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Summary. - Smal l  rodents  o f  t h e  species  Rattus norvegicus a n d  
Rattus rattus h a v e  b e e n  captured b e t w e e n  1986 a n d  1988 i n  several  
areas o f  Southern  Portugal. A total o f  135 a n i m a l  s p e c i m e n s  w e r e  
e x a m i n e d  f o r  hantaviral  ant igens  i n  l u n g  sect ions  a n d  5 h a v e  b e e n  
f o u n d  posit ive.  S o m e  o f  t h e  rodents  w e r e  s h o w n  t o  h a v e  s e r u m  anti­
bodies  as detected by immunofluorescence  in  titres up to  1 : 256. 
This  investigation proves for the  first t ime  the  presence o f  Hanta­
virus i n  wild rodent populations o f  Portugal. 

Key words: Hantaan virus; Iberian Peninsula; wild rodents; Portugal 

Introduction 

Serological studies utilizing different techniques  have demonstrated that 
hantavirus infections are widely distributed throughout the  world, e v e n  w h e n  
the  cases o f  human  disease are usually sporadic. Haemorrhagic fever with renal 
syndrome (HFRS) has  b e e n  reported most ly  f rom Far East As ia  and Eastern 
Europe (Yanagihara et al, 1988). But the  clinical disease was recognized also in  
the  Western European countries , s ince  1933 in  Sweden  (Zetterholm, 1934), 
1942 in  Finland (Lähdevirta, 1971), 1948 i n  N o r w a y  (Knutrud,  1949), 1957 i n  
D e n m a r k  (Hansen, 1958), 1979 i n  B e l g i u m  (Desmyter  et al., 1983), 1983 i n  
France (Chanard  et al., 1984), a n d  1984 i n  U n i t e d  K i n g d o m  (Lloyd  et al., 1984). 
It w a s  also descr ibed  i n  Y u g o s l a v i a  (Mandic, 1969), a n d  G r e e c e  (Lee a n d  A n t o -
niadis,  1981). However ,  till  n o w  there  w a s  n o  rel iable i n f o r m a t i o n  concern ing  
t h e  presence  o f  hantav irus  i n  Southwestern  Europe.  

Clethrionomys glareolus a n d  Apodemus species  are t h e  m o s t  important  reser­
voirs for hantavirus in  other areas o f  Europe and Asia. But  this group o f  rodents 
is absent in  the  Iberian Peninsula, except  in  s o m e  areas o f  Northwestern Spain. 
However,  other important reservoir rodents as Rattus norvegicus and  R. rattus 
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are v e r y  w i d e l y  d is tr ibuted  all o v e r  t h e  Iberian Peninsula,  w h i l e  i n  t h e  s o u t h  o f  
Portugal t h e  Apodemus species  s u r v i v e  i n  v e r y  local ized a n d  restricted areas 
(Madureira a n d  R a m a l h i n h o ,  1981). 

T h e  aetiologic agent  o f  HFRS is ab le  to  establ ish  persistent  in fect ions  i n  w i l d  
rodents  (Lee  et al., 1981). Capture a n d  analysis  o f  s u c h  an imals  is probab ly  t h e  
m o s t  e f f e c t i v e  w a y  t o  demonstrate  t h e  existence  o f  hantav irus  i n  a country  
w h e r e  cases o f  h u m a n  disease  are n o t  easi ly d iagnosed.  T h e  present  paper  
present  e v i d e n c e  o f  ant igens  i n  t h e  l u n g s  o f  w i l d  rodents  a n d  hantaviral  ant ibo ­
dies  in the  sera o f  rats trapped o n  s o m e  farms around a small village o f  
Southern Portugal. 

Materials and Methods 

Trapping area. Small  rodents  were  captured b e t w e e n  1986 a n d  1988 i n  t h e  farms around  Á g u a s  
d e  Moura,  a s m a l l  v i l l a g e  o f  P a l m e l a  c o u n t y  ( 3 8 ° 3 5 N ;  8Q 40W)  6 0  k m  s o u t h  o f  Lisbon.  Traps for  
l ive capture, similar t o  t h e  tomahawk m o d e l  vere mos t ly  used .  T h e  traps were  provided w i th  diffe­
rent kinds o f  bait, including fresh apples.  

Handling of animals. T h e  animals  were  b led  by  cardiac puncture.  T h e  b l o o d  w a s  a l lowed t o  c lot  
and t h e  sera were  separated and stored at - 2 5  ° C  until  used .  Organs ( lungs,  liver, kidneys,  brains, 
and  sp leen)  were  stored individually frozen  at - 8 0  ° C  i n  small  t u b e s  until  examined.  A l l  t h e  
captured animals  were  identi f ied by spec ies  and  skulls were  saved for  later s tudies  (Gama,  1975). 

Detection of hantavirus antigens in lungs. Sect ions ,  4(i m thick, were  cu t  f r o m  lungs  i n  a cryostat, 
dried and ace tone  f ixed;  2 t o  4 sect ions  w e r e  pos i t ioned o n  each  sl ide.  T h e  sec t ions  w e r e  kept at  
- 8 0  ° C  until  used .  O n e  or  t w o  sec t ions  were  covered wi th  a nephropatia epidemica  (NE)-posi t ive  
h u m a n  convalescent  serum,  whi l e  t h e  other  sec t ion  (or sect ions)  were  covered  w i th  a NE-negat ive  
h u m a n  control  serujn. F I T C  - conjugated ant i -human I g G  diluted t o  give optimal  specif ic  fluores­
c e n c e  w a s  t h e n  applied t o  t h e  sect ions.  T h e  t echnique  w a s  carried o u t  a s  described be fore  (Traavik 
et al., 1983). 

Reference slides. S l ides  containing V e r o  E-6 cel ls  infected w i th  t h e  fo l lowing  hantavirus: 
Hantaan,  C G  18-20  ( U S S R  strain), Nephropat ia  ep idemica  (NE) ,  Prospect  Hil l ,  Tchoupi toulas  
and  C G  13891 (Belgian),  were  kindly supplied by  Dr .  v a n  der Groen ,  Institute o f  Tropical Med i ­
c ine ,  Antwerpen ,  Belg ium.  

Antibody detection In rodent sera. T h e  rodent  sera were  screened by  I F A  i n  di lut ions  1:20. T h e  
fo l lowing  fluorescein isothiocyanate conjugates  w e r e  used:  F I T C  conjugate specif ic  antibody 
(goat)  t o  h u m a n  IgG (f luoroabody)  f r o m  Bionet ics;  F I T C  - conjugate rabbit immunog lobu l ins  t o  
m o u s e  immunog lobu l ins ,  f r o m  Dako .  

Sera giving t h e  characteristic pin-point  fluorescence pattern i n  t h e  cytoplasma o f  t h e  cel ls  were  
cons idered suspect ,  and  tes ted  again after di lut ion t o  1:32. Sera presenting t h e  fluorescence 
pattern i n  this  di lut ion w e r e  considered antibody positive.  T h e  posit ive sera were  retested i n  
twofo ld  serial di lut ions  u p  t o  1:256. Reference  monoc lona l  ant ibodies  i n  m o u s e  ascitic fluids 
( M A F )  were  u s e d  as  posit ive controls.  T h e  ant ibodies  were  directed against: Hantaan ( H T N ) ,  
Tchoupi toulas  (TCH) ,  SR-11, and Prospect  Hil l  ( P H )  viruses  and were  kindly supplied by  Dr.  J. 
McCormick from C D C ,  Atlanta, G e o .  U .  S. A .  

Results 

Lung sections from 135 small rodents were examined for hantaviral antigens 
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i n  t h e  l u n g s  u s i n g  a pos i t ive  re ference  s e r u m  (Table  1). T h e  ant igen  w a s  
detected  i n  t h e  cytoplasma o f  alveolar cells  e i ther  i n  a f o r m  o f  p in-point  f luores ­
cence  or as a grossly granular pattern. In s o m e  lung sect ions there was  specific 
immunofluorescence (IF) all over t h e  tissues,  whi le  i n  other sect ions only  
isolated cells or group o f  positive cells could b e  seen .  T h e  extent  o f  t h e  detected 
antigens area varied from section t o  sect ion i n  t h e  different animals. A total o f  5 
antigen-positive lungs  were f o u n d  in  3 Rattus norvegicus species,  i n  1 Rattus 
rattus, and i n  1 Mus spretus. 

T h e  sera from all t h e  animals with positive or probably positive immunof luo­
rescence pattern i n  their lung sections (a total o f  30) were selected for antibody 
determination (Table 1). Thus ,  sera from t h e  5 antigen-positive animals, and 
additional 25 sera from animals wi th  suspect I F  patterns i n  the  lungs,  were  
examined for anti-hantavirus specific antibodies by IF. From these,  sera from 
14 animals gave positive I F  reactions at a dilution o f  1:32. T w o  o f  the  sera i n  
quest ion were tested in  further two-fold dilutions u p  t o  1:256. B o t h  sera gave 
bright I F  reaction i n  all dilutions. D u e  t o  scarcity o f  hantavirus-infected cell  
culture slides, n o  further serological examinations were possible. 

Discussion 

S o m e  years ago w e  have tried to  identify h u m a n  cases o f  H F R S  i n  Portugal. 
Several patients with nephropatia living i n  rural areas o f  Southern Portugal and 
also haemodialysis patients have b e e n  examined t o  determine whether  a 
hantavirus might  have caused their disease. In s o m e  cases the  epidemiologic 
features were compatible with HFRS.  T h e s e  cases mainly concerned workers 
involved i n  agricultural activities. 

Us ing  the  indirect I F  w e  f o u n d  several human  cases with l o w  hantavirus anti­
body titre, usually 1:32. I n  s o m e  cases w e  noted  that these  sera reacted better 

Table 1. Virus antigens i n  the lungs and serum antibodies to  hantavirus antigens in small rodents 
from Southern Portugal 

Spec ies  Lu ngs  
N u m b e r  o f  pos i t ive  animals  

A nt ibod ie s  B o t h  

Rattus norvegicus 3 / 6 0  8 1 

Rattus rattus 1 /71  4 
_ 

Mus spretus 1 / 4  " "  

* N o .  o f  posit ive o u t  total  lung  s pe c ime ns  e x a m i n e d  b y  I F  
** Out  o f  3 0  se lected  animals  including t h e  5 hantavirus ant igen carriers 
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w i t h  t h e  N E  ant igen  t h a n  w i t h  o ther  hantavirus  antigens.  However ,  w e s t e r n  
b l o t  c o n f i r m a t i o n  test w a s  inconclus ive.  S o m e  investigators h a v e  reported  that 
e v e n  i n  s o m e  areas w h e r e  HFRS w a s  e n d e m i c ,  ant ibodies  against hantav irus  
are usua l ly  o f  l o w  preva lence  i n  t h e  populat ion.  

It s e e m e d ,  therefore,  reasonable  to  i d e n t i f y  t h e  putat ive  local  hantav irus  
strain(s) i n  reservoir animals.  N o  Clethrionomys rodents  are present  i n  
Portugal, n e i t h e r  are Apodemus species  d is tr ibuted  regularly all o v e r  t h e  
country.  O u r  e f f o r t  b e c a m e  concentrated to  o n e  area o f  Southern  Portugal 
located a r o u n d  a v i l lage cal led Á g u a s  d e  Moura  i n  t h e  Palmela  county,  w h e r e  
t h e  w i l d  rodent  popu la t ions  are m a i n l y  c o m p o s e d  o f  Rattus norvegicus, Rattus 
rattus a n d  o f  Mus species.  W e  h a v e  s h o w n  that s o m e  captured  Rattus norvegicus 
h a d  hantav irus  ant igens  i n  their  l u n g s  a n d  that t h e y  h a d  h i g h  titres o f  hanta­
virus antibodies in their sera. Curiously, the sera reacted intensively with the 
antigen o f  the  Tchoupitoulas virus isolated from  R. norvegicus in  North 
America. Probably the  Á g u a s  d e  Moura strain is antigenically m o r e  closely 
related to  t h e  T c h o u p i t o u l a s  v i rus  t h a n  to  a n y  o ther  o f  t h e  hantavirus  strains 
u s e d  as antigens.  

Hantavirus  strains f r o m  Rattus norvegicus a n d  Rattus rattus are less patho ­
genic  for humans  than other strains (Tsai et al., 1985). It has also b e e n  indi­
cated that hanta-related viruses isolated from commensal  rats probably d o  not  
cause clinical disease, except under unusual circumstances (Yanagihara et al., 
1988). It is, however,  hard to  def ine what unusual  circumstanced are in the  
context  o f  a viral zoonoses .  Attempts  to  isolate the  hantavirus strain(s) circula­
ting in Portugal are n o w  under way. 
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