
,

stUDIES OF ElftlEROVIRUSES AMONG

LDANiSE CHILDUN





The author is pa:rticula:rly indebted to Drs. G.A.

Garabedian and R.l~.*t()88ian tor their guid.anoe, critie1.

and aae1atance throusbout the preparation of this theai s.

To those Who have aas18ted in. various ways to make

thie work po.sible. the author express.a his thanks and

.inOtre appreciation.

-------



A. total ot 222 stool speeirnenatron1 healthy

Lebaneae children were tested tor the presence ot entero­

virusea by inoculation ot HeLat prinlarY hurran amnion.

continuous human amnion cell cultur8sand Swiss albino

suckling mice.

Eighty-three virus strains were isola.ted trom 7'
positive speciluens. Twelve of these ioolateswere polio­

viruses (7 type it S type 3); 17 Coxsackie group 13 viruses

(2 type 1. 15 type); and 31 BCHO viruses (19 type 1, 9

type 6, 2 type 12 and 1 type 14). Twenty-three isolates

~ not identified.

BeLa cell cultureawre found to be superior to

pn:nary. continuous human sJ!m1on cells and suckling mice,

tor isolation of polio- and Coxsackie group B viruses from

st 001 specimens. the ECHO virus ·isolates were obt,lln~

only by the utilization ofpr1rnary hun)aD <;1mnlon e,eU cul­

tures. Twelve isolates obtained by intracerebral 1nocula­

tlon or suok11ng mice could 110t be identified.
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The Pioornavirus Group waacreated1n accordance

'With the dec1aionot the International Subcommittee on

Virua Nomenclature (196))1 to clasa1fy major group.ot

viruaes on the ba.sis or common biochemical and biophysical

properties. The following 8ubgroUpa 'Were recogniZed:1

A. PlcomaVirusea ot human origin

1. Enterovirus••

a. Poliovirus••

b. Coxsackie viruses A

c. Coxaack1. virus•• B

d. ECHO Viruses

2. Rhinovirus••

). Unclassified

B. Picornavirus•• ot lower aninals

The name enterovirus was first used by the Committee

on the Enteroviruaea (19S1)2 becauaeot the many s1m11ari­

tie.1n physical properties, disease producing cfipac1tles,

epidend.ologiccharaeter18tiC8 and isolation or cultivation

methods ob.erved in 'thee. viru....

The enterovirus.. are antigenically distinct small

1
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(15..30 mu in diameter) viruses, obtained trom stools ot

children with inapparent, tebrile illnesses and/or serious

paralytio infections. The•• viruses are insensitive to

ether and deaoxycholateaalts and contain a. ribonucleic

acid core. They are relatiwly stable at 4°0 and at room

temperature. A recent finding indicates that the presence

ot magnesium cation aeems to enhance their resistance to

thermal 1nacti1Rt10n.),4.S,6.7.8

The classificatlon ot enteroY1ruaes according to

the Committee on the Enteroviruaes (1957),2 is presented

below. This include8 59 antigen1cally distinct virusea.

Poliovirus group

Type 1, 2, :J

Coxsackie Tirua groUp

Group A, type8 1-23

Group B t typ,. 1-6

ECHO virus group

Types 1-21

More recently , the Committee on Enterovirus••

(1962)9 eugG.ted a new classification (Table I),



indicating that all enteroviruaea be placed in a .incle

largee;roup and designatod by simple numerical system

acconl1ns to their antigenictypee. This classification

baa not received unanimous recognition at the present

time•

•
The distribution otenteroviruaea in the general

population or the neighboring Arab and non..",\·rab countries,

including Egypt f Turkey. Iarael and others. haa been

detennined byvar!outJ investigators. Pre11m1naf7 studies

by Garabedian. A1. (1964)10 aneil.toe8ian d.A1. (1964)11

indicated that poliovirus•• a8 well as Coxsackie and SellO

viruses were widely distributed 1n the population ot

Lebanon, and especially am.ong children. The purpose or

this pre.sent inft8t1ptlon ia to determine more extensively

the distribution of theae virus.a among the healthy

Lebanese children, and to indioate the technic8 wh1cbcan

be ut11izedmoet advantageously in carry1ngon this work.

-
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Coxsackie Al
A2
A)
A4

~l
A7
AS
A9
,A10
All
A12
AI)
A14
A1S
Alo
A17
AlB
A19
A20.20A,20B
A21 \Coe)
A22
A24

Coxsackie Bl
B2
B)
94as
136

Enterovirus
, till'

1
2
:3

1
6

l
9

10
11
12
13
14­1;
16
17
1$
19
20
21
22
23
24
25
26
27
28
29
30
31
32

Synonym

Poliovirus type 1
2
3

Bnterovirua
Ng·
33
34

U
37
)8
39
40
41
42
4)
44

ti
47
48
49
SO
S1
52
5)
54

~l
'7S8
S9

Synonym

BCHO-I,e
2
3
4,
6 6' 6"7' ,
9( Coxaackie

U A23)
12
1)
lit
15
16
17
lS
19
20
21
22
23
24
2.5
26
27
28(JH-112060)
29(JV 10)

)O~Ba.st1ann1)**
:31 CaldW9U)
)2PR 10)

-Cross reao'tivity haabeen observed between Coxsa­
clde viruses A) and St AU. andlS,a.nd AI) and 18.
Althoug)1 a separate enterovirus number haa been
a.signed to each, further study or their a.nt1genic
rolationships mayBhow that each pair should be
classified under a single enterovirus nuulber.

**aecently reeogni:zed ECHO types (I'.lnlck,J.L•..11 .11­
Science 12.: 15)-4, 196)).
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'~l iNTERQvmU~ iSOLAIIQI

'lhe poliovirus.. are tbe earliest and moat ext.n­

aively studied group among enteroviruaea because ot their

ability to produce epidemics ot paralytio Ulness and

death in humans, specially among ch11dren.'·12 Exp-..lmental

p.l'Oduetlon ot paralyt.lc poliomyelit1a in monkeys was tint

reported by Landstelnerand Popper (1908) by intracerobral

(10) inoculation of pathologic specirnensfrom huma.nawho

died of poliomyelitis. Serial monkey to monkey passages ot

this infectious agent were carried out during tho same

period by Flexner and Lewis. By 1910. th1a pathogen was

considered to be a filtrable virus. If'urthermore,1t was

demon8tra.ted that the blood ot monkeys surviVing experLllsn.

tal infection with this virus neutralized. its in£ectivity.12

The laboratory study or poliovirusea was facilitated by

Armstrong (1939) ,"'0 adapted. the Lansing strain of polio­

virus to laboratory mice. In 1938 Reed and r~1uench estab11ahed

t.hemethodology of .finding tbe .50% infectivity end-point 10.
biologic assaya. thu.s facilitating Q.uantitative determination.

ot the infectivity doeea ot pathOgena.12

The development of tissue culture technics and their

successful us. in isolation and cultivation of virusea help«i

in the more detailed study of enterovirllaes. Enders, 1~veller,

--I
j

\.
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and Robbins (1949. 19SO, 1951)13,14,1' in'threeconsecuttw

years were the first to demonstrate the successful cultiva­

t10n ot the Lan.inS strain ot poliovirus.a in human non­

neux-al embryonic tissue cultures (TO) and ahowedthe1r

cytopathic ettect (CPE) in cell cultures. They isolated

.eyeral poliovirus strains trom humanoourcea by the employ­

ment ot cell cultures. Syverton.JI1 JIJ... (1951) propacated

polioviruse. in monkey and human testicular tissuea.12

Likewise, by the use ot monkey testicular cell cultures,

Ledlnko JL\ Al. (1952) succeeded in developing a qua.ntitative

lnethod tor virus neutra11s,atlon teats.12 Dulbecco (19S2)16

tacc11itated the preparation otce11 monolayers by the us.

of trypsin. Thesucceas.t\tl propagation of the BeLa cell

line obtained trom a patient, Helen Larson, with carcinoma

ot the cervix. was carried out by Scherer .11.i1. (19S.3).17

Thi. cell line had thead.Yantage of being transferable tram

one bottle to another giving rise to homogenous cell culture

and .... alao susceptiblo to cytopathic etfect ot polioviruS8S.

ThuI, it could be used tor the isolation, propagation and

neu'tralizat1on tests ot poliovirusea. . During the same period

the development ot monkey kidney (~a:) cell cultures by

various investigators. tacilitated the iaolation otmany new

en'tero1"1ruse. which were hitherto unknown.1B ,19

The Coxsackie viruse. were ace identally iaolated

by D&Udort and Sickles (1948)20 from children vdth clint-
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cal poU.omyel1t:Ls 1n the Coxaackie villag.in New York.

Those virua·•• producedparalys1a and death of 8ucklins mice.

Similar viNse. were isolated within a short time by other

lnve8t1pto:rs. Gilford and. Dalldort(19,1) ,21 demonstrated

that the•• new 1.,lat8. produced two types of histopatho­

logic change. in mice. Some Virua.e. classified as group A,

produced paralysis and death together with w1de-apread

myo,a1tia in 8ucklingmioe _ others t clasaitiodaa group B_

produced paralysis and death due to the necrosis of tho

lntruoapula.r tat pad. and 1nnamma.tlon ot the central neM'Otl8

system. Subsequently, Sickl.. .11.11- (19S' )22 demonstrated

that. <loxaaclde Virus•• could also be cultivated inan11nal

.eU cultures producing OPE. F1nally. Dalldorta .&1. (19S9 )23

indicated. that cer'ta:1n human disease. were aasooiated wi'th

Coxsaokie nruae8.

By the lntroduc'tlon ot .MIt and primary human amnion

oell cult'UlNts additional new virus.a were isolated along

wlthpol1oV'1rueea which could not be identified aa poliovirua

or aa Coxaackle V1rua.16•24 To olaas1ty theae new Yiru.e.,.
.. Natlonal 'oundation of Intantile Paralysis. appointed a

committ.. called the C••i:tt.. 01'1 th. ECHO viruses (1955). 25

"hi. conn.1tteenamod the new v1rua•• &s enteric t cytopatho­

senio human, orphan viruae. (ECHO).



, The overt man1tea'tationaot enterovirus disease.

are varied. Similar c11n1calsyndromes may be aeeociated

with a nwuber ot di.rteren't enterovirus.e. .Moat human

entGroviru8 1ntect1ona are characterized by the absenoe

ot ~y signs of clinical illness. Table II repreaentII

va:r1oua cUnical syndromes associated with human entero­

V1ru••s.6 A detailed d1acu881on of clinical illness••

aaaociated wi'th enterov1rus1ntect1ona 18 reported by

Aohkenaz1 and Melnick (1962>.26

The reports of l4elniok (1957) ;27 Expert Committee

on Po11omyo11tla, WHO (1958) 126 Gelfand (1962);29 Ashkenazi

and .Melnick (1962);26 Kalter (1962);'0 Plotkin ..... (1962)11

Placer (1962);31 Wenner (l962)'andoth"$. demonstrate that

enterov.1.rue infections are world wide in distribution.

Although, all the possible modes ot transn188ion have not

yet been definitely demonstrated. yet there ia enaughep1-­

dem.lo1ogic evidence to indicate that the portal ot entry of.
enterovirue.. 1. the oropharynx, the intestinal tractie

the primary si'te of multip11cat1onand tecea the vehicle of

d1...m1nat1on. Furthermore, 'there seOUl. to be a c10e.

relationship between the incidence of enterovirus infections

and the 8U8cept.1b11ityof the hoat. Children up to tour

years or age are usually the tllOst susceptible group toeDtero­

8
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En'terov1ruae.

Poliovirus.s,
Types 1..)

Coxaa,ckie
Viruse••
Group At
Type. 1-19

Coxsackie
Virue.a,
Group B,
Types l-~

ECHO
V1ruaea,
Types 1--24

Associated Dieeae.

Summer tebr11eillnea8
A••~ic meningitis
l'ara,lys1a (tlaccid to muscleweakneas)

Summertebrile 11111es8
AeeptiCnl"ening1ti8 (typea A-2, 4, 9)
Paralysi8 (?) (A-7, 9)
Herpangina

Summer tebrile illnea.
Aaeptic meningitis
Paralysis (1) (types B-3. 4, S)
Pleurodynia
MrOCarditia, or, encephal~u.rocarditi. in

neonatal period and early childhood
(types B-2, ). 4)
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viru.s int••tiona, and children ot lower socioeconomic grOU'f)8

are exposed to enterovirus•• earlier than those or h1f)ler

.ocio-economic groupa. The incidence of enterovirus infec­

tiona ••ema to be related to chane-.a in seasonal factors

11ke h\1.'111dltyand temperature. i'or a.xample, in tempertite

CJountr1•• during the wanneatmontha there appears to be a

h1y)ler incidence or infection, 'Whereas in tropical countries

the infection rates are relat1wly constant throughout the

year.
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QFHUH6N ENTiRqV.ltP~E§

EVidence tor the presence otenteroviruSG8 in a

c-...m1ty may be obtained by the demonstration ot apeci.t1c

antibodies in the population and/or by the isolation ot

the pathogens from clin1calcaaea or the dlsea•• as well aa

from healthymembere ot the ge.neral poPulat10n.2S•29

In general,to demonstrate specitic enteronrua

antlbodiee. two methods a.re used: the complement tucat10n

(OF) and neutral1 zation testa (NT). TheeF teat 18 not

used as frequently a8 the neutralization teat due to the

technical difticulties involved t such as the need tor pure

and l.arge quantities of active virus as specific antigen.

The prEteeneG ot OF antibod1es indicate recent intect:1one

because of the tendency of such antibod1eeto disappear

within a period ot months; wh1.1e neu.tralizing antibodies may

per.1at tor several years. However. conclusive evidence

tor the :Presence ot any enterovirua in a comrnunity may be.
obtained only by the isolation ot the specific v1rus trom

the~ boat and ita identification In the iabora­

tory.4,5,2S.29.32

Enterovirusea are moat frequently iaolated trorn

stoola and pharynx ot Ul ae ".11 aa healthy individuals tor

U



a period of rew weeks tollow:lng infection; the pharyngeal

carrier rates betng much shorter. Leas frequently, they

may be demonstrated from the blood during the virelI11c ata,ge

of infection. On rare occasions, enteroviruaee may be

isolated from the cerebrospinal fiuid, cardia.cmuscle, and

brain tlasue.26.27.28,29,31

In na.ture, enteroviruaes can also be isolated .from

house f1188. rBo8quitoe8 and cockroachea, but the•• have not

been proven t,o be vectors. Virus isolation trom tresh

water .8ea Y1ter, ew1mm1ng pools, soU. shoe dUst. fomite.

haft been reported on few occaslona. However, evidence 1.

lacldng to incr1m1na'te the•• as po.5.1ble sources ot intec..

tlon. For studying the presence ot enterovirus.. 1n an

area &ample. otstoolaand 8ewage are utillzed.7,27t28•29

aenerally, ent4rovirul,,18 grow in cell culture.

prepared trom primate ti8sues. Table III demonstrates the

susceptibility o.f difterent ceU cultures and e~er1tnental

animala to infections with various en1ieroviruaea.4

In praet.lc8, 14K and a"La cell culture. are mostly

used for poliovirus isolation due tothe1r availability,

easy manipulation and greater susceptibility_ The monkey

18 the only susceptible exper1rnental animal ~o poliovirus

infection. However. poliovirusea can be adal:4ied tomultlply



Ea1;IERWV.', ·JJ::QilP~iOD in ~QDia: Jt~QII (lil ItIl
ll:uri1D wI.. QJU,~QlI'. IDd ri$hoaD.ii~ !:svA~

Polio 1-3
Coxsackie: A

B

ECHO

+

+

+

MeLa and other
hwnan cella

+

Pathogenicity

Mice Monkey.

+0

."

&some atrainaot ea.ch type have been adapted to
mice.

bAttenuated strains uaed tor oral vaccine p.ro.­
duce mild localized lesione when inoculated
intraap1nallyand almost no lesions when ino­
culated 1ntracerebraUy.

CCoxaack1e A9a.nd Detrains grow readily in l4K
cella; 80me strain. grow poorly 1n mice and
tail to produce dieeaa. in term.

dSome strains grow preterentially in, or have
been adapted to, human cell cultures.

·Coxaackie A7 produce. a aevere'po11oencephalo­
Inyelit18 in monkeye, other Coxsackie. and E.c.no
strains produce l'n11a lesions 1nthe central
nervous system resembling mild poliomyelitis.

t Wh11e the prototype and other strains ot
ECH0-2) are not pathogenic tor mice t a nwnber
of other strains, especially alter passa.go in
monkeyk1dney cells, produce pafalys1s in mice
(aevere Co:maclde-type myositis'.



in mice, and in cell cultures of varioua animal origln.7 ,28

I\lltny Coxsackie ViruS8. can be illOlated on cell cul­

tures ot primate origin. ~l.-ea. all Coxsackie groupS

viruM. grow in lC and HeLa ceU cultures, onlyrew Coxaackie

,;roup A 'Viru••• grow in thea. or other cell cult'lJr$s.Qroup

A Coxsackieviruse. can beet 'be propaga1iod 1n3w1eaalb1no

suck11ns mice. Otherexper1mental animale auscept1ble to

CODack1. Viru... are hamsters. ferrets and £\lin.. piSS-

'or isolation of ECHO YiN".. human pr!.nary amnion

andMK cells have been found to beth. mo8tsuitnble. No

exper1.lnen'tal animal ha.s 80 tar been dertlonetratod to be

susceptible to ECHO viruaea.,,32 Kelly ..JIt.l1- (1962,)3

,indicated that MK cell cUltures were more suitable tor

isolation of poliovirus.. and Coxea.ck1e group B Yirua••

trom • .-wagG than other cell cultures. However. ECHO

'Viruse. g-ew bette-in human pri.mary amn10n oella.



1. atAQh ;m.Rln§~)4.)S

Stoolapeoim,ena £rom healthy Lebf:J.nes8 infanta and

children, were collected from the orphanage ot Saint

Vincent de Paul and the American University Uosp1talo in

Beirut, dUri.ng the year ot 1962. The 8l'ec1rnen.8 were

stored at-20°C 1n paratfin-layered paperbome. A total

ot 222apacimen8 from newborn infants and children up to

the a.ge or 14 years were thus collected. Betore use,

theaamplea were thawed and 1-2 srams of stools'W8re

shaken with 81a.$ beads in rew ml. ot Ha.nks' balanced

salt 801u'tion (BSS), pH 7.3. To the homogeneous mixture

more ass was added to make a lo-1~" au8petn81on. Th18

WQS centrifuged tor 15 minutes at 2000 r.p.m. and the

supernate recentr1tuged tor 30 mi.ftl3e. at 4000 r.p.m.

The supernate obtained after second oentrifugation va.

treated w:l:th SOO units ot penicillin and 500 usn or
streptomycin per ml., and kept tor three houns at room

temperature tatter which a sterility teatwaacarr1ed

out. The non-ster11e suapen.UoR.s were treated a second

t1me with the same amount ot antibiotics and 'tested

aaaln for sterility. steril..tool auspensions were

stored. in.crew capped tubes a:t-20oC and used tor 1no..

c'ulatlon of ceU cultures and 8uck11ngmice.

15
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2.~.

a. 1!IHA·1tl.. gH~»ml. The HeLa continuous cell 11ne

8.v411ableat the Department of Bacteriology and

Virology', A.U.13 •• was orlgi.nally obtained .from

Dr. R.B.. Gutekunst. at NAlWIUU :3 Egypt. in I~'Iay1961.

b. gm:LDwml .bJlQAAum~cm "Ull. The oontinuous human

amnion cell line was the U..1100. obtained from Labore.­

tartum Voar lJi1.crob101ogue Der R1jksunivers1telt t

Utrecht. Holland, in 1962.

c. PdsmAD: humin um&ADOI+}A.. The primary human arnnion

oell cultures were prepared in this laboratory from

.healthy placentae obtained from the delivery suite 0.£

the Amerioan Uni.,.rsity Hospital. The technic followed

was that ot Duncan and BeU(1961»)6w1th some modi­

tlca'tion. Each placenta was placed ,at the time ot

delivery, in a large sterile vessel contain1ns 200 ml.

of ass (pH 7.)). and it was used before) hours. The

pla.centa _II suspended trom the cord. th.e amnion stripped.
orf and washed tour timoswi'th ass, to remove the

large clots of blood from the membrane. Pieces ot

membrane were· examined microscopically and only those

that con'ta1ned healthy cella were used tor cell pro­

parations. The "'d.ahed amniotic m.embrane '.$ treated

with 200 rrd. ot O.2,t' tr~pa1n (pH 7.8) in OlHsolutlon
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tor 30 minute. at )flo water bath. The trypsin­

treated memoran.was next placed in a la.rge flask

containing 2OOml. of fresh trypsin solution, 0.25%

at pli 7.8, and agitated with a magnetic stirrer a't

)'°0. The mixture was examined every 1; minutes until

moat ot the ceU. were in suspension. Usually 60-90

mlnu'tea were sufflcient to obtain a good cell auspen­

sion. At the andot this period the tlaskwas shaken

vigorou.81y tor one minute. The suape,nal,on was filtered

t.hrough two layers ot gauze and the cells 1fl8re washed

oncewl\;h 83S. One ral. amounts ot cell suapension,

containing approximately lxlo' cells 1n nutrient

med.lum, were distributed into TO tube. and incubated

at ,.,00 in lncl1nedpos1t:Lon. Cellular mo.nolayer

growth was observedueually within 81x days.

). ~§"II lla8.

~~it. Swiae mice, obtained from United Statea

Naval Research Unit No. ) t Cairo, 1951 were bred in this

laboratory.

4. 11:f»:tt.t~lDi 1141&34

a. lQZ iii'" aDd SADSJ.nQPJM _An amn!9R QIJJ.I

La.ctalbumin hydrolysate .. BSS solution

(o.s") 70 rid.

Yeastolate solution (~') ••••••••••••••..• 10 IAl.
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Glucose solution (10%) ••••••••••••••• , ml.

Rabbit serwn ••• ., ...... ".".................. 1; mi.

Penicillin ••••••••••••••••••••••••••• 200 units/ml.

Streptomycin ••••••••••••••••••••••••• 200 ugm/ml.

Sodium bicarbonate solution (2.8%). a sufficient

quantity to produce a plIof 7.4.

The medium was filtered through Seitz filter,

and incubated for 72 hours at 37°0 to test for steri­

lity. Antibiotics were added just betore use.

b. The nutrient medium for propagation of primary human

amnion cells was essentially the same as that used

for MaLa cells with the exception that 20% human serum

-.8 used in place of rabbit serom.

;. .Bii,ntenan" M'Q3ei

a • .Maintenance medium tor HeLa and continuous human amnion

oe11a.34

ass . 90 ml.

Glucose solution (l~) •••••• :........ 5 rd.

Rabbit serom S'm1~

Penicillin •••••••••••••••••.••••••••• 200 un1ts!ml.

Streptomycin ••••••••••••••••••••••••• 200 ugm/ml.

Sod1umbicarbonate sOlution (2.8?'>, a sufficient

quantity to produce a pH of 7.4.
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b. 14alntenance Uledi-um for pritnary human amnion cells. 36

Lactalbumin hydrolysate... BSS solution

Glucose eolutton (10%) .,.

(0.5%) ••••••••••••••••••••••••••••

Call serum •••••••••••••••••••••••••••

90 ml.

,ml.
, ml•

Penicillin ••••••••••••••••••••••••••• 200un1te/ml.

StreptQ.'!lYcln. ••••••••••••••••••••••••• 200 Uf!Pl!rrd.
Sodium b1carbona:tEt solution (2• .8tJ') a autt1c1ent

quantity to produce a pH ot 7.4.

• •••• • • • • • ••• • • • • • • • •

6. ilDU I'ilaplost tiiJ.' ;agla.iil! ~4
I. Balanced Stook Salt Solutions

Solution A.-

(1) Sodium chloride 480.00 sm.
Potassium chloride •••••••••••••••••• 24.00 gmt

i~ne81 \l111 sulfate (I4g504•7H20) ...... f 12.00 gmt

Dissolve in one liter or bi-d1stilled water.

(2) calcium chloride (CaC12.2H20) ••••••• lO.;6gm.

Dissolve in SOO ml. bi-distilled water.

(1) and (2) were mixed and brought up to three

litera. Chloroform S ml. was added aa preserva.

ti'le and stored at 40 C.
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Solution B.-

Pota,$slum phoephate monobasic (KH2P04)

Sod1.um phosphate, dibaslc

(Ns2HP04.1312°) .,........ 9.12 gm.

Dextros " "............... 60.00 p.

Phenol red (water soluble) ...........1.20 gmt

Dilsolved in one liter or bi-d1atl11ed water and

brought up to three liters, Chloroform,S rd.

was added 8.8 preservative and stored at 4°0.

II. Working Balanced S{ilt Solut1on

Sol. A .... tt .. .. .. .. • .• • .. .. • .. .. • •• • • • • • • •• • • .. • )Oml.

Sol... B.................................... )0 znl. •

Bl-diatiUed water a sufficient quantity to

make 600 ml.

",utoclaYed at 15 lb. pressure tor 1S !!1inutea

and stored at 4°C.

stock nS3 solution A f". .. • 30 ml.

Stock ass solut1on B )0 ml.

Lactalbumin hydrolysate •••••••••••••• :3 ml.

Bi-dietilled water a autt1e1ent quantity to

make 600 ml.

Autoclaved at 1; lb. pressure for lS minutes

and stored at 4°0.
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a. ~N SA~ID' 'onnula tor (10 X)

G1UC'oae " II ., II II II II •• II " II . 20 gm.

Sodium chloride •••••••••••••••••••• ,. 160 gmt

Potassium chloride ••••••••••••••••••• 2000 m.l.

40 rol. ot 1$ phenol red and 6..81111. ot chloroform

were added and stored at 4°0.

b. ~11I S~j.QD' The stock solution was d11utedlO

tune. with bl-diat111ed. water autoolaved at lS lb.

pressure for 15 minutes and stored at 4°C.

Dextro.. ., II " II II •• 10 p.

Bi-distilled water a sufficient quantity

to make II II fl. .. • 100 rd.

Autoclaved at 1; lb. pressure tor is minute.

and etored at 4°0.

10. ,Ap.SUAlSig,34 .
PenicUll0, lO.OOOun1ts and 10.000 ugrus or

streptomycin per ml. in sterile b1-distilled 'Water was

distributed in 2 ml. amounts in screwr-capped tubes and

stored at ...20°0.
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1.1. I.rxUliD S~sm'"
Lyophilized Direo .. trypsin (1:2S0) vials mre

used to prepare the trypsin solution tar dispersing

BeLa and continuous hurnanamnion eells. A 1% .took

solution was prepared in GXN and stored s.t ..20°0.

Betore use, it was dilu'ted to 0.0"; with GIN (pH 7.8).

Solutions of 0.25:' trypsin in GKN were prepared directly

trom the lyoph1Uzed powder. This waa used tor die.

persing primary human amnion cell cultures. Betore UM

the pH was adjusted at 7.8.

12. nlllrJ. Cyllitam BO$1().1' aD 5& Talaes

The TCtubea and bottles used tor these determi.

nations were obtained from Kimble Glass Company, U.S.A.

1). B.i*5 bllEYil
Rabbits we1.ghlng 4-6 Xgm. were bled to death by

direct heart puncture. The blood was kept at room tempe­

ratuft tor few hOurs; the clot was broken and the 'bottlea

were kept overn1.ght at 4°e. tlext day, the serum \\6.8

••parated from the clot by centrifupt,1on. tiltered

through Seitz tilter, inactivated tor 3S minutes at 60°0.

and kept a~ ..20°C untU use.

14. aWgSenua

Human blood was obtained from the BloOd Bank at
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the American Un!wreity Hospital. The serwll tea separa­

ted from the clot following the procedure described

above.

is.~ u§1DIQ

Calf blood wae obtained from the slaughter..

bouse, Beirut.. The serum was separated from the clot

following the procedure described above.

16. Aa1i.illAl

The antisera tor poliovirus types 1. 2. ) t

OO:MBaclc1e Viru8p"OUp B typos 1..' and BCHO virustypea

1-) t 5..19 were obtained from fti.croblo1ogical Associate.,

Atter thawing. each stool suspension \\8.8 centr1­

tuaed for 10 minute. at 2000 r.p.m. f and 0.2 ml. amounts

wre inoculated into' tubes ot monolayer cell eult1Jr8e.

When human primary amnion cells were used ,tor isolation.
purposes. the mOflolayercelle were washed three t1mes

with ass (pH 7.·)) to remove trace. ot human serum used

in gro\Ch medium. The inoculated tubes 1jQre kept tor

1 hour at ),,00 tor viral adsorption. Each tube was

next examined tor any toxic reaction. This was apparent

when the cell monolayer$ ahol«td degenerative changes.



Tubes showing any cellular dege.neration 'Were diacarded.

To the remaining tubes, 0.8 ml. of maintenance medium 'was

added. Theinoculatad tubes were observed da,Uy for

apparent OPE and pH changes tor a period. of thirteen daye.

Cell cultures showing CPE 'within 13 days, were stored at

-60°0. They wre next thallAld. centr1.tuged and the sup.....

na:te \"AB re.1noculated into .fresh cell IDonolayera. The

eeUe were observed for a period ot 10 days. Tubes

showing OPE were stored at -60oC• The supernate from

thea. was used tor identification of viN••

For 180lationot Coxsackie and other enterovirus.s

24-hour old l'nice were inoculated using one litter ot mice

tor each 8tool auapenal,on. The mice were inoculated intra­

cerebrally and subcutaneoualy at the 1ntrascapuler reg1.on.

using 0.03 ml. amounts tor each site. Anirnala dying

within 24 hours were discarded. Those showing paralysis

and/or death within is days were stored a.t -60°0. For

UM. the brain and muscle tissues from the lega and

thoracie region'Wes-e removed and a 10-15% suspension p.:re­

pared in BSS (pH 1.2). A second passage was carried out

using a new litter or mice. Mice showing paralytiaandlor

death in the second passage were collected andproceasoo

a8 in the first passage. The viral suspension t:rora the

second passage W'd,8 stored at -60°C and. used for identifi.

cation or virus.



18. lh. l~tijNJ:al;J,M:ti2n :r11!t134,35 ,38

fhem.ethodology or neutralization teats U8&d in

theae determinations was essentially that of O'oottredsen,

and Von l4agnus (1959 )35 with soma modification.

Viruses isolated trom stoolaon HeLt'land conti­

nuous human arnnion oella \1tlr'e fi.rst tested with polio­

virus hyperinlaune 8er~i, typee 1, 2 and 3.1£ no neutrali­

zation occurred, they were tested with Coxsackie virus

groupS antisera, t ypea l-S.

Isolates .from stoola on human priraary amnion

cells were first tested with ECHO virus hyper1mmune

aera, types 1-3 and 5-19- If no neutralization occurred

they were tested with poliovirus types 1. 2, 3 and

Coxsackie virus e;roup B f types 1-5 antisera.

The isolates trom stools in suckling mice were

tested with Coxsackie virue group B types 1-S. and with

Coxsackie group A. type 9 antisera.

The technics followed in poliovirus and Coxsaclt1e

virus neutrlil11zat1on teets were identical. Equal al'noWlts.

0.3 rnl.,of antiserum and "the isolate WEa'e l1dxed, kept

tor one hour at room temperature. and the mixtureinocu­

lated each into 2 cell culture tubes in 0.2 ml.al11ounta.
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Tubes, W'9re incubated for 30 minutes at ),,00, after which

0.8 ral. maintenance medium \«18 added. They were thEll

re-incubated in il1clined position. Uninoculated cell

cultures. virus inoculated cell cultures a.nd cell cul­

tures eont£lining nntlsorwn alone t wero kept as controls.

Neut.ralization tests with ECHO viruses were carried out

ua1ng the sarne technic, except that the v1rus-antiaerum

admixtures were kept for 1 hour at 4°0.

Two technics were followed tor .identifying the

isolates t~m primary human antnion cells. The .first

\fa,S the technic used by Sehnlidt n u..38 where pools

of ant:lsera were prepared, ea.ch two pools containing a

common antiserum in both vertica.l and horizonta.l positions.

Thus. t~ poolsshovdng neutralizat10n of the isolate

would indicate the presence of the virus apeeificto the

COlrmon antisorun'l in both poole. HOlever, the tact that

many or the isolates were neu'tralized in the presence ot

more than two pools or antisera, necesslt.ated. testir\g

each isolate with individual type of antiserum. The

second technic used was to prepare. severalpoola. each

containing three types of antisera. The pool showing

neutralization was next tested s8'parately ,dth individual

type.s constituting the pool.

The neutralization tests in mice were carried
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out in the follo'fh'ing manner. Equal volumes of undiluted

antiserum and isolate were mixed in a test tube. The

admixture 'lrtaS lett tor one hour at room ternperature "lnd

inoculated in 0.0; ml.amounta intracerebrally into

suckling mice. 141<:8 t'eceiving the sam.e cruantlty of

isolate intracerebrally.were kept aa controls.



Enterovirus isolation stud:Les were carriod out £rom

222 human stool eamples using :3 different cell linea a.nd.

suckling mice. Seventy-five positive stool samples yielded

99 virus stra.ins (Table IV).

A comparison of the sena1v1ty of tour technics uti-
•~.tI

l1zed for isolation of enterovirus•• 18 present in T~l:1ble V.

Those results indicate that. of 219 stool specimens inoculated

lnto tubes of ii.La cells, 30 showed OPE, 1):3 showed no change

and 56 shoW!d toxic degeneration or cells. Furthermore, of

30 viruaes isolated, 10 were polioviruses, 17 were Coxsackie

group B viruses and :3 could not be identified. Of the 10

poliovi,ruaes isolated. 5 were type 1. and S type 3. Otthe

17 Coxsackie viruses isolated, 2 were ~oup St type 1, and

1,5 group 13 I type 3.

or 212 stool samples .inoculated into tubes or con­

tinuous h~~an amnion cella, 14 showed CPE,1l4 &'1owed no

change and 84 showed toxic degeneration of cells. or 14­

virusesiaolated. ; were pollovirus8s, 5 were COXSllckle

viruses and 4 could not be identiried. or S po11oviruoes

isolated. :3 were type 1, and 2 type 3. Of the S Coxsaokie

Virus isolates, 1 \18.5 goup B. type 1 and 4 grQUP B t

type ).



or 222 stool samples inocula.ted into prlm.a.ry human

amnion cella, 43 aholed OPE, 14S sho..d no change and 34

aholed toxlc degeneration of cells. Ot 4.3 viruses i801~ltod.

) _re po11oviruses, 3 CoX/S.ael<i8 viruses, 31 ,BCHO viruses,

and 6 could not be identified. All) poliovirus isolates

were typo). Ot 3 Coxsackie isolates. 2 were ~~oup B type

1, and 1 \'rlae f1'::roup B type 3. or 31 Ecao virus isolates. 19

were type 1, 9 type 6.2 type 12 a.nd 1 was type 14.

Ot 121 stool specimttns 1110eulated into suckling mice,

12 ca.used paralysis and/or death. These viruses could not

be identified.

The to'tal number and types or enterovirus i $OlateB

from 222 stool sampleeby utilization of J d1 fferant eell

linea and suckling mice. is presented in Table VI. Of 63

isolate. 12 were po11.ovirusoa, 7 type 1, and 5 type 3 t

11 Coxsackie viruses. 2 group B type 1, and 15 group B

type 31 and ;1 ECHO viruses, 19 type 1, 9 type 6, 2 type

12. a.nd 1 type 14. A total of 2) viruses were not idantifioo

with the available antisera.
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$\Could not be neutr~llized with poliovirus types 1-3
and Coxsackie virus group Bf types, 1-5 antiaer~l.

bOould not be neutralized with polioviru.s types
1-3 a.ntiesrl:t.

cCould not be neutralized with virus antisera
types 1-3 and 5-19.
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dld1ult1ple ieolationa.
·Could not be neutraliZed mth Coxaack::le virue
group 13, types 1.' anti8er~;1.

t Could not be neutralized with Co*ack1e virus
group B types 1 and 3 antisera.



..,

IAIJ.UlV

Comparison of Four Teclh~lcs Utilized tor Isolation of Enterovir..1StS

ldenti£lcatlon or isolated virusea ,
t Total Number ot Stool Samples I UriXaaelCIiB-~jECHO;i~;~- ._u --~~:l'---------_ul
! "ot .
I Tested, Posit! 'We Negat!veTorlc identified I. __ .~. _._~ __ .______ __~_____ . J... f

r-219130-f 1)) 56 sIT 2 115 rN~NDlrm lID
, I { t i . i:'
I • i 1 f i ~ i I

i I, ~ j

T ~-- f J i' I
I I I I3 I 2 1 I 4 r~D flID f ND rlD
iii fIii

T~--l-~-~r ---r--r-~r

01 ) ~"i. 2 I 1 I.• 191 9
1

' 2 1; ~ I 1 tI.. ~ !

iii f

]
J.

~
~

I
i
I

3

4

6

12
f

I NDI NDI ND I'IDIoolIDY~Do

)4

84114

145

109

43

14

12

222

212

121

lruman
Conti­
nuous

Arnnion
TC

Suckling
mice

.'i Human
PrL~
Amnion
TC

T

ITechnicI Used

II BeLa .TC
t:

'"f'\.

lID .. IA*. done

*All Coxsackie group B 1aolates from cell cultures caused death in mice
upon IC inoculation.

- • Q-



Tota.l Enterovirus Isolates by Utilization ot
Four Technics

Poliovirus Coxsackie B
~CHO virusTechnic. virus Not

used TVI - Rlt'. T\ identifiedas .L.V I: 'RD DUZ'

1 J 1 ] 1 {; 12 iU.

HeLa 4 2 0 11 0 0 0 0 2a

Continuous 2 0 0 0 0 0 0 0 la+lb'- ~ mmni (\1"\

rr~Mft4ftft 0 0 0 0 19 9 2 1 5°
HeLaand.

:3 1acont1nuOu8 1 0 0 0 0 0 0}-...w, __
I:\mninn

l'IeLaand
~ms:ry 0 1 1 0 0 0 0 0 0

.Qm'f'l\iAft

ieLa,
oontlnu0U8 0 2 1 1 0 0 0 0 0and primary..

amni,~n

Continuous
ldand prlma.J1" 0 0 0 0 0 0 0 0

ht.lm.Q't'\ ftm"" -Inn

Mice 0 0 0 0 0 0 0 0 12·
'ratal entero-
Viruses 1 S 2 15 19 9 2 1 ~j
.i, ffilf')1 .r.t'hAA

G.Not neutralized with poliovlrua types 1-3 and
Coxsackie virus group Bt typos l-S antisera.

~ot.n&u.traliz.dwith pollQvirus types 1-3
antisera.

"Not neutralized \d.th ECHO virus types 1-3 and
)-19 antisera.

~Not neutralized with pQllov,iroa types 1.),
CoxsaCkio.••.... Virus... group B1. typesl-S and ECHO
virus types 1-) and 5-1"1 antisera.-
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. .• au

6t'wo isolates were not neutralized by Coxsackie
Yirua group B typee.l-S antisera and Coxsackie
virus group A type 9 antisera. and two other
isolates were not neutralized by Coxsackie virus
sroup 13 types 1. and ) antisera.



Durlng the last ten yettrs the incidence otpll ra­

lytic poliomyelitis has been decidedly increased mnong

children ot several Vdddle :&astern countrieo.39•40 Interest

in this in.reetion has led to the laboratory studies ot

poli.ovirusee in Egypt ,Israel and Leb~.tnon. It 13 evident

from theaestudieson patients and he~llthy indi v.Ldua18 that

all three types of poliovirus.. circulate treelyin the

*dle Eaet. 39 ,40 The infection occura in infants during

the early months of lite and IMx1tnum incidence ot paralytic

polioolye11t1s 18 observed between the s.ges of 6 and 24

mcmths. 39•40 1\ high percentage of children over the age

of rive years may be considered immune. In 1;;gypt,39.40

investigations reveal that during 19'; poliovirus type 2

was the predominant typecauaing para.lytic illness among

children. L.a:ter. in1957-19S8, type 1 became the pre­

dominant type. Israel.)9 in 19;0. eXperienced an epidemic

or poliomyeliti.s. polioviru,s type 1 being t'be predominant

strain. The same type waa responsible f'or paralytic

poliomyelitis caseaunt11 1956. In 19;7. moat or the cas••

were due to types 2 and ;; in 1958, 93% 'traa due tiO type lJ

in 19;9, 80%wa8 due to type 3. in 1960, 505& ,'as due to

type 1 and tinally in 1961, 98% wa. due to typo 1. Likewise,

in Cyprus,39 during an ep1dernic ot polioM'.,lelitis in 1958,

poliovirus type 1 was found to be the cC('tusative agent.
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The reports ot Garabedian n il. (1963 )10 and

Mato881anJlS..il.- (1964)11 indicated that 'there was ·aJt

increase in the In,c1dence ot paralytic pol.lomyeliti$ in

Leb-anon, reaching epid8uic proportions during recent

yea.ra. ThUG serologLc studies of 400 inrL~nt8 and adults

showed that most or the euseeptibles, as determined by the

absence of neutralizing antibodies t fall id,thln theage-­

croup ot 0-4 years. These f'indings are in agreement 'With

the high incidence of paralytic poliomyelitis occurlng in

this ase:_group.10,ll

Furtheraerolog1c and virologic studies on 93

pa.tients with paralytic po11ornyellt1a ahomd that aU)

poliovirus types eXist in Lebanon and anyone ot these

types may 'be Napensible for the cawsaticm o£ paralytic

poliornye.Ut1a. There 'ia8, h'o\"8ver, a preponderence of

poliovirus type 1.lO,U

Coxaackie and 001"1:0 v1ru.sea are also present in tht

Middle Eaat. Gelfand, (1961)29 in a report points out the

presence ot Coxsackie group At typea 1-4, '6. 7.9, 10;

Coxsackio viNsgroupE. types 1-5 t and ECHO virus. types

1-9. 11.15, 17.19. in Egypt; and Coxsackie virus group j\.

'typea 1-4. 6-9. Coxsackie virus group B. types 1. 3, It,S

and ECHO virus, types 2, 9, 14, in Israel. Our studies

reveal that Coxsackie and ECHO viroses are liJ(~,~,,,"ise present

------------~
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in Lebanon. The strains isolated in this laboratory i'Toln

stools belong to Coxsackie virus {t";roup B, types 1 a.nd 3. and

to BCHO virus types 1 t 6, 12 and 14.

A total ot 23 viruses 1eolatedfrom stool samples

could not be identif"ied by tho uee of thes.va11able entero­

viral ~lntisera (Table VI). Eleven of these viruses were

isolated in cell oultures. These isolates may have been

enteroviruaesor viruses belonging to other groups such as

1;he adenovirus8s, herpes simplex and the respiratory viru.e.

that may oocasionally be present in hunan stools.41 A

tott~l ot12 "Iiruses obtained by inoculation ot stool samples

into suckling mice were not neutrc:lllzed by Coxsa.ckie virus

group B t types 1-; antisera. These pro'bably belong to

group A, Coxaaekieviruses or tog-roup B,. type 6, against

It<<l1oh noantisora were· available.

HeLs. ceUcultures aeernedto be superior in y1eld1nS

poliovirus and Coxsackie group B virue isolates fr'om fecal

samples t than continuous hwnan amnion and k"ir'imary human

amnion cell cultures. LikewiM, primary human amnion celli

were tthe only 3usceptible cells that yielded r~Cl·IOviru.

isolates from teca,l samples (Table V). l·'urthertllore, it i8

interesting to no'tethat • although Coxsackie grou.p B viruses

were initially not isolated byinoculatlon of fecal samples

into rdea, yet tlH!se viruses once isolated in cell cultures
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caused death in suckling mice upon IC inoculation (Table V).

This discrepancy lnay have been due to the preaencein

the tecal euapene10nuaed tor inoculat1onof an inadequate

nwnber ot viralparticlea which mit. JlI. were unable to cause

fatal infection inrnice. For poliovirus and Coxsackie group

B virus isolations the use of HeLa cell cultures seems to

be- more advetnta,geoue than prlmaryor Continuoua amnion cell

linea.

It ehouldbe pointed that these investigations do

not reflect the seasonal, socia-,economic. and other varia­

tions effecting the incidence of enterovirus infections in

the country. f4"urthormore t because only a llmi'ted number of

.tool samples were studied, the results reported herein

should not be inte,rpreted (aa representing the entire picture

ot the lmole territory of Le\)lllnon.
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