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The existence of local cellular immunity on secretory surfaces 
has been recently recognized. Like the humoral arm, it seems to 
function, at least partially, independently of systemic CMI. How
ever, because of technical reasons, progress in this area has been 
slow, since it is difficult to obtain lymphoid cells in sufficient 
quantities from secretions. In addition, although various function
al assay systems have been developed for determining CMI, their 
significance in terms of delayed hypersensitivity (DHS) in vivo is 
not clear. 

Development of the Concept of Local CMI. Initial demonstra
tions of the existence of CMI on a mucosal surface came from studies 
in which animals sensitized to an antigen by the parenteral route 
were found to react to local challenge with the recall antigen in 
the form of aerosol (1,2). Galindo and Myrvik (3) showed that 
pulmonary CMI could be elicited in rabbits by intravenous BCG 
administration, whereas by the subcutaenous route mainly systemic 
CMI was produced. This was probably the first demonstration of the 
compartmentalization of local and systemic CMI. That this local 
CMI could be correlated with protection in vivo came from the work 
of Yamamoto et al. (4). They showed tha~in BCG immunized animals, 
lung cell CMr-correlated with protection against infection with 
Mycobacterium tuberculosis, whereas CMI in sensitized lymphocytes 
from the peritoneal cavity did not. Kabe et al. (5) demonstrated 
local DHS to inhaled candida antigen when guinea pigs were previous
ly immunized with extracts of C. albicans. 

Assaying macrophage migration inhibitory factor (MIF) , Henney 
and Waldman (6) were able to demonstrate directly the de novo 
stimulation of CMI in the respiratory tract. Using dinitropheny-
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lated human IgG, they immunized guinea pigs either locally (nose 
drops) or parenterally. A CUI response of the secretory surface of 
the lower respiratory tract was determined and compared to the 
systemic CMI response. Splenic lymphocytes from animals which were 
immunized subcutaneously strongly inhibited the migration of nor
mal guinea pig macrophages in the presence of antigen; but cells 
obtained from bronchial washings from these animals exhibited 
little or no inhibition of macrophage migration (Table 1). In 
animals immunized locally, on the other hand, splenic lymphocytes 
showed virtually no inhibition of macrophage migration; but bron
chial lymphocytes strongly inhibited macrophage migration in the 
presence of antigen. Thus local immunization stimulated signifi
cantly greater local CMI than did parenteral immunization. In 
essence, these studies established both the presence of respiratory 
tract CMI as well as its independence from systemic CMI. 

Local ClII to Various Pathogens. The independent existence of 
local GMI in the respiratory tract against microbial pathogenic 
organisms has been demonstrated in human volunteers (7). It was 

Table 1. Effects of intranasal (nose drops) and intracutaneous 
(footpad) immunization on the production of HIF by 

splenic and bronchial lymphocytes 

Uean Macrophage Migration Inhibition 
Time After Stimulation by Lymphocytes After Immunization by 

Days Nose Drops Footpad 

Lymphocytes from Spleen 

11 5.1 ± 4.5a 57 ± 6.9 
15 5.0 ± 5.2 58 ± 3.8 
19 10.0 ± 4.7 62 ± 9.6 
26 5.0 ± 3.2 11.5 ± 4.0 

Lymphocytes from 
Bronchial Washings 

11 60 ± 7.7 0 
15 59 ± 9.0 31 ± 3.5 
19 26 ± 6.5 0 
26 8.2 ± 5.5 0.5 ± 0.2 

aMean of six determinations and standard error of mean. 

Data taken with permission from Reference number 6. 
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Table 2. Inhibition of migration of macrophages (HIF) by 
Bronchoalveolar (BA) and peripheral blood (PB) cells 

in the presence of purified protein derivatives 
(PPD) of Mycobacterium tuberculosis 

Results of PPD 
Skin Test 

Positive 

Negative 

Number of 
Volunteers 

17 

8 

PB Cells 

36.9 (±4.9) 

8.1 (±4.l) 

~ean % inhibition (±SE of mean). 

Taken from Reference number 7 with permission. 

BA Cells 

40.2 (±4.9) 

6.7 (±3.7) 

observed that both circulating and bronchoalveolar cells from 
volunteers with positive DHS gave positive in vitro evidence of 
CMI against ~ tuberculosis antigens, but those people with nega
tive DHS did not. The existence of CHI in mumps skin test positive 
individuals also could be demonstrated in the in vitro system using 
the HIF test (Table 2). 

Local cellular immunity arlslng from application of live atten
uated mycobacteria is of longer duration compared to that generated 
from killed vaccine (8). Six weeks after immunization with killed 
mycobacterial cells by the systemic or local route, there was no 
evidence of MIF production (Table 3). On the other hand, after 
live BCG administration, high levels of local activity were de
tected at 6 weeks, although this had waned by 8 weeks. These re
sults could not be explained on the basis of local immunization 
leading to local irritation and infiltration of lymphocytes into 
the lung, since cell counts and histologic studies revealed no 
difference between the animals immunized locally and animals immun
ized systemically. 

CMI in the lower respiratory tract against influenza virus 
could be best elicited by aerosol immunization, whereas following 
the parenteral route, mainly circulating CMI was demonstrated 
(Table 4). 

Barclay et al. (9) demonstrated that aerosol immunization, led 
to protection-;gainst M. tuberculosis aerosol challenge, whereas 
parenteral immunizatio;-did not. The aerosol route of immunization 
was shown in that study to be without adverse side effects and led 
to a small degree of tuberculin skin reactivity. Using pseudomonas 
lipopolysaccharide preparations, Reynolds ~ al. (10) demonstrated 
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preferential development of local CMI after intranasal imnunization, 
compared to the systemic route, although the duration of this local 
immunity was found to be transient. Local elicitation of CHI has 
been accomplished using also Listeria monocytogenes and Streptococcus 
pneumoniae (11). 

Table 3. Comparison of response to BCG (live) and H37a (killed) 
tuberculosis vaccine 

Source of Mean Inhibition of 
Vaccine Route Lymphocytes Hacrophage Migration 

2 weeks 4 weeks 6 weeksa" 

BCG Footpad Splenic 34 ± 122 32 ± 9 40 ± 10 
H37Ra Footpad Splenic 42 ± 13 38 ± 9 5 ± 3 
BCG Nasal Pulmonary 36 ± 10 50 ± 5 32 ± 5 
H37Ra Nasal Pulmonary 31 ± 12 27 ± 8 1 ± 1 

aFollowing immunization. 

bMean percentage inhibition (±SD). 

Data taken with permission from Reference number 8. 

Table 4. Inhibition of migration of macrophages by bronchoalveolar 
(BA) and peripheral blood (PB) cells in the presence of 

influenza virus antigens 

Route of % Migration Inhibition a 

Immunization Volunteers PB Cells BA Cells 

Subcutaneous 11 
Before Immunization 9.9 (±6.3) 12.3 (±10.5) 
After Immunization 30.2 (±6.8) 20.4 (±6.0) 

Aerosol 9 
Before Immunization 6.1 (±5.3) 4.9 (±2.7) 
After Immunization 17.5 (±7.6) 32.7 (±9.2) 

a 
Mean percentage inhibition (±SE of mean). 

Taken with permission from Reference number 7. 
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The dichotomy between local and systemic GMI can be overcome 
by administration of a large amount of antigen, as was shown in 
guinea pigs which were immunized either systemically or locally in
to the respiratory tract (12)_ Parenteral inoculation at a dose 
of influenza virus vaccine adjusted by weight equivalent to that 
used in human immunization led to the development of circulating 
antibody and to CMI, as determined by the MIF assay, in splenic 
lymphocytes. After local immunization with nose drops, local cell
ular and humoral immunity developed, but there was only a slight 
systemic immune response. After a large dose of antigen, equivalent 
to 10 times the usual dose given to immunize humans, CMI developed 
in both the bronchial washing and splenic lymphocytes in the paren
terally immunized animals. Humoral immunity, however, maintained 
the same patterns as in the animals which received the lower dose 
of vaccine, i.e., locally immunized animals developed mainly local 
antibody and parenterally immunized animals developed mainly sys
temic antibody. The inhibition of macrophage migration activity 
had disappeared or was greatly reduced in both the splenic and 
bronchial wash lymphocytes by 28 days; however, the influenza
neutralizing antibody persisted through this time. Therefore, these 
studies indicate that by administration of a large amount of antigen 
parenterally, the compartmentalization may be overcome and both 
systemic and local CMI can be elicited. Furthermore, it showed that 
local or systemic CMI may be relatively short-lived compared to 
the antibody response and it may wane by 4 weeks. This raises the 
question of memory of local CMI to infecting or immunizing agents 
and this will be discussed below. 

Employing the techniques of lymphocyte transformation and re
lease of MIF, the development of rubella-specific CMI was examined 
in peritoneal exudate cells and spleen and in nasopharyngeal and 
bronchial lymphoid cells after subcutaneous or intranasal adminis
tration of live attenuated rubella vaccines in guinea pigs (13). 
CMI after subcutaneous administration of rubella virus was charac
terized by activity in the spleen and peritoneal exudate cells, 
without any detectable response in the bronchial lymphoid cells. 
Intranasal immunization resulted in the development of CMI in 
bronchial lymphoid cells, with little or no response by peritoneal 
and splenic cells. Appearing at 2 weeks, peak CMI was attained at 
4 weeks, and no specific MIF or lymphocyte transforming activity 
was detectable at 6-8 weeks. These data once again indicate the 
independence of local CHI and its short duration. 

Local and systemic CMI against transmissible gastroenteritis 
(TGE) virus was investigated by Frederick and Bohl (H). This 
coronavirus infects the epithelial cells of the small intestine 
of swine. CMI in the lamina propria and spleen was studied in 
animals exposed to TGE virus orally. Fourteen of 15 swine pre
viously infected by TGE virus were positive by the indirect MIF 
assay, both by lamina propria and spleen cells. In terms of 
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lymphocyte reactivity, lamina propria cells were significantly 
more reactive than splenic cells. Similarly, animals injected sub
cutaneously with TGE virus had splenic cells with significantly 
more cellular response than did their lamina propria cells. This 
CMI in orally exposed swine was undetectable at about 7-10 months 
in both the local and splenic sites. 

As noted above, an overwhelming dose of antigen administered 
systemically can lead to a local CMI response. Another method for 
stimulating a local response following injection of the usual dose 
of antigen is stimulation of the mucosal surface by a non-cross
reactive protein (15). A single low antigen dose of dinitropheny
lated human garnrnaglobulin given locally via the intratracheal route 
was sufficient for stimulation of bronchial, but not of splenic CMI 
in guinea pigs. Alternatively, a low antigen dose given intra
venously resulted in splenic but not respiratory CHI. However, 
under these conditions, the bronchial cell population could be 
rendered sensitive to the systemic antigen provided sensitization 
was accompanied by a nonspecific local stimulation with bovine 
serum albumin given intratracheally simultaneously with the intra
venously administered antigen. 

Local CMI and Organized Lymphoid Tissue. Studies have been 
reported regarding CMI of lymphocytes derived from local organized 
lymphoid tissues. Nelson et al. studied the cytotoxic effector cell 
function in organized lymphoi~tissue of the gut (GALT) in guinea 
pigs (16). GALT lymphocytes formed rosettes with rabbit RBC and 
responded to mitogens like PHA, Con A and P~1. In the presence 
of PHA they were cytotoxic for erythrocytes and mastocytoma targets 
in vitro and functioned poorly in the antibody dependent cytotox
icity test, though they bound aggregated y-globulin. Thus, the 
local gut lymphoid tissues in T-cell dependent mitogen induced CMI, 
but are not well-endowed with a strong effector cell population for 
antibody mediated cytotoxicity. In rats, in another recent study 
using a quantitative assay system and histologic criteria, it was 
shown similarly that all known sUbpopulations of T-lymphocytes in
volved in the graft versus host reaction are present in Peyer's 
patches (17). 

Levin et al. studied the sequence of development of Peyer's 
patch CMI in rats after local infection with Trichinella spiralis 
(18). They observed that blastogenesis of lymphocytes to the worm 
antigens could be detected in mesenteric lymph nodes draining the 
gastrointestinal tract within 3 days after infection, whereas the 
Peyer's patch reactivity developed 2-3 weeks later concomitantly 
with spleen and other lymphoid tissues. Furthermore, it was observed 
that the Dn response in the Peyer's patches was only transient. 
It is possible that Peyer's patch cells responded by production of 
lymphokines, which were not looked for in this study. Alternatively, 
the observed lack of responsiveness may have been due to the pre-



CELL-MEDIATED IMMUNITY 81 

sence of suppressor T-cells, which are known to characteristically 
appear early in an immune response (19). 

Smith and Schultz showed that milk lymphocytes respond to 
mitogens and antigens (20) in cows and dogs, using PHA, Con A and 
PWH, and Gram-negative lipopolysaccharide (LPS). In addition, they 
showed that when the animals were specifically sensitized with 
tuberculin or infected with infectious bovine rhinotracheitis 
virus they had antigen sensitive lymphocytes in their milk. In 
general, there was no correlation between the responsiveness of 
these lymphocytes and that of peripheral lymphocytes. Harked 
variations in responsiveness of milk lymphocytes from different 
quarters of the same animals and between animals were observed. 
Recent studies in rats indicate that "natural" transplantation of 
cells takes place via ingested colostrum and milk in offsprings, 
giving similar consequences as those observed when cells cross the 
placenta (21,22). This implies that the cells or cell products 
can cross the gut wall in the neonate and thereby can confer upon 
the infant many immunological attributes (22-26). Therefore, it 
has been postulated (27) that the passive transfer of CHI for a 
short period of time in the neonate (when they are probably in a 
state of tolerance to their mother's cells) may playa significant 
protective role through the use of the mother's antigenic experience 
until the infant gains immunocompetence. Some substances in the 
milk might have a masking or immunosuppressive effect allowing 
cells to enter the offspring's system and not initiate a host ver
sus graft response (28,29). 

Local CHI in Genital Tract. Hany immunologists felt that the 
development and acceptance of the fetal "graft" in the uterus is 
possible because this organ does not possess as developed a cap
ability to mount transplantation immunity as other parts of the 
body. That this might not be the case appears from two lines of 
evidence originating from the studies of the fetal - maternal re
lationship: a) the trophoblast is an ineffective transplantation 
antigen, thus explaining its acceptance and development as a natural 
"graft" on the endometrium; and b) the uterus requires special 
conditions under which the endometrium acts as a recipient of the 
blastocyst: 1) a high level of estrogens, 2) specific sites on 
the endometrium and 3) specific stage of maturation of the blasto
cyst. Thus, it is conceivable that the uterus is far more dis
criminating in acceptance of the fetal "graft" than is generally 
believed. 

Other mechanisms have been advanced in order to explain the 
acceptance of allogenic fetuses by the uterus. Suppressor T cells 
which may inactivate immune lymphocytes which arise at the graft 
site have been implicated (30,31). Another proposed mechanism is 
the presence of a "blocking factor", which blocks the effector 
function of lymphocytes. In pregnant mice such a factor has been 
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identified (32). 

In order to investigate whether the uterus has a developed 
capability to mount cellular immune reactions, Beer, Billingham 
and associates placed free tail skin grafts or suspensions of 
viable epidermal cells in the traumatized uteri of isologous rat 
hosts. They noted that unless a state of excess estrogen is es
tablished at the time of transplantation, the graft failed to 
develop. They were able to transplant vaginal "skin" in the uterus 
of rats maintained in chronic estrus, which when once established 
could survive indefinitely without further hormone excess. These 
investigators also noted that they could cause monodispersed sus
pensions of epidermal cells to implant and establish small epi
dermal plaque in the uterus only at sites predisposed to a~cept 
conceptuses. They also obtained evidence for a "memory" response 
by the uterus (33-35). 

Cooperation Between Local, Humoral and Cellular Immunities. 
The cooperative nature of local antibody and CMI is suggested by 
the study of Jakab and Green (36). They immunized mice with 
bacteria and subsequently infected them with Sendai virus.- During 
the height of the bronchial inflammation and pulmonary consolidation, 
they challenged the mice with radiolabeled homologous or hetero
logous bacteria. They observed that viral infection of nonimmunized 
animals significantly suppressed the bactericidal capacity of the 
lung. This viral-induced suppression could be abrogated by prior 
immunization with the homologous bacteria. Immunization of animals 
not infected with Sendai virus led to enhanced homologous and hetero
logous bactericidal activity. 

Cooperation between T and B-cells in mucosal lymphoid tissues 
has been suggested in another recent study (37) using tonsillar 
lymphocytes in vitro. It was observed that human B lymphocytes 
obtained from tonsils did not proliferate when stimulated with P~1 
unless a soluble factor produced from T cells was present in cul
ture with P~ stimulated B cells. The P~ treated supernatant in
duced a plaque forming cell response to sheep RBC. It is conceiv
able that a similar synergism might exist in vivo in mucosal lym
phoid organs. 

Memory: Significance of Local CMI: Although local CM! has 
been established, there is little data regarding a secondary CMI 
response on secretory surfaces. Guinea pigs, immunized with killed 
influenza vaccine by nose drops, given a second dose of the vaccine 
35 days later, were observed to have MIF production by the mucosal 
lymphocytes earlier than that in the primary response (38). In 
animals immunized by nose drops no pulmonary lfIF activity was found 
2-3 days after primary immunization, but a mean inhibition of 23% 
was seen 2-3 days after boosting (p < 0.01). There was, however, 
no significant difference in the intensity or duration of the 
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booster as compared to the primary response (Table 5). Since eMI 
appears as early as 2-3 days following antigen exposure of a pre
viously sensitized animal, protection may be a result, not of en
during immunity, but of the rapid activation of immune lymphocytes 
following reintroduction of the organism. This also serves as a 
mechanism for re-priming the immune system. By its very nature 
local immunization onto a mucosal surface may lead to very brief 
contact between the immunogen and the immunocompetent cells. This 
might explain the often observed phenomenon of a weak secretory 
immune response in terms of both humoral and cell-mediated immunities. 
Therefore, a reasonable approach for prophylaxis may be to administer 
the antigen repeatedly in order to reach and maintain a satisfactory 
level of immunity. 

Various cellular factors of non-specific immunity play signi
ficant roles with regard to host defense mechanisms on mucosal sur
faces. The most significant in this category is the phagocyte. 

That this non-specific immunity arising from macrophage acti
vation can protect against unrelated infection has been demonstrated 
by Raettig et al. (38) after local oral immunization with inacti
vated Salmonella enteritidis in mice. These animals later challeng
ed with virulent ~ typhimurium showed significantly reduced 
mortality compared to the immunized challenged controls. These 
animals also showed enhanced resistance to viral challenge, which 
was accompanied by enhanced phagocytic function of their peritoneal 
and alveolar cells. These observations suggest that this non
specific immunity arising from specific stimulation can be utilized 
in an amplified manner for protection against a variety of un
related pathogens. 

Another-very interesting aspect of non-specific activation of 

Table 5. Immunologic memory of alveolar lymphocytes after 
secondary antigenic stimulation with influenza vaccines 

Route of Source of Inhibition of Macrol2hage }figration, % 
Vaccination Lymphocytes Primary Secondary 

2d 4d 14d 28d 2d 4d 14d 28d 

Nasal Lung 3 20 35 10 24 20 28 40 
Spleen 2.5 10 2 13 20 5 42 12 

Footpad Lung 2 3 30 10 15 12 15 10 
Spleen 2 18 5lf 30 23 28 25 16 

Data taken with permission from Reference number 38. 
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macrophage in the intestinal tract emerges from work of Gadol ~ 
al. (39). The study was designed to assess macrophage migration 
inhibitory factor production in orally immunized animals after ad
ministration of cholera vaccine. Culture fluids of intestinal 
cells from both the controls and immunized animals contained HIF 
activity in the absence of apparent antigenic stimulation. This 
could be due to constant stimulation of gut lymphocytes by bacterial 
ant.igens and/or endotoxin to produce HIF and other lymphokines 
normally associated with cell-mediated immunity. Similar reports 
have been made by Levin with normal Peyer's patch cells producing 
chemotactic factor (40). These findings certainly attest to the 
possibility that local mucosal surfaces, being normally exposed to 
external antigenic stimulation, especially the lung and the gut, 
remain in a state of constant activation and this may play an 
important role in the defense of the normal animal. A great deal 
of work is, therefore, being done exploring potential agents capable 
of eliciting this non-specific immunity, either acting directly on 
macrophages or via lymphocytes (e.g., bacteria, especially myco
bacterial cell wall fractions, chemical agents like isoprinosine, 
levamisole, vitamin C, etc.) which can be usefully employed for 
protection against a variety of diseases including neoplasms (41-
44). 

REFERENCES 

1. Huber, H., Douglas, S. D., Huber, C. and Goldberg, L. S., Int. 
Arch. Allergy Appl. Immunol. 41: 262, 1971. 

2. Pernis, B., Arch. Environ. Health 10:289, 1965. 
3. Galindo, B. and Myrvik, Q. N., J. Immunol. 105: 227, 1970. 
4. Yamamoto, K., Anacker, R. L. and Ribi, E., Infect. Immun. 1: 

595, 1970. 
5. Kabe, J., Acki, Y. and Miyamoto, T., J. Allergy iI: 59, 1971. 
6. Henney, C. S. and Waldman, R. H., Science 169: 696, 1970. 
7. Jurgenson, P. F., Olsen, G. N., Johnson, J. E., III, Swenson, 

E. W., Ayoub, E. M., Henney, C. S. and Waldman, R. H., J. Infec. 
Dis. J28: 730, 1973. 

8. Spencer, J. C., Waldman, R. H. and Johnson, J. E., III, J. 
Immunol. 112: 1322, 1974. 

9. Barclay, W. R., Busey, W. M., Dalgard, D. W., Good, R. C., 
Janicki, B. W., Kasik, J. E., Ribi, E., Ulrich, C. E. and 
Wolinsky, S., Amer. Rev. Resp. Dis. 107: 351, 1973. 

10. Reynolds, H. Y., Thompson, R. E. and Devlin, H. B., J. Clin. 
Invest. 21: 1351, 1974. 

11. Hand, W. L. and Canter, J. R., J. Clin. Invest. 54: 1125, 1974. 
12. Waldman, R. H., Spencer, C. S. and Johnson, J. E., III, Cell. 

Immunol. 3: 294, 1972. 
13. Horag, A., Beutner, K., }forag, B. and Ogra, P. L., Fed. Proc. 

33: 787, 1974. 
14. Frederick, G. T. and Bohl, E. H., J. Immunol. 116: 1000, 1976. 
15. Nash, D. R. and Holle, B., Clin. Exp. Immunol. 13: 573, 1973. 



CELL-MEDIATED IMMUNITY 

16. Nelson, D. L., Bundy, B. M., Blease, R. M. and Strober, W., 
Cell. Immunol. 11: 165, 1976. 

17. Vuitton, D., Eloy, R., Gosse, F., Pousse, A. and Greiner, J. 
F., Experientia 11: 526, 1977. 

85 

18. Levin, D. M., Ottesen, E. A., Reynolds, H. Y. and Kilpatrick, 
C. H., Infect. Immun. 13: 27, 1976. 

19. Gershon, R. K., Cohen, P., Henlin, R. and Leibhaber, S. A., J. 
Immunol. 108: 586, 1972. 

20. Smith, J. W. and Schultz, R. D., Cell. Immunol. 28: 165, 1977. 
21. Beer, A. E. and Billingham, R. E., Ann. Int. Med:-83: 865, 

1975. 
22. Beer, A. E. and Billingham, R. E., in The Immune System and 

Infectious Disease, 4th Int. Convoc. Immunol., Buffalo, N.Y., 
p. 33, S. Karger, Basel, Switzerland, 1975. 

23. Beer, A. E. and Billingham, R. E., Adv. Immunol. 14: 1, 1971. 
24. Beer, A. E. and Billingham, R. E., Sci. Amer. 230:-36, 1974. 
25. Beer, A. E., Billingham, R. E. and Head, J., J. Invest. Derm • 

.§l: 65, 1974. 
26. Beer, A. E., Billingham, R. E. and Yang, S. L., J. Exp. Med. 

135: 808, 1972. 
27. Hellstrom, E. I., in Immunobiology (Edited by Good, R. A. and 

Fisher, D. W.) Sinauer Assoc. Inc., Stanford, Conn., 1971. 
28. McDevitt, H. o. and Landy, U., Genetic Control of Immune 

Responses, Acad. Press, N.Y., 1972. 
29. Olding, L. B., Benirschke, K. and Oldstone, M.B.A., Clin. 

Immunol. Immunopath. 3: 79, 1974. 
30. Olding, L. B. and Old~tone, I1.B.A., Nature 2Lf 9: 161, 1974. 
31. Hellstrom, I. and Hellstrom, K. E., Nature 230: 49, 1971. 
32. Beer, A. E. and Billingham, R. E., J. Exp. Med. 132: 721, 1970. 
33. Beer, A. E. and Billingham, R. E., J. Reprod. Fertil. (Suppl.) 

21: 59, 1974. 
34. Beer, A. E., Billingham, R. E. and Hoerr, .R. A., Transplant. 

Proc. 1: 609, 1971. 
35. Jakab, G. T. and Green, G. 11., J. Clin. Invest. ~: 2876, 1973. 
36. Insel, R. A. and Merler, E., J. Immunol. 118: 2009, 1977. 
37. Gadol, N., Johnson, J. E., III and Waldman, R. H., Infect. 

Immun. 9: 858, 1974. 
38. Raettig~ H. , Develop. BioI. Std. 11: 13, 1976. 
39. Levin, D. H., Rosenstreich, D. L., Wahl, S. 11. and Reynolds, 

H. Y., J. Immunol. 113: 1935, 1974. 
40. Spencer, J. C., Ganguly, R. and Waldman, R. H., J. Infect. 

Dis. 136: 171, 1977. 
41. Kirchner, H., Hirt, H. M. and Munk, K., Infect. Immun. 16: 

9, 1977. 
42. Tomasi, T. and Calvanico, N., Fed. Proc. ]2: 617, 1968. 
43. Waldman, R. H. and Ganguly, R., Ann. N.Y. Acad. Sci. 284: 153, 

1977 . 
44. Coulehan, J. L., Reisinger, K. S., Rogers, K. D. and Bradley, 

D. W., N. Eng. J. Ued. 290: 6, 197 Lf • 


