
f 

H!TR cr:::uc~~ 

Bats are an e v oluti on a r i l y ole gr c u p cf flyin g mammals 

under the order Chi r optera a nd in te r e s ting f rom several points 

o f vie w. The abili ty o f echo l ocation by ultrasoni c s c un 6 waves, 

htbernation and aesti vat j o n in extreme weather c on C: i tio ns , 

ability o f t he females t o store s perrratozo a fo r l ong tirre s in 

their genital trncts are on l y a few of the several peculiar . 

charac t eristics of these aninals (Ye ung , 1962 ; Wimsatt, 1977). 

It was also known since the e arly fifties that bats harbc ur 

seve ral dr eadful pathogenic b acte ria (Klite , 1965; Ar ata et al, 

1968; Constantine et al, 1970 ) , v iruse s like r ubbi e s (Soave , 1966; 

Smith e t .al , 1 967; Fischman and 'd c: r d , 1 968 ; Co r rea- Giron et 2 .!' 

1970 ) , Jap anese B encephal itis (Sulkin et al , 1963 , 1966a, 1966b, 

1970a, 1 97 0b ; !'-:iura ~ al, 1970 ; P..l len et al , 1970) , St. Louis 

ence: hal itis ane rran y other arth ropo0 berne arboviruses (I t o 

and Saito , 1952 ; Sulkin, 1962 ; Banerj e e e t 21, 1984 ); epide mio­

logi cal · a ssoc iat ion between bats and myc otic agents like Hi s to-

p lasma capsulatu~ etc. was a lso s hown (Klite a nd Young, 1965). 

Hov1eve r , n·ost of these studies chief l y emr,hasizec on the car rier 

rol e of bat s . Althcu gh t he bats car ry such p athogens, they do not 

US\Jal ly manifest any apparent s ynptoms o f t he d iseases (Queiroz-

Lima,l934; Pawan,l936; Bums et al, 1956 ; s mith e t al,1967:sulkin ----- ..... _ ....... ........, 



and Allen, 1970 ) . This fact alone makes these animals an 

interesting subject for immunological analyses. However, a 

systerr.atic approach towards the problem of irrmunity in bats 

was lacking. 
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Reports on the immune systen of bats started to come 

when different groups of workers (Heck, 1965; Sulkin ~ al, 

1966a,b; Leonard et al , 1968; Hatten et al, 1970) made investi­

gations on the production of humoral immunity in bats against 

experime ntally inoculated JBE or ¢x 1 74 viruses . Although no 

clear evicenc e of the presence of complenent fixing antibodies 

in bats wa s obtained , naturally occurring antibod ies detected 

by haemagglutination inhibition test to group B arboviruses 

in bats was repor t ed (Whitney, 1963; Williams ~ al , 1964; 

Stanley and Choo, 1964 ; Pavri and Singh , 1965) . One important 

finding by Leonard and his co- workers (1968) was that these 

animals have both 19S and 7S types of immunoglobulins, but 

the irrn ,une response was quantitatively def icient as compared 

to guinea pigs . McMurray and co- >vorkers (1978, 1979, 1981, 

1982) reported both humoral and cell mediated immune resp onses 

in bats i n terw.s of blast transformations and other parameters 

<r1ct-t:urray et aL 1978 , 1979 , 1982; Greer and McMurray, 1981). 

A systemati c app r oach to analyse the immune system and 

in·n:une responses in bats was attenpted by Chakraborty and 



Chakravarty (1983 ) who denonstrated that bats, while being 

ranked as a grc up of evolutionari ly old mammals, possess a 
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wel l defined i rrmune system almost si~ilar t o that of the 

p r i rr-ates . A stuc y of the c ntogency of t he primary lymphoid 

organ thymus reveal ed a remarkable age dependent involution 

j u s t l i ke in human (Chakraborty and Chakravarty, 1 98~. 

Analyses of t he secon d ary lympho id organs l i ke spleen and lymph 

n odes o f the Indian fruit bat Pteropus gigan~ showed the 

p resence of highly o rgan ized white p ulps in spleen and lymph 

nodes of norma l animals and of we ll d ifferentiated germinal 

centres in immunized animals (Chakrab o rty and Chakravarty, 

1984a) . The o rganization of the lymph o i d ce l ls in these 

secondary lympho i d o rgans resemble very rr.uc h the situation in 

t he h i <;re r p r imates. 

In s p i te of their posses sion o f well evclved and well 

o rganized lympho i d organs , b ats s how a significant delay in 

the onset and re ach ing t he peak o f imn,une respon se (Chak raborty 

and Chak r a varty, 1984b ) . Antibody media t ed immune response as 

measured by p laque forming cell (PFC) assay was f ound to 

persist for a l onger period and both the B-mercaptoethanol 

{BME) sensitive p rimary a n d BME resistant secon d ary responses 

were observec with a single antigenic challen ge unlike the 

o the r animals which usually require a booste r challenge for 



the p r oduction of secondary respon se . Cell mediated immunity 

in these animals wa s also expres se d at a les ser degree 

(Chakraborty, 1982), reaching a peak with a similar delay as 

in case of humoral response . 
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The understand ing of the mechanism of the delayed onset 

and decay of immune responses of bats is yet at minimum. Cell 

t ypes, their interactions an•ong themselves and with ubiquitous 

factors in plasma may likely play crucial roles. Thus,a critical 

characterization of the different types of immunocompetent cells 

and their interactions in bats nee ds to be initiated. 

The immunocompetent cells of h i gher verteb rates are the 

B a nd T lymphocytes and other accessory cells like macrophages 

and follicular dendritic cells. These cells can be categorized 

on the basis of their differential adhess i bility to plastic 

substratum and nylon wool fibres . The macrophages have been 

shovm to possess a h igh surf ace adhessibili ty to glass, plastic 

and several othe r substrata including Sephadex ano Latex beads. 

(Sj obe rg et al, 1972; Ly and Mishell , 1974; Lee et al, 1976; 

~teinman et al , 1979). The follicular dendritic cells are also 

knavn to possess similar a dhessive property (Steinman et al, 

1979) . Thus in the present study atte JTpts were made to isolate 

the se cell types on the b asis of adhession to plastic surface. 



Jul ius and his co- v10rkers U 973) showed that murine T 

and B ce lls diffe r in the i r surface adhessiveness to nylon 
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wool fibres and that thi s differential surface adhessibility 

can be u sed successfully t o separat e the T lymphocytes from t he 

more adhessive B lymphocytes . Since then, seve ral workers have 

used columns of nylon woo l fibres to separate the T and B 

lymphocytes of mou se , h uman and other mammal s (Handwerger 

e t al , 19 74; Trizio a nd Cu dkowicz , 197 4 ; Tada, 1977 , Tada 

et al , 19 78) . Simi lar p r ocedures may also be appl ied in case 

·of t he i mmunocompetent cells of bat t o see whether they can be 

categorized acco r ding to their differential cell surface 

a dhessiveness . 

The i mmunocompet ent cell types not only differ in their 

adhessibi l ity and f unc tion, bu t are also dis t i n guishable by 

means of their characteristic ce 11 surf ace morphology . This is 

why several workers in t he past have used the scanning electron 

microscope (SEM) to s tudy t he different immunocompetent cell 

t y pes {Li n et al , 1972; Polliack et ~~ 1973a, b; Lin and 

Wallach , 1974 ; Al exander and Wetzel , 1975; Alexander ~ ~~ 

19 76 ; Newell et al , 1976; Roath et al, 1978) . Studies with 

~urine and human lymphocytes from no rmal peripheral blood and 

tissues as well as from abnonnal ti ssu e s including tumou rs and 

other cell lin es (Wi l son and Nossal , 1972: Hol t et al, 1972; 



Polli ack and De Harven, 1975; Polli cck et al, 1975, ' 1981; 

Kwock ~ al, 1976; Polliack ~ al, 1981} revealed detailed 
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and characteristic surface morphology of the immunoconpetent 

cells. Polliack and his associates rep orted the presence of 

cell surface microvilli on the B lymphocytes while the T 

lymphocytes were shown to possess a comparatively smooth cell 

surf ace (Lin ~ al, 1972; Polliack ~ ~' 1973a, 1973b, 1975, 

1976; Lin and 'l'lallach, 1974; Polliack c.nd CeHarven , 1975). 

Even s or e ne cp l a stic cells of B lyn p h c cyte origin revealed the 

presence of surface nicrovilli, while SOIT~ leukenic cells of 

T lymphccyte origin demonstrated a smooth cell surface (Polliack 

and DeHarven, 1975; Polliack et al, 1981, 1983). This was also 

supported by immunofluores cence and other n icrosc cpic techniques 

(Sciorra and Eckert, 1974; Fagraeus et al, 1 974; DeHarven et al, 

1975; Reyes ~ al, 1975; Vila and Taub, 1975; Padnos , 1976; 

Mas c n et al, 1977; Renau-Piqueras, 1978; Renau-Piqueras and 

Knecht, 19 79; Pclliack and Garr.liel, 1983 ) . Wetzel and co-\-.rorkers 

(Wetzel ~ al, 1974; Alexander and ~etzel, 1975). Barber and 

Burkho l der (1975) Kwock and co-wc rkers (1976) and Newell and 

associates (1 976) stressed the inpc rtanc e of type c f fixation, 

temperature and other parameters fe r the study of cell sur face 

rrorpho logy. Kwock and associates (1 976) a lso r e p o r ted that some 

a lterations in the surface topography of lymphocytes may be 

caused by the use of nylon wool cclumns. 



The macrophages have been well c haracterized by their 

possess i o n o f irregular surface morphology and different types 

of pesudopodial projections (Albrecht ~ al, 1972 & 1978; 

Besis , 1973; Brynes ~ al, 1976). There is another type of 

accessory cells, the follicular den dritic cells , vhich are 

known to p l ay major r o les in trappin g and modification of 
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antigens and possi bly retention of antigens for long t i me 

before presenting t hem t o the lymphocytes (Noss al et al, 1968a, 

1968b ; Steinman et al , 1973, 1974a, 19 74b , 1975 , 1978; Klaus 

e t al , 1980 ; Van Rooi jen, 1980 ) . 

Thus the scanning electron nicroscopic study would help 

t o characterize and distinguish the different immunocompetent 

cel l t ype s of bats . 

Besi de s t he cel l surface char acteristics , i mmunoreactive 

cells in highe r vertebrate s al s o d iffe r by several cel l surface 

a ntigenic markers . B lymphocytes have characte ri s tic immuno­

g lobul in {Ig ) markers on the ir cell surface ( Raff ~ al, 1970, 

19 71 ; Wilson~~ al , 1971; Rabellino e t al, 1971 ; Padnos, 1976). 

T lymphocytes lack this marker, b ut possess o ther s pecific 

ce 11 surf ace antigens such as e o r Thy 1 , and Ly in mouse, 

CD in human etc (Reif and Alle n, 1964 ; Sh aw, 1987; Roitt, 1988). 

Simi larly, macrop h ages of monocytic origin possess c h aracteristic 
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Mac-1 or-2 surface markers in ~ouse (Klaus et al, 1983). Thus, --
characte rizatio n of different types of immunocompetent cells 

of bat on the basis of cell surface markers have been l ocked 

into in the present investigation . B lyrrphocytes in peripheral 

blood and second ary lympho i d organs of ~an and mou se bear 

predominantly IgM or IgG and also IgD molecules {Papamichail 

et al , 1971; Pernis et al, 1971; Cooper and Lawton, 1972; 

Froland and Natvig , 1972; Teale et al, 1980; Lafrenz et al , 

1986 ; . As because b e th IgM and IgG med iated i~mune re sponses 

have be e n derronstrated in the bats (Le onard ~ al, 1968; 

Chakraborty , 1983a ) , the Igi1 and I gG bearing cells in bats 

equivalent t o B lyn~hocytes have b e en investigated in the 

p rese nt study with f luorochrome conjugated antibodies to bat 

IgM and IgG. 

Next, the immunocorrpetent cell types of bat bearing 

Thy-1 type of surface antigen were characterized with anti­

Thy-1 type serum. Raising of anti bat t h ymocyte se rum is 

diff icult because of total invo lution o f thy mus in adult bats 

(Chakrabort y and Chakravarty, 1984c!) , but it is known that Thy-1 

is of ten shared by brain cells in d ifferent vertebrates (Re i£ 

and Allen, 1964; Acton et al, 1974; T rowbri dge et al, 1975; 

Mansour and Cooper, 1975; Williams et al, 1976) and it has also 

been shown that the Thy- 1 molecule has been highly c onserved 

duri ng evolution (Cambe ll e t al , 1981; Cotrrore et al, 1981; 
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Mackenzie et al , 1981 ; Williams and Gagnon , 1982; Mans cur et al, -- --
1985 , 1987 ; Sha lev et 21• 1985 ) . Golub (1971, 1972 ) raised anti-

mouse brain serum in rabbit and employed it successfully to 

i dent ify the mouse thymocytes . Later, anti- brain Thy-1 serum 

have been u sed by several workers to detect T lynphocytes of 

many vertebrates (Claggart et al, 1973; Acton et al, 1974; 

Morris~! al, 1975; Cotmore et al , 1981). Chakraborty and 

Chakravarty (1983~ t ook a dvantage of this fact by absorbing 

the rabbit anti- bat lyrr.phocyte serum with bat brain homoge nate 

and s howed a different i a l susceptibility o f the lynphocytic 

cell population of bat to t his pre- absorbed anti serum, and 

suggested a possible d ichotomy of lymphocytes in t he line of B 

and T cells . In the present investigation, Thy-1 type antigen 

bearing lymphocytes of bat have been i dentified by their 

susceptibility t o anti- bat brain serum, and then localization 

of these cell types in seco ndary lyrrphoid organs have : 

been studied afte r repeated injections of the serum in the bat 

and mak ing histological preparatio ns of s p leen and lymph nodes 

f r c rr t he anti serum treated bats. Such stud ies for anatomic 

compartmentalization of _B ana T Cells and their differentiation 

in lymphoid organs were attempted in mo u se , rat and lizard 

(Parrot and De Souza, 1966 , 1969, 1971; Howard et al, 1972; 

Bhan et al, 1975 ; Gutman and We i sman , 1972 ; Pitchappan and 

Muthukk aruppan, 1977b; Barclay, 1981; van Ewijk ~ al, 1981 , 



Re use e t a l , 1982) . In man , recent immunofluorescence and 

histological observations of pri n ary and secondary lympho id 
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organs frorn n ornal subjects as we l l as patients with T or B 

cel l def i ciency have yielded important inforrr•ation regarding 

t he T depen~ent and B dependent regions in these organs (Lamelin 

e t al , 19 78; Seymour e t a l, 1980; Bhan et al, 1980; Poppema 

~ al , 1981 ) . 

For characte ri z ation o f nou se and human inmunocorrpetent 

cells , transmission e l ectrc n microsc opy (TcM) h as been used 

since e a rly 1960 ' s (Zucker- Frankl in, 1963, 1969 ; Inman and 

Coope r , 1963; r-~ovat and Fernan do , 1964 , 1965; McFarland and 

Heilman , 1965 ; Harri s et al , 1966; Hurr~ler et al , 1966 ; 

Heinige r , 1967 ; McFarland , 1969 ; Tanaka and Gooc~an, 1972; 

Be s is, 1973) . Analysis of ce l lular and nuc lear volume frc m 

se rial ultrasectic n s reveal ed a significant differen ce between 

thymic and lymph no de lymphocytes of mice (Heiniger, 1967 ) . 

Later, the u se c f s1,ec ific antibcdi es coupled to ferritin, 

horse raddish pe r cxidase an d s uch other elec t ron den s e marke rs 

r eso lved two d istinc t p opulati ons B and T cells {De Petris 

et al , 1963; De Petris a nd Ka r l sbad , 1965; Storb et al, 1969; -- -
Reyes and Bach , 1971 ; Murphy~ al , 1972 ) . Using this technique, 

Matter a n d h i s a s s ociates (19 7 2) distinguished different stages 

o f diffe rent iat ion of B and T cel l s de pen ding on cell size and 

cellular c on tent of o r ganelles . 



Cohn and his cO- \'lorke rs (Cohn and Benson, 1965; Colm, 

Hirsch and Fedorko, 1966) and o thers (Sutton, 1967; Chapman 
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et al, 1967) studied the structure and di f ferentiati o n of 

mo nocytes and ~acrophages under the TEM. Further study of the 

structure and fate of several subcellular organelles in the 

macrophages were also made (Cohn, 1968; Nicho las et 21, 1971; 

Allison et al, 1971 ) . Allison and his co-\·tOrkers (1 9 71 ) studied 

in detail the f o r mation of pseudopodia, t he striking and c harac­

t e r i stic feature of macrophages. To our knowledge there is as 

yet no report on the fine structure o f the immunocompetent cells 

of bat and so, attempts were made in the present investigation 

t o study the fine structure of these cells by transmission 

e lectron miscroscopy . 

Summarily , the present study attenpts first to iso late 

the different types of immunocompete nt cells from the secon dary 

lymphoid organs of the Indian fruit bat, Pteropus giganteus 

on the basis of their differential cell surface adhessibility 

to plastic and n y lon wool . The subsets of imrrunore active cells 

thus i s olate d are further analyzed by scanning electron micro­

sc opy t o reveal t he cell surface topog rap h y . Then the different 

c el l p opulati ons are c haracterized wi th reference to cell surface 

ma r kers such as IgM, IgG and Thy-1. An a t omical c onpartrr.entali­

zation of B and T cell t ype, is studied by rabbit anti Thy-1 

type serum in ~· Finally, transmission electron micro scopy 

is used to reveal ultrastructural characte ristics and o r g aniza­

tion o f the immunocompe tent cells in situ. 


