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Summary. — Four  spontaneous abort ions  a n d  t w o  st i l lbirth oc­
cur red  d u r i n g  a p rospec t ive  s u r v e y  fol lowing t h e  t e ra togen ic i ty  
of echoviruses  i n  80 p r e g n a n t  w o m e n  selected a t  r a n d o m  f r o m  
t h e  A n t e n a t a l  Care  Service.  E c h o v i r u s  t y p e s  19, 27, a n d  33, 
Coxsackie  B 2  a n d  B 6  were  i so la ted  f r o m  p lacen ta l  a n d  foe t a l  t is­
sues (bra in ,  l iver ,  k i d n e y ,  h e a r t ,  a n d  spleen).  T h e  m o t h e r s  a lso 
exc re t ed  t h e  v i r u s  b y  faeces  a t  l eas t  t w e n t y  d a y s  before  abo r t i on  
a n d  re sponded  serologically, ind ica t ing  ac t ive  v i ru s  infec t ion.  Al­
mos t  all  a b o r t e d  chi ldren  w e r e  a n o m a l o u s  w i t h  signs of v i ra l  
infec t ion .  

Key words: enteroviruses; congenital infections:; viral placentitis', 
foetal and placental tissues 

Introduction 

Since  1941 w h e n  N o r m a n  Gregg es tab l i shed  t h e  t e ra togen ic  role  of r ube l l a  
v i r u s  f o r  h u m a n s ,  several  a u t h o r s  h a v e  recognized v i ruses  caus ing f o e t a l  
in fec t ions  (Aycok,  1941; Ba te s ,  1955; H o low ach  et al., 1957; Greenwald ,  
1958; Rhodes ,  1960). I n f ec t i ons  b y  cytomegalovi rus ,  herpes ,  rube l la ,  v a r -
icella-zoster,  vaccinia ,  var io la ,  polio, a n d  Coxsackie B v i ruses  d u r i n g  preg­
n a n c y  m a y  d a m a g e  t h e  h u m a n  f o e t u s  ( H a n s h a w  a n d  D u d g e o n ,  1978). 

T h e  r e p o r t s  o n  v i ruses  po ten t i a l l y  caus ing congeni ta l  defects ,  s t i l lb i r th ,  
o r  n e o n a t a l  compl icat ions  a r e  still controversa l .  O i  these ,  echoviruses  h a v e  
c a u g h t  o u r  a t t e n t i o n ,  because  t h e i r  adverse  effect  on t h e  f o e t u s  h a s  n o t  
been  accep ted  y e t ,  a l t h o u g h  t h e i r  c a pa c i t y  t o  cross t h e  p l acen t a  h a d  a l r e a d y  
been  d e m o n s t r a t e d  (Ra n t s a lo  et al., 1960; K l e i n m a n  et al., 1962; Berkov ich  
a n d  Smi thwick ,  1968). 

H o v a t a  et al. (1983) ana lys ing  t h e  i n t r a u t e r i n e  d e a t h s  d u r i n g  a per iod  o i  
6 years ,  considering t h e  clinical a n d  a u t o p s y  findings, regis tered  a case o i  

T h e  w o r k  w a s  per formed a t  D e p a r t a m e n t o  d e  Virologia e Se tor  d o  Microscopia Elec t ronica  
de  I n s t i t u t o  d e  Microbiologia d a  U F R J  (Brazil). P a r t  of t h e  Thesis  w a s  s u b m i t t e d  b y  Basso,  
N .  t o  t h e  I n s t i t u t o  d e  Microbiologia, XJFRJ,  in p a r t i a l  ful f i l lment  of t h e  requ i rements  f o r  t h e  
MSc degree, supervised b y  Fonseca,  M .  E .  F .  
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enteroviruH isolation f r o m  tissues o f  a sti l lborn, i n  Brazil,  e c h o v i r u s  a n d  
Coxsackie 15 were  isolated f r o m  placentas a n d  foetal  organs  (Fonseca  et al., 
1982). There  h a v e  been reports dea l ing  w i t h  t h e  occurrence o f  fa ta l  infec­
t ions "in utero", caused by echoviruses types  !) and I I (Landsman  et al., 
1904; Brown and Karunas,  1977; . lones  et <d., 1980; Modlin, 1986). The  
present paper is the result o f  a prospective s tudy m a d e  with a group o f  
pregnant women,  where the  objective was  the detection of  maternal infec­
tion b y  echoviruses during t h e  period o f  pregnancy and i ts  possible damage 
for t h e  foetus.  

Materials and Methods 

Patients. T ho Htudiod popula t ion  consisted of a g roup  of 78 p r e g n a n t  women t h a t  had  been 
enrolled t o  t h e  An tena ta l  Care  .Service f r o m  I F F  in R i o  d e  J ane i ro ,  Brazi l .  T h e  women were 
observed d u r i n g  t h e  whole ges ta t ion  per iod.  Stool samples  were collected m o n t h l y  a n d  t w o  
blood samples  wen* t a k e n :  one  a t  t h e  beginning a n d  one  a t  t h e  end  of p regnancy  f o r  viral  anil 
serological s tudies ,  respectively.  Placenta l  t issue samples  were collected, d u r i n g  del ivery,  f o r  
viral ,  histopathological ,  a n d  electron microscopic s tudies .  I n  s t i l lb i r th  cases, t issue samples  
were  collected f r o m  organs  such a s  l iver,  b r a i n ,  spleen, k idney ,  a n d  lungs.  

\'irologic studies. Suspensions f r o m  placentas ,  foeta l  organs,  a n d  stool samples  were inocu­
la ted  in to  following cell cul tures :  LLC-M K.2, V E K O ,  a n d  H E I V  When  posit ive fo r  cy topa thogenic  
effects,  cell suspensions were t i t r a t e d  a n d  t h e  viruses identified in LLC-M K.2 cells w i th  Melnick's 
s t a n d a r d  se ra  against  enteroviruses .  

Serological studies. B o t h  blood samples  collected f r o m  each  m o t h e r  were assayed against  t h e  
v i rus  isolated f r o m  t h e m  b y  neu t ra l i za t ion  t e s t .  Assays were per formed t o  exclude o t h e r  con­
current  infections such a s  rubel la ,  cytomegalovirus ,  toxoplasmosis,  syphilis,  listeriosis, a n d  
brucellosis. Iu add i t ion ,  d a t a  wore de termined such a s  I i h  fac tor ,  glycaemia,  a n d  blood pressure 
t h a t  could b e  impor tan t  du r ing  del ivery.  

Immunofluorescence t e s t s  were m a d e  in paraff in-embedded tissue samples.  T h e  sections 
were doparaffinized wit h xylene (Merck) for  20 min ,  washed several t imes  wi th  P B S  p H  7.2. 
ovorlayod wi th  specific purified r abb i t  an t i se rum agains t  t h e  isolated viruses  fo r  one  hour  a t  
37 °C. T h e  sections were  t h e n  washed w i th  P B S  p H  7.2, c j v e r e d  w i th  calf an t i s e rum aga  a s  t 
r a b b i t  s e rum labelled wi th  fluoresceine (Boehring Laborator ies) .  A f t e r  one  hour  incubat ion a t  
37 C, t h e  sections were  washed w i th  PBS,  a i r  d r ied ,  a n d  m o u n t e d  (Lermet te  a n d  Schmid t ,  
J 979). 

Electron microscopy. T h e  f resh tissues immedia te ly  a f t e r  labour  were cu t  i n to  small  pieces 
a n d  fixed in 2 . 5 %  g lu ta ra ldehyde  (Merck) f o r  2 h r ,  washed w i th  p H  7.2 cacodylate-sucrose 
buffer ,  post-fixed b y  osmium te t rox ide  (Sigma) d e h y d r a t e d  in a series of alcohols a n d  embedded  
in Poli ly to rosino (Resana) .  T h e  resul t ing blccks  were  cut  in a n  u l t ramicro tome.  T h e  sect ions  
were cont ras ted  w i th  u r a n y l  a c e t a t e  a n d  lead c i t r a t e  (Merck) a n d  observed in electron micro­
scope E M  301, Philips. 

Results 

T w o  s t i l lb i r th  cases a n d  t h r e e  s po n t aneous  abo r t i ons  occur red  in t h e  
selected g roup .  T h e  abo r t i ons  took place  be tween  t h e  t h i r d  (one case) a n d  
f i f th  m o n t h  of p r e g n a n c y  ( two  cases). F ive  p e r  cent  ( 5 % )  of t h e  s t u d i e d  
pregnancies  were lost b y  s p o n t a n e o u s  abor t ion  a n d  2 . 5 %  b y  s t i l lb i r th .  T h e  
v i ru s  w a s  o f t e n  isolated f rom p lacen ta  ((>4.1%) r a t h e r  t h a n  f r o m  faecal  
spec imens  (.'17.8%). A b o u t  4 7 %  of  t h e  foeta l  o rgans  collected a t  a u t o p s y  
ha rboured  t h e  viruses .  En te rov i rus  had  been isolated f r o m  .'5 m a t e r n a l  
faecal specimens,  j u s t  before  miscarr iage;  t h e  s a m e  vi ruses  were  isola ted 
f r o m  p lacen tae  a n d  all respect ive  foe ta l  o r g a n s  such  a s  b r a in ,  liver, k idney ,  
a n d  h e a r t .  Kchoviruses t y p e s  19, 27. a n d  3 3  had  been isolated f r o m  4 cases  
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l ili- 2 .  
I 'art  of Con tul heputrcytn infected with Ech >virus t y p e  27; di latation < f endoplasmic roticuli 
in the vicinity of viru<-lik" particles (arrow). The cell cytoplasm is lyseel showing aggregates  
ľ i H . ' i r  KM) inn. 

Specific immunoiluorescenco in placental tissue confirming infection with Echovi ius  t y p e  27 
(case 4). Scattered fcci of immunofluorescence (arrows), magn.  400 x . 
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of abortion ancl st i l lbirth a n d  Coxsackie B t y p e s  2 a n d  6 f r o m  t w o  cases 
(Table 1). Echoviruses  t y p e s  18, 21, a n d  25, Coxsackie B t y p e s  2 a n d  6 
were isolated f r o m  cases of placentitis  only.  

Enterovirus  specific serological conversions in mothers  were  observed  in 
three cases of abortion.  I n  t h e  g roup  where  only placentitis  occurred a n d  
the children were  born w i t h o u t  abnormalities,  serological conversions were  
also observed in all mother ' s  sera. Rubel la,  cytomegalovirus,  toxoplasmosis,  
syphilis, a n d  listeriosis serology were  performed wi thout  posi t ive  serological 
conversions. 

The presence of v i ra l  antigens of t h e  enteroviruses here involved,  w a s  
confirmed b y  immunofluorescence test .  I t  w a s  posi t ive  in t h e  placentas  
mainly in t h e  villi a n d  Langhan ' s  cells (Fig. 1). A l l  placentas  f r o m  abort ion 
cases a s  well a s  t h e  foeta l  organs, f r o m  where  enteroviruses  were  isolated, 
had been invest igated  b y  electron microscopy. The  presented morphological 
alterations were  possibly  related t o  v i r u s  replication, b u t  no virions w e r e  
seen. W e  found  assembly  of long polyribosomes a t tached t o  enlarged el­
emen t s  f r o m  t h e  r o u g h  endoplasmic  r e t i cu lum ancl e lec t rondense  aggrega tes  
in  t h e  cv to t rophob las t .  F u r t h e r  a l t e ra t ions  were  en l a rgemen t  of mi tochon­
dr i a  a n d  f o r m a t i o n  of vacuoles  w i t h  mul t ip le  concent r ic  m e m b r a n e s  (Figs. 2, 
3, a n d  4). 

Fig.  

P a r t  of a cv to t rophoblas t  cell: a r r a n g e m e n t  c f p lcorna virus-like c rys ta l s  in t h e  cy top lasm 
K = nucleus,  B a r  = 175 n m .  
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Discussion 

Dospíte of tlie re lat ively  large n u m b e r  of  known factors  such a s  chrom 
Homal aberrations,  endocrine disturbances,  drugs,  radiation, physical i 
juries,  malnutrition, and  infections, which were well documented, more th; 
5 0 %  of" anomalous b i r ths  remain unexplained (Brown and Arbor,  196! 
specially t h e  abort ions  a n d  sti l lbirth cases (Mueller et al., 1983). In fa< 
s u r v e y s  h a v e  est imated t h a t  less than 2 0 %  of  anomalous in fants  were  kno\ 
t o  h a v e  been exposed  t o  proved teratogenic agents.  In Brazil, unfortunate!  
no  stat ist ical  approach has  been adopted f o r  anomalous b i r ths  b u t  it c 
b e  as sumed high (Radis, 1908). T h e  incidence of infectious diseases w i  
contamination of  t h e  placenta, specially b y  haematogenic route  i s  high ai 
includes: bacterial,  funga l ,  viral,  a n d  protozootic agents.  Concerning vir  
infections, t h e  fol lowing h a v e  been detected:  rubella,  cytomegaloviri  
mumps,  varicella-zoster, and  herpes s implex (Garcia et al., 1985) and  
noticed recently,  Coxsackie B and  echoviruses (Fonseca  et al., 1982). 

It is well  k n o w n  t h a t  t h e  hypothes i s  o n  v ira l  aet io logy o f  congenital  m; 
f o r m a t i o n s  is b a s e d  most ly  o n  t h e  s tud ies  w i t h  rube l la  a n d  cytomegalov ir i  
Both are also incr iminated  as  agents  o f  st i l lb irth a n d  spontaneous  a b o i t i  

Kl||. 4. 
Piii't. of a cyt.otropliobliiHt cell: p iornavi ius- l ike  particles in the cytoplasm near  to  coll 

trunk iih; t lie cell in lyscd and vacuolated 
N nucloiiH, Va vacuoles, Bar 200 run. 
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(Hurley, 1981). E f f o r t s  t o  incr iminate  addit ional  te ra togens  w e r e  p e r ­
fo rmed ,  e m p l o y i n g  t h e  r e t ro spec t i ve  ana lys i s  o r  p rospec t i ve  i n v e s t i g a t i o n  
( H o v a t a  et al., 1983; Modl in ,  1986). T h i s  p rospec t i ve  s t u d y  p e r m i t t e d  u s  t o  
observe t h e  m o t h e r s  t h r o u g h  p r e g n a n c y ;  t h e  d a t a  t h a t  a c c u m u l a t e d  so  f a r ,  
p rov ided  u s  s o m e  i n f o r m a t i o n  s u c h  a s  t h e  h i g h  inc idence  of  e n t e r o v i r u s  p a r ­
t icles  p r e s e n t  i n  t h e  p l a c e n t a  f r o m  p regnanc i e s  cons ide red  n o r m a l .  T h e  
chi ldren w e r e  b o r n  a p p a r e n t l y  w i t h o u t  a n y  abnorma l i t i e s .  S ince  5 ° 0  of  t h e  
s tud i ed  p regnanc i e s  w e r e  lost  a n d  9 5 %  of t h e  m o t h e r s  de l ivered  a p p a r e n t l y  
n o r m a l  bab ies ,  i t  is  s u p p o s e d  t h a t  t h e  p l a c e n t a l  b a r r i e r  does  n o t  p e r m i t  
viruses  t o  a f f ec t  t h e  chi ld ,  a l t h o u g h  t h e y  a r e  ab l e  t o  r ep l i ca t e  i n  t h e  p l a ­
centa l  t issues .  S o m e  m o t h e r s  f r o m  w h o m  v i ruses  w e r e  i so la ted  (p lacen ta l  a n d  
foe ta l  e x t r a c t s )  h a d  serological  convers ions  t o  t h e  v i rus ,  t h u s  con f i rming  
t h a t  t h e y  expe r i enced  v i r u s  i n fec t ion  d u r i n g  p r e g n a n c y .  T h e  w i d e s p r e a d  
occurrence  of t h e  in fec t ions  w a s  subcl inical  i n  m o t h e r s  b u t  t h e  v i r a e m i a  
would  e n a b l e  t h e  sma l l  pa r t i c l e s  (28 n m )  t o  cross  t h e  p l a c e n t a l  b a r r i e r  eas i ly  
a n d  t o  r e a c h  t h e  f o e t u s .  T h e  a g e  a n d  t h e  degree  of p l a c e n t a l  d i f f e r en t i a t i on  
a r e  p r o b a b l y  t h e  bes t  e x p l a n a t i o n  f o r  t h e  a b i l i t y  of v i r u s  t o  r e a c h  t h e  f o e t u s .  
T h e  occur rence  of a b o r t i o n  w a s  n o t i c e d  i n  t h o s e  p a t i e n t s  w h o  h a d  exper i ­
enced  i n f ec t i on  i n  t h e  first m o n t h s  of p r e g n a n c y  whi le  t h o s e  w h o  h a d  d e ­
l ivered n o r m a l  ch i ld ren ,  h a d  e n t e r o v i r u s  i n fec t ion  a t  t h e  e n d  of  g e s t a t i o n .  
O n  t h e  o t h e r  h a n d ,  t h e  isolat ion of echov i rus  f r o m  p l a c e n t a  could  b e  e x ­
p la ined  b y  f o s c a l  c o n t a m i n a t i o n  d u r i n g  l a b o u r .  I f  t h e  s a m e  v i ruses  h a v e  
been  f o u n d  i n  t h e  ch i ld ren  t i ssues ,  t h i s  w o u l d  sugges t s  t h a t  t h e  i n fec t ion  
occur red  p r o b a b l y  b y  haemogen i c  r o u t e .  T h e  s a m e  v i ruses  w e r e  a lso  i so la ted  
f r o m  m a t e r n a l  foeca l  s a m p l e s  a b o u t  20 d a y s  b e f o r e  a b o r t i o n ,  s t ress ing  a n  
ac t ive  v i r u s  in fec t ion ,  fo l lowed b y  v i r a e m i a .  

O n e  p a t i e n t  h a d  c o n t a c t  w i t h  rubel la - l ike  e x a n t h e m  b u t  serological  in ­
ves t iga t ion  t o  r u b e l l a  v i r u s  d e m o n s t r a t e d  h e r  p r e v i o u s  i m m u n i t y  a g a i n s t  t h a t  
v i rus ,  w i t h o u t  seroconvers ion  a n d  Coxsackie  B t y p e  2 w a s  i so la ted  f r o m  h e r  
p l a c e n t a  a n d  f r o m  t h e  chi ld  a u t o p s y  o r g a n s  (b ra in  a n d  h e a r t ) .  T h e  s p o n ­
t a n e o u s  a b o r t i o n  occu r red  a t  t h e  t h i r d  m o n t h  of p r e g n a n c y .  O t h e r  p a t i e n t  
p r e s e n t e d  a r e sp i ra to ry - l ike  il lness w i t h  h i g h  f e v e r  a n d  chills; v a g i n a  b lood  
d i scharge  fo l lowed soon  t h e r e a f t e r  w i t h  u t e r i n e  con t r ac t i on .  T h e  m o t h e r  
h a d  a s p o n t a n e o u s  a b o r t i o n  a n d  E c h o v i r u s  33  w a s  i so la ted  f r o m  p l a c e n t a  
a n d  f o e t a l  t i ssues .  M o t h e r  serology conf i rmed  a n  a c u t e  e n t e r o v i r u s  (Echo-
v i rus  33) in fec t ion .  I m m u n o f l u o r e s c e n c e  t e s t s  con f i rmed  t h e  p resence  o f  
v i ra l  a n t i g e n s  i n  t h e  p l a c e n t a  a n d  f o e t a l  o rgans .  

A l t h o u g h  t h e  ch i ld ren  w e r e  b o r n  a p p a r e n t l y  n o r m a l  a n d  d i d  n o t  s h o w  
signs of i l lness d u r i n g  t h e i r  first d a y s  of l i fe  a t  t h e  hosp i t a l ,  w e  a r e  n o t  s u r e  
w h e t h e r  t h e y  b e c a m e  car r ie rs  of t h e  v i r u s  o r  if t h e y  w e r e  respons ib le  f o r  
a n u r s e r y  o u t b r e a k  of en t e rov i ru se s  i n f ec t i ons  a s  d i scussed  e lsewhere  (Mo­
dlin,  1986). 

D u e  t o  t h e  i m p o r t a n c e  of  knowledge  a b o u t  t h e  a g e n t s  t h a t  cou ld  t r i g g e r  
a b o r t i o n  o r  s t i l l b i r th  cases  B r o w n  a n d  K a r u n a s ,  1977), w e  call  a t t e n t i o n  t o  
en t e rov i ru s  i n fec t ion  d u r i n g  p r e g n a n c y  a n d  t o  t h e  c a p a c i t y  of  s u c h  v i ­
ruses  t o  i n f e c t  p l a c e n t a ,  t o  r ep l i ca te  i n  i t s  t i s sues  a n d  e v e n t u a l l y  t o  r e a c h  
t h e  f o e t u s ,  caus ing  ser ious  lesions t o  b o t h ,  specia l ly  t o  t h e  chi ld  t h a t  w o u l d  
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s h o w ,  s u b s e q u e n t l y ,  several  s igns  o f  v i r u s  in fect ion.  Our  results  also ind ica  
t h a t  p r i m á t y  in fect ion  occurr ing  in t h e  b e g i n n i n g  o f  p r e g n a n c y  e v e n t u a l  
c o u l d  b e  h a r m f u l  t o  t h e  f o e t u s  p r o b a b l y  resu l t ing  in s p o n t a n e o u s  a b o r t i o  
I n  t h e  f a c t ,  a s  stressed b y  Modlin (1986), " w h e r e a s  acute  i l lness i n  t l  
m o t h e r  b e f o r e  b i r t h  o f t e n  precedes  neonata l  E c h o v i r u s  i n f e c t i o n  a n d  t l  
i n f e c t i o n  t r a n s m i t t e d  ver t ica l ly  f r o m  m o t h e r  t o  i n f a n t  m a y  b e  severe,  p o s  
nata l  t ransmiss ion  of t h e  s a m e  s e r o t y p e  recults  in  m i l d e r  d isease" .  

W h e n  complet ing  t h i s  manuscr ipt  w e  noticed t h a t  also P a r v o v i r u s e s  ha\ 
been recent ly  isolated f r o m  cases  of abort ion a n d  st i l lb ir th  (Brown  et at 
1984; K n o t t  et al., 1984; Hall,  1985); t h u s ,  t h e  n u m b e r  of  v i r u s e s  relate 
w i t h  p r e g n a n c y  hazard increases w i t h o u t  caus ing  a p p a r e n t  clinical illness  i  
t h e  mother,  or, a s  descr ibed in some cases, causing a rubella-like illnes 
T h e  f indings  f o r  p a r v o v i r u s  association w i t h  clinical a n d  congenital  diseasi 
a r e  s imilar  t o  our  f indings.  
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