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I t  has long been suspected  t h a t  neut ra l iz ing  an t ibodies  are no t  the  
sole i m m u n i t y  fac tor  in mice immunized  aga ins t  LCM as m a t u r e  animals  (5). 
A l though  such mice are not  to le ran t  immunological ly ,  t hey  form neut ra l -  
izing an t ibodies  r a the r  poor ly  (4, 10). Since m a n y  of them do not  ca r ry  
demons t rab le  amoun t s  of infect ious virus  in the i r  brains  and  o ther  organs 
(5, 4), the re  w~s a t  f i rs t  no reason to suppose t h a t  the i r  i m m u n i t y  might  
be corre la ted  wi th  the  in terference phenomenon,  which appears  to  be 
responsible  for the  s t rong i m m u n i t y  of to le ran t  mice (virus carriers) 
infected congeni ta l ly  wi th  LCM virus  (7, 11). 

I t  is the  purpose  of th is  communica t ion  to  show t h a t  s l ight  bu t  def ini te  
interference wi th  E E E  virus  occurs in the  bra ins  of bo th  categories of 
LCM-immune mice and  t h a t  the  pers is tence  of de tec tab le  quant i t i es  of 
infectious LCM virus  is no t  a prerequis i te  for such in terference in non- 
to le ran t  animals .  

Materials and Methods 

Viruses: As in previous experiments reported in this journal (10, l l ) ,  
strain W of LCM virus and strain S 18888 of EEE virus were used. 

Mice: The tolerant  animals came from our infected stock mentioned pre- 
viously (11) in which all mice, young or old, are carriers of strain W of LCM 
virus. The mice immunized as mature  animals and the controls were obtained 
from stock I I I  of the Ins t i tu te  ( i l l  from which the ancestors of the infected 
colony originated. 

Immunization of mature mice with LCM virus: The a t t r ibute  "mature"  
is used here for animals beyond the age at  which the "carrier s ta te" ,  based 
on immunological tolerance, frequently develops upon artificial infection 
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w i t h  LCM vi rus  (7, 9). F e m a l e  mice were used exclusively.  The  an ima l s  were 
i m m u n i z e d  a t  t h e  age of a b o u t  5 weeks e i the r  b y  a single s u b c u t a n e o u s  (s. e.) 
inocu la t ion  w i t h  0.2 ml.  of a 2 pe r  cen t  m o u s e  b ra in  suspens ion  f rom t h e  second 
or t h i r d  i n t r a c e r e b r a l  (i. c.) passage  of s t r a in  W or, in t h e  m a j o r i t y  of t h e  ex- 
pe r imen t s ,  b y  a s imi la r  i n j ec t ion  fol lowed b y  i. e. chal lenge w i t h  0,04 ml.  of 
a suspens ion  of t h e  same  s t r e n g t h  14 to 184 days  l a t e r  (see tables) .  M a n y  of 
t he  mice  cha l l enged  184 days  a f t e r  s. e. in fec t ion  showed  an  acce lera ted ,  non-  
f a t a l  r eac t ion  (7, 4). 

Titration o] EEE  vir~s: T w e n t y  per  cen t  suspens ions  f rom the  second or 
t h i r d  i. c. passage  of s t r a i n  S 18888, k e p t  u n d e r  vase l ine  seal  in  t he  ref r igera tor ,  
were  d i lu ted  serial ly in  p h o s p h a t e - b u f f e r e d  sal ine (pH 7.4). The  10 -5 to  10 9 
d i lu t ions  were t e s t e d  i. c. us ing  6 to 11 L CM- t r ea t ed  mice (see tables)  and  

Tab le  1. T i t r a t i o n  of  E E E  v i r u s  i n  t h e  b r a i n s  of  c o n g e n i t a l l y  
i n f e c t e d  ( t o l e r a n t )  m i c e  a n d  n o r m a l  c o n t r o l s  

I No. 
Experi- of mice 

per 
~on. t decimal 

�9 virus 
dilution 

1 6 
2 8 

3 8 

4 10 

5 6 

6 8 

Mean  va lues  

LD~0 of EEE virus 
when titrated in the [ Average incubation 

brains of [ period (hours) 

I �9 LC~r normal I LCM- normal 
lmec~ea ice | infected mice 

mice m [ mice 

7.1" 

6.9 

7,0 

7,4 

7.3 

7.1 

7.1 

Average survival 
period (hours) 

normal 
mice 

LCM- 
infected 

mice 

7�9 61 

7.4 63 

7.7 60 

8.4 62 

8.4 69 

7.3 61 

7.7 63 

52 

54 

50 

51 

55 94 

52 97 

52 95 

70 

69 

69 

* Nega t ive  log~0 of d i lu t ion  of infec t ious  20 per  cen t  mouse  b ra in  suspension.  

equa l  n u m b e r s  of n o r m a l  cont ro ls  of t h e  same  age pe r  dec ima l  d i lu t ion .  The  
i nocu la t ed  an ima l s  were obse rved  3 t imes  dai ly  a n d  t h e  i n c u b a t i o n  a n d  sur- 
v i v a l  per iods  recorded  as accu ra t e ly  as possible.  T h e  LDso was  c o m p u t e d  
accord ing  to t h e  m e t h o d  of 2~eed a n d  Mueneh (3). 

Tests Jor LCM virus: Simul t aneous ly  w i t h  some t i t r a t i o n s  of E E E  vi rus  
(see Tab les  2, 3, a n d  4) t he  b ra ins  of para l le l  mice no t  in fec ted  w i t h  E E E  were 
t e s t ed  i nd iv idua l ly  for  LCM vi rus  b y  i. c. i nocu la t ion  of 4 week-old  mice wi th  
20 pe r  cen t  suspensions�9 

In  t h e  e x p e r i m e n t  p r e s e n t e d  in T a b l e  4 hepar in ized  b lood  o b t a i n e d  by  
card iac  p u n c t u r e  was t e s t ed  for i n f ec t i v i t y  also. Before  r e m o v i n g  t h e  b r a i n s  
a n d  u p p e r  p a r t s  of t he  cervical  cords  t h e  heads  of t h e  an ima l s  were  per fused  
t h r o u g h  t h e  left  ven t r i c l e  each  w i t h  a t  leas t  12 ml. saline.  

Since i. e. in fec t ion  w i t h  ve ry  smal l  a m o u n t s  of LCM vi rus  of ten  fails to  
cause  def in i te  s y m p t o m s  b u t  p roduces  cerebra l  i m m u n i t y ,  su rv iv ing  t e s t  
mice were  cha l l enged  i. c. w i t h  2 pe r  cen t  mouse  b r a i n  suspens ion  2 weeks a f te r  
t he  f i rs t  i nocu la t ion .  
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Inter/erence with E E E  virus in the brains o/congenitally in/ected (tolerant) 
mice 

In a preceding experiment (ll)  in which EEE virus was titrated intra- 
peritoneally in young tolerant mice and normal controls, the infectivity 
titer of the virus was by 1.1 log lower in the former animals. The results 
of the present tests, in which about 4 week-old mice were used and the 
i. c. route of inoculation chosen, are recorded in Table 1. 

As can be seen from the table, the LCM-infected mice were consistently 
slightly less susceptible to EEE  infection than normal controls of the same 
age. The mean difference in the LDs0 of EEE  virus, in combination with 
prolonged averageincubation and survival periods in the LCM-infected mice, 
indicates a low degree of interference. In Experiments 1--4 the average 
survival periods were not determined. Infected animals were chloroformed 
when they presented definite encephalitie symptoms because we antici- 
pated cannibalism and accidental oral infections (13) resulting from it. 
Future experiments, however, showed this fear to be unwarranted. 

Inter/erence with E E E  virus in the brains o/non-tolerant mice in/ected s. c. 
and challenged i. c. with LCM virus 

I t  has been reported (1) that cerebral challenge with LCM virus in 
mice immunized by s. c. inoculation of active virus if followed by conside- 
rable viral multiplication in the brain in spite of the fact that  the animals 
do not show signs of disease. The virus, however, is eliminated more ra- 
pidly than in non-immune controls (1, 4). When challenged mice are given 
a second i. c. injection of LCM virus there is no evidence of viral growth 
and the challenge virus disappears from their brains within 48 to 72 hours 
(4, 10). Local antibody formation has been suspected to cause the relatively 
rapid inactivation of the virus in such cases, but it has not been possible 
to demonstrate neutralizing antibodies in brain extracts or suspensions 
(4, 10). 

In the following experiments we investigated the fate of EEE  virus 
in the brains of mice possessing a solid cerebral immunity towards LCM 
virus. Since the two viruses are unrelated serologically, antibodies were 
not expected to complicate the picture. 

Table 2 gives the results of 6 titrations. I t  shows that the interference 
observed was similar in degree to that  in tolerant mice in spite of the fact 
that  the brains of the latter animals as a rule contain considerable amounts 
of active LCM virus. Judging from the average incubation and survival 
periods, there still was some interference on the 37th day after i. c. chal- 
lenge with LC~  virus. The length of the interval between the primary 
s. c. infection and the i. c. challenge did not appear to influence the degree 
of interference to any great extent. 

28* 
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T a b l e  2. T i t r a t i o n  o f  E E E  v i r u s  i n  t h e  b r a i n s  o f  L C M - i m m u n e  
( n o n - t o l e r a n t )  m i c e  a n d  n o r m a l  c o n t r o l s  

( E x p e r i m e n t s  1 - -  6) 

Expe- 
rhnent 

No. 

Days 
between 
s.c. and 
i.e. in- 

oculation 
of LCM 

virus 

Days 
between 
i.c. chal- 

lenge with 
LCM and 
i.c. titra- 

tion of 
EEE virus 

1 

2* 

3 

4** 

5 

6 

14 

148 

30 

16 

148 

16 

12 

12 

12 

15 

35 

37 

t LD~0 of EEE 
No. virus when 

of mice titrated in 
per the brains of 

decimal 
dilution LC~M[- [ 
of virus im- normal 

mune mice 
mice 

10 

11 

10 

l0  

10 

8 

M e a n  v a l u e s  ( E x p e r i m e n t s  1 - -  4) 

7.0 

6.7 

6.7 

7.1 

6.8 

7.6 

6.9 

7.8 

7.3 

7.1 

7.7 

7.1 

7.4 

7.5 

Average 
incubation 

period (hours) 

Average 
survival 

period (hours) 

LCM- 
im- 

reline 
mice 

LCM- 
ira- no~nal 

mune mice 
mice 

71 53 

93 56 

79 61 

65 58 

73 66 

61 45 

77 57 

89 

130 

112 

94 

l l l  

105 

106 

normal 
mice 

82 

87 

91 

77 

94 

75 

84 

* Of 14 pa r a l l e l  m i c e  t e s t e d  4 c a r r i e d  t r a c e s  of  LC~[  v i r u s  in  t h e i r  b ra ins .  

** T h e  b r a i n  of  1 o u t  of 10 pa ra l l e l  mice  c o n t a i n e d  a t r a c e  of  L C M  vi rus .  

T a b l e  3. T i t r a t i o n  o f  E E E  v i r u s  i n  t h e  b r a i n s  o f  L C M - i m m u n e  
( n o n - t o l e r a n t )  m i c e  v a r i o u s  p e r i o d s  o f  t i m e  a f t e r  i . c .  c h a l l e n g e  

w i t h  L C M  v i r u s  

( E x p e r i m e n t  7) 

Days 
after i.c. 
challenge 

with LC~5* 

3 

7 

14 

21 

28 

35 

42 

I LDso of EEE virus 
when titrated** in 

the brains of 

�9 LCM- rmal I mi Te n~ 

Average 
incubation 

period (hours) 

LCM- normal 
immune mice 

mice 

6.2 

6.7 

7.2 

7.4 

7.0 

7.3 

7.4 

7.9 97 51 

7.6 78 61 

8.1 64 53 

7.7 66 56 

7.0 63 57 

7.6 62 53 

7.8 56 53 

Average survival 
period (hours) 

LCM- 
immune 

mice 

132 

114 

91 

91  

91 

9O 

92 

normal 
mice 

Tests for LCM 
virus in the brains 
of LCM-immune 

parallel mice 

No. 
tested 

85 4 

83 4 

79 4 

81 10 

83 10 

80 10 

80 10 

No. 
positive 

3 t  

0 

i t  
0 

0 

0 

* 31 d a y s  a f t e r  s. c. i n f e c t i o n  w i t h  L C M  vi rus .  

** U s i n g  8 m i c e  p e r  d e c i m a l  d i l u t i o n  of  v i rus .  

? O n l y  t r a c e s  of  v i r u s  d e t e c t e d .  
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Infec t iv i ty  tests carried out with brain  suspensions from parallel  
LCM-immune mice in Exper iments  2 and  4 showed that ,  by  the 12th and  

15th day, only a small  percentage of the animals  tested still carried trace 
amounts  (4) of active LCM virus in their  brains.  

The d iminu t ion  of the interference with t ime was s tudied more syste- 
mat ical ly  in  Exper iment  7 presented in  Table  3. There was a moderate 
antagonis t ic  effect towards E E E  virus on the th i rd  day  after i. c. challenge 
with LCM virus, when 3 of 4 parallel mice still harbored very small  quant i -  
ties of LCM virus in their  brains.  The effect decreased gradual ly  in  the 
following two weeks, bu t  a low degree of interference was still evident  

Table 4. T i t r a t i o n  of E E E  v i r u s  in  t h e  b r a i n s  of m i c e  v a r i o u s  
p e r i o d s  of t i m e  a f t e r  s . c .  i n o c u l a t i o n  w i t h  LCM v i r u s  

Days ] 
after s.c. I 

inoculation [ 
with LCM [. 

virus I 

LD~, of EEE 
virus when 

titrated* in the 
brains of 

LCM:- 
treated 
mice 

normal 
+ mice 

3 7.1 

7 5.9 

14 " 7.6 

21 6.9 

26 7.7 

* Using 8 mice per 

Average survival 
period (hours) 

Average 
incubation 

period (hours) 

LCM- normal treated mice mice 

71 51 

66 47 

50 51 

55 50 

53 51 

7.7 

7.2 

7.9 

6.8 

7.8 

decimal dilution of virus. 

LC~- 
treated normal 
mice mice 

101 69 

100 70 

78 74 

84 86 

80 82 

Tests for LCI~ 
virus in the blood 

and brains of 
parallel miee 

LCiV[- normal 
treated mice 
mice 

2/10 0/10 

5/10 1/10"* 

O/lO O/lO 

** The brain of 1 out of 10 mice tested contained a trace of active virus 
which failed to cause symptoms but  produced cerebral immuni ty  in 1 of 
3 test animals. 

on the 42nd day, when the experiment  was discontinued.  The results of 
infect ivi ty  tests of the brains of parallel  mice indicate t ha t  persisting 
infectious virus was not  responsible for the phenomenon.  

I n  these animals,  the virus content  of the brains was unexpectedly  low 
on the th i rd  day  after i. c. challenge with LCM virus. There was no definite 
evidence of virus mul t ip l ica t ion after challenge, which is in  disagreement 
with the observat ions referred to above (1). The explanat ion  m a y  be tha t  
mice from different stocks react differently towards LCM virus (6). 

Inter/erence with E E E  virus in the brains oJ non-tolerant 
mice injected s. c. with LCM virus 

Since s. c. infection with LCM virus usual ly  takes a mild course in 
mature  mice, it  appeared unl ikely  t ha t  the virus would affect the central  
nervous system in  a high percentage of such animals.  This has been con- 
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f i rmed b y  the  in fec t iv i ty  tes ts  recorded in Table  4, in which the  perfused 
brains,  wi th  one except ion,  were non-infect ious 3, 7, and  14 days  af ter  
inoculat ion.  

I n  spi te  of this  fact ,  there  was s l ight  in terference wi th  E E E  virus  on 
the  3rd d a y  and a s t ronger  effect on the  7th  day ,  which r a p id ly  decreased 
thereaf ter .  This is in cont ras t  to the  resul ts  ob ta ined  wi th  mice chal lenged 
i. e. wi th  LCM some t ime  before the  t i t r a t i on  of E E E  virus  (el. Tables  2 

and 3). 

Table 5. D u r a t i o n  of c e r e b r a l  i m m u n i t y  in  m a t u r e  ,n ice  i n f e c t e d  
s . c .  w i t h  LCS~ v i r u s  

R e s u l t  of  i. c .  i n o c u l a t i o n  w i t h  2 p e r  c e n t  m o u s e  b r a i n  s u s p e n s i o n  

E x p e r i -  D a y s  a f t e r  I i m m u n i z e d  m i c e  n o r m M  c o n t r o l s  
merit s . c .  i n -  t 
N o .  o c u l a t i o n  acce l e r -  d e a t h  i n  n o  ! aece l e r -  d e a t h  or 

w i t h  L C M  / N o .  k i l l e d  i n  
v i r u s  / t e s t e d  a t e d  c o n -  s y r u p -  N o .  a t e d  

r e a c t i o n  v u l s i o n  t o m s  r e a c t i o n  vulsionC~ 

14 

46 

88 

131 

203 
[ 

19 

61 

118 

148 

9 0 

9 2 

9 9 

10 10 

i0 0 

lO 0 

9 9* 

9 : 0 

54 :~ major i ty  
I 

[ 

9 9 0 

7 9 0 

0 9 0 

0 I0 ~ 0 

__L% ~ 
10 i0 " 0 

0 9 0 

: : 

9 

9 

9 

10 

8 

10 

9 

9 

9 

* Slightly ill with ruffled fur on 2nd and 3rd day, no tremors or convulsions, 
rapid recovery; clear difference between immunized mice and controls. 

Duration o[ cerebral immuni ty  in mature mice 
in/ected s. c. with L C M  virus 

I n  order  to fac i l i t a te  a correla t ion of the  interference phenomenon  
with  the  du ra t ion  of the  specific i m m u n i t y  resul t ing from s. c. infect ion 
wi th  LCM -virus, we present  in Table  5 the  resul ts  of two exper iments  in 
which groups of mice were t e s ted  for cerebra l  i m m u n i t y  di f ferent  per iods  
of t ime  af ter  s. c. in jec t ion  of 0.2 ml. of a 2 pe r  cent infect ious mouse 
bra in  suspension.  

As the  t ab le  shows, the  i m m u n i t y  was s t rong a t  f i rs t  bu t  waning r a the r  
rapidly .  This  resul t  is in l ine wi th  previous  ones (7). Numerous  mice wi th  
a decreasing i m m u n i t y  showed a non- fa ta l  accelera ted  react ion af ter  a 
shor tened  incuba t ion  per iod (7, 4). There  were indica t ions  in bo th  experi-  
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ments that, after a period of decline, the immunity gained strength again. 
This observation requires confirmation by further tests. I t  may be con- 
nected with differences in the virus content of the suspensions injected i. c., 
although this is not a very convincing explanation. 

To test the degree of antiviral immunity under standard conditions is 
a difficult task. As Tables 3 and 4 show, the titer of the same suspension of 
EEE virus may vary by about 1 log when tested at different times under 
identical conditions. The variation is somewhat less with suspensions of LCM 
virus, which have much lower infectivity titers. Experience has shown that, 
in the case of these two viruses, the use of deep-frozen or lyophilized brain 
suspensions does not e]iminate the fluctuations in titer. 

Discussion 

There is no evidence suggesting that some unknown latent virus was 
causing the interference with EEE virus reported above, although one 
can never be quite certain that such an agent is not present. The search 
for another virus in the virus suspensions nsed and in the test animals 
has been unsuccessful. 

Even though the degree of the interference was of a low order, there 
can be little doubt about its significance if one considers the data as a whole. 

In evaluating the role of the interference phenomenon as an immunity 
factor in non-tolerant mice the possibility should be taken into account 
that the interfering effect may be much greater towards the homologous 
virus than towards a heterologous agent like EEE virus. This is indicated 
by the finding (ll) that  in tolerant mice there was no evidence of multipli- 
cation of the challenge virus following i. c. inoculation of about one million 
IDs0 of an LCM strain distinguishable from the carried strain on account 
of its pathogenicity for new-born mice. I t  is not feasible to perform such 
an experiment with non-tolerant animals because in them specific anti- 
bodies impede the interpretation of the results. One may further assume 
that the duration of the effect against the homologous virus is longer 
than that  towards an unrelated one. I t  is therefore likely that the inter- 
ference phenomenon plays some part in the immunity of non-tolerant 
mice also, especially in its early stage. The results of recent studies on 
the immunity of mice towards EEE virus (12) suggest that  a similar 
mechanism is prevailing there in spite of the fact that  antibody production 
is much more marked than in LCM-immune mice. 

The degree of interference with EEE virus was about the same in 
tolerant mice, whose brains always contain active LCM virus, as in non- 
tolerant animals, the brains of which were either not infectious or contained 
only traces of virus. I t  appears therefore that infectious LCM virus is 
not required to bring about the state of relative refractoriness. We have 
thus far been unable, however, to demonstrate an interferon (2) by the 
use of tissue culture methods. Despite this failure we believe that  a sub- 
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stance of this sort is involved. The data given in Tables 3 and 4 can be 
interpreted in this way. In the first ease (Table 3) an interferon was pos- 
sibly produced in the brain securing there an effect of relatively long 
duration. In the second case (Table 4), the substance may have arisen in 
other organs and reached the brain indirectly at the time of maximum 
production. This may account for the shorter period of effectiveness in 
the central nervous system. The rapid subsidence of the interference during 
the second week after s. c. inoculation of LCM virus, when the antibody 
titer no doubt was still rising, indicates that LCM antibodies did not cause 
the antagonistic effect towards EEE virus. 

The interference factor was able to make mice refractory to infection 
with small amounts of EEE virus and to retard the progress of the disease 
in animals infected, but it could not stop the encephalitis at a certain 
point. Among the many mice tested we have not seen a single animal 
recover and there were no inapparent infections followed by specific 
immunity. The phenomenon described here differs in this respect from 
the mechanism prevailing in mice infected with EEE virus and treated 
with specific immune serum Of medium potency (8). 

Summary and Conclusions 
EEE virus was titrated in the brains of mice infected or immunized 

with LCM virus and in normal controls. There was slight but definite 
interference in the former animals. 

The interfering effect was about the same in tolerant mice infected 
congenitally with LCM virus, whose brains contain considerable amounts 
of active virus, as in non-tolerant mature animals infected experimentally, 
the great majority of which did not carry detectable quantities of LCM 
virus in their brains. The interference thus appeared to be independent 
of the amount of infectious LCM virus present in the central nervous 
system. I t  lasted longer in mature mice infected subcutaneously and chal- 
lenged intracerebrally with LCM virus than in those inoculated sub- 
cutaneously only. 

I t  has not been possible by the use of tissue culture methods to demon- 
strate an interferon in brains in which interference occurred. In spite of 
this negative result a substance of this kind appears to be involved. 

The possible role of the interference phenomenon as an immunity fac- 
tor in non-tolerant mice is discussed. 

References 
1. Haas, V. H.: J. infect. Dis. 94~ 187 (1954). 
2. Isaacs, A.,  and J. Lindemann: Prec. Roy. Soc. B 147, 258 (1957). 
3. Reed, L. J., and H. Muench: Am. J. Hyg. 27~ 493 (1938). 
4. Rowe, W . P . :  U.S. Naval Med. Research Institute, Bethesda, Md., 

Research Rep. 12 167 (1954) (Project NM 005 048.14.01). 



Interference with EEE Virus in the Brains of Mice 427 

5. Traub, E.: J. exper. Med. 63, 847 (1936). 
6. Traub, E.: J. exper. Med. 64, 183 (1936). 
7. Traub E.: J. exper. Med. 687 229 (1938). 
8. Traub E.: Z. Immun.  Forsch. 117~ 70 (1959). 
9. Traub E.: Zbl. Bakt. I Orig. 177~ 472 (1960). 

10. Traub E.: Arch. Virusforschung 10, 289 (1960). 
11. Traub E.: Arch. Virusforschung 10~ 303 (1960). 
12. Traub E.:  Z. Immun.-Forsch. (in press). 
13. Traub E., and F. Kesting: Zbl. Bakt. I Orig. 1667 462 (1956). 

The author is indebted to Miss Friedel Kesting for m efficient technical 
assistance. 


