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Summary 

Icelandic sheep were injected intracerebrally with visna viru,% wh/ch produces a 
persistent infection of the CNS accompanied by encephalomyelitis and focal de- 
mydinating lesions. Studies were conducted on two groups of sheep, with short-total 
infections (25 sheep sampled 1-3 months after infection) and long-term ivtcctions 
(14 sheep sampled 5-6 years after infection). Quantitative determination of CSF 
immnogiobulin levels 5 years after hafeetion indicated that IgM concentration wa~; 
usually elevated, IgG2 was occasionally elevated and lgGl was rarely elevated. CSF 
ofigoclonal bands were seen in about half the sheep examined 5 years after ;~nfection. 
T~,er¢ was a correlation between high titers of CSF antiviral antibody and both 
elevated CSF lgM concentration and CSF oligoclonal bands. Serum/CSF IgG1 
ratios indicated that the blood-brain barrier was apparently intact in long-term 
visna infection, consistent with intrath~w.al synthesis of IgM and of antiviral anti- 
body. The alterations in CSF immunoglobulins in visna re, scmble those found in 
other" persistent CNS virus infections and in multiple sclerosis. 
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Introduction 

Visna is a chronic encephalomyelitis with occasional focal demyelinating lesions 
caused by a persistent infection by a naturally transmitted retrovirus of sheep 
(Gudnadottir 1974; Haase 1975; Narayan et al. 1977; Petursson et al. 1978; 
Nathanson et al. 1980). We have underhaken a series of studies (Georgsson et al. 
1977, 1978; Petursson et al. 1976, 1978, 1980; Nathanson et al. 1979,, 1980) of the 
pathogenesis of visna following irtracerebral virus injection of Icelandic sheep, 
which are particularly susceptible to thi:, disease. 

The present report de,;cribes the level of immunoglobulin clasms (IgM, IgA, IgGl, 
and lgG2) and the presence of oligcclona' bands in the cerebsc,~pinal fluid (CgF) of 
sheep infected 1-3 monlhs and 5 years l:reviously and compares these findings with 
previously published data (Nathanson el ai. 1979) on CSF antiviral antibodies and 
cell counts ::n the same ~nimals. 

Since visaa represents a chronic CNS disease with a very irregular course ~nd 
since the lesions are focal and may exhibit primary demyelination, the CSF findings 
provide an interesting comparison with CSF changes in multiple sclerosis (MS) and 
other chronic neurological diseases of humans. 

Materials and Methods 

The t, isna model 
Animals and most procedures havt.' been detailed in previous publications (Peturs- 

son et al. 1976; Georgsson e'. al. 1977; Nathanson et al. 1979) and will be only 
briefly noted here. Icelandic sheep are free of natural infection since visna virus has 
been ,eradicated from the whole country. The present report is has'.d on two groups 
of sheep, both inoculated intracerebrally with 106 TCDS0 of str...in 1514 of visna 
virus. One group (25 sheep) was examined I -3  months after infection and the other 
group (14 sheep) ,~,as examined 5-6 yearz after infection. 

All virus-injected animals were infected as documented both by virus isolation 
from CSF or buffy coat (many animals) and by an evolving s,.'rum ; ntibody response 
(all altimals tested for at least 3 months). Relatively few anitaals in this series 
develcped clinical paresis (cumulative 15~ in 5 years), although histological ex- 
amination of similar groups of sheep indicated that about 80~g showed characteristic 
CNS lesions of variable severity (Petursson et aL 1976). 

Imml'mog/obulin determinations 
Freshly coll~.cted pairs of samples (seram and CSF on the same animal) weft; 

frozen and held at - 7 0 ° C  until tested. Samples of 25-100 pl of unconcentrated 
CSF were assayed. Las~.r nephelometry (Hyland Division, Travenol Laboratories 
Inc., Costa Mesa, CA) was used to determine the concentration of each immunog- 
lobulin cla~s, using subclass-specific rabbit or goat antisera described previously 
(Verdouw-Chamalaun et al. 1977; Goudswaard et al. 1980). The sensitivity of the 
method was (/~g/ml)" IgGl, 3; IgG2, 25; IgM, 3; IgA, 10. 
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Electrophoresis 
Serum was tested neat but CSF samples were concentrated 50--100-fo~d by 

lyophilization. A commercial system (Panagel, Worthington, Freehold, N.~) was 
used. About "3 pl were applied and electrophoresis was run fo~ about 90 rain at 
300 V. Gels were fixed, washed, ~ad stained with Coomassie brilliant blue aco3rding 
to standard methods (Johnson and Nelson 1977). 

Presentation of data 
In presenting immunoglobulin levels, medians rather than means were u::~ 

because some sets of determinatic,ns did not follow a no;'mal distribution. 

Results 

Immuno$1ob~.lin levels 
Figure 1 shows immunoglobulin levels for .'.., groups of Icelandic sheep: normal, 

infected 1-3 months, and infected 5-6 years. In norma~ serum, median levels were: 
18(31, 20 mg/ml; IgG2, 5 mg/ml; IgM, 2.5 mg/.~d; and IgA, 0.1 mg/mL These 
values are consistent with those reported for other breeds of sheep (Verdouw- 
Chamalaun et al. 1977; Goudsw~trd et al. !980). Overall, visna i[~fection did not 
alter the levels of serum immunoglobtdin, with the exception of o modest increase in 
IgG2 (10 mg/ml) seen in long-terra infected !sheep. 

Median CSF immunoglobulin values ir~ normal sheep were-.: IgG1, 45 /~g/nd; 
IgG2, less than 25/ tg/ml;  IgM, less th~  3/~g/ml. IgGl provides a convenient 
measure of the ratios of serum to CSF imamnoglobulin concentration. As seen in 
Table l, this is about 400:1 in uninfected sheep, with a ravage of 280-780. A 
significant reduction in this value (less than 200) may reflect z~n alteration of the 
blood-brain barrier. 

Infected sheep have median IgC 1 conceutrations ~n both seru~'n and CSF which 
are shr."lar to those in normal sheep. Furthermore, as shown in Table 1, the IgGl 
serum/CgF ratio is not altered significantly in the two groups of visna-infected 
sheep, with the exception of a small number of samples (4/'32 shorl-term infections; 
i / 24  long-term infections.) These findings r,,'inforce other evidence that the blood- 
b~'ain barrier remains intact during persistent visna infect/on (Griffin et al. 1978a; 
Nathanson ¢t al, 1979). 

The CSF lgG2 median value was unchanged in short-term infected sheep. There 
was a inodest increase in median IgG2 in long-term infected sheep and 7/24 
~t..nples had wlues of 60 ~g/ml or more, well above the maximum seen in normal 

The most striking alteration in CSF immunogiobulin was the conctmtration of 
IgM. In sheep infected 1-3 months the median was 10 ~tg/ml and ~ / 3 2  (Tg~) of 
samples were above the nmximum normal value. IgM was also elevated in. sheep 
infected 5-6 years, but less markedly; 15/24 (62~) of samples were above the 
maximura normal value. Since normal CSF has an:lgM concentrationbelow that 
detectable in this system, it was not possible tt~ quantitate the extent of "the IgM 
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Fig. I. Immunoglobulin levels in serum and CSF of nortr~l ar.d visna-infected Icelandic sheep. Each 
panel shows individual and median values (top of shaded bars) for 3 groups of animals: N, normal; 
I/3M, infected !-3 months; I/SY, infected 5-6 years. For CSF the lower limits of sensitivity are 
indicated by broken lines. 

'FABLE I 

RATIO OF IgGI CONCENTRATIONS IN SERUM AND CSF OF NORMAL AND VISIt'A- 
INFECTED ICELANDIC SHEEP" 

Group No. of Median (pg/ml)  Ser~m/CSF Ratios 
san,pies median ratio" < 200" 
pairs Serum CSF 

No~mal 1,' 20,0GO 44 450 O/12 

Inflated i--3 months 32 22,000 25 !.000 4/32 

inft'cted 5-6 years 24 22,000 26 700 1/24 

" Ratios were calculated for each serum-CSF pair and median values then determined. Based on normal 
ratios (280-780), ratios less than 200 were c:-~nsidered abnormal. 
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TABLE 2 

OLICaC~LONAL BANDS IN SERUM AND CSF OF ICFL~NDIC SI'IEEP 5-6 YEARS AF'I'ER 
INFECTION WITH VISNA VIRUS" 

Bands in Location of bands No. o~ sheep = 

in dectropherogram 

Serum only 6 
Serum and CSF Similar 7 
Serum and CSF Dissimila~ 1 

Totals 1-4 

' Serum and CSF pairs collected and tested simultaneously. In many instances several pairs of spec/n~ns 
from a single sheep were tested. 

SERUM 

CSF 

SERUM 

I 

• 1 1 4  

Fig. 2. Olisocloaal bands in serum and CSF of visna-iufected sheep test~i 5-6 years ~fter infectioa. 
Serum and CSF ob~inod and ran simultaneously. Upper panel; Similar band in serum and ( ~ F  (155/); 
Middle pa~/ :  Bands in Ntmn, no bands in CSF (1551); Lower panel: Bands in both senm~ ax.d CSF, but 
~iff~reot pattern (t525~. Arrows mark bands. 
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elevations. In humans, normal CSF ha~ an lgM concentration of about 0.05 ~tg/ml 
(Nerenberg et al. 1978; Williams et al. 1978). This suggests that the considerable 
proportion of values of 3 / tg /ml  or greater (25/32 short-term and 15/24 long-term 
infected sheep) reprt:sent massive elevations of CSF IgM concentration. 

Oligoclonal bands 
A group of 14 sheep, infected 5-6 years previously by intracerebral inoculation of 

visna virus, were examined for evidence of ofigoclonal bands in serum and CSF. 
Unexpectedly, serum of all these sheep showed bands (Table 2 and Fig. 2). However, 
a comparison with normal Icelandic sheep showed that serum bands were present in 
most uninfected animals over 5 years of age but absent in sera of young uninfected 
animals (6 months of age). Therefore, serum bands cannot be considered a visna- 
specific phenomenon, 

c~I: electrophore,As showed evidence of bands in 8 of 14 animals infected 5 years 
previously (Table 2). Figure 2 portrays representative examples, showing one infected 
animal with bands confined to serum, a second infected animal with a similar band 
in both CSF and serum, and a third animal with different bands in serom and CSF. 
Since bands are never seen in CSF from normal sheep, this is clearly a visna.associ. 
ated phenomenon. The antigenic specificity or immunoglobulin class of CSF bands 
was not determined. 

Correlations 
In Table 3, CSF data are as~mbled on the 14 sheep with longstanding visna 

infections, to show fox each animal the parameters reported in this and a prior study 
(Nathanson et al. 1979). Several ooints emerge, (i) The ratio of lgGl levels in serurr~ 
and CSF indicates that the blood-brain barrier is probably intact in each sheep, 
since all ratios are greater than 200. (ii) The ratio of visna neutralizing antibody in 
serum and CSF is far below 200 in ! ! /14  sheep, suggesting that there is intrathecal 
synthesis of virus-specific antibody in most Icelandic sheep with chronic visna 
infection. (iii) CSF concentration of !gG! is within normal limits in all long-term 
infected sheep, while 18(32 is mocJestly elevated in S / i  I sheep, and IgM is mmkedly 
elevated in 8 / I  I sheep, (iv) CSF oligoclonal bands were detected in 8/14 sheep. 

When Table3 is examined for correlations between different parameters~ it 
appears that sheep with high CSF neutralizing ar~tibody titers tended to show 
elevated lgM concentration and oligoclonal bands, while the converse was seen for 
sheep with minimal CSF neutralizing antibody titers. Like~,ise, there is a correlation 
between elevated IgM concentrations ar~,d presen¢e of oligoclonal bands, while no 
bands were seen in the 3 sheep with lowest lgM leve!s. 

Discussion 

CSF immunogiobulins in visna 
From our studies (Petursson et aL 1976; Georgsson et al. 1977; Nathanson et al. 

1979) and those of Griffin, Narayan and colleagaes (Griffin et al. 1978a, b), several 
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geaerai points emerge in regard to the CSF in this persistent virus infection of the 
CNS. 

(a) The blood-brain barrier apparently remains intact even though there is a 
chronic focal inflammatory process in the neuroparcnchyma and a modest elevation 
in CSF cell cxmnts. 

(b) CSF titers of antiviral antibody are elevated far above the levels which would 
be generated by pasfive diffusion of serum antibody in animals with an intact 
blood-brain barrier. 

(c) CSF immunoglobulins show a class-specific elevation, the most striking being 
the early and persistent elevation of IgM. lgGl (the dominant subclass in serum and 
in normal CSF) is rarely el,-.vated, but there is a modest increase in 18(32 in some 
long-term infected sheep. These findings differ somewhat from those of Griffin et al. 
(1978a) who observed a pers~;stent elevation of IgG (subclass not determined) and a 
transient elevation of IgM, reminiscent of the changes seen in an acute encephalitis. 
such as louping ill (Reid et al. 1971). 

(d) These data are consistent with the chronic intratheeal synthesis of antiviral 
antibody and of lgM ant/body. The presumed source of intrathecal antibody 
synthesis in visna-infected animals is the plasma cells which are prominently 
represented in the inflammatory CNS lesions of visna (Georgsson et al. 1977; 
Nathanson et al. 1979). The present elevation of CSF IEM concentration suggests a 
chronic antigenic stimulus, and this is consistent with the persistence of visna in the 
CNS throughout the lifelong infection (Petursson et al. 1976; Petursson et al. 1978; 
Petursson et al. 1980). 

(e) Marked variation between sheep is :men in all CSF parameters even though the 
animals were infected with an identical dose of a single strain of virus. This is 
pe.rfinent in evaluating patient-to-patient variation in multiple sclerosis and other 
chronic neurological diseases of unknown etiology. 

Questions which require further study include the immunoglobolin class-specific 
titer of visna antibodies and the immunoglobulin class and antigenic specificity of 
oligoclonal bands. 

CSF immunogioBu/i#s in other viral infections of :he CN$ 
More attention ha~ been given to the CSF in mbacute sclerosing panencephalitis 

(SSPE) than to any other persistent viral ini'¢~tion of the CNS. In SSPE the 
blood-brain barrier remains intact (Cutler et ,'d. 1970), and the CSF measles 
antibody titer is high relative to serum antibody (Connally 1972; Mehta et at. 1977) 
indicating intrathecai synthesis of ~,~tibody. CSF immu,~oglobulin quantitation 
(Cutler e~ al. 1970; Mingioli et al. 1978) usually shows an elevation of total lgG 
(often 4-8-fold normal) but not of total lgM, in contrast to visna. Ofigocional 
immunoglobulin bands are common in the CSF in cases of SSPE and the majority of 
these can be absorbed with measles antigens (Vandvik et al. 1976; Mehta et al. 
1978). 

From studies of visna, S3PE, and other viral infections of the CNS (Morgan 
1947; McFarland et al. 1972; Gerhard and Koprowski 1977), a general picture 
emerges of ~hich the most important fe, atures appear to be migration into the CNS 
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of B ceils responsive to antigens of the infecting virus whi]s~ the bk~od-braia barrier 
retains its integrity to serum proteins. 

CSF immunoglobulins in multiple sclerosis (MS) 
The CSF findings in visna show a number of paralie|.q with the findings in I~LS 

(Johnson and Nelson 1977). 
(a) In MS there may be an elevation of any immunog~obufin class, ~nd 18M 

concentration is often high (Thompson 197~; Mingioli et al. ~978; ~l~,~enberg et aL 
1978; Wilfiams et al. 1978). 

(b) In MS there are plasma cells in fecal lesions and evidence of local imml,-no- 
globulin synthesis (Sandberg-Wollheim 1974: Williams et al. 1978). 

(c) In MS over 80~ of patients show oligoclonal bands (Williams ct aL 1978; 
Olsson and Nilsson 1979). 

These findings have been construed as ccmsistent with the hypothesis that MS is 
associated with a persistent CN$ infection (Johnson 1975). The paralle|s between the 
CSF changes in visr.a and those in MS bolster this line of reasoning and constitute 
an important reason for detailed study of this slow viral disease of sheep. Such 
comparisons could help to understand confusing pilenomena in MS .guch as {he 
occurrence of electrophoretically restricted antibodies against a aumber of human 
viruses (Norrby et al. 1974; Nordal et al. 1979). 
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