h 

( 1953 - J9.sn ( 19s8- 1 ~63l""' 

T Number 
------- --· -----

of Cases w ith I ndic ated C 1 in i cal Syndrome 

(1 953 - 1957) ( 1958- 1963) 

Et i o l og i ca l 3:)> rn 0'"0 -1 3: )> rn 0'"0 -j 
CD tf> ::J - · OJ 0 CD "' ::J -· OJ 0 

Agent ::J r.> () "' 
.., rt· :J CD () U1 -; rt 

-· '0 CD (I> OJ ~ 
. .. '0 CD (0 OJ OJ 

::J rt ·o OJ - ::; rt '() OJ 
_ .. 

lD -· :::J' Ul'< <.0 -· · :r tf, '< 
-· n OJ CD rt -· () OJ CD rt 
rt ,.,. 

() -· () 
tf> rt "' rt 

tf> tf> 

-------
Mumps 68 22 9 1 28 11 40 

LCM 38 20 0 58 7 0 0 7 
He rp es s imp l ex 6 13 0 19 2 7 0 9 

Poli o 38 5 11 3 156 18 5 66 89 

Cox sack i e A 0 2 0 2 18 1 0 19 

Coxsack i e 13 77 2 80 71 4 0 75 

ECHO 51 53 55 3 59 

A1· bov i ru ses 3 20 0 23 3 5 0 8 

Othe r 6 1., 0 10 0 7 0 l 
------·----- --------------- -

Tota l St udi ed l+ 1 2 128 1 ,_,,_, 84 107 556 -·-----·-- -----
% Unknovm Etio l oCJy 30"/o 30% 1 9"/o 28"7., '-15% '-1 tJX. 36% 44% 

-··------·---·----------· 
··- Re v i sed to .':xc l u de cases o f lep to sp i r os i s and tub e r c ul os i s 
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The per ce nt of cases of CNS vir a l inf ec t io ns of unk nown e tio l og y in the s i x se r i es 
revi ewe d c an be compared (T ab l e 5) (6, 23-27) . 

T,LI.a E 5 

CN S Vil-a l Di seases o f Unknm-m E t io~-:, 

Tot a l Cases 
Pe r Cen t ----

Re f e r ence 
St udie d 

Yli th Unknovm - --- Et io logy- -

6* 6811 28 
23* 556 4'-• 
24 511 35 
25 407 46 
26 391 Lll 

27 310 L;6 

·'- All c lini c a l s yndromes comb in ed 

* R~vi se d to exc lude c ases of l e p tos p i ro ~ i s 
and tube r cu l o s i s 

Th e number of CN S v ir a l i 1 lnesses de cr e ases wit h incr eas i ng age . Th e pe r 
cen t of ca ses as sociated wi th e nt e roviru s es wou l d a l so app ea r to be l e ss a ft e r 40 
years o1-·age, in keeping with the known age spec i f i c di s tribution o f cl i n i ca l i l l 
ness e s cau sed by thes e a9ent s. I t i s o ft e n difficul t to e s t abli s h an e r- i o l o~Ji C 
diagno s i s in patients > l;Q ye a1-s of age with a "vir a l infec ti on of the CN S" (T abl e 
6) ( 24) . -

TABLE 6 

Age Di st ri bu t ion of CNS Vi ra l 111 ne sses Per Ce nt of Case s 
Associat e d \~ i th Ent e rov i r u ses a nd ol Un kno"'m Et io l o__gy 

~-~ Tot a 1 Per Cent Pe r Cent - - - - -----
Assoc i a ted Ylith \~ i L h Un kn ovm Group _t:_ a se s Ent e r ov i ru se s I_t io lo gy 

0-9 243 55·:, (1-+5) + 29 
10-19 117 55 ( 47) 40 

20- 29 88 55 (45) 34 

30-39 37 L;3 (35) '-+3 
LIO+ 26 27 ( 15) 65 

Tot a l 511 53 ( 44) 35 

--k Po l io J Coxsack i e and ECHO viru ses 

t Cox s ack i e and ECHO vi ru ses on l y 



11. 

Oth e r concl us io ns can be d r avm fr om the s e s i x se ri e s . In gener a l , s pec i f i c 
etiolog i es are f ound mo s t common ly in pat i e n ts v1i t h para l yt i c po li omy e l i t i s , l ess 
oft e n in asept i c me nin g iti s and l east often in c a se s of e ncep ha li t i s. Al tho ugh Cox
sack i e and ECHO v iru s e s c a n eachp roduc e pa ra l yt i c po li o 111 ye li t i s a nd ence ph a liti s , 
by f a r Lh e mo s t c ommo n syndrome produced wi th t he se agent s i s a sept i c me nin g iti s . 
Coxsack i e , ECHO and mumps v i ru se s accou nt f or the majority of ca ses of asep t i c me n
i ng iti s i n e a ch o f the r espect i ve ser i es . Ther e has been on ab so lu t e de crease in 
the numb ers of c as es of LO\ , a s c rib ed t o a re l at i ve dec l in e in th e r ur a l po pu l a t i on 
( 23) . -

Fata l case s of CNS vir a l i nfections have bee n s tudi e d and r e port ed by i nves 
ti gato r s a t 1-la l t e r Re ed ( 23). By a comb i nation of serological and i so l a t io n ( a nte
mortem spec i me ns, ti s s ues obta in ed at aut op s y) methods, dur i ng Lh e peri o d 1958-
1963, they vve r e ab l e to a s cribe a vira l et io l ogy to 15 of 16 fata l ca ses . Pol i o-
viru ses account e d for 6; herpes s implex for 6; a nd Coxsack i e B4, Eastern equ i ne 
e nceph a li t i s and mumps for 1 e ac h. 

23. Buesc her, E. L., Ar ten s te i n , 11. s . , a nd Ol son, L. C. 
in f ecti o ns of v i ra l et io l ogy: t he ch ang in g patt e rn. 
ou s System. Assoc i at i on for Resea rch in Nervo us a nd 
\~illi ams & \olilkin s Co., Ba l t i more, 11 d , , 1968. 

Centra l ne r vous s yst e m 
I n- I nfection s of the Nerv

Me nta l Di s ease . The 

24 . Le nnette, E. H. , 11ago f f in, R. L., and Knouf, E. G. Vir a l ce nt r a l nervous sy s t em 
di sease . An et io logi c s tudy co ndu c ted at th e Lo s Ang e l es County Ho s p it a l . J AMA 
l 79 : 687' 1962. 

25. L epo~v , M. L. , Ca rve r, D. H., \,fri g h t, H. T. , ¥/ood s , \~. A. , and Robbins , F. C. 
A c li n i ca l , ep i dem i o l ogic a nd l a boratory in ve s tigat i on of asept i c me ningit i s 
dur in g the f o ur -·year pe ri od , 1955- 195 8 . 1 . Ob serva tion s co ncerning et i o l ogy a nd 
ep i demio l ogy . .NEJ~1 266: 11 8 1, 1962 . 

26 . Len ne tt e, E. H., Magoffin, R. L. , L o n gs ho r e, \~. A. , and Ho lli s t er, A. C. An 
e ti o l ogic st udy of seaso na l asept i c men in g i t i s and e ncepha l itis in th e Centra l 
Vall e y of Ca li forn i a . Am. J , Trop. Me d. & Hyg. 10 :885, 1961. 

27. Dohe rty, R. L., Whit e hea d, R. H. , All an, B. C., No l an , K., and 11cAd anl, E. 
En te roviru ses in the et i o l ogy of asept i c me nin g iti s , po li omye liti s, e ncepha li 
ti s and oth e r sy ndromes . Med. J . of Au s tr al i a 2:535, 1966 . 

28. Me lni ck, J . L., a nd \-J e nn e r, H. A. 
'-... Vir a l an d Ricket t s i a l I nfec t ion s . 

1969 . 

En terov iru scs . In Diagno s tic Proc e dur es for 
l.Jth Ed iti on. Am. Pub li c He a l th Assoc i at ion, 

29. Hill e r, J, D., Ross, ·C. G. Ence pha li tis . A fou r yea r s urvey . Lancet 1 : 1121, 
May 1968. 

30. Bru y n, H. B. En cep ha li t i s in c hildr en . Pos t -Grad . Me cl . 36:608, 196L1. 

31. Finl e y, K. H. Vir a l e nce ph a l omy e liti s . Me d . Clin. No. Amer i cu 4 3: 1465, 1959. 

32. Kenn e dy, C. , a nd \4 a n g l ee , P. Enceph a liti s : a v ar i abl e sy ndrome in r es po nse to 
vir a l in fection. Pe el. Clin . No . Amer i ca 14: 809, 1967 . 

33. Loke n, A. C., a nd Lunde rvo l cl, /\ . Typ es of probab l e viru s encep ha li t i s in No r 
vJeg i an a u topsy mate ri a l. J , Neu rol. Sci . 6: 447 , 1968 . 

3lf. lkA lli ster , R. M. Vir a l encep ha li t i des - Ann. Re v . ~1 e d. 13 :389, 1962 . 
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35. Ni e l sen , J . S. Se ro u s meningit i s. Acta Hed. Scand. 175:581, 1964. 

36 . 1·/ate r so n , A. P . , and Al me i d a , J . D. Viro l og i cal a s p ec t s of ne uro l og i ca l d i s-
ease. Po s tg 1· ad . 1·\ed. J . 45 : 35 1, 1969 . 

37 . He nner, H. A. The be nign a septic me n i ng it i des. l-Ied. Clin . No . Amcr. 143: 1451, 
1959-

Herpes S i mp l ex En cephal i t i s 

A p rom i s i ng th e r a pe ut i c agen t , 5 - iodo-2 ' - deoxyur i d ine ( I DU, I DU R), 
ava il ab l e fo r t r e atment of th i s disorder, >'Jhich cacr i e s a hi g h mo,·t a l i ty . 
r ecogn iti on and re l i ab l e d i agnos i s thu s become es se nt i a I .. 

is pr ese nt l y 
Ear l y 

Vi ro l o:n: ; He rpes s imp l ex v i rus (H er pes v i rus homi n is, HVI-I) i s 145-· 200 m!J i n 
di amete r vJi t h a DN A core , a c aps id \'li t h i cosa hedra l symmetry and u s u rro un d i ng 
e nve l ope derived from host ce ll n1e mbrane (38 ). I t i s now c l ear t h at the re a r e ti'IO 
typ es of herpes s i mp l ex v i ru s, Typ e I and Ty pe 2 (39). The d i st in c t i on b e l vJee n the 
t vJO types vJas or i g i na l ly b ased upon iflt i genic cj i fferences< 1-\ore r ecen tly, other d i f
f erences h a ve been faun d ( Tab l e 7) (39) • 

TAB LE 7 

An t i gen ic Type 

I . Clini ca l 

II . Ep ide mi o l og i ca l 

--.., Ill . Labora t ory Host Sys t e ms''' 

A. Ti s s ue c ul t ur e 
1 . Cy topath i c effe ct 

2 . Pl a ques 
B. Chi ck embryo 

l .. Pock s on CAt1'F 

2 . Hi sto l o9 i ca l 
f indi ng s on CA/1 

C. 11i ce 
Ge ni t a l o r int ra
muscul ar inocul at i o n 

--------------------
Type l 

In fects pri mar il y non
ge n ita l s i tes 

Tr a n smi ss i on pri mar il y 
v i a non - geni t a l r o u te 

Ti~ h t a dh e s i on of r o und e d 
c e ll s 

Sma II 

Sma II 

Pr i ma ril y ec t ode rm a l 
p ro l i ter a t i on 

Le ss neuro t rop i c 

~ Refers t o fr es h vi r u s i so l ates 

:j: Chor i o a ll ilntoic me mbrane 

Type 2 

I nfect s pr i ma r ily geni t a l 
s i tes 

Tr ansm i ss i on primar il y 
vi a ge n i tal ,-oute 
(ve ne r ea l or mo t her - t o 

nevJbo rn) 

Loose aggreg a t ion of 
ro un de d ce ll s; s yncyt i a 
commo n 

Large 

Large 

In vo l ve me n t o f a ll me m
brane l aye r s; sy ncy ti a 
mo r e commo n 

Mo r e ne uro trop i c 
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Separation i nto Typ es 1 and 2 se rves as an ep i demi o l og i c a l mor kc r. Nohn1i as ~ nd 
Dowdle typ ed 13 he rpes i so l a t es r ecove r e d from neo na t a l i nfec ti on s : 12/ 13 we r e 
Typ e 2. These same au t hors t yp ed 28 i so l a t es f r om non - neona t a l CNS he r pet ic in 
fections ( sp i na l fluid, br a in ) ; a ll 1-Je r e Type 1. Th ey hav e a l so r epon ed that 
seve r a l Typ e 2 s tr a i ns l<>~e re mo r e r esi s t a11t t o I DU t han Ty pe 1 s tr a i n s (39 ). 

~pid ern i olo g y : /·\os t primary i n fecti ons 1·1ith hu rpes s i mpl ex v iru s are i n-
apparent. In ea r l y chi l dhoo d, herp e t i c g i ng i vo s Lo rna ti t i s i s commo n. A ft e r 
i nfect i on, neutr a l i z ing an d comp l ement f i x a ti o n (C F) antibodi es app ear . It i s 
apparent from se r o l og i c a l survey s th aL t he maj o ri t y o f adul ts have had contact 
with th i s ag ent (Tabl e 8 ) (40). 

TABLE 8 

!lg_e-F r e guency Di st ri bl:'_ti o n of Comp l ement-F i x in g 
~ntibodie s Aga ins t He rp es S imp l ex Viru s 

Ag e Group Numbe r Numb e r Pe r Cent T i i:\'!..C - - - -
of Se r a Po s it ive Po s i t i ve R a n_~~ -----· 
Te s t ed ----

0-6 mo n ths 10 1 10 16''' 
7- 12 mo . 7 1 14 8 
1- 3 years 22 4 14 4- 16 
4-6 y eurs 30 5 17 8- 32 
7-9 ye ar s 30 2 9 8-16 

10- 14 year s 20 Lf 20 4- 16 
15- 19 y ear s 20 5 25 8- 16 
20 -29 y ear s 32 1 '+ 44 If- 32 
30- 39 year s 20 11 55 8-· 16 
> 40 y ea r s 20 16 75 If- 3 2 

Tot a l 211 63 30 4-32 
;•r 

Numbers are r ec i p r oca l s of CF t i ters 

The age d i st r i buti o n of he r pesv irus as soc i at ed CNS disease does not 
p a r a ll e l th e age pe ri od s whe n pr imary infect i on i s mo s t common . Ca ses of CNS 
d i sease occur t hro u ghout the year. He rpe s s i mp l ex v i ru s can i ndu ce as ept i c 
men ing i t i s o r encepha l i t i s (F i gu r e 5) ( Lf l ). 

D En c. e pholdts 

CJ As t plcc Men•nQi l•s 

\0 - ,---
c 
~ 8 - r· -

lU 
0 r--· 
0. 

6 
6 

;z r-- r-

4 -

2 

AQi' Group (Yea r-.} 

Agr Dt l l td• ut iu~r ll/ / ,al it 11/1 u·tllt Jf ,·tfJt 'q•tnP-..1 "or ia t!'d 
(> ll tl td -S ,·n·lm\ -.\)'lt 111 j ) ,,m }r . 

F I GUR E 5 

Jon-
F('b 

St·u,,nl/ 1 

Mar- Moy - Jul - S ept · Nov-
llpr Jun AtHJ Oc l D•c 

/ nr trl. ·t/O' oj 1/njh' \i 'trtl \- .-h u•r lfll1'd (.' f'lllutl-

t\'r n·nu,-.)),frrn J>t ,m ,r. 

I 
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Pat hogene s i s : I n exper i ment a l ani 1na ls, hc·pesv iru s c an r eac h the CNS e it he r 
by neur<:ll (cont i guou s spread by inf ec tion of endone.ura l and per ineu r a l c e l l s), 
o l factory (infect i on of respiratory muco sal and su bmuco sa l cell s and di rec t pene 
tr ati o n of t he a r achno i d at the cribriform pl a t e o•· by infection of endo neu ,·o l and 
pe r i neur a l eel I s ) o r hema togenou s routes. I n ma n, only the hema togenou s and o l fa c-
t ory r outes appear prob ab l e (Tabl e 9) (42). 

TABL E 9 

Pathwa_1s of Spread of Viru ses to Cen t r al lkrvous Sy s tem 
in An i ma l s and Han 

Pat h\"'ay of 
Sp r ead 

Neu r a 1 

01 factory 

Hematoge nou s 

Probab I e 

~ Exp er 1.!!!~~_!_ 
Mo de l s 

He rpes simp l ex, B 
v iru s, r abie s , ar.d 
po 1 i omye I i t i s 
viru ses 

Herpes s i mp l ex and 
some arthropod-borne 
viruse s 

Herpes s imp l ex, lympho
cytic c horiomenin gi t i s , 
and art hropod- born e 
v iruses 

In t·1an''' 

Rab i es, B v i rus and po ss ib l y 
pol iomye l it i s vi ru ses 

Pos s i b l y herpes s imp l ex v i r us 
i n aclu I ts 

Poli omye li t i s , Coxsack ie , ECHO, 
l ymphocyt i c c hor iomen ingit i s 
and mump s viru ses ; her pes 
s impl ex v i r u s in chi I dr en ; 
rubcl I a and cytomeg a l o v i r u ses 
in fetu ses 

Neonata l in fections \"'ith he rpesv iru s are u sua lly genera li zed. Th e v iru s i s 
d i ssem in ated v i a the hematogeno u s route and at au t opsy can be i so l a t ed fr om many 
vi scera, i nc l ud ing th e bra in . Th e c lin ical cou rse i s ovc•·whe l mi ng an d u su a ll y 
fatal (4-3-45 ). I n seve re l y ma l nou •· i she d chi ld ren , p r i ma r-y her p es vi ru s i nfect i ons 
can also b ecome d i ss eminated and lead to fatali ty (46). Pa t hogene ti c mec hani sms , 
however , in mo s t i n s t ances of he rpesv i r us as so c i ated CN S in f-ections are 110 t c l e<•• · 
The t endenc yfo7 th e l oca l izat i o n of herpet i c encepha liti s t o the o rbi t a l fro nta l 
and t empora l l obe s i s co ns 1stent wi th sp r ea d a l ong an o l f ac tory pat hvwy (l12). 

In non-neonota l ca ses, 1·1herc the vi r us i s l oca l ized to br ai n, i t i s prob uble 
that CN S di seu se ca n r esult bot h fr om exten s i on of primury infec tion in a su scep ti
b l e ho s t and react ivation o f a l atent inf ection . The re l Dtive co n t ribu t i on of eac h 
mechani sm i s not c l eD r . Evi denc e in favor o f the ex t ensio n o f pr i mary infect i on 
fo ll o1·Js ; 1) Concurr ent herpet i c ging i vos tomat i tis i s pr esent in some ca ses . 
2) Some cases of enceph aliti s ha-.:e l ow or no initi a l ant ibody Liter . 3) Th e r i se in 
antibodi es in t hese cu sc s occ ll rs s lo\"i ly, as in prima r y infectio n, in co nt ras t to 
the ver y prompt ri se th at c an be see n •~it h rec u r rent her pes I <Jbia li s (L17). Evi
dence favoring r eacti v a t i o n of a l aten t infect ion can a l so be p resen ted : I) Def init e 
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hi s tor ie s of r ec urr e n t herpes l ab i a li s can be ob t ained in s ome (3/ 18) cases of 
he rpet ic e nce ph a li t i s . 2) Cases of e ncephal i t i s can have e levated CF a n t i body 
ti te rs ea rl y in th e cou r se of ill ne ss. 3) The a ge di st ri l>ut i on of herpet i c CNS 
illnesses does not pa r a ll e l th e age d i s tr i bt:1t ion of prima ry herpe s viru s inf ections 
( 48) . 

That he rp es viru s c a n be l atent in nervo us ti ss ue and produce r ecurie nt d i s
ease seems c l ea r fr om the fo ll ow in g lines of e vi dence: l ) The product ion of l atent 
inf ect i o n a nd r ec urring encep ha l it i s ( i nduced by anaphy l ax i s or ep i nephl- i ne) in the 
brain s of exper i menta ll y in fected rabb i t s . 2) Th e observat io n tha t disturbing the 
poster i or sen sory root of the f i ft h c r ania l nerve by operation r esu l ts in he rpet i c 
ves icl es in th e areas in ne rvated by t he second ~nd th i r d per iphera l d i visions of the 
nerve in a hi gh l y s i gn i f i cant nu mbe r of pati e nts , prov i ded t he gang lio n h as not 
bee n de s troye d and th e per ip he r a l di v i s i ons are in tact. 3) The occas i ona l 
demonstrat i on o f v iru s i n the s pina l fluid of pati e nt s v1ho s holfl ne i ther ev ide nce of 
enceph a l i t i s nor he rpetic erupt i o ns (49 - 5 1). 

Pa tho l o_gy: Th e most c ha r acteristic pat hologica l p i cture fo und in p a tients 
I'Ji th he rpes encep ha li t i s i s an acute ne c rotiz i ng ence ph a l i tis v.J i th Typ e A Cov1d ry 
inclu s i o n bod i e s . Except i o ns to th i s u s ua l pa tt e rn have been ob se rved ( 29 ). Per-
hap s the most de fini t i ve study on the pa t hology of herpes e ncepha li t i s i s t he o ne 
pe rforme d by Haymake r , Sm i th, Van Bogaer t and De Ch enar, who st ud i ed 37 cases of 
acute e nceph a liti s vlith nucl e ar in c l us ion s in ado l escent s a nd adults (52) . Viru s 
i so l a tion and se ro l og i ca l s tudie s (neutra li zat ion a nd CF te sts) estab li s he d her pes 
s imp l ex v irus as th e s pec i fic eti ol ogy i n 8 (anoth er case 1--1as p rob ab l e ) . The s e 
author s no t e d t ha t a st r iki ng a nd characte ri st ic f eature i n a ll th e c ases was 
ne cro s i s of th e t empo r a l cortex accompa ni e d by ti ss ue !J reakdovm , often un il a ter a l . 
The in s ul ar co rt ex was con sis t en t l y affected. The h ip pocampal format ion, Lh e 
corpus c a ll o s um , th·e s uper ior fr o n ta l gy ru s s ha r e d in the necros i s . In 9/37 cases, 
the re we r e l es ions in frontal, pa r iet a l a nd/or occipit a l co r t ex, a nd in mos t of th em 
th e cort ic a l l es ion s "ere most pronounced i n reg i on s adj oining the tempor a l lobe . 

Hemorrh ages , usu a ll y periva sc ul a r, and oft e n extend ing in to t he adj acen t 
necroti c ne rvous t i ssue, were very co~non . In some in stance s (5/ 37), these hemo r
rh ages were l arge. Mill e r, Hesse r a nd Tomp k in s pa y par ti c ul ar importance to the se 
a reas of hemorrh age as a po ss ibl e c l ue to t he e ar l y diag no s i s o f herpes e ncepha li 
tis . They s tat e t ha t these accumul at io ns of erythrocytes (" e ryth,-oc yte I akes") 
oft e n ab u t on th e arac hnoid memb r a ne a nd a l-e r e f l ect ed in CSF c hanges (p r ese11ce o f 
eryt h rocyte s a nd xanthoc hromi a ) (L17). 

~-los t in s t anc es of ac ute ne c roti zing e nce ph a liti s are prob <Jbly due to he rpes 
s imp l ex v i ru s . A r et ro sp ec tive, e l ect r o n- micro scor i c s t udy of 7 c<Jse s of ac ute 
necrot i zi ng e nceph a li tis reve a l e d th at 6 case s had p a rticl es resemb lin g her pes 
s i rnp l ex vi ru s (5 3) . 

f_l_i_n i ca l : Th e c lini ca l and l aboratory f in d in <J s i n se rie s of herpet i c CNS 
infect ions vli t h 5 or more pat ient s ( exc l ud in g tho se pr i ma ri l y r e l a t e d to neo nata l 
ca s e s or d i ssemin ated i nfect ion) hc1ve bee n a na l yzed (Ta bl e 10 ) ( 29, 4 l , LJ7,'·18,52 , 
54-59 ). In in s t a nces v1here the c lini c a l protoco l s a re in s uffici e nt l y de t a il ed t o 
reac h a conc lu s io n a s t o th e pe r c e nt of p a tient s in vo lve d, t he a pp ropri a t e s pace 
in the tabl e has .bee n l e ft empty . For example, l oca li z in g n eu ro l og i ca l f indings 
are ext r e me l y commo n in he rp e t i c e n cep h a li t i ~; . t1ost of the s tudi es , hov.Jever, do 
not con ta i n enough in form at io n to s t ate whet he r these we r e present or s pec ifi ca ll y 
sought aft e r in th e ca ses present ed. tiuc h of the c lini ca l i nformation in the 
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29 

4 1 

47 

48 

52 

54 

55 

56 

57 

58 
59a. 

b. 
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se rie s ana l yzed i s retro spective (chart re vi ew). 

No . of 
Pat i ent s 

12 

49 

20 

52 

37 

7 

10 

5 

5 

5 
6 

( I DU Rx) 
7 

(No I DU) 

TABLE 10 

Clinica l an d Labo r ato ry Feat ures of He rpes S imp l ex Vi rus 
In fect ions of t he Cen tra l Ne rvous Systern 

Diagno s i s (% of Patients)* 

V or Se rol og i ca l 
V+ S (S) Only 

33 63 

43 57 

30 60 

17 83 

19 3 

14 29 

1+0 60 

100 0 

100 0 

Patho lo g i ca l 
(Only) 

0 

0 

I 0 

0 

78 

57 

0 

0 

0 
0 

0 

Age 
Di s tribution 

% ::=:: 30 

L12 

31 

68 

22 

57 

57 

100 

60 

80 

% of 
Pati en ts 

wi t h 
M-ff 

0 

20 

0 

12 

0 

0 

0 

0 

0 

0 
0 

0 

Cas e 
Fata lity 

Rati o 
(%) 

42 

70 

50 

21 

86 

40 

33 

43 

Seque l ae 
in 

Surv ivor s 
(% of 

Pa ti ents. 
w! t h E) 

6/1 1= 55% 

I /1 =100% 

3/3 o= 1 00"/o 

0% 

3/4 75% 

-------------

TABLE I 0 (Continu e d) 
-----

Convulsions Lo c a I i z ing EEG (P t s. '" i th E) 
Ha l Jucinat ions During Neu ro logical Papilledema 

Ref. (% of Patients Cour se Findings (% Pati ent s II Pati en t ~; /~bnorrna I 

" \~ i t h E) (% Patients (% Patients Wit h E) Examin ed (%) 
With E) Hi th E) 

--·---- ·------
29 

4 1 6'-f 78 9 12 100 

Lf7 0 65 3/9'"'33% 

'+8 

52 I I 1 8"~6% 65 

91 43 3 100 

55 

56 60 100 

57 20 

58 20 100 100 0 1., 100 

59a . 
5'+ 13 100 

b. 

I 
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Ref. 
P l eocy to s i s 

TAB LE 10 (Continu ed) 

CSF 
RBCs or 

Xanthochron1i a 
1 Pre ss ure 

Pts . Ab norma 1 P t s . Abnormal Pt s. Abn o r ma l 
(%) (%) (%) 

29 12 33 

4 1 43 9 1 L13 16 

Jn 20 55 

L18 18 94 

52 37 100 37 30 

54 7 86 7 L1 3 

55 

56 5 80 5 0 5 0 

57 

58 5 100 

59a. 
13 69 l3 0 

b. 

-·· 
V or V+S . Diagno s is es t ab li shed by v i ra l i so l a tion or 
increa se in CF antibody titer . 
s. Diagno s i s establ i shed by four-fo l d i ncrease in CF 

Rad i ologi c Exams 

Br u in Sca n /\rte riogram 

p t s. Abnorma l Pt s . Abno rm a l 
(%) (%) 

1 2 17 

5 80 

2 100 

6 50 6 17 
-----

v i r a l i so l ation + fo u r- fold 

anti body titer . 
Patholog i cal. Acute c lin i ca l cour se >vi th acute nec roti z ing enc ep h ali t i s and Type A 
Cowdry inc lu s ion bodie s. 

:f AM= asept i c men i ngi t is. E =encepha liti s. 

§Foca l para l ys i s , fo ca l se i zures or both and as ymme tr i c deep tendon or ab domin a l 
r e fl exes. 

Numbe r of patient s exam i ned 

Thus, a l though herpes s impl ex viru s infection s o f the CNS can pr e~,ent as 
as ept i c meningitis, the more common c li nica l pres entat i on i s t ha t of a se ve 1·e , o f ten 
asymmetr i c enceph a l iti s - Many of th e ca ses a r e in 111ature adu lt s (2: 30) . Feat ures 
in common v1ith other enceph a litides are fever, nu c ha l rigidity and di s turb ances in 
cons c i ousness . Th e d i agno s i s of he rpe t i c enceph a l it i s may be suggested by the 
gravity of the illness i n association with a hi story of ha lluc in a tion s (u su a l ly 
re l ated to smel l or ta s te) and t he presence of l oca li z ing neuro l og i ca l abnorma li t i es 
on exam in ation . Convu l s i ons, foc a l and genera li zed, a r e commo n. Some of the 
pati ents may h ave p api ll edema . I n a fev1, there i s ev idence of rapidly increas ing 
i ntr ac r aniol pressu r e. Ce r ebro spina l fluid abnorma liti es are prese n t in a lmos t every 
ca se; lymphocyt i c pl eoc ytos i s wi th a norma l g l ucose concent r at i on a r e a l mo s t invar i a-
bl e findin gs. Erythrocytos i s and X<lllthochrom i a in the CSF arc suggest i ve . A char-
acter i st i c mode of present at ion is that of an expand ing tempo ra l l obe l es i on. 

/ 
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El ec troencep ha l ograms in p at i ents wi t h e~cep h a l i ti s a r e i nvariably abn o r n1a l wi th 
e i t he r fo ca l o r gene r a li zed f i nding s (58 ,60). Bra i n scan (61), v enLriculog ,· aphy 
and art eriog raphy can be ab norma l , suggest ing the pre sence o f an i ntrace,·cbra l ma ss ; 
howeve r, th ese tests can be norma l . The disease is hi gJ, I y lethal and surv ivors 
often have s i gn ifi cant permanent seq ue l ae . 

Di ag no s i s : Exac t etio l og i c d i agnos i s i s dependent upon virus i solation, CF 
o r neutr a li z i ng an t i body t i t e r ri se in pa ired ser um spec imens and/or c ha racte ri st ic 
patho l og ica l f i nding s (T ab l e 11) (29)-

Age Sex 
(years ) 

3 M 

8 11 

9 11 

13 I~ 

14 F 

17 F 

18 ~~ 

34 F 

35 M 

LJ3 F 

LIS t1 

1+8 M 

ND Not 

He rp es 

TAB LE 11 

Viro l og i ca l Ev i dence of He r pes ll:_f ccLion 
in 12 Ca ses of Encep h~ 

s i mp l ex 
He rp es part i c l es CF se 1·um t i t ers 

in b ra in fo r he rpe s 
i so l at ion 

(El ectro n s imp I ex 
Bra i n CSF 

mi c r oscopy) (1 st/2 nd se rum) 

ND ND 20LJ8/20ll8 

ND ND 6LJ /5 1 2 

ND ND 61+/ 256 

+ + 32./5 12 

ND ND ND 2048/2048 

+ + <8/ND 

+ + 16/:::5 12 

ND ND + 32/ND 

ND ND 32/ 256 

ND ND 5 12/5 12 

+ ND <8/256 

ND ND 5 1 2/ I 0 2L1 

Done 

Day of i II ness 
whe n se ra 
co I I ected 

(I st/2nd se rum) 

40/52 

4/ 13 

5/ 17 

7/ 22 

23/30 

7/ND 

5/ 16 

5/N D 

8/32 

2 1/35 

7/ 15 

22/33 

In non- neo nat a l c ases of enceph aliti s, he rpes si mp l ex v i r us i s a l mos t a h va y s 
r est r i cted t o br a in . Vi rus i so l at i ons from CSF a r·e extreme l y ..-are. The demon s t r a
t i o n of viru s in s i tes suc h as Lhe nasop ha rynx i s of doubtfu l e t i o l og i c s i gn ifi cance. 
Si nce an t ibody titers ri se s l ow l y during th e cour se of i 1 I ne ss , r ap id and r e i i ab l e 
di agnos i s depe nd s on b rain i) iops y . Si nce these p ati ent s are ofle n cr iti ca ll y ill 
and to l e r at e any procedure poo rly , t he de c i s i o n to perfo r m thi s procedure mu s t b e 
carefully cons i de r ed . Neuro l og i ca l and neuros urg i ca l consu lt a tion s are essenti al. 

The s it e of b i opsy shou ld invo l ve th e most affec t ed ar ea . Thi s can bes t b e 
de termin ed by the presenc e of l oca l i z ing neuro l ogica l ab ro nna li ti es, e l ec troence ph -
a l ogram, b rain sca n, ventri cu l ogram or arte riogr ophy. If l oco li z in g £Jbnorma li ti es 
are ab se n t, bi ops y from the anter i o r part of th e no n- domin ant tempo r a l l o be has bee n 
advoca t ed ( 29 ) . 
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Once obta ined, the spec imen s hould be submitted to the pa thologi s t who then 
can sea r ch for the presence of Type A CovJdry i nclusion bod i es o r he rpe s - ! i ke viru s 
particl es by e l ect ron mic roscopy. Immu nofluo rescence s tu d i es s hould be pe rformed 
where the se faci liti es a re ava il ab l e . The biop sy should be ~ ub l'l i ttecl for v ir a l 
culture. Th e charact e ri s tic cytopath i c ef f ec t (CPE) assoc iated 1,Jith he r pe s s imp 
l ex viru s shou ld become man ifes t with i n 2 to j days . A tent at i ve d i ag no s i s can be 
made at th i s time . Def i n i t i ve i dent i fic a tion of the viru ~ by s peci f i c neutra l i za
tion test s r equires a lon ge r peri od of t ime. He r pes s i mp l ex viru s grmvs read ily 
in a vari e ty of ce ll cultures : rabbit k i dney a nd hu ma n embryon i c fibrob l d~ t cu l 
tures are ancng the most s ui t abl e and wi de l y ava i ! ab l e . 

Po s i t ive v i ral cultures a re dependen t on t he fo ll ovJi ng f actors: 1) Site oF 
bi opsy. He rp e t i c enceph,J ii t i s i s a loca li zed p rocess and the b io ps y m:1 y mi ss th e 
area whe re vi1·us is present . 2) Time when bi opsy i s obt a in ed . La te in t he cour se 
of iII ne ss , virus may be absent . The v iru s can a 1 so be neutr a l i ze d if the ant i 
body co ntent in t he extr ace llul a r fluid i s high. 

Du e to neces s it y for ea rly an d re li ab l e di ag nosis and the re lu ctan ce to pe r 
form br a in biops i es on cr i t i ca lly i 11 pat i ent s, t he re has been a sea rch for a l ter
native methods to establi s h a r ap id d i ag no s i s . Dete rminat ion o f neu tra li z ing ant i 
body titer s , compl ement and non- comp l ement dependent (C ' + and C' - ) a nd c a lcu l at ion 
of the enhancement with C' additi on, has been sugge s ted as . an approach (59,62,63). 
This is presently be i ng eva lu a t ed . 

The r apt : In tr avenous f lui d t he r ap y i s complicated by the followin g consid
erat ions: 1) Sa lt and ~»ta t e r de fi c i t s due to exce ss ive .loss (fever) and di mini s hed 
int ake can be pre sent. 2) I napprop ri a t e antidiure t i c ho rmone (AD H) secret ion can 
occur (64,65). 3) Rare ly , diab e t es i ns ipi dus ca n e ns ue (65). 4i The e l de rly 
pat ient may h3ve occu lt he a rt di sease . Gast ro intest in a l tr ac t u l ce r at ion has been 
reported and preve nt ive meas ure s , in thi s regard, sho u l d be co ns ide red (41). 

If there i s evide nce of i ncre as ing i ntrac r an i a l pre s s ure, intravenou s hyper
tonic solu tion s s hould be tr i ed . Corticoste roi ds probab lt s hoLtld be he ld in abey
ance beca use of uncert a in e ff ect on virus mu l tip l ic a tion a nd nat ural recove ry pro 
cesses ( i nter· f e ron, ant ibo dy) (66 ) . Ne u ros urg i ca l decornpre ~ s i oo proc edure s may be 
necessary if the i ncr ease in intr ac ra n i a l press ure is prog ress i ve (67- 69) . 

I DU 

Origin a lly s ynthes i ze d for use in tumor c hemothe r apy, this compound soon 
became recog ni zed for i ts c-t bility to inhibi t the rep li cut i on of DNA viru ses . It 
acts as a thymidine ana logue be ing s ucce ss ive ly conv er t ed to i l s mono-, di- a nd 
tr i phosph a te and th en in co rpo rat ed into both host ce ll and vir a l DNA i n p l uce of 
thymidine . El ect ron microscopy of he rp es viru s infected ee l I s after I OU ad dit i on 
reveu l s l arge numb e rs of de f ective particl es . Pa rti a lly assembl e d capsome res, 
filame ntou s ma t e rial and r agge d, irregu l a r l y s i zed part i c l es wi thout e nve l opes 

/ 
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r es ult (70). The best exp l a nat ion for th es e finding s i s thut the DN A, r esu lting 
after I DU a ddition, is " fr audul e n t " an d can no t cod e for pro cesses r e l a t e d t·o assembly 
or for s ynthes i s of st ru ctura l prot e in s (71 , 72). Host cell DNA i s al s o affec t ed . 
In t he in tact organ i s m, r ap i d l y prol iferat i ng t i ssues (bone mM row, gast r oin t est in a l 
tr act, ha ir) are p ar ti cu l ar ly involve d (73). 

I DU i s a ~·leak ac id. I t is poor l y so l ub l e; the pH of Lh e so l ution must be od-
justed to 8 . 2-8 . 6 be fo re the compound con be brought in to so lution . I DU is prepared 
f or i ntr a ve nous use· in 5% dextrose-wate r so lut ions (3 - 8 gm/1000 ml D51·/ ). I DU i s 
des troyed by autoc laving; hence, t he so l ut :on mu st be fi l t er s te ri l i zed before usc . 

I n man, IOU i s both r api dly excr~ted and metabo l ize d (73) . Four hou rs a ft er 
comp l etio n of a 2- hou r i nf usio n of I 13 1- Jabe l e d iDU i n 2 vo l un teers wi th t ermina l 
c ancer , 44% of in j ected radi oactivi ty had been collec t e d in the ur i ne ; aft er 24 
hour s , app r ox imate l y 9 0'/o had been exc reted . Dur in g the 2- hou r period of i nfusio n, 
ha l f t he radioact ivity excreted was in the fo rm of IOU . . Afte r t his period , pro
gre ss i ve l y more radioacti v i ty vJas fou nd i n metabo l; c product s (5 - iodouracil a nd 
i odide). 

Side effects i nc lude l eucopeni a , th ronlbocytopenia; S t Qmati ti s , a lopecia, and 
fing erna il l os s. Toxicity i s dose r e l a t ed. 6/6 patient s r ecei vi n g a tota l of 600 
mg/kg deve l oped l eucopen i a (WBC < 4000) , stomat i t i s and a l opec i a . Maxima l 
l eucocy te depression occur·r e d 9 to 14 days af t er onset of t hera py. Nausea a nd 
vomiting can be see n during inf usion. A reaso na bl e cour se of t he ra py has bee n out -
1 in ed: (Tota l I DU do se= 430 mg/kg, administered i n travenous l y over a 5 ·- da y 
per iod . 3 gm IDU / 1000 ml D5\·L) (59). 

In dividu a l case reports of IOU the r apy have been encou r ag i ng ( 29 , 74-76). In 
a se ries of 6 p a tients wit h her pet ic encephal i tis tre a ted with I DU, 2 died du r in g 
the treatme nt course . The 4 s u rv i vors recover-e d without s ig nif i cant seque l ae 
(T ab l e l 0) ( 59 ) . 
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St. Lou i s Ence p ha li t i s in Da ll a s : Statu s Report 

In Dall as , a ft er th e 1966 e pidem i c (1 68 confirme d ca s es a nd 20 death s ), a 
mosquito con t rol a nd s urv e il l a nce program wa s init i ated at a pp roxi ma t ely $ 100 , 000 / 
year . Si nc e 1966, there ha ve be e n no con firmed hUinan case s of SLE in Da l l as. In 
1968, one mo s quito poo l wa s positive for SLE viru s , an o t he r f or WE E vi r u s . Hemag -
glutin at io n i nhibition t e s ts in ne stling bi r ds and se r ; a ll y in s e nt i nel c hicken 
flo cks pl aced throughout the c i t y regu l a rly r e vea l con version to bot h SLE a nd I~EE 

(-v 10% of chickens tested). Reported ca s es of SLE f ro m othe r part s of the country 
since 1966 h ave been inf requent. 

Etiologic \~orkup o f the Pat i ent v!ith an Ac u t e Vi ra l I nfect i on of the Centr a l Ner vo us 
System: 

Ca ses o f e nceph a li t i s an d para ly t i c poliomyel it i s s ho u l d be ass i gned pri ority . 
Since t here i s a promi s i ng agent for the r apy of he r pes s impl e x encep ha l itis a nd 
since pr a c t i ca l mean s eii st (conven t iona l mo s quito cont ro l proc edures , ae r ia l spra y 
of in sec ti cide) fo r t he p reven tion of furt her ca ses of a rbov 1ra l encephalitis ( SLE 
and VIEE), l aboratory documen tation of infect i o n shoul d be pursued in tho s e pat ients 
~tihose clini ca l illn esses s ugg est these d i agnoses . Cases of 'en c epha l itis in 
p a tients> 35 years of age occurri ng in urba n areas du ri ng summer a nd early autu mn, 
in par t ic~l a r, s hould s ugge st SLE . Specif i c et iolo g i c dia gno s es s hould b e sought, 
at the l easl, in some ca ses o f aseptic meningi ti s, particularly i f the incidence 
of this di sorder i s inc reas e d. In t hi s way, th e preva i li' ng en t erovirus t yp es can 
be ascerta i ned by year for a give n l ocal i ty . Vi ra l ag e n t s inf<equent l y a ss ociated 
with CN S infec tion s hou l d be cons i de red i n the i ndi vidua l c li n i cal sett ing (in fec 
tious mo nonuc l eos i s , lymphog r anu l oma venere um , influ e nza, etc . ). A l ist of s peci 
me ns to be subm i t t e d and r e commended se r o l og ica l t es t s for each cl i nica l syndrome 
i s include d (Texas ) (T abl e 12) (84) . 

Clini ca l ---- --

Paralytic 
pol i omye 1 i t i s 

En cephalitis 

TAB LE l 2 

~eci men~~!_~li t_!S:Q, 
for Vi •a l I solati o n" 

CSF (> 3 ml) 
S too l- (4 -8 gm) or recta l 

swab ( 2 in BSS)§ 
± Th ro at swab (2 i n BSS) 
Autop s y s p e cimens 

CSF (> 3 ml) 
Stoo l- (4 - 8 gm) or r ec tal 

s~ti ab ( 2 inBSS) 
±Thr oat swa b ( 2 in BSS ) 
Auto ps y speci me ns 

/ 

CF t es t s ·for poli ovi•us, 
types I , I I , I I I 

Ne utr a li zation tes t s 
ag ain st s pecifi c e nt e ro
viru s i sol ate cl 
CF t es t s for .he rp cs s im
plex v i ru s , ";' ± mump s 
HAl test s f o r SLE, I.JEE 
(In rur a l Eost Texa s - -

CEV, EEE) 
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C 1 i n i ca l 
Syndrome 

Aseptic 
menin g iti s 

TABLE 12 (Continued) 

Spec imens Submitt ed 
for Vir a l I so l ation 

CSF (> 3m l ) 
Stool-(4-8 gm) or recta l 

sv1ab (2 inBSS ) 
±Throat swab ( 2 i n BSS ) 

Recomme nded 
.?_e ro 1 oq i ci!.l__2~ s t s 

Neutra l i zaLion t est s 
aga i nst spe c i fic e ntero
virus 1solat e d 
CF tests fo r he rp es 
simplex vi r us, mump s 

Specime ns s hould be kept frozen (-20" C) and sh ipped by 
portation, pr e f erably o n dry i ce. I f wet ice i s u sed , 
be in watert i ght containe rs. 

f ils t es t tr ans
s pec imens mus t 

*Acute (collected at or near onset of il l ness) and conva l escent ( 2-3 
weeks a f ter onset) se ra 

§ BS S (b a l a nced sa lt so l u t ion) 

Further diagno st ic t ests co nsi de r ed ir1 t ex to fthis rev i ev-1 

/ 


