VL

Universit
s of Glasgowy

https://theses.gla.ac.uk/

Theses Digitisation:

https://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/

This is a digitised version of the original print thesis.

Copyright and moral rights for this work are retained by the author

A copy can be downloaded for personal non-commercial research or study,
without prior permission or charge

This work cannot be reproduced or quoted extensively from without first
obtaining permission in writing from the author

The content must not be changed in any way or sold commercially in any
format or medium without the formal permission of the author

When referring to this work, full bibliographic details including the author,
title, awarding institution and date of the thesis must be given

Enlighten: Theses
https://theses.qgla.ac.uk/
research-enlighten@glasgow.ac.uk



http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
https://theses.gla.ac.uk/
mailto:research-enlighten@glasgow.ac.uk

AN TWVESTIGATION

INTO THE GROWTH AND ANTIGENIC PROPERTTES

OF ADENOVIRUSES DETECTED BY ELECTRON

MICROSCOPY IN THE STOOLS OF CHILDREN

IN GLASCOW

BY

A. H., KIDD

A THESIS SUBMLTTED FOR
THE DEGREE OF DOCTOR OF PHILOSOPHY
OF THE FACULTY OF MEDICINE,
UNIVERSITY OF GLASGOW.

September, 1980.



ProQuest Number: 10753998

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction isdependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

uest

ProQuest 10753998

Published by ProQuest LLC(2018). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLC.

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, M 48106- 1346



/(l\e& (s
(264
Copy /.

! GLASGOWY i

2 Tﬂ\:v!"v\ﬂﬁ,{\--t ok

J S N

Bt AT R 1 T V1



TABLE OF
CONTENTS

List Of TableSeeeessotoassstosesesssssssescsasssensssesns 12
List of PlateSeeeesesesessssssessssssscssesensassanesssss 20
List of Figures.cceeecessicesseserssesressscsssssssnsnsns 23
AcknonwledgementSe e e eeesseosssescnsasssansssnsssnssnesee 24
DeClaration. sessseeroensesssssssssssasesosssossnsconsasss 25
SUMINATY s s e vssevssssosssncsesassssssssasossssassnsssssssssans 20

AbbreVia'tionS..----.--o..-....--...-..--...o.-.---.---.-- 28

VINTRODUC‘TION..l'i.h.ll."l'ivIIOODU!l.lIl.l...l"l.'ll.l...'l.l 29
REVIEW OF ’IHE LITmA‘IT]RE.-lll.lll.ll'll.....'..'....'.Ill 33

A. TheAdenOViruseS-...n---.-.--...----..----...~.-...o- 33

1. DiSCOVETFessssonseasssessoscssssssssssnsnsovsnsonssnsss 33
2. Properties.scsesessssscsssssescsssscnnsasesssssscncss 35
a, Chemical Composition and Structure.cicesesess 35
ProteinsSiieeerssscssssssesssscnssnassscnsessne 35
DNAueeeoeenoosoosnanssssnsssssssnsnsssonssnnse 36

b. Biophysical Properties.iiessesssscssasescssss 36

c. Infectivity In Vitroeiiesesreesseceecencnness 37

A StADILAtYe s sersensnsncssrasaosoansnasssasass 38

e, HaemagglutinatioN.seeesesseccessssrssenscssse 38

f. Antigenic CharacteristiCSiceescesscecsasensss 40
HeXONSeeressaesssasssncssososnsnsssssennsonss Ul

Vertex CapSOmerS.issecescessssesosssssonvesess Ul
FibreSeeesesesesencosessssssensrsesnsonsenens Ul

g. Transforming PropertieScecesecessesoncasceess 42

Ne ONCOZENICItYoerrosssnrnorsscsnsnsonsesnnnsnnss L3

i, Helper FUnctioN.eseeesesersesnccosesecnsesess 43

Je Mutationsssesesessssacesssnssnsnsnenseneesnees Ll

3. Replica.tionc-o;.-.-....oo-.--..-.--.-...-..-.--..--oo

IS

a. Microscopic ObservationSceieeessesesseeccscesns
b. Events in Productive Infection...eeeeescecoss 46
Barly EventSececesesesccososesccnssssnasesses U6
DNA ReplicatiONeecessescscoscssssnssensssscses U6
Late BventSeeeeeeessssssesssossnscnsncassssas 47



TABLE OF
CONTENTS continued

B. Adenovirus Infectiohs in HUmanSeeeseeeesssensssnsesses

1. Tllnesses Associated with Infection by Adenoviruses..
a. General CommentSe.cieecesssscacensesssssnnnsns

b. Respiratory I1lnesS.ssseccssssssarssancseasss .

c. Eye InfectionSessesessssssessossssnsscasssans

d. Other Non-Respiratory I1lnesseSescssssccssess
Gastroenteritiseicieeeesesorscsceansnascscnes

2. Infection and Immunity.eeeeescoesaccesccenssnsnsascsasse

a, Shedding of AdenovirusSeS.eeessseesssscscessss

ba ImIllunj.ty.o.....---------s-.--..........--o.noA

C. Relevant Aspects of Studies on Other Stool Viruses...

10 Cultllre'..'..l.!..l..'..'lIl'..tl.'.'l'.“...lll.Il..

2. Imnlmi‘ty..o.ootctlvcciloo.'!l-tl.l.'t'tul'n.n..t.ul.'

le MATmIAIIS ANDMEmODS..o-.u-.o--o.-...oll--o.

ll Stool SPeCimeHSItOIIOQIO.-1!00!0-0Dn.lo.o.cl..lt.ﬂll.

Q. SOUTCEyssrtrnessossssssssacssssscsasnscnsosssas

b. Preparation of Stool Extractsciececeseessecnass

2. Standard VirUSesessessssesessnsssssssosasnsnsssssnsses
By SOUTCEseessssssssssssssossssssssnssssanesossnse

be Propagationissccsecsssssssasesssscssscccnnnns

C. Titrationisecscecscesssssssssacssncassssscnes

3. Cell CultureSeseecescssssssencsosssssrsssssnssssssssns
Qe SOULCEisevssssssrssnnssssesssssssasssssesnsnss

(1.) Tissue for Primary CultureS...ceesecssss

(i1i.) Continuous Cell LineSesseeeceessssssses

Ds MediZiessssoessssessssrssnsssacssesarannnnnnss

C. Propagatioﬂ..................................

(i.) Primary Human AmnioN.eeeeeescesosscssses

(ii.) Human Embryo Kidney..eeeeeeeeseeecscses

(iii.) Bovine Embryo KidneY.eeeeeeeesscassees

(iv.) Human Embryo Liver.seeeeseeseseassssses

(v.) Continuous Cell CULtUreS.esseevesacccass

58
58
59

61
61
61
61
62
62
63
63
63
63

KREES

65
66
67
67
67



TABLE OF
CONTENTS continued
Page
L, Method for Virus IsolatiON.eeeseesssescesosssasssenss 69
a. Infection of Cell CUlLUTreSeceeessesssveessses 69
b. Detection of Cytopathic Effectecscesecscssses 69
C. PasSSagCessiessrresstsssossssnessnssssssasssss 09
5. Neutralisation Test for AdenoviruSe.esesesescsescscesss 70
as Antisera.issecsessceesssssssssscsssssscssssss (0
be Methode:ieieesnrureetasenensnessssssasnscsses 70
c. Dual InfectionS.eeessssssscsssvessssssssssens 71
6. Electron Microscopy of Culture FluidS..eesssssesessss 72
a. Concentration of Culture Material...sseeseess 72
b. Negative Stailningieeesiesesossressesssenncess 72
C. EXaminatioNe.esssseesescocsrocssevssssnsansns (2
7. Fluorescence MiCTrOSCODY.eosssessrsossrssossssecnssses (3
Qs CellS.iusssssessescossosssssnsssnsscsssssasese 73
(1.) KB CellSseeserneroancarannsccassvansosss 73
(ii.) Secondary Human Embryo Kidneyeeseesesos 73
De Antisera.ieiivessssronsssesascssssnssrsscnssscs 73
(1.) Adenovirus-specific Antisera.eecseessses 73
(11.) Test Antisera..ceeessccvesvscrsvesssees 74
(iii.) Fluorescein Isothiocyanate (FITC)
Conjugated Antisera.eeeeeesccescccessnss 74
Co. ' MiCTOSCUDErreesesssvassssesosvonasnsosensnsas TH

d. Meﬂlodlno0.0.0Duo.lll.ui-..!.l.l..D.il.l‘ll.'l 71“’

CHAPTER 2 ATTEMPTS T0_TSOLATE ADENOVIRUS FROM STOOL
EXTRACTS IN WHICH ADENOVIRUS PARTICLES WERE

DETECTED BY ELECTRON MIUROSCOPY..vevessvessss 76

A. Confirmation of Frevious Flndlngs..................... 76

B, Culture Attempts Using Further Stool ExtractSeeeeessss 78

l‘ IntI'OduCtlon-...-...-.....--.--.---.........oo---o.-.o 78

2., Comparison of Stationary and Rolling Culture€..seecseses 79
3. Comparison of Culture With and Without Adsorption

PeriodS.eessescsesssossesseassssassssasossnasssnssssss O2
L, Comparison of Culture with Stool Extracts Stored

Frozen oxr Unfrozen--.-..-u--o---oc-...---.n-c---..-o.- 85



TABLE OF
CONTENTS

5.

continued

Retrospective Attempt to Isolate Adenovirus

Using HEK CellSuuieeteossesssssonsssnssssasasssnnsnss 88
Further Culture ResuliSeseesseeesrtsssvsesossccansasss G0
Observation on the pH of Sto0l ExtractSesesescscssses 92

General DiSCuSSioncocualncl.'-.onuocooitotoolon'DIOQQ 93

Aspects of the Isolation TechniquUesiesceesecnesecnsssss 93

a.
b.

C.

Choice of Cell TypPeesesesssssssosssasssesones 93
AssulnptionsMadel.lllllllll..l..l.ll.'ll'l.ll 94
Choice of Method for Identification of

Isolatesii'..l.'!ll.'l..l'l".Iflll!.!'l;ll.! 95

Consideration of Culture Results CollectivelY.seeesesr 95

CHAPTER 3

Aims Of STUAY e vevrerrretocessssssssssassenses 95
- DefinitionS.ieeeececscsesssccesosccsassanness 96
Frequercy -of G Specimens.eesreessseessarsences 97
Frequency of D SpeCimens..eceesecscssessassss 98
Comparison of Isolations Over a Period....... 100
Frequency of NG SpecimenSocssscsesssearsassess 101
Implications of Finding Adenoviruses Which
Do Not Cause CPEuusisnsassnsanssssnsssnasesss 104
Suggestions to Explain Non-Growing Adeno-

ViIUSeS.-o...o-o.-ooa-.----;.-.--.-o....;..r. 10“

FURTHER ATTEMPTS TO ISOLATE NON-GROWING

A,

Cell C

ADENOVIRUSESI.-ool.l!lo-cou-n-.-.o.o-..c.o.li 109

u1ture...-.ou..o-.-.----...--....;..---.--..-.- 109

1.
2.

IntIOduction.....o---.---..--..--oc..-w-.-..w--.-..-. 109

ContiHUOUS-Human Cellsnonl;o0--no.-o'.-.".o.ol.-.cto 109

a.
b.
C.
d.
. €
f.

KB CellSseussnansssssssssssasssarssssse: snnss 109
Human Embryo Liver CellsS.ssessecsasssacsneese 110
Bristol Hela CellSissesosrssesasovasscnssssnss 111
Flow 4000 Clone 2 CellSesuvessesncnsnsasansss 112
Intestine 407 CellSeeeesetenscscassosenesssss 113
Chang Conjunctiva CellS .sesessssscsscsasaases 115



TABLE OF
CONTENTS continued

3., Cells of Animal OrigiNeeeisecessssnceasnsssassscense 117
a. Introductioneiseseeessssssessscosssssonnscses 117
b. Canine Kidney CellS.veeeecassescsssesssscces 118
c. Bovine Embryo Kidney CellSeisceeseccssasaaass 119

B. OrgansegmentCUlture....-.-..-u---...--..-.-..n.-c. 119

1. The SysteMiieeecsssestessessssenssssessensnsssssassse 119
a. Introduction.scsieiiesecesnssscnsssancanonnsse 119
b. Preparation of CultureSsscesenssessessnerase 121
2. Attempts to Culture Prototype Strains of Adenovirus., 122
a, Serotypes 1 and 2.ievirensecssnccceconsarees 122
b. Serofype Bevinetvossesnnnasessnsnnensssssnes 123

c. Adenovirus in NG SpeCimenSeeseeessesesesessss 125

C. Variations in Culture Technique and Specimen

Handlingeeseseoeeesessossssesnnsassssssssssesnsessss 126
1. Inoculation of Cell Suspensions Prior to

MONOLAYETiNEs e v vrressesssrersasasssoannssscssasnsass 126
2. Comparison of Different Methods for Releasing Virus

FrOm CellSeesseeronvesonssssssessasssessesssnsosacsnss 128
3. Low Speed Centrifugation of the Cell Monolayer

After Inoculatione.eereeeeressssscssoseoosssasnesnss 128

L, 1Incubation in Cultures at Different Temperatures.... 130

Dn DiSCUSSiOH.-----.'--..-..-.--o.-...o--..-.o.o-.o..-- 132

CHAPIER 4 USE OF METHODS TO DETECT PARTTAL REPLICATION
OF A.DEI‘ICJIRUS..non-osonnu-nn-l..-.cl--o---'- 133
A, Tnoculation of Cell Cultures With_a Different

Vj_:ms Simu.l'ta.neC’lS].y...--o--..o--o...--o-.-..-----.. 133

1. IntroductioNesseesesscsesosssosssssacssnsassanenessss 133
2. Tests with Adeno Associated VirUSeesessessesssssesas 133
a. Introduction.seesssssesescereccecesessnesnsss 133
“ b, Determination of AAV Viability¥eeeeeeeeeesses 134

c¢. Culture Attempts with AAV and Adenovirus

in NG SPeCimenS-o--.-....---.----.-.o-n-.-o- 135



TABLE OF
CONTENTS

3.

continued

Tests with Standard Adenovirus StrainsS.seseisessecse

a'l
b.

C.

In'tI'Od.uCtion.a----..-.--..-.-.....--.-.--.-...

Adenovirus TypPe 8Buevievrvresreresscanssnnanss

Infectious Canine Hepatitis Virus (ICHV)....

TmmunoTf Il UOreSCeNC e ssesesosrenessstsssvssssassasons

IntrOduCtion..-....---.o.-o-.---.---o-o;.-.--.-..-...

Preparation and Testing of Rabbit Antisera....ee.oes

a.
bl

Preparatione.serecssessssasossossnsassssnanns
Testing of Rabbit Antisera by Neutral-
isation.ceseesesssiecesesssncrensssosronsnnns
Testing of Rabbit Antisera by Immuno-
FIUOTeSCeNCE s seretsassrossenssssssescns
Part Teoeieeeneeesssosnetnsonssvsnsesoosssane
Part TTlueeeceesoreroresssessssssssoscncnncsne

Part IIIllcno-o-uollunooll.ncu-cl.ll-.ocoocl

Preparation and Testing of Guinea Pig Antisera......

a.
-bl

C.

a.
b.

C.

a.
b.

C.

Introduction.ieesceecsssessvecscsasssasancna
Preparationeeiessceecesassscnosscnssncsnsnss
Testing of Guinea Pig Antisera (by immuno-

FlUOTESCENCE) et veranerercssrosscsessansnans
Part Tioeeevevenosncsessscsscossssasssenssnsns
Part TTecesosssssessaeeinssesnsnsassnsssanss

Part III..C.I'.C..l.llll'....'.l.‘l."'."'.

Evaluvation of the Method Using Culture Positive

SPeCimenS.--..---.o-...-........--.-....-..o.-oo-.-'o

Introductionliilll.lliﬂcO...l..l..‘l'....ll.
Incubation Time.eeesssessossrosasensose.enns
Testing of Further Culture Positive

Specilnen30lnouollolvl-.aoA'o-o....v"ocn.c..

Testing of NG Specimens for Adenovirus Specific

ImmunNoflUuOreSCEeNCEe. csssseessvsssssssvssssnsssveseses

Introductionesssecececessesosvscecacsnsconns
Tests Using KB CellS.iaeeseecssscossnscecsnsnne
Tests Using HEK CellSeeesocsscoonssssssnsnes
Part Teeeoeenneeoosscessossorsonssssssnssnnas
Part Tleeoeeeeensonesoossocsnscansssnsanansna

Pal't III'I'...'..!...II."I--lll...'l..l....

7

1
141
143
143

143

144
144
145
146
147
147
147

148
148
149
151

152
152
153

154

155
155
155
156
157
157
158



TABLE OF

CONTENTS continued

Co DiSCUSSionc........--.-o--.--..o.....---..-.--.......

CHAPTER 5

EXAMINATION OF NG STOOL EXTRACTS FOR THE

PRESENCW OF AN INHIBITORY SUBSTANCE..........

10 In'bI'OdUC'tion.-.---..------.....---.....-..---.c.---.-

2. BExamination of Virus-Free Supernates For the

Presence of an Inhibitory Substance to Adenovirus

Replica,tiOn--......-----.o.---o..--.-..---.-o..-.....

o

b.

Effect of Mixing NG Supernates with Geood

and Poor Grower Serotypes of Adenovirus.....o
Effect of Mixing NG Supernates with the
Common Serotypes of Adenovirus Found in
St001Seeseesesrssosenaosasesnsssssssonnsannas
BEffect of Pre-treating Cells with NG
Supernates Prior to Infection with Proto-

type AdenoviruS.isseeesesssesassscsasscsssnnss

3. Treatment of NG Specimens to Remove a Possible

Inhibitor of Adenovirus Replication.:evsseosssscesscns

a.
b.

Effect of Diluting NG SpecimenSeescecccccasses
Effect of Removing the Soluble Components

of NG Stool ExtractSecececsesscescsccccesnssos
Effect of Treating NG Specimens with
TXYPSiNeceettacsesvscessssosssnnsnsssnasssssns
Effect of Treating NG Specimens with Heat....
Effect of Lowering the pH of NG Specimens....

Pa.]’."t Il.'l.l..ll....’.'.lll.ll.'l.l.ll..lll’.

Pa.rt II.O...-V..‘}._QQ—'_.,'!I,-oloa.o.tu'.cn.oo.ov-b

L"-V DiSCUSSiOl’l.......»...-;cg';"y_'é'.f'é.'gév'.-.-......'--..--.-...

CHAPTER 6

ATTEMPTS 10 IDENTIFY NON GROWING ADENOVIRUSES

I. PREPARATION AND TESTING OF ANTISERA TO

NON-GROWING ADENOVIRUSES.....................

1' Introduction"ii'l-.l...I...'l.l....0...'.'!...'.'..!.

20 Prepara-tion Of Antisel‘a.-..-o----o..o...n-oo-....-.--..

a.
b.

Ra-.bbit Serwnooocuouo.n.luot.o..n.n.oonon'on..

G'U.inea. Pig Seru.m.-.....--..-.....-.-......--.

163

163

165

166

167
167

168

170
172
173
173
175
176

178
178
178

_178

179



TABLE OF
CONTENTS continued

Page

3. Testing of Antisera..ceeessssersssesssssssensssnesss 179
a. Reaction of Sera from Rabbits Inoculated
with NG Adenoviruses, in the Indirect Immuno-
Fluorescence TeSteeseessserssssosssssnsesese 179
Part Teuveesnsssnnnsosesserseseesesennnneees 179
Part Il..ieeevesnesensssassnossssvssaassseses 181
b. Reaction of Sera from Rabbits Inoculated with
NG Adenoviruses, in the Complement
Fixation Testeeeeevss cieeas P R < 72
c. Effect of Sera from Rabbits Inoculated with
NG Adenoviruses on the Replication of
Common Adenovirus Serotypes..............;.. 183
d. Reaction of Sera from Guinea Pigs Inocul-
ated with NG Adenoviruses, in the Indirect
Immunofluorescence TeStesessessessven.ansess 184
e. BEffect of Sera from Guinea Pigs Inocul-
ated with NG Adenoviruses on the
Replication of Common Adenovirus Serotypes.. 186
L, COnCluSionSes..cseessestssssesssssssosessssosssssnse 187
CHAPTER 7  ATTEMPTS TO IDENTIFY NON-GROWING ADENO-
VIRUSES. II. USE OF CHANG CONJUNCTIVA
CELLSesesvrnnnensesennnnnsesssnnnsnsesssssss 189
A. .ihveéfigation'of Cytopéthic Effects from Four
NC:Sjééiﬁeﬁs........................................ 189
1. IntroductioNeessecssssssssssscsssscssssssaressssssss 189
2. Passage of Cytopathic EffectS.....ceveeeeesenesnsss 189
’ a. Titration of Apparent Infectivit¥eeeessees.. 189
b. Repeated PasSagCecessscessrsssensessssssenss 191
3. Attempts to Identify the Cytopathogenic Agents...... 192
a., Sensitivity to 5-BUdR.ssisesccncrcssccasssss 192
- b. Neutralisation Tests Using Standard
Antisera 10 Types 1 t0 33eeeeccercrcosscacee 193
c. ImmunofluoreSCenCesssssssssssssesssenssasess L9
d. Neutralisation Tests Using Sera from

Animals Inoculated with NG Specimens:i....... 196



TABLE OF
CONTENTS continued

d. Par‘tII.!'....lc‘lllI.!l. lllllllll S & & v a8 Vw0 196
Pa.rt II.oo-';oro-_-:‘--;'-‘---‘oo-----.-o-.-o-.-u- 197

Evaluatlon of Chang,Cells for the Isolatlon
of Adenoviruses in General.eceeesececss cessarssssenss 199
1. IntroducCtiONeceevesssceessscscsssanscsssssnssssssesssns 199
2. Culture Attempts Using All Available Specimens
from Three PatientSeseesesstsectescsseseessresseasss 199
C. Attempts to Passage and Charactéfiée Further NG'Agents
in Cell Cultﬁre..................................... 201
1. Introductionesesseecessesssesscsssassensssssanassses 201
2. Studies with Sixteen Further NG SpecimenSessssesssss 202
a. Simultaneous Culture at 33°C and 36.5°C..... 202
b. Atteﬁpts to Characterise the Cyto-
pathogenic AZentS.eeseveseroecersessncasnsss 204
Part I. Sensitivity to 5-BUdR.esveevseenssr 204
Part II. ImmunofluoresScence...esessesessses 204
Part ITI. Neutralisation Tests Using Sera
from Rabbits Inoculated with a
NG SpecimeNisvessssesssssssssasssas 205
c. Investigation of Culfure Conditions Under
Which F Adenoviruses Might Replicate Best... 207
3. Tests for the Presence of F Adenoviruses in Other
Stool Extracts Known to Contain Adenoviruses by EM.. 208
a. Culture at 33°C with Further NG Specimens... 209
b. Neutralisation Testé;to Screen Stool
’ Specimens for the Piesence'of F Adeno—"
VATUSES . ¢ s vseenerrvsrennonorsnesssnsnsennsss 211
D. Attempts to Explain the Variability of Different
'Nd.éﬁééiﬁéﬁs in Caus1ng Cytopathic Effects in
Chang CellS.ueerreeansrarseracessernsananssonsasnas 213
1. Ekamination of Virus-Free Supernates and NG

Specimens for the Presence of an Inhibitory

Substance Specific for Fastidious Adenovirus.ssessss 213

10



TABLE OF
CONTENTS continued

2,

Treatment of Culture Fluids by Methods Which

Mig}lt Improve IIlfectiVity.'..'.'..IOC‘..-II"C.I!.DI

a.
b.

Co

Introductione.seeeeceescsesosnscsssssncssnnne
Treatment of Culture Fluids with

Chymotrypsin and TrypPSiNeesesescecsscaasssss
Sonication of Culture FluldS.seeeeseesensses

.

Investigation of Adenoviruses in Intestinal

Seement CULEUTE FLULAS e e s ernssnssnnsrennssnrennrens

Introduc-tion. 5 4 & 3 0 5 8 0 2 60 P TSP OO LSS E N OSSO AP E RPN
Inoculation of Chang Cells with Intestinal
Segnen-t Clﬂ.tllre Fluids ® 9 8085 82008 03 0000 0B OB 9SPSR

Qe

b.

First Passage FluldSeeseesssesssensonnssnnsns
Part I 9 0 8 & 8 8 0 0 5 8PP SO P PR OO SN TPR SR DPEETEIEN 0D
Pa'rt II ® 08 2 0 0 8 5 0 05 20 0 OS2 T OSSOSO BTSN

Second Passage FluldS.eeseescssssscasssssnss

DiSCU.SSiono.a..o-----.-.o..-..--oo---.-...----.y..--

CHAPTER 8

FINAL DISCUSSION.ssenssacsaossssoassseansans

The Work in RetrospeCt.cessssesecectensscccsessanaes
The Work in Relation to Recent Results of Others....

cuggestions for Further Work.ievseeooseeasesesscones

a.
b.
c.
d.

(=

Jdentityeeeseveossrocscssssconsosnsssscsassnns
Requirerments for Optimum Replication.seeesss
Etiologic ROlE€ssessssssensnnnsnssscossansnss
PrevalenCeereessssseasscassssnsssssssnssnans

Mode of TransmissioNe.sseseecsecersosasescnss

ReferenCeS.o..-ooco---..-.-...---....-o--......s’---.o-..

11

215
215

215
216

217
217

218
218
218
219
220

221

226
226
229
234
234
237
238
240
240

242



LIST OF TABLES *

Following Page
Table 0.1. llllll ® ® 0 0 P P OB PSP S PSSP eSS EEP O EEE DO 32

Recent studies xeporting the presence in stools of

adenoviruses that could not be cultured.

o o) 0
The prototype strains of adenovirus.

TAbLE 0.30ssrenseeeerasssnsssensnsesnsnssncssssnsssssnssasass 30
The major polypeptides of adenovirus type 2 particles.

Table Oulbueeeearasseroesesaonesosocsossesosassssenssasassanes 30

Subgroup classification of adenoviruses on the basis

of haemagglutination.,

Table Ol ituo.tn.u.-o'.n-occ--.'.ucoi-ouoou-to.'-u.-n.oolclotl LEL

Adenovirus structural components and their main

immunological specificities.
Table 0!6.."...!...!.."'...1llo..lllll'....l..-.l".u.l.l.l L”8

Illnesses most commonly associated with infections by

adenoviruses.
Tablel.l..lI..I.I.ll.'.'..ll'l'..ll."..l.l.l.l‘l.'l.ll.l'.. 64

Composition of growth and maintenance media used for
cell cultures.

Ta:ble 1.2.0.'..!0.0D.I.IIO".'....III.....UO.Q'IQ‘O...II..O.. 67

Optimum seeding concentration for tube cultures and
seeding ('split') ratio for flask cultures of con-

tinuous and semi-continuous cell lines.
Table 2'1.!'l.l.lDl'll"...‘.l‘l..l'.l'll.‘..'.‘.lll..ll.’... 76

Results of prolonged attempts to isolate adenovirus
from 23 stool extracts known to contain adenovirus by ENM,

using human amnion cells and human embryo kidney cells.

* gsome legends are not given in full

12



LIST OF TABLES continued

Following Page

Table 2.2.--0-.....;..00o'-l-'lo-oncuoo.ooUQDOQO0.00QQQGUQQQO. 80

Result of culture with 26 stool extracts known to
contain adenovirus particles by EM: Comparison of

stationary with rolled culture.

Table 2e3cececsssersessassssosssnsnssscssosessanssonsosssassss O3

Result of culture with 21 stool extracts known to
contain adenovirus particles by EM: Comparison of
culture with and without periods of adsorption at

each passage.
Table 2.4.........l.l......ll..l.l'l.,.l.".'...'.’.......’.D 86

Result of culture with 26 stool extracts known to
contain adenovirus particles by EM: Comparison of
isolation results from stool extract fractions
stored at (a) 4°C, and (b) -20°%C.

Table 2.5uiieeeeesenrentstossossossnssassssssassssssssnsasass 88

Result of culture in HEK cells with 19 stool extracts
known to contain adenovirus particles by EM. These

extracts did not cause CPE with human amnion cells,
Table 2.6...l'l..‘.l.lll...0...!'!-!.l...'l...ll.l......l".' 90

Result of cqlture with 75 stool extracts known to
contain adenovirus particles by EM.

Ta-blc 2'2Dl.!...l.ll.l..‘I.C'.I._'..U....l'...l'..l‘lbl..l..;l 93 -

Categorisation of 72 stool extracts according to the

colour of the phenol red pH indicator.
Ta‘ble‘ >2.8.lltllA.—.lC.Il.",..’."....IODC..ID'.O‘.QOI'.ll’..... ' 97

Classification of 148 stool extracts known to contain
adenoviruses by EM, according io the results of virus

isolation attempts in cultures of fetal human cells.

Table 2.2'..0.."......l.tl...lllll.l.l-..O.....l'l..l......'v 97

Serotypes of adenovirus isolated from 148 stool extracts
known to/

13



LIST OF TABLES continued

known to contain adenovirus by EM, 84 of which
caused cytopathic effects characteristic of

adenoviruses.
Table 2.10."vI..ll..-............'.....l.l.ll'..‘.'.ll....'

Patients found to excrete adenovirus of one sero-

type for longer than one month,
Ta'ble 2.11...".0..lll"Il'...llll.'..l..bl.lllll.......l..

Patients found toc excrete adenoviruses of more than

serotype.
Table 2.12.....ll.l..l...!ll.'llll4'..l.'l.l...‘."........

Results of adenovirus isolation attempts with stool

extracts of patient no. 25.
Table 2'1 ® 9 0 0 0 S B 55 0D B PP OSSO DSOS LR PP OSSP OB E DO BSOS EEEENDS

Patients found to excrete adenovirus particles in
stools from which adenovirus was isolated in culture,
but who also excreted at least one stool containing

adenovirus which was negative by culture (NG specimen).
Ta'ble 2!14.."........".ll!.i'.......l.‘l..ll.ll'l...“‘l.

Patients who excreted more than one stool positive
for adenovirus %y EM but negative by cell culture

(NG specimens).

Table 2.1ill.lllll.l........ll..l.....l.i.l.........'.Il..l
Troportion of male and female patients.

Ta.ble 2.16...I.OIC’...F..III...U'.!I» o.ov-.ooocnuoatooctnp..

—

Distribution of ages for 28 patients at the time
of excretion of slools positive for adenovirus by EM

but negative by cell culture (NG specimens).

Ta-ble 2' ® © 0 9 00 9P 0 S S A B D P OO PO P OB PSR O LSNPS PN SN RSB
Result of culture with 20 stool extracts known to

contain adenovirus by electron microscopy, using

KB and human embryo liver cells,

14

Folldwing Pége

100

101

101

101

102

102

102

110



LIST OF TABLES contimued
Following Page

Tar‘b‘l‘e‘AEIZ'.....'I.‘...'.‘O'lll..l................‘.........I 113
Result of culture with 28 stool extracts known to

contain adenovirus by electron microscopy, using Flow
4000 Clone 2, Intestine 407 and Chang Conjunctiva cells.

A’I“a.“t;le.vé‘.‘z...ol--...Io-'...lo.o!ncoi-u.l-io--h.'o‘--o.ou..l.' 113

Presence/absence of CPE from 28 stool extracts known
to contain adenovirus, when passaged in cultures of
Flow 4000 Clone 2, Intestine 407 or Chang Conjunctiva

cells.
Table 2.4...............0....I.I..I.I.........l...lll..l....l 118

- Result of culture with 21 stool extracts known to
contain adenovirus by electron microscopy, using
Canine Kidney (GH) and Secondary Bovine Embryo Kidney

cells.
Table 2.2...........‘l.l.l..l..ll..........I..'.......’l.... 124

Results of cell culture using intestinal segment
culture fluids as inoculum. The first passage fluids
were from cultures i'noculated with adenovirus type 8,
uninoculated cultures and inoculated dishes without

cultures.

Table 3u6uereensreasessssansssscssssasssssccssnsocnssssnnsss 125

Results of attempts to detect virus in intestinal
segment culture fluids, by EM and HEK cell culture.
The first passage fluids were from cultures inocul-
ated with NG specimens.

Tab ez-’z ..."_..V:'A.A.‘;“. .‘.‘..‘..""‘..V..;V:,. .‘0..---.‘-‘:--.-..';.; :-0.‘.. 130

Evaluation of the method of low-speed centrifugation
of cell monolayers after inoculation, for the detection

of adenovirus in NG specimens.
Table ‘4.1...!.."...‘.l.l...'ll....DI.llll..‘Qll..l.l....... 1%

Serial passage of adeno associated virus (AAV) type 1

in the presence/

15



LIST OF TABLES continued

Following Page

in the presence of adenovirus type 2: determin-
ation of AAV viability using human amnion cells,

by electron microscopy. »
Table 4'2""0...0'!.I...l..."lQ.....I.I.....I.OII;.I‘....Q 134

Serial passage of AAV type 1 in the presence of NG
specimens, with examination of culture fluids for

_ the presence of virus by electron microscopy.

N o s TP 16

. Serial passage of adenovirus type 8 in the presence
of NG specimens: examination of the cultures for the
development of cytopathic effect before and after ex-

w»  posure to adenovirus type 8 antiserum.
Ta.blea.u....l.'..l.Il..l....i.....'.."................'I'. 1%

Results of tests on sera from rabbits injected with
adenovirus type 3 or type 5: neutralising activity

against homologous virus.
TableL:’.2.l..'l....l‘..'.i....l.ll'.l.....l....'.lilll.l..' 145

Results of immunofluorescence tests with serum from
Rabbit No. 2. Titration was performed using HEK cells

infected with the homologous virus (adenovirus type 3).
Table 4.6'..'...."..l...!l.ll‘....l...........I"’.Ol.lll.. 146

Results of immuiiofluorescence tests using serum from
Rabbit No. 2.

Table unza.-.o..oc.u.col.ao..lt.lo't-u..lo.o--'-o'o--to.l.. ll""8

- Besults of immunofluorescence tests on 5 guinea pig -

sera for group specifiéity to adenovirus.
Tao.ble LL.8I.I..I.IIC....l..'l..lll.....I.......I..l.'....... 152

Results of immunofluorescence tests using KB cells
fixed at various times after inoculation with (a)

adenovirus type 2, and (b) adenovirus type 3.

16



LIST OF TABLES continued

‘ Following Page
Table 4.E’.lll...l.‘...l..'.l.l.l.l...II..-..D.‘..‘.I'..'I 1‘53

Result of immunofluorescence tests ﬁsing KB cell

~ cultures fixed at 48 and 72 hours after inocul-

ation with G specimens.
Table 4.10‘.....-“........ll.l...l..l....l.l...‘...l‘i-.. 153

Result of immunofluorescence tests using KB cell
cultures fixed 72 hours after inoculation with

G specimens.
Taoble 4.110..lltilll.litlIll.;..l..l.l.!.....‘..ll‘I.;...II 155

Results of immunoflucrescence tests on 28 NG speci-

mens, using KB cells.
Ta-ble L".lz.D.l..l.ll.ll'.l..l‘ll..’ll'."...“l...‘....'.I. 157

Results of immunofluorescence tests on 8 NG specimens
using HEK cells.

Table Bul3ceeessesesssasnssasssssssensocsscssssasasssseses 159

Results of immuncfluorescence tests on 6 NG specimens
using HEK cells, with evaluation of the method of
low-speed centrifugation of the cell monolayers

after inoculation.

Table é. ® P P O P P I P OSSO NN NR PO PE PSPPSR PSPPSR 17”

Infectivity values (TCDso/ml) obtained from an
adenovirus type 3 and homologous antibody mixture
after treatment at pH 2.5 or pH 7.2, compared with
the infectivity values obtained with virus alone
treated at pH 2.5 or ptH 7.2.

) Ta-ble 601.’..‘.50lb.on-.l"ol'-ono--;0;')obrbo.ro-......vo-oolovht‘..ﬂ> 180

Results of immunofluorescence tests using sera from 2
rabbits (90 and 96) inoculated with a NG specimen |
from patient no. 25. Tests were perfcrmed using KB
cells infected with adenovirus type 2, type 3 and

type 5.

17



LIST OF TABLES continued

Following Page

Table 6‘2.0...O..Il.l..l-..'l."‘..l..l‘...'...qllltl.... 181

Results of immunofluorescence tests using post-
inoculation serum from 2 rabbits (90 and 96) inoc-
ulated with a NG specimen from patient no. 25:
assessment of antibody levels to intracellular
antigens in KB cells infected with adenovirus

type 2 and type 3. _ .
Table 6‘2'......!l......'..'l'l...l!l.....lll.i..l.l.l'. 185

Results of immunofluorescence tests on 5 guinea
pig sera for group specificity to adenovirus, using
KB cells. FEach guinea pig was inoculated intra-
nasally with one of 3 NG specimens.

Table E.l..to'-.u...’-ol-.ro"ao0toOtt....ou.oo.o.ol.ulln 190

Development of CPE in Chang cell cultures inocul-
ated with second passage culture fluids derived
from the specimens from patients no. 62, 64, 68
and 69. The second passage culture fluids were
tested at dilutions of 100, 10_1 and 10—2, after

freezing once, 3 times and 5 times.

Table 7e2uesesssesnsesnsssosssssassccsnsanessnssssansases 195

Results of immunofluorescence tests using KB cells
inoculated with third passage Chang cell culture
fluids derived from 3 NG specimens taken from

3 children.

Table E.2..-.00.'l0l..l.!.v.Al-lll.........b'..!....ll.'.. 200

. Results of culture with- 107 stool specimens from
3 children, using Chang Conjunctiva cells.

Ta'ble2.Ll’lll.l....."l..l..'.l'.l!'."'.."..Il..ﬁ..l..‘. 203
Results of culture attempts on 16 stool extracts

known to contain adenoviruses by EM. TIncubations
in HEK cell cultures were performed previous to

incubations in Chang cell cultures.

18



LIST OF TABLES continued

Following Page
Table 7. 2...'..l...l..l't.l'.'..lll..‘l_.h..t....i...ll 206

Results of cell culture and immunofluorescence

 tests on 16 NG specimens from 12 children.

Table 7u6eeevessssersnsonnnssosasasosesssssssscossnass 208

Results of culture attempts with 6 NG specimens
using Chang Conjunctiva cells, and with 6 differ-

ent variations in method.

Ta-ble 2nZo!llc-t-uolsolo'on-ll.-oool--.u.u---ho-..l... 209

Further NG specimens which caused cytopathic
effect over more than one passage in Chang Con-
Jjunctiva cells incubated at 33°C.

Table zc8|l'.coo-onl...ob'l.tt..lo-uu-...-.b-.co.ou!.. 21-0

Results of culture attempts with different NG
specimens from the same child, using Chang Con-
junctiva cells incubated at 33°C.

Table 2;2...n..tl.-oonuuuulnn..otu.o.o-oco......oo.... 218

Results of attempts to detect cytopathogenic
agents in intestinal segment culture fluids using
Chang Conjunctiva cells. I, Tests using first

passage organ culture fluids.

Tabl Ello.l.......llllI..Illl..l'l...ll...‘l..ll.'l... 221‘

Results of attempts to detect cytopathogenic
agents in intestinal segment cuvlture fluids using
Chang Conjunctiva cells,  II. Tests using

' second passage organ culture fluids.
Ta-ble 8.1.'..‘.".‘-‘....‘.'.'v.".......’..;.......'..'..... 233"

List of NG specimens tested by DNA restriction
site mapping and/or ELISA, and by cell culture.

19



LIST OF PLATES

Followiné ?age

Plate 1.'IODQQ.Il"llt.l..l..!l.'...t".....'.0.'...!-.!.... 91

Uninfected monolayer of secondary human embryo kidney

cells.
P]—ate 2.'..........ll'l.l.l.l.l.'ll.lll.l.l.“‘.l.'...‘...... 91

Typical appearance of secondary human embryo kidney
monolayers after infection with wild strains of common
adenovirus serotypes. In this case cell clustering

and rounding is Just beginning. Adenovirus type 3.
Pla-be Q!...'I'.'I...l."..l.....'.'I"II..l....l.‘.l.ll.....‘ 91

- Typical appearance of monolayers of secondary human
embryo kidney cells showing early cytopathic effects.
The cytopathic effects in many cases were transient,
but some were shown to be caused by wild strains of
adenoviruses belonging to subgroup A. The nuclei are
dense and prominent (compare with Plate 2). Cell
rounding and clustering invariably followed from this

stage.
Plaa-te 4.0...‘.'..."!."..'..l.'Ol‘l..Ol.l..-...‘-l.l."..'. 125

Virus particles detected by electron microscopy in

a fluid taken from an intestinal segment culture.

The culture had been inoculated 14 days previously with
a stool extract from patient no. 25 (Potassium phospho-
tungstate, pH7; x200,000 approx.).

Plate © 0 8 00 5 20 0000020 POLSELEPNIPILIEINOEIOIOIEIIOIOEBIOEOREIEOIEOIINTOSEVLIESETDS 125

Virus particles detected by electron microscopy in

a fluid taken from an intestinal segment culture.

The culture had been inoculated 14 days previously with
. a stool extract from patient no. 5 (Potassium phospho-

tungstate, pH7; x200,000 approx.).

Pla.'te 6.0'0-..000.-..-.lonnctl.olcuo.l.o-c..to-.cecnnaonoli' 129

24 - well cell culture plate (Falcon) and plate carrier
(MSE) used for centrifugation of plate cultures.

20



LIST OF PLATES  continued

Foiibﬁing Page
Plate E..n.-oo'oon---o.nc-c-------a--’-oo...--u----.c--oto 134

Small virus-like particles with hexagonal profile
found in cultures inoculated with adeno associated
virus and prototype adenovirus. This micrograph
was taken from a third passage culture fluid
derived from a culture that had received adeno
associated virus type 1 and adenovirus type 2.

An adenovirus particle is also present. (Potassium
phosphotungstate, pH?; x200,000 approx.).

Plate 8‘..!....'.lll.ll‘l.ll.!'ll'l-.lIl‘ul......ltll...l 156

KB cells inoculated with a NG specimen from patient
no. 84 and tested for the presence of adenovirus
antigens by an indirect immunofluorescence test
using gfbup;specific guinea pig antiserum. The
cells were fixed 3 days after inoculation. (x25

| objective).

PLate Quvevnnronnessenssrenasonssosasstarsnssonsansassnns 156

KB cells inoculated with a NG specimen from patient
no. 86 and tested for the presence of adenovirus
antigens by an indirect immunofluorescence test
using group-specific guinea pig antiserum.

The cells were fixed 3 days after inoculation.

(x25 objective).

P].ate 10..-.......--.-..---..--.-.--oo...---.-.....-.-.-o 156

kB cells‘inoculated with a NG specimen from patient
no. 89 and tested for the presence of adenovirus
antigens by an indirect-immunofluorescence test
using group-specific guinea pig antiserum.

The cells were fixed 3 days after inoculation.

(x25 objective).

Pla.te 11..'......0.-ul-lt'ulololoolooInu.a'!o.ol.noll-l.. 156

KB cells inoculated with adenovirus type 7 and
tested for/



LIST OF PLATES continted ... ...
Following Page

tested for the presence of adenovirus antigens
by an indirect immunofluorescence test using
group-specific guinea pig antiserum. The cells
were fixed 3 days after inoculation. (x40

objective).

Plate 12.uceessorssessessrsesssertasasssssssansssnssasans 218
Uninfected monolayer of Chang Conjunctiva cells.

1 L PR -1 K-

Chang Conjunctiva cell monolayer inoculated with
a day 16 intestinal segment culture fluid derived
from a NG specimen from patient no. 25. The
cytépathic effect is typical of those caused by

all fastidious adenoviruses detected.
P].a.te j—Ll'.l..l'.l'....ll"l'..ll...ll..’.....l..'l...ll'.. 218

Complete destruction of a monolayer of Chang
ConJjunctiva cells inoculated as described in the
legend to Plate 13.

22



LIST OF FIGURES

Foilowing>fagp

Figge 5 98 8 0PSSBT EELEDEISLSOLLPIEILIERIEITERIPBLEBLOLEEOEBDLOEEETS 123

Average infectivity titres of culture fluids
from intestinal segment cultures inoculated with
adenovirus type 1. Open circles: fluids from
inoculated dishes with cultures. Closed circles:

fluids from inoculated dishes without cultures.

Figge ® 0 8 5 0 00 5000 0P OLLLSILENDE IS IPOIPOELIPIOETEELIEBOEEEIEEEODDO 123

Average infectivity titres of culture fluids
from intestinal segment cultures inoculated with
adenovirus type 2. Open circles: fluids from
inoculated dishes with cultures. Closed circles:
fluids from inoculated dishes without cultures.

23



ACKNOWLEDGEMENTS

I wish to thank: -

Professor C.R. Madeley, for introducing me to electron microscopy,
for much advice and encouragement during the work, and for
reading the draft thesis.

Professor N.R. Grist, for advice and encouragement and for reading
the draft thesis.

Dr. Eleanor J. Bell, for advice concerning isolation and iden-

tification of stool viruses, and for encouragement.

Mrs. Bonnie P. Cosgrove and Mr. I. Miller, who examined most of

.the original stool extracts by electron microscopy.

Miss Mary Gallacher, for technical assistance during work described
in Chapter 2.

Miss Raewyn Brown (Mrs. McNiven), for technical assistance and

comic relief.,

Mr. G. Robinson, who performed the complement fixation tests

described in Chapter 6.

Dr. D. Gilmore (Department of Physiology, University of Glasgow),
for the supply of human embryo kidney, intestine and liver.

The sisters and nursing staff in the maternity/labour wards of
the following Glasgow Hospitals: Eastern District Hospital,
Duke Street; Redlands Hospital for Women; Southern General

" Hospital; Queer Mother's Hospital, Yorkhill; Stobhill General
Hospital; - for the supply of human placentae.
Thanks are due to the staff of the‘ﬁegional Virus Laborafdrj,
Ruchill Hospital, Glasgow, who made my stay a pleasant one.

2l



DECLARATION

The conclusions pertaining to practical work described

in Chapters 1 to 7 were reached independendently of other workers.

Results from Chapter 7 have been accepted for publication

by the Journal of Clinical Pathology.

25



SUMMARY .

Adenovirus particles which cannot be cultured have been found
in the stools of children by various workers. To determine the
extent of this problem, stools from children in Glasgow,sent to
the Regional Virus Laboratory for electron microscopic examination
over a 2-year period (1976—19?7) and found to contain adenovirus
particles, were put in culture. One third of 148 specimens containing
adenovirus (from 28 of 69 children) failed to cause cytopathic effects
in primary human amnion and secondary human embryo kidney (HEK) cell
cultures., Variations in culture method such as.rolling tubes or
adsorption periods did not improve the adenovirus isolation frequency.
There was no common factor apparent, concerning the patients or their

stools, which might explain the non-growth of adenoviruses.

Attempts to 'reactivate' non-growing adenoviruses by culture
attempts in human cells in the presence of eifher adeno associated
virus (AAV), human adenovirus (type 8) or a canine adenovirus (ICHV)
were unsuccessful. AAV type 1 did not multiply in the presence of
non-growing adenovirus particles. An immunofluorescence test using
group-specific guinea pig antiserum revealed that with some stool
extracts a small nunber of KB cells beéome infected and produce adeno-
virus structural antigens. Fluoréécence was 1imited to single bells,
indicating that, at 3 days after inoculation, spread of any new
infectious virus to adjacent cells did not occur. Attempts to detect
an inhibitory substance to adenovirus replication, which might explain

the 1éck of cytopathic effects, were unsuccessful.
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* Bovine cells, canine cells and various continuous human cell
lines were tried for the detection of non-growing adenoviruses, and
some success was achieved using Intestine 407 and Chang Conjunctiva
cells maintained in Leibovitz' L15 medium. Two agents from different
children caused cytopathic effects over 8 passages in Chang cells.
Apart from these agents, the extent of the cytopathic effects declined
in most cases with serial passage, but this decline was not so rapid

if the cultures were incubated at 33°C.

Antisera prepared in rabbits against one strain of non-growing
adenovirus showed group-specific reactivity by immunofluorescence and
complement fixation tests to adenoviruses of mammalian origin. These
sera at low dilution (1:20) did not neutralise the serotypes of adeno-
virus commonly isolated from stools, but neutralised all but one of
the 'fastidious' (F) strains from 21 children. Strains from 9 of
these children were neutralised by one antiserum at a dilution of
1:640 or greater. Three fastidious strains (from different children)
were not neutralised by standard antisera to adenovirus types 1 to 33.
It is suggested that they are a previously undiscovered serotype.
Cultures of fetal human intestinal segments also appear to be capable

of supporting the growth of these agents.

A limited study to screen the stools of children_for fastidious
adenoviruses by neutralisation indicatéd that F adeiu.oviruses of the |
same or ieléted sérofypes méy.be véry'common. That some adenoviruses
in stnols produce neither group-specific antigens detactable by immuno-
fluorescence in KB cells nor cytopathic effects in Chang cells remains

to be explained.

The significance of these results is discussed and related to

the recent work of others.
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ABBREVIATIONS

The following abbreviations are used throughout.

Abbreviation Meaning
ml Millilitre.
g. mg. ng. Gram / milligram / microgram.
g Gravity units.
cm mm Centimetre / millimetre
min Minutes.
rev./min Revolutions per minute.
TCD5O 50 per cent tissue culture infectious dose.
% Degrees Celsius.
PBS Phosphate buffered saline.
HEX Human embryo kidney.
AAV Adeno associated virus.
CPE Cytopathic effect.
Ad Adenovirus.
Ad 2 Adenovirus type 2.

Notation for Intermediate Adenovirus Strains

Strains of adenovirus showing the characteristics of more
than one serotype are denoted by both type numbers, separated by
a hyphen. For example, strains neutralised by antisera to both
type 12 and type 31 are denoted as type 12-31 strains. This is in
accordance with common practice (see Bélédi, 1972). The word 'to'
is used in place of the hyphen in the text when all serotypes

between (and inclusive of) two numbers are being discussed.

Ndfation for Dilutions

Dilutions are denoted thus: 1:20, 1:40, to be read as"one
in twenty', 'one in forty'. Where the colon is used to denote a
ratio of volumes rather than a dilutiqn,»the figure is followed

by (v/v), meaning 'volume for volume'.
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INTRODUCTION

The human adenoviruses have been regarded primarily as agents
which infect the respiratory tract or conjunctivae (see Sternmer,
1962). Individual serotypes have been associated with respiratory
illnesses, keratoconjunctivitis (Jawetz gi al., 1955), acute
haemorrhagic cystitis (Numazaki et al., 1968; Numazaki et al., 1973)
intussusception (Gardner et al., 1962) and other non-respiratory
illnesses. However, apart from respiratory illness, keratoconjunctiv-
itis and acute haemorrhagic cystitis, a causal relationship between
the virus and the syndrome has not been fully proven. Only 12 of
the 35 established serotypes have been implicated as agents causing
acute disease in man (Chanock, 1974; Kasel; 1979).

Adenoviruses are frequently isolated in cell culture from
throat swabs taken from children. In common with the enteroviruses
and reoviruses, these agents can be isolated from rectal swabs or
stools., Such isolations may be concurrent with or may follow a
respiratory infection by the same serotype (Rosen‘gi al., 1962b;

Fox et gl,, 1969). There have been reports of diarrhoea accompanied

by the shedding of adenoviruses in stools (Kjellén gi'g;., 1957;

van der Veen and van der Ploeg, 1958; Duncan and Hutchison, 1961;

_ Sterner gg é;,, 1961; Moritsugu, 1969) but isolations of adenoviruses

: f:ém children without sighs of infection are also common (Brandt

i‘gi al., 19?2;> Fox §§_§1.5>1977). The adenovirus serotypes most common-
ly isolated from stools are types 1, 2, 3, 5 and 7, but many of tﬁe
higher numbered serotypes have been isolated almost exclusively from
faecal rather than wespiratory specimens (Rosen et al., 1962b;

Vargosko et al., 1955; Brandt et al., 1969). The shedding of
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individual serotypes from the gut by children can persist over

many months (Fox et al., 1969; Fox et al., 1977).

With the application of electron microscopy to the study of
stool specimens in the early 1970's, virus-like particles which
had never been detected in cell cultures were discovered in the
stools of children. Some fitted the description of bacteriophages,
with tail-like projections, but some had previously undescribéd
morphology. Thesé are reviewed by Dolin, (1979), Holmes (1979) and
by Madeley (1979). In particular, 60-70 nm diameter reovirus-like
particles with a distinct and very regular surface morphology
(rotaviruses; Flewett éi éi., 1974) were discovered almost simul-
taneously in Melbourne, Birmingham and Toronto. These particles
have been found to be ubiquitous and related to similar agents from
the stools of mice, calves and other vertebrates. Until very
recently, the human rotaviruses defied all attempts at isolation in
cell culture. However, detection of intracellular antigens by
immunofluorescence (Banatvala et al., 1975; Bryden et al., 1977)
and direct identification of viral antigens by immunoelectroosmo-
phoresis, complement fixafion, radioimmunoassay or enzyme-linked
immur.osorbent assay (ELISA) have provided means of confirming their
Presence in stools and of investigating antigenic differences (see
Holmes, 1979){

PléOmorphic coronaﬁirus—like ;bjecﬁs hafé also been seen
in stools by electron microscopy (EM). These objects have a character-
istic fringe 20-28 nm in diameter and have been seen in stools from
cases of acute gastroenteritis (Caul et al., 1975).

Other virus-like particles in the size range 20-35 nm diameter
have been detected in stools by EM (see Madeley, 1979). 1In

particular, particles with indistinct surface morphology have been
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found in stools from cases of diarrhoea and vomiting (for example,
the Norwalk, Montgomery County and Hawaii agents; reviewed by Dolin,
1979). Astroviruses (Madeley and Cosgrove, 19?5) with surface
morphology appearing as 5- or 6- pointed stars on individual
particles, and caliciviruses (Madeley and Cosgrove, 1976) with a
'star of David' configuration on the particles, were added to the
list of 'small round viruses' which could be seen by EM but could
not be cultured. Some of the smallest particles seen had a regular
hexagonal profile (20-25 nm in diameter) and fitted the description
of adeno associated viruses (Hoggan et al., 1966; C.R. Madeley,
personal communication).

Adenoviruses were also found in stools by EM. Flewett et al.
(1975) reported an outbreak of diarrhoea in a long-stay children's
ward containing 19 children. 6 children and a nurse were affected.
Adenovirus particles were detected by EM in stools from 4 children
and the nurse but the viruses could not be isolated in cell culture
despite repeated attempts over several months. Schoub et al. (1975)
reported the detection of adenoviruses by EM in the stools of 3
children admitted tc hospital in Johannesburg, with severe géstro-
enteritis. The stool specimens produced typical adenovirus cyto-
pathic effects in cell culture following initial inoculation, but
the viruses could not be serially passaged or typed.

White and Stancliffe (1975) reported that of 60 stool specimens
containing édenoviruseé from children less than 5 years old, 27
isolates (all either adenovirus type 1 or type 2) were not seen by
EM, This in itself is not surprising, since considerable quantities
of virus particles have to be present in order to be detected by

EM. However, 26 stcols known to contain adenoviruses by EM did not
]
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cause cytopathic effect (CPE) in cell culture, and adenoviruses
were both seen by EM and grown in cell culture in only 7 cases.
Therefore there was an almost complete division between the strains
that could be seen and those that could be grown. White and
Stancliffe commented that replication in the host itself was the
only logical explanation for the shedding of large numbers of
adenovirus particles which could not be cultured in vitro.

Madeley and co-workers (1977) made a similar finding with
stools taken from children admitted to hospital with diarrhoea.
21 of 183 children-were found to be excreting adenoviruses (by
EM and/or cell culture). Whereas adenoviruses from 9 children were
isolated but not detected by EM, adenoviruses from 10 children were
detected by EM only. Adenoviruses were both seen andAcultured from

2 patients only.

The results of the above workers led to the work described
in this thesis, which was an investigation into the nature and
growth requirements of the non-growing adenovirus strains.

During this work, further reports appeared recording the
authors' inability to isolate certain adenovirus strains from stools
(for example, Kapikian et al., 1976; Maass et al., 1977; Middleton
et al., 1977; Whitelaw et al., 1977; Appleton et al., 1978;

Brandt et al., 1979; Gary et al., 1979; Retter et al., 1979;
Richmond et al., 1979). Brief details of these reports are given
in Table 0.1, The comment has been made on at least 2 occasions
that the chances of isolating adenoviruses from stools appear to be
inversely related to the amount of virus detected by EM (Flewett,
1977; Madeley et al., 1977). An explanationfor this paradox might
lead to a better understanding of the growth requirements of other

viruses in stools which cannot be cultured at present.
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REVIEW OF THE LITERATURE

A. THE ADENOVIRUSES .

1, Discovery.

Adenoviruses were discovered by two groups of workers almost
simultaneously. Hilleman and Werner (1954) reported the isolation
of a cytopathogenic agent from the throat washings of army personnel
with an acute febrile respiratory illness. This report was
especially significant since there was already an indication from
a 3-year clinical stﬁdy during World War II that acute respiratory
disease ('ARD') might be caused by a virus (Commission on Acute
Respiratory Diseases, 1947). ARD was a recurrent problem in the
training of military recruits.

The report by Hilleman and Werner was preceded by the reported
isolation of a similar agent by Rowe et al. (1953) from fragments
of huhan adenoids maintained in culture. The term Adenoid
Degenerating agent (AD) was used by these workers. The agent could
5e passaged serially to fresh cultures of Hela cells. In the
following year, this group reported that from the study of 146 strains
at least 6 types of the virus existed and all had a common (comple-
ment fixing) antigen (Huebner et al., 1954). The strains of types
1, 2, 5and 6 had‘mostly bgen obtained from adenoid or tonsillar
tissue taken from healthy children. Type 3 was obtained from nasal
washings and throat, conjunctival or anal swabs from patients with
a respiratory illness and/or conjunctivitis. The agent recovered

by Hilleman and Werner (1954) was designated type 4.
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Although Huebner et al (1954) used the term Adenoidal-
Pharyngeal-Conjunctival (APC) agent to replace their term AD agent,
the name adenovirus was agreed upon and gained general acceptance
(Enders et al., 1956).

At least 35 distinct types of human adenovirus are currently
known to exist, and there is a candidate type 36 (Wigand et al.,
1980). The individual serotypes are distinguishable on the basis
of serum neutralisation tests and (in most cases) by haemagglutination
inhibition tests (see Section 2.e. below). However, wild strains
with the characteristics of more than one serotype are occasionally
encountered (Wigand et al., 1965; Rafajko, 1966). The prototype
strains of adenovirus types 7 to 31 were first described in the years
"1955 to 1965 and were from patients in U.S.A., Europe and Saudi
Arabia (see Bélédi, 1972). Brief details of the 35 prototype human
adenovirus strains are given in Table 0.2.

In addition to the human adenoviruses, there are at least
50 serotypes of animal origin (see reviews by Andrewes and Pereira,
1972; Andrewes, Pereira and Wildy, 1978). Adenoviruses have been
isolated from monkeys and chimpanzees; cattle, horses, sheep, pigs,
dogs, mice and birds (Norrby et al., 1976). In general, the relation-
ship between strains isolated in different laboratories has‘not been
investigated as thoroughly as with human strains, and it is difficult
to ascertain the precise number of serotypes discovered from indi-
vidual species.

A1l maﬁmalian adenoviruses have a common (group) antigen, with
the exception of some bovine strains (Bartha, 1969; Birki gﬁvéi,,
1978)f‘ Avian adenoviruses share an antigen which is distinct from
the mammalian group antigen (McFerran et al., 1975). The absence
of any immunologically cross-reacting structural protein in mammalian

and avian adenoviruses has led to the taxonomic segregation of the
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adenoviruses into 2 genera: Mastadenovirus and Aviadenovirus

(Norrby et al., 1976).

2. Properties.

a. Chemical Com»posit-ionv and Structure. (Reviewed by Taylor (1977)

and Wold et al. (1977)). Adenoviruses are 70 to 80 nm in diameter
and consist of a capsid of protein with a dense inner core con-
taining DNA and protein. The overall shape of the capsid is
icosahedral, which gives the particles a hexagonal outline when
examined by negative staining EM. The capsid is made up of 252
morphological units or capsomers of protein arranged in 20 equi-
lateral triangular faces (see Andrewes, Pereira and Wildy, 1978).
The 246~nonrvertex capsomers (occupying all faces and edges of the
particle) have 6 neighbouring subunits and are called hexons,
whereas the 12 vertex units of the particle have 5 neighbouring
subunits and are called pentons (Ginsberg et al., 1966).

Each penton consists of a penton base (the vertex capsomer)
and an outward-projecting fibre approximately 2 hm in diameter
(see Valentine and Pereira, 1965). Visualisation of intact fibres
in situ in unpurified preparations of virus by negative staining EM
is very rare (C.R. Madeley, personal communication). The fibres
of human adenoviruses appear to vary in length (9 +o 31 nm) depeﬁding
on the serotype (Norrby, 1969b). Fibres can be deliberately
dissociated from the penfon base by trypsin (Valeutine and fereira.
1965). |

The core of adenovirus particles is 60 to 65 nm in diametei
(Norrby et al., 1976) and consists of at least 2 proteins in addition

to DNA,

Proteins. SDS-polyacrylamide gel electrophoresis of viral components

has allowed the resolution of at least 10 structural polypeptides,
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with molecular weights between 5,000 and 140,000 daltons (see
Everitt et al., 1975; Wold et al., 1977; Wadell, 1979). The poly-
peptides designated II, IIT and IV have been identified as the
structural subunits of the hexon, penton base and fibre respectively
(see Table 03) Most of the other polypeptides appear to be
located internally, or are only partially exposed on the surface of
the virion (for references, see Wold ;z_a_fc_ ?i ’ 197?). Wadell (1979)
has suggestedv that a comparison of the molecular weights of poly-
peptides II, ITT and IV, and also a fourth structural polypeptide

ITTa, may give an identifying fingerprint for each human serotype.

DNA. The genome consists of one piece of double-stranded DNA which ’
is linear. The molecular weight of the DNA differs between sero-
types (20 to 30 x 106 daltons), as does the guanidine and cytidine
(G +-C) content relative to the adenosine and thymidine (A + T)
content (see Norrby et al., 1976; Wold et al., 1977). The homology
of DNA from different human serotypes has been examined by molecular
hybridisation techniques, and different subgroups of human adenovirus
have been distinguished on this basis (see Green et al., 1979).

The nucleotide sequence on different DNA molecules is not circularly
permuted and duplex adenovirus DNA can be cleaved into specific
fragments by different bacterial restriction enzymes (Pettersson .
et al., 1973). Resolution of these fragments by electrophoresis in

- agarose gels and examination of the cleavage products of,dii‘ferent
enzymes have givenr in;c‘bfma.tion about the organisation- of the adeno-

virus genome (see Wadell and Varsanyi, 1978).

b. Biophysical Properties. The buoyant density of mammalian

3

adenoviruses in caesium chloride gradients is 1.33 to 1.35 g./ cm

and the sedimentation coefficient is 560 S (Norrby g_i al., 1976).
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TABLE 0.3

The major polypeptides of adenovirus type 2
particles (from Everitt et al., 1875). The

molecular weights of polypeptides (separated by

SDS-polyacrylamide gel electrophoresis) may

differ considerably between different seratypes

(Wadell, 1978).

Molecular Weight

Polypeptide

IT 120

IIT 85
IIIa 66

v 62

v 48

VI 24

VII 18
VIII 13
IX 12

0co

ooo

000

00g

500

000

500

ooo

0G0

Location

Subunit of hexon

Subunit of penton base
External, near vertex
Subunit of fibre

Core protein
Hexon-associated (internal)
Caore protein
Hexon-associated (internal)

Assaciated with groﬁps of

nine hexons



c. Infectivity In Vitro. Adenoviruses from a particular species

of animal usually produce the largest quantity of infectious progeny
in cell cultures derived from tissues of that species. Cells which
allow the production of infectious virus are said to be permissive:
most non-human cells are non-permissive to human adenoviruses.
However, rhesus monkey kidney cells can be used for the isoclation
and characterisation of some adenovirus strains (see Grist;gz gl.,
1979). Human adenoviruses of the established serotypes generally
grdw to highest titre in cultures of continuous human cell lines

or in primary human embryo kidney (HEK) cell cultures.(Jackson and
Muldoon, 1975). Most adenovirus strains of established serotypes
produce a characteristic cytopathic effect (CPE) consisting of cell
rounding and the formation of grape-like clusters of cells. This
is usually accompanied by increased acidity of the culture medium
(Rowe et al., 1955).

Quantitation of adenovirus infectivity with susceptible cells
can be by a standard plagque assay or a tube dilution ('quantal')
assay (see Fenner et al., 1974a). Titres of 109 TCD5O/ml may be
obtained with common established human serotypes, but other serotypes
(in particular, type 8) will not give titres above 102 to lO3 TCD5O/m1
(Jackson and Muldoon, 1975).

The series of events in the replication of adenovirus type
2 and type 5 'laboratory’' strains have been studied extensively (see
Section ﬁL_. below). vHowever, wild strains. of adenoiirus in ciinical
specimens may take several days or weeks to cause CPE in permissive
cell cultures (van der Veen and Kok, 1957; Grayston éz_él,, 1958).
Strohl and Schlesinger (1965) suggested that the extended 'latent
period; was analagous to the situation where adenoviruses persist
in tonsils and adenoids and only become apparent after prolonged

incubation of these tissues in vitro.
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d. Stability. Unpurified suspensions of adenoviruses can be

stored at -20°C or lower without loss of infectivity (see Kasel,

1979). Ginsberg (1956) originally reported the stability of adenovirus
(types 1 to 4) which retained infectivity for at least 70 days at 4%
and for at least 7 days at 36°C (pH.7.4). However, infectivity

was rapidly destroyed on incubation at 50°C. These serotypes were
resistant to a wide range of tH (pH 6.0 to 9.0 at room tempefature)

and viral suspensions were not completely inactivated when held

at room temperature for 30 min at pH 1.5 to 2.5.

Adenoviruses are resistant to ether, chloroform and fluoro-
carbons but selected serotypes have been-found to be inactivated by
acetone, sodium dodecyl sulphate (SDS; 0.25 per cent), chlorine and
ultraviolet radiation (see Ginsberg and Dingle, 1965; Jackson and
Muldoon, 1975; Kasel, 1979). The infectious adenovirus particle

(type 5) was found to be resistant to trypsin (Pereira, 1958).

e. Haemagglutination. The human adenoviruses (except type 18;

Wigand and Keller, 1978) cause agglutination of erythrocytes of at
1east one mammalian species. Different serotypes can be grouped
according to their ability to aggiutinate either rat or rhesus monkey
erythrocytes (Rosen, 1960). The subgroups have been designated I to IV
(see Table 0.4). Two forms of haemagglutination are observed:
>'comp1ete and partial -(or-incomplete), and partial haemagglutination

_i:Can be.eﬁhaﬁced bj'thg'addition’of‘heferotypic antiserum (see Ndrrby,ﬁ
1969b).

The subgrouping of human adenoviruses according to haemagglutin-
ation properties with rat and monkey crythrocytes is not a rigid
classification since different workers have reported different results

of haemagglutination with the same serotype. For example, types 12
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TABLE 0.4

Subgroup

II

III

v

Subgroup classification of adenoviruses on the
basis of haemagglutination (after Kasel, 1979).

This follows the original classification by Rosen (1960).

Types Haemagglutination

Rat Erythrocytes Rhesus Erythrocytes

3, 7, 11, 14, 16, 21, No Yes
34, 35
8, 9, 10, 13, 15, 17, Yes Yes or No

19, 20, 22, 23, 24,

25, 28, 27, 28, 29,

30, 32, 33
1, 2, 4, 5, B Partial* No
12, 18, 31 T No No

* Group IIT members produce a complete haemagglutin-
ation pattern with rat erythrocytes in the presence
of heterotypic antiserum

t agglutination of rat erythrocytes has been reportéd
by some workers (see Wigand and Keller, 1978)



and 31 have been reported to show mild haemagglutinating activity
with rat erythrocytes in some studies (see Wigand and Keller, 1978),
but they were originally classified as having no haemagglutinating
activity (see Wigand, 1970). Types 20, 25 and 28 have also been
difficult to classify by Rosen's scheme (Wigand, 1970).

Hierholzer (1973) studied haemagglutination reactions between
33 prototype strains and erythrocytes from 14 animal species. With
the use of human erythrocytes in addition to rat and monkey cells,
10 subgroups were distinguished. In a coded trial, over 90 per cent
of wild strains tested were correctly subgrouped. (Haemagglutination
can be used to narrow the possibilities as to the serotype of an
adenovirus isolate but identification by type can only be achieved
if this is followed by a haemagglutination inhibition test or neutral-
isation test with type-specific antisera).

Haemagglutination is due to fibre antigen and in particular
to the determinant 'gamma' at the distal end (see Norrby, 1969b).
The presence of more than one fibre on the virion allows the virus
particle to form a bridge between erythrocytes. Complete haemagglutin-
ation by soluble components (that is, in the absence of virus particles)
is said to be due to aggregates of peﬁtons or of fibres alone, with
gamma. determinants exposed. The enhancement of haemagglutination
due tc soluble components by the addition of heterotypic antiserum
(especially with adenoviruses of Rosen's subgroup III) is probably
‘due to the bridgihg'of monomers (pentons or fibres alone) already
attached to erythrocytes by their gamma determinants (Norrby, 1969b).
The phenomenon of haemagglutination inhibition is probably due to
the blockage of gamma determinants on the fibre by type-specific

antibudies.
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f., Antigenic Characteristics. The positions of antigens on the

adenovirus particle were extensively studied during the 1960s. Ginsberg
and co-workers showed that by disrupting purified particles of adeno-
virus type 5 at high pH, group-specific ('L') and type-specific ('E')
antigens (measured by complement fixation) were obtained. Theée
corresponded immunologically to the soluble antigens that are pro-
duced in excess in virms infected cells (Wilcox and Ginsberg, 1963a).
(E and L referred to the rate of elution of these antigens from DEAE-
cellulose). The group—specific antigen was shown to correspond to
hollow polygonal rods by electron microscopy (later called hexons),
whereas fibres ('thread-like strands') from disrupted particles were
shown to have type-specific antigenicity (Wilcox, Ginsberg and
Anderson, 1963). Purified L and E antigens (hexons and fibres) were
shown to . glve rise separately to neutralising antibodies in rabbits
(Wilcox and Ginsberg, 1963b). ‘

In order to explain the ability of hexons to act as type-specific
antigens, Wilcox and Ginsberg (1963b) suggested that the L antigens
(hexons) might be composed of different components which had either
group- or type-specificity. The structure of the vertex units was
described in detail by Valentine and Pereira (1965) and this was
followed by the adoption of thg terms hexon, penton and fibre (Ginsberg
et al., 1966). Kjellén and Pereira (1968) prepared antisera in
guinea pigs against purified hexons, pentons and fibres from adeno-.
virus type 5. >A1though anti-hexon sera had gfoup-specific antibodiés
by complement fixation and immunodiffusion, they also had much higher
(type-specific) neutralising capacity than anti-penton or anti-fibre
sera. Therefore the finding of Wilcox and Ginsberg (1963b) was con-
firmed and it was concluded that the production of neutralising anti-
body is elicited mainly by the hexon.

The immunological specificities carried by different structural
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components have been summarised by Norrby (1969b). This remains
the standard review. The specificities are discussed below and

summarised in Table 0.5.

Hexons. The main group antigen, designated 'alpha', is located .
on the hexon and is demonstrable by complement fixation or immuno-
diffusion (see Valentine and Pereira, 1965). Norrby et al. (1969)
observed that only homotypic anti-hexon sera associated with whole
virus particles by immune electron microscopy and from this they
suggested that the group-specific antigenic determinant alpha is
located within the virus particle rather than being exposed.

The antigenic determinant against which the neutralising
activity of anti-hexon sera is directed (Wilcox and Ginsberg, 1963b;
Kjellén and Pereira, 1968; Norrby, 1969a) is termed 'epsiloﬁ'.
Antigenic determinants on hexons with subgroup specificities are

also known to exist (Norrby. 1969b).

Vertex Capsomers (Penton Base). Pentons (and in particular, penton

bases) are responsible for the 'early’ cytopathic effects seen in cell
cultvres infected with high-~titre virus (Pereira, 1958; Valentine
and Pereira, 1965).

One group-specific antigenic determinant is known to exist
('beta') from studies on the ability of heterotypic antiserum to
enhance agglutination-by free pentons (see Norrby, 1969b). Although

'anéigens wifh sﬁbgroup specificities are known to exist, no antigens

with type specificity have been demonstrated (Norrhy, 1969a).

Fibres. The antigenic determinant 'gamma' elicits the formation of
type-sbecific antibodies which inhibit haemagglutination by the same
serotype. Antibodies directed against gamma (or rather, purified

fibres) have shown neutralising activity in fluorescent focus

n



TABLE 0.5

Structure

Hexon

Penton

base

Fibre

Adenovirus structural components and their

main immunological specificities (after Norrby,

1968b].

Antigen

Designation Specificity

alnha group
epsildn type
beta ' group*
delta intra-
subgroup*
gamma type

Remarks

probably not exposed
at surface of virion

available at surface
of virion; reacts
with neutralising
antibodies

{penton base carries
toxin activity)

situated at proximal
part of fibre but

not present in members
of Rosen's subgroup I

reacts with haem-
agglutination inhibiting
and, in some experiments,
neutralising antibodies

* gvidence for these antigens comes from haemagglutination
enhancement experiments



inhibition tests (Pettersson and Héglund, 1969) but not in plaque
inhibition tests (Kjellén and Pereira, 1968; Norrby, 196%a;
Pettersson and Héglund, 1969). Norrby (1969a and 1969b) suggested
that anti-gamma antibodies may only cause a delay in replication
rather than causing complete inhibition. Wadell (1972) demon-
strated that the degree of neutralising activity of antisera against
purified fibres depended on the serotype: antibodies to type 3
fibres had some capacity to néutralise homotypic virus.

An antigen situated on the proximal part of fitres ('delta')
is known to exist by haemagglutination enhancement. reactions
involving free fibres (see Norrby, 1969b). Unlike beta on the penton
base, which is group specific, delta is common to members of the
same subgroup (Norrby, 1969b). However, viruses with the shortest
fibres (members of Rosen's subgroup I; Rosen, 1960) appear to

possess only the gamma antigen.

g. Transforming Properties. The inoculation of non-permissive cells

with adenoviruses at high multiplicity (that is, large numbers of
infectious virus per single cell) can induce a state of transform-
atibn in a small proportion of cells (see Green, 1970). Transformed
cells in culture lose contact inhibition and grow to high density.
Human adenoviruses can transform rat, hamster and rabbit cells.
There is substantial evidence from nucleic acid hybridisation studies
that transformed cells contain more than one copy of some or all of
the adenovirus genome (integrated in the cell DNA) (see Wold g& él.,
1977). The alteration of cell grewth is thought to be due to the
action of proteins coded by the integrated viral genes. Certain of
the proteins produced in transformed cells are antigenic (the 'T
antigens') and at least one virus-coded antigen is present on the
cell surface. (The phenomenon of adenovirus DNA integration may

not be peculiar to transformation since virus DNA has been found
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to be associated with cell DNA in a number of different permissive
cell cultures undergoing productive infection by types 3, 5 and

9-15 (Xumel and Hammer, 1980)).

h. Oncogenicity. An alternative classification of adenoviruses

to that of Rosen (1960) was suggested by Huebner (1967) and was
based on the different abilities of different serotypes to cause the
development of tumours in hamsters. Types 12, 18 and 31 (subgroup A)
induce tumours when injected into newborn hamsters, usually within

4 months. Types 3, 7, 11, 14, 16 and 21 (subgroup B) are weakly
oncogenic, in that they induce tumours in a small proportion of
animals and this generally takes longer (4 to 18 months). The
remaining serotypes (subgroup C) do not cause tumours in newborn
hamsters. The classification of adenoviruses by oncogenic properties
corresponds to the relative G + C content of the virion (Pina and
Green, 1965). Subgroup A adenoviruses have the lowest G + C content
(47-49 per cent). Adenoviruses from other animals have been found
to induce tumours (see Green, 1970).

Sera from hamsters with adenovirus-induced tumours usually
react in complement fixation and immunofluorescence tests with T
antigens produced in transformed cells and in productively infected
cells before viral DNA synthesis (see Gilead and Ginsberg, 1965;

Levirthal et al., 1966; Hayashi and Russell, 1968; Rhim et al., 1968).

: i."Hglpei Function. Adenoviruses have a helper function in the

replication of small 20-25 nm diameter INA viruses called adeno-
associated viruses (AAV). These were originally found as contaminants
in adenovirus stocks. Atchison et al. (1965) were the first workers
to report the dependence of AAV on adenoviruses for their replication

and to show that the 2 viruses were otherwise unrelated.
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Although adenovirus is required for AAV replication, AAV
inhibits adenovirus replication (Hoggan éi éi}, 1966), giving reducei
yields of adenovirus complement fixing antigen and infectious
adenovirus (Parks et al., 1968). Therefore the total number of
adenovirus particles produced is altered rather than the proportion
of infectious to uninfectious particles.

AAV appears to require the presence of helper adenovirus at
different stages of its replication (Young and Mayor, 1979). Four

1y
distinct types (or groups) of AAV have been distinguished by neutral-

isation, immunofluorescence, comploment fixation and immunodiffusion

(see Hoggan, 1970).

j» Mutation. Host range and temperatureésensitive mutants of

several human adenovirus serotypes have been isolated (see Taylor,
1977; Wold et al., 1977). Complementation analysis and recombin-
ation studies with these mutants have allowed genetic mapping of

the adenovirus genome. However, genetic maps on the basis of recom-
bination frequencies give a linear order only'andknot the physical
location of the mutations on the DNA. Methods of correlating genetic
maps with the physical organisation of the genome (as determined

by DNA restriction site mapping) are now being investigated.

3, Replication.

3. Micfoscbpic‘Oﬁséivétiohé. The-site of replication of adenoviruses
within the ceil was studied initially by thin section.electron micros-
copy, and by immunofluorescence and cytological staining methods
(see Ginsberg and Dingle, 1965).

In haematoxylin and eosin-stained preparations of cells infected
with the common prototype strains, sequential cytological changes
were observed (Boyer et al., 1957; Boyer et al., 1959). The earliest

change is the appearance of many eosinophilic Feulgen-negative bodies

L




in the nucleus. Later, the inclusion bodies enlarge and become
basophilic, forming Feulgen-positive masses. The nuclear changes
observed with cells infected by types 1, 2, 5 and 6 differed in detail
to those described with types 3, 4 and 7, but these studies clearly
implicated the nucleus as the main site of adenovirus replication.

EM studies of thin sections of cells infected with the common
serotypes, with the finding of crystals of virus particles in the
nucleus, gave further evidence that adenovirus replication was
i)redominantly nuclear. (Harford et al., 1956; Morgan et al., 1956).

Boyer et al. (1959) studied the development of adenovirus
antigens in Hela cells infected with type 4, by the indirect immuno-
fluorescence technique. (The antiserum used was prepared in rabbits
and the test was apparently specific for type 4 antigens but not
antigens of other serotypes). Viral antigens were located within
the nucleus. The antigen distribution within the nucleus by immuno-
fluorescence corresponded to-that of granular aggregates seen by
Phase contrast microscopy. There was some diffuse cytoplasnmic
staining from 48 hours after infection by immunofluorescence, and
this coincided with the onset of cytopathic effect.

The location of adenovirus antigens within the nucleus of
cells undergoing produqtive infection by .other serotypes has been
reported by other workers. For example, Levinthal et al. (1966)

- described the development of type 12 structural antigens in varipus
imiméte cellé.‘ RabBit antisera were used which were directed agzinst
unpurified virus. The appearance of flecks and dofs in the nucleus
gave way‘to brightly staining masses 26-30 hours after infection.
Beyond 30 hours, antigens were detected in the cytoplasm of some
cells and this was interpreted as being due to breakdown of the
nuclear membrane. KB and HEK cells showed the highest proportion

of brilliantly stained nuclei in this study.
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Hayashi and Russell (1968) used antisera directed against
hexons, fibres and penton bases of adenovirus type 5 in a time study
of the development of different antigens in HEK cells by immuno-
fluorescence. Cells infected at high multiplicity showed fluorescent
staining in the nucleus from 10-11 hours after infection, using any
one of the three specific antisera. The brightness of staining

increased after this time and filled the nucleus by 24 hours.

b, FEvents in Productive Infection. Most studies on the replicative

cycle of human adenoviruses in vitro have used type 2 or type 5

virus and KB or HeLa cells. The events of the cycle at the molecular
level are reviewed by Taylor (1977) and Wold et al. (1977) and only
brief details are given here. The cycle takes 24 or more hours, but
replication is more rapid when the multiplicity of infection is high.
There is an early phase, during which early mRNA sequences are trans-
cribed (before the onset of DNA synthesis 8-10 hours after infection)

and a late phase which is dependent on the start of DNA synthesis.

Early Events. Uptake of virus particles may be by pinocytosis,

or perhaps by direct penetration of the cell membrane. Uncoating
of the virus particles takes place dﬁring migration to the nucleus,
and the resulting viral cores release their DNA within the nucleus.
The nuclear RNA transcripts are large precurs§rs which are cleaved
and transported to the cytoplasm. DNA sequences giving rise to
early mRNA are probably transcribed by a celluiar enzyme.,

Translation occurs in the cytoplasm. The role of early préducts
of translation (such as T and P antigens (Hayashi and Russell, 1968)

and other infected cell-specific polypeptides whose appearance does

not depend on DNA synthesis) is unknown.

DNA Replication. Viral DNA synthesis begins about 7 hours after

infection and host cell DNA synthesis diminishes in parallel. The
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enzgymes involved in viral DNA synthesis are not known, although

proteins have been found which bind to single stranded DNA.

Late Events. The shift from early to late gene expression at the
onset of DNA synthesis results in the synthesis of structural
polypeptides. This takes place on free cytoplasmic>polyribosomes.
After the combination of constituent polypeptides into structural
proteins, these are transported into the nucleus and assembled into
virions (Velicer and Ginsberg, 1970).

All major structural polypeptides are produced in excess of
the quantity assembled into virions. Both complete and empty capsids
are produced, the latter containing less DNA. The proportion of
empty capsids produced-may depend on the serotype (for references,
see Wadell et al., 1973).

The production of infectious virus in vitro is inhibited if
the medium lacks arginine (Rouse et al., 1963). The reason for
the dependency of adenovirus replication on arginine is not yet under-

stood (see Wigand and Kumel, 1978).
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B. ADENOVIRUS INFECTIONS IN HUMANS.

a. General Comments. Adenoviruses in vivo appear to replicate

best in mucous membranes and lymphoid tissue. They are often
isolated from apparently healthy individuals and only about

one third of the established serotypes have been associated with
illness (Chanock, 1974). The illnesses which most commonly
accompany infection by adenoviruses, together with the serotypés‘
implicated, are shown in Table 0.6. The relationship between i1l-
ness and infection by different adenovirus serotypes is summarised
concisely by Taylor (1977): ‘'a particular serotype may give rise
to a variety of clinical syndromes and conversely, a single disease
entity may result from infection with any one of a number of

serotypes’.

b. Respiratory Illness. Adenovirus infection of the respiratory

tract is common in young children and often takes the form of an
acute upper respiratory tract illness such as acute febrile pharyng-
itis, Pharyngitis may be accompanied by conjunctivitis, in which
case the disease entity is feferred to as pharyngoconjunctival
fever (Table 0.6; see Jackson and Muldoon, 1975; Foy and Grayston,
1976).

' Iﬁ adulfs, adenovirus infection may cause an acute respi¥atory‘
disease, Military recruits are well documented as targets for
outbreaks of adenovirus-associated acute respiratory disease. Types
L, 7 and 21 have been isolated most frequently from such outbreaks
(Huebnér et al., 1958; van der Veen, 1963).

Severe adenovirus-associated pneumonia can occur in children,

and this may be fatal. Pneumonia may occur as a complication of -
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acute respiratory disease in adults (see Jackson and Muldoon,

1975). Adenoviruses have also been associated with illness
indistinguishable from whooping cough (Table 0.6; see Nelson et al.,
1975)

c. FEye Infections. Keratoconjunctivitis resulting from adeno-

virus infectiqn has been reported widely (for references, see
Taylor, 1977). Adenovirus-associated keratoconjunctivitis has been
observed frequently in shipyard workers and has also been reported
in opthalmic bractices. Transmission from person to person is
probably by finger to eye contact, or by the use of contaminated
instruments. Type 8 is most frequently associated with this
condition (see Jawetz, 1959; Dawson gi'gl,, 1963) but type 19
has also been implicated (Guyer 53 al., 1975).

Other serotypes of adenovirus may infect the eyes. This is
emphasised by the fact that 11 of the 35 prototype adenovirus strains

were isolated from eye swabs or conjunctival scrapings (Table 0.2).

d.. Othéi Noh;Respifafbry iliﬁesses. Acute haemorrhagic cystitis

may be accompanied by excretion (inmurine) of adenovirus type 11
(Numazaki et al., 1968; Numazeki et al., 1973) or type 21 (see
Mufson and Belshe, 1976).

Adenoviruses have been associated with several other illnesses,
‘namely intussusception, meningitis, encephalitis, Jjuvenile rheumstoid
arthritis, orchitis, thyroiditis, appendicitis, nconatal sepsis
(fbr references, see Kasel, 1979). However, there is insufficient
evidence at present for a causal relationship between illness and

virus infection in these cases.

Gastroenteritis. Some respiratory infections by common adenovirus

serotypes have been reported to be accompanied by 'gastrointestinal

‘symptoms' such as abdominal pain, vomiting and diarrhoea. For
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example, Kjellén et al. (1957) reported that about one half of
the cases during a type 3-associated epidemic of pharyngoconjunct-
ival fever also had gastroenteritis.

A similar outbreak in the Netherlands was associated with
adenovirus types 3 and 4, and about one third of the 57 patients
had nausea, vomiting or diarrhoea (van der Veen and van der Ploeg,
1958). Stools appeared to be a better source of virus than throat
swabs, and from this these workers concluded that infection was not
restricted to the respiratory tract.

Gastroenteritis accompanied by acute respiratory illness
apparently caused by type 7 was reported by Stermer éﬁvél. (1961).
Isolatiors of type 7 in stools were significantly more frequent from
children admitted to hospital with respiratory illness and gastro-
enteritis (53 out of 84 cases) than from children admitted with
respiratory illness alone (36 out of 138 cases). No adenovirus
infections were detected in a group of control patients with scarlet
fever, and no bacterial pathogens were isolated from the study group.

There are relatively few reports of outbreaks of diarrhoea
and/or vomiting associated with established adenovirus serotypes.
Duncan and Hutchison (1961) reported the occurrence of such an
outbreak involving 21 members of 5 neighbouring families. 11 members
were studied, and adenovirus type 3 was isolated from 7. Moritsugu
(1969) reported an outbreék.of diarrhoea in an infant'home in
Tokyo. Types 6 and 31 were isolated. It is important to remember
that several reports exist which emphasise that shedding of adeno-
viruses in stools is often asymptomatic (sée Section 2.a. below).

It is possible that the occurrence of gastroenteritis and spread
of adenovirus infection in these cases wereonly coincidental and

not causally related.
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In prospective studies into the shedding of cultivable viruses
by infants, conflicting reports have been published regarding the
possible role of adenoviruses in causing diarrhoea. For example,
Moffet et al. (1968) reported that of 167 infants in Chicago who
were admitted to hospital with diarrhoea (sufficiently severe to
require intravenous therapy), 17 per cent shed adenoviruses which
could be cultured (from stools and/or throat swabs). Specimens
from only 5 per cent of 95 control subjects yielded adenoviruses
in culture. These workers considered that the increased frequency
of adenovirus recovery in patients with digrrhoea could have been
the result of diarrhoea rather than the cause (for example, by
increased shedding of latent virus). However, the poésible etio-
logical association of adenoviruses with diarrhoea was considered
to be an equally valid explanation.

In contrast, Yow et al. (1970) reported that in a study group
of similar size in Texas, there was no significant difference between
the frequencies of recovery of adenoviruses in culture from infants
in the acute stage of gastroenteritis and from control infants.

This was in agreement with the findings of Bell and Grist (1967)

who reported that from the results of a 7-yeér study of gastroenter-
itis in Scotland, it was unlikely that adenoviruses (or enteroviruses)
are significant causes of diarrhoea.

Brandt et al, (1979) studied the shedding of stool viruses
(by EM and culturé) in 604 gastroé;teritis inpatients and 200 gastrb-
enteritis outpatients at the Childrea's Hospitél, Washington D.C.
Stool adenoviruses which grew in cell culture were recovered less
frequently from gastroenteritis patients than from control subjects.
(Adeno&iruses were rarely detected by EM iﬁ the stools from which
adenoviruses were cultured). However, there was a highly signifi-

cant difference between the frequency of adenovirus detection by EM
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from gastroenteritis patients (3.9 per cent) and from the control
subjects (0.6 per cent). This led Brandt and co-workers to suggest
that 'adenoviruses detectable by EM are the prime enteric pathogens
among the adenoviruses'. 26 of 31 specimens from gastroenteritis
.inpatients, containing adenoviruses detectable by EM, did not cause
CPE. Therefore:the antigenic status of these suggested enteric
pathogens was left undefined.

| Adenovirﬁses which grew poorly or not at all in cell culture
have also been associated with outbreaks or incidents of gastroenter-
itis. The outbreak reporfed by Flewett et gl, (1975) has already been
described (see Intrcduction). Whitelaw et al. (1977) reported 2
cases of severe gastroenteritis (15-month old twins, one of whom
died). Gut homogenate from the fatal case caused CPE typical of
adehovirus in culture, but this was insufficient for identification
of the virus by neutralisation (J. Parry, personal communication).
Adenovirus particles were seen by thin section EM in the nucleus of
a mucosal cell. Stool from the child who survived contained adenovirus
particles by EM and caused CPE in cell culture but this did not re-
develop on passage.

Richmond et al. (1977) reported an outbreak of gastroenteritis
among 17 children on an RAF base in England. Adenoviruses were seen
. by EM in acute phase stool specimens from 6 children, but the viruses

could not be cultured. Specimens obtained from these children more
4 £hén 7 days frbm the ohsét of the illness were negative fér adeno-
viruses by EM. The association of adenovirus excretion (in large
quantity) with the acute stage of the illness was considered to be
highly‘significant, and the incubation period for the adenovirus-

associated illness was estimated to be 8-10 days.
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The degree of intestinal dysfunction that results from adeno-
virus infection has not been examined in detail. Mavromichalis
et al. (1977) reported that 3 patients in the acute phase of gastro-
enteritis who had adenoviruses prqsgnt in small intestinal juice
and stool, also had low blood x&ioééﬁieféi;:' i£ ﬁés suggested that
the association between virus in the intestine and xylose mal-
absorption might indicate mucosal damage as.a result of virus in-
fection., The degree of success in culturing these adenoviruses was

not stated.

2. Infection and Immunity.

a. Shedding of Adenoviruses. The shedding of adenoviruses by

young children living together in a crowded welfare institution

was reported by Bell et al. (1961). Throat and anal specimens

were collected at least once a week., The study showed that adeno-

virus infection rates were high in the very young, and that infection

by one serotype could be followed by infection with another serotype.
The 'Virus Watch' studies (see Fox et al., 1969; Fox et al.,

1977), involving continued surveillance of families with young

children in New York (1961-1965) and Seattle (1965-1969), have con-

tributed much to the present knowledge concerning adenovirus ex-

cretion., The most iﬁportant points concerning adenovirus shedding

(from the two studies.combipéd);weieithatgf |

1. Adenoviruses were isolated mofe-freqﬁently frém faecal specimehs

than {rom respiratory specimens. (This finding confirmed the results

of others (for example, Rosen et al., 1962b; Vargosko et al., 1965)).

2. Prolonged intermittent shedding of adenoviruses of one serotype
over several months was common. This was observed with several

different serotypes (but especially types 1, 2, 3 and 5).
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3. The prolonged shedding of adenoviruses was observed in both

children and adults.

L4, The spread of adenovirus type 2 infection to new family members
occurred, apparently as a result of prolonged shedding by older

siblings.

5. There was a higher illness association in infections with both
respiratory and faecal shedding than in infections where either

respiratory or faecal shedding alone was detected.

Intermittent excretion of the one adenovirus serotype in these
studies was interpreted as either recrudescence cr reinfection.
Fox et al. (1969) reasoned that if renewed shedding represented re-
infection, it would probably result in a re-stimulation of homotypic
antibody levels., Since almost all sera taken from New York patients
in 43 instances of renewed excretion (with at least 3 months 'silent
period') showed no increase in haemagglutination inhibition titres,
it was suggested that renewed excretion was due to a recrudescent
infection. However, in the Seattle study, 21 instances were recog-
nised in which excretion by an immune individual coincided with an
episude of family infection. In these cases, renewed shedding could
have been due to re-infection via other family members. 3 of these
individuals developed significant rises iﬁ serum neutralising anti-
body.' 32 of786 immune persons wi£; renewed adenovirus excretion
and/or a significant hométypic antibody rise were exposed in family

infection episodes. Fox et al. (1977) interpreted this as represen-

ting possible reinfection.
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Adenovirus excretion was found to occur throughout the
year in the Virus Watch studies, but the lowest mean prevalence
of excretion in healthy individuals was in September.

Brandt et al. (1969) reported a controlled study of respir—
atory tract disease in 18000 infants, which lasted 10 years
(1957-1967). This was carried out at Children's Hospital,
Washington D.C. These workers reported a decrease in the number
of adenovirus infections in the autumn, with peaks in the warm
weather as well as in winter (Brandt et al., 1972). Their con-
clusions on adenovirus shedding were as follows (Brandt et al.,
1969) :

1. The mucous membranes of the respiratory tract are the main

affected tissues in early acute infection by serotypes 1 to 7.

2. Later, virus replication spreads to the intestine and may
continue for longer periods. (This conclusion is in agreement

with the results of experimental infection of adults with adenovirus
type 4 (Couch et al., 1966). Infection by aerosol caused the
volunteers to shed adenoviruses firstly and predominantly in

respiratory specimens, followed by predominantly faecal sheddiny).

3.. Illness dces not always accompany the shedding of adenoviruses

from the throat or gut.

L, Adenovirus serotypes above 7 (except types 14 and 21) probably
pass to the intestine with little or no infection of the respir-

atory tract.

b, Immunity. Levels of immunity to adenoviruses are usually

assessed by measuring group-specific serum antibody levels by

complement fixation, or type-specific antibody levels by neutral-
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isation or haemagglutination inhibition. Significant antibody
responses to infection are not always detected, and are observed
less frequently in children than in adults (Schmidt et al., 1966).
From their 1957-1967 study, Brandt et al. (1969) reﬁbrted that
the complement fixation test seldom demonstrated rises in anti-
body levels in serum from children under 4 months. Moreover,
patients with severe (lower) respiratory tract disease showed
relatively higher rates of seroconversion than did patients with
mpderate (upper) respiratory tract disease. This was attributed
to a greater production of virus antigens in severe infections;

Type-specific serological responses to adenoviruses in adults
have been demonstrated, after experimental infection of volunteers
via the respiratory tract (aerosol exposure; Couch et al., 1966)
and conjunctivae (Lehrich and Kasel, 1966). As a result of efforts
to control acute respiratory disease in military installations,
immunity to infection has been successfully achieved in adults by
administration of gelatin capsules containing infectious adenovirus
(Edmondson et al., 1966; Gutekunst et al., 1967; Griffin and
Greenberg, 1970).

By this method, adenovirus type L and type 7 produced a silent
infection of the intestinal tract which stimulated the development
of moderately high levels of serum neutralising antibody (Couch
et al., 1963; Chanock et al., 1966). When types 4 and 7 were given
simultaneoﬁsly, neutialising antibodieé to both viruses developed
(Couch et al., 1963). However, the neutralising antibody response
in adults, produced by experimental infection of the intestine with
tjpe L, was found to be lower than the response produced by natural

(respiratory) infection (van der Veen et al., 1968).
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Schwartz et al. (1974) reported the administration of
adenovirus types 1, 2 and 5 separately in gelatin capsules to
adult volunteers. This resulted in rises in serum neutralising
antibody levels in at least 70 per cent of subjects (irrespective
of éerotype administered). Antibody levels were maximal after
3 weeks, There was no correlation between the extent of faecal
adenovirus shedding and the magnitude of the serum neutralising
antibody response.

From the above results, it is well established that adenovirus
infection of the inuestine can lead to the development of serum
neutralising antibodies (in adults) and these have a protective
effect against respiratory infection by the homolcgous serotype.
However, it is not known whether circulating neutralising'antibodies
can confer protection against infection on the gastrointestinal
tract.

Hashimoto et g;,(1970) investigated this question using the
mouse and a mouse adenovirus strain (K87) as a model system. They
found that mice re-challenged after 3 weeks showed resistance to
intestinal infection. This resistance was not simply due to pre-
existing serum neutralising antibodies, since animals given serum
antibodies passively were not protected from in£estinal infection.
18 days or more after challenge, K87 virus neutralising substances
were detected in the intestinal wall and intestinal contents of the
infectéd mice, but not in serum—téénsferred mice, though both gfoups
had equal levels of serum antibodies. The neutralising substances
were found to be antibodies, predominantly of the IgA class
(Hashimoto Ei.§l°9 1971). Therefore, 5y extrapolation, the control
of humén adenovirus infections within the intestine may rest with
the secretory immunoglobulin systen, with little or no protection

from circulating antibodies.
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C. RELEVANT ASPECTS OF STUDIES ON OTHER STOOL VIRUSES.

i. Culture.

Of the human viruses and virus-like particles shed in stools,
only the enteroviruses, ader{ovi:ijltlsés é.ncl_fceovirﬁses have been isol;
ated frequently in cell culturé. Wi;i:h some excei)fions, Coxsackie A
enteroviruses do not grow readily in the cultures of human and
monkey cells used routinely to isolate viruses (see Melnick et al.,
1979). However, a cell line is now available which supports the
replication of a number_ of Vgroup A Coxsaékie vir_usvserotypes
previously found to replicate only in suckling mice. This cell line
(RD) is derived from a human rhabdomyosarcoma (Schmidt et al., 1975).

Although bovine and simian rotavirus strains have been
successfully propagated in kidney cultures of the appropriate species
(for references, see Kapikian et al., 1979), human rotavirus strains
have been particularly difficult to grow. Intracellular antigens
may be detected by immunofluorescence after the addition of stool
extracts to culi_:ures of pig kidney (IB-RS-2) or LLC cells, and this
is enhanced by low-speed centrlfuga.tlon of the cultures after inocul-
ation (Banatvala et al., 1975; Bryden et al., 1977).

Limited success in the propagation of human rotavirus in HEK
cells was reported by Wyatt et al. (1976). Improved results have

been cla.imed by serial passage of a huma.n rota.viru-' strain in

‘gnotoblotlc plglets prior to seria.l passage in pzrlmary cultures

of monkey cells (Wyatt e_t_ g‘l_., 1980). Propagation in these cells
was performed with trypsin treatment of the virus at each passage,
a technique earlier found to enhance the infectivity of ‘calf rota-
virus (cell-adapted) and thus to allow the development of a plaque

assay (Matsuno et al., 1977; see also Kapikian et al., 1979). Trypsin
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appears to enhance bovine rotavirus infectivity by acting directly
on the virus (Barnett et al., 1979). The reason for the enhancement
of infectivity is unknown, but could be related to a similar
finding with reoviruses on treatment with chymotrypsin or trypsin
(Spendlove and Schaffer, 1965).

Immunofluorescence has been used successfully to detect
intracellular astrovirus antigens in human embryo kidney (HEK) cells
(Kurtz gz gl., 1977). However, these viruses and several other
small round viruses and virus-like particles (including the Norwalk
and similar agents) have not been successfhllyvpfopagated‘19 vitro

(see Kapikian et al., 1979).

2. Immunity.

Infection of the human intestine by different viruses (in-
cluding rotaviruses (Dolin, 1979)) can lead to an increase in
serum antibodies to the agent. Work to investigate the possible
value of inactivated polio vaccine showed that suppression of intest-
inal poliovirus infection was not achieved after parenteral
immunisation (see Bodian and Horstmann, 1965). Moreover, the success-
ful experimental infection of volunteers who apparently had pre-
existing antibodies to Norwalk agent (Kapikian et al., 1972) indicated
that circulating antibodies afford little or no protection. Therefore any
protection against infection in the intestine probably depends to
a iarge extent on the presence of secretory IgA antibodies in the
lumen. This is borne out by the av;ilable evidence from studies
of enteric animal virus infections (see Holmes, 1979).

Administration of immune human IgG té lambs by mouth gave

passivé protection against rotavirus infection (Snodgrass gi_gl.,

1977). Anti-rotavirus antibodies have been detected in human milk
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by neutralisation test (Thouless et al., 1977) and this finding has
been confirmed by others. Breast feeding appears to have a protective
effect against rotavirus infection (Totterdell et al., 1976).
However, anti-rotavirus antibodies may have little significance
in this protective effect (Totterdell et al., 1980).

Very little is known about the specificity of the intestinal
IgA response: that is, to what extent the response against one sero-
type or strain of virus protects against another. Similarly, the
degree of memory shown by the IgA-producing system in combating
an infection by the same or a similar strain is not known.

Results with poliovirus indicate that infection of one part
of the gastrointestinal tract may only lead to stimulation of local
secretory IgA production (Ogra and Karzon, 1969). Therefore it is
possible that sequential infection of different parts of the intestine
may occur before complete immunity is achieved. This may (in part)
explain the prolonged shedding of virus particles observed in the
case of adenoviruses, although it is not understood why a single
serotype can override the secretory immunoglobulin system and con-
tinue to produce inlsctious progeny over several months. Mims (1974)
suggested that one reason for persistent shedding could be the

impairment of the immune system due to viral infection of immunocytes.
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CHAPTER 1



CHAPTER 1 MATERTALS AND METHODS.

Note. The materials and methods described relate to the study as a
whole. Where variations exist, these are indicated in the Methods

Sections of the appropriate chapter.

1. Stooi SRecirﬁehs .

é. Soufce. Stools were obtained from children up to the age of 3
years during studies into viruses associated with infantile diarrhoea.
The stools were obtained either from children admitted to hospital, or
from home as part of a community study (Madeley et al., 1977; Scott
_c_e_ﬁ g_l_., 1979). The stools selected for study were those found to
contain adenoviruses by electron microscopy. The patients from whom
stool specimens were taken in 1976, 1977, 1978 or 1979 were given a
number. The patients from whom stool specimens were taken only in

1975 were given alphabetical designation.

b, Preparation of Stool Extracts. This is described in detail else-

where (Madeley ;é_t g,j._., 1977). The method was briefly as follows.
—Approxima.telyVB g. of stool material was shaken with 14 ml of
phosphate buffered saline (PBS) complete with calcium chloride and
magnesium chloride . (see Dulbecco & Vogt, 1954) and containing penici-
11in (100 U/ml) and streptomycin (100 pg/ml). The solid debris was
allowed to settle.. The supernatant was removed snd spun in a bench
centrifﬁgé at 30(;0 rev./min foi' 30 min. The supernatant fluid was
stored in 2 ml amounts at -20°C and 5 ml was retalined for examination
by electron microscopy (EM).
- "'Usua,lly preparation of stool extracts for EM and negative

staining were carried out on the day the specimens were received.

61



2. Standard Virus.

a. Source.

Adenovirus type 1 (9train Adenoid 71). ATCC No. VR-1, NIAID Catalogue

number V201-001-014 (passaged 5 times in Hela cells and 9 times in

KB cells).

Adenovirus type 2 (Strain Adenoid 6). ATCC No. VR-2, NIAID Catalogue
number V202-001-014 (passaged 15 times in HeLa cells and 10 times in

KB cells).

Adenovirus type 3 (Strain GB). ATCC No. VR-3, NIAID Catalogue number

V203-001-014 (passaged 7 times in Hela cells and 3 times in KB cells).

Adenovirus type 5 (Strain Adenoid 75). ATCC No. VR-5, NIAID Catalogue
number V205-001-014 (passaged 4 times in Hela cells and 10 times in

KB cells).

Adenovirus type 8 (Strain Trim). NIAID Catalogue number V208-003-014

(passaged in human embryo kidney and KB cells).

Adeno Associated Virus (AAV) type 1 (Strain 1H). NIAID Catalogue
numbar V266-001-014 (passaged 3 times in human embryo kidney, twice in

secondary monkey kidney and 3 times in KB cells).

The above virus strains were obtained from National Institute of
Allergy and Infectious Diseases, National Institutes of Health,

Bethesda, Maryland 20014.

Adenovirus type 7 (passaged in Hela cells) obtained from Mr. R. Cornall
Regional Virus Laboratory, Glasgow, who received it direct from the

Central Public Health Laboratory, Colindale, London.
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Infectious Canine Hepatitis Virus (ICHV) (passaged in GH cells) -
obtained from Dr. H.J.C. Cornwell, University of Glasgow Veterinary

School.

b. Propagation. Adenovirus types 1, 2, 3 and 8 were passed once in

human embryo kidney (HEK) tube cultures, frozen and thawed 4 times and
passed to fresh HEK cultures in 50 cm2 flat bottles. When CPE was
complete, the cell culture fluids were frozen and thawed 4 times and
centrifuged at 3000 rev./min for 30 min. The supernates were stored
at —70°C in 1 ml amounts.

Adenovirus types 5 and 7 were propagated in an identical manner,
but in primary human amnion cells. All types were found to be neutra-
lised by their homologous antisera (see Section 5).

Infectious Canine Hepatitis Virus (ICHV) was passed once in
continuous canine kidney cells (GH cells; Dr. H.J.C. Cornwell). When
showing complete CPE, the culture was frozen and thawed 4 tinmes,

clarified and stored as for the other stock adenovirus strains.

c. Titration. Titration of human adenovirus serotypes was carried out

using primary human amnion cells, ICHV was titrated using GH cells.

Serial tenfold dilutions of freshly thawed virus were made in mainte-
nance medium and 0.1 ml of each dilution was added to each of 4 tube

cultures. The endpoints were read at 7 days and calculated by the

method of Karber (1931).

" 3, Cell Cultures.

a. Source.

(L) Tissue for Primary Cultures.

Priﬁéry human émnion. Placentae were obtained at caesarian section

during births at 4 different Glasgow hospitals.
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prepared from fetuses terminated at hysterofomy (8th to 20th week of

gestation). The organs were obtained from Dr. D.P. Gilmoré, Depart-
ment of Physiology, University of Glasgow.

Bovine embryo kidney (BEK). Cell cultures were prepared from primary

cell cultures in 120 cm2 flat bottles obtained from Dr. D. Snodgrass,

Moredun Institute, Edinburgh.

(ii.) Continuous Cell Lines.

KB cells (oral epidermoid carcinoma, ATCC No. CCL 17) were obtained at

pass number 370 from Gibco-Biocult Laboratories Ltd., Paisley.

Chang Conjunctiva cells (ATCC No. CCL 20.2) were obtaihed at pass

number 82 from Flow Laboratories Ltd., Irvine.

Intestine 407 cells (ATCC No. CCL 6) were obtained at pass number 282

from Flow Laboratories Ltd., Irvine).

Flow 4000 Clone 2 cells were obtained at pass number 28 from Flow

Laboratories Ltd., Irvine.

Bristol HelLa cells (propagated in rabbit serum) were obtained from

Dr. E.O. Caul, Public Health Laboratory, Bristol. Pass number unknown.

GH cells (continuous canine kidney cells) were obtained at pass number
90 (approx.) from Dr. H.J.C. Cornwell, University of Glasgow Veteri-

nary School,

—

ﬁh__yggig; The cohpbsition of culfure medium used for growfh and
maintenance of the various cell types is given in Table 1.1.

In the methods described below, medium 'with antibiotics' refers
to the incorporation of penicillin at 100 U/ml and streptomycin at
100 pg/ml. Unless otherwise stated, the phosphate buffered saline (PBS)

used throughout was Dulbecco's Solution A (Dulbecco and Vogt, 1954).



Tw s*0
™
Tw oal

w e
w L
v ool

Tw g8

w
Tw S*€E

w gl

Tw/3rf ¢or uToAwoadsags pue

Tw
Tw

Tw

wnass 41eo 1e3sad Tw

»SOTI0TQTIUY Tw

«xWNTPaW G177 ,Z3TA0QTaT v

Tw

Tw

wnaas 4120 1P38- Tw

»SO0T30TqTaUY Tw

»xWNTPBW S ,Z3TA0QTEN Tw

Tw

Js3em pasTuotag TW

+S9T30TQTIIUY Tw

juss aad g*/ 832U0QIROTg WNTPOS Tw

quas Jad g*z s3esATOJpAY usuwngrejoen Tw

WNTpaj aoueuajutey

08
oL

ol

08
ot

X(00l SPTIOR OUTWEe TPT3UaSSa-uou I
+SOT10TqTIUY
qusa Jad g*/ 83PU0QIEOT] WNTPOS

X0l (s3Tes s,87I83) W3W §,013e3

juso gaad g*z 8jesAToapAy uswngrejoeq

(€961) z3TADQTaT sss,,
TW/S3TUN 0} UTTTFOTUS $SOT30TqTIUY,

Ja3em pPasTuotag

wnIas 4120 TE384

Ja3emM pastuotag
wnass 4120 e384

+SOTI0TQTIUY
qus0 Jad §*/ 81PUDGIEDT] WNTPOS

X0l (S3TES ,SYUBH) 66l WNTPaW

J83eM pasTucTag
wnIas 31qqey
+SOTI0TQT3UY

quao Jad g*/ 831PU0QIRPITQ WNTPOS

wNTpsy Yimodg

Z 8UOTJ 000t Motld

eAT3ounfuog 3ueyn

els8H T03STad

adAl 1199

*$8aN3TNO [[80 J04 PasSn BTPsW sOUPUBIUTEW pue Yyimod3 J0 uoljTsodwo] L°L 319vl




(€961} 2z3TA0QTaT 888,,

HE\ml ¢or utoAwoidaags pue Tw/s3Tun ¢ov UTTTTOTUBd :SOTIOTATIUY,

w | | +S9T20TqTIUY

W ool «xWNTP3W gL ,Z3TACQTSY STI80 UOTUWEe uUewny JI04 SY

Tw 08 JI83EM PasTUcTa(g

Tw g wnass 1o 123194

w | «SOT30TQTIUY

(6S6L ‘118341 w gz juso aad G*/ 83PUOCQILITQ WRTPOS

TWw gol pue uuewnap)} WNTpaW SSaTWNIag W oL X0l (S319s §,9TI23) WAW S,813e3

w og JI33BM PasSTUOTa( Tw g/ Jajem pasftuoTrag

Tw g*Q wnJass J1es 1e184 W g1 wnaas J1eo 1ejaqd

w | . +SOTI0TqTUY w | +SOT30TATaUY

W Gg*¢ juso Jasd g*/ 838PUOQIPITQ WNRTPOS w z qus2 Jad g*/ 33PUCQILITq WNTPOS

W oL X0l (s31@s s,8103) WIW S,813e3 Tw ol X0l (s31eS s5,87I03) WaAW S,818e3
WNTpa|] 8dueUa3UTE|Y wnTpay yimoag

L0y 8UT3ISBIUT

JISATT oAaqua uewny

uoTuUWeE ueWwNY

adAl 1183

PBNUT3UOT | *L IVl



Tw 08
w e
w |
w |
w §°¢g
Tw gl

HE\ml ¢Or uroAwojdaais pue Tuw/s3Tuf

STT®90 UOTUWEe UBWnY JO4 Sy

JI831BM PBSTUOTa(

wnIss 41e0 e384

X00l SPTOP OUTWe TEeTluassa-uou 3|
+SOTI0TQTIUY

juso Jad g*/ 83PU0QIPOTC WNTPOS

X0l (s31es s,891ae3) WIW s.813e3

WNTps|| 8oueuUs3lUTe}

Tw
Tw
Tw
Tw

Tw

Tw
Tw
Tw
Tw
Tw

Tw

0%
ol

ol

o8

,0V UFTTToTUSd :SOT30TQTIY,

Jajbm pastuotTs(

wnaas Jtes 1e3ad

+S0TI0TQTIUY

quso asd ¢/ @3euogaeoTq WNIpPog

X0l (s3Tes s,871Ie23) W3W S,8T138e3

J831BM pasTuoTag

wnass 120 uJogmap

X00lL SPIoP OUTWE TPIjUsSSa-uou |3
*moﬁuoanwuc<

quso Jad g*/ a2jeuoqaedTq WNTPOg

X0l (S3Tes s,8TJe3) WaW S,813e3

WATPall Y3Modg

(AsupTy supued) Hg
*AaupTy oAaqua aufAog
¢Raupty oAaqus ueswny)

STT89 Aaupty

a4

8dAl 118]

PBnUT3UCO L°| 31av.



c. Propagation.

(i.) Primary human amnion. Placentae were collected in 200 ml PBS
and taken to the laboratory usually within 4 hours. The amnion
was stripped from the placenta, washed 1n PBS contalnlng antibiotics
and cut into pieces about 6 cmzl After blood clot and mucus had been
removed with forceps, the amnion pieces were kept overnight at room
temperature in 80ml Minimum Essential Medium (Eagle) containing 20
per cent fetal calf serﬁm and antibiotics. Occasionally the amnion
was put in tryp31n on the day that 1t was collected.

The amnion pieces were put into a conical flask with 100 ml
0.25 per cent trypsin in PBS containing antibiotics for 30 min at
36.5°C. After this time, the trypsin was removed and fresh trypsin
was added. The flask was agitated gently by hand at intervals of 30
min. After 3 hours the flask was shaken vigorously and the entire
contents were removed.

The residual strands of amnion were taken from the cell suspen-
sion and put into a conical flask with 100 ml PBS. The flask was

shaken vigorously and the contents removed. This second cell suspen-

sion was added to the first and the remaining strands of amnion were

discarded.
The pooled cell suspension was centrifuged at 1000 rev./min for

10 min and the supernate was poured off., The pellet was resuspended

" in 20 ml human amnion growth medlum. A_O)Z ml.sample of cell suspen—-

sion was diluted 10 -1 in PBS contalnlng 0.1 per cent trypan blue and
the viable cell count was determined using a counting chamber.r'The
cell concentration was adjusted to 3.5 x 105 cells/ml with growth
medium. Glass tubes (100 mm x 13 mm) were seeded with 0.8 ml amounts.
A single amnion yielded enough viable cells for 200 to 300 tubes on

average.
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After 2-3 days, growth medium was removed from the tubes and
0.8 ml fresh growth medium was added. When the monolayers reached
confluence after 3-7 days, growth medium was removed and replaced by

0.9 ml maintenance medium.

(ii.) Human embfyo kidney (HEK). The kidneys were removed and put

into PBS. If taken from an afternoon termination they were stored
overnight at 4°C in PBS containing antibiotics. Otherwise preparation

of primary monolayers was carried out on the same day.

Preparation of primary monolayers. The kidneys were chopped finely

using scissors and put in a screw-capped bottle containing 20 ml PBS
with antibiotics., The tissue pieces were allowed to settle. The
supernatant fluid containing blood was removed by pipette and the
washing procedure was repeated until the fluid was clear. Depending
on the volume of settled tissue pieces, 15 ml to 25 ml 0.25 per cent
trypsin in PBS with antibiotics was added and the bottle was incubated
at 36.5°C. The bottle was agitated by hand every 30 min.

After 3 hours, the container with dispersed tissue was shaken
vigorously by hand and centrifuged at 1000 rev./min for 10 min. The
supernatant fluid was removed by pipette and the péllet resuspended in
20 m1 HEK cell growth medium. Depending on thé size of the kidneys,
primary cultures were set up in 50 ml amounts in 2 to 10 120 cm2 flat
bottles and incubated at 36.5°C.

rGrowth”ﬁediﬁm was removed ana replaced by 50 ml frésh growth

medium after one day; Primary cultures reached confluence in 3-7 days.

Preparation of secondary monolayers. To set up secondary cultures in

tubes, the primary monolayers were washed twice with PBS and once with

5ml 0.25 per cent trypsin in PBS. The trypsin was removed and the
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bottles were incubated at 36.5°C until the cells became detached. HEK
growth medium (3.5 ml) was added to the bottles and the cell suspen~
sion from each bottle was pooled. A 0.2 ml sample of pooled cell sus-
pension was taken to determine the viablé cell count as before.

The cell concentration was adjusted to 5 x 104 cells/ml with HEK
growth medium and glass tubes (100 mm x 13 mm) were seeded with 0.8 ml
amounts. On average 90 - 120 tubes were set up from the kidneys of
one fetus.

After 2-3 days the medium was decanted from the tubes and 0.8 ml
fresh growth medium added. At confluence growth medium was replaced

by 0.9 ml maintenance medium.

(iii.) Bovine embryo kidney (BEK). Preparation of secondary tube

cultures from primary monolayers was identical to that described for

HEK.

(iv.) Human embryo liver. A primary culture of human embryo liver

cells was set up as described for HEK. From this'a semi-continuous
line of fibroblast-like cells was derived by continuous sub-culture,

as described in Section (v.).

(v.) Continuous cell cultures. All continuous cell cultures were pro-

pagated in 120 cmz flat bottles. Sub-culture was carried out at 3-5
day intervals.

Subcutture. With the exception. .of Bristol Hela cells, confluent mono-
layers were washed twice with PBS ;nd oﬁce with 5 ml 0.25 per cent
trypsin in PBS. The trypsin was décanted and the bottles were incu-
bated at 36.5OC until the cells became detached. Growth medium

(3.5 ml) was added to the bottles and a proportion of the resulting
cell suspension from each bottle was added td fresh bottles containing

50 ml growth medium. The seeding ratio for each cell line is shown in
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TABLE 1.2

Dptimum seeding concentration for tube cultures

and seeding (’split’) ratio for flask cultures

of continuous and semi-continuous cell lines .

Cell Type

Bristol Hela

Chang Conjunctiva
Flow 4000 Clone 2
Human embryo 1iver
Intestine 407

KB

Seeding Concentration

x 10

cells/ml
cells/ml
cells/ml
cells/ml
cells/ml

cells/ml

Split Ratio



Table 1.2 .

Confluent cultures of Bristol Hela cells wexre washed twice with
PBS and 5 ml 0.02 per cent (w/v) versene (EDTA, disodium salt) added.
The bottle was incubated at 36.500 until the cells detached from the
glass. The cell suspension was centrifuged in a screw-capped bottle
at 1000 rev. /min and the supernatant fluid was poured off. The
pellet was resuspended in 4 ml Bristol HelLa cell growth medium. The
suspension was divided into 4 aliquots and each aliquot was added to a
fresh culture bottle containing 50 ml growth medium.

Storage. Cell suspensions prepared as above from several confluent
bottle cultures were pooled and centrifuged at 1000 rev./min for

10 min. The supernatant fluid was ‘poured off and the pellet resuspen-
ded in 10 ml storage medium consisting of 90 ml growth niedium and

10 ml dimethyl sulphoxide. A 0.2 ml sample was taken for estimation
of viable cells,

The cell concentration was adjusted to 2 x 106 cells/ml with
storage medium and the cell suspension was added to screw-capped vials
in 1 ml amounts. The cells were frozen to -70°G at 1% per minute
(Dougherty, 1962) in a Linde apparatus and stored in gaseous phase
liquid nitrogen.

For recovery, the contents of one vial was thawed rapidly to 37°C
and added to a 120 cm2 flask containing 50 ml growth medium. The |

cells were dispersed by shaking and the bottle was then incubated at

- 36.5%. On the following day the medium was removed and fresh growth

medium was added.
All continuous cell cultures used were derived from stocks
stored as above.

Preparation of tube cu'ltu'x;e.s. Cells in bottle cuitures were detached

from the glass and cell susi)ensions were prepared in growth medium as

described. Suspensions from more than one bottle were pooled, and
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viable cells estimated.

The volume of cell suspension was adjusted to the optimum seed-
ing concentration (see Table 1.2) and 100 mm x 13 mm glass tubes were
seeded with 0.8 ml amounts. At confluence, growth medium was replaced

by 0.9 ml maintenance medium.

L, Method For Virus Isolation.

a., Infection of Cell Cultures, Inoculation of cultures was carried

out usually within 24 hours (at most 48 hours) of replacement of
growth medium by maintenance medium. Where the maintenance medium was
based on Leibovitz' L15, this interval was always 24 hours. The
cultures received a further change of maintenance medium (0.9 ml)
immediately before inoculation. 0.1 ml of each stool extract was
added to each of 2 tubes and incubated stationary at 36.500. Uninocu-

lated control cultures were always included.

b. Detection of Cytopathic.ﬁfféct. The cultures were observed every

alternate day for signs of degeneration. If cytopathic effect (CPE)
was evident in specimen tubes, the effect was allowed to progress
until more than 75 per cent of the cells were affected before the
cultures were frozen to -20°C. If no CPE was detecfed in cultures
containing specimens, the tubes were incubated until signs of non-
specific degeneration were seen in both specimen and control tubes, at

which time the cultures were frozen to -20°C.

C. Pagségef.>S£ééiméﬁs‘ﬁﬂi;ﬂ did néf giveACfErwere maintained in-
culture for 3-4 weeks before being regarded as negative. This involved
blind passage through 2 to 4 cuitures, depending on the cell type.

A1l tubes were frozen and thawed at least 4 times before the

culture fluid was Introduced into fresh cultures. For passage the
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contents of both initial tubes were pooled and mixed before 0.1 ml
of this fluid was added to each of 2 tubes containing fresh cultures.
The residual fluid was stored at -20°C. The contenis of control tubes
were passed to fresh cultures in the same way.

When a CPE was seen,'the culture fluid was passéd to fresh

cultures at least once for confirmation.

5. Neutralisation Test for Adenovirus.

.a. Antisera. Neutralising sera to adenovirus types 1 to 33 prepared
in rabbits or goats were obtained commercially (Immunitalia, Rome)
and from Dr. Eleanor J. Bell, Regional Virus Laboratory, Glasgow.

All antisera were used at optimum. dilution in PBS (i:50 to 1:200;
E.J. Bell, personal communication) Stock dilutions in PBS at ten times
working dilution were stored at -20% and working dilutions prepared

as necessary.

b. Method. Neutralisation tests were carrléed out using culture fluid
which had been frozen and thawed at least 4 times. TFor specimens
giving CPE which developed quickly (2-3 days) on passage, culture

1 in PBS. Dilutions of 10—2 or neat were occa-

fluid was diluted 10~
sionally used.
Mixtures of virus and antisera were madevin the wells of UV-
irradiated Linbro disposo trays (Flow Laboratories Ltd.) by adding
0.1 ml test antiserum to 0.1 ml culture fluid diluted as necessary.
For each iéoiaté tested 2 virﬁs cégtrdl mixtures were made with PBS
in place of aniiserum. The mixtures were allowed to stand at room
temperature for 60 min. O.1l ml from each well was added to a tube
culture of susceptible cells to which fresh maintenance medium had

been recently added. With isolates which showed low infectivity, the

entire well contents were added to the cultures.
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The cultures were 1lncubated statlionary at 30.5 C and examlined
daily for development of CPE. Any antiserum which held back develop-
ment of CPE at least 2 days aftef the virus control tubes showed
complete CPE was regarded as homologous.With the serotype of the iso-
late.

Culture fluids were initially tested against antisera to adeno-
virus types 1 to 7 inclusive and also to type 17 (known to cross-react
with type 1 by neutralisation test; E.J. Bell, personal communication).
If none of the above antisera neutralised the isolate, the culture
fluid was tested against antisera to adenovirus types 8, 9, 10, 11,
14, 15, 19 and 21. If these antisera also failed to neutralise the
isolate, antisera to all remaining adenovirus serotypes were used. In
all cases positive neutralisation results were confirmed by repeating

the test with the appropriate antiserum.

d...ﬁuai infebfiohs. A dual infection was defined as the presence of

more than one adenovirus serotype in an isolate from a single specimen.
If two antisera to different adenovirus serotypes each caused partial
neutralisation of an isolate, the possibility of a dual infection was
investigated.

The isolate was mixed with antiserum of one serotype and put in
culture. When breakthrough of CPE occurred the culture fluid was
frozen and thawed, mixed with antiserum to the other serotype and
put into fresh cultures. If serial exposure to antisera of both sero-
types (irreépéétive of-order) éﬂebked development of CPE dompletc}y it
was concluded that a dual infection had occurred. If breakthrough
continued then the isolate was regarded as a strain having characteris-
tics in common with both serotypes. Triple infectiors by adenoviruses

of established serotypes were not observed,
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6. Electron Microscopy of Culture Fluids.

a. Concentration of Culture Material. Culture tubes (stored at

-20%3 were thawed. Deionised water (4 mi) was added to each tube and
the contents (4.5 ml approx.) put in a cellulose nitrate ultracentri-
fuge tube. The fluid was centrifuged at 35000 rev./min for 60 min in
a Beckman L5-40 ultracentrifuge with SW 50.1 rotor. The supernatant
fluid was poured off and the inverted tube was plugged with tissue and
allowed to drain for at least 10 min. The pellet was resuspended in
one drop of EM diluent (deionised water containing 0.1 per cent

bacitracin as wetting agent) using a Pasteur pipette.

b, NWegative Staining. Equal quantities of resuspended material and
stain (2 per cent potassium phosphotungstate, pH 7.0) were mixed on a
microscope slide and one drop of the mixture applied to the carbon
formvar-coated side of a 400-mesh copper grid. Surplus liquid was
drawn off at the edge of the grid using filter paper. The grid was

allowed to dry in air.

c. Examination. No attempt was made to standardise the time between

preparation and exauination since such preparations of virus particles
appear stable over a few days (C.R. Madeley, personal communication).
The grids were examined on a Philips EM 301 electron microscope at a
magnification of x50700. At least 4 widely separated areas of the
grid were examined for the presence of virus particles. At least
15 mins was devoted to each grid. . o

A "+" system of scoring for numbers of virus particles was used

as follows:
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small number : less than 1 particle per 400 mesh grid square on average.

+ 1-5 particles " " " " " " "
++ 5-20 particles " " " " " " "
i 20-100 particles " " n " " " "

++H greater than 100 particles " " " " " " "

7. Fluorescence Microscopy.

The indirect fluorescent antibody staining technique was used
throughout. The dilutions of antiserum used, the interval between
infection and fixation of cells and controls used are described in

Chapters 4, 6 and 7.
a., Cells.

(i.) XB Cells. Obtained from Gibco Bio-Cult Laboratories Ltd.,

Paisley, and propagated as in Section 3. Growth and maintenance media

used were as described in Table 1.1.

(ii.);;Secondagy human'embryo kidney (HEK). Cultures were prepared
from primary cultures in bottles as in Section 3. Growth and mainte-

nance media used were as described in Table 1l.l.

b. Antisera.

(1.) Adenovirus-specific antisera. Preparation in rabbits and guinea

pigs and testingris described in Chapter 4. Blood was collected firom
the ear vein (rabbits) or by cardiac puncture (guinca pigs) aﬁd stored
at 4°C. On the following day the serum was separated from the clot,
centrifuged at 2000 rev./min for 20 min and the supernate was stored

at —209@. All sera were heat-treated (5600 Tor 30 min) before use.

73



(ii.) Test antisera. Production of antiserum to adenovirus in stool

extracts is described in Chapter 6, Section 2.

(iii.) Fluorescein isothiocyanate (FITC) conjugated antisers. These

were directed against IgG of the species of origin of the serum used,
and prepared in Swine (SWAR-FITC (Swine anti-Rabbit IgG), SWAGP-FITC
(Swine anti-Guinea Pig IgG); Nordic Laboratories, Maidenhead).

The FITC conjugated antiserum was stored at -7000 and was

thawed and diluted 10—1 in sterile PBS immediately before use.

c. Microscope. A Leitz Ortholux Tf Microscope with Ploemopak 2.2

incident 1light illuminator and filter system H2 was used. Preparations
were examined using a x25 objective. The final magnification was

x250.

d. Method. Except where otherwise stated, cells were seeded in 5 ml
amounts in 9 mm x 35 mm coverslips within stoppered Léighton tubes.
The seeding concentration was 1.2 x 105 cells/ml for KB cells and

5 x 104 cells/ml for HEK cells. At confluence (24 hours for KB cells)
growth medium was replaced with 4.5 ml appropriate maintenance medium.
The inoculum volume was C.5 ml for standard virus but 0.1 ml for
stool extracts in order to conserve material.

After the appropriate time interval following infection the
coverslips were removed from the Leighton tubes and washed in 4
changes of PBS (pH 7.3),‘then dried for 15 min at 36.500. They were
fhéﬁ fiked in aCeténe at*ioém temé;raﬁﬁre for 2 miﬂ, followedrﬁy.' '
drying at 36.500 for 15 min. The coverslips were stored at 4% until
stained (within 48 hours).

Rabbit or guinea pig serum diluted in sterile PBS (pH 7.3)
was added‘to the monolayer (2 drops per coverslip) and incubated at

36.500 for 30 min. After this time the coverslips were washed in 4

74



changes of PBS, followed by the addition of 2 drops of fluorescein-
conjugated antiserum (diluted 10“1 in PBS). After incubation of the
coverslips at 36.5°C for 30 min, excess éonjugated antiserum was
removed by washing in 4 changes of PBS. The coverslips were mounted
on glass slides with PBS-glycerol (1:9 v/v) and examined under in-

cident light UV illumination within 24 hours of staining.
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CHAPTER 2  ATTEMPTS TO ISOLATE ADENOVIRUS FROM STOOL EXTRACTS

IN WHICH ADENOVIRUS PARTICLES WERE DETECTED BY ELECTRON

MICROSCOPY.

A. CONFIRMATION OF PREVIOUS FINDINGS.

The work of Dr., Eleanor J. Bell in this laboratory, using stools
from infants (Madeley et al., 1977) showed that in most cases where
adenoviruses were detected in stool extracts by electron microscopy,
these could not be isolated in cell culture.

The present study was begun by confirming these findings using
the same stool extracts. Since some strains of adenovirus require
prolonged incubation for isolation (van der Veen and Kok, 1957;
Grayston et al., 1958) inoculated cultures of fetal human cells were

maintained for 5 - 7 weeks with Hlind passage.

Method. 23 stool extracts from 16 children (collected during 1975
and stored at —ZOOC) were placed in primary human amnion culture with
repeated blind passage at approximately 10 day intervals. Cultures
were maintained for 42-48 days and observed on alternate days. The
cultures which showed mo evidence of CPE after this time were examined
by electronrmicroscopy for the presence of virus particles (one tube
per specimen).

The stool extracts which did not cause CPE in cultures of human
amnion cells were used to 1noculate HEK cultures. Bllnd passage was
carried out at approximately 7-10 day intervals. Specimens which Aid

not cause CPE were maintained in culture for 34-39 days.

Hesulfs. As shown in Table 2.1, 22 of the 23 stool extracts were

culture negative in human amnion cells. Electron microscopy of the
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final (fifth passage) culture fluids did not reveal virus particles.
Adenovirus type 1 was isolated from one stool extract which caused
CPE after 26 days in culture.

Of the 22 stool extracts added to éultures of HEK cells, 17
did not cause CPE., 2 stool extracts caused CPE typical of adenovirus
at day 4 and this effect developed again when the culture fluid was
passed to fresh cultures., 3 stool extracts caused CPE typical of
adenovirus at day 22. In 2 cases the effects developed again when
the culture fluid was passed to fresh HEK cells.

For the 5 cases where CPE was observed in HEK cells, the stool
extracts were from different children. Attempts to identify the virus
failed because CPE did not develop in neutralisation tests using HEK
cells. Re-isolation attempts were not possible with the amounts of

stool extract available.

Cbmment. The results confirmed the failure of the adenovirus
particles detected in stool extracts by EM to cause CPE in cultures of
human amnion cells., The isolation attempts were carried out over a
longer period than is usual for routine virus isolation, but this
proved to be of value in only one case.

The absence of CPE does not preclude tﬁe possibility that adeno-
virus replication occurred. However, it is unlikely that virus pro-
duction occurred to the extent shown by culture-positive specimeus.

Cultures which show CPE typical of adenoviruses usually have detectable

—

" amounts of virus partiélés by electron microscopy (C.R. Madeley,

personal communication). In this case, it is possible that virus
particles were produced in amounts too small to be detected by EM or
that 1limited amounts cf virus were produced at an earlier passage.

The use of HEK cells allowed detection of adenovirus by culture
in a further 5 stool extracts., The HEK cell culture system was useful

for recognition but not identification of these strains. Therefore
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adenoviruses with low infectivity appeared to be present in the
stools of some children for which the HEK cell culture system seemed
barely adequate. This lack of sensitivity of>the culture system
might explain failure to detect CPE from the remaining stools.

It was important to determine whether poorly infectious isdlates
belonged to common serotypes, uncommon serotypes or new serotypes of
adenovirus. If these strains belonged to serotypes which are common-
ly isolated the history of the virus or its stool environment would

require examination to find an explanation for such low infectivity.

B. CULTURE ATTEMPTS USING FURTHER STOOL EXTRACTS.

1. Introduction.

The work was extended by examining a larger number of stool

specimens in cell culture. There were 4 objectives.

1. To observe the characteristics of any agent which gave rise to a

transient CPE and to identify it if possible.

2. To estimate the proportion of stools containing adenoviruses which

could not be cultured and identified.

3. To increase the stock of stool extracts known to contain adeno-

viruses difficult to isolate in cell culture.

L, To assess the value of small variations in culture technique on

the isolation of adenovirus from stool extracts.

I.1 the virus isolation attempts to be described for the remain-
der of this chapter, all stool extracts used were known to contain
adenoviruses by EM. The specimens and culture fluids were identitied
by labératory number and the isolates were typed individually without

information about the patient. In cases where adenovirus isolations
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were attempted under 2 different culture conditions and CPE developed
readily under both conditions, only oﬁe isolate was identified by
neutralisation test,

In Section A.,there was evidence that some strains of adenovirus
which do not cause CPE with humah amnion cells might be detected using
HEK cells. Although it would have been preferable to use HEK cells
throughout, the supply of this tissue was low. For some virus isola-
tion attempts, human amnion cell cultures or a combination of both
cell types (in series) was used. In these cases, specimens which did
not allow adenovirus isolation or identification were re-tested by

serial passage in HEK cultures.

2. Comparison of Stationary and Rolling Cﬁlture.

Some early workers favoured rolling culture for the isolation of
viruses found in faecal specimens (Kibrick é& él., 1955; Schmidt
et al., 1964). However, stationary incubation has generally been
considered adequate for the isolation of adenoviruses (Rose, 1969).
With the application of EM to the examination of faecal specimens and
the finding that not all adenoviruses can be cultured, a re—apfraisal

of rolling culture was considered worthwhile.

Method. 26 stool extracts (previously untested in culture) were added
to cultures of fetal human cells. The extracts had been stored at
-20°C and had been frozen once only.

Two isolatlon attempts were made with each stool extract-
(a) using culture tubes incubated statlonary at 36.5 % after inocula~-
tion, and (b) using tubes incubated at 36.5°C after inoculation on a
roller drum revolving at approximately 10 rev./hour. A stationary
adsorption period of 60 min at 36.500 was given to all cultures on

inoculation and at each passage, followed by the addition of 0.9 ml
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fresh maintenance medium. For further details of the absorption
technique, see Section 3. below.

Culture fluid was transferred to fresh cultures from a different
fetus at each passage. Cultures from thé same fetus were used at each
corresponding passage for both stationary and rolling isolation
attempts. The first passage was carried out using human amnion cells
and HEK cells were used for subsequent passages. (First passage
fluids from cultures incubated stationary were also passed to further
human amnion cultures and incubated in the same way). Specimens which

did not cause CPE were maintained in culture for at least 24 days.

Results. The 26 stool extracts were from 15 children (Table 2.2).

There were single specimens from 8 patients, 2 specimens from 4
patients, 3 specimens from 2 patients and 4 specimens from 1 patignt.
The adenovirus serotypes readily isolated were types 1, 2, 5 and 7.
Strains of adenovirus belonging to these serotypes were isolated with-
out difficulty from 15 stool extracts, with simultaneous development
of CPE in both stationary and rolled cultures.

Stool extracts from 5 of the 15 children failed to cause CPE
in either stationary or rolled cultures. Specimens from 3 patients
(numbers 5, 14 and 15) caused adenovirus CPE, but the agents were
difficult to identify. The CPE did not develop again after passage if
fluid from the first cultures to show CPE was diluted. Attempts to
isolate virus using stationary cultures of HEK cells were successful
in 2 cases, and the isolates were identified as aderovirus type 3L.

Of those patients from whom more than one stool extract w#s
placed in culture, the adenovirus serotypes isolated from successive
stools were usually the same. However, patient no. 6 excreted adeno-
virus type 1 three months after the excretion of adenoviruses which

did not produce CPE (stool date 12/2/76). Patient no. 5 excreted
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TABLE 2.2 Result of culture with 26 stool extracts known

to contain adenovirus particles by EM:
Comparison of stationary with rolled culture,
using cultures of fetal human cells.

{(Numbers in parenthesis refer to the approximate

time taken for CPE to appear (days)]).

Patient Date of Other Virus Development of Virus
No. Stool by EM CPE Isolated
Stationary Rolled
1 10/11/75 - -
2 1/12/75 - -
3 2/12/75 - -
4 30/ 1/76 SRV* + (6) + (6) Ad2
2/ 2/76 astrovirus + (8) + (6) Ad2
5 30/ 1/76 AAV** + (3) + (3) Ad untyped****
29/ 3/78 + (5) + (5) Ad2
31/ 3/76 + (5) + (5) Ad2
6 12/ 2/76 AAV - -
8/ 5/76 + (5] + (3) Ad1
12/ 5/78 + (5) + (5) Ad1
7 9/ 3/76 + (6] + (5) Ad2
8/ 3/76 + (5] + (5) Ad2
12/ 3/78 + (6/5)8 + (5) Ad2
13/ 4/76 + (5) + (6] Ad1 + Ad2
8 16/ 3/76 + (5) + (5) Ad5
9 22/ 3/76 + (6] + (5) Ad7
10 12/ 4/76 + (5] + (5) Ad1
11 14/ 4/786 - +{12) Ad2
12 26/ 4/7% - -
3/ 5/7%8 +(21/12)8 - Ad2
13 27/ 4/76 + (5] + (5) Ad1
28/ 4/78 + (5) + (3) Ad1
14 28/ 4/78 +(15) 9 +(14) Ad17
2/ 5/76 +(15)1 +(11) Ad untyped****
15 6/ 5/76 +(29/1518 +(11) Ad untyped***

development of CPE characteristic of adenovirus
- no devsiloupment of CPE
. * SRV: small round virus-like particles
** AAV: adeno associated virus-like particles
*** development of CPE characteristic of adenovirus,
using only HEK cells in stationary culture;
isolate untyped (2)
**** Ad31 isolated using unly HEK cells in stationary
culture (2; 5)
§ the first number refers to the time taken for CPE
to appear using only human amnion cells in stationary
culture .
T no CPE using only human amnion cells in stationary culture
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adenovirus type 2 two months after excretion of a virus strain with
low infectivity (type 31, stool date 30/1/76). A dual infection by
adenovirus type 1 and type 2 was apparent from the isolate of one

stool extract from patient no. 7 (stool aate 13/&/76), whereas only

adenovirus type 2 had been detected in previous isolates.

Comment. Slow rolling of culture tubes has been especially beneficial
for the isolation of rhinoviruses from respiratory specimens (Tyrrell
and Parsons, 1960). This is possibly due to the even mixing of toxic
products of metabplism or cell nutrients, or could be due to an
increased opportunity for adsorption of virus to cells when out uf
contact with the pool of medium.

From Tatle 2.2 there is little evidence to suggest that rolling
of tubes increases the rate of isolation of adenoviruses from stool
extracts. That an adenovirus type 2 strain was isolated from one
patient only in rolling culture is offset by the fact that another
type 2 strain from a different patient was isolated only in stationary
culture. Theée differences possibly reflect the chance event of
detecting a viable virus dose in a poorly infectious specimen rather
than the meritof one technique over the other. This emphasises the
need for replicates in such an experiment, but limitations in the
supply of tissue made this difficult.

In the case of 5 stqol'extractS'which failed to cause CPE,
rolling of the culture tubes offered no advantage. Where adenovirus

strains were readily isolated, little difference was noted in the

- time taken for CPE to appear in stationary and rolled cultures. From

these findings, stationary culture was considered adequate for further
isolation attempts. (One disadvantage with rolling culture is that

human amnion monolayers degenerate more quickly than with stationary
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incubation).

Madeley et al. (197?) reported definite isolation of adeno-
viruses by culture from only 2 patients from a total of 12 children
with diarrhoea whose stools were known fo contain adenovirus particles
by EM. In the present study, the proportion of children found to
excrete adenoviruses which could be cultured and typed was 11 from a
total of 15. (2 of the 11 children yielded both culture positive and
culture negative stools by this criterion). Too much emphasis cannot
be placed on this comparison since the numbers of children were small
in both cases. Also, one might question the validity of comparing
data for which ciinical details are incomplete, Nevertheless, on the
basis of previous reports (Madeley’éi.gl., 1977; Flewett gi él., 1975;
Schoub gi.él., 1975; White and Stancliffe, 1975) the relative ease
with which 17 adenovirus isolates were obtained from 26 stool extracts
led me to consider whether any particular culture condition used in
these tests was responsible. 16 stool extracts from which common
adenovirus serotypes were isolated in stationary human amnion/HEK
culture also caused CPE in stationary human amnion culture alone.
Therefore the relatively high isolation rate as compared with previous
reports could not have been due to the sequential use of more than

one cell type.

Since the adenvvirus isolation rate was higher than expected in
Section 2.y the_dontribution made by using an adsorption period of

1 hour at each passage was investigated.

Method. 21 stool extracts, previously untested in culture, were added
to cultures of fetal human cells. The extracts had been stored at

-20°% and had been frozen once only.
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Two isolation attempts were made with each stool extraét:

(a) Stationary culture at 36.5°C, and adsorption at each passage with
0.1 ml volumes of stool extract or culture fluid from earlier passage.
Adsorption was carried out using fresh céll cultures from which main-
tenance medium had been removed. After stationary incubation at
36.500 for 60 min, 0.9 ml fresh maintenance medium was added to each
tube.

(b) Stationary culture at 36.5°C and direct inoculation of tube
cultures (already containing fresh maintenance medium) at each passage
with 0.1 ml volumes of stool extract or subsequent culture fluid, as
described in Chapter 1.

Each successive passage was made into a fresh culture from a
different fetus. Cultures from the same fetus were used at each
corresponding passage for both culture conditions. The first passage
was carried out using human amnion cells and HEK cells were used for
subsequent passages. Flulds were also passed through successive human
amnion cultures. Specimens maintéined in culture for at least 23 days

without development of CPE were regarded as culture negative.

Résults. The results are given in Table 2.3. The 21 stool extracts
were from 13 children, with single specimens from 8 patients, 2 speci-
mens from 2 patients and 3 specimens from 3 patients. The adenovirus
strains isolated without difficulty were of types 1, 2, 5 and 9, and

a strain neutralised by antisera to both type 14 and type 16. The

" stool extracts of one patient caused CPE typical of enterovirus. An

isolate from one of these stools was identified as poliovirus type 2
by Dr. E.J. Bell.
In all cases where CPE arose, the time taken to appear was the

same both with and without adsorption. Single stool extracts from 2
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TABLE 2.3

Result of culture with 21 stool extracts known
to contain adenovirus particles by EM:
Comparison of culture with and without periods
of adsorption at each passage, using cultures

of fetal human cells.

(Numbers in parenthesis refer to the approximate

time taken for CPE to appear (days)).

Patient Date of Other Virus Development of Virus
No. Stool by EM CPE Isolated
Adsorption No adsorp-
tion
5 6/ 4/76 SRV* + (6) + (B) Ad2
28/ 6/76 - - - *xx
8/ 7/76 + (9) + (9) Ad2 + AdS
& 12/ 5/78 + (2) + (2) Ad1
13/ 5/76 + (6) + (6) Ad1
24/ 6/76 + (17)** + (17)** AdS
7 5/ 4/76 - - b
8 31/ 5/76 + (6) + (B8] Ad14-16
89/ 6/76 + (B) + (6) Ad14-16
18 12/ 5/76 SRV* - - *EEER
17 12/ 5/76 + (12)** + (12)** Ad untyped
18 17/ 5/76 + (9] + (9) Ad2
19 17/ 5/76 + (8) + (8) Ad1
20 26/ 6/76 - -
28/ 6/76 - -
1/ 7/76 - -
21 5/ 7/76 - -
22 7/ 7/76 rotavirus + (8) + (8) AdS
23 12/ 7/76 entt(2) ent (2) Polioc 2
13/ 7/786 ent (2) ent (2)
24 13/ 7/76 SRV* + (8) + (8) Ad1
+ development of CPE characteristic of adenovirus
- no development of €PE
t ent: .development of CPE characteristic of

%* %k
*_***

% %k k %k Xk

enteravirus

SRV: small round virus-like particles

no CPE using only human amnion cells

Ad2 + AdS isolated using only HEK cells (no adsorptlon
periods) (12)

Ad17 isolated using only HEK cells (no adsorption
periods) (22)

development of CPE characteristic of adenovirus,

using only HEK cells (no adsorption periods);

isolate untyped (5)



patients (numbers 6 and 17) caused CPE only with the combined use of
human amnion cells and HEK cells, but with or without adsorption. At
least one stool extract from 5 of the 13 children (numbers 5, 7, 16,
20, 21) failed to cause CPE under eithei.set of culture conditions.
Attempts to detect CPE with these 7 specimens using HEK cells alone
(and no adsorption period) were successful in 3 cases (patients No. 5,
7 and 16).

Of the 5 children from whom more than one stool extract was
placed in culture, the serotypes of adenovirus isolated from successive
stools were usually the same. However, adenovirus type 9 was isolated
from one stool extract of patient no. 6, whereas adenovirus type 1 had
been isolated from previous stools (see also Table 2.2). Adenovirus
was isolated from one stool extract of patient no. 5 (dated 28/6/76)
only by the use of HEK cell culture alone. As with an extract from
a stool passed 10 days later, this revealed a dual infection by adeno-

virué type 2 ahd type 9.

Comment. Attachment of virus particles to susceptible cells will

follow random contact between the virus and the cell surface, but only
if free complementary sites are available on both (see Fennef et al.,
1974b). Any treatment which increases the probability of collisicns
between the virus and the cell surface should iﬁcrease the probability
of attachment; and therefore the likelihood of infection. Decreasing
the vulume of cell overlay medium, inoculation with virus in a small
volume, and incubation for a‘périod (the'?adsorptioniperiod;), form a
simple way of increasing the probability of attachment of virus to a
cell monolayer. Isolation of adenoviruses from stool specimens might
benefit from this technique, especially when the quantity of infec-

tious virus in the stool extract is low.



From Table 2.3 it is apparent that for the 21 stool extracts
tested under both conditions, adsorption periods of €0 min at €ach
passage offered no advantage to the isolation of adenoviruées. Adeno-
virus CPE developed in culture with 12 stools (from 8 children) as
readily with no adsorption. The use of an adsorption period did not
increase the number of isolations. However, for 3 specimens a
repeat isolation attempt using HEK cells alone (with no adsorption
periods) allowed the development of CPE. Therefore the choice of cell
type was probably of greater importance for detection of adenovirus
than the use of an adsorption period.

The time given for adsorption or the increase in effective con-
centration of inoculum during this period may have been insufficient
to alter significantly the probability of virus attachment. Both con-
ditions represented a compromise. The volume of inoculum (0.1 ml)was
small in order to conserve the stool extracts, but large enough to-
cover the monolayer. The time given for adsorption was not extended
beyond 60 min because of the risk of water evaporation from the inocu-
lum (resulting in osmotic damage to the cells) and also to minimise
the risk of a direct toxic effect of the stool extracts on the cells,

Direct inoculation offers the practical advantage of eliminating
one further exposure of the cultures to the atmosphere, thus reducing
the risk of airborne contamination. Any technique which eliminates
the replacement of medium in inoculcted cultures will also reduce the
‘risk of cross-confamlnation of specimens in culture. In all further

culture expefiments to be described, no adsorption period was used.

Unfrozen.

The stool extracts were stored for 1-7 days or longer until
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examined by EM. All specimens previously tested for adenovirus
infectivity had been stored at -20%. However, it may not be correct
to assume that all strains of adenovirus in stools have equal ability
to survive storage at freezing temperatures or to survive the freeze-
thaw process.

This experiment was designed to determine whether there is any

advantage to adenovirus isolation in the storage of stool extracts

at 4°%.

Method. Stool extracts were prepared and 5 ml taken for EM examina-’
tion. The remainder was divided into 2 fractions. One 2 ml fraction
was stored atihoc while the other was stored at —ZOOC, until the
result of EM examination was known. The first 26 stool extracts
reported to contain adenoviruses by EM were used to inoculate human
amnion cultures., Specimens stored at 4% and those thawed from -20°C
were added in parallel to tube cultures and isolation attempts were
carried out independently.

Specimens maintained through 3 blind passages in human amnion
cells (20 - 28 days) without causing CPE were regarded as culture

negative.

Results. The extracts were from 12 children (Table 2.4). There were
single specimens from 4 patients, 2 specimens from 3 patients, 3
specimens from 4 patients and 4 specimens from 1 patient. The adeno-
virus strains isolated were of types 1, 2 and 5.

From 19 of the 26 speciméhs (from 9 patients)‘no virus was
isolated, whether from fractions of stool extract stored frozen or
unfrozen. Stools from 4 patients (numbers 25, 37, 41 and 42) yielded
adenovirus isolates which could be typed. For 3 patients, CPE arose

simultaneously from stool extract fractions stored at both temperatures.
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TABLE 2;4 Result of culture with 26 stool extracts known
to contain adenovirus particles by EM:
Comparison of isolation results from stool
extract fractions stored at (a) 4OC, and (b) -20°C
before inoculation of human amnion cells.
(Numbers in parenthesis refer to the approximate

time taken for CPE to appear (days)).

Patient Date of Other Virus Date of Development Virus
No. Stool By EM Inoculation of CPE Isolated
4°%c -20%
11 7/12/786 . 24/ 1/77 - -
25 6/12/786 24/ 1/77 + (7) + (7) Ad1
13/12/78 24/ 1/77 + (11) + (9) Ad1
28 17/ 1/77 SRV* 15/ 2/77 - -
35 10/12/78 24/ 1/77 - -
11/12/76 24/ 1/77 - -
36 16/12/786 24/ 1/77 - -
16/12/786 24/ 1/77 - -
20/12/76 AAV** 24/ 1/77 - -
37 20/12/78 calicivirus 24/ 1/77 + (9) + (9) Ad1
astrovirus
22/12/76 calicivirus 24/ 1/77 + (3) + (3) Ad1
astrovirus ,
38 18/ 1/77 12/ 2/77 - -
19/ 1/77 ‘ 12/ 2/77 - -

20/ 1/77 calicivirus 12/ 2/77 - -
21/ 1/77 calicivirus 12/ 2/77 - -

33 21/ 1/77 18/ 2/77. - -
40 27/ 1/77 AAV** 12/ 2/77 - -
28/ 1/77 AAV** 12/ 2/77 - -
31/ 1/77 AAV** 12/ 2/77 - -
41 3/ 2/77 SRV* 12/ 2/77 + (24} + (22) Ad2
4/ 2/77 127 2/77 + (22) + (22) Ad2
5/ 2/77 cakﬁe}yirus 12/ 2/77 - -
42 7/ 2/77 SRV* 12/ 2/77 - + (25) Ad5
43 8/ 2/77 12/ 2/77 - -
8/ 2/77 12/ 2/77 - -
9/ 2/77 - ’ 12/ 2/77 = - -

+

development of CPE characteristic o+ adenovirus
no development of CPE

SRV: small round virus-like particles

** AAV: adeno associated virus-like particles
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stored at -20°C.

As with patient no. 6 (Table 2.2), patient no. 41 excreted
adenovirus particles in the stools on 2 occasions (3/2/77 and 4/2/77)
from which adenoviruses could be isolated; but from one stool (dated
5/2/77) adenoviruses could not be isolated. Only one day separated

excretion of viruses which could or could not be cultured.

Comment. There was no evidence that storage of specimens at 4%
before inoculation was of advantage. All subsequent isolation attempts
to be described were made from stool extracts stored at -20%.

Storage at témperatures below -20°C was not possitle due to space
limitation.

The proportion of stool extracts which caused CPE (7 from 26)
was low compared to the two previous experiments (Section g and
Section 3.). Adenoviruses could be isolated from the stools of only
5 children from a total of 12. There are at least 3 possible explana~

tions:

1. The presence of adenovirus particles Which cannot be isolated from
stools might be a feature of exéretiqn in a proportion of infants in
the population at any one time. (This proportion could be linked to
such factors as signs of infection, age or sex of the child, or diet).
The observed d.ifferences in this proportion might be the result of
random variation from the true proportion produced by the low numbers
A_bf‘ children sa.mpled. B

2. The proportion of children who excrete adenoviruses which cannot
be cultured might vary with time. For example, if these were new
serotypes, their incidence might fluctuate 1like other epidemic or

endemic viruses.
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3. If the proportion of relatively uncommon but recognised adenovirus
serotypes was high in this collection of stools, the use of human
amnion cells might not allow isolation of these strains. It was
decided that for those stool extracts which did not cause CPE, isola-
tion from the fractions stored at -20°C would be attempted using HEK

cells.

5. Retrospective Attempt to Isolaﬁe Adénoviiﬁé Using HEK Cells.,

Method., 19 stool extracts (from 9 patients) which were found to be
culture negative with human amnion cells in Section L4 were used to
inoculate HEK cell cultures. Only the fractions which had been stored
frozen were used. Specimens which did not cause CPE were maintained

in culture for 32-38 days with blind passage.

Result. The results are given in Table 2.5. For each stool extract
from 4 patients (numbers 11, 28, 35 and 39) adenovirus CPE arose within
7 days. For the étool extracts of patient no. 40 CPE arose in 17 - 19
days.

Identification of the isolates proved difficult. Although CPE
developed on passage to fresh cultures of HEK, the infectivity of the
isolates was low. CPE did not develop in neutralisation tesfs if the
culture fluids were diluted. Preliminary tests showed that these
strains were not neutralised by antisera to the common adenovirus sero-
types {types 1 to 7) and type 17. 3 isclates from 3 patients (numbers
28; 35 and 39) were-partially neut;;iised by antiseruﬁ tb édeno&irug

type 12, The isolate from patient no. 11 was identified as type 186

and one isolate from patient no. 35 was identified as type 31.

Cbmﬁént; HEK cells allowed the detection of adenovirus CPE from the

stools of 5 children although these specimens did not cause CPE with
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TABLE 2.5 Result of culture in HEK cells with 18 stool
extracts known to contain adenovirus particles
by EM. These extracts did not cause CPE with
human amnion cells.

(Numbefs in parenthesis refer to the approximate

time taken for CPE to appear (days)).

Patient Date of Stool Development of Virus Isolated
11 7/12/76 + (6] Ad18
28 17/ 1/77 + (6] ?Ad12
35 10/12/76 + (3) ?Ad12
11/12/76 + (4) Ad31
36 16/12/76 -
16/12/76 -
20/12/786 -
38 18/ 1/77 -
18/ 1/77 -
20/ 1/77 -
21/ 1/77 -
39 21/ 1/77 + (3) ?Ad12
40 27/ 1/77 + (19) Ad untyped
28/ 1/77 + (17) Ad untyped
31/ 1/77 + (17) Ad untyped
41 .58/ 2/77 -
43 8/ 2/77 -
8/ 2/77 -
3/ 2/77 -

+ development of CPE characteristic of adenovirus
- no development of CPE



human amnion cells. For the stools of the other 4 patients, HEK cell
culture was of no more advantage than human amnion cell culturé for
adenovirus isolation,

Although specimens were maintained longer in HEK than in human
amnion cell cultures (32-38 days compared with 20-28 days) the greater
success with HEK cannot be due to this. CPE in HEK cultures arose
before the twentieth day in each case. Since the maintenance medium
used for both cell types was the same, the difference in susceptibi-
lity to adenovirus must be a property of the cells.

In common with HEK cells, human amnion cells are of fetal origin
and have epithelial;like morphology. However, the cells of the.intact
amniotic membrane are embedded in an intercellular glycoprotein matrix.
This may persist after cell disaggregation and present a barrier to
infection by covering a proportion of the virus receptors on the cell
surface. This model was suggested by Chany et al. (1966) to explain
the relative insensitivity of intact amniotic membranes and freshly
trypsinised amnion cells to poliovirus.

The difference between HEK and human amnion cells in susceptibi-
lity to adenovirus may not be due to a different number of free recep-
tors on the cell surface. The lower susceptibility of human amnion
cells may be due in some way to the fact that amnion monolayers are
derived from a tiésue at the end of its functional life. Disaggrega-
ted amnion cells spread to form monolayers with little or no cell
multiplicaﬁion. 'The appafent arrest in or absencé of/some impof%ént S
Vmetabolic Functions may be related to the inability of the cells to
support replication ¢f some adenovirus strains. |

One other difference existed between the conditions used with
HEK and human amnion cell culture. The stool extracts had been frozen

for a second time before inoculation of the HEK cell cultures. It is
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possible that an inhibitor of adenovirus growth in the extracts

became inactivated by the second freeze, thus allowing virus isolation.
The high susceptibility of HEK cells to most adenovirus serotypes is
generally recognised (Jackson and Muldoon, 1975) and appears a more
likely explanation of the results. Further work on identification of

the strains isolated is described in Chapter 3.

6. Further Culture Results.

This section describes the results of virus isolation attempts
using 75 stool extracts known to contain adenoviruses but not previous-

ly tested in culture.

Egiggg. Extracts of 75 stools (received between July 1976 and
November 1977) were added to human amnion cultures. Specimens which
did not cause CPE were maintained in culture for 22-32 days with blind
passage. Those stool extracts which failed to cause CPE with human
amnion cells were used to inoculate HEK cultures. These were main-
tained for 26-39 days with blind passage if CPE did not develop
earlier than this. Culture fluids were examined by EM for the
presence of virus particles if there was doubt as to the nature of

cytorathic effects.

Results. As shown in Table 2.6, the 75 stool extracts were from 47
children, The common adenovirus strains isolated were of types 1, 2
and 3. The stools oi 8 children caused CPE typical of enterovirus,
,supported by fhe finding‘pf particles approximately 25 nm. in‘diameterv
in the culture fluids by EM in 6 cases. At least 1 stool extract from
18 children was negative by culture using either cell type.

One stool extract from each of 10 children did not cause CPE
with human amnion cells but did so with HEK cells., Of those adeno-

virus strains in this category, only 2 could be identified with
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TABLE 2.6 Result of culture with 75 stool extracts known

to contain adenovirus particles by EM.

Only those stool extracts which did not cause
CPE in human amnion éell cultures were used

to inoculate cultures of HEK cells.

{Numbers in parenthesis refer to the approximate

time taken for CPE to appear (daysl).

Patient Date of Other Virus Human Amnion Cells HEK Cells
No. Stool by EM
CPE Isolate CPE Isolate
5 17/ 7/78 + (22) Ad2
2/ 8/76 + (21) Ad2
2/ 8/76 - . -
16/ 8/76 entt(4)* § ent (3) Echo 3
26/ 8/76 + (24) Ad2
6 23/ 7/76 ent (4)* §
7 26/ 5/78 SRY** + (14) Ad1
29/ 7/786 + (18] Ad1
11/10/786 + (24) Ad1
8 9/ 8/76 - + (8) Ad14-16
12 29/11/786 - ent (4) §
20/12/786 - + (B) Ad2
14 2/ 8/76 SRV ** ent (2)* § ent (1) Echo 11
14/ 8/76 ent (2)* § ent (3) §
30/ 8/76 + (186) Ad2
23 14/ 7/76 ent (B)* §
24 21/ 7/76 SRV** + (B) Ad1
25 19/ 7/76 - -
21/ 7/76 - -
24/ 7/76 - : -
25/ 7/75 - -
27/ 7/76 - -
26 21/ 7/76 + (4) Ad1
27 21/ 7/786 - + (3) Ad untyped
28 21/ 7/78 - + (3) Ad untyped
7/ 2/77 + (11) Ad1
29 24/ 7/76 - -
26/ 7/76 - -
26/ 7/76 - -
30 10/ 8/76 - T -
31 18/ 8/76 . ‘ + (B) Ad?2 '
20/ 8/786 + (4) Ad2

* %
%* %k %k

development of CPE characteristic of adenovirus

no development of CPE

EM of culture fluids revealed 30 nm diameter (approx.)
particles, compatible with being enterovirus

ent: development of CPE characteristic of enterovirus
presumed enterovirus isoclate untyped

SRV: small round virus-like particles

AAV: adeno associated virus-like particles



TABLE 2.6

continued

Patient Date of O0Other Virus Human Amnion Cells HEK Cells
No. Stool by EM
CPE Isolate CPE Isolate
32 4/11/76 - - :
33 4/11/76 ent (2) § ent (3] §
34 4/12/786 - -
6/12/76 - -
7/12/786 AAV* **GRY** - -
8/12/76  AAV***calici- - -
. viros
37 22/12/76 SRV** astro- + (7) Ad1
virus
38 17/ 1/77  SRV** - -
39 25/ 1/77 - + (3) ?2Ad12
44 17/ 2/77  SRV** rota- - + (4) Ad untyped
VITUS
45 21/ 2/77 AR ** - -
48 24/ 2/77 + (4) Ad2
25/ 2/77 + (4) Ad2
25/ 2/77 + (4) Ad2
47 28/ 2/77  SRV** ent (4)* §
48 21/ 3/77 ent (4)* Echo 13
23/ 3/77 ent (4)* §
24/ 3/77 ent (4)* §
25/ 3/77 ent (4)* §
49 30/ 3/77 SRV** calici- + (2) Ad1
50 30/ 3/77 + (4) Ad2
51 24/ 2/77  SRVY** rOtT{ i + (3) ?Ad12
vikggs ©9+ic
52 14/ 3/77 - -
15/ 3/77 - -
53 18/ 5/77 + (15) Ad2
54 23/ 5/77 - + (4) Ad untyped
55 3/ 6/77 + (14) Ad2
58 28/ 6/77 - + (2) Ad untyped
57 12/ 7/77 - -
58 18/ 7/77 + (12) Ad2
59 1/ 8/77 - -
2/ 8/77 - -
60 29/ 8/77 + (12) Ad2
61 12/ 9/77 - -
82 - .. 8/10/77 - -
63 . -13/10/77 - + (2) Ad untyped
64 17/10/77 - -
65 2/11/77  AAV*** - -
66 7/11/77 - -
67 15/14/77 + (20) Ad3
68 21/14/77 - ' -
21/11/77  AAV*** - -
89 30/711/77 - -

for key to symbols andvabbreviations, see previous pagse



certainty. One strain (from patient no. 8) was neutralised by anti-
serum to type 14 and antiserum to type 16 (as in fable 2.3), and from
patient no. 12 an adenovirus type 2 strain was isolated.

The other 8 strains which were detected by CPE only in HEK
cell culture showed low infectivity. In each case CPE developed
within 4 days and could be passed to fresh HEK cultures. However, the
use of undiluted culture fluid from the first passage was necessary in
order to ensure a CPE during neutralisation tests. Although it waé
established that these strains did not belong to common adenovirus
serotypes (types 1 to 7) and type 17, final identification using HEK
cells was not achieved. For 2 specimens (from patients no. 39 and no.
51) the isolates were partially neutralised by antiserum to adenovirus

type 12. See Plates 1 to 3.

Comment. The adenovirus isolation attempts described were carried out

after consideration of the results of Sections g..;g., 4., and 5. The
most important indication from the results of these Sections was the
superiority of HEK over human amnion cells for detection of adenoviru-
ses. Since it was probéble that many isolates in this Section would
belong to serotypes 1 and 2, human amnion cells (which appear suscep-
tible to at least scme strains of ﬁhese serotypes) were used for
initial isolation attempts. This =screening procedure made the best
use of the small amounts of HEK available. As predicted, HEK culture
did give evidence of adenovirus CPE in cases where human amnion gave
| T |
Furtheﬁ work on the 8 unidentified strains is described in
Chapter 3. One cannot exclude the possibility that the early CPE was
the result of a toxic factor present in fhe stool extract. This might

act at'the cell surface to cause cellular rounding and detachment from

the glass. A toxic substance could conceivably affect a second
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PLATE 1 Uninfected monolayer of human embryo kidney (HEK) cells.



PLATE 2 Typical appearance of secondary human embryo kidney
(HEK) cell, monolayers after infection with wild
strains of common adenovirus serotypes. In this
case cell clustering and rounding is just beginning,
Adenovirus type 3*



PLATE 3

Typical appearance of monolayers of secondary human
embryo kidney (HEK) cells showing early cytopathic
effects. The cytopathic effects in many cases were
transient, but some were shown to be caused by wild
strains of adenoviruses belonging to subgroup A.
The nuclei are dense and prominent (compare with
Plate 2). Cell rounding and clustering invariably
followed from this stage.



culiure Oll passdage 11 Oorlginally present 1l 1lalge alOullis.  1lic
presence of large quantities of adenovirus penton antigen or whole
virus particles in culture fluid is known to have such a toxic effect
(Pereira and Kelly, 1957; Rowe gi gl.{'l958b; Valentine and Pereira,
1965).

That 18 of the 47 children showed evidence of excreting adeno-
virus particles which could not be cultured is important. The pheno-
menon is further reinforced by the finding that 6 of these children
excreted more than one stool which was negative by culture. This is
considered in detail in Section C.

Enterovirus CPE was detected from the stool extracts of 8
children, which possibly obscured the presence of any infectious adeno-
virus. Further isolation attempts for adenovirus from the culture
fluids might have been possible if the enterovirus isolates had been
neutralised by their homologous antisera. However,.since eventual
breakthrough of enterovirus CPE inevitably occurs (E.J. Bell, personal

communication), further culture was not attempted.

7o Cbservétion on the pH of Stool Ektiécts.

Since extremes in acidity or alkalinity within the intestinal
lumen might‘inactivate séme adenovirus strains, the pH of stool
material was considered. Although adenovirusés of common serotypes
are generally considered stable to extremes in pH (Ginsberg, 1956),
this might not be the case for uncommon (or previously undescribed)
: serotypesﬁ

During the attempts fo isolate.adénovirﬁses describéd inr
Sections 4., 5. and;é., note was taken of the colour of the phenol
red incorporated in 72 stool extracts, immediately after thawing and

before inoculation. This was later compared with the results of cell

culture.
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Results. Allowing for some discolouration of the red saline by
pigments in the stools, 59 extracts of 72 examined had pH near
neutrality (Table 2.7). 13 extracts had overcome the buffering capa-
city of the saline and were classed as acidic (yellow colouration)
with a pH below 6 (by comparator). 4 (30.8 per cent) of these stool
extracts did not cause CPE, whereas 22 (37.3 per cent) of 59 extracts
with orange-red colouration were negative by cell culture. There were

no alkaline stool extracts.

Conclusion. It is mnlikely that deviation of pH from neutrality in
stools which contain adenovirus is related to whether or ﬁot a parti-

cular specimen will cause CPE.

C. GENERAL DISCUSSION.

1. Aspects of the Isolation Tééhﬁique.

a. Choice of Cell Type. Although Hela cells (Scherer et al., 1953)

have been used for isolation of adenoviruses (for example, Grayston
et él., 1958) preliminary tests showed that Hela cells presently
available could not be maintained in tubes for more than 5 days. Con~
sequently, isolation attempts would have required passage at frequent
intervals. Evaluation of KB cells (Eagié, 1955) revealéd the same
problém. The growth properties of these continuous cultures have
apparently changed with repeated S%Pculture and are no longer corn-
venient for the isolation of virﬁées Which'may require prolonged incu-
bation.

Human embryo kidney (primary or secondary cultures) is generally
regarded as the best system for isolation of adenovirus from either
faecal or respiratory specimens (Brandt éﬁ_ég,; 1969; Jackson ana

Muldoon, 1975). Since the supply of termination material for the
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‘TABLE 2.7 Categorisation of 72 stool extracts according

to the colour of the phenol red pH indicator.

‘No. (per cent) of Stool No. (per cent) of Stool
Extracts Positive for Extracts Positive for
Adenoviruses by EM but Adenovirus by EM

Negative by Cell Culture

Yellow 4 (30.8) 13 (100)
Orange or Red 22 (37.3) 59 (100)
Purple 0 0

Total 26 (36.1) 72 (100)



preparation of HEK cultures was irregular and infrequent, much
dependence had to be placed on primary human amnion cultures as
second choice, An advantage of human amnion cells over HEK, Hela
cells or other heteroploid cancer cell types (KB, HEp2) is their
ability to survive for up to 2 weeks in culture without a change of
maintenance medium.

The advantage in using HEK cells rather than human amnion cells
for the detection of adenovirus CPE has been demonstrated with 26
stool extracts from the 148 studied. In particular, detection of the
strains apparently related to adenovirus type 12 was not achieved
using human amnion cells.

Although HEK cells were more sensitive, their maintenance
presented a problem. During the period May 1976 to December 1978 a
change was noted in the ability of HEK cultures to survive in main-
tenance medium. Although the source of materials and the methods used
were identical, the average survival time for HEK cultures in main-
tenance medium decreased form 8 days to 4 days. Survival could not
be extended by regular replacement of maintenance medium. There was
therefore a requirement for a culture system with sensitivity to
adenovirus similar tn HEK but which would survive as 16ng as human

amnion cultures.

b; Assumpﬁibns Made. This study has shown that more than one serotype

of édenovirus may occasionally be isolated from one stool. It follows
| that one may not be>justified.in.identifying a strain under one |
culture condition and assuming that it is of the same serotypé as a
strain isolated under another condition. Demand on available fetal
tissue was so great that in most cases this assumption had to be made.
A second assumption, previously discussed, was that repeated

freezing and thawing of stool extract fractions between culture
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attempts would not alter appreciably the infectivity of specimens.

c. Choice of Method for Identification of Isolates. Apart from the

neutralisation test, haemagglutination ihhibition using type-specific
antisera remains the only other widely accepted method for identi-
fication of adenovirus isolates by serotype (Rosen, 1960; Ginsberg,
1962).

Although more rapid to perform than neutralisation, the method
of identification based on haemagglutination introfuces a further
variable, namely the reactivity of rat and monkey erythrocytes. The
erythrocytes of individual animals may not be susceptible to haem-
agglutination by viruses of the appropriate group. Therefore each
batch of cells received from suppliers must first be tested against
standard virus (Rose, 1969).

A further disadvantage of the haemagglutination inhibition
technique is that adenoviruses of at least one serotype (type 18)
do not agglutinate either rat or rhesus monkey cells (Wigand and
Keller, 1978) and must be typed by neutralisation. Furthermore, the
haemagglutination of monkey erythrocytes by serotypes 20, 25 and 28
has been reported to be inconstant (Wigand and Fliedner, 1968). The

neutralisation test was therefore preferred and used throughout.

2. Consideration bf Cﬁifﬁfé Results Cblleétively.

‘a. Aims of Study. The adenovirus isolation attempts described in

this chapter were performed in order to confirm previous repéftsu
(Flewett et al., 1975; Schoub et al., 1975; White and Stancliffe,
1975; Madeley et al., 1977) that adenoviruses present in the stools
of some children have no apparent infectivity in cell culture. By
examining a large number of stool extracts containing adenovirus

particles, it was hoped that the extent of the problem would be more
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clearly defined. In addition, it might be possible to discover any
factors common to the children or their stools which might explain
the phenomenon of non-growth.

It was important to establish the culture conditions under
which the maximum number of adenovirus isolates would be obtained.
This might lead to a clearer understanding of the significance of
detecting transient cytopathic effects from some stool extracts.

It was also important to determine whether the effects were due to
previously unrecognized serotypes of adenovirus, and if so, whether
these were related antigenically to the adenovirus particles in other

specimens which did not cause CPE.

b. Definitions. It was convenient to consider the stool specimens

under 3 categories according to the culture results of this chapter.
These categories are defined below. The terms are used in the chapters

to follow.

1. Stool extracts from which adenovirus could be isolated and

identified using either HEK cells or human amnion cells were termed

G_specimens.

2. Stool extracts which caused cytopathic effect (typical of adeno-
virus) with HEK cells but not with human amnion cells, or stool
extracts which causcd adenovirus cytopathic effect in both cell types
but the isolate gave difficulty_in identification, were termed

D specimens. B

3. Stool extracts (containing adenoviruses by EM) which did not

cause cytopathic effect in cultures of HEK cells and in cultures of

human amnion cells were termed NG specimens.

Although adenoviruses could be isolated and identified from

some stool extracts known to contain adenovirus particles by EM, the
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serotypes of those strains isolated might not correspond to the
serotypes of the particles seen by EM. Strains of common adenovirus
serotypes (types 1, 2, 5 and 7) have been isolated from stool extracts
which were negative for adenovirus by EM examination (Madeley et al.,
1977). Therefore the common serotypes isolated in the present study
may have been derived from viable adenovirus particles too few to

be detected by EM. Some or all of the intact adenovirus particles
seen (and probably present in quantities greater than 106 particles
per ml of extract) may have been a different strain with more exacting
culture requirements. It was therefore more correct to describe the
stool extracts as adenovirus growth positive rather than the particles

seen therein.

c} Ffedﬁéncv of G Specimens. Of 148 extracts tested in culture,

56 (37.8 per cent) did not present difficulty in the isolation and
identification of adenovirus (Table 2.8). These isolations conformed
to the results expected for specimens known to contain adenovirus.

The high proportion of strains identified as type 1 and type 2
(Table 2.9) is in agreement with the isolation frequencies for these
serotypes from respiratory and faecal specimens reported by others
(Brandt et al., 1969; Fox et al., 1969; Public Health Laboratory
Report, 1970; White and Stancliffe, 1975).

Isolation of more than one adenovirus serotype from a single
stool specimen is ?ccasionglly gch}eved (E.J. Bell, pe;sonal communi-
“cation). In the present study, 2 dusl infections in different =
children were observed (Table 2.9). Dual infections in vivo may
provide opportunity for recombination between virus strains, leading
to the production of new strains.

The strain isolated from patient no. 8 which was neutralised

incompletely by antisera to both type lh‘and type 16 is not unique.
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TABLE 2.8 Classification of 148 stool extracts known to
' contain adenoviruses by EM, according to the
results of virus isolation attempts in cultures
of fetal human cells.
Reference Number of Stool Extracts Classified as:
-N_G.* ) E** E*** ' ent**** Total
Table 2,2 5 5 16 0 26
Table 2.3 4 5 10 2 21
Table 2.4/2.5 11 8 7 0 v 26
Table 2.6 30 10 23 12 75
‘otal 50 28 56 14 148
;(per cent) (33.8) (18.9) (37.8) (9.5) (100)

*NG: stool extracts which did not cause CPE

**D: stool extracts which caused CPE in HEK
cell cultures but not in human amnion cell
cultures, or stool extracts which caused CPE
in both cell types but the isolate presented
difficulty in identification

***G: stool extracts from which adenoviruses
were isolated and identified without difficulty

****ont: stool extracts which caused CPE character-
istic of enteroviruses .
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Adenovirus strains with characteristics of types 14 and 16 have been

described previously (Parks et al., 1967; Wigand, 1975).

d. Frequency. of D Specimens. Specimens which gave difficulty in the

isolation and/or identification of adenovirus accounted for 28 (18.9
per cent) of the 148 stool extracts (Table 2.8). In 26 instances
CPE developed when HEK cells were included in the isolation attempt
but not when human amnioﬁ cells alone were used.

The low infectivity of most uncommon adenovirus serotypes (type
4 and high numbered serotypes from type 8 upward) apparent on initial
isolation is well documented (see Rose, 1969). In the present'study
8 of the 11 isolates from D specimens which were conclusively iden-
tified belonged to higher numbered serotypes (Table 2.9).

It is surprising that human amnion cells were not sensitive
enough to detect 3 strains of adenovirus type 2. The quantity of
infectious virus may have been so low as to require a more sensitive
cell culture for isolation.

Of the 17 D specimens (from 13 children) which caused character-
istic adenovirus cytopathic effect in HEK cells (Table 2.9) but from
which the agent was not conclusively typed, CPE zcrose early (within
6 days) from 13 specimens (taken from 11 children). This finding
agrees with the report of Madeley et gl,,(19?7) in which Dr. E.J. Bell
noted an early transient CPE from several stool extracts containing
adenovirus particles, In the present study the QPEvdgveloped:ggain
when-the fluids were passed to freéh cultures of HEK‘célls.uﬁdﬁéver,
with one exception, human amnion c2lls inoculated with these stool
extracts showed no definite early cytopathic effect.

-Adenovirus strains belonging to the 'oncogenic' subgroup A

(containing types 12, 18 and 31) were isolated from 4 specimens and
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implicated by  neutralisation tests with 5 other isolates.
Isolation of strains of these serotypes from anal swabs or stools
of children has been reported by various workers (Pereira and MacCallum,
1964; Cramblett and Edmond, 1964; Pereira et al., 1965; Belian
éi_él., 1968; Brandt gi él., 1969; Moritsugu, 1969). However,
any role for these viruses in the transmission of naturally acquired
disease remains to be discovered.

Pereira and MacCallum (1964) reported that in a survey of chil-
dren in England and Wales, 56 per cent of those tested between the
ages of 1 and 5 years had neutralising antibody to adenovirus type 12.
In the same year Cramblett and Edmond reported that 20 - 28 per cent
of children tested who were over 3 years old had neutralising antibody
to this serotype. Therefore infection in early childhood with type 12
or an antigenically related virus appears to be common. It is surprising
therefore that reported isolations of this serotype are rare. Pereira
and MacCallum suggested that this may be due to a requirement for
HEK cell cultures which are not usually used routinely.

Moritsugu (1969) reported the superiority of HEK cells for
the isolation of type 31 from an outbreak of infantile diaxrrhoea,
whereas no CPE was observed with KB cells. Neutralising antibody to
this serotype was found to be common in the sera from children near
Tokyo. Pereira, Pereira and Clarke (1965) had earlier isolated the
prototype strain(s) of adenovirus type 31 and reported its antigenic
similarity to types 12 and 18 in neutralisation tests. Moreover, neut--
ralising antibody to this serotype was found in at 1eas£ two thirds of
sera tested from all ages above one year.

Some adenovirus strains appear intermediate in neutralisation
tests with antisera to type 12 and type 31 (Rafajko, 1966). This raises

the possibility that the surveys on sera for neutralising activity
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described above may have detected antibodies to more than one
recognised serotype (12 and 31). It also indicates the possibility
that the 5 isolates reported in this study which were neutralised by

antiserum to adenovirus type 12 may also have been related to type 31.

here confirm the findings of others that single serotypes of adeno-
viruses may be isolated from anal swabs or stools of individual chil-
dren over several months (Bell éi al., 1961; Fox et al., 1969). In
the present study the longest period over which éxcretion of the same
serotype by one child could be detected was 231 days (type 2 from
patient no. 12; see Table 2.10). The prolonged excretion of adeno-
viruses in faeces is probably an important factor in the spread of
infection among young children. Together with an apparent high in-
fectivity, this may account for the widespread occurrence of some
serotypes, notably types 1 and 2 which are endemic in most (if not all)
countries. |

From this study, one cannot say whether prolonged excretion of
one adenovirus serotype was.continuous or intermittent, since all the
stool extracts tested were known to contain adenovirus particles. The
knowledge that not all adenoviruses can be propagated in cell culture
makes the interpretation of culture results concerning intermittent
* excretion difficult at present. One cannot assume that culture negative
stools do ﬁoi contain adéhb&irus particlés. Although excretion Of'
infectious adenovirus might be found to be intermittent by culture,
the shedding of adenovirus particles in the stools might be continuous.
A solution to this problem would only be found after the exact nature
of adehoviruses which cannot be cultured is known.

Successive isolation of different adenovirus serotypes from

stool specimens of individual children has rarely been described. In
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TABLE 2.10

Patients found to excrete adenovirus of

one serctype for longer than one month.

Patient No. Adenovirus 'Date First Date Last Interval
‘Serotype " ‘Detected ‘Betected (Days)

5 2 29/ 3/76 26/ 8/786 150

7 2 8/ 3/78 13/ 4/7é 35

8 14-16 31/ 5/76 8/ 8/786 70

12 2 3/ 5/76 20/12/76 231



this study, demonstration of successive excretion of different sero-
types by 6 children was achieved (Table 2.11). In 3 cases, this

involved excretion of 3 different serotypes.

cause CPE (Table 2.8). 5 of the children who excreted NG specimens
(patients no. 5, 6, 12, 25 and 41) also excreted adenovirus which

could be isolated. For example, 5 sefarate specimens taken from patient
no. 25 over an 8 - day period were found to be negative by culture
(although they contained large numbers of adenovirus particles). Less
that 5 months later, adenovirus typz 1 was isolated from each of 2
specimens from this child (Table 2.12). It would have been informative
to study the serum antibody levels to adenovirus over this period,

but serum was not available from any child.

Patient no. 5 excreted both G and NG stools on the same day
(2/8/76) (Table 2.6). It is not known which stool was passed first.
The reason for lack of infectivity in one specimen is not known. One
possible explanation would be that the virus particles seen in both
specimens were adenoviruses with special culture requirements, whereas
the infectious virus isolated from one specimen (type 2) may have been
present in amounts too sméll to be detected by EM.

From the culture results of the 5 children who excfeted both G
and NG stools, it appears that the excretion of non-growing adenovirus
- may -be preceded or~followed'by_excretiqn of growing adenovirus (Table
2.13). The culture results from consecutive stoolé from patient hb.

L1 (Tables 2.4»and 2.5) are compativle with the possibility of increased
immunify in the gut, leading to virus néutralisation after a périod

of shedding infectious virus. If this is the case, type-specific
immunity cannot be lasting since the excretion of a NG stool specimen

by patient no. 5 was preceded and also followed (after 24 days) by
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" 'TABLE 2.11 Patients found to excrete adenoviruses of

more than one serotype.

‘Patient No. Adenovirus Serotypes Recovered

“from Stools (in Order of Appearance)

5 31, 2, 9
B 1, 8
7 2, 17, 1
8 5, 14-16
11 2, 18
14 17, 31, 2
" 'TABLE 2,12 Results of adenovirus isolation attempts

with stool extracts of patient no. 25.

‘Date of Stool Virus Isclated
19/ 7/76 -*
21/ 7/76 -
24/ 7/786 -
25/ 7/786 . T -
27/ 7/76 -
6/12/76 Ad 1
13/42/7¢6 Ad 1

* no virus isolated



TABLE 2.13 Patients found to excrete adenovirus

particles in stools from which adenovirus
was isolated in culture, but who also
excreted at least 1 stool cantaining
adenovirus which was negative by culture

(NG specimen]).

Patient No. Serotype(s) Excreted Serotype(s) Excreted
Before NG Specimen After NG Specimen
5 31, 2, 9 2
B 1, 9
12 2
25 | 1

4 2



excretion of the same serotype (type 2) (Table 2.6).

A list of patients who excreted more than one NG stool is given
in Table 2.14. The measured interval of excretion of NG specimens
did not exceed 8 days for any child, but may have been longer.

In no case was a child found to excrete adenovirus which could
be isolated, 'during a period of NG stool excretion. Also, no_child
was found to have more than one episode of NG stool excretion with a
period of weeks or months between. The data of Table 2.14 suggest
that the phenomenon of adenovirus which cannot be isolated in cell
culture is real and not simply due to poor infectivity of single
specimens. However, one cannot deduce from the data that excretion
of non-growing adenoviruses occurred in discrete episodes, since
shedding of these viruses may have occurred at any time at a level too
low to be detected by EM.

Table 2.15 shows theproportion of male and female children among
the 69 patients studied, compared with the proporticn among those
children who excreted NG stools. There was no predominance of chil-
‘dren of either sex in the numbers of patients from whom NG specimens
were obtained (xz = 0.74, P> 0.1).

The ages of the children at the time of excretion of NG.stools
is given in Table 2.16. There was a fairly even distribution of ages
at thz time of excretion over the first year. Although over one half
of those children who excreted NG stools were less than 5 months old,
one child was 3 years old. Theref;re it is 1ike1y that if some form
of immune mechanism was responsible for the lack of infectivity |
apparent in these specimens, it would probably be an active influence
rather than being the result of maternal antibody passively transferred

in utero.
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‘TABLE 2.14 Patients who excreted more than one stool

positive for adenovirus by EM but negative

by cell culture (NG specimens).

" 'Patient Na. " "No. "of 'NG 'Specimens Interval Over Which

"NGispecimens Excreted

(Days)
20 3 5
25 5 8
29 3 2
34 4 4
36 3 4
38 5 4
43 3 1
52 ) 2 1
59 2 1

68 2 < 1



‘TABLE 2.15

Male

Female

Sex Unknown

" Total

Proportion of male and female patients.

No. of Patients Whose

Total No. of

Stools Were Positive

for Adenovirus by EM
But at Least One Was

Culture Negative

15

1

28

Patients Whose

Stools Were Positive

for Adenovirus

by EM

32

33

69
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The presence of other viruses in the stools of those chil-
dren found to excrete adenoviruses was of possible relevance, since
these might inhibit replication of adenoyirus. Adeno associated
virus (AAV) has been reported to lower the yield of infectious
adenovirus in vitro (Hoggan et al., 1966). It is improbable that
this would amount to total inhibition of replication, since AAV
relies on adenovirus as avhelper at each stage of its replication
(Young and Mayor, 1979). 34 stool extracts in this study were noted
to contain viruses other than adenovirus. However, any comparison
between G and NG stools on this basis would be too uncertain, due
to possible differences in interpretation by different workers
as to which particles measuring 20-30 nm diameter are viruses, and

as to which viruses are present. Moreover, adeno associated virus

or any other virus type could have been present in all stool specimens

in amounts too small to be detected by EM screening.

Several workers noted that adenoviruses which do not cause
CPE in culture are usually present in stools in very large numbers
(Bryden et al., 1975; White and Stancliffe, 1975; Madeley et al.,
1977). It would therefore be relevant to compare the relative amounts
of adenovirus detected by EM in G and NG specimens., However, to
compare the amounts of virus in different specimens could be mis-
leading since replicate preparations from one virus suspension can
vary widely in virus content (personal observation).

The pdssibilit& of_seasonal"Qariation in thc shedding of non-
growing adenoviruses by the infant population has previously 5een
suggested (Section B,4.). The number