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ABSTRACT

Human cy tom e ga lov irus  (HCMV) in fe c tio n  has been s tud ie d  in blood 

donors. The subsequen t es tab lishm en t o f la tency by th e  v iru s  is a 

s ig n if ic a n t fa c to r  in blood tra n s fu s io n  p ra c tic e  as th e  la te n t v ir u s  may 

be tra n s m itte d  by tra n s fu s io n  to  su sce p tib le  p a tie n ts  w ith  se riou s  

consequences. The c u r re n t  p reva lence  o f HCMV-IgG in th e  donor 

popu la tion  was fo u n d  to  be 47% and re la ted  to  donor age and sex; 

in c rea s ing  w ith  age and s ig n if ic a n tly  h ig h e r in females (p < 0 001).

The p reva lence  o f HCMV-IgM and - Ig A  in th e  donor popu la tion  was 

determ ined in an a tte m p t to  id e n t ify  re c e n tly  in fec ted  donors, 

p u rp o rte d  to  g ive  r is e  to  an increased inc idence  o f HCMV tra n sm iss ion . 

They were detected in 0-09% and 1-5% o f donors  re s p e c tiv e ly ; no 

o th e r  in d ic a tio n s  o f re ce n t in fe c tio n  were de tected . The immune 

response to  HCMV was fo u n d  to  be s ta b le  w ith  respec t to  Ab t i t r e  and 

im m unob lo tting  p ro file s . The c u r re n t  se roconve rs ion  ra te  o f HCMV-Ab 

neg a tive  donors  was found  to  be app rox im a te ly  h a lf o f  th a t expected.

To id e n t ify  acu te ly  in fec ted  donors and to  co n firm  th e  presum ed s ites  

o f la tency , s tu d ie s  were perfo rm ed us ing  conven tiona l and m olecu lar 

te ch n iq u e s  to  de tec t e ith e r  in fe c tio u s  v iru s  o r  v ira l nuc le ic  acid in 

donated blood o r  sa liv a  and u r in e  samples ob ta ined  from  donors. HCMV 

nuc le ic  acid was no t de tected  in serum  o r  leucocytes  by d o t-b lo t  

h y b r id is a t io n , a ltho ugh  HCMV DNA and IE RNA were dem onstra ted  in 

leucocytes us ing  th e  PCR te chn ique . U rin e  from  one s e ro p o s it iv e  donor 

was found  to  con ta in  de tec tab le  HCMV by ce ll c u ltu re  and PCR. No 

sa liva  samples were fo u n d  to  con ta in  HCMV. A lth ough  HCMV can be 

detected in hea lthy  donors  us ing  m olecu lar te ch n iq u e s , HCMV-Ab 

sc reen ing  rem ains th e  most a p p ro p ria te  method fo r  d e te rm in in g  those  

dona tions lik e ly  to  tra n s m it HCMV.
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PREFACE

The in creas ing  use o f blood tra n s fu s io n , p a r t ic u la r ly  com ponent 

th e ra p y , has led to  he ightened awareness o f the  s ig n ifica n ce  o f 

tra n s fu s io n  tra n s m itte d  diseases. Th is  has been h ig h lig h te d  in recen t 

ye a rs  by th e  emergence o f AIDS and th e  ro le  o f blood tra n s fu s io n  as 

a p o ten tia l ro u te  o f in fe c tio n  fo r  th e  human im m unodefic iency v iru s  

(H IV ). However, i t  has been known fo r  many years th a t a num ber o f 

o th e r  v ira l in fe c tio n s  may be tra n s m itte d  by tra n s fu s io n . One such 

v ir u s  is human cy tom e ga lov irus  (HCMV), recogn ised fo r  more than  20 

yea rs  as a p o te n tia lly  se rious  com plica tion  o f blood tra n s fu s io n  In 

c e rta in  p a tie n t g roups .

HCMV u su a lly  in fe c ts  asym ptom atica lly , b u t i t  can p roduce  se rious  

in fe c tio n s  in immunocompromised in d iv id u a ls , no tab ly  th e  v e ry  young 

and th e  im m uno-suppressed. The c lin ic a l im portance o f HCMV has 

increased in step w ith  th e  in c reas ing  use o f tra n s p la n ta tio n  and 

consequen t im m unosuppression in many areas o f m odern m edicine, 

to g e th e r w ith  th e  increase in th e  num ber o f neonatal care  u n its  and 

th e ir  a b il i ty  to  s u p p o rt in c re a s in g ly  p rem a tu re  in fa n ts .

Blood tra n s fu s io n  is an im p o rta n t ro u te  o f HCMV tran sm iss ion , because 

th e  v iru s  e x h ib its  p e rs is te n t la tency a fte r  in it ia l in fe c tio n  and th e  s ite  

o f la tency is th o u g h t to  be th e  c irc u la tin g  m ononuclear w h ite  blood 

ce lls  (PBMC). Numerous s tu d ie s  have dem onstra ted th e  lin k  between 

tra n s fu s io n  and HCMV in fe c tio n  and have fu r th e r  shown th a t th e  use 

o f blood from  donors w ith o u t c irc u la tin g  Ab to  HCMV g re a tly  decreases 

th e  r is k  o f p o s t- tra n s fu s io n  HCMV in fe c tio n .
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CHAPTER 1 INTRODUCTION

1.1 HISTORY

The f i r s t  re p o r t o f HCMV in fe c tio n  was made in 1904 when Jesionek 

and Kiolemenoglou id e n tif ie d  ’ protozoan-1 ike* ce lls  in th e  lungs, k id n e y , 

and l iv e r  o f  a s t i l lb o rn ,  e ig h t month s y p h i l i t ic  foe tus . R ib b e rt (1904) 

re p o rte d  f in d in g  s im ila r ce lls  23 years  p re v io u s ly  in a s im ila r foe tus  

and in th e  p a ro tid  g lands o f c h ild re n . O ver th e  next few years 

fu r th e r  s im ila r re p o r ts  appeared. G oodpasture and Ta lbo t (1921) f i r s t  

cha llenged th e  idea o f pro tozoan in fe c tio n  a fte r  f in d in g  In tra n u c le a r 

in c lus ions  s im ila r to  those p re v io u s ly  described  in v a r ic e lla  In fec tion  

(T yzze r 1906). Lange (1922) and M uelle r (1922) both  re p o rte d  s im ila r 

in c lu s io n s  in the  k id n e ys  o f in fa n ts  and surm ised th a t th e  f in d in g  o f 

these  in c lus ions  in s t i l lb i r th s  ru le d  o u t pro tozoan in fe c tio n , because 

pro tozoa would no t have passed th e  p lacen ta l b a r r ie r .  In  1925 Von 

Glahn and Pappenheim er (1925) described  th e  f i r s t  case o f an a d u lt y 
w ith  a l iv e r  abscess th a t conta ined s im ila r in c lu s io n s  w h ich  they  

concluded were caused by a v iru s  id en tica l o r  c lose ly  re la ted  to  

v iru s e s  in th e  herpes fam ily .

The f i r s t  conc lus ive  evidence fo r  th e  v ira l basis o f  th e  disease was 

re p o rte d  by M inder (1953) who showed 100nm p a rt ic le s  in cytom ega lic  

in c lus ion  ce lls  from  th e  pancreas o f a 14 day old in fa n t. S ubsequen tly  

Rowe e t a l (1956), Sm ith (1956), and W eller e t a l (1957), iso lated 

cy to p a th o g e n ic  v iru s e s  th a t p roduced  th e  cytom ega lic  in c lus ions  

c h a ra c te r is t ic  o f the , then  term ed, human s a liv a ry  g land v iru s .

In c lu s io n  o f th e  v iru s  in th e  g roup  o f h e rp e sv iru se s  was m ain ly on 

th e  basis o f m orpho logy (W rig h t e t al, 1964), all members o f the  

h e rp e s v iru s  g roup  id e n tif ie d  so fa r  hav ing  th e  same un ique
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m orpho logy. The g roup  is now d iv ide d  in to  th re e  subfam ilies, a - 

(he rpes  sim plex v iru s e s ), 0- (cy tom ega lov iruses), and V  

( ly m p h o p ro life ra tiv e  v iru s e s ). Th is  d iv is io n  is based upon genome 

o rg a n iza tio n , g row th  ra te , host range, degree o f cell association o f 

v iru s  in c u ltu re , and a n tig e n ic ity .

1 .2  EPIDEMIOLOGY OF HCMV INFECTIONS

1. 2 . 1  C ongen ita l In fe c t io n s

HCMV is the  most common v ira l in fe c tio n  to  be tra n s m itte d  in u te ro , 

w ith  an inc idence ra n g in g  from  0-2% to  2-2%, o f all live  b ir th s  

th ro u g h o u t th e  w orld  (S tagno e t al, 1981a), and an inc idence o f 

0 -3  to  0 -4 *  in th e  UK (Peckham e t a l 1983). The v iru s  from  th e  

in fec ted  m other crosses the  p lacenta  and d ire c t ly  in fe c ts  th e  foe tus . 

P rim ary  in fec tio n  is usua lly  asym ptom atic (G r if f i th s  e t al, 1980), and 

sym ptom atic  in fe c tio n s  gen e ra lly  p re se n t as a m ononuc leos is -like  

syndrom e.

A lthough  p rim a ry  in fe c tio n  o f the  m other is associated w ith  a h ig h e r 

r is k  o f congen ita l disease, re c u r re n t in fe c tio n s  g ive  r ise  to  a h ig h e r 

inc idence  o f congen ita l in fec tio n  (S tagno e t al, 1977; S chop fe r e t al, 

1978; S tagno e t al, 1982). R e cu rren t in fe c tio n s  are ra re ly  sym ptom atic, 

th o u g h  excre tion  o f v iru s  can be dem onstrated and a r ise  in IgG t i t r e  

may also be found .

A lthough  in fec tio n  is common, th e  inc idence o f c lin ica l disease is low. 

Most in fec ted  in fa n ts  (90 -95 *) are  asym ptom atic a t b ir th ,  and in the  

main s u f fe r  no adve rse  e ffe c ts . However, the  outcome o f in fe c tio n  in 

sym ptom atic in d iv id u a ls  can be serious, and in fe c tio n  o f th e  ce n tra l 

ne rvou s  system is an im p o rtan t cause o f handicap (M elIish & Hanshaw,



1973). Of th e  5 to  10% o f in fa n ts  who are sym ptom atic no more than  2% 

have severe  disease w ith  CNS invo lvem ent, th e  rem a inder usua lly  have 

evidence o f e x tra n e u ra l in fe c tio n , co n s is tin g  o f hepatosplenom egaly, 

anaemia, pneum on itis  and ja und ice .

U n like  some o th e r  in tra u te r in e  in fe c tio n s , in fe c tio n  w ith  HCMV can and 

does o ccu r in women a lready  HCMV-Ab p o s itiv e  be fore  conception . I t  is 

now known th a t  HCMV-Ab p o s itive  women are prone to  re a c tiva tio n  

d u r in g  p regn ancy  desp ite  the  presence o f c irc u la tin g  Ab (S tagno e t 

al, 1977).

W hils t most s tu d ie s  have found  th a t in fa n ts  in fec ted  as a re s u lt  o f 

re c u r re n t  m aterna l in fe c tio n  are asym ptom atic a t b ir th  and do not 

deve lop c lin ic a l disease, a num ber o f cases o f severe sym ptom atic 

disease have been re p o rte d  in such in fa n ts . A h lfo rs  e t a l (1982) 

re p o rte d  th e  case o f an in fa n t, co n g e n ita lly  in fec ted  by re c u r re n t 

m aterna l in fe c tio n , w ith  senso rineu ra l hea ring  loss; Peckham e t a l 

(1983) s im ila r ly  id e n tif ie d  tw o such in fa n ts , one w ith  severe  

neu ro log ica l damage and senso rineu ra l hea ring  loss, and th e  o th e r 

w ith  re c u r re n t HCMV pneum on itis  d u r in g  in fa n cy .

1 . 2 . 2  P e r in a ta l In fe c t io n

HCMV in fe c tio n s  acqu ired  d u r in g  th e  f i r s t  few m onths o f life  are 

re fe rre d  to  as p e rin a ta l in fe c tio n s . D iagnosis is gen e ra lly  made on th e  

basis o f la b o ra to ry  f in d in g s , in fe c tio n  being ch a rac te rised  by the  

absence, a t b ir th ,  o f HCMV-IgM in th e  blood and o f v iru s  in th e  u rin e . 

In  most cases, v iru s  excre tion  beg ins w ith in  10 weeks and may p e rs is t 

fo r  o v e r a year; Ab leve ls  may r ise  a c c o rd in g ly .
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The m a jo r ity  o f such in fe c tio n s  are  s u b c lin ica l and und iagnosed, and 

th e  in fa n ts  develop norm a lly  (G ranstrom  e t a l, 1977). In fa n ts  who are 

p re te rm , o f low b ir th  w e igh t, s u ffe r in g  from  re s p ira to ry  d is tre s s  

syndrom e, and re q u ir in g  pro longed ho sp ita lisa tio n  and in te n s ive  care 

seem to  be a t h ig h e s t r is k  o f c lin ic a lly  s ig n if ic a n t pe rin a ta l in fe c tio n  

(B a lla rd  e t al, 1979; Yeager e t al, 1981). In fe c tio n  may re s u lt  from  

exposure to  v iru s  excre ted  in th e  ce rv ica l secre tion s  d u r in g  d e liv e ry  

(R eyno lds e t al, 1973), d ire c t tran sm iss ion  in in fec ted  b re a s t m ilk 

(S tagno e t al, 1980), nosocomial spread from  o th e r  In fec ted  in d iv id u a ls  

(S pecto r, 1983), o r  by blood tra n s fu s io n  (Yeager e t al, 1981).

Cabau e t a l (1979) dem onstra ted a close association between the

sero log ica l s ta tu s  o f th e  m other and a cq u is itio n  o f in fe c tio n  by th e  ;
|

in fa n t in th e  f i r s t  yea r o f life , su g g e s tin g  th a t th e  most im p o rta n t j

source  o f in fe c tio n , o r  o f p ro te c tio n  from  in fe c tio n , may be th e  m other. 

The presence o f pass ive ly  acqu ired  m aterna l Ab, does not, how ever, j

p re v e n t p e rin a ta l in fe c tio n  (A d le r e t al, 1983; Yeager e t al, 1983; de 

Cates e t al, 1988), a ltho ugh  in a num ber o f cases th is  may have been 

due to  th e  decline  in level o f m aternal Ab (Yeager e t al, 1983). de 

Cates e t a l (1988), how ever, re p o rte d  a case o f fa ta l p e rin a ta l HCMV >

in fe c tio n  due to  blood tra n s fu s io n  o f an in fa n t born  o f a HCMV-Ab /

p o s itiv e  m other, desp ite  th e  presence o f tra n s p la c e n ta lly  acqu ired  [ 

m aterna l Ab at the  same t i t r e  as a t b ir th .

In fe c tio n  o f m others d u r in g  p regnancy  may lead to  p e rin a ta l ra th e r  

than  congen ita l in fe c tio n . Kumar e t a l (1975) found  th a t 20% o f HCMV 

nega tive  in fa n ts  born  to  m others w ith  c y to m e g a lo v iru r ia  d u r in g  

p regn ancy , became v ir u r ic  be fo re  11 weeks o f age. H orizonta l 

tran sm iss ion  o f v iru s  between in fec ted  and un in fec te d  in fa n ts  has also 

been dem onstra ted , b u t th e  fre q u e n c y  and s ig n ifica n ce  o f th is  ro u te  is

-  16 -



u n ce rta in . S pecto r, (1983), used re s tr ic t io n  enzyme ana lys is  o f iso lates 

from  in fec ted  in fa n ts  to  de term ine th e  source  o f tran sm iss ion , and 

G urev ich  & Cunha (1981) documented th e  case o f an in fa n t w ith  

fu lm in a n t congen ita l HCMV in fec tio n  who, a lthough  she o n ly  lived  fo r  

e ig h t hou rs , in fec ted  fo u r  o th e r in fa n ts  in an in te n s ive  care  u n it.  

However, o th e r  s tu d ie s  have concluded th a t ho rizon ta l transm iss ion  

o ccu rs  in fre q u e n t ly  i f  at all (A d le r e t al, 1986; Yeager e t al, 1983). 

A d le r (1986) also found  by re s tr ic t io n  enzyme ana lys is  th a t  34 iso lates 

from  in fec ted  in fa n ts  in care u n its  were all d if fe re n t.

P erina ta l in fe c tio n  due to  HCMV in s ick  neonates g ives r ise  to  a 

recogn isab le  disease s ta te  which appears to  have a p re d ic ta b le  course 

and to  be s e lf  lim ited . The most common source  o f in fe c tio n  is e ith e r  

exposure  a t b ir th  to  v iru s  excreted from  th e  c e rv ix  o r  transm iss ion  by 

blood tra n s fu s io n .

1 . 2 . 3  In fe c t io n  In  Immunocompetent In d iv id u a ls

In fe c tio n s  in immunocompetent in d iv id u a ls  are  usua lly  asym ptom atic. 

When sym ptom s appear, th e y  most commonly m anifest as a h e te ro p h ile - 

a n tib o d y -n e g a tiv e , m ononucleosis syndrom e which commonly inc ludes; 

fe v e r, m yalg ia, a typ ica l lym phocy tos is , m ild h e p a titis , splenom egaly, 

p h a ry n g it is ,  and pneum onitis . A lth ough  th is  syndrom e is p redo m inan tly  

found  in a d u lts , i t  does also o ccu r in ch ildhood  (Ho, 1982).

1 . 2 . 3 . 1  In fe c t io n  in  Childhood

In fe c tio n  in ch ildhood  is d i f f ic u l t  to  s tu d y  because o f th e  h igh 

inc idence o f asym ptom atic in fec tio ns . Detection o f excreted v iru s  in 

sa liva  a n d /o r  u r in e  is used to  d iagnose in fe c tio n , a lthough  excre tion  

does not necessa rily  ind ica te  acute in fe c tio n  and may stem from
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pe rs is tence  o f a p re v io u s  in fe c tio n . T ransm ission between in d iv id u a ls  

in yo u n g e r age g roup s  p ro b a b ly  o ccu rs  by pro longed and repeated 

exposure  to  v iru s  shed from  o th e r c h ild re n , fo r  example H u tto  e t a l 

(1986) iso la ted v iru s  on th e  to y s  and hands o f c h ild re n  a tte n d in g  day 

care cen tres .

1 . 2 . 3 . 2  In fe c t io n  in  Adulthood

In fe c tio n  in a d u lts  is also d i f f ic u l t  to  s tu d y  fo r  s im ila r reasons. The 

p rec ise  modes o r  fre q u e n c y  o f tran sm iss ion  o f in fe c tio n  am ongst a d u lts  

a re  not know n, th o u g h  i t  would seem most lik e ly  th a t spread is by 

d ire c t  co n ta c t w ith  in fe c tio u s  v iru s  in body secre tion s  (A d le r, 1986).

Nosocomial tran sm iss ion  has been s tu d ie d  by a num ber o f w o rke rs , 

s p e c ific a lly  in v o lv in g  n u rs in g  s ta f f  in rena l o r  neonatal u n its  (B a lfo u r 

& B a lfou r, 1986; D w orsky e t a l, 1983; Young e t al, 1983). These s tud ie s , 

how ever, have been unable  to  show any s ig n if ic a n t d iffe re n c e  between 

th e  in fe c tio n  ra tes in th e  n u rs in g  s ta f f  and co n tro l g roups , even in 

s itu a tio n s  w here s ta f f  were exposed to  a h igh  inc idence  o f v ira l 

exc re tion .

Evidence fo r  venerea l transm iss ion  has been found  in homosexual men 

(M in tz  e t al, 1983; Ik ram  e t al, 1983; Embil e t al, 1986), in whom a h igh  

inc idence  o f HCMV in fe c tio n  has been de ta iled  as well as h igh  t i t r e s  o f 

HCMV s p e c ific  Ab. The p reva lence  o f HCMV in fe c tio n  was found  to  be 

s ig n if ic a n tly  h ig h e r in homosexual men than  in a c o n tro l g roup  o f 

heterosexual men. The f in d in g  o f in te rm it te n t HCM V-specific IgM Ab in 

in fec ted  in d iv id u a ls  (M in tz  e t al, 1983) may ind ica te  fre q u e n t 

re a c tiv a tio n  o f la te n t in fe c tio n  o r  f re q u e n t exposure  to  v iru s .  The 

shedd ing  o f v iru s  in semen is common and presum ably  c e n tra l to  the  

spread  o f in fe c tio n  (B u im ov ic i-K le in , 1988). I t  is poss ib le  th a t  repeated
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exposure to  v iru s  could re s u lt  in an extended s ta te  o f 

im m unosuppression, and i f  th is  were th e  case, such a s ta te  m igh t then  

p lay an im p o rta n t p a r t  in t r ig g e r in g  AIDS in these HIV in fec ted  

in d iv id u a ls . Venereal transm iss ion  in heterosexual in d iv id u a ls  has been 

re p o rte d  (Demmler e t a l 1986).

A fu r th e r  rou te  o f in fe c tio n  has been described  by Schm itz e t a l 

(1985), who found  an increase in th e  ra te  o f p r im a ry  HCMV in fe c tio n  in 

p re v io u s ly  hea lthy  a d u lts  re tu rn in g  from  tro p ic a l areas. In  c o u n tr ie s  

w ith  a h ig h e r p reva lence  o f HCMV in fe c tio n  exposure to  shed v iru s  

m ust necessarily  be more fre q u e n t. S e ronega tive  in d iv id u a ls  v is it in g  

these  c o u n tr ie s  are th u s  a t g re a te r r is k  o f  in fe c tio n .

Though transm iss ion  by blood tra n s fu s io n  is an im p o rta n t source  o f 

in fe c tio n , i t  m ust be an in c ide n ta l rou te  in th e  spread o f th e  v iru s  

th ro u g h  th e  general popu la tion  g iven th a t most in d iv id u a ls  do no t 

un d e rgo  tra n s fu s io n  d u r in g  th e ir  life tim e , and its  s ig n ifica n ce  is 

d i f f ic u l t  to  assess. F u rthe rm o re , to  assess the  real r is k  o f 

tran sm iss ion  by tra n s fu s io n , in fec tio n  by exogenous v ir u s  v ia  more 

n a tu ra l rou tes  m ust f i r s t  be considered and ru led  ou t.

T ransm ission among hea lthy  a d u lts  p ro b a b ly  accounts fo r  the  m a jo r ity  

o f in fe c tio n s  in developed co u n tr ie s  and may re s u lt  from  a com bination 

o f a ll th e  rou tes  d iscussed above.

1 . 2 . 4  In fe c t io n  In  Immunocompromised In d iv id u a ls

HCMV in fe c tio n  is a common f in d in g  fo llo w in g  im m unosuppression w hich 

may be th e ra p e u tic a lly  induced o r  as a consequence o f a p a r t ic u la r  

disease s ta te . The mode o f in fe c tio n  is no t c lea r because o f the  

p o s s ib ility  o f re a c tiva tio n  o f a la te n t in fe c tio n . In  genera l, secondary
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( re c u rre n t)  in fe c tio n  g ives rise  to  less severe  disease than  does 

p r im a ry  in fe c tio n  (Glenn, 1981).

1 . 2 . 4 . 1  In fe c t io n  A ssociated  W ith C l in ic a l  
Immunosuppression

Patho log ica l causes o f im m unosuppression are many and va rie d  and all 

may lead to  p rim a ry  o r  secondary in fe c tio n s  w ith  HCMV. P robab ly  the  

most im p o rta n t c lin ica l cond ition  c u r re n t ly  associated w ith  severe 

HCMV in fe c tio n  is AIDS, where HCMV disease is a m ajor cause o f 

m o rta lity  and m o rb id ity , and which u sua lly  m anifests as HCMV 

pneum on itis  (Quinnan e t at, 1984; N iedt & Sch ine lla , 1985). I t  is also 

th o u g h t th a t HCMV, ra th e r  than  being m ere ly an o p p o r tu n is t ic  

in fe c tio n , may m ediate th e  disease s ta te  in AIDS p a tie n ts  th ro u g h  its  

own a b il i ty  to  cause im m unosuppresion (Drew e t al, 1985).

1 . 2 . 4 . 2  In fe c t io n  F o llow ing  T h e ra p e u tic  Immunosuppression

S u tton  e t a l (1971) re p o rte d  an increased inc idence o f HCMV in fec tio n  

in c h ild re n  w ith  leukaem ia fo llo w in g  tre a tm e n t w ith  c y to to x ic  d ru g s . 

The re s u lt in g  disease was e ith e r  m ild o r  asym ptom atic and in fec tio n  

d id  no t ad ve rse ly  a ffe c t th e  p rognos is . T h is  compares w ith  a d u lt 

leukaem ias, where HCMV in fe c tio n  can be serious, leading to  

d issem inated in fe c tio n  and pneum onitis .

Im m unosuppress ive  th e ra p y  is essen tia l to  successfu l tra n s p la n ta tio n  

program m es, b u t has th e  u n fo r tu n a te  s ide e ffe c t o f in c rea s ing  the  

s u s c e p tib il ity  o f th e  in d iv id u a l to  c e rta in  v ira l in fe c tio n s , most 

no ta b ly , HCMV. HCMV in fe c tio n  is th e  most common cause o f death 

among tra n s p la n t re c ip ie n ts , and is th e  most common cause o f se rious 

in fe c tio n  in the  e a rly  p o s t- tra n s p la n t pe riod . A review  by Ho (1982) 

estab lished  th a t 52-80% o f tra n s p la n t p a tie n ts  became in fec ted  w ith
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HCMV. I t  was fu r th e r  a pp a ren t th a t in e sse n tia lly  all HCMV-Ab p o s it iv e  

p a tie n ts  (>85%) la te n t in fec tio n  re a c tiva ted  a fte r  tra n s p la n ta tio n , w h ils t  

o n ly  53% o f HCMV-Ab nega tive  p a tie n ts  developed p rim a ry  in fe c tio n .

In  cases o f p r im a ry  in fe c tio n , th e  most common source  o f v iru s  is th e  

tra n s p la n te d  o rgan . Ho e t a l (1975) dem onstra ted in fe c tio n  in 83% o f  

HCMV-Ab neg a tive  re c ip ie n ts  g iven  k id n e ys  from  HCMV-Ab p o s itive  

donors  b u t in o n ly  30% o f HCMV-Ab neg a tive  re c ip ie n ts  g iven  k id n e y s  

from  HCMV-Ab n eg a tive  donors. Th is  was fu r th e r  su p p o rte d  by s im ila r 

re p o r ts  from  B etts e t a l (1975) and Tobin e t a l (1979).

In  secondary in fe c tio n s , th e  source  o f v ir u s  could be re a c tiv a tio n  o f  

endogenous v iru s ,  o r  exogenous v iru s . Both Chou (1986) and G run dy  

e t a l (1986) have shown th a t HCMV-Ab p o s itiv e  re c ip ie n ts  can be 

in fec ted  w ith  exogenous v iru s  from  the  tra n s p la n te d  k id n e y . R ecently, 

G rundy  e t a l (1988) have fu r th e r  dem onstra ted th a t  re in fe c tio n  by 

v iru s  in th e  donor k id n e y  is more s ig n if ic a n t than  re a c tiv a tio n  o f 

la te n t v iru s . Sym ptom atic in fe c tio n  was found  to  occu r more fre q u e n t ly  

upon re in fe c tio n  than  fo llo w in g  re a c tiv a tio n .

W re g h itt e t a l (1988) s tud ie d  th e  f i r s t  166 h e a rt and h e a r t / lu n g  

tra n s p la n ts  a t th e  Papw orth  hosp ita l (C am bridge, UK), and found  th a t 

83% o f HCMV-Ab nega tive  re c ip ie n ts  re c e iv in g  a h ea rt from  an HCMV- 

Ab p o s itive  donor acqu ired  p r im a ry  HCMV in fe c tio n , and th a t  20% o f 

these  su b se quen tly  d ied. Gorensek e t a l (1988), how ever, have shown 

th a t  donor sero log ica l s ta tu s  is no t as s ig n if ic a n t as s te ro id  dose in 

th e  s e v e r ity  o f p o s t- tra n s fu s io n  in fe c tio n  o f h e a rt tra n s p la n t 

re c ip ie n ts . They showed th a t o n ly  h igh  s te ro id  dose was associated 

w ith  c lin ic a lly  s ig n if ic a n t HCMV disease, a ltho ugh  i f  th e  to ta l HCMV 

in fe c tio n  ra te  is cons ide red , both  s te ro id  dose and donor se ro logy
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were found  to  be s ig n if ic a n t. In  a subsequen t re p o r t W re g h itt (1989) 

gave some s u p p o rt to  these f in d in g s . A lthough  it  was found  th a t all 

dea ths from  p r im a ry  in fe c tio n s  were associated w ith  tra n s p la n ta tio n  o f 

a HCMV-Ab p o s itive  h e a rt to  a HCMV-Ab nega tive  donor, th e  s e v e r ity  

o f disease co rre la te d  w ith  th e  degree o f im m unosuppression.

HCMV is th e  in fe c tio u s  agent which most commonly causes death 

fo llo w in g  a llogene ic  m arrow  tra n s p la n ta tio n , la rg e ly  due to  HCMV 

pneum on itis  which is fa ta l in 85% o f cases (M eyers e t a l, 1983). 

Pneum onitis  o ccu rs  most commonly in p a tie n ts  u n d e rgo in g  a llogeneic 

tra n s p la n ta tio n  fo r  leukaem ia o r  o th e r m alignancies w ith  an inc idence 

o f 15% (M eyers e t al, 1986). The r is k s  o f HCMV in fe c tio n  are  

compounded by th e  use o f h igh  dose ra d ia tio n  and c y to to x ic  d ru g s , 

and by the  fa c t th a t  most p a tie n ts  rece ive  la rge  volumes o f blood, 

o fte n  un tes ted  fo r  HCMV. M eyers e t a l (1986) s tu d ie d  545 m arrow 

tra n s p la n t p a tie n ts  and found  ev idence o f HCMV in fe c tio n  in 51 -4%; 

in fe c tio n  o ccu rre d  in 36% o f HCMV-Ab nega tive  and 69% o f HCMV-Ab 

p o s itiv e  pa tie n ts .

The inc idence o f HCMV In fe c tion  in l iv e r  tra n s p la n ta tio n  is less than  

w ith  o th e r o rgans , and is estim ated a t 1 to  15% (S ingh  e t al, 1988;

Pay a e t al, 1989a). Pay a e t al, (1989b) re p o rte d  a s tu d y  o f 93 

tra n s p la n ts  in 78 p a tie n ts , in which 26% o f p a tie n ts  acqu ired  HCMV 

in fe c tio n . In fe c tio n  p a tte rn s  were s im ila r to  those seen in o th e r o rgan  

t ra n s p la n t re c ip ie n ts  (S ingh e t a l 1988).

The incuba tion  pe riod  fo r  p o s t- tra n s p la n ta tio n  HCMV in fe c tio n  appears 

to  be rem arkab ly  co n s ta n t and jis  u su a lly  one to  fo u r  m onths (Ho, 1982), 

th e  incuba tion  pe riod  o f p r im a ry  in fe c tio n s  being s lig h t ly  s h o r te r  (2 

m onths) than  th a t  o f secondary in fe c tio n s  (3 -5  m onths) (Ho e t al,
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1975). In fe c tio n s  are f re q u e n t ly  asym ptom atic, the  inc idence o f 

sym ptom atic in fe c tio n s  v a ry in g  from  30 to  55* o f cases among all 

g roup s  o f tra n s p la n t pa tie n ts . Sym ptom atic in fe c tio n s  v a ry  from  th e  

fe b r ile  mononucleosis syndrom e described  p re v io u s ly , which appears to  

be v e ry  common in tra n s p la n t p a tie n ts , to  dissem inated in fec tio n  w ith  

pneum onitis  and in some cases CNS invo lvem ent.

HCMV is c le a rly  an im p o rta n t pathogen in immunocompromised p a tie n ts . 

A lthough  o u r u n d e rs ta n d in g  o f many aspects o f th e  disease process 

has increased in recen t years, fu r th e r  w ork  is re q u ire d  to  e luc id a te  

the  mechanisms in v o lv in g  la tency, espec ia lly  re a c tiva tio n  o f la te n t 

v iru s  in immunocompromised in d iv id u a ls .

1 .3  PHYSICAL CHARACTERISTICS

1 . 3 . 1  V iru s  S tru c tu re

There  are  more than  70 h e rp e sv iru se s  and th e y  in fe c t a w ide range o f 

hosts. A lthough  th e ir  g row th  c h a ra c te r is t ic s  are  d ive rse , th e y  are 

c lose ly  linked  by m orpholog ica l and m olecu lar homology. The s t ru c tu re  

o f th e  HCMV v ir io n  is c h a ra c te r is t ic  o f th e  h e rp e s v iru s  genus 

(Roizman, 1982). HCMV is th e  la rg e s t member o f th e  he rp e sv iru se s , and X

has th e  la rg e s t genome and most complex host in te rre la tio n s h ip , o f any 

known v iru s .

The genome is complexed w ith  p ro te in  to  fo rm  th e  core  and th is  is 

encased in an icosohedra l caps id , c o n s tru c te d  from  162 capsomeres, 

each cons is ting  o f one o r  more p ro te in  molecules. The capsid is 100nm 

in d iam eter and is its e lf  enclosed by the  tegum ent, w hich is fu r th e r  

bounded by an o u te r  lip id  b ila y e r (enve lope) co n ta in in g  p ro tru d in g
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v ira l p ro te in s , re s u lt in g  in a f in a l d iam eter o f app rox im ate ly  180nm fo r  

th e  whole v ir io n  (W rig h t e t al, 1964; Kanich and C ra ighead, 1972).

More de ta iled  s tu d ie s  o f th e  s tru c tu ra l and a n tig e n ic  fe a tu re s  o f th e  

v iru s  led to  th e  d e s c r ip tio n  o f a second s tru c tu ra l fo rm  o f HCMV 

w hich is p roduced d u r in g  c u ltu re  o f th e  v iru s  in  v it r o  (C ra ighead e t 

al, 1972). These p a rtic le s , term ed dense bodies, were found  to  be 

a n tig e n ic a lly  s im ila r .to  th e  v ir io n  b u t (m orpho log ica lly  d is t in c t,  and to  

con ta in  e lec tron  dense m ateria l bounded by an o u te r membrane.

The iso la tion  and id e n tif ic a tio n  o f a th ir d  p a rt ic le  was re p o rte d  by 

Irm ie re  & Gibson (1983). T h is  p a rt ic le  was found  to  be m orpho log ica lly  

and a n tig e n ic a lly  s im ila r to  th e  v ir io n , except th a t i t  conta ined no DNA 

core. I t  was su b se q u e n tly  term ed a n o n -in fe c tio u s  enveloped p a rt ic le  

(NIEP).

D u ring  v iru s  re p lica tio n , p ro te in s  syn thes ised  in th e  cytop lasm  are 

f i r s t  assembled w ith in  th e  nuc leus to  fo rm  th e  A capsid . F u r th e r  

p ro te in s  are  added to  fo rm  th e  B capsid , and f in a lly  DNA is 

in co rp o ra te d  to  fo rm  th e  C capsid . Excess 69 kDa p ro te in  no t 

in co rp o ra te d  in to  B caps ids  is enveloped and released in th e  fo rm  o f 

dense bodies. Completed C and excess B capsid both leave th e  nucleus 

and pass in to  th e  go lg i app a ra tu s  where th e y  are released as v ir io n s  

and NIEP’s re s p e c tiv e ly  (F ig u re  1.1). Lee e t at (1988) fo u n d  th a t B 

capsid could s t i l l  be p roduced  in th e  absence o f DNA syn th e s is .
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F ig u re  1.1 Schematic o u tlin e  o f assembly o f HCMV p a rtic le s  
(from  G r if f ith s  & G rundy, 1987)

[n um be rs  re p re s e n t the  approx im ate  MWs o f  p ro te in s ]

1 . 3 . 2  M o lecu la r B io logy

HCMV DNA was f i r s t  iso lated by C raw ford  & Lee (1964), and fu r th e r  

ch a rac te rised  by Huang e t a l (1973). S tru c tu ra lly ,  i t  resem bles the  

genomes o f o th e r h e rp e sv iru se s , a lthough  it  is s ig n if ic a n tly  la rg e r 

(De M archi e t al, 1978). The genome is a linea r, double  s tra n d e d  DNA 

molecule o f h igh com plex ity , hav ing  a m olecu lar w e igh t (MW) o f 

150 x 10®. Recently th e  com plete sequence o f HCMV has been 

determ ined (Chee e t al, 1990), wh ich revea ls  a leng th  o f 229,354bp and 

57-2% G+C con ten t, th e  th e o re tica l cod ing capac ity  being approx im ate ly  

200 p ro te in s . The genome is composed o f segm ents o f repeated and
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un ique  sequences (LaFem ina & Hayward, 1980), the  un ique  sequences 

being found  in areas o f th e  genome designa ted long and s h o r t  ( U l  and 

Us) (F ig u re  1.2). These sequences are separa ted by s h o r t repea t 

sequences and can be o r ie n ta te d  in e ith e r  d ire c tio n , re s u lt in g  in fo u r  

isom eric fo rm s o f th e  genome which are  usua lly  found  in equal 

p ro p o rt io n s  (E be ling  e t a l, 1983; West ra te  e t a l, 1980; Oram e t a l, 1982; 

F leckenste in  e t a l, 1982; DeMarchi, 1981).

Genomic v a r ia t io n  among h e rp e sv iru se s  was f i r s t  s tud ie d  by Huang & 

Pagano, (1974), Huang e t a l (1976), and K ilp a tr ic k  e t at (1976), who 

showed l i t t le  o r  no homology between HCMV DNA and CMV DNAs o f 

o th e r  species, and minimal (5%) homology between HCMV and o th e r  

human h e rp e sv iru se s . E fs ta th iou  e t a l (1988), have dem onstra ted areas 

o f homology between th e  re c e n tly  described  human h e rp e s v iru s  6 

(HHV-6) and HCMV.

Y cb a X
Hind  III! / |0||<V| J 1I A/1 F I 0 U  llM|P|S|/?lr| f I K 

ECO r i gllKmffllkl f \ m \ p \ v \ i  \ a To M 5 MIÎ Ho!
ig de

&

0 jx\wW\ H
XU

c l r p d  a /

0
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I__

kb 0

Ul IRl IRs Us TRs
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F ig u re  1.2 H ind  I I I  and Eco RI re s tr ic t io n  maps o f AD169 DNA and 
schem atic diagram  o f th e  fo u r  isom eric fo rm s o f th e  DNA.
L, long segm ent; S, s h o r t  segm ent; U, un iq u e  segm ent; I, in te rn a l 
repea t; T, te rm in a l repeat.
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Minson & Darby (1982) found  an ove ra ll homology o f app rox im a te ly  80% 

between d if fe re n t  s tra in s  o f HCMV, a lthough  it  is  no t known w h e th e r 

th e re  are reg ions  w hich show more o r  less homology. When th e  

re s tr ic t io n  p a tte rn s  o f s tra in s  o f HCMV were s tu d ie d  (K ilp a tr ic k  e t  a/,

1976), ce rta in  c o -m ig ra tin g  bands were found  to  be common to  all 

s tra in s , th o u g h  no tw o  s tra in s  gave th e  same p ro file . When s im ila r 

re s tr ic t io n  maps were produced fo r  th e  HCMV re fe ren ce  s tra in s  Towne, 

AD169 and Davis, i t  became ap p a re n t th a t some fra g m e n ts  have th e  

same size and map pos itions  in th e  th re e  s tra in s . T h is  led LaFemina & 

Hayward (1980) and W estrate e t a l (1983) to  p ropose th e  c o lin e a r ity  o f 

HCMV genomes, and th is  was confirm ed by Colimon e t a l (1985) us ing  

cloned fra g m e n ts  o f th e  AD169 s ta in  o f HCMV (F lecke ns te in  e t al, 1982).

The estab lishm en t o f he te roge ne ity  between th e  genomes o f d if fe re n t  

s tra in s  o f HCMV, (Huang e t al, 1976; G r illn e r  & B lom berg, 1984; Tyms, 

1983; G a rre tt & W arren, 1985), has fa c ilita te d  th e  Id e n tif ic a tio n  o f 

in d iv id u a l s tra in s  and subsequen t ep idem io log ica l s tu d ie s  (S pecto r,

1983; Top lin  e t al, 1985; Chou, 1989b; Kanesaki e t al, 1989). The 

d iffe re n c e s  most commonly detected were th e  presence o r  absence o f 

re s tr ic t io n  cleavage s ites , and some v a r ia b il ity  a t th e  U l and Us 

ju n c tio n s  (W estrate e t al, 1983). By screen ing  S ou the rn  b lo ts  w ith  

cloned AD169 DNA probes, Chou e t a l (1984), showed th a t  a ll genomic 

reg ions  from  21 iso lates o f HCMV h y b r id is e d  id e n tic a lly . The DNA 

sequences o f HCMV s tra in s  are  th e re fo re  well conse rved , b u t lim ited  

d ive rg ence , p ro b a b ly  a t th e  level o f s in g le  base s u b s titu t io n s , re s u lts  

in th e  observed  re s tr ic t io n  enzyme fra g m e n t le ng th  po lym orph ism s.

Peden e t a! (1982) f i r s t  dem onstra ted homology between HCMV DNA and 

mammalian c e llu la r  DNA, and Ruger e t a l (1984) and Shaw e t a l (1985) 

have id e n tif ie d  f iv e  reg ions  o f c e ll- re la te d  sequences in th e  genome o f
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s tra in  AD169. There  is no evidence th a t HCMV DNA has any homology 

w ith  th e  p ro to -oncogene  c -m yc o r  th e  avian re tro v iru s  oncogene 

v -m y c  (R uger e t al, 1984; Rasmussen e t a l 1985b).

The re p lica tio n  o f HCMV DNA has no t been w ide ly  s tu d ie d , b u t the  

s im ila r ity  in genome s t ru c tu re  o f HSV and HCMV may in d ica te  th a t  th e  

ro ll in g  c irc le  model fo r  HSV re p lica tio n , proposed by Jacob e t a l 

(1979), may app ly  to  HCMV. Concatemers o f v ira l DNA are c u t to  

genome le ng th  and encapsida ted. These concatem ers, and also c irc u la r  

fo rm s, are produced  in abundance in pe rm iss ive  ce lls  d u r in g  th e  f i r s t  

48 hou rs  post in fe c tio n  (LaFem ina & Hayward, 1983).

1 . 3 . 2 . 1  T ra n s c r ip tio n  and T ra n s la tio n

Knowledge o f e a rly  v iru s  gene expression is im p o rta n t fo r  

u n d e rs ta n d in g  v iru s /c e ll in te ra c tio n s , espec ia lly  in th e  case o f HCMV 

w here la tency may re s u lt  from  a de fec t in e a rly  gene fu n c tio n . 

Fo llow ing in fe c tio n  o f a pe rm iss ive  ce ll, expression  o f th e  HCMV 

genome occu rs  In a te m p o ra lly  regu la ted  cascade (S tin s k i,  1978; Wathen 

e t al, 1981). RNA tra n s c r ip ts  and p ro te in s  are  produced in th re e  main 

phases term ed immediate e a rly  (a), e a rly  (8) and la te  (%).

A fte r  e n try  o f th e  v iru s  in to  th e  host ce ll, th e  immediate e a r ly  (IE ) 

genes are th e  f i r s t  to  be tra n s c r ib e d  by host cell RNA polym erase I I  

(Thomsen e t al, 1984; Spaete & M ocarski, 1985). Follow ing th e ir  

express ion , one o r  more as ye t unch a rac te rized  a gene p ro d u c ts  

t ra n s c r ip t io n a lly  tra n s a c tiv a te  th e  0 and some ^  genes (Geballe e t al, 

1986). Once th is  a c tiva tio n  has o cc u rre d , th e re  is a delay in fu l l  

expression  o f 0 and gene p ro d u c ts  due to  p o s tra n s c r ip tio n a l 

re g u la to ry  even ts  (Geballe e t al, 1986).
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F ig u re  1.3 shows a s im p lified  p a tte rn  o f th e  expression o f th e  HCMV 

genome, and th e  e ffe c t o f in h ib ito rs  o f p ro te in  and DNA syn th e s is .

PAA
Ara-C

AD

a-mRNA B-mRNA K -mRNA

cx

i - p r o t e ina -p ro te in 3 -p ro te in

F ig u re  1.3 Temporal expression o f th e  HCMV genome (from  G r if f i th s  & 
G rundy, 1987)

cx cyclohexim ide; AD actinom ye in  D; PAA phosphonoacetic  ac id ; 
A ra -C  cy to s in e  a rab inos ide ; REP h y p o th e tic a l s ite  o f  o r ig in  o f  
re p lic a tio n ; + s t im u la to ry  e ffe c t; [s o lid  l in e ] m etabolic b lock

The use o f cyclohexim ide to  b lock tra n s la tio n  o f mRNA w ith o u t 

in h ib it in g  tra n s c r ip t io n  has shown th a t IE t ra n s c r ip ts  can be 

p roduced in th e  absence o f de novo  p ro te in  syn th e s is  (S tln s k i e t al,

1983; Wathen & S tin s k i, 1982). IE RNA has been shown to  be produced  

from  on ly  a few de fined  reg ions, com pris ing  20% o f th e  genome. The 

main area o f t ra n s c r ip t io n a l a c t iv ity  has been located a t a common 

pos ition  between map u n its  (mu) 0 -66-0 -77  in all HCMV genomes so fa r  K  

s tu d ie d , and fo u r  m ajor tra n s c r ip t io n  u n its  (IE 1 -IE 4 ) have been 

id e n tif ie d  (Jahn e t a l3 1984; S tin s k i e t a l, 1983). The IE p ro te in s  are 

re g u la to ry  p ro te in s  w hich accum ulate in th e  nuc leus and are  also
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respons ib le  fo r  changes in th e  host cell ch rom atin  s t ru c tu re  and 

tem p late  a c t iv ity  (Kamata e t al, 1978, 1979).

A fte r  IE p ro te in s  have been p roduced a sw itch  from  re s tr ic te d  to  

ex tens ive  tra n s c r ip t io n  o f th e  genome takes  place, p resum ably 

mediated by th e  IE p ro te in s , and (B-mRNA is p roduced . IE1 is re fe rre d  

to  as th e  m a jo r IE gene and is tra n s c r ib e d  to  the  most abundan t 

species o f IE  RNA, 1 -95kb in size (W ilk inson e t al, 1984; Jahn e t al, 

1984). The p ro te in  encoded by th is  mRNA is th e  p redom inan t IE 

p ro te in  found  in ce lls  w ith in  one hou r o f in fe c tio n  (S tenbe rg  e t al, 

1984), and has a MW o f 63-8 kDa (A k r ig g  e t al, 1985). O the r p ro te in s  

are  also p roduced  a t low leve ls  d u r in g  th e  IE pe riod , and th e ir  

p rec ise  fu n c t io n s  have y e t to  be c le a rly  de fined . D u ring  th e  second 

(0) phase o f gene express ion  app rox im a te ly  75% o f the  genome is 

tra n s c r ib e d . Two m a jo r classes o f mRNA, 1-2 and 2 -7kb , have been 

shown to  be tra n s c r ib e d  from  th e  long repea t reg ions d u r in g  th is  

pe riod  (McDonough e t al, 1985). The fu n c t io n s  o f most o f th e  p ro te in s  

produced have not been e luc ida ted , a lth o u g h  some play a p a r t In th e  

in d u c tio n  o f host cell m acrom olecular s y n th e s is  and th e  deve lopm ent o f 

c y to p a th ic  e ffe c ts  (F u ru ka w a  e t al, 1973, 1975a; Tanaka e t al, 1975).

The la te pe riod  (i ) fo llow s  th e  onse t o f v ira l DNA syn th e s is , when 

more than  90% o f th e  genome is tra n s c r ib e d  in to  stab le  RNA’s which 

then  become associated w ith  th e  po lyribosom es (DeMarchi, 1984). Many 

p ro te in s  and g ly c o p ro te in s  are  syn thes ised  d u r in g  th is  period  (L a n d in i 

& M ichelson, 1988), most o f  these ’ in fec ted  c e ll-s p e c if ic  p ro te in s ’ 

(ICSPs) are  coded by th e  v iru s ,  a lthough  some may be v iru s - in d u c e d , 

host p ro te in s .

-  30 -



1 . 3 . 3  HCMV P r o t e in s

The size and com plexity  o f the  HCMV genome is such th a t i t  is 

th e o re tic a lly  capable o f cod ing fo r  o ve r 200 p ro te in s . Land in i & 

M ichelson (1988) have reviewed o v e r 100 papers th a t have appeared in 

the  las t 10-12 years, and th a t have described  HCMV p ro te in s  o f o v e r 

140 a p p a re n tly  d if fe re n t  m olecular w e igh ts . The v ir io n  its e lf  is 

estim ated to  cons is t o f 30-35 d if fe re n t  s tru c tu ra l p ro te in s  (Rasmussen 

e t al, 1984).

Host cell p ro te in  s y n th e s is  is s tim u la ted  by HCMV in fe c tio n . A fte r  

v iru s  adso rb tion , c e llu la r  p ro te in  syn th e s is  is in h ib ite d  fo r  a s h o r t 

period  (G arne tt, 1979), and then  increases d ram a tica lly  (Furakaw a e t  

al, 1973) w ith  th e  re s u lt  th a t v ira l p ro te in  s y n th e s is  d u r in g  th e  e a rly  

phase o f in fec tio n  re p re se n ts  o n ly  30* o f to ta l p ro te in  syn th e s is  

(S tin s k i, 1978). Even at the  peak o f v ira l p ro te in  syn th e s is , no more 

than  60* o f the  nascent p ro te in  is v iru s -s p e c if ic  (S tin s k i, 1978). 

F u rthe rm o re , ana lys is  o f p u r if ie d  v ir io n s  (Mar e t al, 1981; Land in i & 

M ichelson, 1988) has shown the  presence o f host cell p ro te in s . These 

f in d in g s  have all com plicated in v e s tig a tio n s  because o f d if f ic u lt ie s  in 

de te rm in ing  which p ro te in s  are v iru s  s p e c ific  and which are v ir u s -  

induced host cell p ro te in s . C lass ifica tion  o f th e  HCMV p ro te in s  is 

p r im a r ily  based on w he the r o r  no t the  p ro te in  is s tru c tu ra l.  The 

p ro te in s  can, how ever, also be described  as a, 0, o r  ^  acco rd ing  to  

th e  tra n s c r ip t io n  and tra n s la tio n  cascade o f genome expression as 

described  p re v io u s ly  (most s tru c tu ra l p ro te in s  are p ro te in s , w h ils t 

th e  n o n s tru c tu ra l p ro te in s  are a and 0 p ro te in s ).
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1 . 3 . 3 . 1  S t r u c t u r a l  P r o t e in s

S tru c tu ra l p ro te in s  were in it ia l ly  th o u g h t to  be syn thes ised  o n ly  a f te r  

v ira l DNA syn th e s is , th ough  M ocarski e t a l (1985) have found  a t least 

one th a t is syn thes ised  be fo re  DNA syn th e s is , and more may 

e v e n tu a lly  be described . Many o f the  s tru c tu ra l p ro te in s  in th e  

tegum ent a re  p h o spho ry la ted , u n lik e  those  in th e  enve lope which are  

u su a lly  g lycosy la ted . Land in i & M ichelson (1988) s tud ie d  and c la ss ified  

acco rd ing  to  m olecu lar w e igh t 113 s t ru c tu ra l p ro te in s  described  in the  

then  c u r re n t  lite ra tu re . T h is  s tu d y  y ie lded  55 MW size g roups , w ith  32 

g lyco p o lyp e tid e s  and 23 phosphopo lypep tides  described . The num ber o f 

s ize g roup s  may appear to  be h igh  fo r  a num ber o f reasons: a ltho ugh  

SDS-PAGE g ives good re so lu tion  o f p ro te in s , 2-D gei ana lys is  o f v ir io n  

p ro te in s  has shown th a t  any g iven  band in th e  gel may a c tu a lly  

con ta in  severa l po lyp e p tid e s  (H aarr & M arsden, 1981; Roby & Gibson, 

1986), th e  p u r if ie d  p re p a ra tio n s  may con ta in  p ro te in s  in v a r io u s  stages 

o f p rocess ing , h o s t-ce ll v iru s -m o d if ie d  p ro te in s  may be p resen t, 

d if fe re n t  resea rche rs  assign d if fe re n t  MWs to  th e  same p ro te in s , and 

th e re  are both  g ly c o p ro te in s  and p h o sphop ro te ins  o f the  same MW in 

f iv e  o f th e  g ro u p s  described .

P u rif ie d  v ir io n s  o f HCMV con ta in  th re e  main pho sphop ro te ins  (150, 71, 

65 kDa), and a t least n ine o th e r m inor p ro te in s  o f va r io u s  size (Roby 

& Gibson, 1986). NIEP’s also con ta in  these p ro te in s  to g e th e r w ith  one 

e x tra  m a jo r p ro te in , th e  36 kDa assembly p ro te in . Coding reg ions  fo r  

th e  p ro te in s  o f 150 (Jahn e t al, 1987), 71 (R uger e t al, 1987), 67 (D avis 

& Huang, 1985), 65 (R uge r e t al, 1987), and 28 kDa (M eyer e t al, 1988) 

have been id e n tif ie d . None o f th e  pho sphop ro te ins  show homology a t
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the  amino acid level to  re p o rte d  sequences from  o th e r human 

he rp e sv iru se s .

G lycopro te in  s tru c tu re  is o f in te re s t in th e  in ve s tig a tio n  o f th e  

immune response to  HCMV, and th e  deve lopm ent o f HCM V-specific 

s u b u n it vaccines. L it t le  is known abou t p ro te c tiv e  responses to  HCMV, 

and th e  p le th o ra  o f s tru c tu ra l and n o n s tru c tu ra l p ro te in s  encoded by 

th e  v iru s  has h inde red  id e n tif ic a tio n  o f ta rg e t  an tigens  fo r  th e  

in d u c tio n  o f p o te n tia lly  p ro te c tiv e  responses. S tud ies have im plicated 

v ira l g ly c o p ro te in s  as the  most lik e ly  ta rg e ts  o f p ro te c tiv e  responses, 

based on th e ir  im m unogen ic ity  (Hayes e t al, 1987; P e re ira  e t al, 1982a), 

th e  presence o f severa l re a d ily  de tec tab le  g ly c o p ro te in s  on th e  

su rfa ce  o f in fec ted  ce lls , and th e  fa c t th a t p ro te c tiv e  im m unity  to  

many v iru s e s , in c lu d in g  o th e r h e rp e sv iru se s , is d irec ted  aga ins t 

enve lope g lyco p ro te in s .

In v e s tig a tio n  o f g ly c o p ro te in s  is h inde red  by th e ir  low abundance in 

v ir io n s  and th e  fo rm a tion  o f complexes. Severa l d isu lp h id e  lin ked  

complexes have been id e n tif ie d  in th e  enve lope o f HCMV v ir io n s  o r 

dense bodies (B r it t ,  1984; F a rra r  & Greenaway, 1986; Rassmussen e t al, 

1985a). A na lys is  o f HCMV g ly c o p ro te in  complexes led G retch e t a l (1988) 

to  describe  th re e  g roup s  o f g ly c o p ro te in s , ge l (gp55 and gp93-130 

kDa), g c l l  (gp47-52 kDa) and g c I I I  (g p 86 and gp145 kDa). Monoclonal 

a n tib od ies  (MoAbs) as well as m onospecific  sera, sp e c ific  fo r  ge l, are 

capable o f n e u tra liz in g  HCMV in th e  presence o r  absence o f 

complement (B r it t ,  1984; Kari e t al, 1986; Rasmussen e t al, 1985a, 1988; 

B r it t  e t al, 1988). L iu e t al, (1988), showed th a t hea lthy  HCMV-Ab 

p o s itive  a d u lts  and c o n g e n ita lly  in fec ted  c h ild re n  are able to  m ount a 

B -ce ll response to  p ro te in s  o f th e  ge l and g c l l  complexes.
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A gene fa m ily , HXLF, which cons is ts  o f f iv e  genes th a t sha re  reg io ns  

o f homology and are a rra nged  in tandem , lies in th e  s h o r t un ique  

reg ion  o f th e  genome (Weston & B a rre ll, 1986). G retch e t a l (1988a) 

showed th a t a t least tw o  o f these genes (HXLF1, HXLF2) encode 

p ro te in s  o f 20-25 kDa, w hich are  g lycosy la ted  to  47-52 kDa, and 

complex w ith  one ano the r and o th e r  members o f th e  fa m ily  to  make up 

th e  complex g c l l.  A c h a ra c te r is t ic  o f th is  complex is d iffu s e  m ig ra tio n  

in SDS-PAGE.

The th ir d  complex, g c I I I ,  con ta ins  tw o  g lyco p ro te in s , gp86 and gp145 

kDa, gp86 being a homologue o f HSV I  gH (Cranage e t  a/, 1988). The 

gene th a t encodes gp145 has no t y e t been id e n tif ie d .

1 . 3 . 3 . 2  N o n s tru c tu ra l P ro te in s

The o r ig in a l c la ss ifica tio n  o f p ro te in s  in to  ’ immediate e a r ly ’ , ’e a r ly ’ and 

’ la te ’ p ro te in s  (S tin s k i e t al, 1980) fo llow ed th e  cascade re g u la tio n  o f 

p ro te in  syn th e s is  found  in HSV I  in fec ted  ce lls  (Honess & Roizmann, 

1974). Im m ediate e a rly  and e a rly  p ro te in s  were defined as p ro te in s  

made p r io r  to  DNA syn th e s is , and most appear to  be n o n -s tru c tu ra l.

As th e  f i r s t  p ro te in s  to  be tra n s la te d  from  th e  v ira l DNA, th e  IE 

p ro te in s  m ust p lay an im p o rta n t ro le  in e s ta b lish in g  in fe c tio n . Some 

have been found  to  be p h o spho ry la ted  D N A-b ind ing p ro te in s , w h ich 

cause a lte ra tio n  in cell ch rom atin  s t ru c tu re  and tem plate  a c t iv ity  

(Kamata e t al, 1978, 1979). The num ber o f p ro te in s  va rie s  from  one to  

th re e  abundan t, and fo u r  to  seven m ino r p ro te in s  (L a n d in i &

M ichelson, 1988). Some IE p ro te in s  are  expressed on ly  tra n s ie n t ly  (Law 

e t al, 1985), w h ils t a t least one p e rs is ts  th ro u g h o u t the  re p lic a tiv e  

cyc le  (M ichelson e t al, 1979). Using a num ber o f techn iques , w o rk e rs  

have described  25 e a rly  p ro te in s  (S tin s k i, 1978; Rodgers e t al, 1985),



in c lu d in g  many DNA b in d in g  and n o n s tru c tu ra l p ro te in s . The e a rly  

p ro te in s  inc lude  phosphop ro te ins  (M ichelson e t a/, 1984), g ly c o p ro te in s  

(S tin s k i,  1977), and enzymes (Huang, 1986), and many have de fined  o r 

po ten tia l re g u la to ry  fu n c tio n s .

1 . 3 . 3 . 3  R eg u la to ry  P ro te in s

F our ca tegories  o f p ro te in s  w ith  e ith e r  d ire c t o r  in d ire c t re g u la to ry  

fu n c t io n s  have been described  (L a n d in i & M ichelson, 1988). The f i r s t  

ca te g o ry  com prises enzymes e ith e r  known to  be coded by th e  v ir u s  o r  

th a t  are p a r t o f th e  v iru s  p a rtic le . A fte r  in fe c tio n , a v iru s -s p e c if ic  a - 

ty p e  DNA polym erase appears in th e  cell (H ira l & Watanabe, 1976;

Huang, 1986) and has d if fe re n t  biochem ical p ro p e rt ie s  from  th e  c e llu la r  

polym erase. A fu r th e r  DNA polym erase, v ir io n -a s s o c ia te d  c e llu la r  a - 

polym erase, is found  w ith in  v ir io n s  (M ar e t al, 1981). The essentia l 

d iffe re n c e  between th e  tw o  polym erases, v iru s -s p e c if ic  and v ir io n -  

associated, is th e ir  s e n s it iv ity  to  PAA. The v iru s -s p e c if ic  po lym erase 

also has a S’ -S ’ -exonuclease a c t iv ity  w hich may have a p ro o f read ing  

fu n c t io n  (N ish iyam a e t al, 1983). V iru s  re la ted  p ro te in  k inases have 

been re po rte d  by fo u r  g roup s  (L a n d in i & M ichelson, 1988). The 

fu n c t io n  o f th e  k inases seems to  be p h o sp h o ry la tio n  o f v ira l s t ru c tu ra l 

p ro te in s , ra th e r  th a n  exogenous p ro te in  s u b s tra te s  (M ar e t al, 1981). 

These f in d in g s  were su p p o rte d  by th e  w o rk  o f Roby & Gibson (1986), 

who found  th a t th e  k inase a c t iv ity  was s im ila r in s p e c if ic ity  and 

am ount o f a c t iv ity  fo r  all s tra in s  o f HCMV s tu d ie d . In te re s t in g ly ,  th e y  

also detected th e  presence o f th e  kinases in a ll th re e  HCMV p a rtic le s , 

and found  th a t k inase a c t iv ity  co rre la te d  w ith  th e  presence o f 

enve lope.

-  35 -



The second ca tego ry  o f re g u la to ry  p ro te in s  com prises c e llu la r  enzym es 

whose a c t iv it ie s  are s tim u la ted  d u r in g  in fe c tio n . A fte r  in fe c tio n , th e re  

is a genera lised s tim u la tio n  o f host cell metabolism (G arne tt, 1979; 

Kanata e t al, 1978) and, s p e c ific a lly , o f a num ber o f enzymes 

associated w ith  DNA syn th e s is  (F u r lin i e t al, 1984; Estes & Huang,

1977). The s tim u la tio n  o f these  host cell enzymes p r io r  to  v ira l DNA 

s y n th e s is  may be an im p o rta n t fa c to r  in successfu l v ira l re p lic a tio n .

The th ir d  ca tego ry  cons is ts  o f v iru s  spec ified  D N A-b ind ing  p ro te in s  

(DB). The p rec ise  fu n c tio n  o f these n o n s tru c tu ra l p ro te in s  is unc lea r, 

b u t th e y  are  a d ive rse  g roup  in c lu d in g  bo th  IE and E p ro te in s  

(M usiani e t al, 1979). A num ber o f these p ro te in s , how ever are  h ig h ly  

im m unogenic in man, in p a r t ic u la r  HCMV nuc lea r an tigen  (CMNA), an 

80 kDa p ro te in  (G erge ly e t al, 1980) and immediate e a rly  an tig en  (IE A ), 

a 72-76 kDa p ro te in  (G ibson, 1983).

The fo u r th  ca tego ry  com prises pho sphop ro te ins . P h ospho ry la tion  o r  

de p h o sp h o ry la tio n  can have a m ajor e ffe c t on both th e  s t ru c tu re  and 

fu n c tio n  o f a p ro te in . There  is, th e re fo re , th e  po ten tia l fo r  th e  v ira l 

pho sphop ro te ins  to  re g u la te  a c t iv it ie s  in th e  re p lica tio n  cyc le  (L a n d in i 

& M ichelson, 1988). Many HCMV s tru c tu ra l p ro te in s  are p h o spho ry la ted  

(G ibson, 1983, Roby & Gibson, 1986), as are  a num ber o f im p o rta n t 

n o n s tru c tu ra l p ro te in s  (G ibson, 1981; G ergely e t al, 1980), o f w h ich th e  

IE p ro te in s  are  a lready  known to  p lay a ro le  in m o d ify in g  ch rom atin  

s t ru c tu re  and tem p la te  a c t iv ity  (Kamata e t al, 1978, 1979; M usiani e t al, 

1981).

1 . 3 . 4  Latency

A p a rt from  m orpho logy and ce rta in  aspects o f the  re p lica tio n  cyc le , 

th e  main fe a tu re  shared by th e  h e rp e s v iru s  g roup  is th e ir  a b i l i ty  to
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es tab lish  la te n t in fe c tio n . La ten t in fe c tio n  is cons idered  to  be a 

p e rs is te n t in fe c tio n  in which th e  v ira l genome is p resen t, and, w h ile  

lim ited  expression may occu r, in fe c tio u s  v iru s  is no t p roduced , except 

d u r in g  episodes o f re a c tiva tio n  (S tevens, 1989).

W h ils t la tency is an essentia l p a r t  o f th e  n a tu ra l h is to ry  o f herpes 

v iru s e s , th e  basic mechanisms o f es tab lishm en t and m aintenance o f th e  

la te n t s ta te  and o f re a c tiva tio n  are  o n ly  now being unders tood  in any 

d e ta il. A lthough  th e re  is a g re a t deal o f ev idence fo r  la tency  o f HCMV, 

most o f th is  is somewhat c ircu m s ta n tia l and in d ire c t.  The pe rs is ten ce  

o f HCMV in a la te n t s ta te  has been well documented by many w o rke rs , 

and inc ludes  instances where in fe c tio n  is tra n s fe r re d  v ia  o rgan  

tra n s p la n t from  HCMV-Ab p o s itiv e  in d iv id u a ls  in whom in fe c tio u s  v iru s  

canno t be detected a t th e  tim e o f tra n s p la n ta tio n  (Chou, 1986, 1987b) 

to  HCMV-Ab nega tive  in d iv id u a ls , transm iss ion  by tra n s fu s io n  o f HCMV- 

Ab p o s itive  blood to  HCMV-Ab nega tive  in d iv id u a ls  (Yeager, 1974), th e  

f in d in g  th a t th e ra p e u tic  im m unosuppression leads to  a c tiv e  v iru s  

excre tion  in most HCMV-Ab p o s itiv e  in d iv id u a ls  (Glenn, 1981), and th e  

f in d in g  o f Huang e t a l (1980) th a t  th e  re s tr ic t io n  p a tte rn s  o f 

re p e t it iv e  u r in e  and gen ita l t r a c t  iso lates from  a g roup  o f women, o v e r 

a period  o f up to  s ix  years, were id e n tica l.

Id e n tif ic a t io n  o f th e  actual s ite s  o f la tency , how ever, has been one o f 

th e  m ajor problem s in e s ta b lish in g  p ro o f o f  la tency . In  p a tie n ts  

re a c tiv a tin g  v iru s  a f te r  im m unosuppression, v iru s  can re a d ily  be 

iso lated from  u r in e  and sa liva , sug g e s tin g  th a t th e  k id n e y  tu b u le s  and 

s a liv a ry  g lands may be s ites  o f la tency. There  is, how ever, no d ire c t 

ev idence fo r  th is . Evidence, a lb e it lim ited , does ex is t, how ever, to  

im p lica te  p e rip h e ra l blood leucocytes (PBMC) and vascu la r tis s u e  as 

s ite s  o f la tency. Two g roup s  o f w o rke rs  (E in ho rn  & Ost, 1984; Rice e t
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al, 1984), have shown th a t a small pe rcen tage  o f normal lym phocytes  

(2-3%) could be in fec ted  by HCMV in  w 'tro , as ju d g e d  by express ion  o f 

IE and e a rly  p ro te in s , th o u g h  in fe c tio u s  v ir u s  was not p roduced .

More conc lus ive  evidence was re p o rte d  by S c h rie r  e t a l (1985) who 

detected HCMV IE RNA in PBMC o f 8 o f 8 HCMV-Ab p o s itiv e  and 1 o f 12 

HCMV-Ab n eg a tive  hea lthy  in d iv id u a ls , and by Nelson e t a l (1990) who 

detected IE RNA in th e  p e r ip h e ra l blood leucocytes o f 13 o f 14 HCMV- 

Ab p o s itive  in d iv id u a ls . The p ro p o rtio n  o f ce lls  exp ress ing  RNA va rie d  

from  0 035-2% in th e  HCMV-Ab p o s itive  g roup  and was 0-1% in th e  one 

se rone ga tive  in d iv id u a l (S c h r ie r  e t a l, 1985), a ltho ugh  Nelson e t 

a l (1990) fo u n d  ju s t  0 01% o f ce lls  exp ress ing  RNA. Recently S ta n ie r e t 

a l (1989) dem onstra ted  the  presence o f HCMV DNA in PBMC o f hea lthy  

blood donors  by th e  use o f th e  polym erase chain reaction  (PCR). They 

fo u n d  th a t PBMC from  all o f  20 HCMV-Ab p o s itiv e  and 4 o f 10 HCMV-Ab 

neg a tive  donors  conta ined v ira l DNA.

In  1987, P e trie  e t a l (1987), re po rte d  f in d in g  HCMV DNA in the  

e p ith e lia l t is s u e  from  a r te r ia l walls us ing in  s itu  h y b r id is a t io n  w ith  

b io tin  labelled probes. These f in d in g s  were con firm ed by H endrix  e t a l 

(1990) who used DNA dot b lo t, in  s itu  h y b r id iz a tio n  and PCR to  de tec t 

HCMV DNA in th e  smooth muscle in th e  a r te r ia l walls. Both s tu d ie s  

lin ke d  a th e ro sc le ro s is  w ith  HCMV in fe c tio n ; localised in fe c tio n  in th e  

a r te r ia l wall caus ing  v a scu la r damage which c o n tr ib u te d  to  th e  

deve lopm ent o f th e  a th e ro s c le ro tic  lesions.

A lthough  f irm  evidence to  s u p p o rt th e  la tency o f HCMV appears to  be 

s low ly  b u ild in g , fu r th e r  w ork  is re q u ire d , especia lly  w ith  respec t to  

th e  phys ica l s ta te  o f th e  v ira l DNA and th e  e x ten t o f v ira l 

t ra n s c r ip t io n  d u r in g  th e  la te n t sta te .
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1 .4  IMMUNOLOGY OF HCMV INFECTION

S tud ies  in animal models and in humans have shown th a t th e  immune 

response to  HCMV in fe c tio n  is v e ry  complex. Th is  com plex ity  is 

a t tr ib u ta b le  to  th e  v iru s  being able to  in fe c t ce lls  o f th e  immune 

system , being capable o f s tim u la tin g  o r  su p p re s s in g  th e  host immune 

response, and being capable o f avo id in g  host mechanisms fo r  

c o n tro llin g  v iru s  re p lic a tio n .

1 . 4 . 1  Humoral Immune Response

The hum oral immune response to  HCMV is ge n e ra lly  s tro n g , e lic it in g  

p ro d u c tio n  in most in fec ted  in d iv id u a ls  o f Ab o f a reasonable t i t r e ,  

w h ich seems to  be m ainta ined th ro u g h o u t life  w ith o u t any s ig n if ic a n t 

d ro p . However, th e  e ffe c tive n e ss  o f th e  Ab in p ro te c tio n  a g a in s t HCMV 

is u n ce rta in  as num erous examples o f subsequen t in fe c tio n  o f HCMV-Ab 

p o s itiv e  in d iv id u a ls  have been documented (G rundy  e t a l, 1986; de 

Cates e t a !, 1988). However, some s tu d ie s  have shown th a t  a ltho ugh  

th e  presence o f HCMV-Ab may not p re v e n t in fe c tio n , i t  may am eliorate 

th e  disease process (S tagno e t al, 1982; Glenn, 1981).

I t  is p robab le  th a t  p e rs is te n t re p lic a tio n  o f v iru s  fo llo w in g  a p r im a ry  

in fe c tio n  o r  re a c tiv a tio n  o f la te n t v iru s  is associated w ith  a de fic ie n cy  

in cell mediated im m un ity , ir re s p e c tiv e  o f th e  presence o f Ab; 

th e re fo re , HCM V-specific c e llu la r  im m unity  has a s ig n if ic a n t ro le  in 

re co ve ry  from  in fe c tio n . The presence o f c irc u la tin g  HCMV-Ab is 

p r im a r ily  a m arke r o f p re v io u s  in fe c tio n  ra th e r  than  an in d ica tio n  o f 

immune s ta tu s  and, because o f th e  la tency associated w ith  HCMV, may 

also be considered  a m a rke r o f po ten tia l in fe c t iv ity .
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N e u tra lis in g  HCMV-Ab’s have been id e n tif ie d  (Waner e t al, 1977; Tam ura 

e t al, 1980; Pass e t al, 1983), o fte n  in th e  presence o f fre e  v iru s .  

Tam ura e t a l (1980) dem onstra ted n e u tra lis in g  an tib od ies  in th e  sa liva  

o f 75% o f in fa n ts  desp ite  th e  presence o f v iru s .  However in  v iv o  

n e u tra lis in g  a c t iv ity  has no t y e t been dem onstra ted and HCMV immune 

complexes have been found  to  be capable o f in fe c tin g  ce lls  in c u ltu re  

(R unde ll & B e tts , 1981). A possib le  exp lana tion  fo r  th e  in e ffe c tiv e  in  

v iv o  n e u tra lis a tio n  o f HCMV is th a t th e  v ira l an tig ens  are  masked by a 

host d e rive d  p ro te in , fo r  example by p2-m ic ro g lo b u lin  (M cKeating e t at, 

1986).

1 . 4 . 1 . 1  Is o ty p e  Response

The hum oral immune response is ch a rac te rised  by the  p ro d u c tio n  o f 

IgM , IgG, IgA  and IgE Ab to  HCMV, o f w h ich IgM and IgG have been 

s tu d ie d  in th e  most de ta il. These s tu d ie s  have shown th a t p r im a ry  

in fe c tio n s  usu a lly  p roduce  a sp e c ific , t ra n s ie n t IgM response la s ting  

up to  six m onths (G r if f i th s ,  1981; Kangro e t al, 1982) w ith  th e  

subsequen t p ro d u c tio n  o f p e rs is te n t HCMV-IgG. D iagnosis o f p r im a ry  

in fe c tio n  has th e re fo re  been made on th e  basis o f the  presence o f 

HCMV-IgM. The presence o f HCMV-IgM has also been re p o rte d  in 

re c u r re n t in fe c tio n s  a ltho ugh  th e  s ig n if ic a n c e  is no t c lea r (K ang ro  e t 

al, 1982; Stag no e t al, 1985; Chou e t al, 1987a).

The p ro d u c tio n  o f HCMV-Ab o f o th e r iso types, namely IgA  (Torfason e t 

al, 1981; Sarov e t al, 1984; D oerr e t al, 1987; van Loon e t al, 1987), 

and IgE (van Loon e t al, 1987) has also been re p o rte d . HCMV-IgA has 

been found  in a h igh  p ro p o rtio n  o f in fe c tio n s . Doerr e t a l (1987) and 

van Loon e t a l (1987) both found  between 88 and 95% o f p r im a ry  

in fe c tio n s  m arked by an IgA  response, a lth o u g h  these a u th o rs
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d isagree  o v e r th e  inc idence in re c u r re n t in fe c tio n s , f in d in g  100% and 

58% re s p e c tiv e ly . However, most a u th o rs  agree th a t HCMV-IgA may be 

a more use fu l m arke r o f re c u r re n t in fe c tio n  than  HCMV-IgM.

van Loon e t a l (1987) found  a s im ila r t ra n s ie n t response fo r  HCMV-IgE. 

A h igh  inc idence  o f HCMV-IgE (95*8%) was found  in p r im a ry  in fec tio ns , 

whereas o n ly  1-5% o f hea lthy  se ro p o s itive  in d iv id u a ls  and 7-6% o f 

p a tie n ts  w ith  re c u r re n t in fe c tio n  were found  to  posses de tec tab le  

HCMV-IgE.

1 . 4 . 2  C e ll M ediated Immunity

C e llu la r im m unity  to  HCMV is an im po rtan t aspect o f th e  host immune 

response to  the  v iru s , a m ajor fa c to r  be ing th a t p a tie n ts  w ith  

im paired ce ll mediated im m unity  are a t r is k  from  HCMV disease. 

F u rth e rm o re , re a c tiva tio n  o f la te n t v iru s  a t tim es o f im paired Im m unity 

may im ply th a t  c e llu la r  im m unity  p lays  an im p o rta n t ro le  in th e  

p re ve n tio n  o f secondary in fe c tio n s .

D u ring  the  acute phase o f p r im a ry  in fe c tio n  w ith  HCMV, cell mediated 

im m unity  is depressed, re co ve rin g  s low ly  d u r in g  th e  conva lescen t 

phase. In  v it r o  lym phocyte  p ro life ra tio n  in response both to  fre e  v ira l 

an tigen  (Ten Napel & The, 1980; Roenhorst e t al, 1988) and to  cell 

associated a n tig e n s  (R oenhorst e t al, 1988) is depressed, as are  

responses to  m itogens, a llogeneic lym phocytes  and re c a ll-a n ti gens. In  

a d d itio n  to  th e  HCMV response, o n ly  th e  responses to  PHA and 

a llogen ic  lym phocytes  re tu rn  to  norm al, th e  rem a inder s tay  depressed, 

a t least d u r in g  th e  conva lescen t phase, up to  a yea r post in fe c tio n  

(R oenhorst e t a l 1988).
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D uring  re co ve ry  from  p r im a ry  in fe c tio n  both  HLA class I and I I  

re s tr ic te d  c y to to x ic  T lym phocy tes  (CTL) a re  produced and these p lay  

an im p o rta n t ro le  in co n ta in in g  v iru s  re p lic a tio n  (B orys iew icz  e t a l,

1986). V iru s -s p e c if ic  k il l in g  is mediated by CD8 | CTL and can be 

in h ib ite d  by HLA class I  monoclonal Ab (L a u b sch e r e t al, 1988). These 

a u th o rs  also found  th a t most o f th e  e a r lie r | CTL produced were 

d ire c te d  aga ins t th e  IE a n tig e n s  and, th e re fo re , these | CTL may be 

im p o rta n t in re s tr ic t in g  v iru s  re p lica tio n  by e lim ina ting  th e  in fec ted  

ce lls  a t an e a r ly  stage o f in fe c tio n . They fu r th e r  dem onstra ted ly s is  

by CD4 I CTL . These CTL are HLA class I I  re s tr ic te d , a ltho ugh  class 

I I  monoclonal an tib od ies  d id  no t in h ib it  ce ll k il l in g ,  poss ib ly  due to  NK 

cell a c t iv ity .  The ro le  o f CTL in HCMV in fe c tio n s  is p ro b a b ly  c r it ic a l 

as th e  a b il i ty  to  develop a sp e c ific  c y to to x ic  response is co rre la te d  

w ith  successfu l re so lu tion  o f disease (M eyers, 1984; Q uinnan, 1982).

A bnorm a lities  in CMI in in fa n ts  and c h ild re n  w ith  congen ita l and 

p e rin a ta l in fe c tio n s  have been found  to  d i f fe r  from  those in a d u lts  

w ith  HCMV disease, and supp re ss ion  o f CMI las ts  much lo nge r than  in 

ad u lts . The e ffe c t c o n s is te n tly  seen in in fa n ts  was im pairm ent o f th e  

lym phocyte  p ro life ra tio n  response (LPR), a lth o u g h  Ab was produced 

norm a lly  (Gehrz e t al, 1977; S ta r r  e t a l, 1979). Cauda e t a l, (1987) 

subse q u e n tly  found  th a t in sym ptom atic  in fa n ts  NK cell a c t iv ity  was 

also im paired.

HCMV in fe c tio n  causes lo n g - la s tin g  and p ro fo u n d  d is tu rb a n ce s  in th e  

host c e llu la r  immune response, poss ib ly  due to  th e  pe rs is ten ce  o f th e  

v iru s  in th e  la te n t s ta te . C e llu la r im m unity  to  cell associated HCMV 

an tig ens  deve lops g ra d u a lly  a f te r  p r im a ry  in fe c tio n , p e rs is ts  fo r  many 

years  and is v ita l fo r  m a in ta in ing  the  la te n t sta te .
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1 . 4 . 3  O ther Mechanisms o f Host Immune Response

1 . 4 . 3 . 1  N eo p te rin

N eopterin  is a low m olecu lar w e igh t compound d e rive d  from  GTP and 

p roduced by m acrophages a fte r  s tim u la tio n  by IF N -^  (Fuchs e t al,

1988). Neopterin  leve ls  a re  h igh  d u r in g  acute  HCMV in fe c tio n  and fa ll 

s low ly  as HCM V-specific a n tib od ies  appear. P roduc tion  is c lose ly  

co rre la te d  w ith  a c tiv a tio n  o f cell m ediated im m unity .

1 . 4 . 3 . 2  N a tu ra l K i l l e r  C e l l s

The ro le  o f n a tu ra l k i l le r  (NK) ce lls  in im m unity  to  HCMV in fe c tio n  is 

s t i l l  unc lea r, a ltho ugh  th e y  are p ro b a b ly  im p o rta n t in p rim a ry  

in fe c tio n  as a f i r s t  line  o f defence p r io r  to  Ab and Tc cell p ro d u c tio n . 

NK ce lls  have been shown p re fe re n tia lly  to  lyse  HCMV in fec ted  ce lls  in  

v it r o  (S ta r r  & G a rra b ra n t 1981, B orys iew icz e t a l 1985, B andyopadhyay 

e t a l 1988), ly s is  be ing dependent upon express ion  o f HCMV-EA 

(B o rys iew icz  e t al, 1985). NK ly s is  o f u n in fe c te d  ce lls  led Borys iew icz 

e t a l (1985) to  su g g e s t th a t th e  NK ce lls  recogn ised a re c e p to r p resen t 

on a ll ce lls , b u t increased in expression  on In fec ted  ce lls .

1 . 4 . 3 . 3  In te r fe r o n

In te r fe ro n  p ro d u c tio n  is a fu r th e r  aspect o f CMI th a t  is a ffe c ted  by 

HCMV in fe c tio n . The in te r fe ro n  response o f m ononuclear blood ce lls  

from  p a tie n ts  w ith  HCMV m ononucleosis s tim u la ted  by HCMV an tigen  

(L e v in  e t al, 1979) o r  m itogens (R inaldo e t al, 1980) was fo u n d  to  be 

d im in ished up to  fo u r fo ld  compared to  ce ils  from  normal hea lthy  

in d iv id u a ls , th e  response re tu rn in g  to  normal d u r in g  convalesence.

The response o f o th e r  cell ty p e s  invo lved  in CMI is, how ever, 

somewhat d if fe re n t .  NK cell a c t iv ity  may be enhanced by a c tiv a tio n  o f
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th e  ce lls  by th e  IFN -a  pathw ay. HLA-DR+ accessory ce lls  are re q u ire d  

fo r  ly s is  by NK ce lls . These ce lls  p roduce  IFN -a , which then  s tim u la tes  

th e  NK ce lls  to  m ediate ly s is  o f ta rg e t ce lls  (B andyopadhyay e t al,

1986; B andyopadhyay e t al, 1988). V iru s  s p e c ific  k il l in g  is enhanced 

d ram a tica lly  by p re tre a tm e n t o f in fec ted  ce lls  w ith  IF N -^  (Laub sche r 

e t al, 1988). The mode o f action may in vo lve  th e  express ion  o f HLA I  

on ce ll su rfa ces  as Tc a c t iv ity  is HLA class I  re s tr ic te d , and IFN-*< 

increases th e  am ount o f HLA class I  a n tig e n s  expressed and s tim u la tes  

express ion  o f HLA class I I  a n tig ens  (Pober e t al, 1983; Bukow ski & 

Welsh, 1985).

1 . 4 . 3 . 4  Macrophages

M acrophages are  an im p o rta n t com ponent o f th e  immune response to  

v ira l in fe c tio n s , a ltho ugh  on ly  lim ited  in fo rm a tion  on th e  mechanisms o f 

th is  a c t iv ity  is ava ilab le  (Skamene & Gros, 1983). C o -c u ltiv a tio n  o f 

m onocyte d e rive d  m acrophages (MdM) w ith  HCM V-infected f ib ro b la s ts  

was found  to  in h ib it  in fe c tio n  o f th e  f ib ro b la s ts ; th e  in h ib ito ry  e ffe c t 

be ing  dependent on th e  v ir u s  moi, show ing g re a te r in h ib it io n  a t a 

low er moi (M anor & Sarov, 1988).

1 . 4 . 4  Evasion o f Host Defence Mechanisms

Evasion o f, o r  in te r fe re n c e  w ith , the  host defence mechanisms may 

ass is t th e  process o f p r im a ry  in fe c tio n  and, im p o rta n tly , th e  in d u c tio n  

o f th e  la te n t s ta te . HCMV appears to  have developed tw o  mechanisms 

by w hich i t  can evade, to  some ex ten t, th e  host immune response, 

fa c il ita t in g  in fe c tio n  and subsequen t tran sm iss ion  o f th e  v iru s .
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1 . 4 . 4 . 1  0 2 -M ic ro g lo b u lin

The in a b ility  o f an EIA to  de tec t HCMV excre ted  in u r in e  led McKeating 

e t a l (1986) to  p ropose th a t  the  v iru s  was e ffe c tiv e ly  | masked by a 

coa ting  o f low m olecu lar w e igh t host p ro te in . T h is  p ro te in  was shown 

to  be (32-m icroglobulin ( 82m), an 11-7 kDa p ro te in  which is syn thes ised  

by all som atic ce lls  and fo rm s th e  l ig h t  cha in  m oiety o f class I  HLA 

molecules. B ind ing  o f 82m to  th e  45 kDa heavy cha in  fo rm s the  

com plete molecule (Rebai & Malissen, 1983). G rundy e t a l (1987a) 

concluded from  in  v i t r o  s tu d ie s  th a t 82m was bound a fte r  release o f 

th e  v iru s  from  ce lls , and p re d ic te d  th a t  excre ted  HCMV found  in all 

body f lu id s  would be coated w ith  host 82m. McKeating e t a l (1987) 

showed th a t th is  was indeed the  case and th a t 82m was bound to  th e  

enve lope o f HCMV. They fu r th e r  surm ised th a t  th e  coa ting  o f th e  v iru s  

enabled it  to  avo id  th e  host immune response and th u s  fa c ilita te d  its  

tran sm iss ion .

Enhancement o f th e  in fe c t iv i ty  o f  HCMV due to  b in d in g  o f 82m has 

been shown by G run dy  e t a l (1987b) who proposed th a t  HCMV may 

e x p lo it th e  bound 82m to  b ind  to  host ce lls , and have shown th a t 82m 

and HCMV compete fo r  th e  same b in d in g  s ite  on host ce lls . They have 

f u r th e r  found  th a t  coated v iru s  can use class I  HLA m olecules on th e  

ce ll su rfa ce  as re ce p to rs . In  v i t r o  exchange o f 82m between cell 

s u rfa c e  and medium has been re p o rte d , fa v o u r in g  d isp lacem ent o f th e  

s u rfa c e  molecule (Sanderson e t al, 1985). I t  is th u s  p robab le  th a t th e  

82m bound to  HCMV would d isp lace  th e  su rfa ce  82m and hence fa c il ita te  

v ir u s  b in d in g  and cell in fe c tio n . Recently, S tannard  (1989) has used 

immunogold la be llin g  to  s tu d y  82m b in d in g  to  HCMV. The f in d in g s  were 

in genera l agreem ent w ith  th e  p re v io u s  s tu d ie s , except th a t  82m was 

fo u n d  to  b ind  to  th e  tegum ent o f  th e  v ir u s  ra th e r  than  th e  envelope.
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I t  was pos tu la ted  th a t th e  tegum ent p ro te in s  may p lay an im p o rta n t 

ro le  in th e  b in d in g  and in fe c t iv ity  o f damaged o r incom plete v ir io n s .

1 . 4 . 4 . 2  Fc R eceptor P roduction

Cells in fec ted  w ith  HCMV deve lop Fc re ce p to rs  on th e ir  su rfa ce  

(F u ru ka w a  e t al, 1975b; W estmoreland & W atkins, 1974). T h is  re c e p to r 

is  a g ly c o p ro te in  o f 42 kDa (Sakuma e t al, 1977) and appears from  

a round  36 hou rs  post in fe c tio n . The action  o f th e  re c e p to r is to  b ind  

IgG n o n -s p e c if ic a lly  and th is  appears to  p re v e n t immune re co g n itio n  o f 

th e  in fec ted  ce ll by a c tin g  as a b lock in g  Ab, a ffo rd in g  th e  cell 

cons ide rab le  p ro te c tio n  a ga ins t Ab o r  cell mediated immune ly s is  (A d le r 

e t al, 1978).

1 .5  DETECTION OF HCMV INFECTION

1 . 5 . 1  D e te c tio n  o f  V iru s

Diagnosis o f an a c tive  HCMV in fe c tio n  cannot be made so le ly  on th e  

basis o f c lin ic a l sym ptom s: these  may range  from  asym ptom atic  to  

o v e r t  m ononucleosis w ith  severe  o rgan  damage o r  may resem ble th e  

sym ptom s th a t may be found  in diseases caused by a num ber o f o th e r  

in fe c tio u s  agents. D iagnosis o f HCMV in fe c tio n  can be achieved by 

de tec tion  o f sp e c ific , es tab lished  m arke rs ; such as d is t in c t iv e  nuc lea r 

and cy top lasm ic  in c lu s io n s  in cytom ega lic  ce lls  (Shulman e t al, 1982), 

r is in g  t i t r e  o f c irc u la t in g  HCMV-Ab (P an jw an i e t al, 1985), iso la tion  o f 

v ir u s  in cell c u ltu re  (Gleaves e t al, 1985), im m unohistochem ical 

de tec tion  o f HCMV p ro te in s  (Hackman e t al, 1985), o r  de tec tion  o f  HCMV 

DNA by in  s itu  h y b r id is a t io n  (N iedob itek  e t al, 1988), d o t-b lo t
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h y b r id is a t io n  (A u g u s tin  e t al, 1987), o r, more re c e n tly , th e  polym erase 

cha in  reaction  (PCR) (O live  e t al, 1989a).

1 . 5 . 1 . 1  C u l t u r e  o f  V i r u s  in  v i t r o

Iso la tio n  o f v iru s  by c u ltu re  is perfo rm ed on d ip lo id  human f ib ro b la s t  

m onolayers p repa red  from  em bryon ic  tissu e . A fte r  in fe c tio n  w ith  v iru s , 

th e  ce lls  may show a c y to p a th ic  e ffe c t (cpe)|any tim e between one day 

and severa l weeks p o s t- in fe c t ion depend ing  upon th e  moi o f th e  v iru s , 

a lth o u g h  g row th  o f th e  v iru s  is u sua lly  slow, ta k in g  2 to  3 weeks, o r  

even longe r w ith  some iso lates, to  reach 80 to  100% cpe. The cpe, 

w h ich is c h a ra c te r is t ic  and may need no co n firm a tio n , appears as foci 

o f en la rged , rounded , re fra c t ile  ce lls  which spread th ro u g h  th e  

m onolayer fo llo w in g  th e  p a tte rn  o f th e  un in fe c te d  ce lls , w ith  even tua l 

detachm ent o f th e  ce lls . Most w o rke rs  cons ide r th a t c u ltu re  fo r  a t 

least fo u r  weeks is necessary to  allow p ro d u c tio n  o f cpe from  low 

t i t r e ,  low in fe c t iv ity  iso la tes, and o n ly  a f te r  th is  pe riod  may th e  

c u ltu re  be deemed to  be nega tive .

A num ber o f d if fe re n t  sources o f p o ten tia l iso lates may be examined 

by cell c u ltu re , a ltho ugh  poss ib le  to x ic ity  o f th e  sample to  th e  ce lls  

m ust be cons ide red . P robab ly  th e  most commonly examined specimen is 

u r in e  (Gleaves e t al, 1985; Janssen e t al, 1988; Leland e t al, 1989) 

w h ich is also the  best source  o f v iru s  in most p a tie n t g ro u p s  a t r is k  

o f HCMV in fe c tio n ; th o u g h  b ronch oa lve o la r lavage f lu id  (BAL) (S t ir k  & 

G r if f ith s ,  1988; C raw fo rd  e t al, 1988), b u ffy c o a ts  (S ch irm  e t al, 1987; 

Steel e t al, 1988), and th ro a t  swabs and sa liv a  (Rush e t al, 1989;

Woods & Thie le , 1989), may also be tes ted  us ing  conven tiona l ceil 

c u ltu re  techn iques .
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Because o f th e  long incuba tion  tim es re q u ire d  fo r  de tec tion  o f v iru s ,  

more rap id  te ch n iq u e s  have evo lved which are based on c u ltu re , b u t 

do no t re q u ire  deve lopm ent o f cpe. Gleaves e t a l (1984) re p o rte d  th e  

use o f a te c h n iq u e  in v o lv in g  th e  c e n tr ifu g a tio n  o f v iru s  from  samples 

on to  cell m onolayers on c irc u la r  c o v e rs lip s  in sealed v ia ls  -  she ll v ia l 

c u ltu re . Th is  te ch n iq u e  in vo lve s  th e  use o f monoclonal an tib o d ie s  to  

de tec t HCMV s p e c ific  p ro te in s  a f te r  a s h o r t  in cuba tio n  pe riod  (16 to  36 

h o u rs ) and is more s e n s itiv e  than  conven tiona l c u ltu re  (Gleaves e t al, 

1985; deGirolami e t al, 1987). L ipson e t a l (1990) found  th a t  b e tte r  

re s u lts  could be ob ta ined  from  u r in e  samples us ing  shell v ia l c u ltu re  

i f  th e y  were c la r if ie d  p r io r  to  inocu la tion . Mackenzie & M cLaren (1989) 

fo u n d  th a t th e  s e n s it iv ity  o f th e  te ch n iq u e  could be increased by 

us ing  m ink lung  ce lls  ra th e r  than  human f ib ro b la s ts .

1 . 5 . 1 . 2  Use Of Monoclonal A n tib o d ie s  (MoAbs)

The a v a ia b ility  o f MoAbs has had a d ram atic  im pact on th e  de tec tion  o f 

v ira l a n tig ens  in c u ltu re d  ce lls . These can be used in c o n ju n c tio n  w ith  

a v a r ie ty  o f techn iques , in c lu d in g  in s itu  h y b r id is a to n , de tec tion  o f 

v ir u s  in c u ltu re d  ce lls , and an tigen  c a p tu re  assays and a re  u su a lly  

v isu a lised  by c o n ju g a tin g  th e  Ab w ith  a f lu o re s c e n t dye o r  w ith  an 

enzyme fo llow ed by a chrom ogen ic s u b s tra te .

The most common use has been to  de tec t IEA p ro d u c tio n  in c u ltu re d  

ce lls , as in th e  she ll v ia l te ch n iq u e  described  above (Gleaves e t al, 

1984), p ro v id in g  a rap id  d iagnos is  o f in fe c tio n . G r if f ith s  e t a l (1984) 

used MoAbs to  de tec t e a rly  an tigen  p ro d u c tio n  in s lide  c u ltu re s  by 

im m unofluorescence, ’ de tec tion  o f e a rly  an tig en  flu o re s c e n t foc i 

(DEAFF)’ . Th is  te s t gave re s u lts  a f te r  27 h o u rs  compared w ith  an 

average o f 17-5 days by conven tiona l c u ltu re , and had 100% s p e c ific ty
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and 80% s e n s it iv ity .  A fu r th e r  re p o r t on th e  same te ch n iq u e  in v o lv in g  

a la rg e r sample num ber showed 94% agreem ent between c u ltu re  and 

th e  DEAFF te s t, w ith  equal num bers o f samples (2.8%) g iv in g  

d is c re p a n t re s u lts  by e ith e r  tech n iq u e . The same p r in c ip le  has been 

app lied  by o th e r  w o rke rs , us ing  im m unoenzym atic s ta in in g  ra th e r  than  

im m unofluorescence (Swenson & Kaplan, 1985; Steel e t al, 1988; 

S chachere r e t al, 1988).

MoAbs can also be used fo r  th e  de tec tion  o f HCMV an tigen  in 

re p re s e n ta tiv e  t is s u e  sections us ing  In s itu  techn iques , ena b ling  th e  

spread o f th e  v iru s  to  be fo llow ed in v a r io u s  o rgan s  and p ro v id in g  

im p o rta n t in fo rm a tion  conce rn ing  the  pa thogenesis  o f HCMV. In fe c tio n s  

in many tissues  and from  v a rio u s  p a tie n t g ro u p s  have been s tud ie d  

us ing  th is  method (G oldste in  e t al, 1982; P o rte r e t al, 1990; J iw a e t al, 

1989; van d e r B ij e t al, 1988). Im p o rta n tly , HCMV a n tig ens  have been 

dem onstra ted in m orpho log ica lly  normal t is s u e  from  p a tie n ts  w ith  

con firm ed  in fe c tio n  (J iw a e t al, 1989), and from  hea lthy  HCMV-Ab 

p o s itiv e  in d iv id u a ls  (T oo rkey  & C a rrig an , 1989). V e ry o fte n , th e  

combined use o f MoAbs and DNA h y b r id is a t io n  in  s itu  enables de tec tion  

o f a c tive  in fe c tio n s  (P o r te r  e t al, 1990).

A n tigen  ca p tu re  assays have been deve loped; these app ly  immobilised 

MoAbs (M cKeating e t al, 1985) o r  po lyc lona l an tib od ies  (E l-M e kk i e t al,

1987) to  ’c a p tu re ’ HCMV v ir io n s , which may then  be detected us ing  a 

second HCMV sp e c ific , enzym e-con juga ted  Ab. The va lue  o f such an 

assay is th a t v iru s  c u ltu re  is no t re q u ire d , th e  assay is ra p id , and it  

has th e  po ten tia l fo r  s ta n d a rd isa tio n  and th e re fo re  la rge  scale 

commercial p ro d u c tio n . U n fo rtu n a te ly , th e  re s u lts  o f s tu d ie s  us ing  

such assays have no t been as expected. M cKeating e t a l (1985) 

de tected  HCMV in 65% o f c u ltu re  p o s itive  u r in e s , b u t o n ly  a f te r  p r io r
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s to ra ge  a t 4°C, and E !-M ekki e t a l (1987) found  th a t repeated 

fre e z e /th a w  cyc les  increased th e  s e n s it iv ity  o f th e ir  assay.

A lth ough  MoAbs have p roved  to  be v e ry  use fu l fo r  th e  de tec tion  o f 

v ir u s  and v iru s  in fec ted  tis s u e  in h is to log ica l specimens, p rob lem s may 

a rise  due to  th e ir  h igh  s p e c if ic ty . In  s itu a tio n s  where a n tig e n ic  

v a r ia t io n  ex is ts , a p a r t ic u la r  ep itope  may not be recogn ised by a MoAb 

s p e c ific  fo r  a n o th e r HCMV s tra in . Chou & S co tt (1988) re p o rte d  such a 

s itu a tio n , w here tw o  o f 21 s tra in s  o f HCMV were no t recogn ised by a 

MoAb a ga ins t th e  m a jo r IE v ira l p ro te in .

1 . 5 . 2  DNA H y b r id is a t io n

The de tection  o f v ira l DNA o r  RNA in c lin ica l specimens can be 

achieved by h y b r id is a t io n  w ith  s p e c ific  nuc le ic  acid probes. The 

te c h n iq u e  may allow e ith e r  d ire c t de tec tion  o f nuc le ic  acid in sections 

o f  in fec ted  t is s u e  -  in  s itu  h y b r id is a t io n , o r  de tec tion  o f e x tra c te d , 

p a r t ia l ly  p u r if ie d  nuc le ic  acid im m obilised on a so lid  s u p p o rt -  do t o r  

s lo t b lo t h y b r id is a t io n . H y b rid is a tio n  may be dem onstra ted by a 

num ber o f d if fe re n t  m ethods depend ing  on th e  choice o f label fo r  the  

p robe ; ra d io a c tive , b io tin y la te d , enzym ic, f lu o re s c e n t o r  a n tig e n ic  

labels. R a d io a c tiv ity  has been, and con tin ues  to  be, th e  most commonly 

used label, b u t th e  use o f b io tin  is in c rea s ing , espec ia lly  in d ia g n o s tic  

a p p lica tio n s , as i t  o f fe rs  a safe a lte rn a tiv e  to  rad io iso topes and is 

s ta b le  o v e r long pe riods.

1 . 5 . 2 . 1  D o t /S lo t  B lo t H y b r id is a tio n

D o t/s lo t b lo t h y b r id is a t io n , us ing  ra d io a c tive  o r  b io tin  labelled probes, 

has f re q u e n t ly  been used fo r  th e  de tec tion  o f HCMV in u r in e  samples, 

espec ia lly  in s itu a tio n s  w here la rge  num bers o f samples are  invo lved
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(Chou & M erigan, 1983; V irtane n  e t al, 1984; S ch us te r e t al, 1986; 

B u ffone  e t al, 1988). When compared w ith  ce ll c u ltu re , th e  s e n s it iv ity  

o f these assays ranged from  70-93%, w ith  th e  p re d ic tiv e  va lue  o f a 

nega tive  re s u lt  ra n g in g  from  80-97%. In  a p ro sp e c tive  s tu d y  in v o lv in g  

67 b u ffy c o a t samples from  bone m arrow tra n s p la n t p a tie n ts , S pec to r e t  

a! (1984) detected HCMV DNA by do t b lo t h y b r id is a tio n  in 13 o f 14 

(93%) c u ltu re  p o s itiv e  samples, and in 21 o f 53 c u ltu re  nega tive  

samples. In  20 o f 21 o f these  samples ev idence was presen ted  th a t  the  

h y b r id is a t io n  re s u lts  were c o rre c t and th a t  th e  te ch n iq u e  was more 

s e n s itiv e  than  th e  c o -c u lt iv a tio n  method used to  de tec t HCMV. An 

im p o rta n t fe a tu re  o f d o t /s lo t  b lo t h y b r id is a t io n  is th a t v ir tu a l ly  any 

c lin ic a l specimen can be used; in ta c t t is s u e  sections are no t re q u ire d , 

and im p o rta n tly , tim e consum ing and expensive  cell c u ltu re  is no t 

re q u ire d .

1 . 5 . 2 . 2  I n  S i t u  H y b r id is a tio n

Evidence fo r  a c tiv e  o r  s ile n t HCMV in fe c tio n  in sp e c ific  tis su e s  can be 

ob ta ined  by th e  use o f in  s itu  h y b r id is a t io n . C u rre n tly , most w o rke rs  

use b io tin  labelled probes and enzym atic  de tec tion  o f th e  h y b r id s . 

Using in  s itu  h y b r id is a t io n  i t  is possib le  to  de tec t HCMV DNA and RNA 

in tissu e s  w ith  and w ith o u t m orpholog ica l ev idence o f in fe c tio n . The 

combined use o f in  s itu  h y b r id is a tio n  and im m unoh is tochem is try  us ing 

MoAbs can p ro v id e  accu ra te  in fo rm a tion  conce rn ing  the  s ta te  o f the  

in fe c tio n  in th e  tissues .

In  s itu  h y b r id is a tio n  has been used to  de tec t HCMV in fe c tio n  in a 

v a r ie ty  o f tissues . HCMV in fe c tio n  may u n d e r lie  ano the r in fe c tio n  o r  

disease s ta te , fo r  example Keh & G erber (1988) used in  s itu  

h y b r id is a tio n  and im m unoh is tochem is try  to  in v e s tig a te  HCMV in fe c tio n
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in AIDS p a tie n ts . In  a d d itio n  to  f in d in g  HCMV DNA and v ira l an tig e n s  

in cytom ega lic  ce lls , th e y  also found  both in m orpho log ica lly  normal 

ce lls , which account fo r  25-55% o f in fec ted  ce lls  in system ic HCMV 

in fe c tio n  in AIDS p a tie n ts . F u r th e r  s tu d ie s  have dem onstra ted th e  

presence o f HCMV in colon b iopsy samples (R oberts  e t al, 1988; C layton 

e t al, 1989), and in b ronch oa lve o la r lavage f lu id  from  AIDS and o th e r 

immu nosup pressed p a tie n ts  (H ilbo rne  e t al, 1987; J iw a e t al, 1990), in 

l iv e r  b iopsies from  p a tie n ts  u n d e rg o in g  l iv e r  tra n s p la n t (Naoumov e t  

al, 1988; D6ny e t al, 1989), and in PBMC from  im m unosuppressed 

p a tie n ts  (D ankner e t al, 1990).

1 . 5 . 3  Polymerase Chain R eaction

A lth ough  th e  th e o re tic a l basis fo r  PCR has been unders tood  fo r  some 

tim e, th e  p ro ce d u re  was p re v io u s ly  v e ry  la bo riou s  and re la t iv e ly  

in e ff ic ie n t.  Now i t  is recogn ised as a m a jo r advance in p ra c tica l 

m olecu lar b io logy . The tw o  fa c to rs  th a t  have tra n s fo rm e d  the  

te ch n iq u e  are  th e  p ro d u c tio n  o f automated te m p e ra tu re  c y c lin g  

equ ipm ent and th e  iso la tion  o f the rm ostab le  DNA polym erases (eg Taq 

DNA polym erase). The tw o  fa c to rs  to g e th e r mean th a t th e  reaction  mix 

can be p repa red  w ith  s u f f ic ie n t  enzyme fo r  th e  whole p roced u re , and 

th a t  th e  autom ated te m p e ra tu re  c y c le r  w ill pe rfo rm  th e  p ro ce d u re  

w ith o u t any manual invo lvem en t.

PCR has re vo lu tio n ise d  th e  de tec tion  o f in fe c tio u s  agents, espec ia lly  

those  p re se n t in small num bers and those th a t  in te g ra te  In to  th e  

genomic DNA. The te ch n iq u e  has p roved  espec ia lly  use fu l fo r  th e  

de tec tion  o f v iru s  in fe c tio n s , and has been re p o rte d  to  be capable o f 

d e te c tin g  a s in g le  copy o f v ira l genome in as many as 105 ce lls  (Sa ik i
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e t al, 1988), a level o f s e n s it iv ity  p re v io u s ly  o n ly  approached by 

le n g th y  in s itu  h y b r id is a tio n  techn iques .

A num ber o f s tu d ie s  have been pub lished  d e ta ilin g  th e  use o f PCR fo r  

th e  de tec tion  o f HCMV in c lin ic a l samples. Using o ligo nuc le o tide  

p rim e rs  s p e c ific  fo r  th e  immediate e a rly  (IE ) reg ion  o f th e  HCMV 

genome, c lin ica l samples from  c o n g e n ita lly  in fec ted  in fa n ts  (Demmler e t  

al, 1988), bone m arrow  tra n s p la n ts  (Cassol e t a l, 1989; Jiw a e t a l, 1990) 

renal tra n s p la n ts  (O live  e t a l, 1989a, 1989b) and AIDS p a tie n ts  (S h ib a ta  

e t al, 1988; S h iba ta  & K la tt, 1989; Hsia e t al, 1989) have been examined 

by PCR in p a ra lle l w ith  s ta n d a rd  te chn iques . The te c h n iq u e  is a t least 

as s e n s itiv e  as v iru s  c u ltu re , and some a u th o rs  (Hsia e t al, 1989; O live  

e t al, 1989b; S h iba ta  e t al, 1988) have re p o rte d  g re a te r s e n s it iv ity  

to g e th e r w ith  a s ig n if ic a n t decrease in th e  tim e taken  to  con firm  

in fe c tio n . PCR has re c e n tly  been used to  dem onstra te  la te n t HCMV DNA 

in PBMC from  hea lthy  HCMV-Ab p o s itive  in d iv id u a ls  (S ta n ie r e t al,

1989; M o rris  e t al, 1989).

1 . 5 . 4  D e te c tio n  o f  HCM V-Specific Antibody

The ad ve n t o f m ethods enab ling  th e  ra p id  de tec tion  o f acute 

in fe c tio n s , such as monoclonal an tib o d ie s  and DNA probes, have to  a 

c e rta in  e x te n t rep laced conven tiona l se ro lo gy , a ltho ugh  th is  is s t i l l  

in va lu ab le  in c e rta in  instances. Knowledge o f th e  sero log ica l s ta tu s  o f 

o rgan  donors is im p o rta n t s ince  th e  tra n s p la n te d  o rgan  its e lf  is  known 

to  be an im p o rta n t source  o f in fe c tio n  (G rundy  e t al, 1988). The 

sero log ica l s ta tu s  o f th e  re c ip ie n t is also im p o rta n t as th e  inc idence  

and s e v e r ity  o f HCMV disease is h ig h e r in HCMV-Ab nega tive  

re c ip ie n ts  (Sm iley e t al, 1985). Most cases o f m aterna l HCMV in fe c tio n  

d u r in g  p regnancy  and subsequen t congen ita l in fe c tio n  are  in it ia l ly
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diagnosed so le ly  on the  basis o f the  presence o f HCMV-Ab app ea ring  

in an o th e rw ise  hea lthy  in d iv id u a l (S tagno e t al, 1986).

Enzyme immunoassay (E IA ) is th e  most s e n s itive  te s t ro u t in e ly  used to  

de tec t c irc u la t in g  Ab, w h ils t te s ts  such as complement f ix a tio n  (CF) 

and latex p a r t ic le  a g g lu tin a tio n  are s t i l l  ro u tin e ly  used in a num ber o f 

la b o ra to rie s . Immuno (W estern) b lo tt in g  (IB ), has some a p p lica tion  in 

th e  de ta iled  ana lys is  o f th e  response to  in d iv id u a l HCMV p ro te in s  and 

th e  is o ty p ic  response o f th e  in fec ted  in d iv id u a l.

Rapid d iagnos is  o f HCMV in fe c tio n  in tra n s p la n t p a tie n ts  is essen tia l to  

allow d if fe re n tia t io n  between HCMV in fe c tio n  and g ra f t  re je c tio n , and 

th u s  the  c o rre c t tre a tm e n t regim en. M ille r e t a l (1989) compared th e  

tim e taken  fo r  se roconvers ion  w ith  de tec tion  o f v ir u r ia  in a g roup  o f 

rena l a llo g ra ft  re c ip ie n ts . A lth ough  th e  method o f Ab de tec tion  had 

some bea ring  on the  p o in t o f de tec tion  o f se roconve rs ion , th is  was 

ge n e ra lly  p r io r  to  th e  de tec tion  o f v i r u r ia  by conven tiona l c u ltu re .

1 . 5 . 4 . 1  D e te c tio n  o f HCMV-IgM A ntibody

D iagnostic  Ab sc reen ing  in vo lve s  de tec tion  o f c irc u la tin g  HCMV-IgM 

and IgG an tib od ies , and in te rp re ta tio n  depends upon th e  g e n e ra lly  

accepted p re ce p t th a t IgM is p roduced im m ediate ly fo llo w in g  in fe c tio n  

and then  dec lines as IgG appears. HCMV-IgM to  la te an tigen  (LA ) is 

p roduced  a f te r  p r im a ry  in fe c tio n . I t  u sua lly  p e rs is ts  fo r  3 to  4 m onths 

and is th e re fo re  associated w ith  recen t o r  c u r re n t  in fe c tio n . However, 

HCMV-IgM has occasiona lly  been found  to  p e rs is t fo r  lo nge r pe riods, 

even up to  2 years  (Pass e t al, 1983; S u th e rla n d  & B rig g s , 1983). 

T ra n s ie n t HCMV-IgM has also been dem onstra ted in 6 o f 21 (K ang ro  e t 

al, 1982) and 19 o f 38 (O’Neill e t al, 1988) tra n s p la n t p a tie n ts  

u n d e rg o in g  re c u r re n t  in fe c tio n . The Ab had a low er t i t r e  than  th a t
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produced in p rim a ry  in fe c tio n  and was p roduced w ith in  2 to  3 m onths 

o f in fe c tio n .

Complement f ix in g  a c t iv ity  has been associated w ith  IgM Ab produced 

in response to  in fe c tio n  by a small num ber o f v iru s e s  in c lu d in g  HCMV 

(Booth & Mohammed, 1988). I t  is th o u g h t th a t  th is  a c t iv ity  he lps to  

e lim ina te  in fec ted  ce lls  and is lin ked  w ith  th e  expression o f th e  HCMV 

membrane an tig ens  (M idde ldo rp  e t al, 1986).

Many w o rke rs  have used e ith e r  RIA o r EIA to  de tec t c irc u la t in g  HCMV- 

IgM Ab (Kangro , 1980; S tagno e t al, 1985; van de r Giessen, 1990), 

a lthough  flu o re s c e n t te ch n iq u e s  have been used by o th e rs  (E ld e r & 

Sm ith, 1987; Z e rb in i e t al, 1986; Thomson e t al, 1987). M a jo r fa c to rs  

leading to  th e  loss o f s p e c if ic ity  associated w ith  sc reen ing  fo r  IgM 

an tibod ies , are th e  n o n -s p e c if ic  b in d in g  o f  rheum ato id fa c to r  (IgM  

an tibod ies  to  IgG) (Fung  & T ilto n , 1985; Salonen e t al, 1980), and th e  

presence o f h igh  leve ls  o f sp e c ific  IgG (B u im o v ic i-K le in  e t al, 1983).

1 . 5 . 4 . 2  D e te c tio n  o f HCMV-IgG A ntibody

In  in d iv id u a ls  w ith  p r im a ry  HCMV in fe c tio n , c irc u la tin g  HCMV-IgG Ab is 

produced la te a fte r  in fe c tio n , when sym ptom s have appeared. The Ab 

gen e ra lly  p e rs is ts  fo r  life , a lthough  f lu c tu a tio n s  in t i t r e  have been 

re p o rte d . Follow ing re c u r re n t in fe c tio n , a s ig n if ic a n t increase in t i t r e  

o f Ab is in v a r ia b ly  found  (Pass e t al, 1983; O’Neill e t al, 1988). O’Neill 

e t a l (1988) fu r th e r  examined th e  s p e c ific  response to  HCMV-EA and 

HCMV-LA. They found  th a t, fo llo w in g  p r im a ry  in fe c tio n , IgG -EA appears 

la te r than  IgG -LA , b u t th a t  a f te r  re c u r re n t  in fe c tio n  th e  t i t r e  o f both 

an tibod ies  increased in pa ra lle l. S ig n if ic a n t rises  in t i t r e  o f  IgG-EA 

were found  in a ll p a tie n ts  w ith  re c u r re n t in fe c tio n  b u t in o n ly  40% o f 

p a tie n ts  w ith  p r im a ry  in fe c tio n . The va lue  o f IgG-EA in th e  d iagnosis
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o f re c u r re n t  in fe c tio n  is lim ited , how ever, as i t  has been found  both 

in p re g n a n t women (G r if f i th s  e t al, 1980) and in norm al, hea lthy  

s e ro p o s itive  in d iv id u a ls  (F riedm an e t al, 1982).

RIA and EIA are th e  assays o f choice fo r  th e  de tec tion  o f HCMV-IgG as 

th e y  o f fe r  th e  g re a te s t s e n s it iv ity  and s p e c if ic ty , to g e th e r w ith  ease 

o f use and th e  a b ili ty  to  handle o f la rge  num bers o f samples. A 

num ber o f o th e r  te ch n iq u e s  are  also used, in c lu d in g  complement 

f ix a tio n  (CF) im m unofluoresence (IF ), and la tex p a r t ic le  a g g lu tin a tio n , 

o f which la tex p a rt ic le  a g g lu tin a tio n  has th e  advantage o f being 

sim ple, ra p id , and re la t iv e ly  se n s itiv e  (Chou & S co tt, 1988; K lin e d in s t 

e t al, 1988), fo r  example fo r  th e  rap id  sc reen ing  o f a llo g ra ft  donors  

and re c ip ie n ts  (Le land e t al, 1989).

1 .6  HCMV AND BLOOD TRANSFUSION

There  can be no d o u b t th a t, in th e  past, blood tra n s fu s io n  

rep resen ted  a m a jo r source  o f HCMV in fe c tio n  in those  p a tie n t g ro u p s  

known to  be a t r is k .  Today, how ever, w h ils t th e  p o te n tia l fo r  

transm iss ion  o f HCMV has not changed, th e  inc idence  o f tran sm iss ion  

has d ram a tica lly  decreased as an awareness o f the  problem  and 

approaches to  its  so lu tion  have evo lved.

1 . 6 . 1  E a r ly  F in d in g s

The f i r s t  ev idence  fo r  transm iss ion  o f HCMV by tra n s fu s io n  was 

re po rte d  by Kreel e t a! (1960), who described  a fe b r ile  m ononucleosis 

th re e  to  e ig h t weeks a fte r  open h e a rt s u rg e ry  in v o lv in g  blood 

tra n s fu s io n , th e  post p e rfu s io n  syndrom e. The id e n tif ic a tio n  o f HCMV 

as th e  s p e c ific  cause o f th is  syndrom e was made by Klemola e t a l
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(1965) and [Kaariainien e t al (1966a), who re p o rte d  rises  in t i t r e  o f CF 

an tib od ies  to  HCMV, m ild mononucleosis, and, in one case ((Kaariainien e t  

al, 1966b), iso la tion  o f HCMV from  th e  u r in e  o f a p a tie n t. Both S tu lb e rg  

e t a l (1966) and Harnden e t a l (1967) iso lated HCMV from  p e r ip h e ra l 

blood, s u p p o rtin g  th e  hypo the s is  o f p o te n tia l transm iss ion  o f HCMV by 

blood tra n s fu s io n . Lang e t a l (1968) described  fo u r  cases o f HCMV 

m ononucleosis in a g roup  o f 131 p a tie n ts  who had undergone  open 

h e a rt s u rg e ry . V iru s  was recovered from  th e  u r in e  o f all fo u r  and 

from  th e  th ro a t o r  blood o f th re e . Lang & Hanshaw (1969) described  

fo u r  sym ptom atic  cases o f HCMV in fe c tio n  w here v iru s  was c u ltu re d  

from  th e  b u ffy c o a ts , and HCMV-IgM su b se q u e n tly  detected in a ll fo u r .

S ubsequ en tly , a la rge  num ber o f p ro s p e c tiv e  s tu d ie s  have been 

perfo rm ed and these have p ro v id e d  in fo rm a tion  conce rn ing  th e  c lin ica l 

and la b o ra to ry  d iagnos is  o f in fe c tio n  in p a tie n ts  and, more 

im p o rta n tly , have cons idered  th e  re la tiv e  r is k s  o f p o s t- tra n s fu s io n  

HCMV in fe c tio n , and fa c to rs  m ed ia ting  these  r is k s . Table 1.1 

sum m arises th e  re s u lts  o f tw e lve  such s tu d ie s  perfo rm ed between 1966 

and 1988 and which in c lud e  more than  50 p a tie n ts .

The inc idence o f in fe c tio n  v a r ie s  from  s tu d y  to  s tu d y  w ith  an o ve ra ll 

f ig u re  o f 19%. In te re s t in g ly ,  the  o ve ra ll va lue  from  each in d iv id u a l 

s tu d y  appears to  decrease as th e  s tu d ie s  become more recen t, a 

f in d in g  th a t c o rre la te s  w ith  a g radua l decrease in th e  average num ber 

o f u n its  tra n s fu s e d  p e r p a tie n t. The inc idence  o f sym ptom atic  in fe c tio n  

was h ig h e r in p r im a ry  (9-2%) than  in secondary  in fe c tio n s  (4%). The 

o v e ra ll inc idence o f sym ptom atic  in fe c tio n  p o s t- tra n s fu s io n  was 2 -0%, 

o f which 1-7% was a t tr ib u ta b le  to  p r im a ry  and 0-3% to  secondary 

in fe c tio n . However, these f ig u re s  are based on a d e fin it io n  o f 

secondary in fe c tio n  based upon a fo u r  fo ld  r ise  in HCMV-Ab t i t r e
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p o s t- tra n s fu s io n , a d e fin it io n  w h ich may lead to  ove res tim a tion  because 

o f pass ive ly  acqu ired  h igh  t i t r e  HCMV-Ab.

Table 1.1 Inc idence  o f p rim ary  and secondary HCMV in fe c t io n  a f te r  

tra n s fu s io n

Seronegative  S e ro p o s itiv e  Mean Donor
T o ta l p ts re c ip ie n ts re c ip ie n ts no. Sympto c a r r ie r

Reference Txed In f (X) Txed In f (X) Txed In f (X) u n its m atic ra te (X )

Paloheimo e t  a l 63 19 (30 ) 17 10 (59) 46 9 (20 ) 7 *6 1 prim 7 -7
1968
Henle e t  a l 152 53 (35 ) 61 36 (59 ) 91 17 (19) 7 4 prim 5-12
1970
P rin ce  e t  a l 152 30 (20 ) 93 17 (18) 59 13 (22) 8 3 NG 2 -4
1971
Caul e t  a l 55 21 (38 ) 21 7 (33 ) 34 14 (41) 8 0 6 5 -0
1971
L uth ard t e t  a l 73 12 (16 ) 35 8 (23) 38 4 (11) NG None -
1971
MRC Work. P a rty 712 37 (5 ) 270 24 (9 ) 442 13 (3 ) 4 1 prim 2 ‘2
1974
M onif e t  a l 207 19 (9 ) 140 16 (11) 67 3 (4 ) 4 -3 NG 2 *7
1976
Armstrong e t  a l 119 15 (13 ) 93 9 (10) 26 6 (23 ) 3 9 None 2 -5
1976
Bayer 159 5 (3 ) 30 1 (3 ) 129 4 (3 ) 3 2 None 1 0
1977
A lte r  e t  a l 107 22 (21 ) 29 14 (48 ) 78 8 (10) 9 1 prim 5 -4
1982
W ilhelm  e t  a l 595 7 (1 '2 ) 595 7 (1 -2) - - - 3 4 2 prim 0 35
1986
P r e ik s a it is  e t  a l  637 6 (1 ) 637 6 (1 ) - - - 9 *2 4 prim 0*1
1988a

T o ta l 3031 246 I (9 ) 2021 155 i<7> 1010 91 (16)

NG -  n o t g ive n , p rim  -  p r im a ry  in fe c tio n
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P rince  e t a l (1971) found  th a t on ly  7% o f p a tie n ts  re c ie v in g  a s in g le  

u n it  o f blood compared to  21% o f p a tie n ts  re c ie v in g  m u ltip le  u n its  

dem onstra ted e q u iva le n t rises  in HCMV-Ab t i t r e .  T h is  f in d in g  is in 

agreem ent w ith  those o f A rm strong  e t a l (1976), Henle e t a! (1970),

M onif e t at (1976) and Bayer (1977) who have all re p o rte d  a h ig h e r 

inc idence  o f in fe c tio n  in m u lt ip ly - tra n s fu s e d  p a tie n ts  than  in those 

re ce iv in g  less than  fo u r  u n its . E a rly  re p o r ts  lin k in g  th e  age o f blood 

w ith  transm iss ion  o f HCMV (Kaaria in ien e t al, 1966b; Paloheimo e t al,

1968) arose from  s tu d ie s  in v o lv in g  open h e a rt s u rg e ry , where la rge  

volum es o f fre s h  blood were used. Data from  tra n s p la n t re c ip ie n ts  jwere 

lim ited  a t th is  tim e as few tra n s p la n ts  were pe rfo rm ed .

In  a d d itio n  to  th e  sero log ica l s ta tu s  o f th e  re c ip ie n t, th e  s ta tu s  o f th e  

tra n s fu s e d  blood was th o u g h t to  be im p o rta n t in th e  transm iss ion  o f 

HCMV (L u th a rd t  e t al, 1971; M onif e t al, 1976; Kumar e t al, 1980).

L u th a rd t e t a l (1971) were th e  f i r s t  to  show th e  im portance o f the  

sero log ica l s ta tu s  o f th e  donor blood in th a t HCMV-Ab nega tive  

p a tie n ts  re ce iv in g  HCMV-Ab nega tive  blood remained u n in fe c te d . These 

f in d in g s  were co rro b o ra te d  by M onif e t a l (1976), who dem onstra ted 

th a t the  tra n s fu s io n  o f HCMV-Ab nega tive  blood to  HCMV-Ab nega tive
• /

p a tie n ts  d ram a tica lly  reduced th e  inc idence  o f p o s t- tra n s fu s io n  HCMV 

in fe c tio n , 3-5% compared to  an inc idence  o f 24% when HCMV-Ab 

p o s itive  blood was tra n s fu s e d .

In te re s t in g ly ,  p o s t- tra n s fu s io n  HCMV s t i l l  occu red , a lthough  th e re  are 

a num ber o f poss ib le  exp lana tions fo r  th is  such as co inc iden ta l 

concom m itant in fe c tio n  w ith  exogenous v iru s  o r  in s e n s itiv e  Ab te s tin g  

fa il in g  to  de tec t HCMV-Ab p o s itiv e  donors  w ith  low Ab leve ls  o r  the  

s e ro p o s it iv ity  o f re c ip ie n ts .
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1 . 6 . 2  C a rria g e  o f V iru s  (L a te n cy ) in  Donor Blood

A cand ida te  veh ic le  fo r  th e  c a rr ia g e  o f la te n t v iru s  in blood had been 

so u g h t fo r  some tim e when Fiala e t a! (1975) postu la ted  th a t PBMC 

harbou red  th e  v iru s . S u bsequ en tly , both Lang e t a l (1977) and T o lk o ff 

& Rubin (1978) re p o rte d  th a t p a tie n ts  who recieved fro z e n /re c o v e re d  

red ce lls  had a lower inc idence o f p o s t- tra n s fu s io n  HCMV than  a 

s im ila r g roup  o f p a tie n ts  who rece ived conven tiona l blood. These 

f in d in g s  were con firm ed  by B e tts  e t a! (1979), who re p o rte d  a tw o  

yea r s tu d y  d u r in g  which none o f 38 HCMV-Ab neg a tive  p a tie n ts  who 

rece ived fro z e n /re c o v e re d  red ce lls  developed p o s t- tra n s fu s io n  HCMV 

in fe c tio n . These f in d in g s  led to  th e  conc lus ion  th a t HCMV was indeed 

tra n s m itte d  in th e  leucocyte  fra c t io n  o f donor blood, and th u s  

tra n s fu s io n  o f th e  normal c e llu la r  com ponents o f blood such as red 

cell p re p a ra tio n s , p la te le t conce n tra tes  and leucocyte  co n ce n tra tes  is 

associated w ith  a h igh  r is k  o f HCMV in fe c tio n , w h ils t th e  n o n -c e llu la r  

com ponents such as fre s h  plasma, c lo tt in g  fa c to r  conce n tra tes  and 

a lbum in so lu tio n s  are essen tia ly  fre e  from  r is k .

D u ring  acute  in fe c tio n , HCMV can be detected by DNA h y b r id is a t io n  in 

a ll f ra c t io n s  o f whole blood and may be iso lated from  PBMC by c u ltu re  

techn iques . However, when these  te ch n iq u e s  are  app lied  to  donor 

samples v iru s  canno t u su a lly  be de tected , a ltho ugh  inocu la ted  HCMV 

has been found  to  p e rs is t fo r  up to  28 days in s to red  whole blood 

and fo r  up to  97 days in fro ze n  plasma (R ina ldo  e t al, 1977). Jackson 

e t a l (1987) used spo t h y b r id is a t io n  to  examine th e  PBMC o f HCMV- 

sp e c ific  IgM Ab p o s itiv e  blood donors  fo r  th e  presence o f HCMV DNA, 

b u t w ith o u t success. There  has been on ly  one re p o r t  o f th e  iso la tion  

o f in fe c tio u s  v ir u s  from  donor blood (Diosi e t al, 1969), w here v iru s  

was c u ltu re d  by normal te ch n iq u e s  from  th e  PBMC o f tw o  hea lthy
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HCMV-Ab p o s itiv e  donors. T h is  f in d in g  has neve r been repeated and, 

s u b se q u e n tly  blood from  more than  1200 HCMV-Ab p o s itive  and 

neg a tive  donors has fa ile d  to  y ie ld  any in fe c tio u s  v iru s  (M irk o v ic  e t 

al, 1971; Kane e t al, 1975; Bayer & Tegtm eier, 1976; A rm strong  e t al, 

1976).

T ransm ission o f HCMV by blood in which no in fe c tio u s  v iru s  can be 

detected is c o n s is te n t w ith  th e  hyp o th e s is  th a t,  in hea lthy  in d iv id u a ls  

who have recovered  from  p re v io u s  HCMV in fe c tio n , la te n t v ir u s  may be 

ha rbou red  in th e  PBMC. T ra n s fu s io n  o f these ce lls  d u r in g  blood 

tra n s fu s io n  is th e  p robab le  means by which th e  v iru s  is tra n s m itte d , 

a ltho ugh  tran sm iss ion  o f v iru s  d u r in g  a c tive  in fe c tio n  cannot be ru led  

ou t.

Many re p o r ts  c ite  tra n s fu s io n  o f la rge  am ounts o f blood from  m u ltip le  

donors, and in these  s itu a tio n s  th e  tra n s fu s io n  o f a u n it  o f blood from  

a v iraem lc , asym ptom atic, in fec ted  donor is a p o s s ib ility .  However, th e  

f in d in g  th a t  13-5% o f m u lt ip ly  tra n s fu s e d  neonates deve lop 

sym ptom atic  HCMV in fe c tio n  dem onstra tes an in fe c tio n  ra te  fa r  h ig h e r 

than  would be expected i f  tran sm iss ion  were due on ly  to  th e  use o f 

blood from  a cu te ly  In fec ted  donors. Thus, th e  m a jo r ity  o f cases o f 

in fe c tio n  o f HCMV-Ab nega tive  re c ip ie n ts , and p o ss ib ly  also o f HCMV- 

Ab p o s itive  re c ip ie n ts , a re  due to  re a c tiv a tio n  o f tra n s fu s e d  la te n t 

v iru s .  Top lin  e t a l (1985), how ever, re p o rte d  th e  tra n sm is io n  o f HCMV 

to  tw o  in fa n ts  who had both rece ived red ce lls  from  th e  same u n it  o f 

donor blood. In  th is  case, v iru s  was c u ltu re d  from  th e  u r in e  o f th e  

donor one yea r a f te r  th e  im plica ted dona tion ; th e  donor had HCMV-IgG 

and v iru s  could no t be c u ltu re d  from  any o th e r  source. The v iru s  

iso lated from  th e  donor was compared by re s tr ic t io n  enzym e ana lys is  

to  iso lates from  th e  tw o  in fec ted  in fa n ts  and fo u n d  to  be id e n tica l.

-  61 -



T h is  is th e  f i r s t  and on ly  re p o r t o f tra n s fu s io n  tran sm iss ion  con firm ed  

by m olecu lar techn iques ; it  also is h ig h ly  lik e ly  th a t th is  donation was 

made d u r in g  an acute asym ptom atic in fe c tio n  a t th e  v iraem ic  stage.

M olecu lar ev idence  fo r  the  la tency o f the  v ir u s  has been p ro v id e d  

re c e n tly  us ing  in  s itu  h y b r id is a t io n  (S c h r ie r  e t al, 1985; Nelson e t al, 

1990) and PCR (S ta n ie r e t al, 1989) to  dem onstra te  HCMV DNA and RNA 

in PBMC. The mechanisms o f v iru s  re a c tiv a tio n  are  unc lea r, b u t the  

h ig h e r inc idence  o f p o s t- tra n s fu s io n  HCMV in fe c tio n  in 

im m unoincom petent compared to  im m unocom petent in d iv id u a ls  may 

in d ica te  th e  invo lvem en t o f th e  immune system  o f th e  re c ip ie n t. 

Reynolds e t a l (1979) postu la ted  th a t,  in in fa n ts , th e  im m a tu rity  o f the  

immune system  meant th a t th e y  cou ld  no t p re v e n t re a c tiv a tio n  o f th e  

v iru s  o r  n e u tra lis e  re a c tiva te d  v iru s .  Lang (1972) proposed th a t 

tra n s fu s e d  PBMC may t r ig g e r  an a llo g ra ft  reaction  lead ing  to  

re a c tiv a tio n  o f v ir u s  la te n t in th e  re c ip ie n t. Cheung & Lang (1977) 

fu r th e r  proposed th a t a llogene ic  s tim u la tio n  o f th e  tra n s fu s e d , la te n tly  

in fec ted  PBMC induces re a c tiv a tio n . T h is  th e o ry  was based on the  

o b s e rv a tio n s  in mice th a t tra n s fu s io n  o f la te n tly  in fec ted  blood in to  

a llogene ic  and synge ne ic  re c ip ie n ts  re su lte d  in more fre q u e n t 

re a c tiv a tio n  in th e  a llogene ic  re c ip ie n ts .

1 . 6 . 3  P o s t-T ra n s fu s io n  HCMV In fe c t io n s

P o s t- tra n s fu s io n  HCMV in fe c tio n  may be due to  p r im a ry  in fe c tio n , 

re a c tiv a tio n  o f la te n t in fe c tio n  o r  re in fe c tio n  by fre e  o r la te n t 

tra n s fu s e d  v iru s .  In  hea lthy  im m unocom petent in d iv id u a ls , p os t

tra n s fu s io n  HCMV in fe c tio n  is u su a lly  asym ptom atic, b u t may m anifest 

as a m ild h e te ro p h ile  neg a tive  m ononucleosis syndrom e. The re  is 

m inimal m o rb id ity  associated w ith  such in fe c tio n s  and th e re fo re  l i t t le
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need fo r  blood screened nega tive  fo r  HCMV fo r  these p a tie n ts .

In fe c tio n  in im m unoincom petent p a tie n ts  how ever, may be associated 

w ith  s ig n if ic a n t m o rb id ity  and m o rta lity . T h is  g roup  o f p a tie n ts  

in c ludes  p re te rm  in fa n ts , im m unosuppressed in fa n ts  and c h ild re n , 

p re g n a n t women, p a tie n ts  w ith  m alignancies u n d e rg o in g  

im m unosuppressive  tre a tm e n t, AIDS p a tie n ts , and a llo g ra ft  re c ip ie n ts . 

Such p a tie n ts  may b e n e fit from  tra n s fu s io n  s u p p o rt w ith  HCMV- 

nega tive  screened blood.

1 . 6 . 4  P re ven tio n  o f  T ran s fu s io n  Transm ission o f  HCMV

P reven tion  o f tra n s fu s io n  associated HCMV in fe c tio n  can be achieved 

by e ith e r  rem oving th e  leucocytes from  th e  tra n s fu s e d  p ro d u c ts  

(M u rp h y  e t al, 1988; de G raan-H entzen e t al, 1987) o r  by the  

tra n s fu s io n  o f HCMV-Ab nega tive  blood to  those  p a tie n ts  a t r is k  o f 

HCMV in fe c tio n  (Bowden e t al, 1987; Teg tm eie r, 1988).

1 . 6 . 4 . 1  Use o f  Leucocyte Poor Blood

Removal o f leucocytes from  tra n s fu s e d  blood can be achieved by a 

num ber o f m ethods in c lu d in g  fre e z e /th a w , w ashing and f i l t r a t io n .  The 

e ffe c tive n e ss  o f fre e ze /th a w  was re p o rte d  by A d le r e t a l (1984), who 

found  no cases o f p o s t- tra n s fu s io n  HCMV in fe c tio n  in 34 low b i r t h -  

w e igh t in fa n ts  tra n s fu s e d  w ith  fro z e n /re c o v e re d  red ce lls , compared to  

in fe c tio n  in 7 o f 25 in fa n ts  tra n s fu s e d  w ith  conven tiona l blood. 

C o n flic tin g  re p o r ts  o f th e  e ffic a c y  o f ’ washed ce lls ’ have appeared. 

W illiams e t a l (1984) re p o rte d  th a t th e  use o f washed ce lls  decreased 

th e  r is k  o f HCMV in fe c tio n  in neonates, w h ils t Demmler e t a l (1985) 

found  no im provm ent. Washed ce lls , how ever, are more v a r ia b le  in 

th e ir  res idua l leucocyte  con ten t; th e  process is no t as e ff ic ie n t as 

fre e z e /th a w in g . F iltra t io n  o f whole blood has been used fo r  some tim e
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fo r  p re ve n tio n  o f a llo im m unisation to  HLA a n tig e n s  in m u lt i- tra n s fu s e d  

p a tie n ts  (M acG regor e t al, 1983), and fo r  th e  removal o f leucocytes  

from  p la te le t co n ce n tra tes  (S irc h ia  e t al, 1983). In  a re ce n t s tu d y , 

G ilb e rt e t a l (1989) found  th a t 9 o f 42 HCMV-Ab nega tive  in fa n ts  who 

rece ived u n filte re d  blood developed p o s t- tra n s fu s io n  HCMV in fe c tio n  

compared w ith  0 o f 30 s im ila r in fa n ts  re c e iv in g  f i lte re d  blood.

1 . 6 . 4 . 2  Screen ing o f Donors f o r  HCMV-Antibody

By fa r  th e  cheapest and most co nve n ie n t method o f p re v e n tin g  p os t

tra n s fu s io n  HCMV in fe c tio n  is  th e  screen ing  o f donor blood fo r  HCMV- 

Ab. W hils t th e  de tec tion  o f IgG o r  to ta l Ab is ro u t in e ly  used to  

de te rm ine  those  dona tions a t r is k  o f tra n s m itt in g  HCMV, a num ber o f 

s tu d ie s  have in ve s tig a te d  th e  p o te n tia lly  g re a te r in fe c t iv i ty  o f donors 

w ith  c irc u la tin g  HCMV-IgM.

1 . 6 . 4 . 3  Screen ing o f  Donors f o r  HCMV-IgM A ntibody

Presence o f HCMV-IgM in p r im a ry  in fe c tio n s  g e n e ra lly  in d ica tes  

c u r re n t  o r  recen t in fe c tio n  and has been re p o rte d  to  m ark v iru s  

re p lica tio n  (Rasmussen e t al, 1982). On th is  basis, donors possessing 

c irc u la tin g  HCMV-IgM may be more lik e ly  to  be v iraem ic  and, 

th e re fo re , more lik e ly  to  tra n s m it in fe c tio n . Teg tm eie r (1985) re p o rte d  

th e  re s u lts  o f u n p u b lish e d  s tu d ie s  which dem onstated a s ig n if ic a n t 

c o rre la tio n  between tra n s fu s io n  o f HCMV-IgM p o s itiv e  dono r u n its  and 

transm iss ion  o f v iru s .  The p reva lence  o f HCMV-IgM was found  to  agree 

w ith  th e  ca lcu la ted  donor c a r r ie r  ra tes. Beneke e t a l (1984) found  

th a t,  a ltho ugh  th e re  was c o rre la tio n  between HCMV-IgM and 

tran sm iss ion , o n ly  h a lf o f th e  in fe c tio n s  in th e ir  s tu d y  would have 

been p reven ted  i f  IgM p o s itiv e  blood had been excluded , and th e re fo re  

i t  was d o u b tfu l i f  HCMV-IgM sc reen ing  had any va lue . W ielaard e t al
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(1986) also concluded th a t  sc reen ing  fo r  HCMV-IgM alone would no t 

p re v e n t tran sm iss ion  o f HCMV. They found  th a t o n ly  0-16% o f Dutch 

blood dono rs  possesed HCMV-IgM, a f ig u re  th a t was co n s id e ra b ly  low er 

than  th e  estim ated percen tage  (2-5-12% ) o f donors capable o f 

t ra n s m itt in g  HCMV (A d le r, 1983), b u t in agreem ent w ith  th e ir  ca lcu la ted  

local annual se roconve rs ion  ra te .

1 . 6 . 4 . 4  Screening o f Donors f o r  HCMV-IgG A ntibody

Routine sc reen ing  o f blood dona tions in v lo ve s  sc reen ing  o f  donor 

serum  samples fo r  th e  presence o f HCMV-IgG. Donors fo u n d  to  be 

n eg a tive  by these  assays are  presum ed to  p re se n t l i t t le  r is k  o f  

tra n sm iss io n  o f HCMV and can be tra n s fu s e d  to  p a tie n ts  a t r is k  o f 

HCMV in fe c tio n . A l l t h e  pub lished  s tu d ie s  in v e s tig a tin g  th e  

p reva lence  o f HCMV-Ab in blood donors a re  based on th e  de tec tion  o f 

HCMV-IgG o r  to ta l Ab.

The p reva lence  o f HCMV-IgG in blood donors  va r ie s  th ro u g h o u t th e  

w o rld . K rech (1973) re p o rte d  preva lences in blood donors  ra n g in g  from  

40-79% in developed in d u s tr ia lis e d  c o u n tr ie s  to  81-100% in th ir d  w orld  

c o u n tr ie s . The p reva lence  o f HCMV-Ab was found  to  be in v e rs e ly  

p ro p o rt io n a l to  th e  socio-econom ic s ta tu s  o f th e  pop u la tion . In  

developed c o u n tr ie s , in fe c tio n  occured  more commonly d u r in g  

a du lthood , w h ils t in th ir d  w orld  c o u n tr ie s  in fe c tio n  o ccu rre d  v e ry  

e a r ly  in life . In  th e  UK, Perham e t a l (1971) fo u n d  th a t  55% o f random 

blood dono rs  had CF Ab to  HCMV. More re ce n t UK s tu d ie s  us ing  EIA 

have fo u n d  p reva lences o f 43 to  44% (H un t e t a l, 1984; G r in t e t al,

1985; E ley, 1987 -  u n p u b lish e d  data). In te re s t in g ly ,  K lapper e t at 

(1990), have re p o rte d  th e  much h ig h e r f ig u re  o f 53% in blood donors  

from  th e  M anchester area us ing  a new im m unorad iom etric  (R IST) assay.
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1 . 6 . 5  E ffe c tiv e n e s s  o f P re v e n ta tiv e  Measures in  
T ran s fu s io n  p r a c t ic e .

Yeager e t a l (1981) p ro v id e d  c lea r ev idence th a t tra n s fu s io n  was an 

im p o rta n t sou rce  o f a cqu ired  in fe c tio n  in low b ir th  w e igh t in fa n ts .

None o f 90 in fa n ts  re c e iv in g  HCMV-Ab neg a tive  blood developed HCMV 

in fe c tio n , whereas 10 o f 74 in fa n ts  re c e iv in g  unscreend  blood 

developed in fe c tio n . HCMV disease developed in f iv e  o f these in fa n ts  o f 

whom fo u r  d ied . These f in d in g s  were con firm ed  by o th e r  s tu d ie s  

(A d le r e t al, 1984; Lam berson e t al, 1983; Sm ith e t al, 1984). Bowden e t 

a l (1987) re p o rte d  th a t o n ly  one o f 104 HCMV-Ab nega tive  tra n s p la n t 

re c ip ie n ts  deve loped HCMV in fe c tio n  a f te r  tra n s fu s io n  o f HCMV-Ab 

neg a tive  blood. M ackinnon e t a l (1988) described  s im ila r f in d in g s  in a 

g roup  o f 37 HCMV-Ab neg a tive  BMT re c ip ie n ts .

The c u r re n t  recom endations from  th e  American Association o f Blood 

Banks (AABB) p ro v id e  fo r  th e  use o f HCMV-Ab neg a tive  blood fo r :  

HCMV-Ab n eg a tive  neonates w e igh ing  less than  1,250gm, HCMV-Ab 

neg a tive  p re g n a n t women, and bone m arrow tra n s p la n t re c ip ie n ts  

re ce iv in g  p ro p h y la c t ic  g ra n u lo c y te  tra n s fu s io n s  and have been 

fo llow ed s ince  1984 (Lam berson, 1988). I t  is recogn ised th a t  th e re  are 

o th e r  g ro u p s  o f p a tie n ts  who may also re q u ire  HCMV-Ab neg a tive  

blood; these  may in c lu d e  o rgan  tra n s p la n t p a tie n ts , AIDS p a tie n ts  and 

p a tie n ts  w ith  m alignancies. In  a ll these cases HCMV-Ab nega tive , 

p a tie n ts  re c e iv in g  blood may b e n e fit from  HCMV-Ab neg a tive  blood 

a ltho ugh  th is  no t s ta n d a rd  p ra c tic e  a t p resen t.
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1 . 7 .  PROPHYLAXIS AND TREATMENT OF HCMV INFECTIONS

HCMV in fe c tio n  in tra n s p la n t p a tie n ts  can be reduced by se ro log ica l 

sc reen ing  o f donors, p a tie n ts  and tra n s fu s e d  blood and p ro d u c ts . 

However, th is  approach w ill no t a ffo rd  any p ro te c tio n  a g a in s t 

congen ita l in fe c tio n  o r  in fe c tio n  due to  re a c tiv a tio n  in a p re v io u s ly  

in fec ted  in d iv id u a l. In  these s itu a tio n s , more fo rm al approaches o f 

a n t iv ira l th e ra p y  and vacc ina tion  are necessary.

1 . 7 . 1  A n t iv i r a l  Therapy

A n tiv ira l th e ra p y  is o f tw o  ty p e s ; h igh  t i t r e  im m unog lobu lin  (H T -Ig ), 

and s p e c ific  a n t iv ira l d ru g s .

1 . 7 . 1 . 1  A n t iv i r a l  Drugs

A num ber o f a n t iv ira l agen ts  have been used fo r  p ro p h y la x is  and fo r  

th e  tre a tm e n t o f  estab lished  HCMV in fe c tio n s . C u rre n tly , g a n c ic lo v ir  

appears to  be th e  most p rom is ing  a n t iv ira l agen t (C o lla b o ra tive  DHPG 

S tu d y  G roup, 1986), and re c e n tly , th e  com bined use o f g a n c ic lo v ir  and 

H T -Ig  has been found  to  be even more e ffe c tiv e  in th e  tre a tm e n t o f 

es tab lished  in fe c tio n s  (B ratanow  e t al, 1987; Schm idt e t al, 1988). O the r 

agen ts  th a t have been used in c lud e  a c y c lo v ir  (M eyers e t al, 1988), 

fo s c a rn e t (F a r th in g  e t al, 1987) and a - in te r fe ro n  (a -IF N ) (H irsch  e t al, 

1983).

1 . 7 . 1 . 2  HCMV P ro p h y lax is

G anc ic lov ir, a c y c lo v ir  and a-IFN  have all been u s e d |p ro p h y la c tica ly  w ith  

v a ry in g  re s u lts . a-IFN  has been used in c o n c lu s ive ly  in a num ber o f 

s tu d ie s . H irsch  e t a l (1983) re p o rte d  its  e ffe c tive n e ss  in p re v e n tin g  

HCMV disease in renal a llo g ra ft  re c ip ie n ts , w h ils t th e  re s u lts  o f a
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num ber o f o th e r  s tu d ie s  (W einer e t al, 1978; Cheeseman e t al, 1979; 

K ram er e t al, 1984; K o va rik  e t al, 1988) led to  th e  conc lus ion  th a t  a - 

IFN had no p ro p h y la c tic  action . A c y c lo v ir , a t h igh  dose leve ls, has 

been shown to  p ro v id e  some degree o f p ro te c tio n  aga ins t HCMV 

in fe c tio n  in bone m arrow  tra n s p la n t re c ip ie n ts  (Gluckman e t al, 1983; 

M eyers e t al, 1988), th o u g h  P e tte rsson  e t a l (1985) found  i t  in e ffe c tiv e  

fo r  renal tra n s p la n t re c ip ie n ts . The va lue  o f  g a n c ic lo v ir  p ro p h y la x is  is 

as ye t unc lea r, a lth o u g h  s tu d ie s  are c u r re n t ly  being u n d e rta ke n  to  

assess its  e ffe c tive n e ss .

1 . 7 . 1 . 3  Treatm ent o f E s ta b lis h e d  HCMV In fe c t io n

G anc ic lov ir, a c y c lo v ir , a-IFN  and fo s c a rn e t have all been used in th e  

tre a tm e n t o f  es tab lished  HCMV in fe c tio n . a-IFN  th e ra p y  has p roven  

in e ffe c tiv e  in th e  tre a tm e n t o f es tab lished  HCMV pneum on itis , both  on 

its  own (M eyers e t al, 1980) o r  in com bination w ith  v id a ra b in e  (M eyers 

e t al, 1982), o r  a c y c lo v ir  (Wade e t al, 1982).

Foscarne t has been su cce ss fu ly  used in th e  tre a tm e n t o f HCMV disease 

in AIDS p a tie n ts  (F a r th in g  e t al, 1987; Weber e t al, 1986) and rena l 

a llo g ra ft  re c ip ie n ts  (R ingden e t al, 1986), and o f pneum on itis  in bone 

m arrow  a llo g ra ft  p a tie n ts  (A p p e rle y  e t al, 1987). However, h igh  leve ls  

a re  re q u ire d  and th e re  has been concern  o v e r poss ib le  ir re v e rs ib le  

n e p h ro to x ic ity  and depos ition  o f the  d ru g  in bone and c a rtila g e .

A c y c lo v ir  has been found  to  have v a r ia b le  e ffica cy  fo r  th e  tre a tm e n t 

o f HCMV disease. B a lfou r e t a l (1982) concluded th a t h igh  dose th e ra p y  

was e ffe c tv e  in c e rta in  p a tie n t g roups , espec ia lly  renal a llo g ra ft  

re c ip ie n ts .
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G anc ic lov ir has been found  to  p ro v id e  th e  most co n s is te n t a n t iv ira l 

a c t iv ity  aga ins t HCMV in fe c tio n , p ro v in g  e ffe c tiv e  in th e  tre a tm e n t o f 

HCMV re t in it is  in AIDS p a tie n ts  (Jennens e t a l, 1990; Laskin  e t a l,

1987), and HCMV disease in renal a llo g ra ft  re c ip ie n ts  (Hiesse e t al,

1989) and in h e a rt and h e a r t / lu n g  tra n s p la n ts  (Keay e t al, 1987). The 

leve ls  o f d ru g  re q u ire d  fo r  th e  in h ib it io n  o f HCMV g ro w th  are much 

low er than  those  fo r  a c y c lo v ir  and fo s ca rn e t, b u t renal exc re tion  is 

ra p id , app rox im a te ly  99% o f th e  g a n c ic lo v ir  adm in is te red  is excre ted  

unm etabolised by th e  k id n e ys . G anc ic lov ir has s ig n if ic a n t to x ic ity  fo r  

all g roup s  o f p a tie n ts , neu tropo en ia  be ing  th e  most common f in d in g  

(L a sk in  e t al, 1987). The neu tropo en ia  is com ple te ly  re v e rs ib le , normal 

leve ls  re tu rn in g  w ith in  a few days o f ceasing th e ra p y  (B uhles e t al,

1988). Recent s tu d ie s  have suggested  th a t th e  use o f g a n c ic lo v ir  

to g e th e r w ih H T -Ig  is v e ry  e fe c tiv e  fo r  c o n tro ll in g  HCMV in fe c tio n  

(Reed e t al, 1987a; Bratanow e t al, 1987).

1 . 7 . 2  Use o f High T i t r e  Im m unoglobulin (H T -Ig )

Hyperim m nue g lo b u lin  (H T -Ig )  th e ra p y  has been shown to  reduce th e  

s e v e r ity  o f HCMV disease in a llo g ra ft  re c ip ie n ts , b u t its  o v e ra ll va lue 

in a n t iv ira l th e ra p y  rem ains u n p ro ve n . W inston e t a l (1982) and 

B lacklock e t a l (1985) both  re p o rte d  a decrease in th e  inc idence  o f 

HCMV pneum on itis  in m arrow a llo g ra ft  re c ip ie n ts  fo llo w in g  H T -Ig  

tre a tm e n t, w h ils t Reed e t a l (1987b), Bowden e t a l (1986) and Kasiske 

e t a l (1989) found  th a t th e  use o f H T -Ig  had no e ffe c t on the  

inc idence  o f HCMV in fe c tio n  a fte r  m arrow  and renal a llo g ra fts  

re s p e c tiv e ly . However, com parisons o f s tu d ie s  re p o r tin g  th e  use o f HT- 

Ig  have to  be made w ith  cau tion  due to  in h e re n t d iffe re n c e s  in th e  

p ro d u c ts , as well as in th e  tre a tm e n t reg im ens used. C u rre n t ly ,  i t
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would appear th a t th e  va lue  o f H T -Ig  in th e  tre a tm e n t o f HCMV 

in fe c tio n s  lies in its  use in com bination w ith  g a n c ic lo v ir .

1 . 7 . 3  V a c c in a tio n

The p ro d u c tio n  o f a vacc ine  aga ins t HCMV has been an area o f 

in te re s t fo r  a num ber o f years . Two approaches have been used; live  

(a tte n u a te d ) vacc ines and p ep tide  s u b -u n it  vaccines.

1 . 7 . 3 . 1  L iv e  Vaccine

The f i r s t  use o f a p ro to ty p e  liv e  vacc ine  was re p o rte d  by Elek &

S te rn  (1974) who immunised 26 a d u lt v o lu n te e rs  w ith  a p re p a ra tio n  o f 

th e  la b o ra to ry  s tra in  AD169. W ith in  e ig h t weeks, 25 o f these 

in d iv id u a ls  had developed a n tib od ies  re a c tiv e  aga ins t th e  v iru s .  None 

o f th e  re c ip ie n ts  were found  to  be e x c re tin g  v iru s .  In it ia l ly  th e  

p ro d u c tio n  o f an tib o d ie s  recogn is in g  o th e r  s tra in s  o f HCMV was 

lim ited , b u t one yea r a f te r  vacc ina tion  s u c ce ss fu lly  vacc ina ted  

in d iv id u a ls  were found  to  have n e u tra lis in g  a n tib od ies  to  all s tra in s  o f 

HCMV te s te d . P lo tk in  e t a l (1976) ob ta ined  s im ila r re s u lts  us ing  a 

vacc ine  p repa red  from  th e  Towne s tra in  o f  HCMV. P lo tk in  e t a l (1984) 

vacc ina ted  a g roup  o f 91 rena l a llo g ra ft  re c ip ie n ts  to g e th e r  w ith  a 

c o n tro l g roup  o f hea lthy  in d iv id u a ls . No exc re tion  o f v ir u s  was 

de tected , and c e llu la r  and hum oral immune responses developed in 

most vaccinees a lth o u g h  Ab t i t r e s  were low er in t ra n s p la n t re c ip ie n ts  

compared to  th e  co n tro l g roup . They concluded th a t w ith o u t 

vacc ina tion , h a lf o f th e  re c ip ie n ts  a t r is k  o f a c q u ir in g  HCMV disease 

would have developed severe  illness.

The e ffe c tive n e ss  o f vacc ina tion  aga ins t HCMV was fu r th e r  s tu d ie d  by 

P lo tk in  e t a l (1985) who cha llenged normal and vacc ina ted  in d iv id u a ls
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w ith  low passage Toledo s tra in  o f  HCMV a t doses o f 10-100pfu. The 

vaccinees were found  to  be p ro tec te d  w h ils t a ll o f th e  unva cc ina ted  

HCMV-Ab nega tive  in d iv id u a ls  developed in fe c tio n . None o f the  HCMV- 

Ab p o s itive  unvacc ina ted  in d iv id u a ls  developed in fe c tio n  a t those  

doses o f v iru s , a lthough  cha llenge  w ith  1000pfu d id  induce  in fe c tio n . 

F u r th e r  cha llenge s tu d ie s  (P lo tk in  e t al, 1989) con firm ed these 

f in d in g s  and showed th a t a t one yea r post vacc ina tion , th e  vaccinees 

possessed im m unity  to  HCMV as com plete as n a tu ra l im m unity .

The p ro d u c tio n  o f n e u tra lis in g  Ab a f te r  vacc ina tion  w ith  th e  Towne 

vacc ine  was re p o rte d  by Gonczol e t a l (1986, 1989). T h is  g ro u p  f u r th e r  

showed th a t th e  d iffe re n c e s  in n e u tra lis in g  t i t r e  were no t re la ted  to  

d if fe re n t ia l de tec tion  o f re a c t iv ity  a g a in s t any HC M V-specific p ro te in s  

dem onstra ted by im m unob lo tting .

1 . 7 . 3 . 2  P ep tid e  S ubunit Vaccines

S tud ies  u nd e rtake n  to  id e n t ify  v ira l p ro te in s  o f im portance in 

p ro te c tiv e  im m unity  ind ica ted  th a t  th e  gA /gB  g ly c o p ro te in  complex 

(Gonczol & P lo tk in , 1990) was recogn ised by a ll se ra  w ith  n e u tra lis in g  

a c t iv ity .  Th is  gA /gB  enve lope complex con s is ts  o f a num ber o f 

g ly c o p ro te in s  p re v io u s ly  described  in d e p e n d e n tly  by o th e r  w o rk e rs : 

gA (P e re ira  e t al, 1982a), gp55-116 ( B r i t t  e t al, 1988), and gB (C ranage 

e t al, 1986). The p o te n tia l o f th e  gA /gB  complex fo r  th e  in d u c tio n  o f 

im m unity  has been dem onstra ted  by Gonczol e t a l (1990). P u rifie d  

gA /gB  complex was g iven  to  tw o  HCMV-Ab p o s itiv e  and th re e  HCMV-Ab 

n eg a tive  in d iv id u a ls , e v e ry  tw o  weeks. The HCMV-Ab p o s itiv e  

re c ip ie n ts  responded a fte r  th e  f i r s t  dose o f complex by deve lop ing  

h ig h e r  t i t r e s  o f n e u tra lis in g  Ab and a tra n s ie n t increase in LPR. The 

HCMV-Ab neg a tive  re c ip ie n ts  d id  not p roduce  Ab u n t il a f te r  th e  th ir d
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dose, and th e  response was o n ly  tra n s ie n t.  A fte r  th e  fo u r th  dose 

th e re  was a ra p id  reappearence and r ise  in t i t r e  o f Ab w h ich then  

p e rs is te d . The Ab level one yea r a f te r  th e  p r im a ry  dose in p re v io u s ly  

HCMV-Ab neg a tive  in d iv id u a ls  was com parable to  th a t  seen in n a tu ra lly  

in fec ted  in d iv id u a ls . Gonczol & P lo tk in  (1990) concluded th a t  th e  

p u r if ie d  gA /gB  complex Induces both c e llu la r  and hum oral immune 

responses and may se rve  as th e  basis o f a s u b u n it  vacc ine .

1 .8  STUDY OBJECTIVES

The o b je c t iv e  o f th is  in v e s tig a tio n  was to  s tu d y  n a tu ra l HCMV 

in fe c tio n  in blood donors. The approaches taken  have been; to  s tu d y  

th e  exc re tion  o f v iru s  by hea lthy  in d iv id u a ls , to  a tte m p t to  

dem onstra te  th e  presence o f v iru s  o r  v ira l nuc le ic  acid in donated 

blood, and to  va lid a te  th e  use o f se ro logy  to  id e n t ify  those  dona tions 

a t r is k  o f tra n s m itt in g  HCMV.

The p ra c tic a l aspects o f th e  s tu d y  fa ll in to  tw o  main p a rts . F irs t,  th e  

in v e s tig a tio n  o f th e  c u r re n t  p reva lence  o f in fe c tio n  in th e  donor 

pop u la tion , as m easured by th e  presence o f c irc u la tin g  HCMV-Ab, th e  

re la tio n s h ip  between se ro log ica l s ta tu s , age and sex, th e  expected and 

actua l se rocove rs ion  ra tes , and th e  inc idence  o f p o s t- tra n s fu s io n  HCMV 

in fe c tio n  in th e  UK. Q u a lita tive  and q u a n tita t iv e  aspects o f th e  immune 

response to  HCMV were fu r th e r  in v e s tig a te d  by im m unob lo tting .

Second, m olecu lar te ch n iq u e s  have been used, in c o n ju n c tio n  w ith  

conven tiona l m ethods, to  id e n t ify  v iru s  o r  v ira l nuc le ic  acid in both 

th e  plasma and c e llu la r  f ra c t io n s  o f donated blood and se c re tio n s  o f 

normal in d iv id u a ls , and to  de term ine th e  s ig n if ic a n e  o f any such
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f in d in g s . F u rth e rm o re , in th e  l ig h t  o f new te chno logy , to  assess th e  

c o n tin u in g  v a l id ity  o f HCMV-Ab te s tin g  to  id e n t ify  those dona tions  a t 

r is k  o f t ra n s m itt in g  HCMV.

The immune response to  HCMV has been s tu d ie d  by th e  use o f 

im m u n o -b lo ttin g  tech iq ues . Q u a lita tive  and q u a n tita t iv e  aspects o f th e  

immune response have been s tu d ie d  to  in v e s tig a te  any c o rre la tio n  

between Ab t i t r e ,  s p e c ific  p ro te in  p ro file , and long te rm  s ta b il i ty  o f  

th e  immune response. The use o f HCMV-Ab s ta tu s  in th e  p ro v is io n  o f 

blood selected fo r  ’a t r is k  p a tie n ts ’ has led to  a re liance  on th e  

HCMV-Ab response as a m a rke r o f p re v io u s  in fe c tio n  a lth o u g h  th e re  is 

o n ly  lim ited da ta  on th e  s ta b il ity  o f th e  immune response to  HCMV.

A lth ough  th e  presence o f HCMV-Ab is g e n e ra lly  accepted as an 

in d ica tio n  o f p o ten tia l in fe c t iv ity ,  th e  d ire c t ev idence fo r  th is  is 

lim ited . O the r m a rke rs  such as v ir u r ia  (Kane e t al, 1975) and th e  

presence o f HCMV-IgM (Teg tm e ie r, 1986) have been proposed as 

po te n tia l in d ic a to rs  o f in fe c t iv i ty ;  th e  assum ption being th a t  th e  dono r 

had been re c e n tly  in fec ted  w ith  HCMV, pe rhaps  w ith  con tin ued  v ir u s  

re p lic a tio n , and th u s  may p re se n t a s ig n if ic a n t r is k  o f  in fe c tio n .

The in c rea s ing  a v a ila b il ity  and use o f more s e n s itiv e  te c h n iq u e s  and 

new techno log ies , n o tab ly  m olecu lar te chn iques , has fa c ilita te d  th e  

a c q u is itio n  o f more de ta iled  data, espec ia lly  co n ce rn in g  th e  s ite s  o f  

v ir u s  la tency (S c h r ie r  e t al, 1985; S ta n ie r e t al, 1989).

T h is  in v e s tig a tio n  has been designed to  p ro v id e  a com prehensive  

s tu d y  o f HCMV in fe c tio n  in hea lthy  in d iv id u a ls ; in c lu d in g  th e  

inc idence, s ig n ifica n ce , outcome, and im p lica tio ns  o f in fe c tio n  in blood 

tra n s fu s io n  p ra c tice . The p ro v is io n  o f th is  in fo rm a tion  was p r im a r ily  

th ro u g h  th e  co llec tion  o f accu ra te  and c u r re n t  data  on th e  p reva lence
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o f HCMV in th e  donor popu la tion  se rved  by the  N.E. Thames Regional 

T ra n s fu s io n  C entre , and im p o rta n tly , th e  p reva lence  o f HCMV in fe c tio n  

in th e  genera l popu la tion , as measured by th e  obse rved  

se roconve rs ion  ra te  in th e  donor p o p u la tion . To deve lop th is  

in fo rm a tio n , DNA h y b r id is a t io n  has been used to  id e n t ify  dono rs  

shed d in g  v iru s  in to  th e  blood, u r in e  o r  sa liva , and also to  d e tec t 

HCMV NA sequences th a t  may be p re se n t in PBMC. T h is  la s t aspect has 

been complemented by th e  use o f PCR w ith  its  a b il i ty  to  d e tec t 

s p e c ific  DNA o r  RNA sequences p re se n t in t is s u e  a t a v e ry  low copy 

num ber (S a ik i e t al, 1988).
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CHAPTER 2 MATERIALS AND METHODS

2 .1  STUDY POPULATION

The s tu d y  popu la tion  com prised blood donors  a tte n d in g  ro u tin e  donor 

sessions to  donate a normal u n it  o f whole blood, donors  a tte n d in g  th e  

aph e res is  u n it  a t th e  B rentwood Regional T ra n s fu s io n  C entre  e ith e r  fo r  

p la te le t o r  p lasm apheresis, and members o f s ta f f  who, a ltho ugh  fo rm al 

dona tion  o f blood was no t u n d e rta ke n , a t th e  tim e o f sam pling fu lf i l le d  

th e  c r i te r ia  necessary to  donate blood. All th e  in d iv id u a ls  in these 

g ro u p s  were considered  as hea lthy  donors.

Venous blood samples were ob ta ined  from  norm al donors  as p a r t  o f  th e  

ro u tin e  donation  p roced u re , and from  s ta f f  members by specia l 

co lle c tio n .

2 . 1 . 1  Serum Samples

Blood samples were s to re d  a t 4°C o v e rn ig h t  p r io r  to  sepa ra tion  o f the  

serum . Separated serum  was e ith e r  used im m ediate ly o r  s to re d  a t 

-4 0 °C p r io r  to  use.

2 . 1 . 2  Leucocyte Samples

P e rip h e ra l blood m ononuclear ce lls  (PBMC) were separa ted  from  EDTA 

a n ti coagula ted whole blood samples by d e n s ity  g ra d ie n t c e n tr ifu g a tio n  

on a f ic o l l / t r io s i I  g ra d ie n t (A ppend ix ). The ce lls  were e ith e r  used 

im m ediate ly o r  s to re d  a t -4 0 °C p r io r  to  use.

2 . 1 . 3  U rin e  Samples

U rin e  samples were ob ta ined  o n ly  from  th e  g ro u p s  o f aphe res is  donors  

and s ta f f  members. Donors were asked to  co lle c t th e ir  com plete, e a rly
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m orn ing  u r in e  specimen, as a s^e p tica lly  as possib le ; a minimum volum e 

o f 250ml be ing re q u ire d . Samples fo r  c u ltu re  were separa ted  

im m ediate ly and s to re d  in liq u id  n itro g e n . The rem a inder was e ith e r  

processed w ith in  tw e lve  h ou rs  o f co llec tion  o r  s to re d  a t -40°C  fo r  up 

to  one m onth p r io r  to  p rocess ing .

2 . 1 . 4  S a liv a  Samples

S a liva  samples were ob ta ined  from  those  in d iv id u a ls  who p ro v id e d  

u r in e  samples and a t th e  tim e o f u r in e  co lle c tio n . Donors were asked 

to  p ro v id e  a small volum e, minimum 5ml, o f norm al sa liva , co llec ted  

o v e r a pe riod  no t exceeding 24 hou rs . Samples were e ith e r  processed 

im m ediate ly o r  s to re d  a t -4 0 °C fo r  up to  one m onth p r io r  to  

p rocess ing .

2 . 1 . 5  Donor D e ta i ls

In fo rm a tio n  was ob ta ined  re g a rd in g  th e  d o n o r’s age (a t th e  tim e o f 

dona tion ), sex, HCMV-IgG s ta tu s , and w here  app licab le , p re v io u s  HCMV- 

IgG s ta tu s . To fa c il ita te  s ta tis t ic a l a na lys is , donors  were g rouped  

acco rd ing  to  age in in te rv a ls  o f f iv e  yea rs , excep t fo r  th e  yo u n g e s t 

age g ro u p , in w h ich  th e  age g ro u p  was th re e  yea rs : 18-20, 21-25, 26- 

30, 31-35, 36-40, 41-45, 46-50, 51-55, 56-60, 61-65 years .

The data  were th e n  used to  de te rm ine : th e  o v e ra ll p reva lence  o f HCMV, 

as measured by th e  presence o f HCMV-IgG, in a hea lthy  blood donor 

pop u la tion ; th e  re la tio n s h ip s  between age, sex and HCMV-IgG s ta tu s ; 

th e  re la tio n s h ip s  between age, sex and HCMV-IgG t i t r e ;  th e  

re la tio n s h ip s  between age and th e  obse rve d  se rocon ve rs ion  ra tes ; and 

th e  c o rre la tio n  between th e  obse rved  and expected se rocon ve rs ion  

ra tes.
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2 . 1 . 6  S e r o c o n v e r s io n  o f  HCMV-Ab N e g a t iv e  D o n o rs

The se roconve rs ion  ra te  o f HCMV-Ab neg a tive  donors  was de te rm ined  

by m o n ito rin g  th e  subse quen t dona tions o f those  HCMV-Ab n eg a tive  

dono rs  in it ia l ly  bled d u r in g  th e  period  from  01 /01 /87  to  30 /6 /88 , u n t il 

30 /6 /90 . Donors were o n ly  inc luded  in th e  s tu d y  i f  subse quen t 

dona tions were made o v e r a pe riod  o f a t least one year. The 

com plex ity  o f  th e  donor c a ll-u p  system , th e  re lu c ta n ce  to  make too  

many e x tra  demands on donors, th e  g re a t v a r ia b il i ty  in th e  demand 

fo r  HCMV screened blood and blood p ro d u c ts , and th e  subse quen t 

ra th e r  e r ra t ic  sc reen ing  regim e all re su lte d  in d i f f ic u lt ie s  in g a th e r in g  

and m a in ta in in g  a panel o f donors fo r  a fu l l  p ro s p e c tiv e  s tu d y . 

S e roconverted  donors  were id e n tif ie d  by conve rs ion  from  HCMV-Ab 

neg a tive  to  HCMV-Ab p o s itiv e  d u r in g  th e  s tu d y  p e rio d . The s e ro s ta tu s  

o f any se rocon ve rted  donors, both p re -  and p o s t-s e ro c o n v e rs io n , was 

con firm ed , w here possib le , by repea t te s tin g  o f any a rc h iv e d  serum  

samples ava ilab le .

2 . 1 . 7  S t a t i s t i c a l  M e th o d s

Data were ana lysed us ing  th e  fo llo w in g  s ta tis t ic a l fo rm u lae :

C h i-sq u a re d  a n a lys is  (2x2 co n tin g e n cy  ta b le ) w ith  Yates’ c o rre c tio n

y 2 = n{ ! a d -bc \ -h r i \z
(a+b)(cfd)(a+c)(ZH-d)

Used to  ana lyse  th e  p reva lence  o f HCMV-IgG in male and female 

donors.
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C h i-sq u a re d  ana lys is  (gene ra l rx c  co n tin g e n cy  ta b le )

Used to  ana lyse  th e  range  o f HCMV-IgG t i t r e s  in male and female 

donors.

C o rre la tio n  c o e ff ic ie n t

r = _̂ (x-x)(.r,y)_
mx-x )zIiy-y)z

S tu d e n t’s ’ t -d is t r ib u t io n  (n -2  d f)

t  = rJn-2  
/1

Used to  de te rm ine  th e  c o rre la tio n  between th e  HCMV-IgG t i t r e  and 

don o r age, th e  n u ll h yp o th e s is  being th a t  th e re  is no s ig n if ic a n t 

associa tion between HCMV-IgG t i t r e  and th e  age o f th e  donor.

2 .2  DETECTION OF HCMV-SPECIFIC ANTIBODY

2 . 2 . 1  R outine  Screen ing o f  Donors

Serum  samples from  normal h e a lth y  blood donors  were screened fo r  

th e  presence o f HCMV-IgG us ing  s ta n d a rd  commercial assays, CMV 

Tota l A n tib o d y  (A b b o tt D iagnostics), Comp Enz C (N o rth u m b ria  

B io log ica ls ), C aptia  G (M erc ia  D iagnostics), and B ioelisa CMV-G (Launch 

D iagnostics). Samples were se lected e ith e r  a t random fo r  in v e s tig a t iv e
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purposes, o r  on th e  basis o f ABO and Rhesus(D) blood g ro u p s  when 

HCMV screened blood and blood p ro d u c ts  were re q u ire d  fo r  c lin ic a l 

use. A ll assays were perfo rm ed in accordance w ith  th e  m a n u fa c tu re rs ’ 

in s tru c t io n s , va lida ted  acco rd ing  to  th e ir  v a lid a tio n  c r i te r ia  and the  

re s u lts  ca lcu la ted  a c c o rd in g ly . A num ber o f donors  screened as HCMV- 

IgG p o s itiv e  were deemed to  be h igh  t i t r e  by re fe re n ce  to  a s ta n d a rd  

a n tib o d y  p re p a ra tio n  (ACMV01) p roduced  by th e  C en tra l Blood 

La b o ra to rie s  A u th o r ity  (CBLA) E ls tree , H erts , and tes ted  w ith  each 

batch o f ro u tin e  HCMV-IgG sc reen ing . T h is  p re p a ra tio n  is p roduced  

s p e c ific a lly  as a re fe re n ce  a ga ins t w h ich  a n tib o d y  leve ls  in norm al 

dono rs  can be com pared and re p re s e n ts  th e  minimum a n tib o d y  level 

accep tab le  fo r  use in th e  p ro d u c tio n  o f HCMV im m unog lobu lin  (HCMV- 

HT Ig ) .  Plasma packs from  donors w ith  h ig h  t i t r e  HCMV-IgG were 

co n se quen tly  used s p e c ific a lly  fo r  HCMV-HT Ig  p ro d u c tio n .

2 . 2 . 2  HCMV-IgM A ntibody Screening

HCMV-IgM was detected us ing  the  C aptia  M HCMV EIA (M ercia
• *1— • — ” ~

D iagnostics), in com bination w ith  an ’ in house’ HCMV-IgM EIA. Donor 

serum  samples were in it ia l ly  screened fo r  th e  presence o f HCMV-IgM 

us ing  th e  ’ in house’ IgM assay; p o s itiv e  samples were th e n  

re te s ted  us ing  a commercial HCMV-IgM assay (C aptia  M, M ercia 

D iagnostics). The assay was perfo rm ed in accordance w ith  th e  

m a n u fa c tu re rs ’ in s tru c t io n s  and samples in it ia l ly  re a c tiv e  by th e  assay 

were repeated. I f  these  were repea ted ly  re a c tive , th e y  were 

cons idered  to  be HCMV-IgM po s itive . Serum and PBMC samples were 

saved from  all donors  re a c tiv e  by th e  ’ in house’ IgM assay and s to red  

a t -4 0 °C u n t il th e  IgM s ta tu s  was con firm ed .



2 . 2 . 3  HCMV-IgA A ntibody S creen ing

Donor serum  samples were screened fo r  th e  presence o f HCMV-IgA 

us ing  an ’ in  house’ EIA. Samples were se lected on th e  basis o f th e ir  

HCMV-IgG s ta tu s . Serum and PBMC samples were saved from  HCMV-IgA 

p o s itiv e  donors  and were s to re d  a t -40°C.

2 . 2 . 4  H C M V-Specific ’ In  House* ElAs

’ In  house’ HCMV enzym e im munoassays (E IA s) were deve loped to  de tec t 

HCMV-IgG, - Ig M  and - Ig A , th e  assay p re p a ra tio n  and fo rm a t being 

id e n tica l fo r  a ll th re e  iso types . The s u b s tra te /d e te c t io n  system  was 

s u b s e q u e n tly  m odified in th e  IgA  assay to  increase s e n s it iv ity  and 

s p e c if ic ity .

The IgG assay was developed to  fa c il ita te  cheap, mass sc re e n in g  o f 

donors ; th e  IgM and IgA  assays were deve loped to  in v e s tig a te  th e  

p reva lence  o f  HCMV-IgM and - Ig A  in blood donors.

2 . 2 . 4 . 1  P re p a ra tio n  o f A ntigen  Coated Wel l s

P las tic  m ic ro -w e lls , Nunc U-16 M axisorb ’Remova w e lls ’ (G ibco BRL) in 

th e  s ta n d a rd  96 well m ic rop la te  fo rm a t, were coated w ith  HCMV 

a n tig e n , EIA g rade  ( In s t.  V ir io n , Flow Labs), d ilu te d  1 /175-1 /200  in 

b ica rb ona te  coa ting  b u f fe r  pH 9-6  (A ppe nd ix ). Coating was pe rfo rm ed 

a t 4°C fo r  16 h o u rs  in h u m id ifie d  co n ta in e rs , a f te r  which th e  p la tes 

were washed w ith  d is tille d  w a te r, th o ro u g h ly  d r ie d , in d iv id u a ly  sealed 

in p la s tic  bags w ith  a des iccan t sachet and s to red  a t 4 #C fo r  up to  

s ix  m onths.
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2.2.4.2 Assay Methodology

Test and c o n tro l se ra  were p re d ilu te d  1/40 in sa m p le /co n jug a te  d ilu e n t 

(A ppend ix ). D ilu ted  te s t and c o n tro l se ra  were added to  th e  

a p p ro p ria te  w e lls and th e  p la te  incuba ted  fo r  30 m inu tes a t 4 5 °C. The 

p la tes  were th e n  washed th re e  tim es in wash b u f fe r  (A ppend ix ), and 

a p p ro p r ia te ly  d ilu te d  c o n ju g a te  (pe rox idase  labelled a n ti-h u m a n  IgG, 

IgM  o r  IgA  -  Jackson Im m unoresearch , USA) added to  each well. The 

p la tes  were incuba ted  a t 45 °C fo r  a fu r th e r  20 m inu tes and then  

rewashed as above. S u b s tra te  (3 ,3 ’ ,5,5’ - te tra m e th y lb e n z id in e  [TMB], 

A ppend ix ) was added to  each well and th e  p la tes  incuba ted  fo r  10 

m inu tes a t RT. The reaction  was s topped by th e  a d d itio n  o f 2M 

s u lp h u r ic  acid and th e  absorbance read a t 450nm.

The c u t -o f f  va lue  fo r  th e  IgG assay was ca lcu la ted  from  th e  mean o f 

th e  neg a tive  c o n tro ls , c /o  = Ncm x 1-5; th e  c u t -o f f  va lue  fo r  both  th e  

IgM  and Ig A  assays was ca lcu la ted  in  th e  same way, from  th e  mean o f 

th e  p o s itiv e  c o n tro ls , c /o  = Pern x 0-75.

The HCMV-IgA assay was su b s e q u e n tly  m od ified , by th e  use o f th e  IQ 

Bio s u b s tra te /a m p lif ie r  de tec tion  system  as used by Wellcome 

D iagnostics in a num ber o f th e ir  d ia g n o s tic  assays. Excess reagen ts  

from  th e  Wellcome assays p ro v id e d  th is  system . The ’ in house’ assay 

was used acco rd in g  to  th e  m ethodology described  in section  2.2.3.2 

excep t th a t an a lka lin e  phosphatase labe lled  an ti-h u m a n  IgA  (Jackson 

Im m unoresearch , USA) was used, and th e  s u b s tra te  rep laced by th e  IQ 

Bio system . A f te r  in cu b a tio n  w ith  co n ju g a te , th e  w e lls  were washed in 

p ip e ra z in e  b u f fe r  (A ppe nd ix ) and s u b s tra te  so lu tio n  (A ppe nd ix ) was 

added. The w e lls  were incuba ted  a t 45*C fo r  20 m inu tes and a m p lifie r  

so lu tio n  (A ppe nd ix ) was added. The w e lls  were incuba ted  in th e  d a rk
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a t RT fo r  a f u r th e r  10 m inu tes and th e  reaction  s topped by th e  

a d d itio n  o f 2M s u lp h u r ic  acid. The absorbance was read a t 492nm. The 

c u t -o f f  va lue  was ca lcu la ted  from  th e  mean o f th e  n eg a tive  c o n tro ls , 

c /o  = Ncm x 2.

2 . 2 . 4 . 3  T i t r a t io n  o f  HCMV-Antibody

HCMV-IgG and -Ig M  were t it ra te d  us ing  th e  ’ in house’ assay. D oub ling  

d ilu t io n s  o f te s t se ra  were p re p a re d  in sam p le /co n ju g a te  d ilu e n t and 

tes te d  us ing  th e  s ta n d a rd  assay m ethodology. The e n d -p o in t was 

de te rm ined  as th e  h ig h e s t d ilu t io n  g iv in g  a p o s itiv e  re s u lt.

2 . 2 . 4 . 4  Assessment and V a l id a t io n  o f  ’ In  House’ EIAs

The IgG assay was va lida ted  a g a in s t a panel o f 90 se ra  also used to  

assess commercial assays. The IgM assay was va lida ted  a g a in s t a panel 

o f  10 known HCMV-IgM sera, su p p lie d  by AE Hardim an, V iro lo g y  

Departm ent, S t Bartholem ews H osp ita l, London.

V a lida tion  o f  th e  IgA  assay was based on th e  IgA  IB  re s u lts . F u r th e r  

v a lid a tio n  was no t poss ib le  due to  th e  absence o f e ith e r  a commercial 

HCMV-IgA assay o r  s ta n d a rd ise d  HCMV-IgA sera.

The n eg a tive  co n tro l serum  used in a ll assays was ob ta ined  fro m  a 

s in g le  se ro n e g a tive  in d iv id u a l.  The IgG assay p o s itiv e  co n tro l serum  

was th e  re fe re n ce  p re p a ra tio n  ACMV01 (CBLA), used to  id e n t ify  h igh  

t i t r e  donors. T h is  serum  was co n se q u e n tly  used as both  a p o s itiv e  

c o n tro l and a h igh  t i t r e  re fe re n ce  sample. The HCMV-IgM assay 

p o s itiv e  c o n tro l serum  was a se lected  weak HCMV-IgM serum  ob ta ined  

from  th e  PHLS, C helm sford , Essex. The HCMV-IgA assay p o s itiv e
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c o n tro l was a c lin ic a l specimen o r ig in a ly  ob ta ined  on th e  basis o f  

HCMV-IgM s ta tu s  from  S t Bartholem ews H ospita l, London.

2 .3  CELL CULTURE

2 . 3 . 1  C e ll L ines

Cell c u ltu re  pe rfo rm ed us ing  human em bryon ic  lung  f ib ro b la s ts  (HEL 

c e lls ) p roduced  as an ’ in -h o u s e ’ cell line , and supp lied  on a 

fo r tn ig h t ly  basis by th e  V iro lo g y  D epartm ent, S t Bartholem ews H ospita l 

London. Cells were g e n e ra lly  g row n in 25 o r  75cm2 p la s tic  f la s k s , 

a lth o u g h  120cm2 and 200cm2 glass f la s k s  were also used.

Cell lines  were propagated  in Eagle’s Minimum Essentia l Medium 

(M o d ifie d ) w ith  H ank’s S a lts  (Flow Labs), co n ta in in g  1.85gm /L sodium  

b ica rb ona te , 2mM g lu tam ine, 100u/m l p e n ic illin  (G ibco BRL), lOOpg/ml 

s tre p to m y c in  (G ibco BRL), 100pg/ml kanam ycin (G ibco BRL) and 

supp lem ented w ith  e ith e r  10* (g ro w th  medium) o r  2% (m aintenance 

medium) heat in a c tiva te d  foe ta l c a lf serum . The a n tib io t ic s  p e n ic illin  

and s tre p to m y c in , and th e  a n tim yco tic  kanam ycin were s u b se q u e n tly  

rep laced by 100pg/m l Gentam icin (Flow Labs).

Cells were p ropaga ted  by g row ing  to  con flu ence  and s p l it t in g  1:2. 

C o n fluen t ce lls  were washed w ith  phosphate  b u ffe re d  sa line  (PBS) and 

tre a te d  b r ie f ly  w ith  0-25% try p s in /E D T A  so lu tio n  prew arm ed to  37*C. 

The enzyme so lu tio n  was removed and th e  ce lls  in cuba ted  a t 37 °C fo r  

2 -3  m inutes and th e n  g e n tly  resuspended in an a p p ro p ria te  volum e o f 

g ro w th  medium.
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2.3.2 Cell Stocks

W henever poss ib le , s to cks  o f HEL ce lls  were p repa red  and s to re d  

fro ze n  in th e  va p o u r phase o f liq u id  n itro g e n  fo r  up to  12 m onths.

C o n fluen t ce lls  were try p s in is e d  as described  in section  2.3.1, and 

resuspended in fre e z in g  medium, EMEM p repa red  as described  in 

section  2.3.1 b u t co n ta in in g  20% foe ta l c a lf serum  and 15% d im e thy l 

su lp h o x id e  (DMSO), a t a c o n ce n tra tio n  o f app rox im a te ly  106 ce lls /m l. 

The ce lls  were a liquo ted  and fro z e n  s lo w ly  in liq u id  n itro g e n  vapo u r.

Cells were recovered  by th a w in g  ra p id ly  a t 25#C and t ra n s fe r r in g  the  

ce ll suspension  in to  a 25cm2 p la s tic  f la s k . 10ml o f g ro w th  medium was 

added and th e  ce lls  in cuba ted  fo r  4-6  hou rs . The medium was 

a sp ira te d  and rep laced w ith  10ml o f g ro w th  medium, p re -w arm ed  to  

37°C. The ce lls  were examined a f te r  24 h ou rs  and th e  medium changed 

i f  necessary . Cells were no rm a lly  passaged a t 72-96 hou rs .

2 . 3 . 3  Vi  rus Stocks

The m a jo r p a r t  o f  th is  s tu d y  used th e  p ro to ty p e  la b o ra to ry  s tra in  o f 

human cy tom e ga lov irus , AD169, as th e  in fe c tio u s  agen t, a lth o u g h  la te r  

w o rk  inc luded  tw o  o th e r  la b o ra to ry  s tra in s , Davis and Towne, as well 

as a small num ber o f c lin ic a l iso lates.

V iru s  s to c k s  were p repa red , as both c u ltu re  s u p e rn a ta n t and in fec ted  

ce lls , by in fe c tin g  ce ll m ono layers a t 80-100% con fluence . Cells were 

in fec ted  a t a m u lt ip l ic ity  o f in fe c tio n  (moi) o f 0 -1 -1 . The medium was 

removed and replaced by a m inimal volum e o f m aintenance medium 

c o n ta in in g  v iru s ,  and incuba ted  a t 37°C fo r  1-2 h o u rs  to  allow v iru s  

a d so rp tio n . A fte r  in cu b a tio n , th e  inoculum  was removed and replaced 

by g ro w th  medium. A fte r  24 h o u rs  th is  was replaced by m aintenance
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medium and th e  ce lls  were then  checked d a ily  fo r  c y to p a th ic  e ffe c t 

(cpe ). Three  to  fo u r  days a f te r  100% cpe th e  ce lls  and medium were 

h a rves ted . A ll s tocks  o f v iru s  were fro ze n  in it ia l ly  a t -4 0 °C and then  

s to re d  in th e  v a p o u r phase o f  liq u id  n itro g e n .

2 . 3 . 4  V i r u s  T i t r a t i o n s

V iru s  s tocks  were t it ra te d  and a liqu o te d  to  fa c il ita te  optim al in fe c tio n  

o f th e  cell lines  a t a known m.o.i. Cells were g row n to  con flu ence  in 

24 well p la tes  u n d e r s ta n d a rd  co n d itio n s . V iru s  s tocks  were d ilu te d  

te n fo ld  from  10° to  10~6 in m aintenance medium. 400|il o f  each d ilu t io n  

was added to  th e  a p p ro p ria te  wells and th e  p la te  was incuba ted  fo r  1 - 

2 hou rs  to  allow a d so rp tio n . The innocu lum  was removed and th e  ce lls  

o v e r la id  w ith  1 -5 ml o f m aintenance m edium /agarose. The m edium / 

agarose so lu tio n  was p repa red  by m ix ing equal volum es o f 2x 

m aintenance medium and 2% low m e lting  te m p e ra tu re  agarose p repa red  

in c u ltu re  g rade  w a te r and cooled to  45°C. The o v e rla y  was allowed to  

se t a t room te m p e ra tu re  and th e  p la te  then  in cuba ted  a t 37 ‘ C fo r  1-2 

weeks w ith  d a ily  exam ination a f te r  one week. Once a cpe had 

appeared, up to  th re e  weeks maximum, th e  ce lls  were fixe d  by  f lo o d in g  

th e  p la te  w ith  5% v / v  fo rm a ldehyd e  in PBS and in c u b a tin g  o v e rn ig h t  

a t room te m p e ra tu re . The agarose was removed by w ashing th e  wells 

c a re fu lly  in warm tap  w a te r and th e  ce lls  were s ta ined  w ith  0-5% 

m ethy lene b lue  in PBS. The s ta ined , d r ie d  p la te  was examined and th e  

foc i coun ted . V iru s  t i t r e  was th e n  expressed as th e  num ber o f 

de tec tab le  fo c i/m l ca lcu la ted  to  be p re s e n t in th e  u n d ilu te d  v iru s  

s tock .
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2 . 3 . 5  S yn th es is  o f  HCMV IE  RNA

HCMV IE RNA was p repa red  e ith e r  by h a rv e s tin g  HCMV in fec ted  ce lls  

app ro x im a te ly  12-18 h o u rs  a f te r  in fe c tio n , o r  by s p e c ific a lly  in c re a s in g  

th e  level o f IE RNA by b lo ck in g  a -p ro te in  s y n th e s is  us ing  

cyc lohexim ide .

2 . 3 . 5 . 1  S tandard Cu1tu  re  Method

C o n flu e n t HEL ce lls  were in fec ted  w ith  HCMV a t a moi o f 1. 12-18 

h o u rs  a f te r  in fe c tio n  th e  ce lls  were ha rves ted  and th e  RNA e x tra c te d  

us ing  th e  method o f C hom czynski & Sacchi (1987), (see section  2.6.2.5).

2 . 3 . 5 . 2  C yclohexim ide In d u c tio n

C o n flu e n t HEL ce lls  were tre a te d  w ith  cyc lohexim ide  a t 200 |ig /m l o f 

medium fo r  one ho u r p r io r  to  in fe c tio n . The ce lls  were in fec ted  w ith  

HCMV a t a moi o f 0 -1 —1 in medium c o n ta in in g  200 iig /m l cyc lohexim ide . 

24-48 hou rs  a f te r  in fe c tio n  th e  ce lls  were ha rves ted  and th e  RNA 

e x tra c te d  us in g  th e  method o f C hom czynski & Sacchi (1987), (see 

section  2.6.2.5).

2 . 3 . 6  P re p a ra tio n  o f  HCMV B lo t t in g  A n tigen

A n tigen  fo r  W estern B lo ttin g  was p repa red  as in fec ted  o r  u n in fe c te d  

(c o n tro l)  HEL ce ll lysa te . To s ta n d a rd is e  th e  in te g r i ty  o f th e  cell 

lysa te  used as th e  an tig en  source , th e  same cell line  a t th e  same 

passage num ber was used fo r  each batch o f an tig en  p re p a re d . HEL 

cell line  42, ob ta ined  a t passage 12, was grow n to  passage 15, 

a liquo ted  and fro ze n  in liq u id  n itro g e n  as p re v io u s ly  d e sc rib e d . When 

re q u ire d  fo r  a n tig e n  p re p a ra tio n , th e  ce lls  w ere recove red  and g row n 

to  passage 17-18 fo r  use.
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HEL ce lls  were grow n to  80-100% con fluence  and in fec ted  w ith  th e  

AD169 s tra in  o f HCMV a t 0-1 moi as describ ed  above. Three  to  fo u r  

days a f te r  100% cpe, ju s t  as ce lls  were s ta r t in g  to  detach from  th e  

f la s k  su rfa ce , th e  medium was removed and th e  ce lls  ha rves ted  as 

b lo tt in g  a n tig e n . The ce lls  were rinsed  c a re fu lly  w ith  PBS and th e n  

d ra in e d  to  e nsu re  th a t no r in s e  so lu tio n  rem ained. Cell ly s is  b u f fe r  

(A ppe nd ix ) was heated in a b o ilin g  w a te r bath  fo r  3 -4  m inu tes and 

th e n  im m ediate ly p ip e tte d  o v e r th e  m onolayer, 1m l/25cm2 o f m onolayer, 

w ith  care  be ing taken  to  ensu re  th a t  a ll th e  ce lls  were ha rve s te d . The 

ly s is  so lu tio n  c o n ta in in g  th e  ha rves ted  an tigen  was recovered  and 

t ra n s fe r re d  to  a g lass u n iv e rs a l and boiled fo r  tw o  to  th re e  m inutes 

to  e n su re  com plete d e n a tu ra tio n  o f th e  p ro te in s . The an tigen  was 

cooled and s to re d  a t -4 0 “C. C ontro l a n tig en  was p repa red  in th e  same 

way from  u n in fe c te d  HEL 42 ce lls  a t th e  same passage.

2 . 3 . 7  Propogation  o f  O ther H erpesv iruses

Iso la tes  o f th e  o th e r  members o f th e  human h e rp e s v iru s  fa m ily  were 

p ropaga ted , p r im a r ily  to  p ro v id e  DNA and RNA fo r  use as s p e c if ic ity  

c o n tro ls  fo r  d o t-b lo t  and PCR ana lys is .

Herpes sim plex I  (HSV I) ,  Herpes sim plex I I  (HSV I I )  and V a rice lla  

Zoste r (VZV) were ob ta ined  from  T. Lew is, P u b lic  Health L a b o ra to ry  

S e rv ice , C helm sfo rd , Essex and propagated  in HEL ce lls . E pste in  B a rr 

v ir u s  (EBV) was ob ta ined  from  P. F a rre ll,  The Ludw ig  In s t i tu te  o f 

Cancer Research, S t M a ry ’s Hospital P add ing ton , London and 

p ropaga ted  in th e  Raji B lym phocy te  ce ll line . Human H e rp e s v iru s  6 

(HHV-6) was ob ta ined  from  R. Honess, The National In s t i tu te  fo r  

Medical Research, M ill H ill, London and p ropaga ted  in th e  J.Jahn B 

lym pho cy te  ce ll line .
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2.4 IMMUNOBLOTTING

2 . 4 . 1  P r e p a r a t io n  o f  HCMV A n t ig e n

A n tig e n  fo r  W estern B lo ttin g  was p repa red  as described  in section  

2.3.6. A n tigen  was also p repa red  in th e  same m anner from  th e  

la b o ra to ry  s tra in s  Towne and Davis, as well as from  c lin ic a l iso la tes.

2 . 4 . 2  P o ly a c r y la m id e  G e l E le c t r o p h o r e s is s

P o lyacry lam ide  gels were p repa red  acco rd in g  to  s ta n d a rd  p ro to co ls  

(A p p e n d ix ). Gels were poured e x te rn a lly  to  th e  e le c tro p h o re s is  

a p p a ra tu s  (G rad ipho re ) and s lo tte d  in to  pos ition  in th e  ta n k  fo r  use. 

Gels were s to re d  a t 4°C fo r  a t least 24 h o u rs  p r io r  to  use, b u t no t fo r  

lo n g e r th a n  f iv e  days a f te r  p re p a ra tio n . In it ia l ly ,  ge ls were cas t as 

3mm th ic k  gels, 75mm w ide and 120mm long, co n s is tin g  o f 9% re s o lv in g  

gel and 4% s ta c k in g  gel. S u bsequ en tly , 1mm th ic k  gels w ere p repa red  

and used, a lth o u g h  prob lem s were encoun te red  in s ta b il is in g  th e  

c u r re n t  flow  in th e  ta n k , occas iona lly  re s u lt in g  in v a r ia b le  m ig ra tio n  

p a tte rn s .

The p re p a re d  ge ls were loaded in to  th e  e le c tro p h o re s is  ta n k  (maximum 

2 ge ls) and allowed to  e q u ilib ra te  w ith  ru n n in g  b u f fe r  (A p p e n d ix ) fo r  

30 m inu tes. A pprox im a te ly  350pg o f an tig e n  was loaded o n to  th e  gel 

(50pg /cm ) and app rox im a te ly  30pg o f m olecu lar w e igh t m a rke r so lu tio n  

(SDS-6H, Sigma) was loaded in to  the  m a rke r lane. 3mm gels were ru n  

a t a co n s ta n t c u r re n t  o f 80mA fo r  5 -6  hou rs , and 1mm ge ls  w ere ru n  

a t a co n s ta n t vo ltag e  o f 120 v o lts  w ith  a c u r re n t  lim it o f 20mA fo r  4-5 

ho u rs . Both ty p e s  o f gel were ru n  u n t il th e  dye f r o n t  was 

app ro x im a te ly  5mm from  th e  bottom  o f th e  gel.
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The exact d is tance  o f th e  dye  f ro n t  from  th e  o r ig in  was measured and 

recorded  and th e n  th e  lane co n ta in in g  th e  p ro te in  m a rke rs  was c u t 

from  th e  gel p r io r  to  t ra n s fe r .  The s t r ip  was s ta ined  w ith  Coomassie 

Blue fo r  2 -3  days and then  desta ined fo r  1-2 days (A ppend ix ). The 

d is tances  m ig ra ted  by th e  in d iv id u a l p ro te in  m a rke rs  were measured 

and th e  re la tiv e  m o b ilit ie s  ca lcu la ted . A re fe re n ce  c u rv e  o f m olecu lar 

w e igh t v . re la tiv e  m o b ility  was then  p lo tte d .

2 . 4 . 3  T ra n s fe r

P ro te in  t ra n s fe r  was pe rfo rm ed us ing  a T rans  B lo t cell (B io Rad) to  

e le c tro p h o re tic a lly  t ra n s fe r  th e  reso lved  p ro te in s  on to  n itro c e llu lo s e  

membrane (BA 85, S ch le iche r & S chue ll). T ra n s fe r  was perfo rm ed a t 

210mA fo r  3 -4  h ou rs  a t 20°C in s ta n d a rd  t ra n s fe r  b u f fe r  (A ppe nd ix ), 

a f te r  which th e  membranes were rin sed  b r ie f ly  in d is t i lle d  w a te r and 

a ir  d r ie d  fo r  30 m inu tes a t room te m p e ra tu re . The membranes were 

then  b locked w ith  1% d r ie d  skimmed m ilk  (M a rve l) in  PBS fo r  tw o  

h ou rs  a t room te m p e ra tu re , rin se d  again in d is t i lle d  w a te r, d rie d  

th o ro u g h ly  and f in a l ly  c u t in to  2-3mm w ide s t r ip s  w ith  th e  o r ie n ta tio n , 

o r ig in  and dye  f r o n t  m arked, w rapped in fo il and s to re d  a t -40°C.

2 . 4 . 4  Im m unoblotting Procedures

2 . 4 . 4 . 1  Prim ary In c u b a tio n

Reactions were pe rfo rm ed  in ded ica ted  reac tion  t ra y s  in a reaction  

volum e o f 1ml fo r  each stage o f th e  assay and w ith  co n s ta n t a g ita tio n . 

S tr ip s  were p re - in c u b a te d  in b lo ck in g  so lu tio n  (A ppe nd ix ) fo r  1-2 

hou rs . Th is  was rep laced w ith  1ml o f  reaction  b u f fe r  (A ppe nd ix ), and 

th e  s t r ip s  incuba ted  fo r  a f u r th e r  15-30 m inu tes. 20|il o f te s t serum  

was added and th e  s t r ip s  incuba ted  o v e rn ig h t a t room te m p e ra tu re .
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2 . 4 . 4 . 2  D e te c t io n  and V is u a l is a t io n

The s t r ip s  were washed th re e  tim es in TBTS (A ppe nd ix ), 20 m inu tes 

p e r wash, and then  incuba ted  fo r  tw o  hou rs  a t room te m p e ra tu re  in 

1ml o f  an a p p ro p ria te  d ilu t io n  o f b io tin  labe lled , a n ti-h u m a n  IgG, IgM 

o r  IgA  (V e c to r Labs.) in a n tib o d y  b u f fe r  (A ppend ix ). The s t r ip s  were 

aga in washed th re e  tim es in TBTS, 20 m inu tes p e r wash, and then  

incuba ted  fo r  a f u r th e r  tw o  hou rs  in 1ml o f an a p p ro p ria te  d ilu t io n  o f 

e x tra v id in  perox idase (S igm a) o r  s tre p ta v id in  peroxidase (Jackson 

Im m unoresearch ) in a n tib o d y  b u ffe r .  The s t r ip s  were f in a l ly  washed 

once fo r  20 m inu tes in TBTS and then  tw ice  in TBS (A ppe nd ix ),

20 m inutes p e r wash. The reac tion  p ro d u c ts  were v isu a lise d  by th e  

a d d itio n  o f 0 -5m g/m l 4 -c h lo ro -1 -n a p th o l (B io Rad) in TBS/M ethanol 

(A ppe nd ix ). A f te r  co lo u r deve lopm ent, th e  s t r ip s  were r in se d  in 

d is t i lle d  w a te r, fixe d  in 25mM s u lp h u r ic  acid and then  r in se d  aga in in 

d is t i lle d  w a te r. The s t r ip s  were d r ie d  and m ounted on 3MM paper.

2 . 4 . 4 . 3  Donor Samples

Im m unob lo tting  was pe rfo rm ed  on serum  samples from  HCMV-IgG 

p o s itiv e  and n eg a tive  donors . The s p e c if ic ity  o f  th e  assay was 

dem onstra ted  us ing  a panel o f se ra  c o n ta in in g  h igh  t i t r e  a n tib o d ie s  to  

th e  o th e r  human h e rp e sv iru se s , b u t neg a tive  fo r  a n tib o d ie s  to  HCMV. 

Serum  samples g iv in g  repea ted ly  equ ivoca l re s u lts  w ith  commercial 

assays, o r  d is c re p a n t re s u lts  between assays, were also in v e s tig a te d  

in an a tte m p t to  de te rm ine  th e  t ru e  H C M V-specific a n tib o d y  s ta tu s  o f 

these  donors.
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2 . 5  NUCLEIC AC ID  BIOCHEMISTRY

2 . 5 . 1  P re p a ra t io n  o f  Probes

An HC M V-specific  DNA probe  was p repa red  from  a cloned HCMV DNA 

fra g m e n t excised from  pCM5018 which con ta ins  th e  10-6kb HCMV AD169 

Eco RI J fra g m e n t (ob ta ined  from  B F leckens te in , U n iv e rs ita t  E rlangen , 

E rlangen FRG).

Clone pBP01 was used to  genera te  RNA t ra n s c r ip ts  from  th e  immediate 

e a r ly  reg ion  o f HCMV AD169 DNA and was p roduced  by c lo n in g  th e  P st 

I w fra g m e n t o f HCMV AD169 (Greenaway e t  a/, 1982) in to  th e  

B lu e sc rip t+  tra n s c r ip t io n  v e c to r (S tra tage ne , N o rth u m b ria  B io log ica ls).

Clone pCM01 was used to  p roduce  DNA fra g m e n ts  w ith  th e  s u ita b le  

re s tr ic t io n  s ite s  fo r  c lo n in g  in to  th e  bac te rio phage  v e c to rs  

M13mp18/mp19 p r io r  to  DNA sequenc ing . The clone was p roduced  by 

c lo n in g  th e  s p e c ific  reac tion  p ro d u c t from  HCMV RNA PCR in to  pUC19.

2 . 5 . 1 . 1  P re p a ra t io n  and P u r i f i c a t i o n  o f  Plasmid pCM5018

The plasm id was p ropagated  and p u r if ie d  us ing  s ta n d a rd  p roced u re s . 

Cells were g row n  o v e rn ig h t  in one l i t r e  c u ltu re s  o f LB medium 

(A ppe nd ix ) c o n ta in in g  th e  a p p ro p ria te  a n tib io t ic . The ce lls  were lysed 

us in g  th e  ’a lk a lin e  ly s is ’ method (B irnbo im  & Doly, 1979; Ish -H o ro w icz  

& B u rke , 1981), and th e  plasm id p u r if ie d  by caesium c h lo r id e -e th id iu m  

brom ide d e n s ity  g ra d ie n t c e n tr ifu g a tio n  ( in  a Beckman VTi80 ro to r  ru n  

a t 50,000 rpm  fo r  16 hou rs  a t 20°C). Fo llow ing removal o f th e  e th id ium  

brom ide and caesium c h lo r id e  from  th e  DNA so lu tio n , th e  DNA was 

recovered  by e thano l p re c ip ita t io n  and th e  p u r if ie d  plasm id was 

resuspended in TE pH 8 -0  (A ppe nd ix ) and s to re d  a t 4 ’ C. The 

c o n ce n tra tio n  o f th e  plasm id was ca lcu la ted  by m easuring  th e
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abso rbance  a t 260nm (A 260), and th e  p u r i t y  estim ated by c a lc u la tin g  

th e  A260/A 280 ra tio .

The HCMV s p e c if ic  fra g m e n t was p re p a re d  fo r  use as a h y b r id is a t io n  

p ro b e  by d ig e s t in g  th e  plasm id Eco RI and s e p a ra tin g  th e  in s e r t  and 

v e c to r  by agarose  gel e le c tro p h o re s is . The agarose c o n ta in in g  th e  

in s e r t  was c u t  fro m  th e  ge l, th e  DNA e le c tro e lu te d  fro m  th e  ge l, 

p u r if ie d  on DEAE-Sephacel (P harm acia  -  A p p e n d ix ), and resuspended  

in TE pH 8 -0 . The c o n c e n tra tio n  o f th e  p u r if ie d  fra g m e n t was 

estim ated by ru n n in g  a liq u o ts  on a \% aga rose /T B E  gel (A p p e n d ix ) 

to g e th e r  w ith  1pg o f  H ind  I I I  d iges ted  b a c te rio p h a g e  X DNA, and 

com paring  th e  in te n s ity  o f  th e  flu o re sce n ce  o f th e  s p e c if ic  fra g m e n t 

w ith  th e  in te n s ity  o f  th e  know n mass o f c o n tro l DNA fra g m e n ts . The 

p u r if ie d  fra g m e n t was s to re d  fro z e n  a t -4 0 °C.

2 . 5 . 1 ' . 2  P re p a r a t io n  and P u r i f i c a t i o n  o f  P lasm id pBP01

pBP01 was p ro d u ce d  by c lo n in g  th e  P s t I  w fra g m e n t o f  HCMV AD169 

(G reenaway e t  at, 1982) in to  th e  RNA t ra n s c r ip t io n  v e c to r  B lu e s c r ip t+  

(S tra ta g e n e , N o rth u m b ria  B io log ica ls ).

Plasm id pCM5018, c o n ta in in g  th e  Eco RI J fra g m e n t o f  HCMV AD169, was 

d iges ted  w ith  P s t I  and th e  re s u lt in g  fra g m e n ts  sepa ra ted  on a 1% 

agarose /TA E  gel (A p p e n d ix ). The 1487bp, P s t I  w fra g m e n t was excised 

fro m  th e  gel and p u r if ie d  u s in g  th e  ’Gene C lean’ g lass  m ilk  p ro c e d u re  

(B io  101, S tra te c h  S c ie n t if ic ) .  The fra g m e n t was lig a te d  in to  P s t  I  

lin e a rise d  B lu e s c r ip t+ .

TG-2 ce lls  (A p p e n d ix ) were made com peten t us in g  th e  CaCl2 m ethod o f 

Mandel e t a ! (1970) and th e n  tra n s fo rm e d  by in c u b a tio n  on ice fo r  30 

m inu tes  w ith  th e  lig a te d  DNA. T ra n s fo rm a n ts  w ere se lec ted  on th e
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basis  o f fo rm a tio n  o f  Ampr w h ite  co lon ies  when g row n  in th e  presence 

o f  IPTG and X -ga l (A p p e n d ix ). The co lon ies  were p icked  o u t on to  fre s h  

IP T G /X -g a l p la te s  and con firm ed  tra n s fo rm a n ts  p la ted  o u t.

O v e rn ig h t c u ltu re s , in 25ml o f  LB medium, were g row n  from  th e  

se lec ted  tra n s fo rm a n ts  and th e  p lasm ids h a rve s te d  us in g  a ra p id  ly s is  

te c h n iq u e  and d iges ted  w ith  P s t I  to  check fo r  th e  p resence  o f th e  

c loned in s e r t .  C lones c o n ta in in g  th e  d e s ire d  in s e r t  w ere th e n  g row n  in 

LB medium and b a c te r ia l s to c k s  p re p a re d  in 15X g ly c e ro l and s to re d  

fro z e n  a t -4 0 °C.

One such  p lasm id , pBP01, was p ropa ga ted  in TG-2 ce lls . Cells were 

g ro w n  o v e rn ig h t  in 500ml c u ltu re s  o f C irc le g ro w  medium (B io 101, 

S tra te c h  S c ie n t if ic )  c o n ta in in g  a m p ic illin . A f te r  h a rv e s t in g , th e  ce lls  

w ere lysed  by a m o d ifica tio n  o f th e  a lk a lin e  ly s is  method and th e  

p lasm id p u r if ie d  by spun  colum n ch ro m a to g ra p h y  us ing  th e  pZ523 

co lum n (5 P rim e*3 Prim e In c .) .  The p u r if ie d  p lasm id was resuspended  

in TE pH 8 -0  and s to re d  a t 4*C. The c o n c e n tra tio n  o f th e  DNA was 

ca lcu la te d  as d e sc rib e d  above by m easuring  th e  A260 and th e  A260/ A 280 

ra tio .

2 . 5 . 1 . 3  P re p a ra t io n  and P u r i f i c a t i o n  o f  P lasmid pCM01

pCM01 was p rodu ced  by c lo n in g  th e  H C M V -specific  p ro d u c t fro m  RNA 

PCR pe rfo rm e d  on RNA p re p a re d  from  PBMC (sec tion  2.5.6.3), in to  

PUC19.

The 227bp p ro d u c t fro m  RNA PCR was p u r if ie d  fro m  th e  rem a in ing  

s to re d  PCR re a c tio n  m ix tu re  by e x tra c tin g  th e  o il o v e r la y  w ith  200pl o f 

c h lo ro fo rm  and th e n  e x tra c tin g  th e  aqueous la y e r tw ic e  w ith  an equal 

vo lum e o f  p h e n o l/c h lo ro fo rm . The DNA was th e n  p re c ip ita te d  by th e
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a d d it io n  o f 0-1 vo lum e o f 3M sodium  ace ta te  and 2 -5  vo lum es o f 

abso lu te  e thano l.

The p u r if ie d  fra g m e n t was b lu n t-e n d  lig a te d  in to  Sma I  d iges ted  

pUC19 u s in g  T4 DNA and RNA ligases fo r  16 h o u rs  a t 12°C. TG-2 ce lls  

were made com peten t, tra n s fo rm e d  and recom b in an ts  id e n tif ie d  as 

d e sc rib e d  in sec tion  2.5.1.2.

The re s u lta n t p lasm id , pCM01, was p ro p a g a te d  in TG-2 ce lls . Cells were 

g row n  o v e rn ig h t  in 150ml c u ltu re s  o f  C irc le g ro w  medium (B io  101, 

S tra te c h  S c ie n t if ic )  c o n ta in in g  a m p ic illin . A f te r  h a rv e s t in g , th e  ce lls  

were lysed by a m o d ifica tio n  o f th e  a lk a lin e  ly s is  m ethod, th e  plasm id 

p u r if ie d  by colum n ch ro m a to g ra p h y  u s in g  Qiagen pack 100 co lum ns 

(H yb a id ), resuspe nded  in TE pH 8 -0  and s to re d  a t -40°C .

2 . 5 . 1 . 4  P re p a ra t io n  o f  Sequencing Tem plates

P u r if ie d  p lasm id  pCM01 was ’d o u b le -d ig e s te d ’ w ith  re s tr ic t io n  enzym es 

Eco RI and H in d  I I I ,  th e  fra g m e n ts  sepa ra ted  on a 1 -536 agarose gel 

and th e  in s e r t  excised and p u r if ie d  u s in g  DEAE-Sephacel, as d e sc rib e d  

in section  2.5.1.1. The p u r if ie d  fra g m e n t was lig a te d  in to  bo th  M13mp18 

and M13mp19, H ind  I I I /E c o  RI lin e a rise d  RF DNA. TG-2 ce lls  w ere  made 

com peten t and tra n s fo rm e d  as d e sc rib e d  in sec tion  2.5.1.2, excep t th a t  

YT medium (A p p e n d ix ) was used ins tead  o f LB medium. R ecom binants 

were id e n t if ie d  as a co lo u rle ss  p laques  o f  slow g ro w in g  TG-2 c e lls  on 

a lawn o f n o rm a lly  g ro w in g  ce lls . P laques w ere p icked  in to  YT medium 

c o n ta in in g  fre s h  TG-2 ce lls , and g row n  fo r  f iv e  h o u rs . The ce lls  w ere  

pe lle ted  and th e  ba c te rio p h a g e  in th e  s u p e rn a ta n t p re c ip ita te d  u s in g  

PEG (A p p e n d ix ). The DNA tem p la tes  w ere  p re p a re d  fro m  th e  PEG p e lle t
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by phenol e x tra c tio n  and EtoH p re c ip ita t io n  and th e n  resuspended  in 

TE pH 8 -0  and s to re d  a t -40°C .

2 . 5 . 1 . 5  Sequencing R eactio ns

DNA sequ e n c in g  was pe rfo rm e d  u s in g  th e  S ange r ’ d ideoxy m ethod1 

(S ang e r e t af, 1977), as m od ified  in th e  Sequenase (V e r 2.0) (USB 

C o rp ) se qu enc ing  system , a cco rd in g  to  th e  m a n u fa c tu re r ’ s p ro to co l. 

S ing le  s tra n d e d  tem p la tes  p re p a re d  in sec tion  2.5.1.4 above were 

annealed to  an o lig o n u c le o tid e  p r im e r, labe lled  w ith  [a - 35S]dATP and 

te rm in a te d  w ith  d id e o xyn u c le o tid e s . The re a c tio n s  w ere dou b le -loade d  

o n to  a 1% 0-2mm u re a /a c ry la m id e  gel (A p p e n d ix ), each load ing  

re p re s e n tin g  1 /5  vo l o f  th e  sequ enc ing  re a c tio n . The f i r s t  load ing  was 

ru n  u n t i l  th e  lead ing  dye  f r o n t  reached th e  bottom  o f th e  gel. The 

second load ing  was th e n  ru n  u n t il th e  lead ing  dye  f r o n t  was 3 /4  o f 

th e  way down th e  ge l. The gel was la ye re d  o n to  3MM pape r, vacuum  

d r ie d  a t 80°C fo r  an h o u r and exposed to  Kodak XAR-5 X -ra y  f ilm  a t 

room te m p e ra tu re  o v e rn ig h t.

2 . 5 . 2  L a b e l l in g  o f  DNA Probes

2 . 5 . 2 . 1  L a b e l l in g  o f  Double S tranded DNA Probes

Double s tra n d e d  DNA p robe s  were labe lled  w ith  32P by th e  random  

p r im e r m ethod o f  F e in b e rg  and V oge ls te in  (1983), u s in g  th e  la rg e  

fra g m e n t o f  DNA po lym erase I  (K lenow fra g m e n t)  w ith  random  

o lig o d e o x y r ib o n u c le o tid e s  (hexam ers) as p r im e rs . 50ng o f  DNA was 

labe lled  in re a c tio n s  c o n ta in in g  50piCi o f  [a - 32P] dCTP a t a p p ro x im a te ly  

3000Ci/mmol (Am ersham , PB10205). A f te r  la b e llin g , th e  re ac tion  was 

s topped  by th e  a d d it io n  o f 0-5M EDTA and th e  DNA was p u r if ie d  by 

spun  colum n ch ro m a to g ra p h y  th ro u g h  Sephadex G50. The s p e c if ic
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a c t iv i ty  was estim ated by TCA p re c ip ita t io n  o f an a liq u o t o f th e  DNA 

o n to  g la s s fib re  f i l te r s .  The labe lled  DNA was s to re d  a t -40°C  fo r  up to  

a maximum o f 10 days p r io r  to  use.

2 . 5 . 2 . 2  L a b e l l in g  o f  O l ig o n u c le o t id e  Probes

O lig o n u c le o tid e  p robes  CM.PR1 and CM.PR2 were labe lled  w ith  32P at 

th e ir  5’ ends us ing  T4 p o ly n u c le o tid e  k inase. 200ng o f o lig o n u c le o tid e  

was labe lled  p e r re ac tion  u s in g  50|jCi o f [6 -32P] ATP a t a pp ro x im a te ly  

(Am ersham, PB10168). A f te r  la b e llin g , th e  reac tion  was s topped  by 

hea ting  th e  reac tion  m ix tu re  to  75 °C fo r  15 m inu tes  and th e  DNA 

p u r if ie d  by  spun  colum n c h ro m a to g ra p h y  th ro u g h  sephadex G25 (NAP 

25 co lum ns, Pharm acia). The labe lled  o lig o n u c ie o tid e s  were s to re d  a t 

-4 0 °C fo r  up to  48 h o u rs  p r io r  to  use.

2 . 5 . 3  H y b r id is a t io n

2 . 5 . 3 . 1  DNA/DNA and DNA/RNA H y b r id is a t io n

F ilte rs  were th o ro u g h ly  w e tted  w ith  6x SSC (A p p e n d ix ) and then  

sealed in p o ly th e n e  bags p r io r  to  h y b r id is a t io n . P re h y b r id is a tio n  was 

pe rfo rm e d  fo r  12-30 h o u rs  a t 3 7 °C in a so lu tio n  c o n ta in in g  50% 

form am ide (A p p e n d ix ), 6x SSC, 10mM EDTA, 5x D e n h a rd t’s so lu tio n  

(A p p e n d ix ), 0-5% SDS and 10pg/m l Salmon Testes DNA (S igm a), u s in g  a 

volum e o f  200 |il/cm 2 o f f i l t e r .  H y b r id is a tio n  was p e rfo rm ed  fo r  18-22 

h o u rs  a t 3 7 °C in p re h y b r id is a t io n  so lu tio n  c o n ta in in g  ap p ro x im a te ly  106 

cpm /m l o f  32P labe lled  DNA p robe , u s in g  a volum e o f 5 0 |il/cm 2 o f f i l t e r .

F ilte rs  w ere washed once in 2x SSC/0-5% SDS fo r  5 m inu tes  a t room 

te m p e ra tu re , once in 2x SSC/0-1% SDS fo r  15 m inu tes  a t room
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te m p e ra tu re , and then  5-6  tim es fo r  60 m inu tes each a t 60°C in 3x 

SSC.

2 . 5 . 3 . 2  O l ig o n u c le o t id e  Probe H y b r id is a t io n

F ilte rs  were sealed in p o ly th ene  bags p r io r  to  h y b r id is a t io n . 

P re h y b rid is a tio n  was pe rfo rm ed fo r  4 h o u rs  a t a te m p e ra tu re  5°C less 

th a n  th e  annea ling  te m p e ra tu re , ca lcu la ted  acco rd in g  to  th e  s ta n d a rd  

fo rm u la  o f 4°C pe r C/G base and 2°C p e r A /T  base ( I ta k u ra  e t a !, 

1984). P re h y b rid is a tio n  was pe rfo rm ed a t 4 7 °C fo r  o lig o n u c le o tid e  

CMP.1 and 53°C fo r  o lig o n u c le o tid e  CMP.2, in a so lu tio n  co n ta in in g  

5x SSPE (A ppe nd ix ), 5x D e n h a rd t’s s o lu tio n , 0-5% SDS and 10|ig /m l 

salmon tes te s  DNA us ing  a volume o f 200pl/cm 2 o f f i l t e r .  H y b rid is a tio n  

was perfo rm ed fo r  8-10 h o u rs  a t th e  same te m p e ra tu re  in 

p re h y b r id is a t io n  so lu tion  co n ta in in g  20ng /m l 32P labelled 

o lig o n u c le o tid e  probe , us ing  a volum e o f 50p l/cm 2 o f f i l t e r .  The f i l t e r s  

were then  washed th re e  tim es in 2x SSPE/0-1% SDS fo r  15 m inu tes a t 

room te m p e ra tu re  fo llow ed by one wash in 2x SSPE/0-1% SDS fo r  5 

m inu tes a t 4 2 °C.

2 . 5 . 3 . 3  S ta n d a rd is a t io n  o f  H y b r id is a t io n  Procedures

H y b rid is a tio n  p ro ce d u re s  were s ta n d a rd ise d  by th e  use o f se ria l 

d ilu t io n s  o f ta rg e t  DNA, e ith e r  on f i l t e r s  c a r ry in g  te s t sample DNA, o r  

p repa red  as sepa ra te  te s t s t r ip s .  DNA, in TE pH 8 -0  c o n ta in in g  

10iig /m l salmon te s te s  DNA (S igm a), was de n a tu re d  w ith  0-3M NaOH fo r  

10 m inu tes a t 3 7 °C, cooled on ice and n e u tra lis e d  by th e  a d d itio n  o f 

0-12M HCI ( f in a l c o n c e n tra tio n s ). S tanda rd  am ounts o f DNA, 50, 20, 10, 

5, 2, 1, 0 -5pg , were then  app lied  to  n itro c e llu lo s e  (BA 85, S ch le ich e r &
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S chue ll) o r  ny lon  (Hybond N, Amersham) membranes us ing  a vacuum  

m anifo ld  and h y b r id is e d  as described  above.

2 . 5 . 4  Autoradiography

H yb rid ise d  f i l t e r s  were a ir  d r ie d , m ounted on 3MM paper and w rapped 

in c lin g film . They were then  exposed to  X -ra y  film  (Kodak XAR-5) in 

a u to ra d io g ra p h y  cassettes w ith  in te n s ify in g  screens (Kodak o r  Du Pont 

Cron ex) a t -40 aC fo r  4-48 hou rs .

The film s  were processed m anually us ing  ’S u p ro l’ deve lope r and 

’S upe ram fix ’ f ix e r  (Champion P h o to chem is try ), both a t a d ilu t io n  o f 1 /4, 

fo r  2 -3  m inu tes a t room te m p e ra tu re  in each so lu tion .

2 . 5 . 5  P re p a ra t io n  o f  RNA T ra n s c r ip ts

2 . 5 . 5 . 1  Template P re p a ra t io n

The o r ie n ta tio n  o f th e  cloned in s e r t  in pBP01 was de term ined by 

re s tr ic t io n  d ig e s tio n  o f pBP01 by Sma I. The plasm id was linea rised  

dow nstream  o f th e  cloned fra g m e n t and th e  T7 polym erase b in d in g  s ite  

by  d ig e s tio n  w ith  Apa I, o r  dow nstream  o f th e  cloned fra g m e n t and 

th e  T3 polym erase b in d in g  s ite  by d ig e s tio n  w ith  Xba I. The 

re s tr ic t io n  endonuclease was d igested  us ing  p ro te inase  K and th e  

line a rise d  tem p la te  p u r if ie d  by p h e n o l/c h lo ro fo rm  e x tra c tio n  and 

e thano l p re c ip ita t io n  and then  resuspended a t a co n ce n tra tio n  o f 

app rox im a te ly  1pg /n l in DEPC tre a te d  TE pH 7-5 (A ppend ix ).

2 . 5 . 5 . 2  T r a n s c r ip t io n  R eaction

Sense (T7) and an tisense  (T3) t ra n s c r ip ts  were produced  from  pBP01 

fo r  use as PCR s u b s tra te s  and as RNA h y b r id is a t io n  probes.
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Unlabelled RNA t ra n s c r ip ts  were p roduced from  1pg o f tem p la te  us ing  

T3 o r  T7 po lym erases in a reaction  m ix tu re  co n ta in in g : 40mM T r is  

pH8 0, 8mM MgCl2, 2mM sperm id ine , 50mM NaCI, 400mM each o f rATP 

rCTP rGTP rUTP, 30mM DTT, 1u In h ib it -A c e  (5 Prime-*3 Prime In c .)  and 

10u o f T3 o r  T7 polym erase.

B io tin  labe lled RNA t ra n s c r ip ts  were p roduced  as described  above, 

except th a t  rUTP was rep laced by a lly lam ine -U T P  (Enzo D iagnostics). 

The a lly lam ine-R N A p roduced  was then  b io tin y la te d  in a separa te  

reaction  as described  in section  2.5.5.3.

2 . 5 . 5 . 3  B io t in y la t io n  o f  A lly lam ine-R NA

Ally lam ine-RN A was b io tin y la te d  chem ica lly  us ing  e-cap roylam i dob io t in -  

N -h y d ro x y s u c c in im id e  e s te r (CAB-NHS e s te r, G ibco-BRL) acco rd ing  to  

th e  method o f Leuhrsen  e t a! (1987). The a lly lam ine-R N A was 

resuspended in 0-1M sodium  bo ra te  pH 8-5  and f iv e  volum es were 

mixed w ith  one volum e o f 10mg/ml CAB-NHS e s te r d isso lved  in 

N ,N ,d im ethylfo rm am ide. The reaction  was incuba ted  a t room te m p e ra tu re  

fo r  tw o  hou rs  and th e  labelled RNA recovered  by e thano l p re c ip ita t io n . 

The RNA was resuspended in DEPC tre a te d  TE pH 7*5. P r io r  to  use th e  

p robe  was fu r th e r  p u r if ie d  by column ch rom a to g raphy  us ing  a S e lec t- 

B(RF) colum n (5 Prime-*3 Prim e In c .)  and th e n  s to re d  a t -40°C.

2 . 5 . 5 . 4  H y b r id is a t io n  o f  RNA Probes

H y b rid is a tio n  was c a rr ie d  o u t a cco rd ing  to  th e  method supp lied  w ith  

th e  ’Blu Gene’ Non ra d io a c tiv e  Nucle ic Acid Detection System  (Gibco 

BRL). F ilte rs  were th o ro u g h ly  w etted in 2x SSC and sealed in 

p o ly th e n e  bags p r io r  to  h y b r id is a t io n . P re h y b rid is a tio n  was perfo rm ed 

fo r  6-12 h o u rs  a t 4 2 °C in a so lu tio n  co n ta in in g  50% form am ide, 5x SSC,
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5x D e n h a rd t’s so lu tio n , 25mM sodium  phospha te  (pH 6 -5 ), 0 -5m g/m l 

salmon te s te s  DNA, us ing  a volum e o f 100pl/cm 2 o f f i l t e r .  H y b rid is a tio n  

was pe rfo rm ed  fo r  18-22 h o u rs  a t 4 2 °C in a s o lu tio n  c o n ta in in g : 45% 

form am ide, 5x SSC, 1x D e n h a rd t’ s s o lu tio n , 20mM sodium  phosphate  (pH 

6 -5 ), 0 -2m g/m l salmon te s te s  DNA, 5% d e x tra n  s u lp h a te  and 

app ro x im a te ly  200pg/m l b io tin  labelled RNA probe .

F ilte rs  were washed tw ice  in 2x SSC/0-1% SDS fo r  3 m inu tes a t room 

te m p e ra tu re , tw ic e  in 0 -2x SSC/0-1% SDS fo r  3 m inu tes a t room 

te m p e ra tu re , tw ice  in 0-16x SSC/0-1% SDS fo r  15 m inu tes a t 50 ‘ C, and 

f in a l ly  rin se d  b r ie f ly  in 2x SSC at room te m p e ra tu re .

2 . 5 . 5 . 5  V is u a l is a t io n  o f  Hybrids

The washed f i l t e r  was r in se d  in *Blu Gene’ wash b u f fe r  (A ppe nd ix ) fo r  

1 m inu te  a t room te m p e ra tu re . The f i l t e r  was then  sealed in a 

p o ly th e n e  bag and b locked in ’ Blu Gene’ b lo c k in g  b u f fe r  (A ppe nd ix ) 

fo r  60 m inu tes a t 6 5 °C; in cuba ted  in a so lu tio n  c o n ta in in g  

s tre p ta v id in -a lk a lin e  phosphatase (SA-AP) c o n ju g a te  (1 p g /m l) in wash 

b u f fe r ,  fo r  10 m inu tes a t room te m p e ra tu re  w ith  g e n tle  a g ita tio n ; 

washed tw ice  in a la rg e  excess o f wash b u f fe r  fo r  15 m inu tes a t room 

te m p e ra tu re ; washed once in Blu Gene s u b s tra te  b u f fe r  (A ppe nd ix ) fo r  

10 m inu tes a t room te m p e ra tu re ; resealed in a p o ly th e n e  bag and 

incuba ted  fo r  15-60 m inu tes in s u b s tra te  so lu tio n  (A ppe nd ix ). The 

reac tion  was f in a l ly  s topped  by w ashing in s to p p in g  so lu tio n  

(A ppe nd ix ) fo r  2 m inu tes  a t room te m p e ra tu re  a f te r  w h ich  th e  f i l t e r s  

w ere d rie d  and m ounted and s to re d  in th e  d a rk .
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2.5.6 Polymerase Chain Reaction

The polym erase cha in  reac tion  was pe rfo rm ed  on both  DNA (DNA-PCR) 

and RNA (RNA-PCR). DNA-PCR was pe rfo rm ed  on p u r if ie d  v ira l DNA, 

c loned DNA, in fec ted  c u ltu re d  ce lls , PBMC genomic DNA, and DNA 

iso la ted from  u r in e  and sa liv a  samples; RNA-PCR was pe rfo rm ed  on 

pBP01 RNA t ra n s c r ip ts  and to ta l c e llu la r  RNA from  in fec ted  c u ltu re d  

ce lls  and PBMC.

2 . 5 . 6 . 1  O l ig o n u c le o t id e  Prim ers

The o lig o n u c le o tid e  p r im e rs  used fo r  DNA PCR were 20 mer p r im e rs  

des igna ted  CMP1 and CMP2. The sequences (Tab le  2.1) a re  located in 

th e  immediate e a r ly  reg ion  o f th e  genome o f HCMV s tra in  AD169 ( Eco 

RI J fra g m e n t) and f la n k  a 240bp fra g m e n t w h ich appears  to  be well 

conse rved  in a ll iso la tes o f HCMV in v e s tig a te d  (S ta n ie r e t at, 1989). A 

nested p r im e r CMN1, in te rn a l to  CMP1 was used to  co n firm  and a m p lify  

p ro d u c ts  ob ta ined  from  PCR perfo rm ed  on PBMC DNA. The p r im e r p a ir  

CMN1/CMP2 f la n k  a 194bp fra g m e n t. A 17 mer o lig o n u c le o tid e  p robe , 

CMPR1, was also syn th e s is e d , th is  is com plem enta ry to  an in te rn a l 

reg ion  o f th e  CMP1/CMP2 and CMN1/CMP2 p ro d u c ts .

RNA PCR was pe rfo rm ed  us ing  th e  20 m er p r im e rs  CMP3 and CMP4 

(Table  2.1) located in th e  immediate e a r ly  reg ion  o f th e  genome o f 

HCMV s tra in  AD169, and w h ich f la n k  a 227bp fra g m e n t o f th e  IE1 RNA 

fro m  exon 4 (S te rn b e rg  e t al, 1984). A 20 mer probe , CMPR2, was 

syn th e s ise d , th is  is com plem enta ry to  an in te rn a l reg ion  o f th e  

CMP3/CMP4 p ro d u c t.
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Table 2.1 Sequence o f O ligonuc leo tide  P rim ers  and Probes

Prim er Sequence ( 5 ’-♦3’ ) 01 ig o . 
s iz e

Product
s iz e (b p )

Target
n u c .a c id Reference

CMP1 CCCGACTTT ACCAT CCAGT A 20 S ta n ie r  e t a l
240 DNA 1989

CMP2 AAGACGAAGAGGAACT ATCT 20

CMN1 GOT GT AT CGT GAT CT CT GAT 20 194* DNA -

CMPR1 GGGTGAAGGAGT CGAAA 17 Probe DNA S ta n ie r  e t a l
1989

CMP3 CTATGCAGAGCATGTATGAG 20
227 RNA/(cDNA)

CMP4 GGT CTT AGGGAAGGCT GAGT 20

CMPR2 GAGATGTGGATGGCTTGTAT 20 Probe DNA _

BEP1 ACACAACTGTGTTCACTAGC 20
110 DNA

S a ik i e t a l  
1986

BEP2 CAACTT CATCCACGTT CACC 20

* when in th e  p r im e r p a ir  CMN1/CMP2

To m on ito r f u r th e r  th e  q u a lity  and q u a n tity  o f th e  PBMC DNA 

p repa red  fo r  PCR, a p a ir  o f human (3-globin gene p rim e rs , BEP1 and 

BEP2 (Table 2.1), w h ich  f la n k  a 110bp fra g m e n t, were used.

O ligonuc leo tides  were ob ta ined  from  a num ber o f commercial and non

commercial sources, and were syn th e s ise d  on DNA s y n th e s is e rs :

A pp lied  B iosystem s model 380, Pharm acia Gene Assem bler P lus, and 

Biosearch In c . Cyclone s y n th e s is e r. The o lig o n u c le o tid e s  were ob ta ined  

e ith e r  vacuum  d rie d  and a ttached  to  th e ir  s u p p o r t  colum ns, removed 

fro m  th e  column and su p p lie d  as u n p u r if ie d  e thano l p re c ip ita te s , o r  

removed from  th e  colum n and resuspended in d is t i lle d  w a te r. Where
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necessary, s o lu b ilis a tio n  and d e p ro te c tio n  were achieved by basic 

e s te r h y d ro ly s is  in ammonia, which was then  removed by gel f i l t r a t io n  

us ing  PD10 columns (Pharm acia). F ra c tio n s  from  th e  colum ns were 

co llected , th e  A260 measured and th e  re le v a n t fra c t io n s  pooled.

2 . 5 . 6 . 2  A n a ly s is  o f  Genomic and V i r a l  DNA

The polym erase cha in  reaction  (PCR) was perfo rm ed e sse n tia lly  as 

described  by Saik i e t a l (1985). T a rg e t DNA (0-5-3M g) was am plified  in 

a reaction  volum e o f 100pl, co n ta in in g  f in a l co n ce n tra tio n s  o f; 50mM 

KCI, 10mM Tris.HCI pH 8.4, 1 -5mM MgCl2, 100pg/m l g e la tin , 200pM each 

dATP dCTP dGTP dTTP, 100pmol (0 -66 |ig ) o f each p rim e r and 1-2u 

AmpliTaq DNA polym erase (P e rk in  Elmer Cetus). All th e  reagen ts  except 

th e  Taq polym erase were added, and th e  DNA dena tu red  fo r  10 m inutes 

a t 94°C. The enzyme was added and th e  reac tion  mix o v e rla id  w ith  

100pl o f m ineral o il.

The s tanda rd  reac tion s  were pe rfo rm ed us ing  an autom ated therm a l 

c y c le r  (PHC-2, Techne), w ith  cyc le  param eters o f d e n a tu ra tio n  fo r  1 

m inu te  a t 94°C, annea ling  fo r  1 m inu te  a t 58°C and e longa tion  fo r  1 

m inu te  a t 72°C. 35 cyc les  were pe rfo rm ed , w ith  th e  f in a l cyc le  hav ing  

an e longa tion  tim e o f 10 m inutes to  e nsu re  com pletion o f th e  f in a l 

e longa tion  s tep . Nested PCR was pe rfo rm ed as above b u t w ith  o n ly  25 

cyc les.

A fte r  com pletion o f th e  PCR, 10|il o f th e  p ro d u c t was reso lved  on a 2% 

agarose/TBE gel co n ta in in g  0 -5pg /m l e th id ium  brom ide. 2-3pg o f 1kbp 

la dde r (G ibco BRL) was loaded on to  th e  gel as a DNA size m arke r. The 

gel was pho tog raphed  us ing  Polaro id ty p e  47 o r  667 film . For S ou the rn



b lo tt in g , DNA was transfe ree ! on to  Hybond N ny lon  membranes 

(Amersham) as described  in section  2.5.7.

2 . 5 . 6 . 3  A n a ly s is  o f  Messenger RNA

PCR was pe rfo rm ed on mRNA as described  above fo r  DNA, except th a t 

the  PCR reaction  was j preceded by a re ve rse  tra n s c r ip ta s e  (RT) 

reaction  to  p roduce  a cDNA.RNA h y b r id  from  th e  RNA tem p late . The 

re ve rse  tra n s c r ip ta s e  reaction  was perfo rm ed in a reac tion  volum e o f 

20pl co n ta in in g  f in a l co n ce n tra tio n s  o f 50mM KCI, 10mM Tris.HCI pH 8-4,

1 -5mM MgCl2, 100pg/ml ge la tin , 1mM each dNTP, 2pl In h ib it -A c e  

(5 Prime 3 Prime In c ), 100pmol (0-66pg) o f  th e  o lig o n u c le o tid e  p rim e r 

com plem entary to  the  3’ end o f the  mRNA ta rg e t  (CMP4), 1-10|ig o f 

to ta l o r  in  v it r o  t ra n s c r ib e d  RNA, and 200u o f MuLV re ve rse  

tra n s c r ip ta s e  (G ibco-BRL). The reaction  was incuba ted  a t room 

te m p e ra tu re  fo r  10 m inutes and then  a t 42 °C fo r  45 m inu tes and then  

stopped by d e n a tu rin g  th e  enzyme a t 95 *C fo r  10 m inu tes  and q u ic k  

c h ill in g  on ice. DNA PCR was then  pe rfo rm ed by th e  a d d itio n  PCR 

b u ffe r ,  p r im e r CMP3 and enzyme to  a f in a l volume o f 100pl (w ith  th e  

f in a l co n ce n tra tio n s  as de ta iled  in section  2.5.6.2).

2 . 5 . 6 . 4  P re ven tio n  o f  Contam ination

To m inim ise the  r is k  o f contam ination o f reagen ts  and th e  consequen t 

p ro d u c tio n  o f fa lse  p o s itiv e  PCR p ro d u c ts  (Kwock, 1989; G ibbs, 1989) 

th e  most s t r in g e n t  measures poss ib le  were taken . A ll m an ipu la tions  

were perfo rm ed in a s te r ile  cab ine t, p ip e tte s  were cleaned re g u la r ly  

and reagen ts  were checked fo r  contam ination  on an in d iv id u a l basis.

To m inim ise the  num ber o f ope ra tions , b u lk  reaction  m ix tu re s  were 

p repa red  and a liquo ted  p r io r  to  th e  a d d itio n  o f sample and enzyme.

The CMV.P1/P2 p r im e rs  were re s tr ic t io n  d igested  w ith  Taq I  re s tr ic t io n
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endonuclease p r io r  to  use, the  DNA fra g m e n t between th e  p rim ers  

hav ing  a s ing le , c e n tra l Taq I re s tr ic t io n  s ite .

2 . 5 . 7  Southern B lo t t in g

Agarose DNA gels were tra n s fe r re d  by c a p illa ry  action  on to  e ith e r 

n itro c e llu lo s e  (BA 85, S ch le iche r and S chue ll) o r  ny lon  (Hybond N, 

Amersham) membranes acco rd ing  to  th e  genera l method o f S ou thern  

(1975). Gels were dena tu red  by soaking tw ice  fo r  30 m inutes each in 

d e n a tu rin g  so lu tion  (A ppend ix ) and then  n e u tra lise d  by soaking  tw ice , 

fo r  30 m inutes each in n e u tra lis in g  so lu tion  (A ppend ix ). The DNA was 

tra n s fe re d  o v e rn ig h t on to  th e  membrane us ing  2x SSC as th e  t ra n s fe r  

b u ffe r .  The membranes were then  rinsed  in 2x SSC and th e n  d is tille d  

w ater, a ir  d r ie d , and th e  DNA fixed  by UV c ro s s lin k in g . The f i l te r s  

were s to red  a t room te m p e ra tu re  un d e r vacuum  p r io r  to  h y b r id is a t io n .

2 . 5 . 8  Northern B lo t t in g

RNA was dena tu red  in a so lu tion  co n ta in in g  f in a l co n ce n tra tio n s  o f:

50% form am ide, 1x MOPS b u ffe r  (A ppend ix) and 16% fo rm a ldehyde  

(40% v /v ) ,  by heating  a t 65°C fo r  5 m inutes. D ena tu ring  agarose gels 

(1 -5%) were p repa red  in 1x MOPS b u ffe r  co n ta in in g  16% fo rm a ldehyde  

(40% v /v ) ,  and ru n  in 1x MOPS b u ffe r .  The RNA was v isu a lised  by 

soaking  th e  gel in 1x MOPS b u ffe r  co n ta in in g  0 -5 iig /m l e th id ium  

brom ide fo r  15 m inutes. The gel was desta ined by soaking  in tw o  

changes o f d is tille d  w a te r, fo r  30 m inutes each.

The RNA was t ra n s fe r re d  by c a p illa ry  action  on to  ny lon  membranes 

(Hybond N, Amersham) acco rd ing  to  th e  method supp lied  by Amersham 

In te rn a tio n a l (Membrane T ra n s fe r and Detection M ethods).
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T ra n s fe r was o v e rn ig h t us ing 6x SSPE as t ra n s fe r  b u f fe r  w ith o u t any 

fu r th e r  d e n a tu ra tio n . The membranes were rinsed  in 6x SSPE and then  

d is tille d  w a te r, a ir  d r ie d  and th e  RNA fixed  by UV c ro s s lin k in g . The 

f i l t e r s  were s to red  a t room te m p e ra tu re  u n d e r vacuum  p r io r  to  

h y b r id is a t io n .

2 .6  ANALYSIS OF DONOR SAMPLES

2 . 6 . 1  Serum Samples

Donor serum  samples were ana lysed fo r  th e  presence o f HCMV DNA by 

d o t-b lo t  h y b r id is a t io n  and by PCR, and were screened fo r  the  

presence o f HCMV-IgG by EIA as described  in section  2.2.1.

2 . 6 . 1 . 1  Dot B lo t  A n a lys is

A s ta n d a rd  volume o f  serum  (100|il) was tre a te d  w ith  2-2% NP40 and 

0-67% 2-ME ( fin a l c o n ce n tra tio n s ) fo r  f iv e  m inu tes a t room te m p e ra tu re  

to  d is ru p t  v ira l membranes. The sample was then  placed on ice, an 

equal volum e o f o f 2M NaCI added and th e  DNA den a tu re d  w ith  tw o 

volum es o f 1M NaOH. The dena tu red  DNA was then  d o t-b lo tte d  on to  

n itro c e llu lo s e  (BA 85, S ch le iche r & S chue ll), p rew e tted  w ith  6x SSC, 

us ing  th e  M in ifo ld  I I  a p p a ra tu s  (S ch le ich e r & S chue ll), and th e  b lo ts  

washed w ith  n e u tra lis in g  so lu tion  (A ppend ix ). The f i l t e r  was then  

rin sed  in 6x SSC and baked a t 80°C, and su b se q u e n tly  probed us ing  

th e  32P labelled Eco RI J fra g m e n t o f HCMV as described  in section

2.5.3.1.
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2 . 6 . 1 . 2  PCR A na lys is

For PCR ana lys is , DNA was ex trac ted  from  100pl o f serum  by a d d ition  

o f SDS and d iges tion  w ith  pronase, fo llow ed by s tanda rd  p h e n o l/ 

ch lo ro fo rm  e x tra c tio n  and ethanol p re c ip ita t io n , and then  resuspended 

in 10(il o f d is tille d  w a te r and s to red  a t -40°C. PCR was perfo rm ed on 

the  e n tire  10iil o f ex trac ted  DNA us ing  th e  p rim e r p a ir  CMP1/CMP2.

2 . 6 . 2  P e r ip h e ra l Blood Mononuclear C e l ls  (PBMC)

2 . 6 . 2 . 1  S epara tion  o f  Donor PBMC

PBMCs were ob ta ined from  th e  5ml an ticoagu la ted  blood samples by 

d e n s ity  g ra d ie n t sepa ra tion . The samples were well m ixed, layered on to  

an equal volume o f F ic o ll/T r io s il g ra d ie n t and spun at 3000rpm fo r  20 

m inutes. The re s u lt in g  band, co n ta in in g  p redom ina te ly  lym phocytes, 

was co llected and th e  ce lls  washed tw ice  in PBS. These were 

tra n s fe r re d  to  E ppendo rf tubes , resuspended in 1ml o f STE (A ppend ix) 

and s to red  a t -4 0 °C.

2 . 6 . 2 . 2  P re p a ra t io n  o f  PBMC DNA f o r  D o t -B lo t  A n a ly s is

For d o t-b lo t  ana lys is , DNA was ex trac ted  from  100pl o f ce ll suspension 

by a d d ition  o f SDS and d iges tion  w ith  pronase, fo llow ed by s tanda rd  

p h e n o l/ch lo ro fo rm  e x tra c tio n  and ethanol p re c ip ita t io n  and then 

resuspended in 100pl o f TE pH 8 0 and s to red  a t -40°C.

2 . 6 . 2 . 3  D o t -B lo t  A n a lys is

The DNA was dena tu red  by b o iling  fo r  ten  m inutes and quench ing  on 

ice. An equal volume o f ice cold 20x SSC was added and th e  DNA 

im m ediately app lied to  n itro ce llu lo se  membrane as describ ed  in section
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2.6.1.1. The membrane was probed us ing  32P labelled Eco RI J fra g m e n t 

o f  HCMV as described  in section  2.5.3.1.

2 . 6 . 2 . 4  PCR A n a ly s is  o f  PBMC DNA

PBMC DNA was in it ia l ly  p repa red  fo r  PCR ana lys is  as described  in 

section  2.6.2.2. The DNA was ex tra c ted  from  500pl o f ce lls , resuspended 

in 100pl o f d is tille d  w a te r and s to red  a t -40°C  p r io r  to  PCR ana lys is . 

S ubsequ en tly , how ever, PBMCs s im ila r ly  ob ta ined  by d e n s ity  g ra d ie n t 

sepa ra tion  were lysed and used d ire c t ly  fo r  PCR. A pprox im ate ly  107 

ce lls  were washed tw ice  in PBS, tra n s fe re d  to  E p pend o rf tu b e s  and 

resuspended in 500pl o f  PCR b u ffe r  co n ta in in g  0-45% NP40 and 0*45% 

Tween 20, and 25pg/100|il o f  P ro te inase K. They were d igested  a t 56#C 

fo r  60 m inutes and th e  d ig e s t then  heated a t 96#C fo r  15 m inu tes to  

in a c tiv a te  th e  p ro te inase  and any DNases p resen t. The re s u lt in g  lysa te  

was spun b r ie f ly  in a m ic ro fu ge  and then  s to red  a t -4 0 °C p r io r  to  

PCR ana lys is  which was perfo rm ed as p re v io u s ly  describ ed , us ing  

p r im e r p a ir  CMP1/CMP2. 10pl o f e x tra c ted  DNA o r  25ul o f ce ll lysa te  

was used fo r  each reac tion , be ing e q u iv a le n t to  app rox im a te ly  1pg o f 

to ta l genomic DNA.

2 . 6 . 2 . 5  PCR A n a ly s is  o f  PBMC RNA

Total RNA was iso lated from  PBMC us ing  a m inor m od ifica tion  o f the  

method o f Chom czynski & Sacchi (1983). Separated PBMC were 

resuspended in 1ml o f STE and 500pl o f th is  was pe lle ted  and th e  ce lls  

lysed in 500pl o f guan id in ium  th io cya n a te  d e n a tu rin g  so lu tion  

(A ppend ix ), fo llow ed s e q u e n tia lly  by 50pl o f  2M sodium  acetate pH 4, 

500pl o f phenol and 100^1 o f ch lo ro fo rm -isoam y l alcohol (49:1), w ith  

th o ro u g h  m ixing between each a d d itio n . The f in a l suspension  was 

vo rtexed  fo r  10-15 seconds and then  placed on ice fo r  15 m inutes. The
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so lu tion  was spun a t 13,000g fo r  20 m inutes a t 4°C and th e  

s u p e rn a ta n t removed to  a fre s h  tube . An equal volume o f isopropano l 

(IPA) was added and the  RNA p re c ip ita te d  a t -40°C fo r  one hour. The 

RNA was pe lle ted by s p in n in g  as above and th e  pe lle t red isso lved  in 

3001!I o f th e  d e n a tu rin g  so lu tion  fo llow ed by the  a d d itio n  o f 300nl o f 

IPA and p re c ip ita t io n  a t -40°C  fo r  one hou r. The RNA was p re c ip ita te d  

once more, washed in 75% ethano l and f in a l ly  resuspended in 20[il o f 

0 05% SDS in depc tre a te d  w ater. The RNA was f in a lly  d igested  w ith  

10u o f RNase fre e  DNase fo r  one ho u r a t 3 7 °C, heat in a c tiva te d  a t 98 °C 

fo r  ten  m inutes and s to red  a t -40°C  p r io r  to  use. RNA PCR was 

perfo rm ed us ing  2-5 |il o f RNA in th e  RT reaction  and us ing  a n ti-sen se  

p rim e r CMP4 as th e  RT tem plate . DNA PCR was then  perfo rm ed on the  

re s u lt in g  ssDNA fo llo w in g  a d d itio n  o f th e  sense p rim e r CMP3.

2 . 6 . 3  U rin e  Samples

2 . 6 . 3 . 1  U rine  C o l le c t io n

U rine  samples were co llected  from  apheres is  donors and members o f 

s ta f f  who, a t th e  tim e o f sample co llec tion , met th e  c r i te r ia  fo r  blood 

donation . The u r in e  samples were co llected  as e a rly  m orn ing  specimens 

(to ta l volume vo ided ) as a se p tica lly  as possib le . Three volumes o f 

u r in e  (3x 2ml) were removed asep tica lly  fo r  v iru s  c u ltu re , snap froze n  

and s to red  in liq u id  n itro g e n . The rem a inder was then  c la r if ie d  by 

c e n tr ifu g a tio n  a t 3000rpm fo r  15 m inutes a t 15°C. 200ml was then  

u ltra c e n tr ifu g e d  at 35K rpm  fo r  1 i hou rs  a t 15°C to  p e lle t v iru s  

p resen t. The p e lle t was suspended in 450ul o f STE and s to red  a t -40°C 

p r io r  to  DNA e x tra c tio n .
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2.6.3.2 Urine Culture

HEL ce lls  were grown to  con fluence  using  s tanda rd  techn iques  in 10ml 

p la s tic  c u ltu re  tubes  (S te r ilin ) .  U rine  samples were processed as 

described above and 1ml o f u r in e  was d ilu te d  1:2 w ith  2x m aintenance 

medium con ta in in g  a f in a l conce n tra tio n  o f 200pg/ml gentam icin. Medium 

was removed from  th e  ce lls, and th e  d ilu te d  u r in e  added. A fte r  

in cuba tion  fo r  1-2 hou rs  a t 37°C th e  I inoculum  was c a re fu lly  removed 

and 4ml o f m aintenance medium co n ta in in g  200pg/m l gentam icin was 

added. The ce lls  were incubated fo r  a fu r th e r  tw o hou rs  at 37°C, the  

medium removed, replaced w ith  s tanda rd  m aintenance medium and 

incubated fo r  24 hours. The medium was then  changed once more and 

th e  tu b e  incubated fo r  up to  fo u r  weeks w ith  changes o f s tanda rd  

m aintenance medium once o r  tw ice  weekly. The ce lls  were checked 

tw ice  w eekly fo r  cpe. All u r in e  samples were tested  in d u p lica te  and 

considered to  be nega tive  i f  no cpe was detected a fte r  fo u r  weeks o f 

c u ltu re .

All samples dem onstra ting  to x ic  e ffe c ts  a n d /o r  causing bacte ria l 

contam ination o f the  c u ltu re s  were re -c u ltu re d  us ing  th e  d up lica te  

frozen  s to red  sample. Samples which again gave s im ila r re s u lts  were 

considered u n su itab le  fo r  c u ltu re .

2 . 6 . 3 . 3  DNA E x tra c t io n

The pelle ted m ateria l was d igested  a t 37°C fo r  3-4  hou rs  fo llo w in g  th e  

a d d ition  o f 25\i\ o f 20mg/ml Pronase and 25pl o f 10% SDS. The DNA was 

ex trac ted  as p re v io u s ly  described , resuspended in 50pl o f TE pH 8 0 

and s to red  at -4 0 3C.
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2 . 6 . 3 . 4  Dot B lo t  A na lys is

In it ia l ly ,  all 50|jl o f th e  ex trac ted  DNA was dot b lo tted  on to  

n itroce llu lose . S ubsequen tly , when PCR ana lys is  was also perfo rm ed on 

these samples, on ly  40kil o f th e  DNA p re p a ra tio n  was used. The DNA 

was dena tu red  by b o iling  fo r  ten m inutes and quench ing  on ice, an 

equal volume o f ice cold 20x SSC added and th e  sample tra n s fe re d  to  

n itro ce llu lo se  as described  in section 2.6.1.1. The membrane was 

probed using th e  32P labelled Eco RI J fra g m e n t o f HCMV as described  

in section 2.5.3.1.

2 . 6 . 3 . 5  PCR A na lys is

For all samples processed p r io r  to  the  in s tig a tio n  o f PCR, a n a lys is  was 

perform ed re tro s p e c tiv e ly  on DNA ex trac ted  from  one o f the  2ml 

samples o f u r in e  s to red  in liq u id  n itro g e n . The u r in e  sample was 

pelle ted and the  DNA ex trac ted  and then  red isso lved  in 10pl o f 

d is tille d  w ater. For a ll samples processed fo llo w in g  th e  in s tig a tio n  o f 

PCR, th e  ana lys is  was perform ed on 1 /5 th  o f th e  DNA (10|il) ex trac ted  

from  th e  pe lle t p roduced by u ltra c e n tr ifu g a tio n  o f th e  u r in e  (section  

2.6.3.3). PCR ana lys is  was perfo rm ed on th e  u r in e  DNA samples as 

p re v io u s ly  described , us ing  th e  p rim e r p a ir  CMP1/CMP2.

2 . 6 . 4  S a l iv a  Samples

2 . 6 . 4 . 1  S a l iv a  C o l le c t io n .

Saliva  samples were co llected from  the  same g roup  th a t p ro v id e d  the  

u r in e  samples, and a t the  same tim e. The samples were f i lte re d  

th ro u g h  a ny lon  mesh to  remove any p a rt ic u la te  m atte r, and then  

spun a t 3000rpm fo r  10 m inutes a t RT. The c la r if ie d  sa liva  was then  

made up to  40ml w ith  PBS and any v iru s  p resen t pe lle ted a t 30,000

-111-



rpm fo r  1 i hou rs  a t room tem pera tu re . The pe lle t was resuspended in 

450|il STE and s to red  a t -40°C p r io r  to  DNA ex tra c tio n .

2 . 6 . 4 . 2  DNA E x tra c t io n

DNA was ex trac ted  from  th e  u ltra c e n tr ifu g e  pe lle t by s tandard  

e x tra c tio n  p rocedures, d iso lved in 50pl o f d is tille d  w a te r and s to red  a t 

-4 0 °C.

2 . 6 . 4 . 3  D o t -B lo t  A n a lys is

40pl o f the  ex trac ted  DNA was d o t-b lo tte d  on to  n itro ce llu lo se  membrane 

as described in section 2.6.1.1. The membrane was probed us ing  the  

32P -labe lled Eco RI J fra g m e n t o f HCMV.

2 . 6 . 4 . 4  PCR A n a lys is

PCR was perform ed on th e  rem ain ing 10pl o f ex trac ted  DNA using the  

p rim e r p a ir CMP1/CMP2.



CHAPTER 3 PREVALENCE OF HCMV-ANTIBODY IN  BLOOD DONORS

3.1 RESULTS

3 . 1 . 1  Prevalence o f  HCMV-Antibody

The se ros ta tus  o f th e  donors was determ ined so le ly  on the  basis o f 

presence o r  absence o f HCMV-IgG. Serum samples from  a to ta l o f 9027 

normal blood donors were screened fo r  the  presence o f HCMV-IgG. Of 

these, 4173 (46 2%) were se ro p o s itive  and 4854 (53*8%) seronegative . 

The preva lence o f HCMV-IgG was found  to  be p ro p o rtio n a l to  donor 

age (Table 3.1, F igu re  3.1), in c reas ing  w ith  inc reas ing  age.

Table 3.1 Prevalence o f HCMV-IgG re la ted  to  donor age

Age group No. te s te d No. p o s it iv e (%)

18-20 382 80 20*9

21-25 1396 368 26*4

26-30 1467 525 35-8

31-35 1238 514 41 *5

36-40 1241 618 49*8

41-45 1196 674 56-4

46-50 821 506 61 -6

51-55 688 472 68-6

56-60 425 289 68-0

61-65 173 127 73-4

To ta l 9027 4173 46-2
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Figure 3.1 Histogram showing the prevalence o f HCMV-IgG in blood 
donors related to  age.
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Table 3.2 P revalence o f HCMV-IgG in blood donors re la ted  to  donor 
age and sex.

No. te s te d  No. p o s it iv e

Age group Hale Female Male (%) Female (%)

18-20 172 210 34 19-8 46 21-9

21-25 670 726 163 24-3 205 28-2

26-30 819 648 269 32-8 256 39-5

31-35 744 494 293 39-4 221 44-7

36-40 722 519 343 47-5 275 53-0

41-45 729 467 375 51 -4 299 64-0

46-50 496 325 278 56-0 228 70-2

51-55 414 274 272 65-7 200 73-0

56-60 260 165 174 66-9 174 69-7

61-65 114 59 81 71-1 46 77-9

TOTAL 5140 3887 2282 44-4 1891 48-6

The ove ra ll p reva lence  o f HCMV-IgG in female donors (4 8 -6 * )  was 

found  to  be s ig n if ic a n tly  h ig h e r than  th a t in male donors (4 4 -4 *) (x2 

= 15-92, p < 0-001) (Table 3.2). Th is  h ig h e r p reva lence  was found  in 

each age g roup , ra n g in g  from  2 -1 *  in th e  18-20 year age g roup , to  a
I

maximum o f 13 -8* in th e  46-50 yea r age g roup .

i



Table 3.3 Prevalence o f HCMV-IgG In UK blood donors

Region/RTC % S e ro p o s it iv e Region/RTC % S e ro p o s itive

NE Thames 46 NW Thames 48

Birmingham 50 SW Thames 47

B r is to l 40 S h e ff ie ld 45

C a rd if f 45 Newcastle 45

L ive rp oo l 50 Manchester 45

Mean prevalence 46-1%

3 . 1 . 2  P revalence o f  HCMV-IgG in  Blood donors in  England 
and Wales

The preva lence o f HCMV-IgG In blood donors in o th e r hea lth  reg ions 

o f th e  UK is p resen ted in Table 3.3. These f ig u re s  were c o rre c t In 

December 1990, and re p re se n t th e  re s u lts  o f the  ro u tin e  te s tin g  o f 

donations fo r  HCMV-IgG, though  a num ber o f d if fe re n t  commercial 

HCMV-Ab assays were used.

3 . 1 . 3  Seroconversion

A g roup  o f 836 se ronega tive  donors were s tud ie d  o v e r a period  o f 

approx im ate ly  th re e  years in o rd e r  to  de term ine the  actual 

se roconvers ion  ra te  in th a t popu la tion . A lthough  p ro sp e c tive  in design, 

the  s tu d y  was a c tu a lly  perform ed on re tro s p e c tiv e  data from  the  

re s u lts  o f th e  ro u tin e  screen ing  o f donations fo r  HCMV-IgG. The 836 

donors were id e n tif ie d  as hav ing  been found  to  be HCMV-IgG negative  

d u r in g  th e  period  between 01/01/87 and 30/06/88, and then  hav ing  

made subsequen t donations o ve r a minimum period  o f one year and 

hav ing  been rescreened fo r  th e  presence o f HCMV-IgG.
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Table 3.4 O bserved and expected seroconvers ion  ra tes

Age
group

No.
s tud ie d

Seroconv. 
obs. exp.

Mean 
seroconv. 

pe riod  ( y r )

Annual 
seroconv. rate(% ) 

obs. exp.

18-20 43 2 3 1-1 1 -6 2-4

21-25 163 10 13 1 -0 2-1 2-7

26-30 190 8 11 0*8 1-4 1 -9

31-35 115 8 10 1.4 2-3 3-0

36-40 110 5 9 0-9 1 -5 2-8

41-45 100 3 8 1-1 1-0 2-5

46-50 58 3 7 1 -3 1-7 3-9

51-55 31 0 01 - 0 -0 -1 4 1

56-60 20 0 2 - 0 3-7

61-65 6 0 n /k - 0 n /k

T o ta l 836 39 63 Mean 1-09 1 -66 2-53

n /k  = Not Known (dono rs  a re  o n ly  b led  up to  the  age o f  65) 
obs = obse rve d  exp = expected

1 nega tive  va lue ob ta ined  because o f  the  decrease in  p reva lence  
o f  HCM V-specific Ab seen in  the  56-60 y e a r  age g ro u p  as 
com pared to  the  51-55 y e a r  age g ro u p

The observed and expected seroconvers ion  ra tes  o f se ronega tive  

donors d u r in g  th e  s tu d y  period  are  p resen ted in Table 3.4.

The observed se roconvers ion  ra te  was ca lcu la ted  from  the  to ta l 

num ber o f se roconvers ions  th a t were id e n tif ie d  d u r in g  th e  th re e  yea r 

s tu d y  pe riod . For ease o f ca lcu la tion  i t  was assumed th a t 

se roconvers ions were spread even ly  th ro u g h o u t th e  th re e  year s tu d y  

period . The ra te  was expressed as the  mean ra te  o f se roconvers ion
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per yea r in th e  donor popu la tion , and fu r th e r  expressed as the  mean

ra te  o f se roconvers ion  w ith in  each age g roup .

The expected annual se roconvers ion  ra te  fo r  each age g roup  was 

ca lcu la ted , on a cum u la tive  basis, from  th e  th e o re tica l num ber o f 

se roconvers ions in th e  normal donor popu la tion  th a t needed to  occu r 

to  account fo r  th e  increase in th e  p reva lence  o f HCMV-IgG observed 

from  one age g roup  to  th e  next. The ra te  is expressed as th e  expected 

mean annual se roconvers ion  ra te  w ith in  each g roup .

The f ig u re s  fo r  the  expected num ber o f s e ro co n ve rtin g  donors were 

ca lcu la ted  by a p p ly in g  th e  expected se roconvers ion  ra tes  fo r  th e  age 

g roup  to  th e  to ta l num ber o f se ronega tive  donors s tud ied  in th a t age 

g roup , and exp ress ing  th e  re s u lts  as th e  to ta l num ber o f

se roconvers ions expected to  o c cu r d u r in g  th e  th re e  year s tu d y  period

in th is  s tu d y  pou la tion . Th is  ca lcu la tion  was repeated fo r  each age 

g roup . In  a ll cases th e  observed seroconvers ion  ra te  was less than  

the  expected ra te . A lthough  a mean se roconvers ion  period was 

ca lcu la ted , th is  f ig u re  re la tes  more to  th e  fre q u e n c y  o f donation 

ra th e r  than  any accu ra te  assessment o f th e  tim in g  o f in fec tio n  and 

subsequen t se roconvers ion  in th e  donor popu la tion .
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3 .2  DISCUSSION

O vera ll, 4173 o f 9027 (46-2%) blood donors In the  N orth East Thames 

Region were found  to  posess HCMV-IgG, which is in good agreem ent 

w ith  the  f ig u re  o f 48 * re ce n tly  re po rte d  by McDonald e t aI (1990) fo r  

blood donors in th e  N.W.Thames Region, a s im ila r donor popu la tion . 

F u rth e r, un re p o rte d  data from  o th e r UK Regional T rans fus ion  C entres 

(Table 3.3) s u p p o rts  these f ig u re s  from  the  N.W. and N.E.Thames 

reg ions and dem onstrates a fa ir ly  un ifo rm  preva lence  across th e  UK. 

Th is  d if fe rs  s ig n if ic a n tly  from  th e  wide ra n g in g  leve ls repo rte d  fo r  

o th e r co u n trie s , fo r  example 20 -70* in th e  USA (Tegtm eier, 1986). 

Recently, however, K lapper e t a l (1990) have repo rte d  a ra th e r  h ig h e r 

p reva lence o f HCMV-IgG in blood donors from  the  M anchester RTC, 

us ing  a new rad io im m unosorben t te s t (R IST). They repo rted  a 

preva lence o f HCMV-IgG o f 53* in the  donors tes ted . Th is  f ig u re , 

however, is h ig h e r than  th a t o f 45* re po rte d  by M anchester RTC its e lf  

(Table 3.3) from  data  determ ined using a commercial HCMV-Ab assay. I f  

the  use o f th is  new assay p ro v id e s  a genu ine  increase in s e n s it iv ity ,  

such a la rge  increase in the  estim ated preva lence  o f HCMV-IgG 

p o s itive  in d iv id u a ls  may be general th ro u g h o u t th e  UK and re q u ire s  

fu r th e r  s tu d y . However, the  assays c u r re n t ly  used by the  RTC’s are 

all s tanda rd  and also used in c lin ica l la bo ra to ries  w ith o u t any 

repo rte d  s e n s it iv ity  problem s. I t  is q u ite  possib le  th a t the  donor 

samples p rov id ed  fo r  te s tin g  us ing  the  RIST assay may have been 

collected at a donor session in an area w ith  a localised h ig h e r 

p reva lence o f HCMV-IgG. A lte rn a tiv e ly , the  s p e c if ic ity  o f th e  assay may 

need fu r th e r  exam ination.

The presence o f HCMV-Ab is c le a rly  linked  to  age. The preva lence  in 

the  lowest age g roup  (18-20years) being 2 0 -9 *  and r is in g  to  73 -4 * in
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th e  60-65 age g roup . In te re s t in g ly ,  th e re  is a s ig n if ic a n t decrease in 

th e  preva lence o f a n tib o d y  in th e  56-60 age g roup , a f in d in g  s im ila r 

to  th a t o f Eley (1987) in an e a r lie r, sm aller s tu d y  o f donors from  th e  

N.E. Thames reg ion . McDonald e t a l (1990) s tud ie d  th e  preva lence o f 

HCMV-IgG in fo u r  age g roup s  o f p lasm apheresis donors, and showed a 

s im ila r increase in p reva lence w ith  age. They also noticed a decrease 

in p reva lence in the  o ldes t age g roup  (50-59 years). The reasons fo r  

th is  decrease in p reva lence  are  unc lea r bu t, as th is  has been seen in 

th re e  d if fe re n t s tud ie s , i t  is u n lik e ly  to  be a ttr ib u ta b le  to  bias in the  

s tu d y  popu la tion . A possib le  exp lanation fo r  th e  f in d in g  is th a t the  

decrease is s p e c ific a lly  associated w ith  those donors c u r re n t ly  in th a t 

age g roup , and th is  decrease has always been associated w ith  those 

donors in p re v io u s  years. Thus i t  may re p re se n t the  re s u lt o f an 

e a r lie r  even t re s u lt in g  in a localised decrease in the  HCMV in fec tio n  

ra te , and hence HCMV-IgG preva lence, in those donors.

The f in d in g  o f a s ig n if ic a n tly  h ig h e r p reva lence o f HCMV-IgG in female 

donors is a fu r th e r  puzz ling  f in d in g . The reasons fo r  th is  d iffe re n c e  

are  unc lea r b u t a s im ila r d iffe re n c e  was found  by Wilhelm e t a l (1986) 

who noted an even g re a te r d isc repancy . The p reva lence o f HCMV-IgG 

was found  to  be 45* in female donors b u t on ly  36* in male donors. No 

reasons fo r  th is  d iffe re n c e  were p u t fo rw a rd  by these a u th o rs  b u t 

th e y  d id make the  fu r th e r  s ig n if ic a n t comment th a t th e  o ve ra ll ra te  o f 

in fe c tio n , m arked by se roconvers ion , in female p a tie n ts  was 

co rre s p o n d in g ly  h ig h e r than  th a t in male pa tien ts . I t  is known th a t 

p regnancy  o ften  leads to  re a c tiva tio n  o f in fec tio n  o r  increased r is k  o f 

p r im a ry  in fe c tio n . However, th is  is u n lik e ly  to  be th e  sole reason fo r  

such a f in d in g , as the  d iffe re n c e  is c le a rly  seen in th e  y o u n g e r age 

goups, the  m a jo r ity  o f whom are u n lik e ly  to  have been p regn an t.
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Furthe rm ore , on ly  p rim a ry  in fec tio n  would p roduce an increase in th e  

preva lence  o f HCMV-Ab, re in fe c tio n  o r  re c u r re n t in fec tio n  being 

unde tectab le  on th e  basis o f HCMV-IgG screen ing  alone. A lthough  the  

complex re la tio n sh ip  between HCMV and the  immune system p rov id es  

po ten tia l fo r  increased s u s c e p tib ility  to  in fec tio n  (c .f. HLA and HCMV 

in fe c tio n ) no known lin k s  between HLA and gender have been 

estab lished . N everthe less, i t  is hard to  envisage any reasonable 

mechanism by which n a tu ra l HCMV in fec tio n  would p re fe re n tia lly  in fe c t 

hea lthy  females w ith o u t p o s tu la tin g  e ith e r a g re a te r p ro tec tion  

a ffo rd e d  by the  male immune system  o r  a g re a te r female s u s c e p tib ility  

to  HCMV in fec tio n .

The c u r re n t  se roconvers ion  ra te  in UK blood donors is gene ra lly  

accepted as 1 -2 *  pe r annum (E n tw h is tle  & Tob in , 1984). A lthough  the  

ove ra ll se roconvers ion  ra te  observed agrees w ith  th is  estim ate, the  

f ig u re s  do not accord w ith  th e  ca lcu la ted expected seroconvers ion  

ra te . I f  i t  is assumed th a t the  increas ing  preva lence  o f HCMV-IgG seen 

in donors is due to  HCMV in fe c tio n  o c c u rr in g  both n a tu ra lly  and 

co n s ta n tly  th ro u g h o u t the  general popu la tion  and accounts fo r  the  

increase In p reva lence  o f HCMV-Ab from  one age g roup  to  th e  next, 

th e  seroconvers ion  ra te  fo r  any one age g roup  m ust equate w ith  the  

increase in p reva lence  seen in th e  next age g roup . On th is  basis th e  

ove ra ll expected se roconvers ion  ra te  was ca lcu la ted  as was th a t fo r  

each age g roup . S u p ris in g ly , however, these ra tes are s ig n if ic a n tly  

h ig h e r than  the  1 -2 *  observed se roconvers ion  ra te , and fu r th e r  

re q u ire  th a t the  inc idence o f p r im a ry  in fe c tio n  s p e c ifica lly  increases 

w ith  increas ing  donor age.

I t  is noticeable th a t the  h ighes t d isc rep ancy  between th e  ra tes is 

found  in the  o ld e r age g roups, where no inc idences o f se roconvers ion
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were seen. However, th is  may p a r t ly  be due to  th e  sample size, as the  

to ta l num ber o f o ld e r donors inc luded in the  s tu d y  was re la tiv e ly  low. 

The period  w ith  the  h ighes t fre q u e n cy  o f n a tu ra l in fec tio n  in 

immunocompetent in d iv id u a ls  in developed co u n tr ie s  is genera lly  

considered to  be adolescence and e a rly  adu lthood . However, the  

seroconvers ion  ra tes  seen in the  youngest donor age g roups  were no 

g re a te r than  those seen in o th e r age g roups ; those not gene ra lly  

considered to  be associated w ith  a h igh inc idence o f in fec tio n . I t  

would appear th a t th e  c u r re n t  se roconvers ion  ra te  is essen tia lly  

constan t, a t least between the  ages o f 18 to  50.

I f ,  however, the  assum ption made above is no t c o rre c t o r  on ly  

p a r t ia lly  c o rre c t, th e  ca lcu la tions  subse quen tly  perfo rm ed to  ob ta in  

the  expected se roconvers ion  ra tes  may no t be va lid . I f  th is  is the  

case, the  age re la ted  preva lence o f HCMV-IgG in the  s tu d y  popu la tion  

may not s im p ly  re fle c t se roconvers ion  from  one age g roup  to  the  next, 

b u t may re fle c t p re v io u s  h ig h e r ra tes o f in fe c tio n , p ro b a b ly  d u r in g  

late ch ildhood and e a rly  adolescence. I f ,  as suspected, the  preva lence 

o f v iru s  and hence th e  inc idence o f p r im a ry  in fec tio n  is s low ly  

d e c lin ing  in immunocompetent in d iv id u a ls  w ith  th e  developm ent o f 

soc ie ty , the  h ig h e r p reva lence o f HCMV-Ab in th e  o ld e r age g roups  

may re fle c t not ju s t  c u r re n t  in fec tio n  and subsequen t se roconvers ion , 

b u t s ig n if ic a n tly , a much h ig h e r inc idence o f in fec tio n  in e a r lie r  life . 

Those donors c u r re n t ly  in th e  o ld e r age g roup s  would th e re fo re  have 

had a h ig h e r p reva lence  o f HCMV-Ab when aged 21-25, fo r  example, 

than  the  preva lence in the  donors c u r re n t ly  in th a t age g roup .

A lthough  v e ry  few s tu d ie s  o f th e  p reva lence o f HCMV-IgG in blood 

donors in th e  UK have been pub lished , the rea resom e, a lb e it lim ited , 

data to  s u p p o rt th is  v iew . The o ve ra ll p reva lence  o f HCMV-IgG in a
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s im ila r donor popu la tion  in 1971 was found  to  be 55% (Perham e t al, 

1971). Continued im provem ents are being made to  th e  general hyg iene 

and liv in g  co n d itio n s  in many areas o f th e  w orld , in c lu d in g  the  UK, 

tw o fa c to rs  known to  p lay an im po rtan t ro le  in th e  incidence o f 

transm iss ion  o f HCMV in immunocompetent in d iv id u a ls . This 

im provem ent in cond ition s  has re ce n tly  been h ig h lig h te d , fo r  example, 

in th e  decreasing p reva lence o f Ab to  H epa titis  A V iru s  (HAV-Ab) in 

blood donors.

/

The increase in th e  num ber o f e th n ic  in d iv id u a ls  in th e  general 

popu la tion  may be ano the r fa c to r  a ffe c tin g  th e  preva lence o f HCMV-Ab. 

Such in d iv id u a ls  who were born ou ts ide  o f th is  c o u n try  in co u n tr ie s  

w ith  poo re r liv in g  cond ition s  and a h ig h e r inc idence o f HCMV in fec tio n  

would have encountered HCMV much e a r lie r  in th e ir  lives  than  s im ila r 

in d iv id u a ls  in w estern  co u n tr ie s . The ex ten t o f any such increase is, 

however, unknow n. A lthough  donor sessions in the  N.E.Thames reg ion
' ' N

- ' N are held in areas o f e th n ic /p o p u la tio n s , th e  p ro p o rtio n  o f fe th n ic  J

donors is no t re p re s e n ta tiv e  o f th e  num bers in th e  ove ra ll popu la tion

o f these areas. The impact o f any such donors on general donor

tre n d s  Is, th e re fo re , c u r re n t ly  unknow n and d i f f ic u l t  to  assess

accu ra te ly .

The p o s s ib ility  o f random, m inor, localised epidem ics o f HCMV cannot 

be dism issed. Transm ission in immunocompetent in d iv id u a ls  rep re se n ts  

the  m ajor rou te  o f in fec tio n  by HCMV, and p ro v id e s  a con tinua l pool o f 

in fe c tio u s  in d iv id u a ls , b u t i t  is c lea r th a t acute sym ptom atic in fec tio n  

is usua lly  m arked o n ly  by mild c lin ica l sym ptoms and many cases o f 

acute in fec tio n  are asym ptom atic. I t  is lik e ly , fo r  example, th a t some o f 

the  so-ca lled ’f lu ’ o u tb re a ks  are  not due s p e c ific a lly  to  in fluenza  

v iru se s , b u t are  due to  one o r  more o f th e  many o th e r re s p ira to ry



t ra c t  v iru se s , in c lu d in g  HCMV, in fec tion  w ith  which can g ive  rise  to  

’co ld - o r  f lu - l ik e  sym ptom s’ o f v a ry in g  s e v e r ity . I t  is possib le  th a t 

HCMV may fe a tu re  re g u la r ly  among those v iru s e s  a c tu a lly  causing 

these ’f lu ’ o u tb reaks .
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CHAPTER 4 QUANTITATIVE AND QUALITATIVE ASPECTS OF THE 
IMMUNE RESPONSE TO HCMV

4.1  RESULTS

4 . 1 . 1  T i t r e  o f HCMV-IgG in  Blood Donors

Donors were d iv ide d  in to  th re e  g roups  on th e  basis o f  HCMV-IgG t i t r e .  

These g roup s  were de fined as: low t i t r e  -  1/1 to  1/8, medium t i t r e  -  

1/16 to  1/64 and h igh  t i t r e  -  > 1/64. The HCMV-IgG t i t r e s  o f 500 

donors were determ ined us ing  th e  ’ in house’ HCMV-IgG assay. 

C o rre la tion  between the  HCMV-IgG t i t r e  and donor age was 

inves tiga ted  and th e  re s u lts  are presented in Table 4.1.

Table 4.1 HCMV-IgG T itre  Related to  Donor Age

Age
group

Male donors Female donors

Mean
t i t r e Range

No. o f 
donors

Mean
t i t r e Range

No. o f  
donors

18-20 26 2-128 11 20 4-64 10

21-25 23 4-32 15 30 2-128 24

26-30 16 2-64 31 16 1-64 34

31-35 34 2-128 47 22 2-64 39

36-40 19 1-128 53 22 1-64 33

41-45 34 2-128 48 49 4-512 24

46-50 30 1-64 33 17 1-64 19

51-55 33 2-128 15 42 1-256 17

56-60 20 2-64 13 18 2-64 18

61-65 15 2-32 9 18 4-64 7

T o ta l 23-9 -  275 29 -  225
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Of the  500 donors, 332 (66-4%) were found  to  be low t it re ,  127 (25 4%) 

medium t i t r e ,  and 41 (8.2SS) h igh  t i t r e .  No co rre la tio n  was dem onstrated 

between the  age o f the  donor and th e  an tib ody  t i t r e  ( t  = 0-301, 

p < 0-05) no r was a s ig n if ic a n t d iffe re n c e  observed between th e  t it re s  

found  in male and female donors (X2 = 9-42, p < 0.05 ).

4 . 1 . 2  Im m unoblotting S tud ies  on HCMV-IgG P o s it iv e  Donors

The sera  fo r  s tu d y  were ob ta ined from  normal blood donors, a lthough  

some c lin ica l se ra  were also examined. The sera from  blood donors 

were grouped acco rd ing  to  t i t r e ,  us ing  th e  ranges defined in Section

4.1.1. Im m unob lo tting  was perform ed in o rd e r  to  de tec t the  HCMV- 

s p e c ific  s tru c tu ra l po lypep tides  recognised by IgG an tibod ies. Some 

va r ia tio n  in th e  pos itions  o f some o f th e  pep tides was apparen t, th is  

was due to  some d iffe re n ce s  in th e  SDS-PAGE cond itions .

The general IB p a tte rn  o f HCMV-IgG p o s itive  sera is shown in Plate

4.1. In  to ta l, 22 d if fe re n t  po lyp e p tid e s  were recogn ised, w ith  app a ren t 

MWs o f 212, 150, 145, 125, 115, 97, 88, 84, 78, 74, 68, 64, 60, 55, 48, 45, 

40, 38, 35, 33, 30, and 28 kDa. Both q u a n tita tiv e  and q u a lita t iv e  

d iffe re n ce s  were app a ren t between the  responses in d if fe re n t  

in d iv id u a ls  (P la te 4.1, F ig u re  4.1). Sera con ta in in g  h igh t i t r e  HCMV-IgG 

usua lly  gave more in tense  b lo tt in g  p a tte rn s , a lthough  sp e c ific  

d iffe re n ce s  in the  p o lypep tides  recognised were also seen in donors 

w ith  d if fe re n t  t i t r e s  o f HCMV-IgG. P o lypep tides o f appa ren t MWs o f 

150, 97, 55, and 28 kDa appeared to  be th e  most immunogenic as they  

gene ra lly  gave s tro n g  s igna ls  and were recognised by the  h ighes t 

percentage o f sera (F ig u re  4.1). One o f these po lypep tides , 150 kDa, 

was recognised by all sera, p o lypep tides  97, 55 and 28 kDa were
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Plate 4.1

1 2  3  4  5  6  7  8  9  1)  11 1 2  1 3  1 4

2 0 5  —

116  —

9  7 —

6 6  —

■ ! ' •  N
4 5  —

2 9  —

IB p ro file  o f HCMV-IgG positive donor sera, AD169 as 
b lo tting  antigen. Samples 1-13 are from -IgG positive 
sera, sample 14 is -IgG negative. A non-specific  band 
(58-60 kDa) can be seen on s tr ip  14. Numbers on the le ft 
hand side indicate approximate MWs (kDa).
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Ab
type

P o l y p e p t i d e  m o l e c u l a r  w e i g h t s  ( k D a )

X
Pos

212 145 115 97 88 84 78 74 68 64 60 55 48 45 40 38 35 33 30 28
150 125

F ig u re  4.1 Percentage re a c t iv ity  o f in d iv id u a l HCMV po lypep tides  
w ith  HCMV-IgG p re se n t in human sera  grouped 
acco rd ing  to  Ab t i t r e .

h t  -  h ig h  t i t r e , m t -  medium t it re ,  i t  -  low t i t r e , 
num bers a long the  bottom  re p re s e n t approxim ate  
MWs o f  the  p o ly p e p tid e s
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recognised by 89-2, 97-2 and 84-1% o f sera re sp e c tive ly . None o f the  

th re e  g roups  o f sera  e n tire ly  fa iled  to  recogn ise any o f the  sp e c ific  

po lypep tides  id e n tif ie d , a t least one serum  in each g roup  id e n t ify in g  

any p a r t ic u la r  po lypep tide .

4 . 1 . 3  E f fe c t  o f S tra in  V a r ia t io n  on A ntigens used fo r  
Im m unoblotting

A ntigen  fo r  IB was also prepared  from  the  HCMV la b o ra to ry  s tra in s  

Towne and Davis, and from  six low passage c lin ica l isolates. S tr ip s  

p repa red  using  these an tigens  were compared fo r  po lypep tides  

recognised by a serum  con ta in in g  HCMV-IgG. Some q u a lita tiv e  

d iffe re n ce s  are seen in the  IB p a tte rn s  us ing  d if fe re n t  an tigens  (P la te  

4.2). All s tra in s  s tud ied  produced the  same basic IB p ro file  ro u tin e ly  

produced using  s tra in  AD169 as b lo tt in g  an tigen , con ta in ing  

p o lypep tides  o f iden tica l MWs. V a ria tion  between s tra in s  was lim ited 

and appeared to  re s u lt in the  va ria b le  p ro d u c tio n  o f po lypep tides  o f 

a pp a ren t MWs o f 125, 84, 74, 48, 45, 40, 38, 35, 33 kDa by th e  d if fe re n t  

v iru s  s tra in s  (P late 4.2). There  was also v a r ia tio n  in the  in te n s ity  o f 

th e  reactions seen w ith  some o f th e  po lypep tides .

4 . 1 . 4  C ro s s -re a c t iv ity  o f HCMV-Proteins W ith S p e c if ic -  
A nti body to  O ther H erpesviruses

Sera con ta in in g  h igh  t i t r e  Abs to  o th e r h e rp e sv iru se s  (HSV I, - I I ,  VZ, 

EB, HHV6) b u t nega tive  fo r  HCMV-Ab were examined by IB aga ins t 

AD169 an tigen . No sp e c ific  bands were seen w ith  any o f the  sera.

4 . 1 . 5  S t a b i l i t y  o f th e  Immune Response to  HCMV

To examine the  na tu ra l v a r ia tio n  in t i t r e  in normal in d iv id u a ls , a to ta l 

o f 60 random donors were s tud ied  re tro s p e c tiv e ly  co ve rin g  a
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Plate 4.2 Variation in the IB p ro file  o f HCMV-IgG positive donor 
serum seen when d iffe re n t s tra ins  of HCMV are used as 
b lo tting  antigen. Antigens used: s tr ip  1- AD169,
2- Towne, 3- Davis, 4-9 c lin ica l isolates. Results 
represent the p ro files  obtained when a single HCMV-IgG 
positive serum was tested against all 9 antigens. Numbers 
on the LH side indicate approximate MWs (kDa).
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Table 4.2 Temporal Varia tion  in T itre  o f HCMV-IgG in Blood Donors

I n i t i a l  No. in c . No. dec. Mean no. Mean study
t i t r e  Number in  t i t r e  in  t i t r e  samples p e r io d (y rs )

High 9 0 11 3-5 2-3

Medium 23 22 13 3-1 2-5

Low 28 34 0 3-6 2-0

T o ta l 60 5 2 „ _

1 dono r decreased in  t i t r e  1/256 to  1/32
2 1 dono r increased  in  t i t r e  1/16 to  1/64, 1 dono r increased in  t i t r e  

1/64 to  1/256
3 dono r decreased in  t i t r e  1/16 to  1/4
4 1 donor in c reased  in  t i t r e  1/4 to  1/16, 1 don o r increased in  t i t r e  

1/2 to  1/8, 1 dono r increased in  t i t r e  1/8 to  1/32

minimum period  o f 18 m onths and a minimum o f 3 donations p e r donor. 

O nly v a r ia tio n s  in t i t r e  o f more than  one d ilu t io n  from  the  in it ia l t i t r e  

were considered to  be a change in t i t r e .  54 o f th e  60 donors (88-3%) 

m ainta ined th e ir  t i t r e ,  5 (8-3%) increased in t i t r e ,  and 2 (3-3%) 

decreased in t i t r e  (Table 4.2).

S im ila rly , th e  HCMV-IgG t i t r e s  o f 20 plasm apheresis donors, 

plasmapheresed fo r  a num ber o f d if fe re n t  h igh  t i t r e  an tibod ies, were 

m onitored fo r  a pe riod  o f a t least one yea r to  examine the  e ffe c t o f 

th e  fre q u e n t removal o f de fined  volum es o f plasma (=500ml) on 

a n tib o d y  t i t r e  (Table 4.3). 17 o f th e  20 (85%) m ainta ined th e ir  t i t r e ,  1 

(5%) increased in t i t r e ,  and 2 (10%) decreased in t i t r e .
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Table 4.3 Temporal V a ria tion  in T itre  o f HCMV-IgG in P lasm apheresis
donors

I n i t i a l  T o ta l N o .in c . No.dec. Mean no. Mean study
t i t r e  No. in  t i t r e  in  t i t r e  samples p e r io d (y rs )

High 4 0 0 5 1 -6

Medium 9 11 12 7 1 -3

Low 7 0 13 5 1 -7

T o ta l 20 1 2 5-7 1 -5

1 dono r increased  in  t i t r e  1/16 to 1/64
2 dono r decreased in  t i t r e  1/32 to  1/Q
3 don o r decreased in  t i t r e  1/8 to  1/2

4 . 1 . 6  Temporal V a r ia t io n  in  HCMV-IgG Im m unoblotting  
P ro fi ie

Plate 4.3 shows th e  IB p ro f ile  ob ta ined from  serum  samples co llected 

from  th re e  donors o v e r a period  o f app rox im ate ly  2 years. Two o f th e  

donors (1 and 2) dem onstrated a decrease in HCMV-IgG t i t r e  (Table 4.2 

donors 1 and 3), and donor 3 was a p lasm apheresis donor who 

m ainta ined HCMV-IgG t i t r e .  No s ig n if ic a n t changes were seen in the  IB 

p ro file s  o f donor 3. The IB  p ro file  o f donor 1 d id  show a decrease In 

th e  num ber o f p o lypep tides  detected. The decrease in t i t r e  in th is  

donor co rresponded to  a loss in the  de tec tion  o f p o lypep tides  w ith  

app a re n t MWs o f 115, 68, 45, 40, 38 kDa and a decrease in in te n s ity  o f 

reactions w ith  p o lypep tides  w ith  appa ren t MWs o f 125, 55 and 28 kDa.

4 . 1 . 7  Use o f  IB  to  Determ ine True HCMV-IgG S ta tu s

A num ber o f serum  samples from  blood donors  from  o th e r RTCs were 

re fe rre d  fo r  IB on the  basis o f  d isc re p a n t re s u lts  between commercial 

assays, both between d if fe re n t  EIAs and between EIA and latex
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Plate 4.3 Temporal varia tion  in HCMV-IgG IB p ro file . Donors 1 and 
2 are normal donors, donor 3 is a plasmapheresis donor. 
The IB p ro files  of donors 2 and 3 do not change over 
the s tudy period. With donor 1, the response against 
polypeptides o f MWs 125, 115, 68, 45, 40 and 38 kDa 
became undetectable, w h ils t responses against o ther 
polypeptides decreased in in te ns ity . AD169 was used as 
b lo tting  antigen. Numbers on the LH side indicate 
approximate molecular weights (kDa). Numbers along the 
top indicate the time period (months) since the f i r s t  
monitored donation (0).
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Plate 4.4 HCMV-IgG IB pro files o f w eak/non-specific  reacting donor 
sera. Samples 1-10 undetermined sera as detailed in Table 
4.5, 11- positive serum, 12- negative serum. AD169 was 
used as b lo tting  antigen. Numbers on the LH side 
indicate approximate molecular weights (kDa).
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Table 4.4 HCMV-IgG IB  P ro file  in W eakly/Non S pec ific  Reactive Donor 
Samples

Sample Routine screen ing P o lypep tides Presumed HCMV
No. re s u lts  recognised(kDa) se ro s ta tu s

1 EIA-1 neg/EIA-2 pos 150 POSITIVE

2 IHA pos/EIA neg - NEGATIVE

3 IHA pos/EIA neg 58/60 NEGATIVE

4 Latex pos/EIA neg - NEGATIVE

5 Latex p o s /E IA -1 pos/EIA-2 neg 150,88,64,55 POSITIVE

6 EIA-1pos/E IA-2 neg 58/60 NEGATIVE

7 IHA pos/EIA neg - NEGATIVE

8 EIA-1neg/E IA-2 pos 58/60 NEGATIVE

9 Latex neg/EIA pos 150,125,97,68,64,55 POSITIVE

10 IHA pos/EIA neg - NEGATIVE

p a rtic le  (CMV Scan, Becton D ick inson) o r  in d ire c t haem agglu tina tion  

(IH ) (Cetus) assays. Samples were tested b lin d  and th e  ro u tin e  

screen ing  re s u lts  subse quen tly  p rov id ed . Table 4.4 de ta ils  the  o rig in a l 

and IB re s u lts  on these samples. The co rre sp o n d in g  IB  p ro file s  are 

shown in Plate 4.4.

The presence o f th e  150 a n d /o r  55 kDa p o ly p e p tid e  bands was 

considered to  m ark the  presence o f sp e c ific  HCMV-IgG in these sera, 

and to  be su ita b le  as a m arke r o f spe c ific  HCMV-Ab in all such sera. 

The presence o f o th e r bands, not co rre sp o n d in g  to  p re v io u s ly  

recognised HCMV-specific p ro te in s , was considered to  be due to  non

sp e c ific  an tibod ies  recogn is ing  c e llu la r p ro te in s . Indeed , on a num ber 

o f occasions some n o n -s p e c if ic  bands were seen on the  negative 

co n tro l s t r ip s  run  w ith  th e  in d iv id u a l IB assays (P la te  4.1, lane 14).
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4 .2  DISCUSSION

An im portan t fa c to r  in th e  c u r re n t  sc reen ing  regim ens, w hich are 

based upon th e  de tection  o f HCMV-IgG to  id e n tify  po ten tia l in fe c t iv ity  

in donations, is th e  s ta b il ity  o f the  Ab response to  HCMV. Th is  

question o f s ta b il ity  has been considered by a num ber o f a u th o rs  w ith  

v a ry in g  re su lts . In  th is  s tu d y , HCMV-IgG leve ls were found  to  be 

m aintained in 56 o f 60 (92%) normal donors whose donations were 

s tud ie d  o v e r a mean period  o f 2.3 years, and 18 o f 20 (90%) 

plasm apheresis donors whose donations were s tud ied  o ve r a mean 

period o f 15 m onths. A h igh degree o f s ta b il ity  in HCMV-IgG t i t r e  was, 

th e re fo re , dem onstrated in these donors. Waner e t a l (1973) s tud ie d  

HCMV-IgG leve ls in p lasm apheresis donors and noted la rge  f lu c tu a tio n s  

in t i t r e  in some in d iv id u a ls  o v e r an 18 month period . However, th e  

s tu d y  was based upon th e  use o f CF to  de tec t HCMV-IgG. The low er 

s e n s it iv ity  o f th is  te chn ique  may account fo r  the  de tection  o f m inor 

f lu c tu a tio n s  in t i t r e  which do not a ffe c t a more se n s itive  assay such 

as EIA, and are consequen tly  not found  when an EIA is used. The 

fre q u e n c y  o f donation was also h igh , w ith  an average o f 40 p e r year. 

The re s u lts  o f MacDonald e t a l (1990) g ive  s u p p o rt to  the  f in d in g s  

repo rte d  in th is  thes is . They found  HCMV-Ab t i t r e  to  be s tab le  in 

donors; th is  s ta b il ity  has fa c ilita te d  the  m aintenance o f a panel o f 

p lasm apheresis donors possessing h igh t i t r e  HCMV-Ab su ita b le  fo r  HT- 

Ig  p ro d u c tio n .

F luc tu a tions  in HCMV-IgG t i t r e  have been dem onstrated la te r in life , 

when age -re la ted  re a c tiva tio n  o f HCMV has been postu la ted  (M usiani e t 

al, 1988; McVoy & A d le r, 1989). S ig n ific a n t increases in t i t r e  o f  HCMV- 

IgG and appearance o f HCMV-IgM have been found  in e ld e r ly  

in d iv id u a ls  (> 70 years). Both s tud ie s  postu la ted  th a t the  increases
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resu lted  from  reac tiva tio n  o f v iru s , no t from  p rim a ry  in fe c tio n , and 

th is  was as a re s u lt o f decreased ce ll mediated im m unity associated 

w ith  ag ing.

However, the  s ta b il ity  o f th e  Ab response is perhaps more c r it ic a l in 

th e  ro u tin e  screen ing  o f donors and th e  p ro v is io n  o f HCMV-Ab 

nega tive  blood and p rodu c ts . The e ffe c tiv e  absence o f HCMV-Ab due to  

a decline to  below detectab le  leve ls  may have tw o im po rtan t 

im plica tions. F irs t ly  a donation may be considered to  be HCMV-Ab 

nega tive  and hence p resen t a real r is k  o f HCMV transm iss ion  i f  

tra n s fu se d  to  an HCMV-Ab nega tive  re c ip ie n t. Secondly, a po ten tia l 

re c ip ie n t may be screened as HCMV-Ab nega tive  and th e re fo re  be 

supp o rted  w ith  HCMV negative  p ro d u c ts  unnecessarily , th is  may also 

re s u lt in undue delay i f  su ita b le  p ro d u c ts  a re  no t re a d ily  ava ilab le .

The reasons fo r  these f lu c tu a tio n s  o f t i t r e  in hea lthy donors are 

unc lear. R e infection w ith  ano the r s tra in  o f HCMV could be expected to  

induce a r ise  in HCMV-IgG t i t r e  in a small num ber o f donors. Decrease 

in t i t r e  may s im p ly  re fle c t a g radua l decrease in HCMV-IgG p rodu c tion  

fo llow ing  p rim a ry  in fec tio n  and w ith o u t any fu r th e r  s tim u la tio n  by 

secondary in fe c tio n s . However, th e  presence o f la te n t v iru s  in these 

in d iv id u a ls  would p o te n tia lly  p ro v id e  a con tinua l s tim u lus  to  the  

maintenance o f s tab le  HCMV-IgG levels. I t  is, th e re fo re , possib le  th a t 

the  decrease in HCMV-IgG t i t r e  found  in a small num ber o f donors 

rep resen ts  in d iv id u a ls  in whom la tency e ith e r  d id  not es tab lish  o r 

estab lished a t lower v iru s  leve ls  than  norm al. A te s t o f th is  

suppos ition  would be DNA PCR ana lys is  o f th e  PBMC from  those donors 

dem onstra ting  a decrease in HCMV-IgG t i t r e .  Examination o f th e  DNA 

PCR data ob ta ined d u r in g  th e  course  o f th is  s tu d y  (C hap te r 7) does
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indeed es tab lish  th a t a num ber o f HCMV-IgG p o s itive  donors do not 

possess detectab le  HCMV nucle ic  acid in th e ir  PBMC.

The IB  re s u lts  ob ta ined in th is  s tu d y  show a rem arkab le  consis tency 

in th e  p ro file s  obta ined from  th e  ana lys is  o f HCMV-IgG sera. 

U n fo rtu n a te ly , the  v a r ie ty  o f IB  m ethods used by d if fe re n t  au th o rs  

makes d ire c t com parison o f re s u lts  d i f f ic u lt .  I t  is c lear from  the  

review  o f Land in i & M ichelson (1988) th a t many a u th o rs  have id e n tifie d  

the  same po lypep tides  a lthough  th e  p u ta tiv e  MWs assigned to  them by 

each a u th o r may be d iffe re n t.  D iffe rences in gel p repa ra tio n , 

e le c tro p h o re s is  methods, t ra n s fe r  p roced u re s  and source  o f m olecular 

w e igh t m arke rs  to g e th e r c o n tr ib u te  to  v a r ia b il ity  in th e  re la tiv e  

pos itions  o f iden tica l p o lypep tides  and hence th e  assignm ent o f 

d if fe re n t  MWs.

The use o f in fec ted  cell e x tra c ts  as b lo tt in g  an tigens  in th is  s tu d y  is 

an aspect th a t w a rra n ts  fu r th e r  cons ide ra tion . The source  o f th e  

an tigen , p u r if ie d  v ir io n s  o r  in fec ted  cell e x tra c t, may a ffe c t th e  

re s u lts  o ta ined and has been th e  s u b je c t o f some d iscuss ion . In  the  

case o f HCMV, th e re  is no real consensus on th is  po in t, a lthough  some 

au th o rs  advocate the  use o f p u r if ie d  v ir io n s  to  reduce any re a c t iv ity  

due to  c e llu la r  p ro te in s . However, th e  re la tio n sh ip  between v ir u s -  

sp e c ific  p ro te in s , v iru s - in d u c e d  p ro te in s  and c e llu la r  p ro te in s  can be 

complex and con fus ing . Two im p o rta n t f in d in g s  have been made 

in v o lv in g  v iru s  and host cell p ro te in s ; some o f th e  s tru c tu ra l p ro te in s  

encoded by th e  v iru s  are  on ly  de tected in in fec ted  ce lls  and not in 

v ir io n  p re p a ra tio n s  and host ce ll p ro te in s  have been id e n tif ie d  in 

p u r if ie d  v ir io n  p re pa ra tio ns , no t as ad h e rin g  contam inants b u t as 

in te g ra l v ir io n  p ro te in s , (Land in i & M ichelson, 1988). In  view o f these 

f in d in g s , i t  was th o u g h t th a t in fec ted  cell lysa tes were th e  best
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source o f an tigen  fo r  HCMV IB s tud ies . A fu r th e r  im portan t and more 

p rac tica l cons ide ra tion  is th a t cell lysa tes are  genera lly  easier to  

p roduce than p u r if ie d  v ir io n  p repa ra tio ns , a lthough  s t r ic t  

stan da ri sa t ion o f cell c u ltu re  p rocedures is re q u ire d .

I t  is in te re s tin g  to  specu late as to  w hether d iffe re n ce s  in th e  an tigen  

source due to  d if fe re n t  p re p a ra tio n  methods, a lthough  from  th e  same 

s tra in  o f v iru s , account fo r  th e  v a r ia b il ity  in MWs assigned to  th e  

same po lypep tide  by the  num erous repo rte d  s tud ies  (Land in i & 

Michelson, 1988). Because o f th e  trem endous v a ria tio n  in th e  re po rte d  

MWs o f the  po lypep tides  recognised by th e  immune response to  HCMV, 

a s tanda rd  b lo tt in g  p ro file  has no t been described . However, th e re  is 

general agreem ent conce rn ing  th e  id e n tity  o f some po lypep tides , 

in c lu d in g  those w ith  appa ren t MWs o f 150, 55, 38, and 28 kDa, 

in te re s t in g ly , those e lic it in g  some o f the  s tro n g e s t and most co n s is te n t 

Ab responses. The po lypep tides  recognised in th is  s tu d y  a ll conform  

w ith  those p re v io u s ly  recognised and repo rte d  (Land in i & M ichelson, 

1988).

I t  is not c lear w he the r th e  data presented in F ig u re  4.1 dem onstra te  

q u a n tita tiv e  o r  q u a lita t iv e  d iffe re n ce s , o r  both , in th e  IB  p ro f ile s  o f 

d if fe re n t  in d iv id u a ls . The general p a tte rn  o f th e  fre q u e n cy  o f 

de tection  o f th e  in d iv id u a l po lypep tides  can be seen to  be m ainta ined 

in a ll th re e  g ro u p s  o f HCMV-IgG p o s itive  donors. The fre q u e n c y  o f 

recogn ition  o f most, b u t not a ll, o f th e  po lypep tides ! decreases w ith  

decreasing t i t r e  o f HCMV-IgG. Some o f the  weaker reac ting  

po lypep tides , e ith e r due to  sm aller amounts o f p o lypep tide  expressed 

in the  in fected  cell o r  to  low t i t r e  o r  low a v id ity  p o ly p e p tid e -s p e c ific  

Ab, showed q u a n tita tiv e  d iffe re n ce s , o n ly  being detected by h ig h e r 

t i t r e  sera  -  130, 88, 68, 38, 35 kDa; o th e rs  were recognised by
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approxim ate ly the  same p ro p o rtio n  o f sera  from  all th re e  t i t r e  g roup s  

-  150, 97, 64, 55, 45, 28 kDa, th e re b y  dem onstra ting  a more q u a lita t iv e  

d iffe rence .

In  view o f the  la rge  num ber o f p ro te in s  produced by HCMV i t  is 

ra th e r  s u rp r is in g  th a t no c ro s s -re a c t iv ity  was seen between HCMV 

p ro te in s  and Abs ra ised aga ins t o th e r he rpe sv iruses . Th is f in d in g  

does, however, va lida te  th e  s p e c if ic ity  o f th e  IB techn ique . Some 

a u th o rs  have detected spe c ific  areas o f app a ren t NA homology between 

members o f the  h e rp e s v iru s  fam ily  w ith  a view to  dem onstra ting  

reg ions o f re la ted  sequence In the  genome and th e  subsequen t 

p rodu c tion  o f re la ted  p ro te in s . W hilst some o f the  p ro te in s  o f HCMV 

have been mapped to  sp e c ific  areas o f th e  genome, s ig n if ic a n t 

sequence homology w ith  o th e r h e rp e sv iru se s  has no t been fo und .

Both the  f in d in g  o f a common IB p a tte rn  in se ra  from  se ro p o s itive  

in d iv id u a ls  (P la te  4.1), and th e  dem onstra tion  o f s im ila r b lo tt in g  

p a tte rn s  from  a s in g le  serum  w ith  d if fe re n t  s tra in s  o f HCMV as 

an tigen  (P la te 4.2), p ro v id e  evidence th a t a n tig e n ic  v a r ia tio n , a lthough  

p resen t, is not a s ig n if ic a n t fa c to r  in th e  de tection  o f HCMV-Ab in 

human sera. I t  seems reasonable to  surm ise th a t s u ff ic ie n t 

immunogenic s tru c tu ra l p ro te in s  are  conserved amongst most s tra in s  o f 

HCMV to  e lic it  s im ila r immune responses from  in fec ted  in d iv id u a ls , th u s  

fa c il ita t in g  de tection  o f HCMV-Ab in those in d iv id u a ls  th ro u g h  th e  use 

o f a s in g le  s tra in  o f  an tigen . Most commercial EIAs use th e  la b o ra to ry  

s tra in  o f HCMV, AD169, as th e ir  an tigen  source. W hilst most c u r re n t ly  

ava ilab le  commercial HCMV-Ab assays do show good agreem ent between 

th e ir  re su lts , more deta iled ana lys is  dem onstrates v a r ia tio n  in th e  

s p e c if ic ity  ra th e r  than  s e n s it iv ity  o f the  assays (K itchen , unpub lished  

data), th is  being th e  cause o f many o f th e  d iscrepanc ies  between
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o the rw ise  com parable assays. S p e c ific ty  problem s inva rja ip ly  a rise  when V 

e ffo r ts  are made to  enhance the  re a c t iv ity  o f assays to  im prove 

s e n s it iv ity .  With a num ber o f screen ing  assays, fo r  example to  de tect 

H IV-Ab, s p e c ific ty  problem s are resolved s im ply by repeat and, i f  

necessary, co n firm a to ry  te s tin g . Th is  ra tiona le , however, is dependant 

on th e  low fre q u e n cy  o f p o s itive  sera, enab ling  the  repeat te s tin g  o f 

on ly  in it ia l ly  p o s itive  samples, and the  a v a ila b ility  o f su itab le  

co n firm a to ry  tes ts . N e ither are  a p p ro p ria te  in th e  case o f HCMV-Ab 

screen ing . The repea t te s tin g  o f more than  40% o f donors tes ted  is not 

feasib le , and su ita b le  co n firm a to ry  assays fo r  HCMV-Ab are not 

ava ilab le .

Both an tig e n ic  he te rogene ity  and va r ia tio n  in re s tr ic t io n  enzyme 

p ro file s  have been recognised in HCMV fo r  a num ber o f yea rs  though  

i t  seems th a t th e  e ffe c ts  o f an tig e n ic  he te rogene ity  are more 

noticeable when us ing  CF and in d ire c t haem agglu tination techn iques  

(Waner & Welder, 1978; Faix, 1985). Faix (1985) tested  random cord sera 

fo r  HCMV-IgG by CF and IHA us ing  th re e  d if fe re n t  an tigens. He 

concluded th a t th e  use o f a s in g le  an tigen  could lead to  th e  in c o rre c t 

c la ss ifica tio n  o f se ra  as HCMV-seronegative in as many as 6% o f 

samples tested . S ubsequen tly , A d le r & McVoy (1986) used 10 d if fe re n t  

s tra in s  o f HCMV as an tigens  to  screen 259 blood donor samples fo r  the  

presence o f HCMV-IgG by EIA. They found  no d iscrepancies in th e ir  

s tu d y , all the  HCMV-IgG p o s itive  sera  were detected by all 10 

an tigens.

Recently, however, a n tig en ic  he te rogene ity  has been dem onstrated 

using MoAbs to  de tec t the  d iffe re n ce s  between s tra in s  (James &

Cloonan, 1990). MoAbs have sp e c ific  advantages in the  s tu d y  o f 

a n tig e n ic  he te rogene ity  as th e y  can reveal su b tle  d iffe re n ce s  between

-141 -



s tra in s  o f v iru s  th a t po lyc lona l Abs may not detect. However, w h ils t 

th is  he te rogene ity  may have some relevance in te s ts  using MoAbs fo r  

th e  rap id  de tection  o f v iru s  in c lin ica l in fec tio ns , these f in d in g s  do 

not in va lid a te  the  use o f a s in g le  an tigen  s p e c if ic ity  in ro u tin e  assays 

fo r  the  de tection  o f n a tu ra l HCMV-Ab.

S u ff ic ie n t v a r ia tio n  in HCMV DNA ex is ts  to  allow d isc rim ina tion  between 

any tw o s tra in s  by re s tr ic t io n  endonuclease ana lys is , though  o n ly  a 

s in g le  nuc leo tide  change is re q u ire d  to  a lte r  a re s tr ic t io n  s ite , and 

th is  a lte ra tio n  may have l i t t le  o r  no e ffe c t on the  encoded p ro te in .

A lthough it  is possib le  th a t a n tig en ic  he te rogene ity  could be an 

advantage to  the  v iru s , p o te n tia lly  enab ling  in fe c tio n  o f a p re v io u s ly  

in fec ted  in d iv id u a l by d if fe re n t  s tra in s  o f v iru s , th is  is u n lik e ly  to  be 

the  case. Because HCM V-specific Ab appears to  be n o n -n e u tra lis in g , 

v iru s  and sp e c ific  a n tib ody  can be sim u ltaeneously isolated from  the  

same s ites , th e  p ro te c tiv e  e ffe c t o f HCMV-Ab is unc lea r. Thus an tig en ic  

he te rogene ity  cannot be considered as a means o f avo id ing  the  host 

humoral immune response.
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CHAPTER 5 HYBRID ISATION ANALYSIS

5.1  RESULTS

5 . 1 . 1  D o t-B lo t A n a lys is

5 . 1 . 1 . 1  S p e c if ic i ty

No h y b r id is a tio n  was detected between th e  Eco RI J frag m en t probes 

and DNA from  th e  o th e r human he rpe sv iruses  (HSV I,  - I I ,  EB, VZ, HHV- 

6), un in fec ted  HEL DNA o r  PBMC DNA from  HCMV-IgG negative  donors.

5 . 1 . 1 . 2  S e n s it iv i ty

Radiolabelled (32P) Eco RI J fragm en t probes were ro u tin e ly  produced 

w ith  sp e c ific  a c t iv it ie s  o f 10®-108 cpm /pg. Using these probes,

0 -5 -2  pg o f plasmid pCM5018 and 10-20 pg o f p u r if ie d  HCMV-DNA could 

be detected ro u tin e ly  in re co n s tru c tio n  experim ents. No d iffe re n c e  in 

s e n s it iv ity  was observed fo llow ing  s im ila r re c o n s tru c tio n  experim ents 

w ith  pCM5018 in the  presence o f 2-3pg o f un in fec te d  HEL DNA (P la te 

5.1).

1pg o f plasmid pCM5018 is e q u iva len t to  approx im ate ly  62,000 copies o f 

the  cloned frag m en t and 10pg o f HCMV DNA approx im ate ly  38,000 copies 

o f th e  HCMV genome. Detection o f 1pg o f plasmid DNA and 10pg o f 

HCMV DNA th e re fo re  is approx im ate ly  e q u iva le n t in te rm s o f the  

num ber o f copies o f th a t reg ion  o f the  v iru s  genome detected.

The probe h y b rid is e d  w ith  DNA ex trac ted  from  all o f the  c lin ica l 

iso lates o f HCMV obta ined d u r in g  the  course  o f th is  s tu d y .
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Plate 5.1

•  •
•  •  *

w  *  >

S e n s itiv ity  o f HCMV do t-b lo t analysis. D ot-b lot analysis of 
known quantities -  50, 20, 10, 5, 3, 2, 1 and 0-5pg of 
HCMV DNA. A -  pCM5018 plus 2-3pg of HEL DNA, B - 
pCM5018 alone, C -  HCMV (AD169) DNA, probed with 32P 
labelled Eco RI J fragm ent of HCMV.
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5 . 1 . 2  D e te c t io n  o f  HCMV DNA by PCR

5 . 1 . 2 . 1  S p e c i f ic i t y

No sp e c ific  am p lifica tion  p ro d u c ts  were ob ta ined us ing  e ith e r  o f the  

HCMV-specific p rim e r p a irs  (CMP1/CMP2 and CMP3/CMP4) when DNA 

PCR was perform ed on DNA extrac ted  from  c u ltu re d  ce lls  in fected  w ith  

the  o th e r human he rpe sv iruses  (HSV I, - I I ,  EB, VZV, HHV-6), o r  w ith  

un in fec ted  HEL cell DNA.

5 . 1 . 2 . 2  S e n s i t iv i t y

Using th e  p rim e r p a ir  CMP1/CMP2 to  am p lify  t it ra te d  plasm id pCM5018, 

the  sp e c ific  am p lifica tion  p ro d u c t was detected on a 2% aga ro se /E tB r 

gel from  1fg o f plasmid DNA. Th is  s e n s it iv ity  was con firm ed by 

S outhern  b lo tt in g  and h y b rid is a tio n  us ing  a 32P labelled 

o ligonuc leo tide  probe, PR1 (P la te 5.2). 1fg rep resen ts  app rox im ate ly  62 

copies o f th e  v ira l genome. The s e n s it iv ity  o f PCR ana lys is  was 

th e re fo re  approx im ate ly  one thousand fo ld  g re a te r than  th a t o f d o t-b lo t 

ana lysis.

5 . 1 . 3  D ete c tio n  o f HCMV RNA by PCR

5 . 1 . 3 . 1  S p e c i f ic i t y

No sp e c ific  am p lifica tion  p ro d u c ts  were ob ta ined when RNA PCR was 

perform ed on RNA extrac ted  from  c u ltu re d  ce lls  in fec ted  w ith  th e  

o th e r human h e rpe sv iruses  (HSV I, - I I ,  EB, VZV, HHV-6) o r  to ta l RNA 

extrac ted  from  un in fec ted  HEL cells.

Two s ig n if ic a n t f in d in g s  were made fo llow ing  RNA PCR o f HCMV RNA 

extrac ted  from  both in fected  HEL ce lls  and donor PBMC. V isua lisa tion

-145-



Plate 5.2 Sensit iv ity  of HCMV DNA PCR analysis. PCR analysis of 
known quantit ies -  500, 100, 50, 10, 5, 1, 0-5, 0-1fg of 
PCM5018 DNA (lanes 2-9). A -  reaction products 
electrophoresed on a 2% agarose E t/B r gel (lane 1 DNA 
size markers), B -  S.blot of A probed with 32P labelled 
CMPR1. Numbers on the LH side represent DNA size 
markers (bp).
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Plate 5.3 PCR analysis of HCMV IE RNA. Lanes 1-3 RNA from AD169 
infected cu ltured cells, lanes 4-5 PBMC RNA from HCMV- 
IgG positive donors, lane 6- RNA from uninfected HEL 
cells, lane 7- 2pg RNA from AD169 infected, cycloheximide 
treated, cu ltu red cells, lane 8- DNA size markers. A -  
reaction products electrophoresed on a 2% agarose/EtBr 
gel showing: 227bp expected specific fragment (lanes 1-5, 
7); approximately 200bp HCMV specific fragment (most 
visib le in lanes 2 and 7); PCR-B (approximately 400bp) 
(lanes 1, 3-5). B -  S.blot of A probed with 32P labelled 
CMPR2. The two specific hyb rid is ing  fragments are 
demonstrated, whilst PCR-B does not hybrid ise  with the 
probe. Numbers on the RH side represent DNA size 
markers (bp).

B
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o f RNA PCR am p lifica tion  p roduc ts  on 2% aga rose /E tB r gels showed the  

presence o f tw o am plifca tion  p rodu c ts : the  expected 227bp fra g m e n t 

to g e th e r w ith  a sm aller fragm en t approxim ate ly 200bp in size. 

V isua lisa tion  o f these tw o  d is t in c t fragm en ts  depended upon th e  

e lec trop ho res is  co n d itio n s  a llow ing s u ff ic ie n t reso lu tion  o f  th e  tw o  

fragm en ts . The 200bp fragm en t usua lly  appeared as a fa in t  band on 

gels b u t h yb r id is e d  w ith  an in te n s ity  p ro p o rtio n a l to  th e  227bp 

frag m en t a f te r  S outhern  b lo tt in g  o f the  gel (P la te 5.3). A ll samples 

analysed by RNA PCR th a t conta ined ta rg e t RNA dem onstrated th is  

frag m en t in a d d ition  to  th e  sp e c ific  fragm en t, a lthough  v isu a lisa tio n  on 

gels was not a lw ays appa ren t. H yb rid isa tio n  w ith  32P labelled p robe  

CMPR2 dem onstrated the  presence o f th e  frag m en t in these  instances.

A more s ig n if ic a n t f in d in g  was th e  appearance o f an e x tra  am p lifica tion  

p ro d u c t, term ed PCR-B, fo llo w in g  RNA PCR us ing  p rim e rs  CMP3/CMP4. 

The p ro d u c t was la rg e r  than  th e  expected am p lifica tion  p ro d u c t, 

app rox im ate ly  400bp, compared to  th e  expected 227bp, and i t  d id  not 

h y b r id is e  w ith  th e  o ligo nuc le o tide  probe, CMPR2, sp e c ific  fo r  th e  

expected p ro d u c t (P la te 5.3). The fo rm ation  o f  PCR-B appeared to  have 

no adverse  e ffe c t on th e  p ro d u c tio n  o f th e  s p e c ific  fragm en t. 

S ubsequen tly , i t  became a p p a re n t th a t in some way a low 

conce n tra tio n  o f ta rg e t nuc le ic  acid seemed to  fa v o u r  the  p roduc tion  

o f PCR-B c o n c u rre n tly  w ith  s p e c ific  p ro d u c t. Thus PCR-B was on ly  

produced when ta rg e t nuc le ic  acid was p resen t, and when th a t ta rg e t 

was p resen t in th e  RT reac tion  a t an am ount less than  approxim ate ly 

1pg, and was on ly  v is ib le  when th e  reaction  p ro d u c ts  were ru n  on 2% 

aga ro se /E tB r gels (P la te 5.4).

-148-



1 2 3 4  5 6 7 8 9  10 11

Plate 5.4 Visualisation of PCR-B on an agarose gel. PCR was
performed on known quantit ies -  50, 20, 10, 5, 1pg, 500, 
100, 50, 20, 10fg of IE RNA extracted from AD169 infected, 
cycloheximide treated, cu ltu red cells (lanes 2-11).
Lane 1- DNA size markers. A -  products of RNA PCR 
electrophoresed on a 2% agarose/EtBr gel. B -  S.blot of A 
probed with 32P labelled CMPR2. An inverse relationship 
between the presence of PCR-B and the in itia l ta rge t 
concentration is clearly shown, but, as previously seen, 
PCR-B did not hybrid ise  to the probe. Numbers on the 
LH side represent DNA size markers (bp).
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Plate 5.5 Primer dependancy o f the production of PCR-B. PCR
products from RNA PCR performed using single primers 
and the resu lt ing  products electrophoresed on a 2% 
agarose/EtBr gel. Lanes 2-4 and 5-7 represent the 
results of PCR analysis of PBMC RNA from 2 donors; lane 
1- DNA size markers, lane 8- 2pg AD169 RNA. Lanes 2,5- 
PCR performed using only primer CMP4; lanes 3,6- PCR 
performed using only primer CMP3; lanes 4,7- standard 
PCR performed using both primers CMP3/CMP4. Numbers 
on the LH side represent DNA size markers (bp).
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When RNA PCR was perform ed in th e  presence o f ta rg e t m ate ria l, us ing 

the  p rim er CMP4 in the  standard  RT reaction and not add ing  CMP3 

p r io r  to  th e  PCR, th e  sp ec ific  am p lifica tion  p ro d u c t was no t seen, b u t 

p roduc tion  o f PCR-B s t i l l  occured (P la te 5.5).

The sequence o f the  spe c ific  227bp RNA PCR am p lifica tion  p ro d u c t was 

determ ined by Sanger d ideoxy sequencing and th e  sequence o f th e  

DNA in te rn a l to  th e  p rim e rs  CMP3/CMP4 was found  to  agree w ith  

pub lished  sequence data (S te rn b e rg  e t al, 1984). A ttem pts to  clone and 

sequence the  PCR-B frag m en t however, were unsuccessfu l. The 

frag m en t was s im ila r ily  p u r if ie d  by agarose gel e lec trop ho res is  

fo llowed by e le c tro e lu tio n , iiga ted  in to  pUC18 which was then  

tra n s fe c te d  in to  com petent TG-2 ce lls. A lthough th e  frag m en t was 

success fu ly  liga ted in to  pUC18, more than  80 colonies were screened 

fo r  the  presence o f clones co n ta in in g  the  ligated plasm id, b u t none 

were found . F u r th e r  a ttem pts  to  clone and sequence th e  frag m en t 

were d iscon tinued  a lthough  i t  is hoped th a t the  w ork w ill be 

con tinued  at a la te r  date.

5 . 1 . 3 . 2  S e n s i t iv i t y

Using the  antisense p rim e r CMP4 fo r  f i r s t  s tra n d  p rim ing , and then  

add ing  th e  sense p rim e r CMP3 fo r  th e  cDNA am p lifica tion , 0-1 fg  o f 

to ta l RNA from  HCMV AD169 in fec ted , cyclohexim ide trea ted , HEL ce lls  

was detected on a 2% aga ro se /E tB r gel. Th is  was confirm ed by 

S outhern  b lo tt in g  and p ro b in g  w ith  a 32P labelled o ligonuc leo tide  

probe, CMPR2 (P la te 5.6). On th e  assum ption th a t approxim ate ly 85% o f 

th e  to ta l RNA prepared  from  th e  cyclohexim ide tre a te d  in fected  ce lls  is 

HCMV IE1 RNA, 0 -1 fg  o f to ta l RNA rep resen ts  approxim ate ly 82 copies 

o f HCMV IE1 RNA.
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Plate 5.6 Sensit iv ity  of RNA PCR. S.blot of the reaction products of 
RNA PCR performed on known quantit ies -  1000, 500, 100, 
50, 10, 5, 2, 1, 0-5, 0-1, 0 05, Ofg (lanes 1-12) of AD169 
IE RNA, electrophoresed on a 2% agarose/EtBr gel and 
probed with 32P labelled CMPR2. Numbers on the LH side 
represent DNA size markers (bp).
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Plate 5.7 Visualisation of unlabelled RNA tra n sc r ip ts  from pCM01. 
T ranscrip ts  were electrophoresed on a 1.5% 
agarose/formaldehyde gel and stained with 0-5pg/ml EtBr. 
Lane 1- RNA size markers, lane 2- sense transcrip ts , lane
3- antisense transcr ip ts , lanes 4-5 -  transcrip t ion  
controls, sense and antisense tra n sc r ip ts  of the human Ig 
gene RNA, lane 6- negative control, pCM01 sense 
transcr ip t ion  reaction w ithout T7 polymerase. Human IgG 
RNA was transcribed from pA153 (sequence of human Ig 
gene DNA cloned into Bluescript+, provided by Dr N 
Short, Kings College, London). Figures on the LH side 
represent RNA size markers (Kbp).
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5 . 1 . 4 . 1  S p e c i f i c i t y  o f  i n  v i t r o  RNA T ra n s c r ip ts

Both sense and antisense RNA tra n s c r ip ts  were su cce ss fu lly  ru n -o f f  

from  plasmid pCM01 and b io tin  labelled us ing  CAB-NHS e s te r (G ibco- 

BRL). A na lys is  by gel e lec trop ho res is  dem onstrated th a t th e  

t ra n s c r ip ts  p roduced were approx im ate ly  fu l l  leng th  (P la te  5.7) b u t 

th e y  were u n fo rtu n a te ly  found  to  be u n su itab le  as p o s itiv e  co n tro l 

m ateria l fo r  use in RNA PCR, as th e  cloned frag m en t o f HCMV AD169 

DNA used to  p roduce the  t ra n s c r ip ts  was subse quen tly  found  no t to  

conta in  the  sp e c ific  IE1 RNA sequence th a t is the  ta rg e t  fo r  th e  

p rim e r p a ir  P IE1/P IE2. However, when labelled w ith  b io tin , th e  

t ra n s c r ip ts  were considered su ita b le  fo r  use as h ig h ly  sp e c ific  

h y b r id is a tio n  probes fo r  th e  in  s itu  de tection  o f HCMV DNA and RNA in 

PBMC in fu tu re  s tud ie s . The labelled t ra n s c r ip ts  d id  no t g ive  any 

s igna l when h yb rid is e d  to  DNA from  u n in fec te d  HEL ce lls .

5 . 1 . 4 . 2  S e n s i t i v i t y  o f  i n  v i t r o  RNA T ra n s c r ip ts

B io tin  labelled sense and antisense tra n s c r ip ts  were both  found  to  

de tec t 1pg o f plasm id pCM5018 and 10pg o f HCMV DNA d o t-b lo tte d  on to  

n itro ce llu lo se  us ing  the  B lu -gene  de tection  system  (G ibco-BRL L ife  

Sciences) acco rd ing  to  th e  m a nu fac tu re rs  in s tru c tio n s  (P la te  5.8).

These f ig u re s  dem onstra te  the  same s e n s it iv ity  as th a t ob ta ined  using 

the  32P labelled DNA probe. Labelled an tisense t ra n s c r ip ts  were able to  

de tec t approx im ate ly  10fg o f to ta l c e llu la r RNA from  HCMV AD169 

in fec ted , cyclohexim ide tre a te d , HEL ce lls  d o t-b lo tte d  on to  

n itro ce llu lo se  (P la te 5.9). On the  basis o f ca lcu la tions  made in section

5.1.3.2 above, de tection  o f th is  q u a n tity  o f HCMV RNA re p re s e n ts  the  

de tection  o f approx im ate ly  8200 copies o f HCMV IE1 RNA.
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Plate 5.8 S e n s it iv i ty  o f DNA d o t-b lo t  ana lys is  using b io t in - labe l led  
RNA t ra n s c r ip ts  as h y b r id isa t io n  probes. Known amounts 
o f pCM5018 lanes 1-2, 4-5, and HCMV DNA lanes 3,6 were 
d o t-b lo t te d  on to  n itroce llu lose  and probed w ith b io t in -  
labelled, pCM01 sense (lanes 1-3) and antisense (lanes
4-6) t ra n s c r ip ts .  A- 50pg, B- 10pg, C- 5pg, D- 1pg, E- 
0 -5pg, F- Opg o f DNA. V isualisation  o f the  h y b r id s  was 
achieved us ing  the  Blu Gene DNA detection system 
(Gibco-BRL).
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Plate 5.9 S e ns it iv i ty  of RNA do t-b lo t analysis using b iotin-labelled 
RNA t ra n s c r ip t  as the hybrid isa tion  probe. Known 
amounts o f AD169 IE RNA -  1pg, 500, 100, 10, 1, Ofg (A-F) 
were blotted onto nitrocellulose and probed with biotin 
labelled pCM01 antisense tra n sc r ip t .  Visualisation of the 
h yb r id s  was achieved using the Blu Gene DNA detection 
system (Gibco-BRL).
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5 .2  DISCUSSION

D o t-b lo t ana lys is  was perfo rm ed us ing  the  Eco RI J fra g m e n t o f AD169 

(p ropaga ted  in plasm id pCM5018) as th e  h y b r id is a tio n  probe. A lth ough  

in it ia l ly  the  H ind  I I I  L frg m e n t o f  AD169, cloned as pBW3, was ob ta ined  

and p repa red  fo r  use as the  h y b r id is a tio n  probe, th is  was replaced 

w ith  th e  Eco RI J frag m en t, wh ich o r ig in a te s  from  a reg ion  o f the  

genome cod ing  fo r  th e  m ajor IE RNA o f HCMV and was th e re fo re  

th o u g h t to  increase the  p ro b a b ility  o f d e tec ting  any s p e c ific  NA, 

enab ling  de tection  o f both HCMV RNA and DNA.

A lth ough  b io tin  la be llin g  o f th e  fra g m e n t was a ttem pted us ing  both  

b io tin -1 1 -d U T P  (G ibco-BRL) and P ho to -B io tin  (V ec to r Labs), th e  re s u lts  

were no t encou rag ing , due to  low s p e c ific  a c t iv ity  and co rre sp o n d in g  

low s e n s it iv ity  o f th e  probe. C onsequently  d o t-b lo t  ana lys is  was o n ly  

pe rfo rm ed us ing  th e  32P labelled frag m en t.

The s p e c if ic ity  o f th e  p robe was found  to  be h igh  and n o n -s p e c if ic  

h y b r id is a t io n  w ith  human genomic DNA d id  no t occu r. P rev ious s tu d ie s  

have shown th a t th e  reg ion  o f th e  HCMV genome from  which th e  

fra g m e n t is d e rive d  does not show homology to  human genomic DNA 

(R uge r e t a l, 1984). The n o n -s p e c ific  backg round  h y b r id is a tio n  s igna l 

th a t o fte n  o ccu rs  when screen ing  b lo tted  samples co n ta in in g  fa ir ly  

h igh  co n ce n tra tio n s  o f nuc le ic  acid was reduced co ns ide rab ly  by 

p re h y b r id is in g  th e  f i l t e r s  fo r  24 hou rs  p r io r  to  h y d r id is a tio n  and by 

us ing  extended washing p rocedures . These measures d id  not 

s ig n if ic a n tly  a ffe c t th e  s tre n g th  o f any h y b r id is a tio n  s igna ls , th e  

te c h n iq u e  ro u tin e ly  d e tec ting  0 -5 -2 p g , g e n e ra lly  1pg, o f plasmid 

PCM5018 in re c o n s tru c tio n  experim ents.
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A lthough  th e  use o f h y b r id is a tio n  te ch n iq u e s  enables th e  de tec tion  o f 

s p e c ific  ta rg e t  NA and re finem ents  have increased th e  s e n s it iv ity  so 

th a t p icogram /fem tog ram  am ounts o f NA can now be detected ro u tin e ly , 

when cons idered  in te rm s o f num ber o f genome copies de tected , i t  is 

c le a r th a t even g re a te r s e n s it iv ity  is des irab le . The d o t-b lo t  

p ro ce d u re  and h y b r id is a tio n  techn iques  used in th is  s tu d y  enabled 

th e  de tec tion  o f 0 -5 -2  pg o f plasmid pCM5018 DNA, e q u iv a le n t to  

app rox im a te ly  3-1 x 104 to  1-24 x 105 copies o f th e  HCMV gene, and 

de tec tion  o f 10pg o f AD169 HCMV DNA e q u iv a le n t to  app rox im a te ly  

3 -8  x 104 copies o f th e  HCMV genome. These tw o  va lues a re  (and 

shou ld  be) s im ila r, and fu r th e r  va lid a te  th e  perfo rm ance o f th e  

ana lys is . The use o f both p repa red  te s t s t r ip s  bea ring  known am ounts 

o f HCMV DNA, and th e  in co rp o ra tio n  o f d ilu t io n s  o f pCM5018 DNA on to  

most o f th e  d o t-b lo t  f i l t e r s  p repa red , p ro v id e d  s ta n d a rd is a tio n  and 

q u a lity  c o n tro l both in te rm s o f the  s p e c ific  a c t iv ity  o f  th e  probe, and 

th e  h y b r id is a t io n  and washing cond ition s . S lig h t v a r ia t io n s  were seen 

on some f i l te r s .  Indeed , one se t o f f i l te r s  gave v ir tu a l ly  no 

h y b r id is a t io n  s igna l from  th e  d ilu te d  pCM5018 DNA a lth o u g h  th e  

p o s itiv e  c o n tro l and th e  separa te  te s t s t r ip  gave th e  expected s igna ls . 

The pCM5018 s tock  was subse q u e n tly  fo u n d  to  have been contam inated, 

p resum ab ly  w ith  a nuclease, and th e  DNA co n ce n tra tio n  had decreased.

As s ta ted  above, g re a te r s e n s it iv ity  may be des irab le . The am ount o f 

HCMV excre ted  in u r in e , fo r  example, can v a ry  g re a tly , w ith  t i t r e s  as 

low as 10-100 p fu /m l be ing recorded . On th is  basis, and on the  

(u n lik e ly )  assum ption th a t all v ira l p a rt ic le s  p resen t were in fe c tio u s  in 

in  v i t r o  c u ltu re , in  v it r o  de tec tion  o f 10ag o f DNA would be necessary 

to  d e tec t v ira l DNA in such a sample. D o t-b lo t s e n s it iv it ie s  c u r re n t ly  

do no t reach such a h igh  level.
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When re c o n s tru c tio n  experim ents were perfo rm ed us ing  pCM5018 in the  

presence o f added HEL cell DNA, no s ig n if ic a n t d iffe re n c e  in the  

s e n s it iv ity  o f th e  tech n iq u e  was obse rved . In te re s t in g ly ,  Saltzman e t 

a l (1990) re p o rte d  a 10-fo ld  re d u c tio n  in th e  s e n s it iv ity  o f 

h y b r id is a tio n  o f th e  Xba I  C fra g m e n t o f th e  Towne s tra in  o f HCMV to  

p u r if ie d  Towne HCMV DNA (from  1pg to  10pg) when perfo rm ed in th e  

presence o f 10pg o f PBMC DNA. The s e n s it iv ity  o f de tec tion  o f AD169 

HCMV DNA re p o rte d  here is 10pg, a f ig u re  th a t agrees w ith  th a t o f  

Saltzman as an abso lu te  level o f de tec tion  o f HCMV DNA by d o t-b lo t  

ana lys is . F u rthe rm o re , th e  AD169 DNA used in th is  s tu d y  was p repa red  

from  in fec ted  ce lls  and was th re fo re  contam inated w ith  a small am ount 

o f host cell DNA.

However, the  use o f d o t-b lo t a n a lys is  does p ro v id e  a conve n ie n t and 

ra p id  method (compared to  conven tiona l cell c u ltu re )  fo r  th e  

exam ination o f p o te n tia ly  la rge  num bers o f samples fo r  th e  presence o f 

ta rg e t  NA. Both in fe c tio u s  and n o n -in fe c tio u s  NA can be detected and 

th e  level o f s e n s it iv ity  defined and m ainta ined.

I t  is c le a r th a t th e  use o f PCR, i f  pe rfo rm ed c o rre c tly ,  not o n ly  

p ro v id e s  a s ig n if ic a n t increase in s e n s it iv ity  b u t a lso a te ch n iq u e  th a t 

can p ro v id e  re lia b le  re s u lts  in a fra c t io n  o f th e  tim e taken  by more 

conven tiona l h y b r id is a t io n  tech n iq u e s . With a w o rk in g  s e n s it iv ity  o f 

1fg o f pCM5018, re p re s e n tin g  app rox im a te ly  62 genome copies, th e  DNA 

PCR tech n iq u e , a ltho ugh  not q u a n tita tiv e , was 103 tim es more s e n s itive  

th a n  conven tiona l d o t-b lo t  ana lys is .

A m a jo r problem  associated w ith  PCR is contam ination . Sources o f 

contam ination  in c lud e  th e  p ro d u c ts  o f p re v io u s  reactions, s ince  la rge  

am ounts o f sp e c ific  fra g m e n t a re  p roduced . In  th is  s tu d y , s t r ic t
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regim es were implemented to  p re v e n t contam ination  b u t these fa iled  

on a num ber o f occasions and contam ination became a m ajor problem  

fo r  a period  o f tim e. S u bsequen tly  problem s were overcome by the  

c o n tro lle d  p ro d u c tio n  o f la rge  batches o f reagents, th e  p repa ra tio n  o f 

prem ixed reaction  m ix tu res , th e  s in g le  use o f a liquo ted  reagents and 

re s tr ic t io n  endonuclease d iges tion  o f p r im e rs  p r io r  to  use. In  a d d itio n , 

ded ica ted  p ipe ttes , d isposab les and w ork areas were m ainta ined. All 

subsequen t w ork was then  c a rr ie d  o u t w ith o u t any fu r th e r  

contam ination  problem s.

S ta n d a rd isa tio n  o f th e  PCR tech n iq u e  has been shown to  be necessary 

to  ensu re  optim al e ffic ie n c y  (S a ik i, 1989), and is an im po rtan t 

re q u ire m e n t when de tection  o f low leve ls  o f ta rg e t is re q u ire d . The 

use o f u n p u r if ie d  o lig o n u c le o tid e  p rim e rs  is an area o f d iscuss ion , 

w ith  some a u th o rs  advoca ting  p u r if ic a tio n  by HPLC o r PAGE to  remove 

a ll s h o r t  leng th  o ligo nuc le o tides  and o th e rs  f in d in g  th a t th e  q u a lity  o f 

o lig o n u c le o tid e  p rim e rs  syn thes ised  on modern syn th e s is e rs  was more 

than  adequate. All p r im e rs  used in th is  s tu d y  were used u n p u r if ie d  

w ith o u t expe rienc ing  any un tow ard  problem s. They were, how ever, 

re s tr ic t io n  enzyme d igested  as a means o f re d u c in g  contam ination o f 

th e  p rim e rs  w ith  s p e c ific  DNA. The fra g m e n t am plified  by th e  DNA 

p r im e rs  P1/P2 con ta ins  a s in g le  Taq I re s tr ic t io n  s ite , p re d iges tion  o f 

th e  p rim e rs  w ith  Taq I  th u s  e lim ina ting  any con tam ina ting  ta rg e t 

sequences. No adve rse  a ffe c ts  o f th is  action  were seen on the  

s e n s it iv ity  o f th e  PCR ana lys is .

The Mg2+ co nce n tra tio n  in th e  reaction  b u f fe r  was optim ised fo r  each 

p a ir  o f p rim ers . Despite th e  measures taken  to  op tim ise  th e  techn ique , 

th e re  was o fte n  no ticeab le  v a r ia tio n  between experim ents, even when 

th e  same samples were used. V a ria tion  in th e  in te n s ity  o f the
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am p lifica tion  p ro d u c ts  and backg round  fluo resence  on v isu a lisa tion  

a fte r  e lec trop ho res is  th ro u g h  2% a g a ro se /E tB r was p a r t ic u la r ly  

e v iden t. A fu r th e r  f in d in g  was th e  appearance o f ’ la dde rs ’ o f non

sp e c ific  bands, both la rg e r  and sm aller than  th e  sp e c ific  p ro d u c t, b u t 

associated o n ly  w ith  reactions con ta in in g  ta rg e t NA. The s in g le  fa c to r  

respons ib le  fo r  th is  v a r ia tio n  was found  to  be th e  Taq polym erase 

enzyme. Only the  Taq polymerase, Am plitaq (ILS , P e rk in -E lm e r Cetus) 

was used in th e  reactions, and a lthough  th is  is a cloned enzyme, 

batch to  batch v a r ia tio n  was c lea r a ffe c tin g  the  s p e c if ic ity  more than  

the  s e n s it iv ity .  N on -spec ific  bands were c le a rly  id e n tif ie d  by th e ir  

in a b ility  to  h y b r id is e  to  th e  o ligo nuc le o tide  probes in te rn a l to  the  

sp e c ific  fragm en ts .

The am p lifica tion  p ro d u c ts  from  RNA PCR g e n e ra lly  appeared as more 

in tense and w e ll-d e fin e d  bands than  DNA PCR when v isua lised  on 2% 

aga rose /E tB r gels. The fo rm ation  o f sp e c ific  am p lifica tion  p ro d u c ts  

cons is ting  o f the  tw o  h y b r id is in g  frag m en ts  was seen w ith  all samples 

con ta in in g  am p lifiab le  ta rg e t RNA. The reasons fo r  the  fo rm ation  o f th e  

sm aller frag m en t a re  unc lear, a lthough  th e  h y b r id is a tio n  o f p robe 

CMPR2 to  the  fra g m e n t dem onstrates its  s p e c if ic ity . The o r ig in s  o f th e  

fra g m e n t may lie  in th e  degenera tion  o r  sp lic in g  o f s p e c ific  fu ll-s iz e d  

frag m en ts  o r  conce ivab ly  in th e  am p lifica tion  o f a separa te  RNA 

t ra n s c r ip t,  e ith e r  a degenerate sp liced fo rm  o f th e  ta rg e t o r  a 

d if fe re n t  t ra n s c r ip t ,  b u t w ith  s u ff ic ie n t sequence homology to  allow 

com plem enta rity  o f the  p rim e rs  and th u s  cDNA s y n th e s is  and 

am p lifica tion . I t  is u n lik e ly  th a t th e  second exp lanation is v iab le ; a 

degenerate, sp liced  fo rm  o f the  ta rg e t RNA w ith  a leng th  o f NA excised 

o r  excised and replaced w ith  a s h o r te r  sequence b u t in te rn a l to  th e
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p rim e r s ites  is a more probab le  exp lana tion . Only sequence ana lys is  

w ill be able to  dem onstrate c le a rly  the  o r ig in  o f the  fragm en t.

The am p lifica tion  o f th e  a d d ition a l PCR p ro d u c t (PCR-B) fo llow ing  RNA 

PCR was an e n tire ly  unexpected f in d in g  and in it ia l ly  o f g rea t in te re s t. 

In it ia l ly  it  was considered possib le  th a t, i f  the  p ro d u c t was a genuine 

am p lifica tion  p ro d u c t and was sp e c ific  to  HCMV, i t  m igh t re p re se n t a 

t ra n s c r ip t  associated w ith  th e  in d u c tio n  a n d /o r  m aintenance o f la tency. 

The fa ilu re  o f th e  o ligo nuc le o tide  probe CMPR2 to  h y b r id is e  to  PCR-B, 

a lthough  not conc lus ive , seemed to  ind ica te  th a t the  fra g m e n t was 

p ro b a b ly  not sp e c ific  to  HCMV and was more lik e ly  to  be a non

sp e c ific  p ro d u c t. I t  is no t lik e ly  th a t PCR-B con ta ins  in tro n  sequences 

as the  p rim e r p a ir  CMP3/CMP4 was selected from  w ith in  a s in g le  exon 

(exon 4, S te rn b e rg  e t al, 1984). The probe CMPR2 would, th e re fo re , 

o n ly  h y b r id is e  to  th e  exon sequence. The cons is te n t f in d in g  o f PCR-B 

produced by RNA PCR am p lifica tion  o f PBMC RNA, b u t not a lways on 

am p lifica tion  o f RNA produced from  cell c u ltu re , was p u zz lin g . An 

exp lanation fo r  th is  was found  when th e  s e n s it iv ity  o f th e  RNA PCR 

te chn ique  was being s tud ie d  us ing  d ilu te d  HCMV AD169 IE RNA w hich 

showed an ap p a re n t in ve rse  re la tio n sh ip  between the  in it ia l ta rg e t RNA 

conce n tra tio n  and th e  appearence o f PCR-B and an approxim ate c u t -o f f  

po in t, in te rm s o f in it ia l HCMV RNA co nce n tra tio n , above which PCR-B 

was not p roduced . C onceivab ly, above th e  re q u ire d  level th e  amount o f 

ta rg e t p resen t u tilis e s  th e  p rim e rs  and dNTP’s to  th e  exclusion o f the  

fo rm ation  o f PCR-B. Below th is  conce n tra tio n , p ro d u c tio n  o f PCR-B is 

fa c ilita te d .

In te re s t in g ly ,  PCR-B was s t i l l  p roduced fo llo w in g  RNA PCR us ing  on ly  

th e  an tisense p rim e r where the  sp e c ific  p ro d u c t was not p roduced . 

When th is  experim ent was repeated us ing  o n ly  the  sense p rim e r fo r
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RNA PCR, no p ro d u c ts  were app a ren t. These f in d in g s  would seem to  

ind ica te  th a t PCR-B is most p ro b a b ly  an (a rte fac t produced as a re s u lt 

o f in te ra c tio n  d u r in g  th e  RT o r  PCR o r  both p a rts  o f th e  RNA PCR 

procedure , b u t o n ly  in v o lv in g  the  an tisense p rim e r. When th e  da ta  are 

analysed it  appears th a t the  p ro d u c tio n  o f PCR-B is a ffec ted  by the  

fo llow ing  even ts : in te ra c tio n  o f th e  an tisense RNA PCR p rim e r (CMP3) 

and HCMV IE RNA o ccu rin g  a t some p o in t d u r in g  th e  p rocedure ; an 

abso lu te  requ irem en t fo r  ta rg e t RNA, b u t th e  presence o f ta rg e t a t a 

level h ig h e r than  approx im ate ly  1pg in some way in h ib its  p rodu c tion  

o f PCR-B.

In  a f in a l a ttem pt to  reso lve  the  s itu a tio n , DNA sequencing  o f both  the  

sp e c ific  p ro d u c t and PCR-B was a ttem pted. The sequence o f the  

sp e c ific  frag m en t in te rn a l to  p rim e rs  CMP3/CMP4 was success fu ly  

determ ined and matched pub lished  sequence data. A ttem p ts  to  clone 

PCR-B were, however, unsuccessfu l. I t  is envisaged th a t  fu r th e r  

a ttem pts  to  clone and sequence th e  fra g m e n t w ill be made in the  near 

fu tu re  as o n ly  th is  w ill p ro v id e  th e  d e f in it iv e  ev idence needed to  

expla in the  o r ig in  o f and even ts  leading to  the  p ro d u c tio n  o f PCR-B.

I t  is, th e re fo re , h ig h ly  p robab le  th a t th e  fra g m e n t is an a r te fa c t,  

p ro d u c tio n  o f which re q u ire s  p rim in g  on HCMV RNA, b u t which may 

cons is t o f e ith e r  p rim e r sequencies on ly  o r  o f n o n -s p e c if ic  sequences 

in it ia te d  by the  p rim er.

RNA t ra n s c r ip ts  were produced from  clone pCM01 in la rge  q u a n titie s , 

were co n ve n ie n tly  labelled w ith  b io tin  to  a h igh s p e c ific  a c t iv ity  and 

gave good re s u lts  when h y b rid is e d  to  d o t-b lo tte d  RNA and DNA. The 

un labe lled t ra n s c r ip ts  were also s u ita b le  s u b s tra te s  fo r  RNA PCR using 

DNA p rim ers  CMP1/CMP2. I t  is, th e re fo re , ra th e r  u n fo r tu n a te  th a t the  

in c o rre c t reg ion  o f the  HCMV genome was selected fo r  c lo n in g  in to
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B lu e sc rip t, and th a t the  RNA tra n s c r ip ts  subse quen tly  produced were 

un su ita b le  as co n tro l RNA fo r  RNA PCR us ing  the  IE1 sp e c ific  p rim ers  

CMP3/CMP4. Selection o f th e  sequence fo r  c lon ing  was made on the  

basis th a t th e  DNA PCR p rim e r p a ir  (CMP1/CMP2) was com plem entary to  

a sequence o f HCMV DNA which inc luded  the  reg ion con ta in in g  exon 2 

which tra n s c r ib e s  to  IE1 RNA, and th e  p rim e rs  would th u s  serve  as 

su ita b le  p rim e rs  fo r  RNA PCR as well as DNA PCR. Th is  was 

subse quen tly  shown not to  be th e  case, th e  p rim e r p a ir  was ac tu a lly  

com plem entary to  a sequence found  in exon 5 which is tra n s c rib e d  to  

IE2 RNA. Problems were encounte red  d u r in g  developm ent o f the  RNA 

PCR te chn ique  when in  v it r o  RNA t ra n s c r ip ts  from  pCM01 gave 

expected sp e c ific  am p lifica tion  p ro d u c ts , w h ils t cyclohexim ide induced 

HCMV IE1 RNA fa iled  to  am p lify . RNA p rim e rs  CMP3/CMP4 were 

subse quen tly  designed us ing  pub lished  sequence data (S te rn b e rg  e t 

al, 1984) in o rd e r  to  am p lify  a s u ita b le  reg ion  o f HCMV IE1 exon 4.

B io tin  labe lling  o f th e  RNA tra n s c r ip ts  was achieved us ing  a tw o -s ta ge  

p rocedure , f i r s t ly  by in co rp o ra tio n  o f a lly lam ine-U TP  in to  the  

t ra n s c r ip ts  in th e  place o f rUTP and, second ly , b io tin y la tio n  by 

chemical m od ifica tion  us ing  CAB-NHS es te r. The d ire c t in co rp o ra tio n  o f 

b io tin y la te d  nuc leo tide  in to  th e  t ra n s c r ip ts  was not possib le  due to  

th e  tem pora ry  u n a v a ila b ility  o f commercial b io tin -1 1 -r llT P . A lthough  

the  use o f a lly lam ine-U TP  re q u ire d  an e x tra  step , th e  chemical 

coup ling  reaction was sim ple and s tra ig h tfo rw a rd  to  pe rfo rm  and, more 

im p o rta n tly , th e  use o f a lly lam ine-U TP  re s u lts  in a g re a te r y ie ld  o f 

RNA than  when rUTP is used (G ibco-BRL A lly lam ine-U TP  p ro d u c t data  

sheet).

The re s u lts  o f d o t-b lo t h y b r id is a tio n  us ing  the  b io tin  labelled 

t ra n s c r ip ts  as h y b r id is a tio n  probes do, however, dem onstra te  the
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po ten tia l o f plasmid pCM01 to  p roduce  RNA probes su ita b le  fo r  in  s itu  

h y b r id is a tio n  s tud ies . These w ill be used to  in ve s tig a te  the  presence 

o f HCMV DNA in PBMC from  HCMV-IgG p o s itive  and nega tive  blood 

donors in fu tu re  s tud ies .
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CHAPTER 6 HCMV VIRAEM IA -  SERUM ANALYSIS

6.1 RESULTS

6 . 1 . 1  D o t -b lo t  A n a lys is  o f  Donor Serum Samples

Serum samples from  a to ta l o f 1445 HCMV-IgG pos itive  donors and 833 

HCMV-IgG nega tive  donors were screened fo r  the  presence o f HCMV 

DNA by d o t-b lo t  ana lys is . None o f th e  samples were pos itive .

6 . 1 . 2  D o t -b lo t  A na lys is  o f  C l in ic a l  Serum Samples

D o t-b lo t ana lys is  was perform ed on serum  samples ob ta ined from  a 

to ta l o f 35 p a tie n ts  w ith  ac tive  o r  recen t HCMV in fe c tio n  (Table 6.1). 

F ive o f these samples dem onstrated c lea r h y b r id is a tio n  and were 

th e re fo re  considered to  conta in  HCMV DNA (P la te 6.1).

Table 6.1 C lin ica l Details o f P a tien ts  With Serum HCMV DNA

Serology In fe c t io n
P a tie n t Age D ia g n o s is /D e ta iIs IgM IgG ty p e 1

1 27 Pregnant, P y re x ia l 
i 1ln e s s (2 /5 2 )

Pos Pos Prim ary

2 31 Renal tra n s p la n t(5 /5 2 )  
[HCMV p o s it iv e  k idney ]

Pos Pos Prim ary

3 28 G landu la r fe v e r  l ik e  
i l ln e s s  (3 /5 2 )

Pos Pos Prim ary

4 4 months C ongenita l Pos Pos Prim ary

5 41 Renal d ia ly s is  p a t ie n t Pos Pos R e a c tiv a t io n /
R e in fe c tio n

1 in fe c tio n  typ e  based upon c lin ic a l and la b o ra to ry  f in d in g s  and  
su p p lie d  b y  the  la b o ra to ry  p ro v id in g  the  samples
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Plate 6.1 Dot-blot analysis of serum DNA from acute phase clinical 
samples. Lanes 1-6, A-C, dot-b lo tted serum samples from 
6 patients with acute HCMV infection. Prepared samples 
were blotted in volumes of A- 400pl, B- 200pl, C- 10Opil. 
1D- 20pg HCMV DNA, 2D- 1pg uninfected genomic DNA, 
3D-6D known quantit ies -  5, 2, 1, 0-5pg, of pCM5018. The 
blots were probed with 32P labelled Eco RI J fragment of 
HCMV.
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6 . 1 . 3  DNA PCR A n a lys is  o f Donor Serum Samples

Serum samples from  a to ta l o f 150 HCMV-IgG p o s itive  donors and 100 

HCMV-IgG negative  donors, p re v io u s ly  screened fo r  HCMV DNA by d o t-  

b lo t ana lys is , were fu r th e r  screened fo r  th e  presence o f HCMV DNA 

us ing  PCR ana lys is . None o f the  samples dem onstra ted sp e c ific  

am p lifica tion  p ro d u c ts .

6 . 1 . 4  DNA PCR A n a lys is  o f  C l in ic a l  Serum Samples

PCR ana lys is  was perfo rm ed on the  DNA e x tra c ted  from  23 o f the  

c lin ica l samples. Three o f these samples were am p lified  y ie ld in g  a 

p ro d u c t o f the  expected size (P la te 6.2). These re s u lts  were in 

complete agreem ent w ith  th e  d o t-b lo t ana lys is  re s u lts  p re v io u s ly  

obta ined from  these samples (Section 6.1.2). O nly 23 o f the  35 c lin ic a l 

samples were tested  as th e re  was in s u ff ic ie n t sample ava ilab le . The 

samples tested  on ly  inc luded  3 o f th e  5 samples found  to  be d o t-b lo t  

pos itive .
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Plate 6.2 PCR analysis of serum DNA from acute phase clinical
samples. The reaction products were electrophoresed on a 
2% agarose/EtBr gel. Lanes 1-6 samples 1-6, lane 7- 
uninfected genomic DNA, lane 8- 5pg HCMV DNA. Numbers 
on the LH side represent DNA size markers (bp).
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6 .2  DISCUSSION

The de tection  o f fre e  HCMV in th e  sera  o f a num ber o f p a tie n ts  w ith  

acute HCMV in fe c tio n  is im po rtan t and may have im p lica tions  fo r  

tra n s fu s io n  p rac tice . That none o f the  donor serum samples were 

found  to  conta in  de tectab le  HCMV DNA accords w ith  w hat would be 

expected fo r  hea lthy  in d iv id u a ls , even i f  la te n tly  in fe c te d , b u t does 

not ru le  o u t th e  p o s s ib ility  o f an occasional donation from  a v iraem ic 

donor.

Samples ob ta ined from  a num ber o f p a tie n ts  w ith  p roven  acu te  o r 

recen t HCMV in fe c tio n  have been used th ro u g h o u t th is  s tu d y  as 

c o n tro ls  o r  to  va lid a te  techn iques , a lthough  the  re s u lts  ob ta ined w ith  

these samples have no t been re p o rte d  as they  are  no t re p re s e n ta tiv e  

o f in fe c tio n s  in immunocompetent in d iv id u a ls . I t  was fe lt ,  how ever, th a t 

these p a r t ic u la r  re s u lts  were o f s ig n ifica n ce  as th e y  dem onstra ted the  

existence o f a po ten tia l s tage o f in fec tio n  th a t m igh t be found  in 

immunocompetent in d iv id u a ls  and so shou ld  be cons idered . The 

tra n s fu s io n  o f blood from  such a donor could re s u lt in the  

transm iss ion  o f HCMV; fu r th e rm o re  the  tra n s fu s io n  o f plasma p ro d u c ts  

from  such a donor could also re s u lt  in th e  transm iss ion  o f in fec tio n  

though  th is  is a ro u te  not norm a lly  considered to  be associated w ith  

any r is k  o f transm iss ion  o f HCMV. That any transm iss ion  by th is  

p a r t ic u la r  rou te  is ra re  is dem onstrated by the  f in d in g s  o f A d le r 

(1988) and Bowden & Sayers (1990), both o f whom stud ied  th e  

transm iss ion  o f HCMV in fe c tio n  by FFP and concluded th a t i t  d id not 

tra n s m it HCMV in fec tio n .

HCMV viraem ia  commonly o ccu rs  in im m unosuppressed in d iv id u a ls  and 

may ind ica te  a system ic disease which is o fte n  associated w ith  a poor
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prognosis . Detection o f v iraem ia, how ever, is achieved by the  iso la tion 

o r  id e n tif ic a tio n  o f v iru s  o r  v ira l DNA so le ly  in th e  leucocytes o f the  

in fec ted  in d iv id u a l. Detection o f v iru s  fre e  in serum has not been 

repo rte d  in any pub lished  s tud ie s . There  can be l i t t le  doub t, however, 

th a t acute in fec tio n  in any in d iv id u a l could in c lude  a period o f 

v iraem ia, w ith  both cel I-associated and fre e  v iru s  being p resen t in the  

c irc u la tio n ; such a cond ition  is c le a rly  much more common in 

immunocompromised in d iv id u a ls  than  in blood donors. In te re s t in g ly ,  

one o f th e  f iv e  d o t-b lo t p o s itive  c lin ica l samples (dono r 3) was an 

immunocompetent in d iv id u a l s u ffe r in g  a m ild g la n d u la r fe v e r - l ik e  

illness; v iru s  se ro logy and c lin ica l p ic tu re  being co n s is te n t w ith  

p rim a ry  in fec tio n .

An im portan t, b u t la rg e ly  un reso lved , question  is w he the r th e  fre e  

v iru s  re p resen ts  v iru s  release in to  the  blood from  in fec ted  leucocytes 

o r  is th e  source o f v iru s  th a t in fe c ts  th e  leucocytes o r, indeed, 

w he the r both s itu a tio n s  occu r. A lthough  cell to  cell con tac t is the  

usual mechanism o f spread o f HCMV in fe c tio n , in fec tio n  o f d isc re te  

ce lls  such as leucocytes m ust e ith e r  o ccu r a t an e a r lie r  phase o f cell 

developm ent o r  in vo lve  in fec tio n  o f th e  m ature cell by fre e  v iru s . The 

leng th  o f tim e th a t v iraem ia  can be detected in acu te ly  in fected  

in d iv id u a ls  sugge ts  th a t in fec tio n  o f m ature ce lls  occu rs . In  v it r o  

in fec tio n  o f leucocytes w ith  fre e  HCMV has been dem onstrated a lthough  

o n ly  re s tr ic te d  in fec tio n  was seen (E in ho rn  & Ost, 1984).

That the  release o f de tectab le  leve ls o f fre e  v iru s  does not o ccu r v e ry  

o fte n  o r  occu rs  fo r  on ly  a v e ry  s h o r t period  is shown by th e  lack o f 

de tection  o f fre e  v iru s  in the  sera  o f HCMV-Ab p o s itive  and nega tive  

donors in th is  s tu d y  to g e th e r w ith  the  fa ilu re  to  id e n tify  transm iss ion  

o f in fec tio n  by FFP (A d le r, 1988; Bowden & Sayers, 1990).
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CHAPTER 7 HCMV VIRAEMIA -  PERIPHERAL BLOOD MONONUCLEAR 
CELLS

7.1 RESULTS

7 . 1 . 1  D o t -b lo t  A na lys is  o f  PBMC NA

PBMC NA from  1462 donors was analysed by d o t-b lo t  ana lys is . 982 o f 

these donors were HCMV-IgG p o s itive  (se ro p o s itive ) and 480 were 

HCMV-IgG nega tive  (se ro nega tive ). HCMV DNA could not be detected in 

any by h y b r id is a tio n .

7 . 1 . 2  PCR A na lys is  o f  PBMC DNA

PCR ana lys is  o f PBMC DNA was perform ed us ing  p r im e r p a ir 

CMP1/CMP2 (P la te 7.1). S a tis fa c to ry  ana lys is  was perfo rm ed on PBMC 

DNA samples from  a to ta l o f 205 blood donors, o f whom 102 were 

se ro p o s itive  and 103 were seronegative . S pec ific  p ro d u c ts  (240bp) were 

dem onstrated fo llo w in g  am p lifica tion  o f the  DNA from  95 o f the  donor 

samples (PCR p o s itive ), o f which 84 were from  se ro p o s itive  and 11 

from  se ronega tive  donors. No p ro d u c ts  were found  a fte r  am p lifica tion  

o f th e  DNA from  any o f 110 donor samples (PCR nega tive ), o f which 92 

were from  se ronega tive  and 18 from  se ro p o s itive  donors (Table 7.1). 18 

o f the  102 se ro p o s itive  donors (17-6%) were PCR nega tive  w h ils t 11 o f 

the  103 se ronega tive  donors (10-8%) were PCR pos itive .
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Plate 7.1 PCR analysis of DNA extracted from donor PBMC samples. 
Reaction products  were eletrophoresed on a 2% 
agarose/E tBr gel, blotted and probed with 32P labelled 
CMPR1. Lanes 1-10 PBMC DNA samples, lane 11- 
uninfected genomic DNA, lane 12- 1pg HCMV DNA. Numbers 
on the LH side represen t DNA size markers (bp). The 
HCMV-IgG sta tus is indicated along the bottom.
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Table 7.1 Correlation Between HCMV Serostatus  and DNA PCR analysis

HCMV Ab STATUS 

+

PCR STATUS + 84 11
18 92

n=205

When v isu a lise d  on 2% a g a ro se /E tB r gels th e  a m p lifica tio n  p ro d u c ts  

from  some PBMC samples appeared as d is t in c t  b u t low in te n s ity  bands, 

a lth o u g h  th e y  were c le a r ly  dem onstra ted  fo llo w in g  S o u th e rn  b lo tt in g  

and h y b r id is a t io n  us ing  th e  32P labe lled o lig o n u c le o tid e  p robe  CMPR1. 

C onverse ly , some samples gave v e ry  c le a r s tro n g  bands when

v isu a lised  on th e  s ta ined  gels.

On some occasions, s a te llite  DNA bands o f a sm a lle r size th a n  the

s p e c ific  p ro d u c t were seen. None o f these bands h y b r id is e d  w ith

CMPR1. The presence o f s a te llite  bands d id  no t appear to  have any 

d e tr im e n ta l e ffe c t on p ro d u c tio n  o f th e  s p e c if ic  p ro d u c t. The presence 

o f h igh  b a ckg ro und  fluo rescence  on th e  gels w ith  some o f th e  

reac tion s  was g e n e ra lly  associated w ith  th e  use o f PBMC DNA p repa red  

by d ire c t  ly s is  o f th e  ce lls  in PCR b u ffe r ,  ra th e r  th a n  by conven tiona l 

e x tra c tio n  p roced u re s .

7 . 1 . 3  Nested DNA PCR A n a ly s is

The nested p r im e r p a ir  CMN1/CMP2 re su lte d  in a 194bp fra g m e n t when 

used fo r  a second round  o f PCR on th e  a m p lific a tio n  p ro d u c ts  o f DNA 

PCR us ing  p rim e r p a ir  CMP1/CMP2 (P la te  7.2). S o u th e rn  b lo tt in g  and 

h y b r id is a t io n  o f th e  p ro d u c ts  o f nested PCR was poss ib le  as th e
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Plate 7.2 Nested PCR analysis. PBMC DNA samples were subjected 
to standard PCR (A) and then nested PCR analysis (B). 
Both sets of reaction p roducts  were combined and 
electrophoresed on a 2% agarose/E tBr gel, blotted and 
probed with 32P labelled CMPR1. Lanes 1-8 PBMC DNA 
samples, lane 9- uninfected genomic DNA, lane 10- 1pg 
HCMV DNA. The weak resu lt seen in lane A3 from the 
initia l PCR is c learly  seen fo llow ing nested PCR (B3). 
Numbers on the LH side represent DNA size markers (bp). 
The HCMV-IgG status is indicated along the bottom.
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am p lified  fra g m e n t also conta ined th e  sequence com plem entary to  p robe 

CMPR1 and th is  d id  no t o ve rla p  th e  in te rn a l p rim ers.

Th is  f u r th e r  a n a lys is  was used to  dem onstra te  the  s p e c if ic ity  o f  the  

in it ia l PCR. A to ta l o f 36 PCR reac tion s  (19 PCR pos itive  and 17 PCR 

neg a tive ) were ana lysed by th is  m ethod. None o f th e  in it ia l ly  n eg a tive  

PCR re ac tion s  w ere s u b se q u e n tly  de te rm ined  to  be PCR p o s itiv e . The 

17 PCR n eg a tive  samples ana lysed inc luded  o f 16 o f the  18 HCMV-IgG 

p o s itive , PCR n eg a tive  donors. A ll o f  th e  in it ia l ly  PCR p o s itiv e  

reac tion s  were con firm ed  as p o s it iv e  us ing  nested PCR.

7 . 1 . 4  DNA PCR A n a ly s is  o f  Human 0 -G lo b in  Gene

PCR a n a lys is  o f PBMC DNA us ing  th e  0 -g lo b in  p rim e r p a ir  BEP1/BEP2 

was pe rfo rm ed  u n d e r th e  same c o n d itio n s  as th e  am p lifica tion  o f PBMC 

HCMV DNA, excep t th a t o n ly  one te n th  o f th e  amount o f genomic DNA 

was used in th e  reac tion . A m p lifica tio n  o f a ll 18 o f th e  HCMV-IgG 

pos itive /P C R  neg a tive  samples gave sp e c ific  110bp p ro d u c t 

de m o n s tra tin g  th a t  th e re  was s u f f ic ie n t  PBMC DNA p re se n t in th e  

volum e o f sample ana lysed , and th a t  th e  DNA was a s u ita b le  s u b s tra te  

fo r  PCR and fo r  de tec tion  o f s in g le  copy sequences (P la te  7.3).

7 . 1 . 5  C o n firm a tio n  o f  th e  HCMV-Antibody S ta tu s  o f  PCR 
P ositive /H C M V -A ntib ody N egative  Donors

The IB re s u lts  from  HCMV PCR p o s itiv e  b u t HCMV-Ab nega tive  donors 

con firm ed  th e  Ab s ta tu s  o f th e  donors. Some samples produced weak 

bands b u t no donors  dem onstra ted  th e  150/55 kDa bands re q u ire d  to  

con firm  HCMV s p e c if ic ity .  Repeat HCMV-Ab sc reen ing  o f the  samples 

us ing  th e  same o r  a d i f fe re n t  commercial EIA, to g e th e r w ith  the
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Plate 7.3 (3-globin PCR analysis of PBMC DNA from the HCMV-IgG 
positive/DNA PCR negative donors. Reaction products  
were electrophoresed on a 2% agarose/EtBr gel. Lanes 
2-13 and 17-22 PBMC DNA, lanes 14,23- non-human DNA, 
lanes 15,24- genomic DNA, lanes 1,16- DNA size markers 
(numbers on the LH side [bp ]).
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Table 7.2 C o rre la tion  o f HCMV se ros ta tus , DNA PCR and RNA PCR 
ana lys is

A HCMV-IgG STATUS B DNA PCR

+ +

RNA PCR + 2 0  4
-  20  21

RNA PCR + 24 0
-  12 29

A C o rre la tion  o f HCMV s e ro s ta tu s  and RNA PCR ana lys is  
B C o rre la tion  o f DNA PCR and RNA PCR ana lyses

’ in house’ HCMV-IgM and - Ig A  assays, also fa iled  to  dem onstra te  any 

HCMV-Ab in the  se ra  from  these  donors.

7 . 1 . 6  PCR A n a ly s is  o f  PBMC RNA

RNA PCR was pe rfo rm ed  on to ta l RNA ex trac ted  from  PBMC from  65 

donors, 40 o f whom were s e ro p o s it iv e  and 25 se rone ga tive . The re s u lts  

o f RNA and DNA PCR an a lys is  on th e  same donor samples were 

examined to  c o rre la te  s e ro s ta tu s , DNA PCR re s u lt  and RNA PCR re s u lt  

(Table 7.2). S p ec ific  p ro d u c t (227bp) was ob ta ined  fo llo w in g  

am p lifica tion  o f PBMC RNA from  24 o f th e  65 donors . Four o f th e  25 

se rone ga tive  donors  dem onstra ted  s p e c ific  p ro d u c t fo llo w in g  

a m p lifica tion , w h ils t 20 o f th e  40 s e ro p o s itive  don o rs  gave no 

a m p lifica tion  p ro d u c t. Comparison o f th e  DNA and RNA PCR re s u lts  

dem onstra tes c o rre la tio n  between the  re su lts ; all 24 o f th e  RNA PCR 

p o s itiv e  donors were also DNA PCR p o s itive , a lth o u g h  o n ly  24 o f the  36 

DNA PCR p o s itiv e  don o rs  were RNA PCR p o s itive . C on firm a tion  o f the  

s p e c if ic ity  o f th e  p ro d u c t was achieved by S o u th e rn  b lo tt in g  and 

h y b r id is a t io n  w ith  32P labe lled  o lig o n u c le o tid e  p robe  CMPR2 (P la te  7.4). 

The unexpected a m p lific a tio n  o f  th e  RNA PCR p ro d u c t PCR.B has been 

d iscussed p re v io u s ly  in sec tion  5.1.3.1.
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Plate 7.4 PCR analysis of PBMC RNA. S.blot of the reaction 
p roducts  o f RNA PCR electrophoresed on a 2% 
agarose/E tBr gel and probed with 32P labelled CMPR2. 
Lanes 1-12 PBMC RNA, lane 13- uninfected cell RNA, lane 
14- 2pg HCMV IE RNA. Numbers on the LH side represent 
DNA size markers (bp). The HCMV-IgG status is indicated 
along the bottom.

-1 7 9 -



7 . 2  DISCUSSION

In vo lve m e n t o f leucocytes  in acute HCMV in fe c tio n  has been recogn ised  

fo r  some tim e; v iraem ia  m ark ing  d issem ination  o f v iru s .  A num ber o f 

im p o rta n t aspects co n ce rn in g  in fe c tio n  o f leucocytes  are  s t i l l  u n c le a r 

and in c lu d e  th e  ty p e  o f cell in fe c te d , th e  in it ia l s ite  o f in fe c tio n , th e  

e x te n t o f re p lic a tio n  o f th e  v iru s  in these  ce lls  and th e  mechanisms by 

w h ich la tency  may s u b se q u e n tly  be es tab lishe d . W h ils t th e  ro le  o f th e  

leucocy te  as a s ite  o f HCMV la tency has la rg e ly  been in fe r re d  from  

o b s e rv a tio n s  o f tra n sm iss ion  o f in fe c tio n  v ia  tra n s fu s io n , u n t il re c e n tly  

th e re  was l i t t le  m o lecu lar ev idence  to  s u p p o r t these  hypo theses. The 

a b il i ty  to  c u ltu re  HCMV from  th e  leucocytes  o f an in fec ted  in d iv id u a l 

does no t in its e lf  im p lica te  these as s ite s  o f la ten cy , s ince v ir u s  may 

be p re se n t due to  th e  p h a g o cy tic  a c t iv ity  o f some o f th e  ce lls . T he re  

is o n ly  a s in g le  re p o r t  o f th e  success fu l c u ltu re  o f HCMV from  th e  

leucocytes  o f HCMV-Ab p o s itiv e  donors  (Diosi e t al, 1969) and i t  is 

q u ite  poss ib le  th a t  these  donors were a t a la te  stage  o f acu te  

asym ptom atic  in fe c tio n  when b led, w here s u f f ic ie n t  v iru s  rem ained to  

be de tected  by c u ltu re .

Detection o f v ira l NA, by d o t-b lo t  h y b r id is a t io n , in PBMC from  both  

HCMV-IgG p o s itiv e  and n eg a tive  donors  was to ta lly  u nsu ccess fu l and 

dem onstra tion  o f la te n t v iru s  was no t ach ieved . Even th o u g h  th e  

h y b r id is a t io n  p robe  used was s p e c ific a lly  chosen to  in c lu d e  sequences 

capable o f h y b r id is in g  to  both HCMV-DNA and - IE  RNA, th e re  was 

a p p a re n tly  in s u ff ic ie n t  ta rg e t  m ateria l fo r  de te c tio n . The a n a ly s is  was 

pe rfo rm ed  on NA from  a to ta l o f app rox im a te ly  105 ce lls , th e  s e n s it iv ity  

o f th e  ana lys is  be ing de te rm ined  as 0 -5 -2 p g  o f plasm id pCM5018 

( ro u tin e ly  1 -2pg ). T h is  q u a n tity  o f DNA (1pg ) is e q u iv a le n t to  

app rox im a te ly  62,000 cop ies o f th e  genome. A n a lys is  was pe rfo rm ed  on
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th e  DNA ex tra c te d  from  2 x 105 ce lls  and, th e re fo re , to  o b ta in  even the  

weakest s p e c ific  d o t-b lo t  re s u lt,  th e  presence o f a s in g le  v ira l genome 

in a t least 15-5% o f th e  ce lls  would be re q u ire d . Such a la rg e  q u a n tity

o f v ir u s  is u n lik e ly  to  be associated w ith  a la te n t in fe c tio n . I f  th e

leve l o f in fe c tio n  w ith  la te n t v ir u s  is in th e  range o f a s in g le  genomic 

copy in 0-01-1% o f PBMC, as suggested  by  S c h r ie r  e t aI (1985) and 

Nelson e t a/ (1990), d o t-b lo t  a n a lys is  would be re q u ire d  to  d e te c t as 

few as 10-1000 cop ies o f genome, which is app ro x im a te ly  0 -2 -2 0 fg  o f 

PCM5018 DNA, a level o f s e n s it iv ity  w h ich canno t be a tta ined  by th is  

te ch n iq u e . Nonetheless, de tec tion  o f v iraem ia  is poss ib le  by th is  

te ch n iq u e . Numerous s tu d ie s  have in vo lve d  use o f th e  method to  

dem onstra te  th e  presence o f HCMV DNA and RNA in th e  leucocy tes  o f 

a c u te ly  in fec ted  in d iv id u a ls  (Saltzm an e t al, 1990; D ankner e t aU 1990). 

The te c h n iq u e  is, how ever, too in s e n s itiv e  to  de tec t la te n t HCMV NA in 

PBMC from  im m unocom petent in d iv id u a ls .

The fa ilu re  o f d o t-b lo t  a n a lys is  to  de te c t any HCMV NA in PBMC DNA 

dem onstra ted  th e  need fo r  a fa r  more s e n s itiv e  te c h n iq u e  i f  de tec tion  

o f la te n t HCMV was to  be success fu l. S u b se q u e n tly , PCR has been used

to  ana lyse  th e  PBMC DNA and in th is  s tu d y  DNA from  th e  PBMC o f a

to ta l o f 239 HCMV-IgG p o s itiv e  and -n e g a tiv e  donors was s u b je c t to  

success fu l DNA PCR ana lys is . The a b il i ty  o f PCR to  d e tec t v e ry  low 

leve ls  o f ta rg e t  nuc le ic  acid, o fte n  in th e  presence o f la rg e  am ounts o f 

genom ic o r  o th e r  fo re ig n  nuc le ic  acid, is idea lly  su ited  fo r  th e  

de tec tion  o f la te n t v iru s e s .

The de tection  o f HCMV DNA in PBMC from  im m unocom petent in d iv id u a ls  

p ro v id e s  m olecu lar ev idence  to  s u p p o rt th e  con ten tio n  th a t  v ir u s  is 

p re se n t, p ro b a b ly  in a la te n t s ta te , in PBMC from  HCMV-Ab p o s it iv e  

don o rs  and th a t th is  is a t least one source  o f t ra n s fu s io n  tra n s m itte d
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in fe c tio n . F u rth e rm o re , th e  de tec tion  o f DNA in PBMC from  HCMV-Ab 

n e g a tive  donors  c le a rly  dem onstra tes th e  presence o f p o te n tia lly  

in fe c tio u s  v iru s  in donors  considered  to  p re se n t no r is k  o f 

tra n s m itt in g  HCMV. A d d it io n a lly , a num ber o f HCMV-Ab p o s itiv e  donors 

were found  to  be PCR nega tive . A lth ough  cons ide red  to  be a t r is k  on 

th e  basis o f HCMV-Ab s ta tu s , i t  is u n c e rta in  w he th e r these were 

donors  in whom la tency had not es tab lished  o r  w h e th e r v ir u s  was 

p re s e n t a t a level low er than  norm al, and th u s  und e tec tab le  by th is  

PCR p roced u re .

The s e n s it iv ity  o f  th e  te ch n iq u e , app ro x im a te ly  103 tim es g re a te r  than  

d o t-b lo t  a n a lys is , re p re s e n ts  a m a jo r im provem ent and was s u f f ic ie n t  

to  d e tec t as few as 62 copies o f th e  HCMV genome. As PCR a n a lys is  

was pe rfo rm ed  on DNA p repa red  from  app ro x im a te ly  5 x 105 PBMC, th e  

te c h n iq u e  was s u f f ic ie n t ly  s e n s itiv e  to  d e tec t th e  presence o f 1 copy 

pe r 8065 (0 012%) ce lls . Th is  f ig u re  agrees w ith  those re p o rte d  by 

S c h r ie r  e t a l (1985) and Nelson e t a l (1990).

A second round  o f PCR us ing  nested p r im e rs  has been used by many 

a u th o rs  to  co n firm  th e  s p e c if ic ity  o f th e  p ro d u c ts  from  th e  f i r s t  

ana lys is , espec ia lly  in s itu a tio n s  w here o n ly  a small q u a n tity  o f 

p ro d u c t was fo rm ed, o r  when a num ber o f n o n -s p e c if ic  bands o r  h igh  

b a ckg ro u n d s  were p resen t. In  th is  s tu d y  t ru e  nested PCR was not 

pe rfo rm ed b u t, ra th e r, PCR p ro d u c ts  were fu r th e r  ana lysed u s in g  a 

nested upstream  p rim e r (CMN1) in te rn a l to  CMP1, to g e th e r  w ith  th e  

o r ig in a l dow nstream  p r im e r (CMP2). No d isc rep anc ies  were seen 

between th e  in it ia l and nested re s u lts  fo llo w in g  fu r th e r  a n a lys is  o f th e  

in it ia l p ro d u c t us ing  th e  p r im e r p a ir  CMN1/CMP2. A lth o u g h  th e  use o f 

f u r th e r  ro u n d s  o f a m p lifica tion  g ive s  increased s e n s it iv ity ,  th e  r is k  o f 

con tam ina tion  also increases such th a t  some in it ia l reac tion  m ixes th a t
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were contam inated w ith  o n ly  m inute  am ounts o f ta rg e t and th ough  not 

am p lified  s u f f ic ie n t ly  to  be de tectab le  a fte r  in it ia l am p lifica tion  would 

be s u f f ic ie n t ly  am p lified  and de tectab le  fo llo w in g  the  second round  o f 

PCR.

P repa ra tion  o f sample DNA fo r  ana lys is  is g re a tly  s im p lifie d  i f  c ru d e  

DNA p re p a ra tio n s  can be used. Cell lysa tes  p repa red  by ly s is  and 

d iges tion  o f th e  p ro te in s  fo llow ed by heat in a c tiv a tio n  o f any DNases 

and p e lle tin g  o f c e llu la r  d e b ris  are  s u ita b le  DNA s u b s tra te s  fo r  PCR. 

T h is  p ro v id e s  a sav ing  in the  tim e and am ount o f w ork  re q u ire d  and 

also cu ts  down th e  num ber o f m an ipu la tions, so decreasing  th e  r is k  o f 

con tam ina tion . In  th is  s tu d y , both conven tiona l DNA e x tra c tio n  and 

ra p id  cell ly s is  te ch n iq u e s  were used w ith  no s ig n if ic a n t d iffe re n c e  in 

am p lifica tio n  e ffic ie n c y . E ffic ie n c y  was found  to  be decreased, 

how ever, in c e rta in  lysa te  p re p a ra tio n s  w h ich conta ined h igh  leve ls  o f 

haem oglobin, g e n e ra lly  re s u lt in g  from  red ce ll con tam ination  o f the  

PBMC la ye r fo llo w in g  d e n s ity -g ra d ie n t sepa ra tion . A s im ila r f in d in g  

was re p o rte d  by H iguch i (1990) who fu r th e r  dem onstra ted th a t the  

p o rp h y r in  com pounds d e rive d  from  haemoglobin were th e  most 

in h ib ito ry  substances found  in blood.

In  view  o f these f in d in g s  i t  was fe lt  th a t th e re  was a p o s s ib ility  th a t 

th e  lack o f s p e c ific  a m p lifica tion  p ro d u c t in a num ber o f HCMV-Ab 

p o s itiv e  in d iv id u a ls  could be due to  in h ib it io n  o f PCR ra th e r  than  to  a 

lack o f ta rg e t DNA. Tha t th is  was no t th e  case was c le a rly  shown by 

th e  use o f PCR to  am p lify  |3-globin gene DNA in th e  PBMC DNA 

p re p a ra tio n s  from  the  18 PCR nega tive  HCMV-Ab p o s itiv e  donors. 

P rodu c tion  o f th e  s p e c ific  110bp p ro d u c t in all 18 PCR reac tions
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dem onstra ted  both th a t th e re  was s u f f ic ie n t  DNA p resen t and th a t the  

DNA was a s u ita b le  s u b s tra te  fo r  PCR ana lys is .

The f in d in g  o f PCR a m p lifica tion  p ro d u c ts  in 84 o f 102 HCMV-Ab 

p o s itiv e  and 11 o f 103 HCMV-Ab nega tive  donors  s u p p o rts  those o f 

o th e r  a u th o rs  who have detected HCMV NA in th e  PBMC o f 

im m unocompetent in d iv id u a ls  (Cassol e t al, 1989; S c h rie r  e t al, 1985; 

Nelson e t al, 1990). T he re  is, th e re fo re , a popu la tion  o f donors  who 

would be cons idered  HCMV-Ab nega tive  acco rd ing  to  conven tiona l 

se ro lo gy  b u t in whom th e  presence o f v ira l DNA can repea ted ly  be 

dem onstra ted . Possib le in te rp re ta tio n s  o f these re s u lts  in c lude  

in c o rre c t in te rp re ta tio n  o f th e  se ro lo gy . W hils t most commercial HCMV- 

Ab assays are re liab le , a s itu a tio n  may ex is t w hereby a weakly 

re a c tive  sample was screened as HCMV-Ab nega tive . However, th is  was 

not the  case in th is  s tu d y  since no HCMV-Abs were de tected upon 

repea t te s tin g  o r  fo llo w in g  IB. A second p o s ib ility  is th a t donors  may 

be HCMV-Ab p o s itiv e  b u t w ith  Ab leve ls  which have d ropped  below 

those ro u tin e ly  de tec tab le . F in a lly , th e re  ex is ts  a small popu la tion  o f 

donors  who do not m ount an immune response to  HCMV, a ltho ugh  

la tency may be es tab lished  fo llo w in g  re co ve ry  from  acute in fe c tio n . 

The m ajor s ig n if ic a n c e  o f th is  o b se rva tio n  is th e  id e n tif ic a tio n  o f a 

po ten tia l sou rce  o f in fe c tio n  from  a p p a re n tly  low r is k  donations, 

th o u g h  q u a n tif ic a tio n  o f th is  r is k  is v ir tu a l ly  im possib le w ith o u t 

p ro sp e c tive  s tu d y  o f HCMV in fe c tio n  ra tes  in immunocompromised 

p a tie n ts  w ith  th o ro u g h  in v e s tig a tio n  o f any cases o f tran sm iss ion  o f 

HCMV by u n its  screened as Ab nega tive .

In  o rd e r  to  de te rm ine  w h e th e r th e  DNA detected was t ra n s c r ip t io n a lly  

ac tive , PCR ana lys is  was perfo rm ed on to ta l RNA p repa red  from  donor 

PBMC us ing  a p rim e r p a ir  s p e c ific  fo r  HCMV IE1 RNA (CMP3/CMP4). IE

-184-



RNA could  no t be de tected  in all o f the  DNA p o s itive  donors and was 

detected in o n ly  66% o f these cases. IE RNA was not detected in the  

PBMC o f any DNA PCR neg a tive  donor.

The mechanisms c o n tro ll in g  t ra n s c r ip t io n  o f RNA from  la te n t HCMV DNA 

are  p o o rly  und e rs too d , and severa l mechanisms may combine to  

p roduce  a v a r ie ty  o f p a tte rn s  in d if fe re n t  in d iv id u a ls . The de tec tion  

o f IE RNA dem onstra tes th a t t ra n s c r ip t io n  o f la te n t v ira l genomes is 

poss ib le  and it  is th e re fo re  q u ite  feas ib le  th a t these  are  a source  o f 

in fe c tio n  tra n s m itte d  by tra n s fu s io n . Data ob ta ined  d u r in g  th is  s tu d y  

s u p p o rts  th a t o f S c h rie r  e t a l (1985) who used in  s itu  h y b r id is a t io n  to  

dem onstra te  th e  presence o f HCMV IE RNA in PBMC from  

im m unocom petent in d iv id u a ls . T h is  te ch n iq u e  also enabled th e  

approx im ate  num ber o f ce lls  exp ress ing  IE RNA to  be dete rm ined , 

ra n g in g  from  0-035-2%. The RNA PCR te ch n iq u e  used in th is  s tu d y  was 

capable o f de te c tin g  app rox im a te ly  0 -1 fg  o f RNA, i.e. 82 copies o f IE1 

RNA, which equates to  th e  de tec tion  o f a t least one copy o f IE RNA 

p e r 6098 (0-016%) ce lls , a va lue  s im ila r to  th a t o f S c h rie r  e t a l (1985).

Tha t HCMV-RNA was no t found  in th e  PBMC o f a ll o f th e  DNA PCR 

p o s itiv e  donors  may be due to  a fa ilu re  o f de tec tion  ra th e r  than  to  

th e  absence o f t ra n s c r ip t io n .  Possib le exp lana tions  fo r  th e  fa ilu re  to  

d e tec t IE RNA by PCR may in c lu d e  th e  loss o f RNA d u r in g  the  

p re p a ra tio n  p ro ce d u re  and fa ilu re  to  p roduce  cDNA s u ita b le  fo r  PCR in 

th e  RT reac tion . C onven tiona ly , th e  iso la tion  and p u r if ic a tio n  o f RNA is 

a tim e consum ing p ro ce d u re  w ith  g re a t care being needed to  p re v e n t 

deg ra da tion  by endogenous RNases. The method used in th is  s tu d y  

(C hom czynski & Sacchi, 1987) is a fa r  more p ra c tic a l p ro ce d u re  w hich 

re lie s  upon th e  presence o f gua n id in ium  th io cya n a te  d u r in g  most o f 

th e  p ro ce d u re  to  d e n a tu re  any RNases. W hils t no t re s u lt in g  in th e
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p u r ity  ob ta ined from  d e n s ity  g ra d ie n t p re p a ra tio n s , the  method has 

th e  ease o f han d ling  needed fo r  la rge  sample num bers and is s u ita b ile  

fo r  use w ith  small am ounts o f t issu e . The q u a lity  o f th e  RNA p repa red  

was shown to  be s u ita b le  fo r  re ve rse  t ra n s c r ip t io n  and th e re fo re  fo r  

th e  RNA PCR te chn ique . I t  is q u ite  p robab le  th a t, in some o f th e  RNA 

p re p a ra tio n s , th e  presence o f a con tam ina ting  agen t may have 

in h ib ite d  e ith e r  the  RT reaction  o r  the  PCR its e lf,  re s u lt in g  in fa ilu re  

to  am p lify  th e  ta rg e t  sequence.

The absence o f de tec tab le  RNA may be due e ith e r  to  th e  absence o f 

t ra n s c r ip t io n ,  w ith  e ith e r  a com plete absence o r an in te rm itte n t 

t ra n s c r ip t io n  p a tte rn , o r  to  con tin ued  tra n s c r ip t io n  o f RNA at leve ls  

below those de tec tab le  by PCR. In  a num ber o f in d iv id u a ls  who 

possess la te n t v iru s ,  i t  is poss ib le  th a t no tra n s c r ip t io n  o f th e  v ira l 

DNA occu rs . In  such cases, host immune mechanisms may be in vo lve d  

in re g u la tio n  o f t ra n s c r ip t io n .  A s itu a tio n  o f in te rm itte n t,  re s tr ic te d  

tra n s c r ip t io n  is poss ib le  d u r in g  la te n t in fe c tio n  i f  the  immune 

mechanisms which p re v e n t recrudescence  o f the  agen t are not 

c o n s ta n tly  e ffe c tiv e  b u t ins tances o f the  mechanisms fa il in g  o r  be ing 

overcom e o ccu r, lead ing to  p e rio d s  when lim ited  tra n s c r ip t io n  o f th e  

DNA are possib le .

The p o s s ib ility  th a t in s u ff ic ie n t  RNA is p roduced  fo r  de tec tion  is 

u n lik e ly . Detection o f la te n t DNA has a lrea dy  been dem onstra ted 

(S ta n ie r e t al, 1989; Nelson e t al, 1990). T ra n s c r ip tio n  o f RNA from  th e  

DNA would in v a r ia b ly  re s u lt  in m u ltip le  copies o f the  RNA being 

produced  from  each v ira l genome. T he o re tica ly  th is  would re s u lt  in a 

s ig n if ic a n t ly  la rg e r am ount o f ta rg e t  being p re se n t than  th a t fo r  DNA
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PCR. However, RNA PCR may be less s e n s itiv e  than  DNA PCR as th e  RT 

reac tion  is u su a lly  o n ly  5-50% e ff ic ie n t.

A lth o u g h  th e  presence o f HCMV NA in PBMC from  im m unocom petent 

in d iv id u a ls  has been detected  by PCR, th is  te ch n iq u e  does no t pe rm it 

id e n tif ic a tio n  o f th e  s p e c ific  cell ty p e (s )  h a rb o u rin g  th e  la te n t v iru s .  

O nly i f  a b so lu te ly  p u re  p re p a ra tio n s  o f each class o f m ononuclear 

w h ite  blood ce lls  can be ach ieved , can PCR be used fo r  th is .  I f  th e  

da ta  ob ta ined  in th is  s tu d y  are  combined w ith  th e  in  s itu  h y b r id is a t io n  

da ta  from  S c h rie r  e t a l (1985) and Nelson e t a l (1990) s u f f ic ie n t  

in fo rm a tion  co n ce rn in g  la tency e x is ts  to  s ta te  th a t:  a small p ro p o rt io n  

o f PBMC from  Imm unocompetent HCMV-Ab p o s itiv e  and neg a tive  

in d iv id u a ls  con ta in  la te n t HCMV DNA, lim ited  express ion  o f IE RNA 

o ccu rs  in these  ce lls  and th e  ty p e s  o f ce ll in fec ted  are  m onocytes and, 

to  a lesser degree, T -lym p h o cy te s .

S tud ies  perfo rm ed on leucocytes from  acu te ly  in fec ted  and v iraem ic  

p a tie n ts  showed th a t th e  in fec ted  cell ty p e s  were d if fe re n t  from  those 

in w h ich th e  v iru s  may become la te n t. From s tu d ie s  a p p ly in g  MoAbs to  

HCMV p ro te in s  ;(Revello e t al, 1989; G erna e t al, 1990) o r  in  s itu  

h y b r id is a t io n  to  HCMV RNA and DNA (D ankner e t al, 1990), th e  

p redom inan t cell ty p e  in fec ted  d u r in g  acu te  in fe c tio n  was shown to  be 

th e  p o lym o rp honuc lea r leucocyte  (PMNL); in fec ted  m onocytes were also 

seen b u t lym phocy tes  were ra re ly  in fec ted . The presence o f HCMV in 

PMNL is g e n e ra lly  cons ide red  to  be due e ith e r  to  p e rs is te n t in fe c tio n  

o f p re c u rs o r  ce lls  in th e  bone m arrow  o r  to  re s u lt  from  pha gocy tos is  

o f e n t ire  v ir io n s  by c irc u la t in g  ce lls . The dem onstra tion  o f HCMV IE, E 

and L RNA t ra n s c r ip ts  in d ica tes  th a t th e re  is a c tive  express ion  and 

pe rhaps  re p lic a tio n  o f v iru s . The in it ia l s ite  o f in fe c tio n  o f PMNLs is 

c u r re n t ly  unknow n. P hagocytos is  o f e n t ire  v iru s  does no t alone
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exp la in  th e  p ro d u c tio n  o f RNA, and p resum ab ly  a p ro d u c tiv e  in fe c tio n  

m ust ensue. Indeed , in  v it r o  s tu d ie s  have p roduced  lim ited in fe c tio n  o f 

leucocytes , w ith  de tec tion  o f EA fo llo w in g  in fe c tio n  o f ce lls  w ith  low 

passage iso lates o f HCMV (E in h o rn  & Ost, 1984). A c tive  in fe c tio n  o f 

bone m arrow  p re c u rs o r  ce lls  has also been dem onstra ted in  v it r o , 

a lth o u g h  in fe c tio n  o f th e  m atu re  ce lls  has no t been dem onstra ted .

One may specu la te  th a t in fe c tio n  o f PMNLs o ccu rs  so le ly  d u r in g  acute 

in fe c tio n , pe rhaps  fo llo w in g  phagocy tos is  o f in fe c tio u s  v ir io n s .

In fe c tio n  o f m onocytes and lym phocy tes  is a s low er, more g radua l 

p rocess w h ich may in v o lv e  in fe c tio n  o f p re c u rs o r  ce lls  and th e  

subse quen t es tab lishm en t o f p e rs is te n tly  in fec ted  clones and may lead 

to  th e  es tab lishm en t o f la tency .

I t  is  v ir tu a l ly  c e rta in  th a t  th e  IE t ra n s c r ip t io n  de tected re p re s e n ts  a 

lim ited  and u n p ro d u c tiv e  in fe c tio n  ra th e r  than  a low level p ro d u c tiv e  

in fe c tio n , a lth o u g h  tra n s c r ip t io n  may be s u f f ic ie n t  to  fa c il ita te  

p ro d u c tio n  o f IE a n tig en  (T oo rkey  & C a rr ig a n , 1989). F u r th e r  v ira l 

t ra n s c r ip t io n  maybe p re ve n te d  by c o n tro l a t the  level o f th e  RNA 

cascade in la te n t in fe c tio n . W hether th e  lim ited  t ra n s c r ip ts  de tected  in 

th is  s tu d y  are s im ila r to  th e  la tency  associated t ra n s c r ip ts  (LATS) 

seen in HSV la tency  is no t known. These LATS come from  a sp e c ific , 

m a jo r e a r ly  reg ion  o f th e  HSV genome b u t are  tra n s c r ib e d  in th e  

o pp os ite  (an tisense ) o r ie n ta tio n  and do not encode p ro te in s . The HCMV 

t ra n s c r ip ts  appear to  be o f th e  c o rre c t p o la r ity  th o u g h  th e  sequence 

and size o f th e  com plete t ra n s c r ip ts  have no t been de te rm ined .

For t ru e  la tency to  a rise  in PBMC, in fe c tio n  o f p re c u rs o r  ce lls  m ust 

o c c u r to  enable th e  pe rs is te n ce  o f in te g ra te d  HCMV DNA in th e  genome 

long a f te r  acu te  in fe c tio n  has! reso lved . The dem onstra tion  o f la te n t
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v iru s  in such tissu e s  as b ra in , k id n e y , sp leen, lung , l iv e r  and a r te r ia l 

wall (T oo rkey  & C a rrig a n , 1989; H endrix  e t al, 1990) suggests  a 

m u lt ip l ic ity  o f s ite s  from  w h ich v iru s  may re a c tiva te . In  all these 

cases, e ith e r  IE RNA o r  IE an tigen  were de tected  b u t p ro d u c tiv e  

in fe c tio n  was no t dem onstra ted .
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CHAPTER 8 PREVALENCE OF HCMV-IgM ANTIBODY

8 .1  RESULTS

8 . 1 . 1  I n i t i a l  Screening R esu lts

F irs t,  a to ta l o f 6,789 donors were screeened fo r  th e  presence o f 

HCMV-IgM us ing  an EIA developed ’ in house’ and 513 (7-6%) were 

re a c tive . The s p e c if ic ity  o f th e  assay was in te n tio n a lly  set a t a low 

level to  ensu re  optim um  s e n s it iv ity .  The s e n s it iv ity  was determ ined 

us ing  a panel o f 10 se ra  con firm ed p o s itiv e  fo r  v a ry in g  t i t r e s  o f 

HCMV-IgM. All o f these  samples were c o n s is te n tly  and c le a rly  p o s itiv e  

when tes ted  us ing  th e  assay.

8 . 1 . 2  Commercial Screening R e s u lts

Six o f th e  513 in it ia l ly  re a c tive  dono r samples were found  to  be 

repea ted ly  re a c tive  us ing  a commercial HCMV-IgM assay, (C ap tia  M CMV 

IgM EIA, M ercia D iagnostics, G u ild fo rd  UK) and were cons idered  to  be 

HCMV-IgM p o s itive . The o ve ra ll p reva lence  o f HCMV-IgM in th e  donors  

s tu d ie d  was found  to  be s ix  in 6,789 (0-09%). Assum ing c irc u la t in g  IgM 

p e rs is ts  fo r  an average  o f s ix  m onths, th e  annual inc idence  o f HCMV 

in fe c tio n  can be ca lcu la ted  as 0-18%.

8 . 1 . 3  HCMV-IgG Antibody S ta tu s

2,919 (43%) o f th e  6,789 donor samples in it ia l ly  screened fo r  HCMV-IgM 

were found  to  be HCMV-IgG p o s itive . All s ix  o f the  HCMV-IgM p o s itiv e  

samples id e n tif ie d  were also found  to  be HCMV-IgG po s itive .
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Table 8.1 Medical h is tory  of HCMV-IgM positive donors

Subsequent dona tions

M edical Ab T i t r e  T o ta l IgM- Time s ince  Ab T i t r e
Donor Age Sex h is to r  IgM IgG number s ta tu s  1 ’ dona tion  IgM IgG

1 21 F none 1/16 1/32 2 neg 6/12 14/12 -

2 28 M none 1/4 1/16 1 pos 5/12 1/4

3 19 M none 1/16 1/64 0 - n/a -

4 40 M none 1/2 1/8 1 - n/a -

5 22 F none 1/4 1/16 0 - n /a -

6 20 M none 1/8 1/8 0 - n /a -

Thus s ix  o f 2,919 (0-2%) HCMV-IgG p o s itiv e  donors  were also p o s itive  

fo r  HCMV-IgM. The t i t r e s  o f both HCMV-IgM and IgG in each o f these 

s ix  donors  are  p resen ted  in Table 8.1.

8 . 1 . 4  Rheumatoid Facto r

The presence o f rheum ato id  fa c to r  cou ld  no t be dem onstra ted  in th e  

se ra  o f any o f th e  s ix  HCMV-IgM p o s itiv e  donors  (Rheum a-W ellcotest, 

Wellcome D iagnostics , D a rtfo rd  UK).

8 . 1 . 5  Donor D e ta i ls

The age, sex, se ro s ta tu s  o f subse quen t d o n a tion (s ), and any re le v a n t 

medical h is to ry  o f th e  HCMV-IgM donors  are also p resen ted  in ta b le  

8.1. S u b se q u e n tly , to  t r y  to  re la te  th e  HCMV-IgM s ta tu s  to  th e  

se rocon ve rs ion  data  (Section 3.1.3), th e  p re v io u s  dona tion  h is to ry  o f 

th e  HCMV-IgM p o s itiv e  donors was also in ve s tig a te d  (Table  8.2). Three  

dono rs  were found  to  have g iven p re v io u s  dona tions  and o f these  tw o  

appeared to  have se rocon ve rted  d u r in g  th e  s tu d y  pe rio d .
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Table 8.2 Previous donation history  of HCMV-IgM positive donors

Previous Donations

jnor Age Sex Number
HCMV-Ab
s ta tu s

Iso typ e  
IgM IgG

Time be fo re  
index dona tio f

1 21 F 0(N/D) - - -

2 28 M 1 neg - 11/12

3 19 M 1 pos n /k  pos 6/12

4 40 M 21 neg /po s n /k  pos 15/12 6/12

5 22 F 0(N /D ) - - -

6 20 M 2 n /k -  - -

n /k  = n o t know n  N/D = New donor

1 15/12 donation HCMV-Ab nega tive , 6 /12  donation HCMV-IgG  
p o s itiv e

The th ir d  donor had made on ly  one p re v io u s  donation, s ix  m onths 

p re v io u s ly , and th is  was HCMV-IgG p o s itive .

8 . 1 . 6  D o t -b lo t  and PCR A n a lys is

D o t-b lo t ana lys is  was perfo rm ed on th e  serum  and PBMC DNA from  the  

HCMV-IgM p o s itive  donors  w ith  nega tive  re s u lts  in all cases. PCR 

ana lys is  was also perfo rm ed on th e  serum  and PBMC DNA from  the  

HCMV-IgM p o s itive  donors b u t HCMV DNA could no t be detected in any 

o f the  serum  samples. However, all s ix o f the  PBMC samples gave 

sp e c ific  am p lifica tion  p ro d u c ts  fo llo w in g  DNA PCR (P la te 8.1), and th re e  

(50%) gave sp e c ific  am p lifica tion  p ro d u c ts  fo llo w in g  RNA PCR (P la te

8.2).There was no a p p a re n t d iffe re n c e  in th e  y ie ld  o f p ro d u c t 

compared to  DNA and RNA PCR o f PBMC from  HCMV-IgM negative , 

HCMV-IgG p o s itive  donors.
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1 2 3 4  5 6 7 8

Plate 8.1 PCR analysis of PBMC DNA from HCMV-IgM positive 
donors. PCR products were electrophoresed on a 2% 
agarose/EtBr gel, blotted and probed with 32P labelled 
CMPR1. Lanes 1-6 PBMC DNA, lane 7- uninfected genomic 
DNA, lane 8- 1pg HCMV DNA. Numbers on the LH side 
represent DNA size markers (bp).
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Plate 8.2 PCR analysis o f PBMC RNA from HCMV-IgM positive 
donors. PCR products  were electrophoresed on a 2% 
agarose/EtBr gel, blottea and probed with 32P labelled 
CMPR2. Lanes 1-6 PBMC RNA, lane 7- uninfected cell RNA, 
lane 8- 1pg HCMV IE RNA. Numbers on the LH side 
represent DNA size markers (bp).
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8 . 1 . 7  The IB  P r o f i l e  o f  HCMV-IgM P o s i t i v e  D o n o r  S e ra

The im m unob lo tting  p ro file s  o f HCMV-IgM p o s itive  sera iw ere  s im ila r to  

I to  th a t  ; seen w ith  HCMV-IgG p o s itive  sera  th ough  fe w e r p o lyp e p tid e s  

were recogn ised. The response was p r im a r ily  d ire c te d  aga ins t 

p o lyp e p tid e s  o f a p p a re n t MWs 150, 55, and 40 kDa. O the r p o lyp e p tid e s  

de tected  had a p p a re n t MWs o f 115, 97, 88, 74, 66, 64, 60, 45 kDa (P la te

8.3). No po lyp e p tid e s  were recogn ised so le ly  by HCMV-IgM. In s u f f ic ie n t  

samples were ava ilab le  to  dem onstra te  any re la tio n s h ip  between the  

p o lyp e p tid e s  recogn ised and th e  a n tib o d y  t i t r e .
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6 6 —
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2 9 -

Plate 8.3 IB profi les o f the HCMV-IgM positive donor sera. S tr ips  
1-6 HCMV-IgM positive sera, s t r ip  7- HCMV-IgM negative, 
-IgG positive serum. Numbers on the LH side represent 
approximate MWs (kDa).
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8 . 2  DISCUSSION

HCMV-IgM was detected in 6 o f 6789 (0-09%) blood donors, all o f whom 

were also found to  possess HCMV-IgG. Th is is the  o n ly  estim ate made 

in th e  UK and o th e r re p o rts  a re  from  th e  USA, w here Beneke e t al

(1984) found  HCMV-IgM in 7 o f 529 (1-3%) donors, P re ik s a it is  e t a l

(1985) in 1 o f 235 (0-4%) and Jackson e t a l (1987) in 17 o f 458 (3-7%); 

from  Denmark, where Nielsen e t a l (1987) found  HCMV-IgM in 1 o f 314 

(0-3%) and Wielaard e t a l (1986) found  1 o f 600 (0-16%); and from  

I ta ly ,  where Musiani e t a l (1988) found  HCMV-IgM in 6 o f 55 (11%). 

V a ria tion  in the  re p o rte d  p reva lence  o f HCMV-IgM may poss ib ly  be due 

to  v a r ia b il ity  in th e  s p e c if ic ity  o f th e  assays used, a ltho ugh  all the  

s tu d ie s  took account o f fa c to rs  known to  cause fa lse  p o s itiv e  re s u lts  

in IgM assays. However, th is  v a r ia tio n  is almost c e r ta in ly  due in p a r t 

to  d iffe re n ce s  in th e  p reva lence  o f in fe c tio n s  th ro u g h o u t th e  w orld . 

T h is  is well i l lu s tra te d  by th e  f in d in g  o f a w ide ra n g in g  p reva lence  o f 

HCMV-Ab w ith in  th e  USA; v a ry in g  from  30-70% in d if fe re n t  reg ions o f 

th e  c o u n try  (Tegtm e ier, 1986).

None o f the  HCMV-IgM p o s itiv e  donors id e n tif ie d  in th is  s tu d y  had 

h igh  t it re s  o f IgM Ab, th e  t i t r e s  ranged from  1 /2  -  1/16. The HCMV- 

IgG t it re s ,  how ever, were ge n e ra lly  h ig h e r, ra n g in g  from  1 /4  -  1/64. 

More deta iled in v e s tig a tio n  o f th e  immune response in these pa tie n ts , 

us ing  im m unob lo tting , showed th a t th e  HCMV-IgM response produced a 

well defined p ro f ile  which recogn ised th e  expected po lypep tides ; 

likew ise , the  HCMV-IgG p ro f ile  was s im ila r to  th a t found  in HCMV-IgG 

po s itive , b u t -IgM  nega tive  donors.

A lthough  it  is ge n e ra lly  accepted th a t,  in blood donors, the  presence 

o f c irc u la tin g  HCMV-IgG is th e  most use fu l m arke r o f p re v io u s
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in fe c tio n , some a u th o rs  have proposed th a t o th e r m arke rs  may be 

usefu l fo r  id e n t ify in g  donors w ith  a g re a te r r is k  o f tra n s m itt in g  

HCMV. Donors w ith  evidence o f a c tive  o r  recen t in fec tio n  a t th e  tim e 

o f donation have been im plicated in cases o f p o s t- tra n s fu s io n  HCMV 

in fec tio n  (Beneke e t al, 1984). A lin k  between the  presence o f HCMV- 

IgM and an increased fre q u e n c y  o f transm iss ion  has been re p o rte d  by 

a num ber o f w o rke rs  (Tegtm e ier, 1986), a lthough  th is  has no t been 

confirm ed in all such s tud ie s . W hilst the  presence o f HCMV-IgM usua lly  

ind ica tes  a recen t o r  c o n tin u in g  p rim a ry  in fe c tio n , it  has also been 

detected fo llo w in g  episodes o f re in fe c tio n  (Chou e t a !, 1987a; M o rris  e t  

a !, 1990), th o u g h  i t  is no t c lea r w he the r th e  appearance o f HCMV-IgM 

fo llo w in g  re in fe c tio n  ind ica tes  in fe c t iv ity  o f asym ptom atic 

im m unocompetent in d iv id u a ls .

A fu r th e r ,  more p ra c tica l cons ide ra tion  re g a rd in g  the  p reva lence  and 

s ig n ifica n ce  o f HCMV-IgM in blood donors is th a t, in recen t years, 

p ro d u ce rs  o f commercial assays have begun to  move from  HCMV-total 

Ab assays to  in d iv id u a l HCM V-isotype s p e c ific  assays. These gen e ra lly  

have g re a te r s e n s it iv ity  and s p e c if ic ity  than  th e  to ta l Ab assays b u t 

could in th e o ry  lead to  d is c re p a n t re s u lts , fo r  example i f  a donor 

possessing on ly  HCMV-IgM was tes ted  us ing  an ’HCMV-IgG s p e c if ic ’ 

assay. However, such donors have not been found  in th is  s tu d y .

The presence o f HCMV-IgM in six donors in th is  s tu d y  p ro b a b ly  

id e n tif ie s  re ce n t in fe c tio n s  w ith  HCMV, a ltho ugh  th e  le ng th  o f tim e fo r  

which IgM p e rs is ts  fo llo w in g  n a tu ra l HCMV in fe c tio n  o f hea lthy , 

im m unocompetent in d iv id u a ls  is poo rly  de fined . The ad d itio n a l presence 

o f HCMV-IgG sugg es ts  an e a rly  phase o f convalescence. D iscrim ina tion  

between p r im a ry  in fe c tio n  and re in fe c tio n  is not possib le  in these 

cases. The annual inc idence  o f p r im a ry  in fe c tio n s , de term ined from  th e
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preva lence  o f HCMV-IgM in th e  s tu d y  popu la tion , was estim ated to  be

0-18%, a f ig u re  th a t is well below the  observed  seroconvers ion  ra te  o f 

1 -66% measured in th e  same s tu d y  popu la tion . Using HCMV-IgM alone 

as a m arke r o f recen t in fe c tio n  would th e re fo re  re s u lt in id e n tif ic a tio n  

o f o n ly  about 10% o f the  donors  se ro c o n v e rtin g  anu a lly , i.e. those 

un d e rg o in g  p r im a ry  in fe c tio n . I f  some o f th e  HCMV-IgM p o s itive  donors 

were und e rgo in g  re in fe c tio n  ra th e r  than  p r im a ry  in fe c tio n , the  

de tec tion  o f IgM would id e n t ify  s ig n if ic a n tly  less than  10% o f p r im a ry  

in fe c tio n s .

U n fo rtu n a te ly , data  p ro v id in g  in fo rm a tion  abou t th e  tim in g  o f in fec tio n  

in these HCMV-IgM donors was lim ited . Fo llow -up  donations were 

ob ta ined  from  on ly  tw o o f th e  s ix  HCMV-IgM p o s itive  donors. Donor 1 

(F, 21 y r )  gave tw o subsequen t dona tions app rox im a te ly  6 and 12 

m onths a fte r  the  index dona tion . Both o f these dona tions were HCMV- 

IgM negative . The HCMV-IgG t i t r e s  o f the  index donation and th e  

subsequen t dona tions were unchanged and th e re fo re  p ro v id e  no 

in fo rm a tion  abou t th e  tim in g  o f in fe c tio n  in th is  donor. Donor 2 (M, 

2 8 y r), however, a ltho ugh  p ro v id in g  on ly  one subsequen t donation, 

p roduced  more in te re s tin g  data. The subsequen t donation was g iven 

app rox im a te ly  f iv e  m onths a f te r  the  index donation and was also found  

to  be HCMV-IgM po s itive , w ith  th e  same Ab t i t r e .  In te re s t in g ly ,  the  

HCMV-IgG t i t r e  was found  to  have increased from  1 /8  to  1/32. These 

f in d in g s  suggest th a t, a t th e  tim e o f th e  index donation , th is  donor 

was e ith e r  re co ve rin g  from  p r im a ry  in fe c tio n  (a t a tim e when th e  IgG 

response was s t i l l  u n fo ld in g )  o r, a lte rn a tiv e ly , th a t he was re co ve rin g  

from  a recen t re in fe c tio n  such th a t HCMV-IgM was p resen t b u t the  

increase in HCMV-IgG t i t r e ,  o fte n  seen fo llo w in g  re in fe c tio n  in 

immunocompromised in d iv id u a ls , had not ye t occured .
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I f ,  as has been proposed in a t least one s tu d y  (Beneke e t al, 1984), 

th e re  is an increase in th e  inc idence o f transm iss ion  o f HCMV 

associated w ith  HCMV-IgM p o s itive  donations, it  appears lik e ly  th a t 

in fe c tio u s  o r  la te n t v iru s  would be p re se n t in th e  donations and a t a 

h ig h e r level than  in IgG p o s itiv e  donations. However th is  was not 

found  to  be so. Free v iru s  was not detected in th e  serum  o f these 

donors, and when e q u iv a le n t q u a n titie s  o f PBMC DNA from  HCMV-IgM 

p o s itive  and -IgG  p o s itiv e  -IgM  nega tive  donors were ana lysed by PCR 

th e re  was no a p p a re n t d iffe re n c e  in the  q u a n tity  o f am p lified  p ro d u c t. 

D o t-b lo t ana lys is  o f PBMC DNA from  HCMV-IgM p o s itive  donors was also 

unsuccess fu l, a f in d in g  th a t agrees w ith  th e  e a r lie r  f in d in g s  o f 

Jackson e t a l (1987). IE RNA was detected , by PCR, in PBMC from  

th re e  o f th e  s ix  HCMV-IgM p o s itive  donors, and, as w ith  DNA PCR, the  

q u a n tity  o f p ro d u c t was s im ila r to  th a t ob ta ined  fo llo w in g  PCR 

perform ed on RNA p repa red  from  PBMC from  HCMV-IgG p o s itiv e  and 

-IgM  nega tive  donors. The s ig n ifica n ce  o f de tec tion  o f HCMV IE RNA in 

PBMC from  hea lthy  s e ro p o s itive  donors is d iscussed in de ta il in 

Section 7.2. However, th e  presence o f IE RNA in th e  PBMC from  HCMV- 

IgM p o s itive  donors may a d d itio n a lly  re s u lt  from  p ro d u c tiv e  in fe c tio n .

W hilst d ire c t com parison o f sym ptom atic, c lin ic a l in fe c tio n s  and those 

in hea lthy  in d iv id u a ls  may have lim ited va lue, the  de tec tion  o f fre e  

HCMV DNA in the  serum  o f c lin ic a lly  in fec ted  in d iv id u a ls  does a t least 

dem onstra te  th a t a v iraem ic  phase, a lb e it o f lim ited d u ra tio n , o ccu rs  

d u r in g  in fe c tio n . The iso la tion  o f v iru s  from  PBMC is well documented 

and is perfo rm ed in some la bo ra to ries  as a ro u tin e  d iagno s tic  

p rocedure .

O vera ll cons ide ra tion  o f th is  data  ind ica tes  th a t, in the  donor 

popu la tion  se rved  by th e  N.E.Thames RTC, HCMV-IgM p o s itiv e  dona tions
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p resen t no g re a te r r is k  o f transm iss ion  than  HCMV-IgG pos itive , -IgM  

negative  donations. F u rthe rm o re , perhaps on ly  10% o f th e  p o te n tia lly  

more in fe c tio u s  donations may re a d ily  be id e n tif ie d . In  c o n tra s t Beneke 

e t a l (1984) c le a rly  dem onstra ted an increased inc idence o f in fe c tio n  

associated w ith  HCMV-IgM p o s itive  donations, though  th is  s tu d y  was 

perform ed in the  USA where the  inc idence o f in fe c tio n  is h ig h e r and 

was based upon data from  donations from  a mixed g roup  o f v o lu n ta ry  

and paid donors. Such fa c to rs  may account fo r  th e  num ber o f 

a p p a re n tly  in fe c tio u s  HCMV-IgM p o s itive  dona tions id e n tif ie d .
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CHAPTER 9 PREVALENCE OF HCMV-IgA ANTIBODY

9.1 RESULTS

9 . 1 . 1  P revalence o f  HCMV-IgA Antibody

Sera from  a to ta l o f 500 selected donors, 350 se ro p o s itive s  ( in c lu d in g  

the  s ix  HCMV-IgM p o s itive  donors) and 150 seronega tives, were 

analysed fo r  th e  presence o f HCMV-IgA. 10 o f the  500 sera (2%) were 

found  to  con ta in  HCMV-IgA, and tw o  o f these were also HCMV-IgM 

p o s itive . Hence 33% o f th e  HCMV-IgM pos itive s  were - Ig A  po s itive . All 

the  HCMV-IgA p o s itive  donors possessed HCMV-IgG. The o ve ra ll 

p reva lence  o f HCMV-IgA in random blood donors was reca lcu la ted  to  be

1-5% (7*5 in 500), ta k in g  in to  account th e  bias in donor se lection and 

the  inc lus ion  o f th e  HCMV-IgM p o s itiv e  donors in th e  s tu d y  popu la tion . 

None o f th e  HCMV-IgA p o s itive  donors  had any re le v a n t medical 

h is to ry . The IgA  s ta tu s  o f any subsequen t donations has not y e t been 

determ ined (s ince , a t th e  tim e o f com pila tion o f th e  data, in s u ff ic ie n t 

tim e had elapsed s ince  the  index donation fo r  th e  donors  to  be 

reca lled ).

T itra t io n  o f th e  HCMV-IgA sera  was not perfo rm ed.

9 . 1 . 2  D o t -b lo t  and PCR A n a ly s is

None o f th e  donors dem onstrated any h y b r id is a tio n , e ith e r  w ith  serum , 

o r  w ith  PBMC DNA from  the  HCMV-IgA p o s itive  donors.

PCR ana lys is  o f  the  sera  and PBMC from  the  e ig h t HCMV-IgA p o s itive  

donors th a t were HCMV-IgM neg a tive  gave s im ila r re s u lts  to  those 

re p o rte d  above (Section 8.1.6) fo r  th e  HCMV-IgM p o s itiv e  donors. HCMV 

DNA was no t detected in the  serum  o f any donor. Seven o f e ig h t PBMC

- 2 0 2 -



DNA samples from  th e  HCMV-IgA p o s itive  donors gave sp e c ific  

am p lifica tion  p ro d u c ts  fo llo w in g  DNA PCR in a d d itio n  to  th e  tw o  IgM 

p o s itive  donors  re p o rte d  above (P la te 9.1). There  was no ap p a re n t 

d iffe re n c e  in th e  q u a n tity  o f p ro d u c t compared w ith  the  am p lifica tion  

p ro d u c ts  from  PBMC DNA o f HCMV-IgA nega tive , -IgG  p o s itive  donors. 

The PCR nega tive  donor was repea ted ly  nega tive , a ltho ugh  PCR 

ana lys is  us ing  th e  0 -g lo b in  p rim e rs  BEP1/BEP2 dem onstra ted th a t 

s u ff ic ie n t su ita b le  DNA was p re se n t in th e  PCR reaction .

F ive o f th e  PBMC RNA samples gave s p e c ific  am p lifica tion  p ro d u c ts  

fo llo w in g  RNA PCR (P la te  9.2). When th e  re s u lts  ob ta ined from  th e  tw o  

HCMV-IgM po s itive , - Ig A  p o s itiv e  donors are  inc luded  in th e  o ve ra ll 

re s u lts , HCMV RNA was detected in PBMC from  f iv e  o f the  10 donors  

(50%). IE RNA was no t de tected in e ith e r  o f the  tw o donors  found  to  

be both HCMV-IgM and - Ig A  pos itive .

9 . 1 . 3  IB  P r o f i l e  o f  HCMV-IgA P o s i t iv e  Donor Sera

The IB response was d ire c te d  aga ins t p o lyp e p tid e s  w ith  a p p a re n t MWs 

o f 160, 150, 125, 82, 68, 55 and 45 kDa (P la te  9.3). P o lypep tides, 150 

and 125 kDa, were recogn ised by all o f the  HCMV-IgA sera. The sera  

d id  no t g ive  p a r t ic u la r ly  s tro n g  reac tions  a ltho ugh  th e  bands were 

c le a rly  p resen t. IB ana lys is  o f  serum  samples from  the  tw o  HCMV-IgM, 

- Ig A  p o s itiv e  donors is shown in lanes 1 and 2 o f Plate 9.3.
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1 2 3  4 5 6  7 8 9  10

2 4 0

Plate 9.1 PCR ana lys is  o f PBMC DNA from  HCMV-IgA p o s it ive  
donors. PCR p ro d u c ts  were e lec trophoresed  on a 2% 
a ga rose /E tB r gel, b lo tted  and probed w ith  32P labelled 
CMPR1. Lanes 1-8 PBMC DNA, lane 9- un in fe c te d  genomic 
DNA, lane 10- 1pg HCMV DNA. Numbers on th e  LH side 
re p re se n t DNA size m arke rs  (bp ).
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Plate 9.2 PCR analysis of PBMC RNA from HCMV-IgA positive 
donors. PCR products were electrophoresed on a 2% 
agarose/EtBr gel, blotted and probed with 32P labelled 
CMPR2. Lanes 1-8 PBMC RNA, lane 9- uninfected cell RNA, 
lane 10- 2pg HCMV IE RNA. Numbers on the LH side 
represent DNA size markers (bp).
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n m m i m
116 —

9 7  —

6 6  —

4 5  —

2 9  —

Plate 9.3 IB p ro fi le  of HCMV-IgA posit ive donor sera. S tr ip s  1-10 
HCMV-IgA posit ive donor sera, s tr ip  11- HCMV-IgA 
posit ive control serum (from patient with acute HCMV 
infection) s t r ip  12- HCMV-Ab negative serum. Numbers on 
the LH side represent approximate MWs (kDa).
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9 .2  DISCUSSION

V iru s -s p e c if ic  IgA  has been found  fo llow ing  in fe c tio n  by a num ber o f 

v iru s e s  b u t its  ro le  as p a rt o f the  immune response to  in fe c tio n  is not 

a t all c lea r. HCMV-IgA has been found  fo llow ing  both p r im a ry  and 

re c u r re n t  in fe c tio n s  o f immunocompromised in d iv id u a ls , a ltho ugh  

lim ited  data e x is ts  conce rn ing  th e  presence o f HCMV-IgA in 

im m unocom petent in d iv id u a ls . In te re s t in HCMV-IgA has p r im a r ily  

cen te red  on d e te rm in in g  the  fe a s ib il ity  o f us ing  its  p resence to  

d is tin g u is h  between p rim a ry  and re c u rre n t in fe c tio n , p a r t ic u la r ly  in 

a llo g ra ft  re c ip ie n ts . Th is  s tu d y  has considered th e  presence o f HCMV- 

IgA  in a s im ila r way to  th a t o f HCMV-IgM, i.e. th e  p reva lence  and 

s ig n if ic a n c e  in imm unocompetent in d iv id u a ls .

HCMV-IgA was detected in the  sera  o f 10 o f th e  500 (2%) selected 

donors  s tu d ie d , an estim ated p reva lence  o f 1 -5 *  fo r  random blood 

donors . T h is  f ig u re  is s im ila r to  th a t o f 1-8% re p o rte d  by S trand  & 

H oddevik (1984), b u t s ig n if ic a n tly  lower than  18% (S arov e t al, 1982) 

o r  80% (D oerr e t al, 1987), all re po rte d  fo r  v a rio u s  g ro u p s  o f 

im m unocom petent in d iv id u a ls  in c lu d in g  blood donors. I t  is v e ry  c lea r 

th a t th e  d ilu t io n  o f serum  and the  ty p e  o f assay used are  o f 

s ig n if ic a n c e  in the  de tec tion  o f HCMV-IgA. The 18% preva lence  was 

determ ined by RIA (S arov e t al, 1982), w h ils t no p o s itiv e  sera were 

de tected among th e  same samples by e ith e r  o f tw o  enzym atic 

tech n iq u e s . S im ila r v a r ia tio n  has been re po rte d  by o th e r au tho rs . I t  is 

poss ib le  th a t  the  use o f a less se n s itive  EIA te ch n iq u e  exp la ins th e  

low er f ig u re  found  in th is  s tu d y , even th o u g h  a s e n s itiv e  am p lifica tion  

system  was in co rp o ra te d  in to  th e  assay. The IB re s u lts  lend s u p p o rt 

to  the  EIA re s u lts  as th e re  were noj d is c re p a n t re s u lts  between the  

tw o  te chn iques . I f  the  EIA was too in s e n s itiv e  to  de tec t some HCMV-
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IgA  p o s itive  sera, de tec tion  o f Ab by IB in a num ber o f EIA nega tive  

sera  m igh t have been expected. Th is  s itu a tio n  d id  no t o ccu r, no 

d isc repanc ies  were de tected  between th e  EIA and IB  re s u lts .

W hether th e  presence o f HCMV-IgA ind ica tes  a g re a te r in fe c t iv i ty  o f 

the  donor is unknow n. The presence o f HCMV-IgA has been s tu d ie d  in 

pa tie n ts  w ith  c lin ica l HCMV in fe c tio n  and has been found  p o te n tia lly  to  

be more use fu l as a m a rke r o f re c u r re n t  ( re in fe c tio n )  ra th e r  than  

p rim a ry  in fe c tio n , espec ia lly  in th e  absence o f HCMV-IgM, s ince  the  

t i t r e  is boosted fo llo w in g  re c u r re n t  in fe c tio n  (D oe rr e t al, 1987; 

E ngelhard e t al, 1991). Data conce rn ing  th e  p e rs is ten ce  o f HCMV-IgA is 

sparse  b u t th e re  is a consensus am ongst the  few p ub lished  re p o r ts  

th a t HCMV-IgA p e rs is ts  fo r  a s l ig h t ly  longe r period  than  HCMV-IgM, 

and th a t both HCMV-IgM and - Ig A  precede HCMV-IgG.

In  s tu d ie s  in v o lv in g  p a tie n ts  w ith  p roven  c lin ica l HCMV in fe c tio n , 

g re a t v a r ia t io n  has been fo u n d  in th e  pe rs is ten ce  o f HCMV-IgA, i.e. 

from  as l i t t le  as 30 days (C ranage e t al, 1988; E nge lhard  e t al, 1991; 

S trand  & H oddevik, 1984) to  a t least e ig h t m onths (L e vy  & Sarov,

1980: Sarov e t al, 1982). U n fo rtu n a te ly  th is  s tu d y  was com pleted 

be fo re  any o f th e  HCMV-IgA donors  were due fo r  reca ll so th a t no 

da ta  co n ce rn in g  th e  p e rs is ten ce  o f t i t r e  could be ob ta ined . A more 

th o ro u g h  in v e s tig a tio n  is re q u ire d  to  de term ine th e  p reva lence  and 

pe rs is ten ce  o f HCMV-IgA in hea lthy  donors.

As in th e  case o f the  HCMV-IgM p o s itiv e  donors id e n tif ie d , no sp e c ific  

ev idence o f e ith e r  a c tiv e  o r  recen t in fe c tio n  was fo u n d  in th e  HCMV- 

IgA  p o s itiv e  donors. The presence o f HCMV-IgA in such in d iv id u a ls  

may s im p ly  re fle c t p re v io u s  in fe c tio n  w ith  HCMV, s im ila r to  th e  

s itu a tio n  w ith  HCMV-IgG. The p o s s ib ility  th a t HCMV-IgA m arks
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re c u r re n t as well as p r im a ry  in fe c tio n  in immunocompetent in d iv id u a ls  

also re q u ire s  co n firm a tio n . The presence o f both HCMV-IgA and -IgM  

in tw o donors may have g re a te r s ig n if ic a n c e  and th e y  may have been 

most re c e n tly  in fec ted  w ith  HCMV, and s t i l l  a t an e a rly  stage o f th e ir  

convalescence.

I f  HCMV-IgA p e rs is ts  lo n g e r a f te r  in fe c tio n  o f imm unocompetent 

in d iv id u a ls  than  HCMV-IgM, and also m arks re c u r re n t  in fe c tio n , i t  may 

be a more su ita b le  m a rke r o f recen t HCMV in fe c tio n  than  HCMV-IgM, 

and screen ing  o f blood donors  shou ld  th e re fo re  be cons ide red . A 

problem  is th e  lack o f s u ita b le  commercial assays. In te re s t in g ly ,  HCMV- 

IgG was p re se n t in th e  se ra  o f all o f th e  - Ig A  p o s itiv e  donors  so th a t 

(a lthou gh  th e y  may m ark more in fe c tio u s  dona tions) c u r re n t  sc reen ing  

regim ens us ing  iso type  s p e c ific  HCMV-Ab assays would no t have fa ile d  

to  de tec t any o f them.
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CHAPTER 10 V IR U R IA  IN  BLOOD DONORS

10.1 RESULTS

10. 1 . 1 Study Group

A to ta l o f 276 donors and s ta f f  were approached and asked to  p ro v id e  

u r in e  samples. Of these, 258 were sub se q u e n tly  en lis ted  in the  s tu d y , 

and 186 (72-1%), coded UP1-186, were HCMV-IgG p o s itive  and 72 

(27-9%), coded UN1-72, were HCMV-IgG nega tive , at th e  tim e o f e n try .

1 0 . 1 . 2  C e l l  C u ltu re

S a tis fa c to ry  c u ltu re  was pe rfo rm ed  on a to ta l o f  222 in d iv id u a ls , 

o f whom 148 were HCMV-IgG p o s itiv e  and 54 were HCMV-IgG nega tive . 

Of th e  258 samples p ro v id e d  fo r  c u ltu re , 89 (34-5%) were in it ia l ly ,  and 

56 (21 -7%) repea ted ly  to x ic  o r  contam inated and th e re fo re  u n su ita b le  

fo r  c u ltu re . V iru s  was c u ltu re d  from  the  u r in e  o f one (UP65) o f th e  

148 success fu ly  c u ltu re d  s e ro p o s it iv e  in d iv id u a ls  (0-61%), and none o f 

the  54 se rone ga tive  in d iv id u a ls .

1 0 . 1 . 3  D o t -B lo t  A n a ly s is

D o t-b lo t ana lys is  was pe rfo rm ed  on DNA ex tra c ted  from  th e  pe lle ts  

fo llo w in g  u ltra c e n tr ifu g a t io n  o f 200ml o f c la r if ie d  u r in e  from  each o f 

the  258 donors. A na lys is  o f  samples UP1-180 was perfo rm ed on the  

to ta l am ount o f ex tra c ted  DNA. The a n a lys is  o f samples UP181-186 and 

UN1-72 was pe rfo rm ed on 80% o f th e  ex tra c ted  DNA. None o f th e  

samples from  th e  HCMV-IgG p o s itiv e  o r  neg a tive  in d iv id u a ls  were 

found  to  con ta in  de tec tab le  HCMV DNA. D o t-b lo t ana lys is  o f  PBMC DNA 

from  th e  v i r u r ic  donor fa iled  to  de tec t any HCMV DNA.
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1 0 . 1 . 4  DNA PCR A n a ly s is

PCR ana lys is  was pe rfo rm ed  on DNA e x tra c ted  from  all o f th e  258 u r in e  

samples. Because d o t-b lo t  ana lys is  had a lready  been perfo rm ed on th e  

to ta l am ount o f DNA ex tra c te d  from  samples UP1-180, p r io r  to  th e  

es tab lishm en t o f th e  PCR a n a lys is  te ch n iq u e , DNA fo r  PCR ana lys is  o f 

samples UP1-180 was p repa red  from  th e  s to re d  d u p lica te  u r in e  

samples. A na lys is  o f samples UP181-186 and UN1-72 was pe rfo rm ed  on 

20% o f th e  DNA e x tra c ted  from  th e  pe lle ted  u rin e .

One ( UP65) o f th e  258 samples (0-39%) dem onstra ted a s p e c ific  

am p lifica tion  p ro d u c t and was considered  to  be HCMV DNA p o s itiv e  

(P la te 10.1). T h is  sample was from  u r in e  o f th e  donor fo u n d  to  be cell 

c u ltu re  p o s itiv e  (Section  10.1.2). PCR a n a lys is  o f  th e  PBMC DNA from  

th is  donor was no t pe rfo rm ed  as th is  w o rk  was perfo rm ed p r io r  to  the  

in tro d u c tio n  o f PCR and a PBMC sample from  th is  donor was 

unava ilab le  fo r  re tro s p e c tiv e  te s tin g .

1 0 . 1 . 5  Medical H is to ry

The s in g le  v ir u r ic  in d iv id u a l (UP65), a female aged 38 years, was 

hea lthy  a t th e  tim e o f sample co llec tio n . S h o rt ly  a fte r ,  how ever, she 

was in ve s tig a te d  fo r  a m ild , g la n d u la r fe v e r  lik e  illness . S u bsequ en tly , 

th e  d iagnos is  o f g la n d u la r fe v e r  was not con firm ed and no o th e r  

d iagnosis  was made. The in d iv id u a l concerned was in fo rm ed o f these  

f in d in g s  b u t chose no t to  in fo rm  he r GP.

A fu r th e r  u r in e  sample, co llected  app rox im a te ly  1 yea r a f te r  th e  f i r s t ,  

was not found  to  con ta in  any de tec tab le  v iru s  o r  v ira l DNA, by  ce ll 

c u ltu re , o r  by d o t-b lo t  and PCR analyses.
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Plate 10.1 PCR analysis of DNA extracted from donor u r ine  samples.
Lane 1- DNA size markers, lane 2- uninfected genomic 
DNA, lane 3- 1pg HCMV DNA, lanes 4-17 donor samples.
A -  PCR reaction products  run on a 2% agarose/EtBr 
gel, B -  S.blot of A probed with 32P labelled probe 
CMPR1. Numbers on the LH side represent DNA size 
markers (bp).

_ 0  1 O -
L. I L.



1 0 . 2  DISCUSSION

Diagnosis o f  acute HCMV in fe c tio n  is re g u la r ly  made on the  basis o f 

c lin ica l sym ptom s to g e th e r w ith  sero log ica l f in d in g s  and iso la tion o f 

v iru s , most commonly from  u rin e . However, secre tion  o f v iru s  in th e  

u r in e  alone o ften  does not c o rre la te  w ith  v iru s - in d u c e d  disease. 

In fe c tio n  o f  some asym ptom atic in d iv id u a ls  may sole ly be marked by 

se ro logy  and u r in a ry  exc re tion  o f v iru s .

The de tec tion  o f v iru s  in th e  u r in e  o f one o f the  in d iv id u a ls  s tu d ie d  

was im p o rta n t b u t its  s ig n if ic a n c e  is d i f f ic u l t  to  assess. The fa c t th a t 

the  in d iv id u a l was in good hea lth  a t the  tim e o f sample co llec tion , and 

th a t no o th e r  m a rke rs  o f a c tive  o r  recen t in fe c tio n  were appa ren t, 

may in d ica te  p e rs is te n t shed d in g  o f v iru s  a fte r  an e a r lie r  in fe c tio n . I t  

is also poss ib le  th a t e xc re tion  o f v iru s  fo llow ed re c u r re n t in fe c tio n . 

However, as p re v io u s  serum  samples from  th e  in d iv id u a l were not 

ava ilab le , no r is e  in HCMV-IgG t i t r e  cou ld  be dem onstra ted and a 

d is tin c tio n  between p r im a ry  in fec tio n  and re in fe c tio n  was th e re fo re  not 

possib le . The fa c t th a t  a f u r th e r  u r in e  sample co llected abou t 8 

m onths a f te r  th e  p o s itiv e  sample was not found  to  con ta in  v iru s  o r  

v ira l DNA p ro v id e d  l i t t le  f u r th e r  s ig n if ic a n t in fo rm a tion , except to  

dem onstra te  cessation o f excre tion  w ith in  th a t  period . Of in te re s t, 

however, is th a t  a s h o r t  tim e a fte r  the  index u r in e  sample had been 

co llected , th e  in d iv id u a l u n d e rw e n t a m ild E B V -like  illn ess  which was 

in ve s tig a te d , th o u g h  a com plete d iagnosis  was not made. I t  appears 

v e ry  u n lik e ly  th a t  HCMV v ir u r ia  should precede sym ptom atic  illness, 

s ince it  u su a lly  deve lops la te r  and o ften  a f te r  the  appearence o f 

HCMV-Ab. The su b se q u e n t illn ess  was th e re fo re  p ro b a b ly  co inc identa l 

ra th e r  than s ig n if ic a n t.
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S ig n if ic a n tly , in one o f th e  few accounts o f u r in a ry  excre tion  o f HCMV 

in blood donors, Top lin  e t a l (1985), re p o rte d  th e  pe rs is ten ce  o f HCMV 

in th e  u r in e  o f a donor fo r  a pe riod  o f at least one year. In  th is  case, 

the  pe rs is tence  o f v iru s  enabled id e n tif ic a tio n  o f an HCMV s tra in  

tra n s m itte d  by tra n s fu s io n  to  m u ltip le  re c ip ie n ts  one yea r p re v io u s ly . 

In  an e a r lie r , s p e c ific  s tu d y  (Kane e t a !, 1975), v iru s  was iso lated from  

the  u r in e  o f seven o f 223 (3%) blood donors. All o f these donors  were 

HCMV-IgG p o s itiv e  b u t no o th e r  m arke rs  o f a c tive  o r  recen t in fe c tio n  

were p re se n t and th e ir  HCMV-IgG t i t r e s  d id  not d is tin g u is h  them from  

the  o th e r  donors. V iru s  was no t detected in repea t u r in e  samples from  

six o f  th e  donors taken  6-14 weeks la te r  and th e re  was no change in 

HCMV-IgG t i t r e .  In te re s t in g ly ,  each o f th re e  re c ip ie n ts  o f blood from  

th re e  o f the  donors developed evidence o f asym ptom atic in fe c tio n .

E xcre tion  o f v iru s  in u r in e  is common and o ften  p e rs is ts  fo r  long 

pe rio ds  fo llo w in g  an acute in fe c tio n . W hether th is  necessa rily  

re p re se n ts  a period  d u r in g  w h ich donations may be in fe c tio u s  due to  

d issem inated in fe c tio n  o r  is s im p ly  th e  re s u lt  o f c o n tin u in g  local 

p ro d u c tiv e  in fe c tio n  in ce lls  such as those lin in g  th e  rena l tu b u le s  is 

u n c e rta in . The e p ith e lia l ce lls  o f the  renal tu b u le s  are  s u ita b le  s ites  

fo r  HCMV in fe c tio n  (T oo rkey  & C a rrig an , 1988) and co n tin u o u s  o r  

sp o ra d ic  re p lic a tio n  o f v iru s  may p e rs is t here in some in d iv id u a ls  long 

a f te r  genera lised in fe c tio n  has resso lved, and re s u lt in g  in the  

shed d in g  o f v iru s  in to  th e  u r in e .
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CHAPTER 11 EXCRETION OF HCMV IN  SALIVA

11.1 RESULTS

11. 1. 1 Study Group

The g roup  o f donors asked to  p ro v id e  u r in e  samples was also asked to  

p ro v id e  a sample o f sa liva  a t th e  tim e o f co llec tion  o f th e  u rin e . Only 

206 o f th e  276 donors  s u b se q u e n tly  p ro v id e d  sa liva  samples and 

entered th is  s tu d y . Of these, 133 (64-6%), coded SP1-133, were HCMV- 

IgG p o s itive  and 73 (35-4%), coded SN1-73, were HCMV-IgG negative .

1 1 . 1 . 2  D o t -b lo t  and PCR A n a ly s is

D o t-b lo t ana lys is  was pe rfo rm ed  on 80% o f th e  DNA ex tra c ted  from  the  

sa liva  from  all 206 donors. None o f th e  samples were found  to  conta in  

de tectab le  HCMV DNA. DNA PCR ana lys is  was perfo rm ed on the  

rem ain ing 20% o f th e  DNA e x tra c ted  from  th e  sa liva  o f th e  206 donors. 

None o f th e  samples dem onstra ted sp e c ific  am p lifica tion  p ro d u c ts .
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1 1 . 2  DISCUSSION

S ecre tion  o f HCMV in sa liva , o fte n  in the  presence o f secreted HCMV- 

Ab, is known to  o c cu r d u r in g  acute  in fe c tio n . A p a rt from  h is to r ic a l 

re p o r ts  o f th e  id e n tif ic a tio n  o f a common ’cy tom ega lic  ag e n t’ in th e  

s a liv a ry  g lands o f many s t i l lb o rn  foe tuses and p e r in a ta ly  in fec ted  

in fa n t cadavers, few a u th o rs  have s tud ie d  secre tion  o f v iru s  in sa liva .

Detection o f v iru s  in sa liv a  has fre q u e n t ly  been used in la b o ra to ry  

d iagnos is  o f in fe c tio n  b u t is no t necessarily  associated w ith  c lin ic a l 

disease. S a liv a ry  sec re tion  may be a norm al ro u te  o f secre tion  o f 

v iru s ,  th e  s a liv a ry  g lands  c e r ta in ly  are  s ite s  o f p e rs is te n t in fe c tio n , 

a ltho ugh  w he th e r la tency  may be estab lished  is no t c lear. I t  is 

poss ib le  th a t,  lik e  m urine  CMV, HCMV does no t no rm a lly  p e rs is t in the  

s a liv a ry  g lands fo r  life , b u t may p e rs is t fo r  ex trem e ly  long pe rio d s  in 

some in d iv id u a ls . The concom itan t secre tion  o f v ir u s  and HCMV-Ab in 

sa liva  dem onstra tes th e  lim ited e ffica cy  o f th e  hum oral response in 

defence aga ins t HCMV and re so lu tion  o f in fe c tio n . The s ig n if ic a n c e  o f 

any p e rs is te n t in fe c tio n  is hard  to  gauge b u t p resum ab ly  may re s u lt  

in th e  shedd ing  o f v iru s  from  a p p a re n tly  immune in d iv id u a ls , and may 

p lay a m a jo r ro le  in th e  n a tu ra l spread o f in fe c tio n  to  

im m unocom petent in d iv id u a ls . S a liv a ry  excre tion  o f v iru s  by blood 

donors  may a c tu a lly  have l i t t le  bea ring  on th e  po te n tia l in fe c t iv i ty  o f 

any dona tions. Donations g iven a t th is  tim e shou ld  p re se n t no g re a te r 

r is k  o f tran sm iss ion  than  dona tions from  any HCMV-IgG p o s itiv e  donor. 

Tha t th e  v ir u r ic  donor d id  no t secre te  de tec tab le  v iru s  dem onstra tes 

th a t th e  s a liv a ry  g land and k id n e ys  are  lik e ly  to  be in depe ndan t s ite s  

o f v ir u s  pe rs is tence .
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CHAPTER 12 GENERAL DISCUSSION

A lth ough  many s tu d ie s  have examined p o s t- tra n s fu s io n  HCMV in fe c tio n , 

a p a rt from  de tec tion  o f c irc u la t in g  HCMV-Ab, few have s p e c if ic a lly  

s tu d ie d  th e  in fe c tio u s  s ta te  in blood dono rs  to  de te rm ine  what o th e r  

m a rke rs  o f po te n tia l in fe c t iv i ty  may be p resen t. T h is  is pe rhaps 

u n d e rs ta n d a b le , s ince  th e  sim ple p ro c e d u re  o f sc reen ing  dona tions  fo r  

HCMV-Ab s ig n if ic a n t ly  reduces th e  r is k  o f tra n sm iss io n . However, in 

c o u n tr ie s  w ith  a h igh  p reva lence  o f HCMV-Ab, th e  p ro v is io n  o f 

screened blood can cause m a jo r p rob lem s and o th e r  approaches 

re q u ire  in v e s tig a tio n . Such approaches aim e ith e r  to  reduce th e  r is k  

o f in fe c tio n  associated w ith  each don a tion , fo r  example by th e  removal 

o f leucocytes  by f i l t r a t io n ,  o r  to  id e n t ify  those  donors  who a re  more 

lik e ly  to  tra n s m it HCMV, fo r  example by sc reen ing  fo r  HCMV-IgM Ab.

The a d ve n t o f m odern m olecu lar and im m unological te ch n iq u e s  has no t 

led o n ly  to  increased s e n s it iv ity  in conve n tiona l de tec tion  m ethods b u t 

also has fa c ilita te d  more ra p id  la b o ra to ry  d iagnos is  o f in fe c tio n . I t  is 

also poss ib le  to  examine in d iv id u a l t is s u e s  fo r  th e  presence o f th e  

nuc le ic  ac ids  o f s p e c ific  in fe c tio u s  agen ts  ra th e r  than  h av ing  to  re ly  

upon th e  appearance o f s p e c ific  a n tib o d y  m a rk ing  conva lescence. Such 

te ch n iq u e s  have been app lied  fo r  a num ber o f yea rs  to  samples 

examined in c lin ic a l la b o ra to rie s  w ith  rem arkab le  success. As ye t, th e y  

have not, how ever, been w ide ly  used in th e  f ie ld  o f T ra n s fu s io n  

M ic rob io log y . T he re  are  a num ber o f reasons fo r  th is  in c lu d in g  the  

la rg e  num ber o f samples to  be exam ined, th e  cost, th e  need fo r  a level 

o f s c ie n t if ic  s u p p o r t  no t w ide ly  a va ila b le  o u ts id e  c lin ic a l research  

la b o ra to rie s , and th e  fa c t th a t such complex te ch n iq u e s  are  n e ith e r 

su ita b le  o r  necessary in many areas o f T ra n s fu s io n  M ic rob io log y . Some 

a u th o rs  have, how ever, used such te c h n iq u e s  to  in v e s tig a te  fu r th e r
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s p e c ific  re s u lts  ob ta in e d  d u r in g  th e  ro u tin e  sc re e n in g  o f blood 

d o n a tions  (H a rr is o n  e t a l, 1985; Jackson e t al, 1987). In  p a r t ic u la r ,  in 

re c e n t s tu d ie s  o f h e p a tit is  C v ir u s  (HCV), RNA PCR has been used to  

d em onstra te  th e  p resence  o f f re e  v ir u s  in dono r serum  (Garson e t  al, 

1990). W h ils t such in fo rm a tio n  may be o f genera l in te re s t,  its  

s ig n if ic a n c e  fo r  t ra n s fu s io n  p ra c tic e  is h a rd e r  to  assess.

C u r re n t ly ,  p a t ie n ts  a t r is k  o f HCMV in fe c tio n  rece ive  blood screened 

fo r  th e  p resence  o f HCMV-Ab, u s u a lly  us in g  an EIA s p e c if ic  fo r  HCMV- 

IgG. A lth o u g h  i t  cann o t be assumed th a t  th e  assays used have 

a b so lu te  s e n s it iv i ty ,  such sc re e n in g  appea rs  to  be e ffe c tiv e , th e  

t ra n s fu s io n  o f  HCMV-Ab n e g a tive  blood to  a se ro n e g a tive  re c ip ie n t 

ra re ly  leads to  PT HCMV in fe c tio n . T h is  com pares to  a r is k  o f  0-38% 

p e r u n it  when HCMV-Ab p o s it iv e  blood is tra n s fu s e d  to  an HCMV-Ab 

n e g a tiv e  p a tie n t (P re ik s a it is  e t al, 1988a). U n fo r tu n a te ly , da ta  on 

tra n s m is s io n  a re  lim ited  and th e re  are  no da ta  c u r re n t ly  ava ila b le  

re g a rd in g  pos t t ra n s fu s io n  HCMV in fe c tio n  in th e  UK; th e  e ffe c tiv e n e s s  

o f  c u r re n t  HCMV-Ab s c re e n in g  program m es cann o t th e re fo re  be 

m o n ito re d . In  th e  N.E.Thames Region, no cases o f tra n sm iss io n  o f HCMV 

from  d o n o rs  screened as HCMV-Ab n e g a tive  have been re p o rte d .

I t  is c le a r th a t  no t all HCMV-Ab p o s it iv e  d o n a tions  tra n s m it HCMV, 

even when tra n s fu s e d  to  a s u s c e p tib le  re c ip ie n t.  E v id e n tly , a num ber 

o f fa c to rs , s p e c if ic  to  both  don o r and re c ip ie n t, a re  in v o lv e d  in the  

a c q u is it io n  o f PT HCMV. Some s tu d ie s  have been pe rfo rm ed  to  t r y  to  

id e n t ify  d o n o rs  who are  more lik e ly  to  tra n s m it HCMV. These have 

in v o lv e d  th e  d e te c tio n  o f m a rke rs  o f in fe c tio n , o th e r  th a n  HCMV-IgG, 

th a t  w ere  th o u g h t to  in d ic a te  re c e n t HCMV in fe c tio n  and a poss ib le  

r is k  o f  in fe c t io u s  v ir u s  s t i l l  be ing p re s e n t in th e  donated blood. 

A c c o rd in g ly , th e  p resence  o f HCMV-IgM, p o te n tia lly  m a rk in g  bo th
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p rim a ry  and secondary  ( re c u rre n c e /re in fe c t io n )  in fe c tio n  has been 

s tu d ie d . W h ils t in it ia l ly  th e  presence o f HCMV-IgM was shown to  be 

associated w ith  an increased inc idence  o f PT HCMV in fe c tio n  (Beneke 

e t al, 1984), su b se q u e n tly  o th e r  a u th o rs  have not found  th is  to  be th e  

case (P re ik s a it is  e t al, 1985; Wilhelm e t al, 1986).

To date, th e  presence o f HCMV-IgA has no t been used to  m ark 

p o te n tia lly  in fe c tio u s  dona tions  in th e  same m anner as HCMV-IgM. 

HCMV-IgA appears  a f te r  both p r im a ry  and secondary  in fe c tio n s  and 

has been cons idered  to  be a poss ib le  s p e c ific  m a rke r o f secondary  

in fe c tio n  in immunocompromised in d iv id u a ls . In te re s t in g ly ,  when th e  

in d iv id u a l p reva lence  f ig u re s  fo r  HCMV-IgM and - Ig A  are com bined, 

th e  f ig u re  ob ta ined  (3-18%), which may be cons ide red  to  re p re s e n t th e  

annual inc idence  o f HCMV in fe c tio n  in th e  g ro u p  o f dono rs  s tu d ie d , is 

s im ila r to  th e  expected mean se rocon ve rs ion  ra te  in th e  same g roup  o f 

donors  (2-56%). W hether th e  s im ila r ity  between th e  com bined 

p reva lences  o f HCMV-IgM and - Ig A  and th e  obse rved  se rocon ve rs ion  

ra te  is co in c id e n ta l o r  s ig n if ic a n t is hard to  de te rm ine . However, i f  

m a rke rs  o f p o te n tia lly  more in fe c tio u s  dona tions are  e a rn e s tly  be ing 

s o u g h t th e n , on th e  basis o f these re s u lts , th e  sc reen ing  o f donors 

fo r  both  HCMV-IgM and - Ig A  shou ld  in th e o ry  de tec t all re c e n tly  

in fe c te d  (p r im a ry  o r  secon da ry ), and th e re fo re  p o te n tia ly  more 

in fe c tio u s , donors . The inc idence  o f secondary  in fe c tio n s  in 

im m unocom petent in d iv id u a ls  is unknow n as it  is v ir tu a l ly  im possib le, 

u n d e r norm al c ircum stances , to  id e n t ify  such donors. A poss ib le  

approach  would be th e  id e n tif ic a tio n  o f HCMV-IgM a n d /o r  - Ig A  in 

p re v io u s ly  HCMV-IgG p o s itiv e  donors, o r  o f a s ig n if ic a n t r is e  in t i t r e  

o f th e  e x is tin g  HCMV-IgG. A lthough  it  is in te re s t in g  to  specu la te  

w h e th e r th e  small num ber o f HCMV-Ab p o s itiv e  donors  who tra n s m it
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HCMV com prises those  do n o rs  re c e n tly  in fe c te d  w ith  HCMV, th is  s tu d y  

has fa ile d  to  id e n t ify  any increased  r is k  associated w ith  such  donors .

The re s u lts  o b ta ined  us in g  m o lecu la r te c h n iq u e s , when con s id e re d  

to g e th e r  w ith  th e  lim ite d  p u b lish e d  data , have p ro v id e d  a f irm  basis 

f o r  th e  id e n t if ic a t io n  o f th e  PBMC as a s ite  o f la ten cy  o f HCMV. The 

d em on s tra tion  o f HCMV NA in PBMC o f HCMV-Ab n e g a tive  in d iv id u a ls  is 

a p o te n tia lly  im p o rta n t f in d in g .  F u rth e rm o re , i t  is im p o rta n t to  

d e te rm ine  w h e th e r th e  tra n s fu s io n  o f blood from  these  d o n o rs  does 

g iv e  r ise  to  PT HCMV in fe c tio n . A lth o u g h  no re p o r ts  o f  tra n s m is s io n  o f 

HCMV fro m  HCMV-Ab n e g a tiv e  d o n a tions  have y e t been re ce ive d , th e re  

a re  a num ber o f reasons w hy tra n s m is s io n  has no t been seen. F ir s t ly ,  

i f  in fe c tio n  is asym ptom atic , i t  is v e ry  u n lik e ly  th a t  i t  w ill be 

d iagnosed . S econd ly , o n ly  a small pe rce n ta g e  o f HCMV-Ab n e g a tiv e  

do n a tions  have been fo u n d  to  con ta in  HCMV NA. T h ird ly ,  o n ly  a small 

pe rce n ta g e  o f s u s c e p tib le  re c ip ie n ts  w ill a c tu a lly  a c q u ire  PT in fe c tio n .

However, i t  is c le a r th a t  th is  s tu d y , to g e th e r  w ith  th e  p re v io u s  

s tu d ie s  o f S c h r ie r  e t a l (1985) and Nelson e t a l (1990), have 

dem onstra ted  th e  p resence  o f a p re v io u s ly  u n id e n tif ie d  p o p u la tio n  o f 

d o n o rs  in whom p o te n t ia lly  in fe c tio u s  NA is p re s e n t w ith o u t d e tec tab le  

c ir c u la t in g  H C M V -specific  Ab (PCR pos itive /H C M V -A b  n e g a tive ). 

A lth o u g h  a num ber o f poss ib le  exp la n a tio n s  fo r  these  f in d in g s  have 

been p roposed , i t  seems p ro b a b le  th a t  th e  most reasonab le  e xp lana tion  

is th a t  in many cases HCMV-Ab is p re s e n t, b u t a t a level below th a t  

d e te c ta b le  u s in g  th e  c u r re n t ly  a va ila b le  HCMV-Ab sc re e n in g  assays.

The prob lem  th e n  a ris e s  as to  how to  id e n t ify  such dono rs  in a 

ro u t in e  sc re e n in g  s itu a t io n . Id e n t if ic a t io n  would e ith e r  re ly  upon th e  

d e te c tio n  o f v ira l NA o r  would re q u ire  an increase  in th e  s e n s it iv i ty
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o f HCMV-Ab de tection  tech n iq u e s  to  enable de tection  o f th e  low leve ls  

o f a n tib o d y  poss ib ly  p re se n t in such in d iv id u a ls . A lth ough  m olecu lar 

tech n iq u e s  would id e n t ify  th e  NA in these donors, th e ir  use is no t 

a p p ro p ria te  in th is  s itu a tio n  as th e  techn iques  are  no t a t a stage 

w here th e y  can be app lied  to  mass screen ing  s itu a tio n s . The de tection  

o f HCMV-Ab m ust th e re fo re  remain as th e  most s u ita b le  approach, a t 

least fo r  th e  fo rseeab le  fu tu re .  However, to  de tec t th e  a p p a re n tly  low 

leve ls  o f a n tib o d y  th a t may ex is t, a s ig n if ic a n t increase in th e  

s e n s it iv ity  o f  such assays w ith o u t any concom itant loss o f s p e c if ic ity  

is re q u ire d . I t  would then  be poss ib le  to  use th e  PCR positive /H C M V - 

Ab neg a tive  donor samples id e n tif ie d  in th is  s tu d y  as c o n tro ls  in th e  

deve lopm ent and eva lua tion  o f these more s e n s itiv e  HCMV-Ab assays.

The re c e n tly  developed RIST assay (K la ppe r e t a /, 1990) has a lready 

been d iscused b r ie f ly  and i t  is q u ite  possib le  th a t i t  re p re se n ts  th e  

f i r s t  o f a new genera tion  o f more s e n s itiv e  assays. Thus, a lthough  

when compared w ith  th e  c u r re n t ly  ava ilab le  commercial HCMV-Ab 

assays th e  RIST assay appears to  s u f fe r  from  lack o f s p e c if ic ity , 

perhaps i t  shou ld  now be considered th a t  th e  commercial assays 

a c tu a lly  s u f fe r  from  a lack o f s e n s it iv ity ;  th e  RIST assay being able to  

de tec t v e ry  low leve ls  o f HCMV-Ab in samples th a t appeared HCMV-Ab 

nega tive  w ith  s ta n d a rd  commercial HCMV-Ab assays.

In  conclus ion , a ltho ugh  the  use o f  m olecu lar te chn iques  has enabled 

the  id e n tif ic a tio n  o f a p re v io u s ly  u n id e n tif ia b le  popu la tion  o f 

donors who p o te n tia lly  may tra n s m it HCMV, a t th e  p re se n t tim e such 

techn iques  a re  no t p ra c tica l fo r  th e  screen ing  o f blood donors. The 

fu tu re  ro u tin e  de tec tion  o f such donors m ust re ly  on conven tiona l 

se ro logy b u t us ing  HCMV-Ab screen ing  assays w ith  a g re a te r 

s e n s it iv ity  th a t  th a t  ro u tin e ly  achieved a t p resen t.
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APPENDIX

Preparation of Solutions and Reagents
All reagen ts  and chem icals used were h igh  grade; s te r ile  d is tille d  
w a te r was used to  p repa re  so lu tions ; all g lass- and p las ticw a re  was 
th o ro u g h ly  cleaned in Decon 90, r insed  and i f  su itab le , autoclaved 
p r io r  to  use. A ll su ita b le  so lu tions  were autoclaved p r io r  to  use.

All so lu tio n s  used fo r  RNA w ork were e ith e r  p repa red  and then  
tre a te d  w ith  0-1% DEPC, o r  in the  case o f T r is  and MOPS so lu tions , 
were p repa red  w ith  DEPC trea ted  w ater.

( i ) Enzyme Immunoassay Reagents

Phosphate b u ffe re d  sa line  (PBSA)
Dulbecco’s so lu tio n  A (Oxoid)

Sample d ilu e n t
PBSA, 2% goat serum , 0*1% tween 20.

Wash b u f fe r
PBSA, 0-1% tween 20, 0*1% Bronidox.

0-05M B icarbona te  coa ting  b u ffe r  (pH 9 -6 )
1 -59gm sodium  carbonate
2-93gm sodium  hyd rogen  carbonate
D issolved in 1 l i t r e  o f d is tille d  w a te r and s to red  a t 4°C

0• 1M C itra te  b u f fe r
44-1gm tr i-s o d iu m  c itra te  
500ul h yd ro g e n  perox ide
Dissolved in 1 l i t r e  o f d is tille d  w a te r and s to red  a t 4°C.

3 3’5 5’T e tra m e th y lb e n z id in e  (TMB) s u b s tra te
One 1mg TMB ta b le t (Sigma) d isso lved in 5ml o f d is tille d  w ater. 5ml 
o f 0 -1 M c it ra te  b u f fe r  added and 100|il imm ediately added to  each 
well.

IQ Bio S u b s tra te /A m p lif ie r  system
Details o f th e  co n ten ts  o f th is  system  are no t g e n e ra lly  ava ilab le  
due to  lice n s in g  agreem ents.
S u b s tra te  so lu tio n  -  NADH
A m p lif ie r so lu tio n  -  a lcohol, alcohol dehydrogenase, d iaphorase,

io d o n itro te tra zo liu m  v io le t 
Wash b u f fe r  -  p ipe raz in e  b u ffe r  pH 10-5

( i i )  Im m unoblotting Reagents

A cry lam ide  (B is /a c ry la m id e )
P repared as a 40% so lu tion .
40gm acry lam ide  
1 -08gm N,N’ -m e thy leneb isac ry la m ide
Made up to  100ml w ith  d is tille d  w ater, f i l te re d  th ro u g h  Whatman No. 
1 paper and s to re d  in the  da rk  a t 4°C fo r  up to  one m onth.
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A crylam ide Gels 
9% re so lv in g  gel (10ml)

5ml 2x re so lv in g  gel b u ffe r
2 -55ml d is tille d  w a te r
2 -25ml 40% b is /a c ry la m id e
200pi 2% ammonium pe rsu lp h a te
10ul TEMED
Solution degassed p r io r  to  th e  a d d itio n  o f ammonium p e rsu lp h a te  and 
TEMED

4% s ta ck in g  gel (10ml)
5ml 2x s ta ck in g  gel b u ffe r
3-75ml d is tille d  w a te r 
1ml b is /a c ry la m id e
250ul 2% ammonium pe rsu lp h a te
10pl TEMED
S olu tion  degassed p r io r  to  th e  a d d itio n  o f ammonium p e rsu lp h a te  and 
TEMED

Ammonium p e rsu lp h a te  (2%)
0-2gm ammonium p e rsu lpha te .
Dissolved in 10ml o f d is tille d  w ater. S tored a t 4 “C fo r  up to  one 
week.

A n tib o d y  b u f fe r  (10ml)
1ml TBTS (10x)
200ul goat serum
Made up to  10ml w ith  d is tille d  w a te r. Made fre s h  when re q u ire d .

B lock ing  so lu tion  (10ml)
10ml PBSA
200ul goat serum
0-5gm skimmed m ilk  pow der (M arvel™ )
Made up to  10ml w ith  d is tille d  w ater. Made fre s h  when re q u ire d .

Cell ly s is  (sam ple) b u f fe r  (2x)
4gm SDS
20gm g lyce ro l
2ml 0-1% brom ophenolb lue
2ml 2-m ercap toethano l
50ml 2x s ta ck in g  gel b u ffe r
Made up to  100ml w ith  d is tille d  w ater.

C h lo ro -n a p h th o l s u b s tra te  so lu tion
30mg o f 4 -c h lo ro -1 -n a p h th o l (BIO-RAD) d isso lved  in 10ml o f ice cold 
m ethanol. 30pl o f ice cold hyd rogen  pe rox ide  added to  50ml o f TBS, 
th e  c h lo ro -n a p h th o l so lu tion  added and th e  so lu tion  used 
im m ediate ly.

Gel desta in  
50ml ace tic  acid
100ml methanol
Made up to  500ml w ith  d is tille d  w ater.
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Gel s ta in  
50ml acetic  acid
250ml methanol
10mg coomassie b lue 
Made up to  500ml w ith  d is tille d  w ater.

NNN’ -N -te tra m e th ye th y le n e d ia m in e  (TEMED)
Used as su pp lied . S tored a t room tem p e ra tu re .

Reaction b u f fe r  (10ml)
1ml TBTS (10x)
200ul goat serum
0-5gm skimmed m ilk  pow der (M arvel™ )
Made up to  10ml w ith  d is tille d  w ater. Made fre s h  when re q u ire d .

Resolving gel b u f fe r  (2x)
90-6gm t r is  base 
2gm SDS
Made up to  900ml w ith  d is tille d  w ater, a d ju s te d  to  pH 8 -8  w ith  conc.
HCI and made up to  1 l i t r e  w ith  d is tille d  w ater. S tored a t room
te m p e ra tu re

R unning b u f fe r  (5x)
45gm t r is  base
15gm SDS
216gm g lyc in e
Made up to  3 l i t re s  w ith  d is tille d  w a te r, pH checked as 
app rox im a te ly  pH 8*3 (DO NOT ADJUST), s to red  a t 4*C.

S tackng gel b u ffe r  (2x)
30-24gm t r is  base 
2gm SDS
Made up to  900ml w ith  d is tille d  w ater, a d jus ted  to  pH 6 -8  w ith  conc.
HCI and made up to  1 l i t r e  w ith  d is tille d  w ater, s to red  a t room
te m p e ra tu re .

T ra n s fe r b u f fe r  (10x)
30-3gm t r is  base
144gm g lyc in e
1 -5gm SDS
Made up to  1 l i t r e  w ith  d is tille d  w ater, s to red  a t 4°C.

T r is  b u ffe re d  sa line  (TBS)
20mM tris .H C I pH 7-5
500mM sodium c h lo rid e

T r is  b u ffe re d  tween sa line  (TBTS) (10x)
100mM tris .H C I pH 7-5 
150mM sodium c h lo rid e  
0-1% tween 20
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C m )  M o lecu la r B io logy  Reagents

Blu Gene b lock in g  b u ffe r  
0-1M tris .H C I pH 7-5
0-15M sodium  ch lo rid e  
3% BSA ( fra c t.  V)
Made fre s h  when re q u ire d

Blu Gene stop so lu tion  
20mM tris .H C I pH 7-5 
0 -5mM EDTA

Blu Gene s u b s tra te  b u ffe r  
0• 1M tris .H C I pH 9-5
0-1M sodium  c h lo rid e
50mM magnesium c h lo rid e

Blu Gene s u b s tra te  so lu tion  
33ul 75mg/ml n itro b lu e  te trazo liu m  (NBT) in d im ethy lfo rm am ide
25|il 50mg/m l 5 -b ro m o -4 -ch  lo ro -3 - in d o ly  I phosphate (BCIP) in

d im ethy lfo rm am ide  
Added to  7 -5ml o f wash b u ffe r  and used im m ediate ly.

Blu Gene wash b u ffe r  
0-1M tris .H C I pH 7-5
0-15M sodium  c h lo rid e

DEAE-Sephacel
DEAE-Sephacel (Pharm acia) e q u ilib ra te d  in TE pH 7-6, 0-6M NaCI.

Deionised form am ide
100ml form am ide
5gm AG 501-X8 mixed bed ion exchange res in  (B io-R ad)
Mixed and s t ir re d  fo r  30 m inutes a t room tem p e ra tu re . F ilte re d  tw ice  
th ro u g h  Whatman No. 1 paper. S tored a t 4°C.

D enhard ts  so lu tion  (50x)
5gm fic o ll
5gm p o ly v in y lp y r ro lid o n e
5gm bovine  serum  album in (F ra c tio n  V)
D issolved in 500ml o f d is tille d  w ater. S tored a t 4°C.

E thy lened iam ine te traace tic  acid (EDTA) (0-5M )
186-1gm d i-sod ium  EDTA
Dissolved in 800ml o f d is tille d  w ater, pH a d ju s te d  to  8 -0  and made 
up to  1 L.

F ic o ll/T r io s il g ra d ie n t 
Six ampoules o f T r io s il 440 d isso lved in 264ml o f d is t i lle d  water, 
made up to  900ml w ith  9% fic o ll 400 so lu tion  (Pharm acia). S pec ific  
g ra v ity  checked as 1 -078. Autoclaved and s to red  a t room 
tem p e ra tu re .
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G uanid in ium  th io cya n a te  d e n a tu rin g  so lu tion  
250gm guan id in ium  th io cya n a te  (F lu ka )
0-75M sodium  c itra te  
10% Sarcosyl
293ml o f d is t i lle d  w a te r added to  th e  th io cya n a te  in the  
m a n u fa c tu re rs  co n ta in e r fo llow ed by 17 -6ml o f sodium c itra te  and
2 6 -4ml o f sa rcosy l heated to  65°C. S tored a t room tem p e ra tu re  fo r  3 
m onths. D ena tu ring  so lu tion  p repa red  by add ing  0-36ml |3-2ME/50ml 
o f above s tock  so lu tion .

IPTG ( Is o p ro p y lth io -8 -D -g a la c to s id e )
2gm IPTG
D isso lved  in  8ml o f  d i s t i l l e d  w a te r, then made up to  10ml. S te r i le
f i l t e r e d  and s to re d  in  1ml a l iq u o ts  a t -20°C.

LB ( L u r ia -B e r ta n i) Medium 
10gm B a c to -try p to n e
5gm B acto -yeast e x tra c t
10gm sodium c h lo r id e
D isso lved  in  950ml o f  d i s t i l l e d  w a te r, pH ad jus ted  to  pH 7 and made 
up to  1 l i t r e .  S te r i l is e d  by a u to c la v in g .

MOPS B u ffe r  (10x)
200mM MOPS (3 -(N -M orpho lino )p ropa ne -su lp hon ic  a c id )
50mM Sodium ace ta te  pH 7
10mM EDTA

PEG (p o ly e th y le n e  g ly c o l)  (100ml)
20gm PEG 8000
14-6gm sodium c h lo r id e
D isso lved  in  90ml o f  d i s t i l l e d  w a te r and made up to  100ml.
S te r i l is e d  by f i l t r a t i o n  and s to re d  a t room tem pera tu re .

S a lin e  t r i s  EDTA (STE)
10mM tr is .H C I  pH 8 0
100mM sodium c h lo r id e
1mM EDTA

Sephadex G-50
Added to  d i s t i l l e d  w a te r, washed and e q u il ib ra te d  in  TE pH 8. S tored 
a t 4°C w ith  0-1% Na az ide .

Sodium a ce ta te  (3M)
408-1gm sodium ace ta te
D isso lved in  800ml o f  d i s t i l l e d  w a te r, pH ad jus ted  to  5-2 w ith  
g la c ia l a c e t ic  ac id  and made up to  1L.

Sodium dodecyl su lpha te  (SDS) (10%)
100gm sodium dodecyl su lpha te
D isso lved  in  800ml o f  d i s t i l l e d  w a te r, pH ad jus ted  to  7 -2 , and made 
up to  1L.

Standard s a lin e  c i t r a te  (20x SSC)
175-3gm sodium c h lo r id e  
88-2gm sodium c i t r a te
D isso lved  in  1L o f  d i s t i l l e d  w a te r, pH ad jus ted  to  7 0 .
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Standard s a lin e  phosphate EDTA (20x SSPE)
174gm sodium c h lo r id e
27-6gm sodium dihydrogen orthophosphate
7 -4gm EDTA
D isso lved in  800ml o f  d i s t i l l e d  w a te r, pH ad jus ted  to  7-4 and made 
up to  1L.

TAE ( t r is - a c e ta te )  b u f fe r  (50x)
242gm t r i s  base
57 -1ml g la c ia l a c e t ic  ac id
100ml 0-5M EDTA
D isso lved in  900ml o f  d i s t i l l e d  w ater and made up to  1 l i t r e .

TBE ( t r is - b o r a te )  b u f fe r  (10x)
109gm t r i s  base
55gm b o r ic  ac id
40ml 0-5M EDTA
D isso lved  in  900ml o f  d i s t i l l e d  w ater and made up to  1 l i t r e .

TG-2 c e l ls
A d e r iv a t iv e  o f  JM101 c e l l  l in e  s u ita b le  f o r  op tim a l t ra n s fe c t io n .  
S tored p la te d  onto m inimal medium and p icked in to  LB medium fo r  use.

T r is  EDTA (TE) 
pH 8-0 

10mM T ris .H C I pH 8-0
1mM EDTA

pH 7-6 
10mM T ris .H C I pH 7-6
1mM EDTA

U rea /acry lam ide  gel (70ml)
7ml TBE (10x)
10-5ml acry lam ide (40% acry lam ide , 19:1 a c ry la m id e /b is )
29-4gm urea
420|il 25% ammonium persu lpha te
70ul TEMED
A l l  except ammonium persu lpha te  and TEMED d isso lve d  in  25ml o f  
d i s t i l l e d  w a te r. Volume ad jus ted  to  70ml w ith  d i s t i l l e d  w a te r, 
pe rsu lpha te  and TEMED added.

X-GAL (5 -B ro m o-4 -ch lo r o - 3 - indo ly 1 -0 -D -g a la c to s id e
D isso lved  in  dim ethylform am ide to  a c o n ce n tra tio n  o f  20mg/ml.
Wrapped in  f o i l  and s to red  a t -2 0 °C.

YT Medium
10gm b a c to -try p to n e
10gm b a c to -yeas t e x tra c t
5gm sodium c h lo r id e
D isso lved  in  900ml o f  d i s t i l l e d  w a te r. pH ad jus ted  to  pH 7-0 w ith  5N 
sodium hydrox ide  s o lu t io n .  Made up to  1 l i t r e  and au toc laved .
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