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w m ik m

ft T in u la  ir id e s c e n t v iru s  (TIV ) in fe c t io n /  in  the  le a th e r ja c k e t,

T inu la  o leracea (L inn ae us), in v e s tig a te d  in  an attem pt to  assess

whether TIV m ight he s u ita b le  as an agent fo r  th e  b io lo g ic a l c o n tro l o f 

le a th e r ja c k e ts . These in se c ts  are a g r ic u ltu ra l p e s ts , and a t present are 

c o n tro lle d  by chemicals which o ften  a f fe c t  many haim less and b e n e f ic ia l 

organisms. The in v e s t ig a t io n s  were m a in ly  concerned w ith  the mode of 

transm iss ion  of the v iru s  and i j i t h  e f fe c ts  o f the environment upon the 

disease in  the in s e c t.

Techniques f o r  the assay o f TIV were devised, A response-time 

method, which in vo lve s  measuring in cu b a tio n  periods in  T IV - in je c te d  

la rv a e , d id  no t g ive  s a t is fa c to ry  estim ates of TIV t i t r e s  unless la rge  

numbers cf la rvae were used. There appears to  be wide v a r ia b i l i t y  in  the 

s u s c e p t ib i l i ty  o f  la rvae  to in fe c t io n  w ith  T lV , which a lso  l im i t s  the 

p re c is io n  o f TIV estim ates by the usual LD50 method. A n tib o d y -se n s itise d  

la te x  p a r t ic le s  were used to  de tect and assay la rg e  concen tra tions o f TIV.

A l l  stages in  the 1 i f  e -cyc le  o f _T. o le racea . except the embryo, 

were found to  be su sce p tib le  to  TIV. Ir idescence  was observed in  in fe c te d  

la rva e  in  a l l  fo u r  in s ta rs ,  in  pupae, and in  a d u lts  o f  both sexes.

The transm iss ion  o f TB^ from in fe c te d  to  n o n - in f ected 1 eat her ja cke ts  

was demonstrated. I t  is  sug^’ested th a t TIV is  tra n s m itte d  m in ly  by 

n o n -in f ected la rvae  feed ing  upon the cadavers o f in fe c te d  la rv a e , and th a t 

a new genera tion  becomes in fe c te d  by feed ing upon the cadavers o f  in fe c te d  

fo u r th - in s ta r  la rvae  from the p rev ious gene ra tion .



T IV -in fe c te d  la rva e  were shovm to  excre te the v ir u s ,  hut no t in  

q u a n t it ie s  which are l i k e ly  to  serve as a source o f in fe c t io n ,  as

le a th e r  ja cke ts  o n ly  become in fe c te d  per os i f  a la rge  dose of v i iu s  is

ingested. In a c t iv a t io n  of the v iru s  by the gut f lu id s  was considered as

a possib le  reason fo r  i t s  low in f e c t i v i t y  when ingested  by the la rva e ,

bu t the in f e c t i v i t y  o f a TIV suspension was found to  be un a ffec ted  by

la r v a l gut f lu id s  in  v i t r o .

I t  was shown th a t the ra te  o f TIV re p lic a t io n  is  markedly a ffe c te d  

by tem perature, and i t  i s  suggested th a t th e  disease develops most ra p id ly  

dur ing the  warmest months o f  th e  yea r, w ith  a very  slow ra te  o f 

development in  w in te r .

TIV was found to  be a f a i r l y  s ta b le  v ir u s ,  the in fe c t  i v i t  ie s  o f v iru s  

suspensions a t 20^, 5^ and -16^ g ra d u a lly  d e c lin in g  over a pe riod  o f  one 

yeo r.

I t  i s  concluded th a t in v e s t ig a t io n s  in to  the c o n tro l o f le  a t her ja cke ts  

w ith  TIV m erit support, a l th o u ^  i t  i s  poss ib le  t l ia t  the  in i t ia t i o n  o f 

TIV e p izo o tic s  may prove to  be a d i f f i c u l t  ta sk . Some o f the  problems 

which might be encountered in  a programme of b io lo g ic a l c o n tro l are 

discussed.



GUTEHAL INTRODUCTION

A. " LITERATURE HEVILT/

T inu la  i r i descent v iru s

TIV was f i r s t  re p o rted  by Xeros ( l9 5 4 ) in  the 1 eat her j  socket, T in u la  

•paludosa ( lie ig e n ). I t  was so named because in  la te r  stages o f the disease 

the in fe c te d  fa t  body appears ir id e s c e n t pu rp le , b lue and/or green in  

re f le c te d  l i g h t ,  and orange in  tra n s m itte d  l ig h t *  A p e l le t  of, the  v iru s  

is  s im i la r ly  ir id e s c e n t (W illia m s  and Smitla, 19 57) ; d iffe re n ce s  in  co lou r 

have been ascribed to  the  degree o f  h yd ra tio n  o f  th e  p e l le t  (W illiam s and 

Smith, 1957) and the  species o f host in se c t in  which the v iru s  was grown 

(Smith and H i l l s ,  1959). T IV -in fe c te d  l e a th e rja cke ts  ha\re been found in  

England (Xeros, 1954 and 1956), Scotland (Dunn, 1966) and France (Tago, 1968) 

TIV has been stucbAed in  a mmber o f la b o ra to r ie s  in  recen t yea rs , and 

many o f i t s  p ro p e rtie s  are now laiown. An unusual p ro p e rty  of t i l l s  v iru s  

is  th a t i t  ^  pears to  have a ve ry  wide host range. In  a d d it io n  to  

_T. -paludosa la rv a e , i t  has been found in  _T? naaana ( lle ig e n ), marmorata 

(ke igen) and T_. h o rtu la n a  (lle ig en ) (S tew art, 1969), and i t  is  probable th a t 

many o ther t ip u l id  species are in fe c te d  in  na ture . _T. oleracea (L innaeus), 

l iv id a  (Van der Wulp) and o ther u n id e n t if ie d  species o f  T ip u la  have been 

in fe c te d  w ith  TIV in  the  la b o ra to ry  (Smith and R ive rs , 1959). The -v irus 

has a lso  been shorn to  be in fe c t iv e  f o r  other menhers o f the D ip t era , e .g . 

the la rv a  o f the b lu e b o tt le  f l y ,  C a llip h o ra  vo m ito ria  (L innaeus), and a lso 

fo r  members o f o the r o rders, e .g . the la rv a  o f  the cabbage w h ite  b u t te r f ly ,  

P ie r  is  b rass icae (Linnaeus) (Lep idop to ra ) and the la r v a  o f  the mealworm,

Ten£brio m o lito r  (Linnaeus) (C o le o p tc ra ). C e ll cu].tu rc s  o f the emperor



gum moth. Antheraea e u c a ly n ti (S c o t t ) ,  have a lso  been in fe c te d  w ith  TIV 

(îîiücuhara and Hashimoto, 1967).

B a ile y , Gibbs and Woods (l9 7 0 ) gave the v iru s  cryptogram (Gibbs e t a l .  

1966) fo r  TIV as d /2  : 126 /l5  : S/s : l / ^  (see fo o tn o te ) ,  a lthough va rio u s  

workers have g iven d i f fe r e n t  values f o r  the percentage o f  DITA in  the v i r io n .  

Sm ith, J.D . (unpub lished, quoted by Sm ith, K . I . ,  1958b) gave a fi^m re  o f 

about 15^' M A , but va lues o f 12.4P (Thomas, 1961 ) ,  16 / ( A l l is o n  and Burke, 

1962), 17/  ( G l i t z ,  H i l l s  and R ive rs , 1968) and 19/^ (Kalm akoff and Tremaine, 

1968) have a lso been obta ined.

There are a ls o  c o n f l ic t in g  re p o rts  concerning the diameter o f the 

v ir io n .  These are p robab ly  due, a t le a s t in  p a r t ,  to  d i f fe r e n t  s ta tes  o f 

"die v ir io n s  du ring  measuranent, A rnd t and Beeman (unpub lis lied , quoted by 

K lug, F ra n k lin  and Humphre;;^ -  Owen, 1959) estim ated tlie  diameter o f TIV 

p a r t ic le s  in  suEpension to  be 180 nm, whereas Thomas ( l9 6 l )  found the 

diameter of the fre e z e -d r ie d  p a r t ic le  to  be 130 nm. W illiam s and Smith 

( 1957) a lso  obta ined a value o f I 30 nm by measuring the  sm allest c e n tre - to -  

cen tre  d is tance o f two p a r t ic le s ,  Xeros ( 1954) quoted a f ig u re  of 100 nm, 

and H i l l s  and Smith ( l9 5 9 ) one o f 144 nm. There i s  no doubt, however, th a t 

the  TIV p a r t ic le  i s  la rg e  compared w iü i most o th e r v iru s e s .

The shape o f  the  p a r t ic le  was shown to  be an icosahedron by I ' i l l i a c s  

and. Smith (195B), who used e. double-shadcwing technique in  the e le c tro n  

m icroscope. The number o f p ro te in  subun its  in  the p a r t ic le  was estim ated

E xp lana tion  o f crvnto.^ran 

D = DBA

2 = double-stranded

126 = m olecu lar weight of DMA
( in  m il l io n s )

S = e s s e n t ia lly  sphoricaL p a r t ic le  

S : es sen ti a l ly  spher i  cal 
nucleocapsid

I  = in s e c t hosts

15 = percentage DilA « no ve c to rs  Icnarn



to  be 812 by Smith end H i l l s  (1962), bu t W rig ley  ( 1970) has suggested 

th a t the  number is  p robab ly  1,472. The emino ac id  com position o f TIV 

p ro te in  has been s tud ied  by Kawase and Hulmhara ( 1967) and la la m a k o ff and 

Tremaine (unpublished, quoted by Tremaine and Goldsack, 1963).

G li tz  ^  ^  ( 196s) found the LD63 ( th e  dose in fe c t in g  63 / of the

te s t  in s e c ts ) o f TIV to  be 2.5 x 10^ p a r tâcles, by in je c t io n ,  fo r

3naludosa. and 5.0 % 10 p a r t ic le s  fo r  o le ra ce a . These workers 

d id  n o t s ta te  t h e ir  reasons fo r  using the LD63 e n d -p o in t. Much h ig h e r 

doses are re q u ire d  to  produce in fe c t io n  when th e  v iru s  is  in troduced  

•per 08 (R ive rs , 1966a).

The events in s id e  th e  T IV -in fe c te d  c e l l  have been in v e s tig a te d  by a 

number o f w orkers. -R e p lic a tio n  talces p lace p r im a r i ly  in  the la r v a l f a t  

body (Xeros, 1954), the c e l ls  a t tlie p e rip h e ry  be ing  in fe c te d  f i r s t  

(kanyulca and P ron ina , 1970). Other t is su e s , e.g. muscle and hypodermis 

(Xeros, 1956) , become in fe c te d  la te r .  V ir io n s  en te r th e  c e l ls  by 

phagocytosi s (Xeros, 1964a), and there  is  some evidence th a i they are taken 

in to  lysosomes (Younghusband and Lee, 1970). R e p lic a tio n  occurs in  the 

cytoplasm, which enlarges enorm oisly (Xeros, 1956). Anderson, Armstrong 

and Niven ( l9 5 9 ) re p o rte d  an increase in  nu c le a r s iz e , w h ile  M orris  ( l9 7 0 ) ,  

s tudying the  disease in  la rvae  o f the g re a te r wax moth, G r l le r ia  m e llo n e lla  

(L innaeus), observed a s lig h t  increase in  s ize  o f  the  nucleus i n i t i a l l y ,  

but la te r  i t  began to  s h r in k . O liv e ira  and Ponsen ( 1966) ,  us ing  the 

flu o re s c e n t an tibody techn ique , s tud ied  the p ro d u c tio n  cf TIV an tigen  

in  haemocytes from P. braosicae la rvae  in o cu la te d  w ith  TIV.

Using fluo rescence m icroscopy, the  cytoplasm of in fe c te d  c e l ls  was 

found to  emit s trong fluorescence of the DMA tj^-pe by Armstrong and Lliven



(l957 )>  who a lso re p o rte d  th a t no obvious changes oocur in  the n u c le i o f 

in fe c te d  c e l ls ,  except onlargement o f  th e  nu c le o lus , which fluo resce s  b r ig i t  

red. Manyuka ( l9 6 S ), s tudy ing  T IV -in fe c te d  la rva e  o f G. ra .e llone lla  and 

the gypsy moth, For the t r i a  di^snar (L innaeus), re p o rte d  an increase in  

nuc lea r DM and RITA. M orris  ( l9 7 0 ) , however, u s in g  au torad iography, found 

only a s lig h t  increase in  DNA synthesib and no apprec iab le  increase in  HîTA 

syn thes is  in  in fe c te d  n u c le i of m e llo n e lla . bu t he found an increase 

in  RÎTA syn th e s is  in  the cytoplasm , e s p e c ia lly  in  areas o f  v iru s  

m u lt ip l ic a t io n .  Thus, i t  appears th a t most o f the  events concerned w ith  

the r e p l ic a t io n  cf TIV take place in  the cytoplasm.

The e le c tro n  m icroscope has been used to  study the fo rm a tio n  o f v ir io n s  

in  th e  in fe c te d  c e l l  (Sm ith, 1958a and 195'%; B ird ,  196% and 1962; 

Tounghusband and Lee, 1969). Many aapty protean coats were observed by 

Smith and H i l l s  ( l9 5 9 ) , e s p e c ia lly  in  the e a r ly  stages o f  th e  cU sease; 

each v i r io n  can be seen to  be surrounded by tifo  membranes. The endoplasmic 

re tic u lu m  g ra d u a lly  d isappears, and i t  is  thought th a t the empty coats 

become f i l l e d  w ith  DM (Smith 195% ). These c e l ls  d is in te g ra te , l ib e r a t in g  

t h e ir  contents in to  the b lood , and the la rv a  becomes p u rp lis h -u h ite  in  

co lo u r (Xeros, 1954). W illiam s and Smith ( l9 57 ) estim ated tha t v iru s  

accounts fo r  approxim ate ly 2^'6 dry w e ight of a diseased la rv a . Death 

g e n e ra lly  occurs 2 - 4  weeks a f te r  ir idescence  has appeared (Xeros, 1954).

Smith, H i l ls  and R ivers  ( l9 6 l)  in o cu la te d  TIV in to  larvae o f many 

in se c t species, and in  no case were any la te n t  v iru s  in fe c t io n s  s tim u la ted  

in to  a c t iv i t y ,  l{an;rulca ( 1965) ,  however, repo rted  tha t in je c t io n  oi TIV 

in to  sillcvorra , Bomb̂ mc m ori (L innaeus), la rva e  and G, m ellone lla . la rvae



re s u lte d  in  the a c t iv a t io n  o f nuc lea r po lyh ed ros is  v iru se s  (îTPVs) s p e c if ic  

f o r  each o f tîiese species.

Since the d iscovery o f T IV , severa l s im ila r  v iru se s  have been found 

in  o ther in se c ts . These have been reviewed by Smitii ( 1967) ,  Vago (1968) 

and B e l le t t  (1968) .  Ir id e s c e n t v iruses  have been found in  la rvae  o f 

1 ) the pru inose scarab, S e r ic e s th is  n ru inosa (Dalman) (S te in liaus and 

Leutenegger, 1963); 2) the nos a u ito  e s A e de s taen io rhvnchu s (Viedemann)

( C la rk , K e lle n  and Lum, 1965). ■ Aedes annulines ( lle ig en ) and Aedos canters 

(ke igen) (V e ise r, I 963) ,  Aedes stim u la iis  (W alker) (Anderson, 1970) and 

again in  A, cant ans (T .V . T in s le y  and J .S . Robertson, unpubli.slied, quoted 

in  T ins ley  and K e lly ,  1970); 3) the r ic e  stem b o re r, C h ilo  sun^re ssa lis

(W alker) (Fukaya and Ilasu, 1966); 4 ) the b la c k f ly ,  Simuliuxa ornaturn

(ke igen) (W eiser, 1968); 5) a b i t in g  midge ( C u lico ides  sp .) (chapman

^  1968 ) ; 6 ) Wiseana ce rv in a ta  (iCalamakoff and Robertson, 1970);

and W it le s ia  sa b u lo se lla  ( j .S .  Robertson and 11, F o w le r, unpub In. shed, 

quoted in  T in s le y  and K e lly ,  1970). S to l tz ,  E ils e n h c ff and S tich  (l9 68 ) 

described a v im s  re so n b lin g  the  ii id e s c e n t  v iru se s  from  la rvae  o f the 

midge, Chironomus nlumosus (L innaeus), but no ir id e sce n ce  was observed 

in  the  in fe c te d  in s e c ts .

The in s e c t hosts o f  these v iru ses  are on ly  d is ta n t ly  re la te d  

p h y lo ge ne tica lly , and the re la t io n s li ip s  o f  the ir id e s c e n t v iru ses  w ith  

each e the r are somewhat p ro b le m a tica l, TIV and S e ric e s th is  ir id e s c e n t 

v iru s  (S IV) have been shown to  be re la te d  s e ro lo g ic a lly  (Day and Mercer, 

1964; Cunningham and T in s le y , 1968), although the re  are s e ro lo g ic a l 

d iffe re n ce s  between them ( B e l le t t  and Mercer, 1964; G l i t z  a i ,  1968).
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TIV and SIV were found to  be u n re la te d  to  the  mosquito ir id e s c e n t ■'/ii'us 

(I'HV) from  A, taeniorlr^nchus when compared by the  complement f ix a t io n  

te s t  ( Cunningham and T in s le y , 1968). G hilo  ir id e s c e n t v iru s  (CIv) was 

re p o rte d  t o  be s e ro lo g ic a lly  un re la te d  to TIV (Fukaya and ITasu, personal 

coromunication to  Tojo and Mo dama, 1968) o r SIV (Day, personal communication 

to  Tojo and Kodama, 1968). CIV and TIV are dd.st ingu ishab le  in  sed im entation 

ra te  and chromatographic behaviour ( lo jo  and Kodama, 1968). Matt a ( l9 7 0 ) 

found the u l t r a - v io le t  abso rp tion  spectrum and the  amino, a c id  com position 

of the MV from j., taeniorhvnchus and TIV to  be very  s im ila r ,  but the 

diameter and sed im entation c o e f f ic ie n t  of the  HIV were both la rg e r than 

those o f TIV and SIV,

The base ra t io s  and m olecu lar w eights of the  n u c le ic  ac ids  o f TIV,

SIV and CIV were found to  be s im ila r  by B e l le t t  snd Inman ( l9 6 ? ) ,  and 

th is  le d  B e l le t t  ( l9 6 7 ) to  suggest th a t the ir id e s c e n t v iru se s  are 

homologous, i . e .  th a t t h e i r  n u c le ic  acids have com on sequences. Evidence

o f base-sequGnee homolo-cy between the  n u c le ic  ac ids  of TIV, SIV and CIV was

obta ined in  h y b r id is a t io n  experiments ( B e l le t t  and Fenner, 1968). I t  may 

w e ll be th a t the ir id e s c e n t v iru s e s  are u n re la te d  phylogenetic a l l y , bu t 

are an example of convergent e v o lu tio n . T in s le y  and K e lly  ( l9 7 0 ) have 

suggested th a t ,  u n t i l  the re la t io n s h ip s  between the ir id e s c e n t v iru ses  

are b e tte r  understood, each should be known by a number, so th a t a lte ra t io n s  

and a d d itio n s  to  the group can be e a s ily  made. In  t h e ir  system TIV is

designated as ir id e s c e n t v iru s  Type 1.



The le a th e r ja c k e t (T im ila )  and i t s  c o n tro l

There are 59 B r i t is h  species o f T in u la  (Freeman, 1967) and 291 B r i t is h  

species of T ip u lid a e  (c ra n e - f l ie s )  (B urton , 1968). paludosa is  very 

coimion in  the U n ited  Kingdom, e s p e c ia lly  in  the North and West, and a lso 

a l l  over Northern Europe ( Edwards and Heath, 1964) ; i t  i s  a lso  found in  

North America (W ilk in son  and KacCarthy, 1967). oleracea is  much le ss  

common than _T. pa ludosa.

L e a th e rja cke ts , a lso known as *bots* (Thomson, 1926), * to ry  worms*,

'th e  gru.b* (Rennie, 1927) and 'cuttrorms* ( W i l l is ,  1963) are the la r v a l 

stages o f c ra n e - f l ie s .  The l i f e - h is to r ie s  of paludosa and 2* oleracea

have been s tu d ie d  by a number of workers. T. paludosa is  u n iv o lt in e  w ith  

a d u lts  on the wing from  J u ly  to  September (Ahmed, 1968), whereas T. oleracea 

is  u s u a lly  b iv o lt in e  (L a u g h lin , I9 6 0 ), w ith  a d u lts  on the w ing in  Kay, and 

again in  August (Freeman, 1967). Rennie (l9 27 ) observed th a t "polygamy 

is  n o to r io u s ly  r i f e "  among _T. paludosa a d u lts .

The eggs are la id  in  tlie s o i l ,  and when the la rvae  hatch they grow 

ve ry  fa s t  in  the autumn, s la r ly  th ra ig h  the in t e r , and moderately fa s t  

in  the spring  and e a r ly  summer (L a u g h lin , 1967). They commence fe e d in g , 

both above anid below ground, sho rt % a fte r  dark, and continue u n t i l  near 

dawn (Ahmed, 1968).

Leather j  æ kets have long  been recorin ised as a q n io u ltu ra l pests.

C u rtis  ( I 849) repo rted  them feed ing  upon tu rn ip s ,  bee t, ca rro ts , cabbages 

and po ta toes, a lthough la te r  in v e s t ig a to rs , e .g . W hite ( l9 6 8 ) ,  s ta te  th a t 

le a th e r ja cke ts  do not dama ge potatoes. They are a lso  Imavrn as pests of 

grassland, ce rea ls , peas, beans, and seedling fo re s t  crops (kacD ouga ll, 1932)
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Some crops may be damaged be fo re  the hypoco ty l emerges above g ro un d -leve l 

(Long, 1969) .

Grennan ( 1966) found th a t  a n a ll popu la tions  of 1 eatl:ierjackets cause 

much unno ticed  dama.ge to  pa s tu re ; y ie ld s  were much low er on le a lh e r ja c k e t-  

damaged p lo ts .  White ( 1968) s ta te d  th a t when th e  sward s ta r ts  dying o f f  

due to  1 ea the rjacke t damage, 4*9 -  6,2 m il l io n  la rvae  per hectare are 

u s u a lly  p resen t. He estim ated th a t  a le a th e rja d o e t p o pu la tion  o f 4 .4  

m i l l io n  per hectare would r e s u lt  in  a lo ss  o f  £11.85 per hectare. He 

has a lso estim ated (W hite, 1966) th a t the average annual value of ce rea l 

losses in  B r i t a in  due to  1 eather ja cke t damage may to ta l  £300,000 -  

£600,000.

Leather j  adc e ts , th e re fo re , can cause q u ite  considerab le  losses to  

B r i t is h  a g r ic u ltu re . A t tlie  p re sen t t in e  they are c o n tro lle d  by chemical 

in s e c t ic id e s , w ith  DDT and benzene hexach loride be ing  w id e ly  used ( B r it is h  

Agrochemicals A sso c ia tio n , 1970). Other substances which have been used 

are lead arsenate (Dawson and F e rro , 1936) o rtho-d ich lorobenzene (Dawson, 

1932) ,  gamraexane ( S s c r i t t ,  1947), and a ld r in  and p a ra th io n  (W h ite , 1967).

. There is  now much concern about the presence cf many o f these 

substances in  the environm ent. Carson ( 1962) was one o f  the  f i r s t  to  

vo ice  t h is  concern, and d ie  obtained \ride re c o g n it io n  fo r  her views, even 

i f  she d id  s ta te  t h m  in  a somewhat sen sa tio na l manner. Newsom ( 1967) 

po in ted  out some of the e ffe c ts  o f in s e c tic id e s : l )  p reda tors  and pa ras ite ;

o f th e  pests are Ic il le d ,  as w e ll as the pests themselves; 2) the re  is  a 

considerable hazard to  b ird s  and f id ie s  which feed on in se c ts  which 

con ta in  in s e c tic id e s  in  th e ir  t is su e s ; 3) c h lo r in a te d  hydrocarbons are



e x c e p tio n a lly  to x ic  to  f is h ;  4 ) b ird s  are a ffe c te d  by the spraying of 

in s e c t ic id e s . Some o f the r is k s  a ttendant in  the  use of in s e c tic id e s  

aga inst le a th e r ja cke ts  have boon voiced. White (1963) mentioned the r is k s  

to  w ild  l i f e ,  and the po ss ib le  d e le te r io u s  lo ng -te rm  e ffe c ts  o f the 

accum ulation of p e s tic id e s  in  the s o i l .  W i l l i s  ( 1963) gave a w a n in g  

about the  re s id u e - r is k  of u s ing  DDT fo r  le  at Iger ja d ce t c o n tro l,  and s ta te d  

th a t  the in s e c t ic id e  should not be ap p lie d  to  pastu re  u n t i l  g ra z in g  has 

ceased. W i l l is  ( 1965) a lso  warned th a t spraying w ith  DDT to  c o n tro l 

le a th e r j  acket s may cause se rio u s  damage to  c e r ta in  v a r ie t ie s  o f  b a r le y .

DDE, a common m etabo lite  of DDT, has been shovm to  cause e g g -sh e ll 

th in n in g  in  a number of species o f b ird s  (e .g . see Wieraeyer and P o rte r , 

1970) .  Jensen ^  pJ. ( l9 6 9 ) rep o rted  the presence of DDT and para- 

dichlorobensene in  marine animals o f f  the Swedish coast. In  1969 the 

Swedish N a tio n a l Poisons and P e s tic id e s  Board recommended th a t a ld r in  

and d ie ld r in  should be banned com ple te ly , and th a t th e  a g r ic u ltu ia l  use 

of DDT should be banned fo r  two years (Anonymous, 196% ). Various o th e r 

c o u n tr ie s  have banned a ld r in  and d ie ld r in .  In  B r i t a in ,  the A sso c ia tio n  

o f P u b lic  A n a lys ts  repo rted  th a t la rd  conta ins an undes irab ly  h ig i  

p ro p o rtio n  o f p e s tic id e  re s id u e s , and th a t res idues in  apples, b rass icas 

and potatoes exceed the recommended maximum l im i t  o f 0.1 p.p.m .

(Anonymous, 196% ). The World Health O rgan isa tion  has a lso  shown concern 

about p e s t ic id e  res idues in  foods (v/HO/fAO, 1969).

In  view o f these harmfud e ffe c ts  o f chemical in s e c t ic id e s , a lte rn a t iv e  

means f o r  the c o n tro l o f pests are being sought (A .P .O ., 1970). These 

cen tre  on th e  concept o f 'b io lo g ic a l c o n tro l' i . e .  u s in g  the  n a tu ra l
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enemies of the pest to  c o n tro l i t  (see Nori’ is  ( l9 7 l )  and. Burges and 

Hussey ( l9 7 l ) ) .  The present study was unde rtaka i in  an attem pt to  assess 

whether TIV has any potentiad. value f o r  use as an agent o f b io lo g ic a l 

c o n tro l aga inst 1 eat her j  acket s.

Several m ic ro b ia l p a ra s ite s  o f  le a th e r j  acket s, o t lie r  tlian  T IV , are 

knoi'jn, v i z . a nuc lea r p o lyh e d ros is  v iru s  (Rennie, 1923), a r ic k e t t s ia  

(M u lle r  -  Kog’le r ,  1958), a fungus (Coulson, 1962), a trypanosome 

(Vickerman, I9 6 0 ), a h a p lo sp o rid ia n  (Huger, 1961 ) and. a gregarine 

(S te inhaus and March, 1962). In- a d d it io n , th ree  fu n g i have been found 

a f fe c t in g  c ra n e - f l ie s  (Koval and Savchenko, 1967). O ther documented 

n a tu ra l enemies o f T im ila  spp. are the in s e c t, Oipliona ( = Bucentes) 

g e n icu la ta  (de Geer) (Tachin idae : D ip te ra ) (Rennie, 1912), t lie  nematode, 

Kermis a lb icans (Ahmed, 1968) and the  fo llo w in g  p re da to rs ; s ta r l in g s  

( in  d iscuss ion  a f te r  Dunn, 1966), meadow p ip i t s  (Coulson, 1962) and sp ide rs  

(Freeman, 1964). Carabid bee tles  have been found to feed  upon 

le a th e r j  acket s in  1 aboratoiqr te s ts  (Dunn, 1966; idimed, 1968) and i t  is  

thought th a t they may be im portan t p reda to rs  o f some le a th e r ja c k e t species 

(Freeman, 1967). I t  may be thab any one, o r  a com bination, o f the  above 

p a ra s ite s  and p reda to rs  o f  le a th e r ja c k e ts  might be s u ita b le  as agents of 

b io lo g ic a l c o n tro l.

There are severa l exajnples where insec t pests have been su cce ss fu lly  

c o n tro lle d  w ith  v iru se s . In  Canada tlie  European pine savTfly, ITeodinrion 

s e r t i f e r  (G eo ffroy ) (B ird , 1953), and the Su ropean spruce s a ir f ly , D io r  ion  

here?/nine (H a r tig )  (B ird  and Burk, 196 l) have been c o n tro lle d  by ÎTPVs; 

in  South A fr ic a  a K?V has been used to  c o n tro l the  w a ttle  bay.rorn,



ICotochalia .iim odi (He:/]aerts) . (Ossowdci, 1957); in  the U.S.A. the a l f a l f a  

c a te r p i l la r ,  C o liûb eurv th orne (B o isduva l) (Thompson and Steinhaus, 1950) 

and the cabbage lo o p e r, T r id io n lu s ia  n i (Hubner) (H a ll,  1957), have been 

c o n tro lle d  by HPYs; and in  New Zealand the sma]*l cabbage w h ite  b u t t e i f l y .  

P ie r  is  ranae (L innaeus) has been c o n tro lle d  by a g ra n u lo s is  v iru s  

(K e lsey, 1958).

B. SCOPS 0? THE WORK

The work described in  t h is  th e s is  was concerned w ith  T in u la  ir id e s c e n t 

v iru s  ( t IV )  in fe c t io n s  in  the in sec t T in u la  o le racea . The experiments 

were designed to  assess whether TIY might have an r̂ p o te n t ia l value as a 

b io lo g ic a l c o n tro l agent . Attempts were made to  discover how TIY is  

tra n s m itte d  in  n a tu ie , because a knowledge o f h ie  node o f transm iss ion  is  

necessary be fore  the  most e f fe c t iv e  necns o f sp p ly in g  the v iru s  in  the 

f i e l d  can be de tem ined . The e f fe c ts  of tempera'fcure on the in fe c t iv i t y  

o f the  v iru s  and on the ra te  o f development o f the disease were stud ied  

to  determ ine how the disease develops a t d i f fe re n t  tim es o f the year, 

thus in d ic a t in g  the most favourab le  tim e fo r  a p p lic a tio n  cf the v iru s  

fo r  e f fe c t iv e  c o n tro l.



MATERIALS AND IŒTEIODS

C o lle c t io n  o f la rva e

Most o f the o r ig in a l in s e c t m a te ria l was ob ta ined from  the College 

E s ta te , A uch incru ive , Ayr, Scotland, by w a te ring  S t .  Ives f lu id  (Appendix l )  

onto the s o i l  a t a ra te  of approxim ate ly 0 .5  3/m^ (Barnes, 1 9 4 l) .  The 

a c tiv e  in g re d ie n t is  orthod ich lorobenzene, which b r in g s  the le a th e r ja c k e ts  

to  the su rfa ce . The in se c ts  are in  no way permanently damaged, and 

approxim ate ly 8C/ o f a le a th e r ja c k e t p o p u la tio n  can be obta ined by th is  

method. The la rvae  of the d if fe re n t,  species are v i r t u a l l y  in d is tin g u is h a b le  

(Lovibond, 1937), bu t upon re a r in g  the c o lle c te d  in se c ts  to  ad u lts  they 

were found to  be a m ix tu re  o f T, naludosa and T. o le racea . In  subsequent 

generations the re  was a h igher m o r ta l ity  among the la rvae  o f _T. paludosa 

than thosB o f _T. o leracea in  the la b o ra to ry , so ttie  form er were d iscarded, 

and the la t t e r  were used fo r  the experiments.

Rearin? o f la rvae

The method o f re a r in g  la rvae  was based upon th a t  o f  Laugh lin  ( l9 5 8 ) .

The la rvae  were kept in  sand, which had been c o lle c te d  from  a r iv e r  bank, 

and s te r i l is e d  by au toc lav ing  a t 121^ fo r  30 m in. Bach progeny group 

from a p a ir  of a d u lts  was kept in  a separate p la n t po t of 178 mm diam eter, 

and the po ts stood in  t ra y s , co n ta in in g  about 10 mm depth of w a te r. The 

la rvae  were reared a t room tem perature, and fed  w ith  d r ie d , powdered g rass , 

which had been s te r i l is e d  by au toc lav ing  a t 121 f o r  15 rain.

The f i r s t  pupae to  be fom e d  were kept a t 5^ f o r  severa l days to  re ta rd  

th e ir  development, as the mal.es tend to  pupate and th e re fo re  emerge be fo re  

the females, and may a l l  d ie  be fore  the females have emerged. The pupae 

were kept in d iv id u a l ly  in  u n ive rsa l b o t t le s ,  each o f which had holes



pimched in  the l i d  to  a l l 017 the passage o f a i r ;  each b o t t le  contained a 

moistened f i l t e r  paper. When the a d u lts  emerged, males and females were 

pa ire d  and mated. A male and a female from  the same progeny group were

never mated toge ther in  order to  reduce in b reed ing .

The technique o f S tew art, R.H. (personal communiea.tion) was used fo r  

mating the a d u lts . Th is  in vo lve d  co n fin in g  the p a ir  beneath an in v e rte d  

K iln e r  ja r ,  s tanding on a 90 mm diameter P e t r i  d is h , con ta in in g  If-̂

*Ionagar* No. 2 (Oxoid L td . )  (P ig . l ) .  A f te r  c o it io n  the female la id  her 

eggs in  the agar (P ig . 2 ) , which served as an id e a l medium fo r  keeping the 

eggs m oist. The f i r s t  eggs to  be la id  were kep t a t 5*̂  to  slcrw da.'n th e ir  

development, u n t i l  s u f f ic ie n t  p la te s  of eggs f o r  the next genera tion  had 

been obtained. The mean tim e from la y in g  to  ha tch ing  o f 01er ace a eggs

has been found to  be 6 days at 21^ (L a u g h lin , I9 6 0 ), and 6.18 days a t 20^

(l-Ieats, 1967) .  A p re lim in a ry  experiment in d ic a te d  th a t they would surv ive

a t 5^ fo r  a t le a s t 3 weeks.

When s u f f ic ie n t  p la te s  o f eggs had been la id ,  they were tra n s fe rre d  to 

room temper a ttire  to  h a tc li. This process ensured th a t  the ages o f a l l  the 

la rvae  of one genera tion  were w ith in  a few days of each o th e r. Using th is  

techn ique, the genera tion  tim e of the in se c t cou ld  be ad justed  to  almost 

e xa c tly  10 weeks. When a p la te  o f  egws hatcJied, the  whole mass o f agar 

co n ta in in g  the young lacvae was tra n s fe rre d  to  the surface of a pot o f sand, 

, A f te r  9 generations in  the la b o ra to ry , the s to ck  was s p l i t  in to  2 

l in e s .  The ten th  genera tion  was bred from  the n in th , as usu a l, then a f te r  

a fu r th e r  5 weeks, the eleventh gene ra tion , a lso  bred from  the n in th ,  

was hatched. Th is  ifas achieved by slowing down the developmeit o f pupae
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F i r . 1 . Mating c ra n e - f lie s

r

d r . 2 . 2.* oleracea eggs la id  in  agar
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and eggs a t 5°. By t h is  means two staggered l in e s  o f in se c ts  were ob ta ined , 

w ith  a gene ra tion  a v a ila b le  fo r  experiments every 5 weeks.

S tre ss in g  o f la rvae

Much work in  in se c t v iro lo g y  has been h indered by the  sudden outbreak 

o f a v iru s  in fe c t io n  in  an in s e c t p o p u la tio n  th a t was supposedly h e a lth y .

I t  is  suspected th a t in  many instances the v iru se s  were a lready present 

in  a la te n t  fo rm , and th a t some s tre s s  fa c to r  caused them to become ove rt

(S te in ha us , 1958; Tanada, Tanabe and H e iner, 1964).

In  an a tte n u t to  de tec t any la te n t  v iru s  in fe c t io n s  in  the o le  race a

s to ck , the f i r s t  2 generations bred in  the la b o ra to ry  were subjected to  

va riou s  s tre s s  fa c to rs ,  ilo such la te n t in fe c t io n  was de tec ted , and 

experhnental work was commenced w ith  the th ir d  g e ne ra tio n . Some o f the 

s tre s s  fa c to rs  used have s tim u la te d  la te n t  in fe c t io n s  in to  a c t iv i t y  in  

other in s e c ts . These w e re :-

1. H igh teszperature (ïïukuhara and Aruga, 1959). The larvae were exposed

to  a temperature o f 37^ fo r  48 h.

2, L oi7 tem perature (Aruga, 1957) fo llow ed  by h igh tem perature. The la rvae

were exposed to  a tem perature o f 0^ fo r  48 h , and then 30^ f o r  48 h.

3# S ta rv a tio n  (Bteinhaus and D ineen, I 96O). The la rva e  were g iven no food 

fo r  7 days.

4. Feeding p ro te in  (Tanada, 1954) and amino a c id s . The la rvae were fed

B - la c to g lo b u lin ,  ovalbumen, D L-a lan ine , L -g lu ta m ic  acid  or L - ty ro s in e ,  

mixed 10̂ -̂  w/w w ith  d r ie d  grass,

5 . Feeding to x ic  chemicals (A iuga and Hukuhara, I 960) .  The la rvae  were

fe d  m ercuric d i lo r id e  o r sodium f lu o r id e  n ixed  10/- w/w i / i t h  d r ie d



grass, o r 4Q-' form aldehyde, 10-volume hydrogen pe rox ide , or 

th io g ly c o l l ic  ao id  mixed v/w w ith  d rie d  grass.

6 . I r r a d ia t io n  w ith  u l t r a - v io le t  ( w )  l ig h t  (Steinhaus and Dineen, I9 6 0 ). 

The la rvae  were ir ra d ia te d  by means of a ÜV lamp, a t a d istance 

o f about 30 cm, fo r  approxim ate ly 1 h d a i ly ,  over 7 days.

S u b je c tio n  of groups o f second-genoration la rva e  to  these s tre s s  

fa c to rs  re s u lte d  in  the m o r ta l i t ie s  in d ica te d  in  Table 1.

None o f  the la rvae  which d ied  developed ir id e s c e n c e , and no polyhedra 

o f the NPV were de tected  in  G iemsa-stained smears o f t h e i r  haemolymph, so 

i t  was concluded th a t  the f ie ld - c o l le c te d  la rvae  were probab ly  fre e  o f 

la te n t  v iru s  in fe c t io n s .  A l l  the  in se c ts  used in  the experiments were 

descended from  the su rv ivo rs  o f these stressed le rva e . The s tre ss  fa c to rs  

p o ss ib ly  a ss is te d  in  the p ro d u c tio n  o f  a more v igorous in s e c t s tock by 

e lim in a t in g  the weaker in d iv id u a ls .

Bxnerimont a l 1 arvae

Unless otherw ise s ta te d , a l l  experim enta l la rvae  were kept in  

in d iv id u a l p e t r i  d ishes a t 20^. The in d iv id u a l p e t r i  dishes were necessary 

because le a th e r ja cke ts  use t h e i r  mandibles as o ffe n s iv e  ireapons, and 

launch fa ta l  a tta cks  upon eadi o ther (Freeman, 1966 ) .  S te r i le  p e t r i  d ishes 

were used, and a s te r i l is e d  f i l t e r  paper was placed in  each d ish . The 

la rvae  were fe d  w ith  s te r i l is e d ,  d ried , powdered grass, and i t  and the 

f i l t e r  paper were kept m oist w ith  the s a lts  and v ita m in s  s o lu t io n  o f David 

and Gardiner ( 1965a) (Appendix 2 ).

The s te r i le  m a te ria ls  7̂ere used in  an attem pt to  reduce mould g ra r th , 

which proved to  be a problem from tim e to time. Sone moulds can produce



Table 1. E ffe c ts  of s tre ss  fa c to rs  unon 1 ea ther.jackets.

S tress  F a c to r
No. dead/ 

No, tre a te d
Percentage

M o r ta l i ty

h igh  temperature (37^) 153/153 100

feed ing L -ty ro s in e 10/10 100'

feed ing  m ercu ric  c h lo r id e 10/10 100

feed ing  sodium f lu o r id e 10/10 100

feed ing  formaldehyde 10/10 100

feed ing  th io g ly c o l l ic  acid 10/10 100

feeding B - la to g lo b u lin 9/10 90

W ir r a d ia t io n 46/58 79

feed ing  L -g lu tam ic  acid 7/10 70

feed ing hydrogen peroxide 7/10 70

s ta rv a tio n 32/47 68

feed ing  DL-alanine 6/10 60

low (0 ° ) /h ig h  ( 30^) temperature 66/114 58

• feed ing  ovalbumen 4/10 40

co n tro ls 5/22 23
— —...—  — -I-..-,, d
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to x in s  which are harm fu l to  in se c ts  (Beard and W alton, 1969). A b r ie f  

experiment was performed to  determine whether cyclohexim ide would be of 

any va lue  in  in h ib i t in g  mould growth, but i t  was found th a t the 

concen tra tions o f cyclo liexim ide which were re q u ire d  to  in h ib i t  mould 

growth also caused the  deaths o f  the le a th e r  ja c k e ts . The in s e c t ic id a l 

p ro p e rtie s  o f cyclohexim ide have also been observed by P y tizas  (1968). 

Because o f  the g ra rth  o f moulds in  the d ishes, and the  accum ulation o f 

excre ta , the  in se c ts  were p laced in  clean d ishes a t in te rv a ls  o f not 

more than 4 weeks.

In je c t io n  o f la rva e

I'fhen la rvae  were d iv id e d  in to  groups, e .g . to  rece ive  c li.ffe ren t doses 

of T IV , the members o f  the  progeny groups were randomly d is tr ib u te d  amoi^ 

them, in  order to  m inim ise the e f fe c ts  o f any ge ne tic  d iffe re n ce s  between 

the  progeny groups.

Larvae to  be in je c te d  were anaesthetised w ith  e ther (Sergo ld , 195 l)  

by p la c in g  them in  the apparatus shovm in  P ig . 3 fo r  approxim ate ly 10 

min. They were then r in se d  in  water, 2.5'-> 'D e t t o l ' ,  and tw ice  again in  

water to  clean th e ir  s k in  surfaces.

The in je c t io n s  were performed w ith  a micrometer qyringe f i t t e d  w ith  a 

0 .2 5  mm; (o u ts id e  d iam eter) needle. The in s e c t was he ld  bekvreen the f in g e rs  

of the l e f t  hand, and th e  r ig h t  hand was used to  m anipulate the m icrom eter; 

the needle was in se rte d  d o rs a lly  in to  the haemocoel, about one th i r d  o f 

the leng th  o f the la rv a  from i t s  a n te r io r  end. Each in je c te d  in se c t 

rece ived  0 .0 0 5  ml m a te r ia l,  un less otherw ise s ta te d . Before w ithdraw ing 

the needle, i t  was he ld  in s id e  the haemocoel fo r  a few seconds to  a llow
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screw-capped jar

cheese-cloth

rubber band
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metal gauze

cotton wool soaked with 
ether

Fig.3. Apparatus for anaesthetising leatherjackets.



the in je c te d  m a te ria l to  he dispersed th ra ig h o u t tlae in s e c t because when 

the needle was w ithdrawn b leed ing  occurred. I t  was shown (Experiment 3) 

th a t th is  b leed ing  d id  no t r e s u lt  in  any s ig n if ic a n t  lo ss  o f v iru s  from  the 

in s e c t ,

TIV fo r  in je c t io n s  was suspended in  in s e c t sa lin e  w ith  a n t ib io t ic s  

( iS A ), The in s e c t s a lin e  was th a t  o f Clarice (Appendix 3 ) (h a le , 1965).

The a n t ib io t ic s  were inco rp o ra te d  in  sn attempt to  reduce b a c te r ia l 

in fe c t io n s  be ing set up a t the time o f  in je c t io n  (B ird ,  1961;' Smith e t a l , 

1961)• A l l  in je c te d  la rva e  were in  the  fo u r t l i  in s ta r ,  un less othervrise 

s ta te d .

P u r i f ic a t io n  o f TIV

TIV was p u r i f ie d  according to  tlie  method of B ird  ( 1961) and Thomas 

( 1961) who sub jected the v im s  to a lte rn a te  cycles o f  lo w - and high-speed 

c e n tr ifu g a t io n . In fe c te d  la rvae  were ground in  d i s t i l l e d  water or 0.85^j 

NaCl (s a lin e )  using a p e s tle  and m orta r, and la rge  debris  was removed by 

c e n tr ifu g in g  a t  600 fo r  5 m in. Impure TIV was removed from  the  

supernatant by c e n tr ifu g in g  a t 7,600 ^  fo r  20 m in. The re s u lt in g  

ir id e s c e n t p e lle t  was covered w ith  a la y e r o f im p u r it ie s ,  which was removed 

by washing g e n tly , u s ing  a pasteur p ip e tte .  The p e l le t  was resuspended 

in  s a lin e , and sub jected to  4 more cycles o f  low -/h igh-speed c e n tr ifu g a t io n . 

The re s u lt in g  TIV p re p a ra tio n  was re as on ably free  from im p u r it ie s .

F u rthe r p u r i f ic a t io n ,  i f  des ired , was c a rr ie d  out by c e n tr ifu g in g  

in  a sucrose g ra d ie n t (Smith ^  1961 ) ,  A sucrose g ra d ie n t o f  5 -  55/^

w/w in  phosphate-buffered sa line  (PBS) was employed, and was ce n trifu g e d  

a t 6,150 ^  fo r  30 m in. The band o f TIV was removed by p ip e t t in g ,  and the
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v iru s  was sedimented by c e n tr ifu g in g  a t 14,900 ^  f o r  40 m in . I t  was

f in a H y  washed in  d i s t i l l e d  water.

P re p a ra tion  o f antiseru ia

Antiserum aga inst TIV was prepared by th e  method of Cunningham and

T in s le y  ( l9 6 S ), A p re p a ra tio n  of TIV was p u r i f ie d  in  a sucrose g ra d ie n t,

and suspended in  d i s t i l l e d  w ater. The co n ce n tra tio n  o f v iru s  was found

by w eigh ing, then i t  was suspended in  sa line  a t a concen tra tion  o f  1 mg/ml,

Th is  was in co rp o ra te d  in  an equ£il q u a n tity  of F reund 's  complete adjuvant*

Tïfo ra b b its  eadi rece ived  3 in je c tio n s  o f TIV a t weekly in te rv a ls .

The f i r s t  2 in je c t io n s  cons is ted  of 1*5 ml v iru s -a d ju va n t m ixture

in je c te d  subcutanecusly, and the th ir d  o f 1 .0  ml TIV suspension in  sa lin e

in je c te d  in tra v e n o u s ly . A b lood sample had been c o lle c te d  from  each

ra b b it before  th e  in je c t io n s  were performed. Blood samiDles were taken

2 weeks a f te r  the f in a l  in je c t io n ,  and then a t weekly in te rv a l s over a

p e rio d  of 4 weeks. The sera were s to re d  a t -16*^.

N e u tra lis a t io n  te s t

The presence o f  a n tib o d ie s  aga ins t TIV in  the sera was demonstrated

by means cf the n e u tra lis a t io n  te s t .  Decimal d i lu t io n s  of TIV in  PBS were 
—7

prepared to 10 • The second and f in a l  serum from  each ra b b it was te s te d

by m ixing 0.2 ml serum w ith  0 .2  ml cf each d i lu t io n  o f TIV. There were 

two c o n tro ls ; in  one the antiserum was rep laced by normal ra b b it serum, 

and in  the other by PBS. A l l  m ixtures were incubated at 37^ f o r  2 h , 

and then te s te d  f o r  in fe c t iv e  v iru s  by in je c t io n  in to  le a th e r ja c k e ts .

Three le a th e r ja c k e ts  were used to  te s t  each mixtu r e . The re  c u lts  

in d ica te d  th a t each antiserum  n a î tra i ise d  TIV i n f  a c t iv i t y  by a fa c to r  

o f approxim ate ly IQ l,
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Tube p ré c ip ita t io n  te s t

The method was based upon th a t of Cunningham and T in s le y  ( 1968). 

Doubling d i lu t io n s  o f  serum were prepared w ith  sa lin e * Each d i lu t io n  was 

tra n s fe rre d  to  a Dreyer tub e , and an equal volume of TIV in  sa line  

( 0.025 mg/ml, measured by W  spectrophotom etry) was added. The tubes 

were incubated in  a w ate r-ba th  a t 50^ and read a f te r  5 h; they were then 

removed from  the w ate r-ba th  and read again the next morning. The serum 

te s te d  had a t i t r e  o f l / 256.

A serum d i lu t io n  o f  l/6 4  was then used to  f in d  the optimum d i lu t io n  

cf an tigen . D oubling d i lu t io n s  of TIV in  sa lin e  (2 .5  ng /m l) were prepared, 

and the end-point was found to  be 1/ 256. A 1/64 d i lu t io n  (0.059 mg/ml) 

was th e re fo re  used to  t i t r a t e  a l l  the sera; the t i t r e s  of most were found 

to  be 1/ 512, sn d o f some, I / 256.

Latex te s t

The methods used were those o f Abu S a lih ,  Eurant and D a ft (1968) .

a) S e n s it is a t io n  o f la te x  p a r t ic le s

One volume o f a n ti serum aga inst TIV was d i lu te d  w ith  9 volumes 

d is t i l le d  w a te r, and 10 volumes of sa tu ra ted  ammonium sulphate s o lu tio n  

were added dropwise. The m ix tu re  wa,s allowed to  stand f o r  10 m in, and 

was then c e n tr ifh g e d  at 5,000 .g fo r  50 m in. The p e l le t  was suspended 

in  the same volume o f  water as b e fo re , and p re c ip ita te d  again w ith  

ammonium sulphate. The p re c ip ita te  was re suspended in  5 -  4 volumes 

s a lin e , and d ia lyse d  aga inst s a lin e  fc r  2 h a t room tem perature. I t  

was d ia lyse d  f o r  a I I I r th e r  2 h aga inst fresh  s a lin e , and the n  made up to 

10 volumes w ith  sa lin e , g iv in g  a con cen tra tion  cf l / lO  fo r  t iie  o r ig in a l 

g lo b u lin s . From th is ,  fu r th e r  d ilu t io n s  o f  the g lo b u lin s  were prepared
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in  t r i s  ( t r i s  (hydroxym sthy l) methylamine) HCl b i f f e r  (pH 7 .2 ) .

A suspension of po lys ty ren  e la te x  p a r t ic le s  (d iam eter 810 run; 

approx, 1 .5  x 10^^ p a r t ic le s /m l)  was d i lu te d  l / l 5  w ith  0.9>- w /v iia C l.

One volume o f  the d ilu te d  g lo b u lin s  and one volume o f  th e  d ilu te d  la te x  

suspension were incubated to g e th e r f o r  50 min a t room tem perature, and 

then c e n tr ifu g e d  a t 5,000 ^  f o r  50 m in. The p e l le t  was re suspended in  

h a lf  a volume o f t r i s  ECl co n ta in in g  0.02$j p o ly v in y l p y rro lid on e  (PVP), 

and then c e n tr ifu g e d  a t 4,000 jg fo r  50 rain. The f in a l  p e lle t  was 

suspended in  h a lf  a volume o f  t r i s  HCl 4* PVP + 0.29^ sodium as ide , and 

stored a t 5*̂ * '

b) T e s ts .

The te s ts  were can ’io d  out on g lass p la te s , p a jn te d 'b la fik  on the 

reverse s ide . One drop o f an tigen , suspended in  t r i s  HCl H- PVP was mixed 

w ith  2 drops o f the suspension o f  s e n s itis e d  la te x  p a r t ic le s .  C ontro ls  

cons is ted  of l )  t r i s  HCl + PVP plus s e n s it is e d  la te x  p a r t ic le s ,  2) TIV 

suspension p lus t r i s  HCl 4- PVP and 5) TIV suspension p lus u n se n s itise d  

la te x  p a r t ic le s .  The p la te s  were g e n tly  rocked, and inspected under a 

60 W l ig h t  bu lb  fo r  clumping o f  the la te x  p a r t ic le s ,  which ind i.ca tes a 

p o s it iv e  re s u lt  (P ig . 4 ) .  Abu S a lih  .et a l (l96S ) took th e ir  f in a l  readings 

a f te r  10 rain, but i t  was found th a t in  some te s ts  p o s it iv e  re s u lts  d id  no t 

appear u n t i l  a f te r  th is  tim e, so the f in a l  readings were made a f te r  40 min. 

Tests c a rr ie d  out u s ing  suspensions of la te x  p a r t ic le s  s e n s it is e d  w ith  

v a r ia is  d ilu t io n s  cf g lo b u lin s  and suspensions o f va rious  d i lu t io n s  o f 

TIV in d ic a te d  th a t the optimum d i lu t io n  o f  g lo b u lin s  fo r  s e n s it is in g  the 

la te x  was about l/6C 0 ,
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p o s it iv e negative

Piw. 4. Latex te s t re s u lts



N it  ra v i o 1Q t  sue c t ronho to me tir^r

UV spectrophotom etry was used to  measure concen tra tions  o f TIV 

suspensions, and, in  Experiment 24, UV spectra  o f  TIV at d if fe re n t  pHs 

were determined. The measurements were made w ith  a Nnioam SP500 

spectrophotometer f i t t e d  w ith  a hydrogen lamp, and were co rrected  fo r  

l i g h t  s c a tte r in g  by measuring the o p t ic a l d e n s itie s  a t severa l wavelengths 

g re a te r than 320 nm, where tM  to ta l  o p t ic a l d e n s ity  is  due to  sca tte red  

l i g h t  (K lecskow ski, 1968).

For la rg e  v ir u s  p a r t ic le s ,  *T' = vrhere = o p t ic a l de ns ity
7 \

C = " s c a tte r in g  constant"

7^  = wavelength.

lo g T ^  = lo g  C -  n lo g "X  

A p lo t  o f lo g T ^  V log’7 \  g ives a s t r a i t t  l in e ,  w ith  slope = -n .  

S u b s titu te  n in  D -  R -  S /320\^IaJ
where D = o p t ic o l d e n s ity  due to  absorp tion

R = spectrophotom eter res-ding

S = o p t ic a l d e n s ity  a t 320 nm.

C oncentra tions o f  TIV suspensions in  d i s t i l l e d  w ater were determined 

by evapora ting  to  dryness over calcium  ch lo rid e  in  a vacuum d e s icca to r.

The concen tra tion s  of unkna-rn suspensions could then be determ ined from 

the fo rm ula :

. . .  „ corrected o o t ic a l d e n s ity ' a t 260 nm x d i lu t io n  fac tcC oncentra tion of TIV = ------------------ p------------------------------------------------------— -----------
r̂  U .l/-

1 cm

where-S = e x t in c t io n  c o e f f ic ie n t  a t 260 nm (see F ig . 28),

Day and D udsinski ( 1966) used IV spectrophotom etry to  me;.sure 

concen tra tions o f SIV,



D etec tion  of TIV

TIV was g e n e ra lly  detected by in je c t io n  in to  le a th e r ja c k e ts , most 

o f which developed iridescence  i f  they rece ived  an in fe c t iv e  dose.

Other p o s s ib i l i t ie s  were l )  the la rv a  dnled w ith o u t ir idescence  deve lop ing ,

2) the la rv a  pupated, and th e  pupa became ir id e s c e n t, 3) the la rv a  pupated 

and d ied , and 4 ) the la rv a  pupated, and gave r is e  to  an a d u lt.  The 

presence o f TIV in fe c t io n  in  dead la rva e , pupae and a d u lts  co'üd be 

detected by one o f t lire e  methods:

a) D isse c tio n  o f  the in s e c t ,  when iridescence  of th e  f a t  body m i;^ t  be

observed.

b ) G rind ing  the in s e c t in  d is t i l l e d  w a te r, fo llow e d  by c e n tr ifu g a t io n

a t 600 jg fo r  5 m in, then c e n tr ifu ^ ;a tio n  cf the supernatant a t 7 ,6C0 v 

f o r  20 min, and inspec ting  the re s u lta n t p e l le t  fo r  ir ide scence .

Th is  ope ra tion  was performed in  p o lys ty re n e  tubes which exe c3.ear, 

enab ling  a s:7ia.ll ir id e s c e n t p e l le t  to  be e a s ily  seen. Day and Kercer 

( 1964) used a s im ila r  te  clinique to  de tec t SIV in  .G. m e llo n e lla  

la rvae  which had been in ocu la te d  w ith  the v i r u s , but had not 

developed ir id e sce n ce .

c) G rind ing  the in s e c t in  1 ml t r i s  HCl *h PVP, fo llo w e d  by c e n tr ifu g a t io n

a t 600 .g f o r  5 min in  a polyst^^rene tube, then pe rfo rm irg  a la te x  

te s t  on the  supernatant. The la te x  te s t was found to  be s l i ^ i t l y  

more s e n s it iv e  than the c e n tr ifu g a tio n  technique f o r  d e te c tin g  TIV 

(Experiment 4 ) . 

henbrane f i l t r a t i o n  o f TIV

F i l t r a t io n  thrcu.^ii c e llu lo s e  n it r a te  membranes was can’ ie d  cut to  

fre e  p repa ra tions  o f TIV from b a c te r ia l,  fu n g a l and o th e r contaminants.



The v iru s  was suspended in  de ion ised d i s t i l l e d  water, and f i l t e r e d  through 

membranes w ith  p ro g re ss ive ly  s a a lle r  pore s ises, f in is h in g  w ith  a 0.2 yam 

membrane. The membrane was he ld  in  a S a rto r iu s  f i l t e r  adapter 725, 

which was s te r i l is e d  by au t o d  aving a t 121^ fo r  15 m in, w it l i the membrane 

in  p lace . Before use, each membrane was coated w ith  serum to prevent 

adso rp tion  o f the  v iru s  (V er, Keln ido and W a llis ,  1968). The serum 

( 'R a b b it serum no. 1 * , Burroughs Wellcome à  Co.) was f i l t e r e d  success ive ly  

through s te r i le  2.0yam, 0 .8 yam and 0.2 yam membranes be fore  use. hembrane 

f i l t r a t i o n  was used by Tanada and Tanabe (l9 6 5 ) in  the f in a l  stage o f 

p u r i f ic a t io n  of TIV. The e f f ic ie n c y  o f th is  technique was assessed in  

Experiment 6.
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EXPERIIieiTTS

A. PRELII-niTARY EXPERIEEETS

Experiment 1 . C h a ra c te risa tio n  o f the  v ir u s .

a) E le c tro n  m icroscopy

Many workers have examined TIV in  the d e c tro n  microscope, and a 

number o f  e le c tro n  m icrographs have been p u b lish e d , e .g . by W illiam s amd 

Smith ( l9 5 S ), G li tz  ^  j d  ( 1968) and W rig ley ( l9 7 0 ) .  I t  i s  agreed th a t 

the  TIV p a r t ic le  i s  an icosahedron bounded by 2 membranes, but the re  is  

disagreement over the  number o f p ro te in  subun its o f which tliese membranes 

are composed and over the diameter o f  the  v ir io n  (see General In tro d u c t io n ) ,  

A sample o f the  v ir u s  used in  the present in v e s tig a tio n s  was suspended 

in  d i s t i l l e d  water and mixed w ith  2;: ammonium molybdate. A drop was 

a p p lie d  to  a form von-coated specimen g r id  s ta b il is e d  w ith  a th in  lo y e r  

o f  carbon. The d ro p le t was removed w ith  a f i l t e r  paper p o in t,  le a v in g  

a th in  f i lm  of specimen, which was examined in  a P h il ip s  EII3OO e le c tro n  

microscope a t ope ra ting  vo lta g e  60 Kv. The appearance of the v iru s  ( p ig . 5 ) 

is  s im i lf ir  to  th a t o f TIV in  published e le c tro n  m icrographs, the double 

rnaûbrane a t the pe rip he ry  o f the v ir io n  being c le a r ly  v is ib le .  The 

average diameter o f the v ir io n s  is  130 nm, which is  in  agreement w ith  

the measurements cf W illiam s and Smith ( 1957) and Thomas ( 196I )  fo r  TIV.

b ) P roduction  of ir idescence

C e n tr ifu g a tio n  of th e  v ir u s ,  e .g . a t 7,600 jz fo r  20 min, re s u lte d  

in  the fo rm a tio n  of an ir id e s c e n t p e lle t ,  as described by V i l l i ans and 

Smith (1957) ;  in  re f le c te d  lignât i t  was g e n e ra lly  b lue  in  co lou r ( f i g .  6 ) , 

but sometimes appeared pu rp le  or green, and in  tra n s m itte d  l i g h t  i t



P ig . 6. E le c tro n  m icrograph o f the  v iru s ' used f o r  the p re se n t'

in v e s tig a tio n s , s. 336,000.
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F i r .  6. Ir id e s c e n t n e lle t  o f v ira s

v iru s - in fe c te d  not in fe c te d

F ix  . 7 . F o u rth - in s ta r  _T. oleracea la rva e  

Scale : nun.



appeared orange. In je c t io n  o f th e  v im s  in to  le a th e r j acirets re su lte d  

in  a c h a ra c te r is t ic  TIV in fe c t io n ,  as described by Xeros ( l9 5 4 ) . 

Iridescence  developed in  tiie  f a t  body, and th is  cou ld  be observed 

through the sk in  a f te r  seve ra l days (P ig . ? ) .

D iscuss ion

The vi.rus used in  the present in v e s t ig a t io n s  was is o la te d  from a 

le a th e r ja c k e t d isp la y in g  iridescence . The morphology and diameter o f 

the  v i r io n ,  and the iridescence  d isp layed  by v iru s  p e lle ts  and the 

in fe c te d  in se c ts  in d ic a te  f a i r l y  con c lu s ive ly  th a t t h is  v ir u s  is  -?in u la  

ir id e s c e n t v iru s .



Experiment 2. Assay o f T IV .

In tro d u c t io n

A common method of measuring the con cen tra tion  o f  a pathogen is  to  

determine the medial le th a l dose (LD50)> the re s u lts  be ing  analysed by 

one o f  seve ra l poss ib le  methods, e.g. by the method o f Reed and Huench 

( 1938) o r by pro b i t  a n a lys is  (F inney , 1952). An a lte rn a t iv e  method is  

to measure the tim e fo r  a response to  be e l ic i t e d  in  the host a f te r  

in o c u la tio n  w ith  an unkna-rn dose of the pathogen,, and to  estim ate the 

dose from  a standard a irv e  prepared by measuring the response tim es fo r  

Icnown doses.

H eynell and K e yn e ll ( l9 5 8 ) c a rr ie d  out a survey o f  the l i t e r a tu r e ,  

and observed th a t fo r  a number of h o s t/p a ra s ite  systems the mean response 

tim e is  l in e a r ly  re la te d  to  leg dose. They suggested th a t the organisms 

increase e x p o n e n tia lly  a t the same ra te  a t a l l  doses, and th a t the 

response occurs when the to ta l  number o f organisms reaches a c r i t i c a l  

f ig u re .

Th is model f i t s  the re s u lts  cf Aisawa ( l9 5 9 ) ,  who showed th a t both 

—5a 10 d i lu t io n  o f sillc/fcrra IÎPV and the u n d ilu te d  p re p a ra tio n  re su lte d  in  

an id e n t ic a l ra te  o f increase in  the in o cu la te d  in s e c t,

Gard ( l9 4 0 ) measured the s u rv iv a l tim e o f  mice in ocu la te d  w ith  

encepha lom ye litis  v iru s ,  and prepared a standard curve us ing  the 

re c ip ro c a l o f the harmonic mean s u rv iv a l tim e:

A  -t 2. + % .........2. X %h h h tJ



where t ^ ,  e tc . are the  in d iv id u a l s u rv iv a l t in e s  f o r  IT hosts in  the 

dose-group. The re c ip ro c a l tra n s fo rm a tio n  of the da ta  tends to  equa lise  

the va riance  o f the responses over the whole range o f doses. Smith and 

t/e s tga rth  ( l9 5 ? ) and Bauer ( 196O) a lso assayed v iru se s  in  mice hy 

measuring s u rv iv a l tim e, and Dougherty, hcCloslcey and Stewai’t  ( i9 6 0 ) 

assayed tb.e p s it ta c o s is  agent hy measuring the s u rv iv a l tim e  o f 

embryonated eggs in ocu la te d  w ith  the agent. S u rv iv a l tim e of the host 

can a lso be used to  compare the v iru le n c e  o f d if fe re n t  v iri;is  s tra in s  

(Reeve, 1969).

Among the in se c ts  the re  are severa l re p o rts  o f  decreasing response 

tim es w ith  in c re a s in g  in o cu la  of in fe c t iv e  agent. Increas ing  dosages of 

ITPY re s u lt  in  sho rte r s u rv iv a l tim es in  the s a w flie s , iTeodiprion s e r t i f e r  

(K rie g , 1955) and N eod in rion sv.rinei (M idd le ton ) (S m irn o ff, I 961) ,  the 

western oak lo o p e r, Lambdina f is c e l la r ia  som niaria (H u ls t)  ( h o ir is ,  1962), 

the bollworm , H e lio th is  zea (B odd ie), and the tobacco budworm, H e lio th is  

v ire s  cens ( la b r ic iu s )  ( ig n o ffo ,  1965), and T r ic h o n lu s ia  n i (Caiierday 

and A ran t, 1968). Aisawa ( l9 5 3 ) observed th a t low er concen tra tions  o f NPV 

in ocu la te d  in to  s illu fo rm  pupae re s u lte d  in  longer la te n t pe riods, and 

Henry and J u t i la  ( 1966) observed th a t the t in e  fo r  the appearance o f 

polyhedra in  the grasshopper, Melanonlus sanauinines (F a b r ic iu s ) , was 

in flue n ce d  by the size o f  th e  v iru s  inoculum. In  aphids, the la rg e r  the 

amount o f  v iru s  in  tlie  in fe c t io n  feed , the more ra p id ly  the in s e c ts  

become in o c u la t iv e , e.g . s traw berry  v iru s  3 in  Capitophorus fra g a ria e  

(Theobald) (P re n tice  and Toollcombe, 195 l) and s o w th is tle  ye llo w  v e in  

v iru s  in  Hvoeromvsus lactucae (Linnaeus) (S y lve s te r, R ichardson and 

Behncken, 1970).
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Several workers have assayed in fe c t iv e  m a te r ia l in  in se c ts  by 

measuring a response tim e. Maramorosch { l 9 5 5 ^ )  assayed as te r ye llow s 

v iru s  by measuring the  tim e f o r  i t s  v e c to r, Macro s te le s  f  asc ifrons  

( s ta l)  to  become in o c u la tiv e . The tim e f o r  Dro s o p h ila  to  develop CO^- 

s e n s i t iv i t y  has been used to  assay the sigma v iru s  ( L ’H é r i t ie r ,  19 58). 

Ig n o ffo  ( 1964) suggested th a t measurement o f the  median le th a l tim e could 

be used to  estim ate the NPV o f 2* H i*  Ih iitcom b, Jensen and Richardson (1966 

assayed the agent o f W estern X-disease by measuring the time fo r  the ■ 

lea fhopper, Colladonus nontanus (Yen Duzee), to become in o c u la tiv e .

The response tim e method was in v e s tig a te d  as a poss ib le  technique fo r  

assaying T IY , the in cub a tio n  p e rio d  (tim e f o r  the in sec t to  develop 

ir id e sce nce ) and the s u rv iv a l tim e being considered. The response tim e 

method was compared w ith  the  usuol method of LD50 de te rm in a tion  and w ith  

s e ro lo g ic a l methods o f assay.

Methods

A p re lim in a ry  assay was c a rr ie d  ou t on a su. sp en s i  on o f TIY in  ISA 

by in je c t in g  la rva e  w ith  decimal d i lu t io n s ,  each d i lu t io n  being in je c te d

“ 5in to  3 1 arvae ; the re s u lts  in d ic a te d  th a t the DD50 was apxjroximately 10 •

The fo llo w in g  d i lu t io n  se ries  was then prepared; lO "^ ,

—2 *"610 ......... to  10 and each d i lu t io n  was in je c te d  in to  30 la rvae . The

re s u lts  o f  th is  assay in d ica te d  th a t the  d i lu t io n  s e r ie s  d id not extend 

to  the DD50, so a fu r th e r  se t o f  d ilu t io n s  was prepared from 10 ^ to  lo " ^ ,  

and each cf these was in je c te d  in to  30 la rvae . The TTY suspension was 

s to red  a t 5^ between the  two sets o f in o c u la tio n s , which were 16 weeks 

a p a rt; i t  was assumed th a t there  was l i t t l e  a l te ra t io n  in  in fe c tiv i'b ^ /



PV

of the v iru s  du rin g  th is  tim e (see Experiment 23 ). Latex te s ts  and tube 

p re c ip ita t io n  te s ts  were c a rr ie d  a r t  on decimal d i lu t io n s  o f the TIY 

suspension.

H esults  and D iscussion 

a) Median le th a l dose (LD50)

The numbers o f  in se c ts  becoming in fe c te d  w ith  TIY are given in  Table 2. 

Some d id  no t develop ir idescence  u n t i l  a f te r  they had pupated, and some 

died be fore  ir ide scence  developed, the in fe c t io n  being detected by the 

la te x  te s t .  The dosage-m orta lity  re la t io n s h ip  is  in d ica te d  in  P ig . 8; 

the LD50 was computed from  th is  by p ro b it  a n a ly s is  and found to  be %o*5.681^ 

w ith  93 confidence l im i t s  of io~5 '498 Bucher ( 1956) po in ted

out th a t the slope o f  the  dosage-m orta lity  curve is  a measure o f the  

v a r ia t io n  in  res is ta nce  to  trea tm ent in  the p o p u la tio n . In  the present 

experiment the slope was 0,86 and the re  appeared to  be wide v a r ia t io n
—7

in  la rv a l res is ta n ce  to TIY, some in se c ts  becoming in fected , by the  lO ”  

d i lu t io n  cf TIY, w h ile  one d id  n o t become in fe c te d  by the 10 d i lu t io n ,  

b ) In cu b a tio n  pe rio d

The re la t io n s h ip  between mean in cu b a tio n  p e rio d  and lo g . dose (P ig . 9) 

appears to  be l in e a r  a t the h i^ ie r  d i lu t io n s ,  but not so a t the lower 

d i lu t io n s .  Th is  may be due to  the s a tu ra tio n  o f re ce p to r s ite s  fo r  v iru s  

on the hos t c e lls  a t the low er d i lu t io n s  (l-Ieynell and Î-Ieynell, 1958).

The c e l ls  a t the surface o f  the f a t  body become in fe c te d  before  those in  

the in te r io r  (Xanyuka and P ron ina , 1970); ihen a l l  the  re ce p to r s ite s  on 

the susce p tib le  c e l ls  have ta lien up v iru s  , in c re a s in g  the dosage i r i l l  not 

r e s u lt  in  sh o rte r in cu b a tio n  ue rio ds .
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Mortality Mortality 
(probit -  5)

977

84-1

1&9 "1

- 2“ 7 - 6 - 3—5 —4 - 2

tog^O TIV dilution

Fig.B. Log dose-m orta lity  relationship.
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A s tra ig h t  l in e  was f i t t e d  between the 10*’ '̂ and the 10~^ d i lu t io n s  

(F ig .  9 ) and, assuming th a t th is  represents an exponen tia l increase, 

an estim ate  o f the doub ling time o f TIV was made as fo llo w s :

Le t the estim ated l in e  be 

j  -  a + bx

where x -  log  dose

y = mean in cu b a tio n  p e r io d  

y = 1.6633 + 1.5396X

y^ = a + b lo g  dose

Yg = a + b lo g  2 dose

Yg "  ^ lo g  2 where 72 “  ^1 "  ^ o u b lir^  tim e

= 1.5396 X 0.3010 X 24 h

= 11.122 h 

95'^ confidence l im i t s  are g iven  by

( y g - y P  ± _ 2) ,  0.05 y  v (b ) X ( lo g  2)2

Doubling time = 11.1 h ± 2.1 h

The mean in cu b a tio n  pe rio d  a t the LD50 = 10,4 days (F ig . 9 ) ,  which

is  e q u iva len t to  22.4 doubling tim es f o r  TIV,

There was a h igh  degree of v a r ia b i l i t y  in  the re s u lts  fo r  in cu b a tio n  

pe rio d , which can be seen in  F ig . 10. 93.6^ o f the v a r ia t io n  in

in cu b a tio n  p e rio d  can be accounted fo r  by v a r ia t io n s  in  dose. These 

curves show the d e ta i ls  o f which F ig .  9 is  a summary.
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Flg.9. Relationship between log dose and mean incubation period.
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c) S u rv iva l t in e

The s u rv iv a l tim es showed g re a te r v a r ia b i l i t y  than the incuba tion  

p e rio ds , a lth -'uyh the re  iras s t i l l  a tendency fo r  longer s u rv iv a l t in e s  

w ith  h ig h e r d i lu t io n s  o f TIV (P ig . l l ) .  61. S' o f the v a r ia t io n  in  

s u rv iv a l tim e can be exp la ined  by v a r ia t io n s  in  dose. The mean s u rv iv a l 

tim e v a r ie d  from 29.5 days f o r  the u n d ilu te d  TIV p re p a ra tio n  to  61,0 days 

f o r  the 10 d i lu t io n .  There was v i r t u a l l y  no c o r re la t io n  between

in cub a tio n  pe rio d  and s u rv iv a l t'm e  ( r  = 0 ,126 ),

d) P repa ra tion  o f s tandard curve

I t  was decided to  use in cu b a tio n  pe rio d  as a response tim e f o r  assay 

purposes in  preference to  s u rv iv a l t in e  because o f the g re c te r v a r ia b i l i t ^ r  

of the la t t e r ,  and the lo ng e r t in e  to  o b ta in  re s u lts .  The re c ip ro c a l o f 

the harmonic mean in cu b a tio n  pe rio d  was p lo t te d  aga ins t lo g  dose, and a 

s tra i.^h t l in e  was f i t t e d  (F ig , 12a). Using t h is  l in e ,  93.6^' of the 

v a r ia t io n  in  in cu b a tio n  pe rio d  can be exp la ined by v a r ia t io n s  in  dose.

As mentioned above, the re la t io n s h ip  appears to  be more n e a rly  l in e a r  a t 

h igh e r d i lu t io n s  o f v ir u s ,  so a second s tra ig h t l in e  (F ig , 12b) was f i t t e d ,  

between 10 and lO " ; t h is  l in e  exp la ins  97 .6y of the v a r ia b i l i t y .

The best l in e  us ing  the data from a l l  the dose-groups iras found to  be a 

parabola (F ig . 12c), which e xp la in s  97.4^ of the v a r ia b i l i ty ^ . I t  was 

th e re fo re  decided to  use the parabola as the standard curve f o r  assay 

purposes, TIV t i t r e s  being measured in  LU50 u n its .

e ) Comparison cf assay techniques

The response tim e method has severa l advantages over the  usua l 

LU50 de te rm ina tion : no p re lim in a ry  assay is  re q u ire d  to  determine a.

s u ita b le  range o f d i lu t io n s ;  re s u lts  are g e n e ra lly  obta ined more ra p id ly
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5 -46-7 3 2
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fig .12. Y V log dose, where T is the harmonic mean incubation period in days.

observed vaiues 
y = 17-472 + l-i79x
y = 20-177 + i‘74Bx
y = 16-705 + O-320X -  0-i40x'
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as in cu b a tio n  pe riods  are sh o rte r w ith  low d i lu t io n s ;  fewer d i lu t io n s  

g e n e ra lly  need to  be prepared, \ r ith  fewer e rro rs  as a consequence. G l i tz  

^  ^  ( 1968) observed th a t TIV is  adsorbed onto ^  ess surfaces, which can 

re s u lt  in  e rro rs  du ring  th e  p re p a ra tio n  of d i lu t io n s .

TIV was assayed by the response tim e method on a nuLiber o f  occasions 

du ring  the presen t in v e s tig a tio n s . Tito d ilu t io n s  o f  th e  viru.s were 

g e n e ra lly  assayed, and the mean of the 2 estim ates was tal^en. In  some 

cases the 2 estim ates were in  almost complete agreement, w h ile  in  others 

the re  were la rg e  d iscrepancies between them. P oss ib le  reasons f o r  these 

d iscrepancies are loss o f v iru s  from  the la rv a  Then i t  bleeds a f te r  the 

in je c t io n ,  and v a r ia t io n  between la rvae  in  s u s c e p t ib i l i t y  to  in fe c t io n ,  

which the slope of the do sa g e -m o rta lity  curve (P ig . 8) suggests ■ is  h igh . 

An attem pt was made to  d im in ish  b leed ing  a f te r  in je c t io n s ,  bu t t h is  did 

not r e s u lt  in  sh o rte r or le ss  v a r ia b le  in cu b a tio n  periods (experim ent 3 ) .

I t  was shown in  Experiment 7 th a t d if fe re n t  progeny groups v a iy  in  

t h e ir  ra te  o f  development, and in  Experiment 22 th a t groTth ra te  is  

a ffe c te d  by tem perature. A l l  la rv a e  fo r  the present experiments were 

bred a t room tem perature, w h id i was not constant, thus le rvae  o f  the 

same age in  d if fe re n t  genera tions were not always a t  the same stage o f 

development. In  Experiment 23 the TIV t i t r e s  in  the t h i r d  assay were 

h igher than the second in  a l l  3 cases , which suggests d iffe re n ce s  between 

the la rvae  used f o r  the 2 sets of assays. I t  would be p re fe ra b le  to 

breed a l l  in s e c ts  under con d itio n s  o f constant tem perature.

P ro b it  a n a lys is  gave a f a i r l y  p rec ise  estim ate o f  the LD30 of the 

TIV suspension; th is  was based on the data from  270 la rvae  in ocu la te d
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w ith  d i lu t io n s  w id e ly  spaced around the LD5O (lO ~^ to  lO "^ ) .  I f  an 

approxim ation o f the LD50 were kna fn  from  a p re lim in a ry  assay, then the 

same p re c is io n  cou ld he achieved w ith  fewer la rv a e  in o cu la te d  w ith  

d i lu t io n s  more c lo s e ly  spaced around the LD50. The po ss ib le  sources 

of e rro r mentioned above f o r  the  response tim e method, i . e .  adsorp tion  

o f TW onto g lass , lo ss  o f  TIV from  the in se c t d u rin g  b le e d in g , and 

v a r ia t io n s  in  s u s c e p t ib i l i ty  to  in fe c t io n  between la rv a e , also apply 

to  the usual method of LD50 de te rm ina tion .

La tex and tube p re c ip ita t io n  te s ts  c a rr ie d  ou t on the TIV suspension 

gave end-po in ts  o f l/2 ,0 0 0  and 1/ 200, re s p e c tiv e ly , thus these techniques 

could on ly  be used fo r  assaying concentrated suspensions o f TIV. 

S e ro lo g ic a l te s ts  such as these do no t n e ce ssa rily  measure the in f e c t iv i t y  

of a v iru s  suspension, as v ir io n s  might p o s s ib ly  lo se  th e ir  in f e c t iv i t y  

w ith o u t lo s in g  t h e ir  s e ro lo g ic a l s p e c i f ic i t y .  The main advantage of 

these te s ts  is  t h e i r  r a p id i t y  and they could be u s e fu l fo r  c a rry in g  out a 

p re lim in a ry  assay on an unknown TIV suspension i f  the LD5O were to  be 

determined by the usual method.
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Experinient 3. A ttem nts to  d im in ish  b leed inv  in  la rva e  a f te r  in je c t io n . 

In t ro  du c tio n

One of the reasons p o s tu la te d  f o r  the h ig h  degree o f v a r ia b i l i t y  in  

in cu b a tio n  pe rio d  in  1 eather ja cke ts  in je c te d  w ith  TIV (S xperiiæ nt 2) was a 

lo s s  o f v iru s  when the in s e c t bleeds a f te r  tlie  s y r irg e  needle has been 

w ithdrawn, V i t t i g  ( 1963) suggested sea ling  wounds in  in se c ts  caused by 

in je c t io n  ir i th  a se a lin g  m a te ria l such as c o llo d io n .

Uethods

The fo llo w in g  m a te r ia ls  were used to  t r y  to  d im in ish  b leed ing  in  

le a th e r  ja cke ts : v a s e lin e , la n o lin e , s o f t  ye llow  p a ra f f in ,  c o llo d io n  and

'hew-Skin* (Harwoods Laboratori.es, S t. Helens, La ncs ,). Each o f these 

was te s te d  on 30 la rva e , which were each in je c te d  w ith  id e n t ic a l doses 

o f TIV; 50 c o n tro l la rvae  were each in je c te d  w itl'i the  sane dose.

The v a se lin e , la n o lin e  and p a ra f f in  were smeared over the in je c t io n  s i t e ,  

and the in je c t io n  was performed t l iro u ^ i the smear. The c o llo d io n  and 

*HeW“ S k in ' were app lied  to  the wound im m ediately a f te r  the  needle had been 

w ithdrawn. I t  was considered th a t i f  any o f  these treatm ents re s u lte d  

in  s ig n i f ic a n t ly  sho rte r in cu b a tio n  periods compared t o  those in  the 

c o n tro l la rv a e , then t h is  would in d ic a te  th a t le ss  v iru s  liad been lo s t  

during the p o s t - in je c t io n  b lee d ing .

R esu lts  and D iscussion

None o f the trea tm ents re s u lte d  in  in cu b a tio n  periods s ig n i f ic a n t ly  

sh o rte r than the co n tro ls  (Tables 3 and 4 )» but the la n o lin e  trea tm ent 

re s u lte d  in  s ig n i f ic a n t ly  l onger in cub a tio n  pe riods , a re s u lt  irh ich 

in d ic a te s  re d u c tio n  in  the e f fe c t iv e  dose, p o s s ib ly  by p re ven tion  of
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v iru s  adso rp tion  onto host c e l ls .  ITore than h a lf  of tho la rva e  tre a te d  

w ith  c o llo d io n  d ied  w ith in  a few da^^s, t h is  to x ic  e f fe c t  p o s s ib ly  being 

due to  the acetone in  which the c o llo d io n  was d isso lved . The c o e ff ic ie n t  

o f v a r ia t io n  fo r  the in cub a tio n  periods was found to  be h igh  (22.6/0» 

thus again de^nonstrating the h igh  v a r ia b i l i t j r  of the la rvae in  t h e i r  

response to  TIV,

There appeared to  be le s s  b leed ing  a f te r  the in je c t io n  in  many o f the 

tre a te d  la rva e , compared w ith  the c o n tro ls , but as none o f the treatm ents 

re s u lte d  in  s ig n i f ic a n t ly  sh o rte r in cu b a tio n  p e rio d s , i t  was concluded 

th a t lo s s  o f v iru s  when the  in s e c t bleeds is  not s ig n if ic a n t ,  and no 

attem pts were made to prevent b leed ing  in  the in je c t io n  procedure.
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E x w rim ent 4 . Comparison o f  techniques f o r  the  d e te c tio n  o f T IV . 

In tro d u c t io n

In  many experim ents, in se c ts  which d ied  w ith  out developing iridescence  

were te s te d  fo r  TIV by making an e x tra c t and e ith e r  c e n tr ifu g in g  i t  to  see 

i f  an ir id e s c e n t p e l le t  was fo m e d , or pe rfo im ing  a3atex te s t  upon i t  

(see M a te ria ls  and Methods, D e te c tion  o f  T IV ), A sho rt experiment was 

c a rr ie d  out to  determine the re la t iv e  e f f ic ie n c ie s  of these two techniques. 

Methods

F i f t y  laor/ae were in fe c te d  w ith  TIV by in je c t io n ,  and a t in te rv a ls  

of 24 h , 10 were se lected  by random numbers. Each iras ground in  2 ml 

t r i s  HCl -h PVP and c e n tr ifu g e d  a t 600 jg fo r  5 m in. One drop o f the 

supernatant was used fo r  a la te x  te s t ,  and the remainder,was ce n tr ifu g e d  

a t 7,600 ^  fo r  20 m in, a f te r  which the tube was examined f o r  the presence 

o f an ir id e s c e n t p e l le t .  On each day 2 c o n tro l la rv a e , which liad been 

in je c te d  w ith  ISA, were sub jected  to the same trea tm en t.

R esu lts  and D iscussion

The re s u lts  (Table 5) in d ic a te  th a t the la te x  te s t  is  s l ig h t ly  more 

s e n s it iv e  than the c e n tr ifu g a t io n  technique fo r  d e te c tin g  TIV. I n  many 

cases the iridescence  in  the p e l le t  was ju s t  a f a in t  s tre a k  emongst a lo t  

o f grey de b ris , and was n o t always e a s ily  seen. Latex te s ts  wei'e a lso  

c a rr ie d  out on haenolymph withdrawn d ir e c t ly  from la rvae  and on e x tra c ts  

o f la rva e  which had not been sub jected to  the low-speed c e n tr iiU g a tio n ; 

many o f these re s u lte d  in  fa ls e  p o s it iv e s , which d id  not occur when the 

la rv a l e x tra c t was c la r i f ie d  by c e n tr ifu g a tio n .

The la te x  te s t c a rr ie d  out on tlie  TIV p re p a ra tio n  in  Experiment 2 

re s u lte d  in  an end-po in t of l/2 ,0 C 0 ; t h is  means th a t  the te s t  detected
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4.80 X 10^ LD50 u n its  T IV /m l. In  another te s t  the low est concen tra tion

o f TIV detected was 4.53 % 10̂ *' LD50 u n its /m l.  The tube p re c ip  i t  of don

te s t  is  approxim ate ly 10 tdjmes le ss  s e n s it iv e  than the la te x  te s t .

The most s e n s it iv e  technique fo r  d e te c tin g  TIV is  by in je c t io n  in to

la rva e . I f  a number o f la rva e  are each in je c te d  w ith  0.005 m l, then i t
2

should be poss ib le  to  de tect concentra tions o f about 2 .0  x 10 ID 50 u n ite

T IV /m l. The la te x  te s t  is  about 100 tim es le s s  s e n s it iv e  than th is

techn ique , but i t  has the g re a t advantage th a t  is  i s  much less  time-consuming

and i t  was used in  the m a jo r ity  o f cases when te s t in g  f o r  TIV in fe c t io n s

in  in se c ts  w h id i d:led w ith o u t developing ir id e sce n ce . In  some experiments

the c e n tr ifu g a t io n  te  clinique was employed f o r  t h is  purpose.

Test fo r  a v is ib le  re a c tio n  between TIV end u n se n s itise d  la te x  c a r t i d e s .

hukuliara and ïïashimoto ( 1966a) observed th o t TIV and unsens itise d

la te x  p a r t ic le s  formed aggregates in  aqueous suspension; t h e ir  fo rm a tio n

took several, h o u rs , and they  g ra d u a lly  increased in  s ize  over seve ra l days.

Decimal d i lu t io n s  o f a TIV suspension were th e re fo re  te s te d  aga inst

u n se n s itise d  la te x  p a r t ic le s  to determine whether any v is ib le  negation

occurs w ith in  the tim e taken to read the la te x  te s t ,  i . e .  40 m in. No

v is ib le  re a c tio n  occurred w ith  the un se n s itise d  p a r t ic le s ,  w h ile  the

"3s e n s itis e d  p a r t ic le s  formed v is ib le  aggregates w ith  the 10 d i lu t io n  of 

TIV. I t  would appear, t l ie re fo re , th a t any n o n -s p e c ific  aggregation o f 

TIV and la te x  p a r t ic le s  is  u n l ik e ly  to  in te r fe re  w ith  the reading o f the 

la te x  te s t .
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PJxueririient 5, The recovery o f  TIV from aoueous suspensions.

In  a number o f experiments i t  was necessary to  recover TIV from  

aqueous suspensions, e .g . when te s t in g  la r v a l faeces fo r  the presence of 

TIV (Experiment 9 ) . A qu ick te s t  was performed to  estim ate the percentage 

of v iru s  recovered from an aqueous suspension by c e n tr ifu g a t io n . Decimal 

d i lu t io n s  cf a TIV suspension were prepared, and the lO "^  and lO ” ^ di. l u t  ions 

were in je c te d  in to  la rva e , 10 la rva e  being in je c te d  w ith  each d i lu t io n .

One ml o f the TIV suspension was then d ilu te d  l /2 5  w ith  0.35/^ NaCl, and 

c e n tr ifu g e d  at 7,600 fo r  20 m in. The p e l le t  was resuspended in  1 ml 

ISA, decimal d i lu t io n s  were prepared, and the 10~^ and lO "^  d i lu t io n s  

were assayed as be fo re .

Table 6. Assay of TIV be fore and a f te r  c e n tr liU a a t io n .

D i lu t io  n o f TIV

-4 -510 ^ 10 ^

b e f ore cent r i fu g  a t io n 7/9 o / io

a f te r  c e n tr ifu g a t io n 6 /lO l / lO

Each re s u lt  i s  expressed as the nurher o f in se c ts  

developing ir id e sce n ce , fo llo w e d  by the number 

in je c te d  le s s  any w liid i d ied w ith o u t ir id e sce n ce  

before tlie day o f the mean in cub a tio n  p e rio d  fc r  

th a t dose-group.

The re s u lts  (Table 6) in d ic a te  th a t t h is  techn ique d id  not re s u lt  

in  an r̂ s ig n if ic a n t  lo s s  of TIV; i t  was th e re fo re  adopted fo r  recovering 

TIV from aqueous suspensions.
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Experim ent 6. Assesamont o f  membrane f i l t r a t i o n  as a techn ics e fo r  the

p u r i f ic a t io n  of TIV suspensions.

I n tro d u c tio n

In  some experim ents, e.g. Experiment 15, i t  was necessary'- fo r  TIV 

suspensions to  be f re e  from  b a c te r ia l and fu n g a l contam inants, and membrane 

f i l t r a t i o n  was considered as a possib le  means of ach iev ing  th is .  Tanada 

and Tanabe (1965) f i l t e r e d  TIV suspensions in  d i s t i l l e d  water th ro u ^ i a 

0.3 yam membrane in  the f in a l  stage o f the p u r i f ic a t io n  of the v iru s .  The 

diameter of a l l  reported  b a c te ria  is  g re a te r than 0 .2 2 ^im, th e re fo re  a 

membrane w ith  t h is  pore s ize  should re ta in  a l l  b a c te r ia  ( llu lva n y , 1969).

P re lim in a ry  experiments w ith  TIV suspended in  ISA suggested th a t 

la rg e  amounts of the  v iru s  were adsorbed onto the membranes, Workers w ith  

o ther v iru se s  have a lso  encountered t h is  problem. Ver jet _a 1 ( i 960) found 

th a t v iru s e s  were adsorbed by membrane f i l t e r s  w ith  pore s izes tw ice the 

diameter o f the v ir io n s ,  and O liv e r  ( l9 6 s )  found th a t en te rov iruses irere 

adsorbed s ig n i f ic a n t ly  a t a pore s ize 285 tim es g re a te r then the v iru s  

diam eter. Rao and Labzo ffsky ( 1969) observed strong a d so rp tio n  of 

p o lio v iru s  onto a 0.45 yim membrane. These in v e s tig a to rs  d im in ished th is  

adso rp tion  e ith e r  by t re a t in g  the membrane vrith a p ro te in , which presuma.bly 

b locks the  adsorbing s ite s ,  o r by suspending the v iru s  in  d is t i l le d  w ater 

or a d e te rg e n t.

Tests were performed to  see hof ad so rp tion  of TIV onto membranes can 

best be c o n tro lle d , and. to  determine whe'Üier b a c te r ia  and fu n g i are 

re ta in e d  by the menbranes.
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a) T'ombrane f i l t r a t i o n  of TIV in  v a r io u r ousp-^ndlrr media.

Methods

Equal q u a n t it ie s  o f TIV were suspended in  1 ml of eadi of the fo llo w in g  

ISA, de ion ised w a te r, 0.001/' Tween 80, 0,0019' Teepol *X L \ The TIV 

suspension in  ISA was assayed by in je c t in g  la rvae  w ith  decimal d i lu t io n s ,  

each d i lu t io n  being in je c te d  in to  3 la rva e . Each suspension wc's then 

f i l t e r e d  th ro u d i a 0 .2 ^ ^  renibrane and each f i l t r a t e  was assayed by 

preparing decimal d i lu t io n s  w ith  ISA and in je c t in g  each d i lu t io n  in to  

3 la rva e .

Results and D i sous s i on

The re s u lts  (Table 7) in d ic a te  th a t v i r t u a l l y  a l l  the  TIV suspended 

in  ISA was adsorbed by the meubrane , Th is  a d so rp tio n  was d iL iin ished by 

suspending the v ir u s  in  de ionised water or a de tergent, but on ly  about 

0,1/1 of the v iru s  wa.s recovered, so there was s t i l l  s ig n if ic a n t  

ad so rp tion . I t  appears, t ie  r e f  o re , th a t ions p la y  an im portan t ro le  in  

the adso rp tion  process. Kao and Labs o f f  sky (1969) found th a t the adsorp tion  

of p o lio v iru s  on to  membrane f i l t e r s  was enhanced by the presen ce of 

calcium  ions. Some workers (e .g . C liv e r ,  1968) have tre a te d  membranes 

w ith  p ro te in  to  c o n tro l the ad so rp tion  o f v iru s e s , so te s ts  were done 

to  see i f  t h is  procedure w i l l  c o n tro l the a d so rp tio n  of TIV.

b ) Treatment o f membranes w ith  serum, and te s ts  fo r  the re te n t io n  of

bacte rie . and fun-vi bv the membranes.

Keth ods

A TIV suspension in  d is t i l le d ,  de ion ised water was prepared and 

assayed b'^ the response tim e method. I t  was then f i l t e r e d  successive ly
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Table 7 . Assay o f TIV suspensions be fore and a f te r  f i l t r a t i o n  throup-'h 

membrane f i I t e r s •

D i lu t io n
Befo re  

f i l t r a t i o n

A fte r  f i l t r a t i o n ,  TIV suspended in :

ISA
Deionised

water Tween 80 Teepol 'XL*

1 0 ° 3/3 0/3 3/3 3/3 3/3

10~^ 3/3 0/3 2/3 2/3 1/3

10"^ 3/3 0/3 1/3 1/3 ■ 2/3

1 0 "^ 2/3 0/3 0/3 2/3 0/3

1 0 “ '̂ 3/3 0/3 0/3 0/3 0/3

1 0 ~^ 1/3 0/3 0/3 0/3 0/3

1 0 - s 1/3 0/3 0/2 0/1 0/3

Each re s u lt  i s  expressed as the number of in se c ts  developing ir id e sce n ce , 

fo l ia re d  by the number in je c te d  le s s  any which died ’vrithout iridescence  

before  the day of the mean in cu b a tio n  pe rio d  fo r  t l ia t  do se-group .

The do tted  l in e s  in d ic a te  approximate p o s itio n s  o f the  LD^Os.
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through 2 .0 , 1 .2 , 0 .8 , 0.45 ond 0.2 yim membranes, p re v io u s ly  tre a te d  

w ith  p ro te in  by f i l t e r i n g  tlirough  each approxim ate ly 1 ml s te r i le  

ra b b it  serum. A f te r  eadi f i l t r a t i o n ,  the suspension was assayed by the 

response tim e method, and tes ted  fo r  the presence o f b a c te r ia  and fu n g i 

by spreading 0.1 ml a liq u o ts  on 6 p la te s  each o f  n u tr ie n t  agar a,nd m alt

e x tra c t agar. Two p la te s  o f each medium were incubated a t each of the

fo llo w in g  tem peratures: 5^, 20^, 37^.

Results and D iscussion

The re s u lts  o f the response time assays were h ig h ly  v a r ia b le , and in  

many cases the va lues extended beyond those o f the standard curve ( f ig .  12) 

so th a t no esthriate could be made. A l l  the f i l t r a t e s ,  however, proved to  

be h ig h ly  in fe c t iv e ,  and there appeared to  be l i t t l e  o r no v iru s  lo s s .

The estim ate o f the TIV t i t r e  before f i l t r a t i o n  was 6 .0  x lo'^ LD50 u n its /m l,  

and th a t  fo r  the f in a l  f i l t r a t e  was 2.2 x 10^ LD50 u n it  s /m l.

The te s ts  fo r  tlie presence of b a c te r ia  and fu n g i in  the  f i l t r a t e s  

(Table S) in d ic a te d  th a t the 0.45 yU% membrane e f fe c t iv e ly  he ld  back 

b a c te r ia , w h ile  the 1 . 2 membrane e f fe c t iv e ly  h e ld  back fu n g a l spores.

The numbers o f b a c te r ia l and mould co lon ies  growing on the  n u tr ie n t  agar 

p la te s  in o cu la te d  from  the 0.45 and 0 .2  yum f i l t r a t e s  were s im ila r  to  

those grO fing  on c o n tro l p la te s  across which a s t e r i le  g la ss  spreader had 

been streaiced.

I t  has thus been demonstrated th a t f i l t r a t i o n  o f  a TIV suspension 

through membrane f i l t e r s  w ith  p ro g re ss ive ly  smal 1 er pore diam eters, 

f in is h in g  vrith  a 0 .2  yrn membrane, should render i t  free  from b a c te r ia  end 

fu n g i,  and th a t lo s s  o f  v iru s  due to  ad so rp tion  onto the membranes should 

be n e g lig ib le  i f  tlie  membranes are coated vsith serum and tlie  vi.rus is  

suspended in  dem inera lised w a te r.
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Experiment 7 • D e te rm ination  o f  la rv a l in s ta r  bv measurement o f s p ira c le

d iam ete r.

In tro d u c tio n

In  some experiments i t  was im portant to  know the la r v a l in s ta r .  S ise 

and weight are u n re lia b le  guides to la r v a l in s ta r  as the re  may be much 

v a r ia t io n ;  some la rvae  may be sm a lle r than o the rs  in  the preceding in s ta r .  

The diam eter o f the s p ira c le s  remains f a i r l y  constant throughout an in s ta r ,  

and then approxim ate ly doubles or tre b le s  in  diameter in  the noct in s ta r ,  

so s p ira c le  diameter is  an e x c e lle n t guide to  la rv a l in s ta r .

Methods

Larvae from  10 d i f fe re n t  progeny groups were reared a t 20^ and the 

diameter o f t h e i r  s p ira c le s  was measured d a i ly , from hatch ing to  pupa tion , 

using a s te reoscop ic  microscope f i t t e d  w ith  a m icrometer ey-p iece . The 

experiment was commenced w ith  a t o t a l  o f 175 la rva e , and 21 surv ived to  

pupa tion .

R esults and D iscuss ion

The s p ira c le  diameters o f  the la r v a l in s ta rs  are given in  Table 9.

Table 9. S p ira c le  diameters of la r 'v a l in s ta rs  o f  jP. o l or ace a .

L a rv a l in s ta r S p ira d e  diam eter (mm)

I 0.04

I I 0.12

I I I 0.33

IV 0.62



There was l i t t l e  v a r ia t io n  between the s p ira c le  diam eters o f d i f fe re n t  

la rvae  in  any one in s ta r .  The development o f  the in s e c ts  a t 20^ is  dep ic ted  

in  F ig , 13, which can be used to  estim ate th e  p ro p o rtio n s  o f  la rvae  in  the 

d if fe re n t  in s ta rs  on any day a f te r  ha tch ing. There was h ig h  m o r ta l ity  

among the la rv a e , e s p e c ia lly  during  the e a r ly  in s ta rs ,  so th a t the number 

of la rvae  which reached the fo u r th  in s ta r  was sm all compared w ith  the ' 

i n i t i a l  number.

There were d iffe re n ce s  in  the ra te  o f development between d if fe re n t  

progeny groups (Tab le  lO ) , and these d iffe re n ce s  were s ig n if ic a n t  in  

the e a r ly  in s ta rs  (Table l l ) .  The lack  of s ig n if ic a n c e  in  tüie la te r  

in s ta rs  may be due to  the fa c t  th a t there were few la rv a e  s u rv iv in g .

There were a lso b ig  d iffe re n ce s  in  the ra te  o f development between 

in d iv id u a ls  w ith in  the progeny groups.
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Fig 13. Development of T.oleracea at 20°



Table 10. Rates o f development o f d if fe re n t  progeny ^'roui^G a t 20 .

63

Progeny group

L a rva l in s ta r

PupaI I I I I 17

1 14 23 41 54

2 17 34 69.5 120

3 17 29.5 64 111

4 18 32 62.5 123

3 15 25 47.5 88

6 16 29.5 57.5 108

7 13.5 30 76,5 ”  /

8 25 31.5 -  ^

9 23.5 41 58 69

10 20 30 54.5 78

Each re s u lt  i s  the mean day on which the m a jo r ity  o f the progeny 

group were in  th a t stadium,

/  A l l  in se c ts  dead.



Table 11. R e su lts  of X ~  te s ts  troon the data in  Table 10.
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Time since 
hat ch ing ( days)

No, of progeny 
groups compared ^ In s ta rs

14 9 1, 2 69 .87 *-*

21 7 2, 3 12. 72*

28 5 2, 3 5.16 ITS

35 5 3, 4 4.72 ÎIS

5̂  Progeny groups w ith  few s u rv iv in g  la rvae were n o t in c lude d .

S ig n if ic a n t d iffe re n c e  (p < C 0 ,0 0 l)

X S ig n if ic a n t  d iffe re n c e  (p <  O.O5)

ÏÏS No s ig n if ic a n t  d iffe re n c e .



B. MODE OF TRA^irNISSIOIT OP TIV: SCURCS 0? im'ECTION .

I  n t r  o dll c t  ion

I f  le a th e r ja c k e ts pic2c up a TIV iiTCection from  t h e i r  env ironnen t, the 

v iru s  must come u lt im a te ly  from other in fe c te d  in se c ts . The source o f 

in fe c t io n  could he the in fe c te d  in se c ts  themselves or v iru s  in  t h e ir  exc re ta . 

Ext)erim ent 8 . Demonstration o f  the transm iss ion  o f TIV 

In tro d u c tio n

There are few re p o rts  in  the l i t e r a tu r e  o f observa tions on the 

transm iss ion  o f a pathogen from  one in d iv id u a l in se c t to  another.

Jaques (l9 6 2 ) demonstrated the transm iss ion  o f the NPV o f T ric h o n lu s ia  n i 

from in fe c te d  to heal, thy  la rv a e , but Van der Lann and Das s ink  (l9 6 9 ) 

found th a t h a rd ly  any he a lth y  la rvae o f the Mediterranean, i l  our moth, 

E uhestia  k u h n ie lla  ( Z e l le r ) , or P ie r i^  brassicg.e become in fe c te d  when 

they were con fined w ith  la rva e  o f the  same species in fe c te d  w ith  Bac i l l  us 

th u r in fr ie n s is . In  order to  te s t  whether TIV can be tra n sm itte d  from one 

la rv a  to  another, he a lth y  and T IV - in f ected le a th e r ja cke ts  were confined 

toge the r in  p e t r i  d ishes.

Re s u lts

a) Confinement o f hea lth y  fo u r th - in s ta r  la rvae w ith  in fe c te d  fo u r th - in s ta r  

la rvae

T h ir ty  p e t r i  dishes were prepared, each con ta in in g  1 T IV -in fe c te d  

fo u r th - in s ta r  la rva  ( th e  prim ary la rv a ) ;  from 1 - 5  h e a lth y  fo u r th - in s ta r  

la rvae  (the  secondary la rvae ) were placed in  each d is îi.  In  18 of the 

dishes some or a l l  o f the secondary la rvae become in fe c te d  w ith  TIV, 

whereas in  c o n tro l dishes, con ta in ing  on ly  h e a ltliy  la rvae , no in se c ts



became in fe c te d . Some c o rre la t io n  was found between the pe rio d  e lapsing  

up to  th e  death of the prim ary la rvae and t ie  p e rio d  e laps ing  before tlos 

appearance o f TIV symptans in  tae secondary la rvae  ( r  = 0.695)* 48.5^

o f the v a r ia t io n  in  the tim e f o r  appearance o f symptoms in  the secondary 

la rvae  can be accounted fo r  by the  tim e e laps ing  before the  death cf the 

prim ary la rv a e .

However, i t  i s  poss ib le  th a t some event occurs be fore  the death of 

a prim ary la rv a  and th a t  the c o r re la t io n  is  w ith  the p e rio d  e laps ing  

be fore  t h is  event ra th e r than w ith  the tim e lapse up to  death. To te s t 

th is  p o s s ib i l i^ v ,  th e  fo llaw in? : experiment was performed. One T lV - in fe c te d  

(p rim ary) la rv a  and one h e a lth y  (secondary) la rv a  were p laced in  each of 

77 p e t r i  d ishes. On each subsequart day the p rim ary  la rvae were removed 

from 2 dishes se lec ted  a t random, and the secondary la rvae  were observed 

fo r  the development o f ir id e sce n ce . S ix  of the 77 secondary la rvae  became 

in fe c te d  w ith  TIV; in  a l l  6 cases the prim ary la rv a  had d ied , and had 

been p a r t ia l ly  o r com plete ly ingested . In  no case viiere the  p rim a iy  la rv a  

was removed from  the d ish d id  the secondary la rv a  become in fe c te d , which 

suggests th a t  the c o r re la t io n  o f time fo r  appearance o f  ir idescence in  

secondary la rvae  is  w ith  the tim e to  death o f th e  p rim ary  la rva e , i . e .  

th a t the in fe c te d  cadaver was the source of in fe c t io n .

There were 11 o the i’ cases where the prim ary la rv a  d ied and was 

p a r t ia l ly  o r com ple te ly ingested by the secondary la rv a ; none o f these 

developed ir id e sce n ce , but they could have been in fe c te d  w ith  TIV a t a la r  

le v e l,  as no fu r th e r  te s ts  fo r  TW were c a rr ie d  out on them.

Host in fe c te d  (p rim ary) la rva e  appeared to  remain q u ite  a c tive  and
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pugnacious u n t i l  a sho rt tim e be fo re  they died and a number o f  secondary 

la rvae  were ingested by prim ary la rvae  as w e ll as vic e  ve rsa .

I n  order to  te s t  the converse o f the  prev ious experim ent, 1 prim ary 

and 10 secondary 1 arvae were placed in  each cf 5 p e t r i  dishes. Dishes 

co n ta in in g  11 n o n -in fe c te d  la rva e  were prepared as c o n tro ls . At va riou s  

tiî iie  in te rv a ls  1 secondai^r la rv a  was removed from each dish and tra n s fe rre d  

to  an in d iv id u a l d ish . The time o f death o f each p rim ary  la rv a  was noted.

T h irte e n  secondar^r la rva e  were removed from  the te s t  d is lies  before 

the prim ary la rv a  had d ied ; none o f these developed ir id e sce n ce . 

T h irty -seve n  %;ere removed a f te r  the prim ary la rv a  had d ied ; 6 o f these 

subsequently developed ir id e sce n ce , and in  each of these cases the 

primary?- la rv a  had been p a r t ly  or com plete ly ingested, None o f the c o n tro l 

la rvae  developed ir id e sce n ce .

The f in a l  experiment o f th is  se rie s  was designed to  determine the 

poss ib le  e f fe c t  of p o p u la tio n  density  on the p ro p o rtio n  o f la rvae becoming 

in fe c te d . One T lV - in fe c te d  la rv a  was placed in  each cf 100 p e t r i  di-shes. 

From 0 - 9  h e a lth y  la rvae  were added to  each d is h , each po pu la tio n  d e n s ity  

(from  1 - 1 0  per d ish ) being re p lic a te d  10 tim es. There was also 1 c o n tro l 

d ish  a t each p o p u la tio n  d e n s ity , con ta in ing  o n ly  h e a lth y  la rvae .

The re s u lts  (Table 12) in d ic a te  th a t the re  is  l i t t l e  c o ir  e la t io n  

between the  p ro p o rtio n  of la rvae  becoming in fe c te d  and tiie  popu la tion  

d e n s ity . Only 5*2^ of the v a r ia t io n  in  the p ro p o rtio n  o f la rvae  

becoming in fe c te d  can be exp la ined by v a r ia t io n s  in  popu la tion  d e n s ity .
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D uring th is  expeinment, each prim ary la rv a  was c a re fu lly  obser^/ed 

post mortem, to  determine whether or not i t  was ingested, com plete ly or 

p a r t ly ,  by the  secondary la rva e . In  some cases i t  was d i f f i c u l t  to  

a s c e rta in  whether or not i t  had been p a r t ly  inges ted , as the cadaver 

began to  decompose and d is in te g ra te . In  a few cases the secondary la rvae  

were observed in  the act o f  feed ing  on the cadaver o f  the p rim a iy  la rv a . 

The re s u lts  o f the observa tions are summarised in  Table 13, end suggest 

th a t in g e s tio n  o f the primai^?' la rv a  was the main mode o f  in fe c t io n  and 

th a t t}%e p ro b a b i l i ty  o f in fe c t io n  o f the secondary la rvae was in  d ire c t  

p ro p o rtio n  to  tb.e amount o f  in fe c t iv e  m a te ria l ingested .

There was some evidence th a t a h igh e r popu la tion  dens ity  co n tr ib u te d  

towards a more ra p id  death o f the primai^r la rvae  (Table 14 ).

25. 2^ of the v a r ia t io n  in  tim e to  death o f the  prim oiy la rv a e  can 

be a t t r ib u te d  to  v a r ia t io n s  in  po p u la tio n  d e n s ity . This may be due to  

a g rea te r diance o f be ing 'a ttacked , o r a g re a te r accum ulation of to x ic  

exc re to ry  products a t  h igh e r popu la tion  d e n s it ie s .

Combinii"^ a l l  the re s u lts  from the separate p a rts  o f th is  experiment, 

f a i r l y  good c o r re la t io n  ( r  = 0.848) was found between the tim e f o r  

apî)earance o f iridescence  in  the secondary la rvae , and the time taken 

fo r  the  prim ary la rvae  to  die (F ig . 14).

b ) C onf inement o f hea lth y  f i r s t - in s t a r  1er vac w ith  in fe c te d  fo u r th - in s ta r  

la rv a e .

As a p re lim in a ry  experiment , 8 p e t r i  d is lie s , each con ta in ing  1 

T IY -in fo c te d  fo u r th - in s ta r  and 20 he a lth y  f i r s t - i n s t a r  la rvae were 

prepared. Many o f the la t t e r  d ied from d e s icca tio n  w ith in  a few days, as
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Table 14« Tines to  deatli o f 'orxmaiyr la rva e  a t d i f fe re n t  

13 O'oul at io  n den s i t ie  s .

71

P o pu la tio n  de ns ity  
(No. of la rvae  pe r 

d ish )
Mean tim e to  death 

o f p r in a iy  la rv a  (days)

1 21.6 (3 .6 )

2 20.7 (4 .1 )

3 17.8 (4 .9 )

4 10.7 (4 .2 )

3 15.2 (6 .7 )

6 13.8 (5 .3 )

7 14.1 (4 .8 )

8 15.7 (7 .6 )

9 12.0 ( 5. 3 )

10 13.5 ( 5. 2)

Standard d e v ia tio n s  are in d ica te d  in  b racke ts . 

Regression c o e f f ic ie n t  (b ) = -1 .0 8 ,
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Fig 14. Correlation between incubation period in secondary larvae and time for primary larvae 
to die.
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they crawled from the m oist f i l t e r  pop ers to  the s ides end l id s  o f the 

d ishes. I-Iost o f the su rv ivo rs  d ied  from T IV - in fe é tio ns  in  la te r  in s ta rs ,

Ilone o f  the secondary la rvae  developed TIV symptOLis u n t i l  a f te r  the prim ary 

la rvae  had d ied . Qhro o f the secondary la rvae pupated, hu t no a d u lts  emerged.

In  the  main experim ent, 30 dishes were prepared as before along 

w ith  30 c o n tro l dishes each con ta in iug  1 he ad th y  fo u r th - in s ta r  and 20 

h e a lth y  f i r s t - i n s t a r . la rvae . In  the dishes con ta in ing  an in fe c te d  

prim ary la rv a  18 (3 .0 ^ ) o f the secondary la rvae  su rv ived  to  pupate, 

whereas in  the c o n tro l d ishes 33 ( 5 - ÿ )  o f the secondary la rvae  pupated.

The te s t  in d ic a te s  a s ig n if ic a n t  d iffe re n c e  (p '< 0 ,0 5 ) between these 

2 re s u lts .  Large numbers o f  secondary la rvae  in  both sets o f dishes 

d ied  in  the f i r s t  in s ta r  due to  d e s icca tio n , and mary secondary la rvae  

in  the dishes w ith  in fe c te d  p rim a iy  la rva e  con trac ted  a f a t a l  TIV 

in fe c t io n  a f te r  the  p rim a iy  la rv a  had d ie d .

D iscussion

The re s u lts  s u r e s t  th a t  the in fe c te d  cadavers were the  source o f 

in fe c t io n  fo r  the laealthy la rva e , and th a t in fe c t io n  was by in g e s tio n  of 

the cadavers. I t  was shown th a t deatli of the primai^r la rv a  was necessary 

before  any secondary la rvae  became in fe c te d . I t  would appear, i i ie re fo re , 

th a t the secondary la rva e  d id  not co n tra c t the disease by contact w ith  

e ith e r  the prim ary la rvae w h ile  s t i l l  a l iv e ,  as fo r  example du ring  f ig h t  in g , 

or w ith  any TIV excre ted by the p rim a iy  la rv a e .

Ahmed ( l9 6 s )  observed cannibalism  on v iiu .s -d iseased  T_, naludosa 

la rvae  by h e a lth y  la rva e , and v ice  ve rsa . Cannibalism  on diseased la rva e  

increased the ra te  o f in fe c t io n  among the  cann iba ls . He a lso  observed
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th a t some T IY - in f  ected la rvae  may su rv ive  f o r  up to 13 ' woe les and some

hP V -in fected  la rvae  f o r  up to  14 weeks. Successive generations of la rva e

could th e re fo re  he in fe c te d  hy diseased la rv a e  whicii had su rv ived  from  

the p rev ious genera tion  as demonstrated in  the present exp or inent (8 b ).

In  th is  experim ent, p o p u la tio n  dens ity  was found to  have l i t t l e  

e f fe c t  on the p ro p o rtio n  o f la rva e  becoming in fe c te d . There are , however, 

a number o f re p o rts  of increased incidence o f disease among crm ded 

popu la tions  of in s e c ts , e .g . the H?V of C o lias our/theme (Thompson and 

Steinhaus, 1950), polyhe d roses o f te n t c a te r p i l la r s . Mai acosoma spp., 

(C la rk , 1938), the W Y  of P hr/ ga n id ia  ca l i f  or n ic  a (Packard) (m a rtig n o n i 

and Schmid, 1961 ), and a n o n -in c lu s io n  v iru s  o f  the  European red m ite , 

Panonvchus u lm i (hoch ), (putman, 1S70), L in le y  and h ie lse n  ( 196%.) and 

Woodard and Chapman (1968) found th a t crowding: Aedes taenioidiynchus 

la rvae  in  the presence o f HIV d id  no t s ig n i f ic a n t ly  a f fe c t  the ra te  o f 

in fe c t io n ,  but Matt a and Loi/e ( l9 7 0 ) repo rted  th a t m o r ta l i ty  was

dependent upon the po pu la tio n  dens ity  o f the la rvae *

ÎTewbold, J.W. (persona l communication) has observed a f ie ld  w ith  a 

very h igh p o p u la tio n  de ns ity  o f le a th e r ja cke ts  (4*9 m il lio n /h e c ta re )  

w ith  75^ o f them in fe c te d  w ith  T IV , and S tewart ( l9 6 9 ) found p a ra s ite s  

and disease in  t ip u l id s  most o ften  in  dense po pu la tion s , a lthough dense 

popu la tions were fre q u e n tly  fre e  o f p a ra s ite s  and disease*

In  the presen t experiment the la rvae  were no t p laced a t tlie  va ry in g  

po pu la tio n  d e n s itie s  u n t i l  most o f the la r v a l stage was completed, i . e .  

when they were in  the fo u r th - in s ta r .  By the tim e the prim ary la rvae d ied , 

most o f the secondaiy la rvae  were nearing  pupa tion , and some had pupated.
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In  the  n a tu ra l s itu a t io n ,  however, the la rvae  may be exposed to  in fe c te d  

in d iv id u a ls  th ro ig h o u t th e ir  whole l i f e ,  w ith  a po ss ib le  increase in  

number o f in fe c te d  in d iv id u a ls  w ith  tim e , so tJ ia t under n a tu ra l con d ition s  

i t  may be th a t the p o p u la tio n  de ns ity  a f fe c ts  the  p ro p o rtio n  o f  la rvae  

becoming in fe c te d .

The re s u lts  in d ic a te  th a t the presence of T IV - in fe c te d  in d iv id u a ls  

in  a f i e l d  p o p u la tio n  o f le a th e r ja cke ts  in  the e a r ly  in s ta rs  might e f fe c t 

a s ig n i f ic a n t  re d u c tio n  in  the po pu la tio n  s ize .



Experiment 9 . The e x c re tio n of TIV in fe c te d  le a th e r.ia cke ts . 

In tro d u c t io n

S m irno ff ( l9 6 l )  exojûinod the faeces o f N PV-in fected 1 ar '̂-ae o f  the 

sa w fly , Veodi'orion sw a in e i, and was unable to  f in d  po lyhedra, a lthough 

aqueous e x tra c ts  were in fe c tiv e #  Jaques ( l9 6 2 ) found th a t the excre ta  

o f T ric h o p lu s ia  r i i  la rvae  in fe c te d  w ith  ÎTPV were no t h ig h ly  in fe c t iv e ,  hut 

B a ile y  and Gibbs ( 1964) ,  working w ith  acute bee p a ra ly s is  v iru s  in  the 

honey bee, Ap is  mel 1 i f  era (L innaeus), found th a t th e  v iru s  remained 

in fe c t iv e  fo r  long periods o f tim e in  d iy  fasces, which could thus provide 

a source o f in fe c t io n  fo r  o the r bees.

The exc re ta  o f T IV - in fe c te d  le a th e rja c k e ts  were examined fo r  the 

presence of TIV and as a poss ib le  so iree  o f in fe c t io n  fo r  o ther 

1 e ath er j  acke t  s .

a) P re lim in a rv  exporiment s

Ten la rvae  were in fe c te d  w ith  TIV by in je c t io n .  The ir faeces were 

c o lle c te d  a t va rio u s  tim es, and shaken w ith  d i s t i l l e d  w ater. The 

suspension was ce n tr ifu g e d  a t 600 fo r  5 m in, then the supernatant was

c e n tr ifu g e d  at 7,600 fo r  20 m in. The p e l le t  was sub jected to  a 

s im ila r  cycle o f low -/h igh -speed  c e n tr ifu g a t io n , and the f in a l  p e l le t  

was suspended in  0,5 ml ISA, T h is  was te s te d  fo r  the presence of TIV 

by in je c t io n  i i t o  5 la rv a e . The re s u lts  o f 2 such experiments ( f i g .  15) 

show th a t v iru s  ws.s present in  the faeces o f la rvae  which had been 

in je c te d  w ith  T IV , w ith  3 po ss ib le  peaks: one a t days 1 - 2 ,  one a t

days 4 -  7 , and one around dey 14.



Number of larvae 
[out of 5] 
becoming infected
5F

164 12 208 24 28
Time since inoculation (days)

Fig.15. TIV detected in the faeces of infected larvae. 

Results of 2 experiments
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b ) Main ex ne rim ent

The main experiment was s im ila r  to  the p re lim in a iy  experim ents, but 

la rg e r  numbers of in se c ts  were in vo lved , F i f t y  la rvae  were each in je c te d  

w ith  1 ,5  z 10^ LD50 u n its  T IV , , and t h e i r  faeces were c o lle c te d  d a ily .  TIV 

in  the faeces was assayed by the response time method, 20 la rvae  being 

in je c te d  w ith  each p re p a ra tio n . Latex te s ts  were a lso performed on the 

p re p a ra tio n s , but the le v e ls  of TIV were too low to  be detected by th is  

method,

The re s u lts  (F ig , 16) were s im ila r  to  those obta ined in  the 

p re lim in a ry  experim ents, w ith  q u ite  la rge  amounts of v iru s  being excre ted 

during th e  f i r s t  few da;̂ ?B a f te r  in je c t io n  w ith  TIV, and another peak 

about 2 weeks la te r .  P oss ib ly  th e  f i r s t  peak is  some o f the  in je c te d  

v iru s ,  excre ted fo llo w in g  phagocy to s i s in  the hæmocoel and tra n s fe r  to  

the g u t, whereas the second pealc p robably co n s is ts  o f  v i iu s  which has been 

synthesised in  the  in s e c t.

The q u a n tity  o f food ingested, and hence the q u a n tity  o f  faeces 

excreted, began to  decrease g ra d u a lly  from approxim ate ly day 20, and i t  

was around t h is  time th a t the  la rvae  began to  d ie  from  the disea.se.

A lthough the q u a n t it ie s  o f v im  s excre ted would appear to be q u ite  

h ig h , e .g , 32,5 LD50 u n its  per in s e c t on day 16, i t  must be remembered 

th a t  these LD50 u n its  are measured by in je c t io n ,  and th a t the LL50 by 

feed ing  is  v a s t ly  g re a te r (Experiment 13)* I t  would be u n lik e ly  th a t the 

amounts o f v iru s  excre ted by these la rvae  would be s u f f ic ie n t  to  in fe c t  

o ther la rvae  j%er qs,
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ExperiLnient 10. To detennine whether excre ta  from  in fe c te d  la rvae  can

serve as a source o f  in fe c t  io n

In tro d u c t io n

B a ile y  and Gibbs ( 1964) found th a t  the faeces o f in fe c te d  bees 

could serve as a source o f  in fe c t io n  fo r  acute bee p a ra ly s is  v ir u s ,  and 

Putman ( l9 7 0 ) suggested th a t tlie  m ite Panonvchus u lm i becomes in fe c te d  

w ith  a n o n -in c lu s io n  v iru s  u h ile  feed ing  on the excre ta  or o ra l secre tions  

of in fe c te d  m ites , Stevenson ( l9 5 9 ) ,  however, found no evidence th a t fa e ca l 

contam ination was im portan t in  the e p iso o tio lo g y  cf S errâ tië i marcescens 

in fe c t io n s  o f the  desert lo c u s t,  S ch is toce rca  g re ra r ia  (p o rs k a l) ,  and 

L in le y  and N ie lse n  ( 1968b) found th a t when they placed he a lth y  Aedes 

taeniorhvnchus la rvae  in  pans w h id i had contained NIY-disensed la rv a e , 

none o f them became in fe c te d .

I t  was shown (Experiment 9 ) th a t the faeces of T IV - in fe c te d  insec ts  

con ta in  v ir u s ,  but in  amounts which are u n lik e ly  to  in fe c t  other la rva e . 

H e a ltliy  la rva e  were c o rfin e d  w ith  tlie  faeces of T IV - in fe c te d  la rvae  in  

order to  check whether t h is  is  a l i k e ly  source o f  in fe c t io n ,

a) F i r s t - in s ta r  la rvae

In  one experiment 20 f i r s t - i n s t a r  la rvae were p laced in  each cf 9 

p e t r i  dishes which had conta ined 1 T IV -in fe c te d  la rv a  fo r  13 days. In  

another experim ent, 10 f i r s t - i n s t a r  la rvae  were p laced in  each of 2 

dishes along w ith  the faeces c o lle c te d  from 10 T IV - in fe c te d  fo u r th - in s ta r  

la rvae .

Ho evidence o f TIV in fe c t io n  appeared in  any o f th e  la rvae in  these 

experiments.
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b) F o u r th - in s ta r  la rvae

( i )  From 1 - 5  in fe c te d  lo rvae  were l©pt in  each o f  10 dishes f o r

8 days. The in fe c te d  la rvae  were then removed and rep laced by 1 fo u r th - in s te r  

la rv a  in  each d ish .

( i i )  Faeces o f T IV -in fe c te d  la rvae  irere c o lle c te d  and placed in

25 p e t r i  d ishes. Eadi d ish  rece ived the faeces o f 10 la rva e , along w ith  1 

fo u r th - in s ta r  la rv a .

None o f the la rvae  in  these experim ents, and none o f  the c o n tro l 

la rv a e , developed evidence of TIV in fe c t io n .  However, TIV was detected 

by a la te x  te s t  in  an apparen tly  normal female c rene -fl^ r which emerged 

fo llo w in g  the pupation o f one o f the 25 la rvae  con fined  w ith  la rge  

q u a n t it ie s  o f contaminated faeces. I t  seems probable th a t a s u b -le th a l 

in fe c t io n  was con tracted  from  the faeces, K i^_ concen tra tions  of 

contaminated faeces, to  which th is  in se c t was exposed, are u n lik e ly  to  

be found in  na tu re , hence i t  is  improbable th a t le a th e r ja cke ts  in  th e ir  

normal environment become in fe c te d  w ith  TIV from the  faeces o f in fe c te d  

'in s e c ts .
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Experiment 11 . To determine whether the cadavers of in fe c te d  1 arvae can

serve as a source of in fe c t io n

In tro d u c t io n

The ezperiiïients o f Stevenson (l9 5 9 ) in d ic a te d  th a t  canniba l is :! p lays

a p a rt in  the  e p ia o e tio lo g y  of S e rra tia  marcescens in fe c t io n s  of

S ch is tocerca  g re g a r ia , and L in le y  and N ie lsen ( l9 6 8 b ), sug'gested th a t

rlXV in fe c t io n s  of Aedes ta.enio.rhvnchus occur by h e a lth y  la rva e ' feed ing

on diseased cadavers. The fa c t  th a t t ip u l id  la rva e  are c a n n ib a lis t ic

has been noted (L a u g h lin , 1958; Freeman, 1966), and Aimed ( l9 6 8 ) found

th a t naludosa la rvae  became in fe c te d  w ith  TIV when they were re leased

in to  pots o f sand con ta in in g  the d r ie d  cadavers of T IV -in fe c te d

le a th e r ja cke ts . I t  wo,s suggested in  Experiment 8 th a t  those la rvae

th a t became in fe c te d  w ith  TIV d id  so by in g e s tin g  diseased la rv a e . The

fo llo w in g  te s ts  con fijv ied  th a t TIV can be tra n a n it te d  in  th is  way.

a ) F i r s t -  and second- in s ta r  la rvae

P e t r i  d is lies were prepared, each con ta in ing  one cadaver o f a T IV -

in fe c te d  fo u r th - in s ta r  la rv a  and 10 h e a ltliy  f i r s t -  o r se co n d -in s ta r la rvae
*

Three separate te s ts  were conducted, the re s u lts  o f which are g iven in  

Table 15.

Lairgo numbers o f  la rvae  becaiiB in fe c te d  in  a l l  4 in s ta rs ,  but 54.8^- 

o f the dishes con ta in ing  second-in s ta r  la rvae a t the outset d id  no t 

develop TIV in fe c t io n s  in  t l i e i r  la rvae , compared w ith  4 * ^  cf the dishes 

which contained f i r s t - i n s t a r  la rva e ; the te s t  in d ic a te s  th a t  th is  

d iffe re n c e  is  s ig n ifica n t (p<ZO. ) .
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Numbers o f dishes in  irh ich  la rvae  developed TIV 

symptoms

L a rv a l in s ta r  a t commencement o f te s t

F ir s t - in s ta r 8 e c ond - in s  t  ar

Test ( i ) 4 /5 1/5

( i i ) lO /lO 7/10

( i i i ) 6/6 7 /8

T o ta ls 20/21 (qr5, 2/ ) 15/23 ( 65. 2;-')

The re s u lts  a re  g iven as the nimber o f dishes in  which TIV 

symptoms appeared in  the la rv a e /to ta l number o f d is lie s , 

X ^ , 1 d . f .  , = 4 .38 .

Table 16, Numbers o f fo u r th - in s ta r  la rvae becoming in fe c te d /  

t o ta l  number

Test ( i ) 8/39

( i i ) 12/54

T o ta l 20/93 ( 21. 5/ )
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b ) F ou r  th  -  ins  t  ar 1 arvae

P e tr i d ishes, each con ta in ing  1 cadaver o f a T IV -in fe c te d  fo u r th - in s ta r  

la rv a  and 1 h e a lth y  fo u r th - in s ta r  la rv a , were prepared. Two re p lic a te  

te s ts  were conducted, the re s u lts  of which are g iven  in  Table 16.

Of the 20 in se c ts  which became in fe c te d , 5 developed TIV symptoms 

in  the la rv a , and 2 emerged as a d u lts  w ith  TIV symptoms (see Experiment 19); 

the o ther in fe c t io n s  were de tected in  la rv a e , pupae and ad u lts  by the 

la te x  te s t .

D iscuss ion

The re s u lts  suggest th a t the in g e s tio n  o f  a T IV - in fe c te d  cadaver by 

a h e a lth y  la rv a  may re s u lt  in  th a t la rv a  becoming in fe c te d , and th a t the 

la rvae  are most suscep tib le  in  the f i r s t  in s ta r ,  re s is ta n ce  in c re a s in g  

w ith  age. Successive generations o f le a th e r ja cke ts  m ight become in fe c te d  

in  t h is  way i f  diseased in d iv id u a ls  from the p rev ious genera tion  are s t i l l  

present in  the s o i l .

A mansive dose o f TIV is  req u ired  i f  le a th e r  ja cke ts  are to  become 

in fe c te d  per os (Experiments 13 and 14). The most probable way th a t a 

la rge  enough dose can be ingested  is  by feed ing  on a d læ ased in s e c t, 

o f which approxim ate ly 2 ^ '  cf the dry weight is  TIV (W illiam s and Sm ith, 1957 

I t  has been observed in  the f i e l d  th a t le a the r ja cke ts  in fe c te d  w i t  h. TIV 

tend to  r is e  to  the s o i l  surface (Alrmed, 1968: Newbold, J,W, , personal

communication), and d u rin g  the present work most la rvae  in  an advanced 

stage of the disease crawled from  beneath the f i l t e r  paper be fore  they 

d ied . On the s o i l  surface they may be discovered more e a s ily  by o ther 

la rvae  feed ing  a t the su rface , a l th o i i^  they w i l l  also be more e a s ily



discovered by p reda to rs  sucli as b ird s . R ivers (l966jb) po in ted  out th a t 

cannibalism  is  a mode o f  transm iss ion  in v o lv in g  minimum lo ss  o f v ia b i l i t y  

to  the pathogen.
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Experiment 12. D e te rm ina tion  o f the exten t to  which T IV -in fe c te d

le a the r.iacke ts  contaminate th e ir  environnent w ith  v ir u s .

In tro d u c t io n

There are few re p o rts  o f in se c t v iru se s  be ing recovered from the s o i l .  

Thompson and Steinhaus ( l9 5 0 ) found in  the s o i l  o f a l f a l f a  f ie ld s  a NPV 

which was in fe c t io u s  fo r  C o lias  eurvtheme. Jaques (196?) tre a te d  p lo ts  

w ith  the NPV o f T r ic h o p lu s ia  n i .  and 5 years la te r  recovered approxim ate ly 

25 ;̂ of the in fe c t iv e  v ir u s , but L in le y  and N ie lsen (l968Jb) ecu Id  not 

recover in fe c t iv e  I TIV from  s o i l  1 day a f te r  the  v iru s  was a p p lie d  to  i t .  

Methods

Leather ja cke ts  were kept in  email pots (65 mni d iam eter) of sand, w ith  

10 in se c ts  per p o t. One pot contained larvae which had been in fe c te d  w ith  

TIV by in je c t io n ,  a second contained IS A -in je c te d  la rv a e , and a t h ir d  pot 

conta ined no la rvae . Any dead la rvae  found on the surface o f the sand 

were rep laced w ith  l iv in g  la rva e , e ith e r  T IV -in fe c te d  o r n o t , as a p p ro p ria te , 

in  an attem pt to  keep the numbers o f la rvae  in  the pots constan t.

A fte r  14 days a l l  the la rvae  were removed from the po ts ; th e re  were 

5 T IV - in fe c te d  and 6 n o n -in fe c te d  la rva e  rem ain ing. The o thers presumably 

had e ith e r  been ingested o r  had d ied  and decomposed. A sample o f sand 

was taken from  each p o t, and the dry weight was measured. The remainder 

was weighed and shaken w ith  100 ml 0.85/i; HaCl, and a 25 ml a liq u o t o f 

the suspension was sub jected  to  tî-ro cycles o f la r- /h ig h -s p e e d  (600 ^  fo r  

5 m in /7,600 ^  fo r  20 min) c e n tr ifu g a t io n . The f in a l  p e l le t  was 

suspended in  1 ml ISA, and th is  was te s te d  f o r  the presence o f TIV by 

in je c t in g  la rva e  w ith  decimcl d i lu t io n s .  Each d i lu t io n  was in je c te d  in to  

3 la rv a e .
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R esults and D iscussion

TIV \ms  found in  the sand which had contained T IV -in fe c te d  la rv a e , 

the LD50 of the p re p a ra tio n  being between 10 ^ and lO "^  (Table I 7 ) .

The d iy  w eight of the sand which was shaken \r ith . sa lin e  was ca lcu la te d  

as 140 g. I f  the LD50 of the  e x tra c t is  taken as 10 , then t h is  means

th a t the sand conta ined approxim ate ly 2,4 x 10^ ID 50 u n its /g  dry w e ig h t.

I t  i s  u n l ik e ly  th a t  a l l  of th is  TIV cou ld  be accounted fo r  by v iru s  in  the 

in s e c ts ' excre ta  (Experiment 9 ); some o f i t  i s  p robably also de rived from 

decomposed cadavers. A lthougli t h is  represents a cons iderab le  amount o f 

v iru s  m a te r ia l,  i t  i s  u n l ik e ly  to  be very  s ig n if ic a n t  as a source of TIV 

fo r  in fe c t io n  ner o s . Even i f  each la rv a  ingested 1 ,0  g (d ry  w e ight) 

sand, the expected p ro p o rtio n  o f la rva e  becoming in fe c te d  would be very  la r .

No TIV was detected in  the sand con ta in ing  IS A -in je c te d  la jr/ae  o r in  

the sand con ta in in g  no la rvae .
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Table 17. Numbers of la rva e  becoming in fe c te d  a f te r  

in je c t io n  w ith  d i lu t io n s  o f  a susnension 

•prepared from sand which had conta ined 

T IV - in fe c te d  le a th e r ja c k e ts .

D i lu t io n
No. of la rvae  

becoming in fe c te d
Percentage o f la rvae  

becoming in fe c te d

10° 3 100

10"^ 3 100

10-2 3 100

10-5 3 100

10-^ 1 33

10-5 C 0
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0. MQPB 0? TRANSIIISSIOÏÏ OF TW; rqutB OF INFECTION 

In tro d u d t ion

Smith and W illiam s (195B) s ta te d  t l ia t  i t  is  no t knos^n hOî7 transm iss ion  

of TIV occurs, bn t presumed i t  to be by ii^g es tio n  o f  the v iru s .  There 

are severa l p o ss ib le  rou tes whereby TIV m i# it enter le a th e r jade e t s:

a) per, o s ; b) d i r e c t ly  in to  the haemocoel v ia  cuts in  the sk in  o r v ia  

p a ra s ite s  o f  the le a th e r  ja d i e t ; c) v ia  the s p ira c le s ; d) in fe c t io n  o f the 

embryo; e) v e r t ic a l  transm iss ion  v i  a the a d u lts , i . e .  transm iss ion  from 

one' gene ra tion  to  the next v ia  the egg or the sperm. The fo llo w in g  

experiments were designed to  study the se p o s s ib i l i t ie s .

Exnerim ent 13* A comnarisen o f d i f fe r e n t  in o c u la tio n  ro u te s .

I n tro  duct i on

I t  has been e s ta b lish e d  th a t TIV has a ve ry  low in f e c t iv i t y  when talæn 

o r a l ly  by le a th e r ja c k e ts , but th a t in je c t io n  o f a r e la t iv e ly  small dose 

in to  the haemocoel w i l l  re s u lt  in  in fe c t io n  (H ive rs , 1966^), In  na ture  

TIV could p o s s ib ly  enter the haemocoel d i ie c t ly  through wounds during  

f ig h t in g ,  or i t  cou ld be in troduced  by a p a ra s ite . There are severa l 

re p o rts  o f the transm iss ion  o f in s e c t pathogens by p a ra s ite s , e .g . the 

KPV o f Gp lia s  eurvtheme can be tra n sm itte d  on the o v ip o s ito r  o f Ananteles 

m edicagin is (huesebeck) (Thompson and Steinhaus, 1950); the NPV o f the 

lawn armyi’7orm, Spodon te ra  m a u rit ia  acronvcto ides (Guenee) can be tra n sm itte d  

on the o v ip o s ito r  o f Apanteles m a rg in iv e n tr is  ( Cresson) (La igo and 

Tamashiro, 1966); and the po lyh e d ro s is  v iru se s  of savrflies  can be 

tra n sm itte d  by p a ra s ite s  (B ird ,  1961).



Lea ther ja cke ts  are p a ra s it is e d  by the in s e c t Siphona g e n ic iila ta  

(Rennie, 1912) and the  nematode, Kermis a lb icans  (Ahmed, 1968),

g e n ic u la ta  a d u lts  do n o t in s e r t  the o v ip o s ito r  in to  the h o s t, but la y  

t h e ir  eggs on the surface o f  the in s e c t,  so i t  is  u n lik e ly  th a t they are 

im portan t as vec to rs  o f  TIV ; the re  are no re p o rts  o f  p a ra s itis m  by 

nematodes be ing  associa ted w ith  TIV in fe c t io n ,  (s te w a rt, K.I-I,, personal 

communication) found ta c h in id  la rvae , nematodes and TIV p a ra s it is in g  

le a th e r ja d c e ts , but lie never found a la rv a  p a ra s it is e d  by both TIV and 

a ta c h in id  or nematode a t the same tim e . R ivers  ( 1966b) has suggested 

th a t,  as TIV can be re a d ily  tra n sm itte d  to  other in se c t o rde rs , other 

s o il-d w e ll in g  organisms may be in vo lve d  in  the transm iss ion  o f TIV, but 

the re  is  no evidence fo r  t h is .  He also noted the h a b it of some in se c ts , 

in c lu d in g  le a th e r ja d c e ts , of b i t in g  eada o th e r, and po in ted  out th a t t h is  

is  a mode o f  transm iss ion  in v o lv in g  minimum lo s s  o f  v ia b i l i t y  to  the 

pathoge n.

L e a th e r jadmets were in o cu la te d  w ith  TIV by the fo llo w in g  4 techn iques, 

and th e ir  e f f ic ie n c y  was compared: feed ing , in je c t io n  in to  the haemocoel,

dropping v iru s  onto damaged sld.n and dropping v iru s  onto undamaged sic in .  

Methods

The in o c u la tio n  techniques were as fo llo w s :

a) Feeding. Each la rv a  was placed in  a di^r p e t r i  d ish and l e f t  f o r  4 h 

to  des icca te , then 0.005 ml TIV suspension was p laced  in  each d ish . Most 

o f the la rvae  drank from the drop. They were l e f t  f o r  a fu r th e r  2 h , then 

each was provided w ith  a f i l t e r  paper, grass and SVS.

b ) I n je c t io n . Each la rv a  was in je c te d  w ith  0.005 ral TP/ suspension.
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c) V ia  cuts in  s k in . Each la rv a  was rubbed on sand-paper u n t i l  i t  began 

to  b lee d , then 0.005 ml TIV suspension was dropped onto i t s  surface.

d) V ia  undamaged s k in . 0.005 ml TIV suspension was dropped onto th e  

surface of each la rv a .

These in o c u la tio n  techniques were c a r r ie d  ou t on la rvae  o f 4 d i f fe re n t  

'ages. In  te s t  ( i )  most 1 arvae were in  the second in s ta r ,  in  te s t  ( i i )  

most were in  the t h i r d  in s ta r ,  and in  te s ts  ( i i i )  and ( iv )  a l l  were in  the 

fo u r th  in s ta r .  C on tro l groups rece ived s im ila r  trea tm en ts , but w ith  ISA 

s u b s titu te d  fo r  the  TIV suspension.

R esults

The re s u lts  are summarised in  Table 18. The same nuiibers o f la rva e  

were used fo r  the c o n tro ls ; none o f these became in fe c te d  w ith  TIV,

S im ila r  numbers o f co n tro ls  and tre a te d  la rvae  d ied  from  the trauma of 

the treatm ents and from  unknown causes.

The order of e f f ic ie n c y  fo r  the  in o c u la tio n  rou tes  was:

1 • In  je  ct Id n.

2. V ia  cu ts  in  the s k in .

5. Feeding.

4. V ia  undamaged s k in .

The data fo r  in cu b a tio n  periods and tim es to  death were sub jected to 

a n a lys is  o f variance (Tables 19 and 2 0 ), and s ig n if ic a n t  d iffe re n c e s , 

e s p e c ia lly  in  in cu b a tio n  pe rio d , were found between trea tm ents.

There was a tendency fo r  TIV symptoms to  appear e a r l ie r ,  and fo r  

death to  occur more ra p id ly ,  in  la rvae in o cu la te d  by a more e f f ic ie n t  

rou te  (F ig s . 17 and i s ) .
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Table 19• Levels o f s ig n if ic a n c e  fo r  d iffe re n c e s  in  in cu b a tio n  

•period between trea tm en ts .

V ia  cuts in  the s k in Feeding

In je c t io n 0.001 ( i i )  

0.001 ( i i i )  

0.001 ( i v )

0.001 ( i i )  

0.01 ( iv )

V ia cuts in  the s k in 0.01 ( i i )  

14ot s ig n if ic a n t  ( iv )

The te s t  numbers are g iven in  b racke ts . Treatments where very few 

la rvae  became in fe c te d  are n o t inc luded.

Table 20. Leve ls  o f s ig n if ic a n c e  fo r  d iffe re n c e s  in  s u rv iv a l time 

between trea tm ents .

V ia  cu.ts in  the sk in Feeding

In je c t io n 0.001 ( i i )

not s ig n if ic a n t  ( i i i )  

not s ig n if ic a n t  ( iv )

0.001 ( i i )  

0.01 ( iv )

V ia  cuts in  the sk in 0.02 ( i i )

Not s ig n if ic a n t  ( i v )

The te s t  numbers are given in  b racke ts . Trea-fcments wliere very  few 

la rva e  became in fe c te d  are not in c lu de d .
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D iscussion

These re s u lts  con firm  th a t TIV has a low in  fe e t i v i t y  when ta lo n  

o r a l ly  by le a th e r ja c k e ts , hut a h igh in f e c t iv i t y  when i t  en ters the 

haemocoel d ir e c t ly *  S im ila r  f in d in g s  have been made in  severa l o ther 

in s e c t /v iru s  systems. S ta irs  ( 1965a) found th a t the saue dosage o f  

iîPV re s u lte d  in  low er m o r ta l i ty  o f G a lle r ia  m e llo n e lla  la rva e  when. g iven 

o r a l ly  than when in je c te d . Honey bees are much le s s  su sce p tib le  to  both 

the ch ron ic  and acute bee p a ra ly s is  v iru se s  by feed ing  than by in je c t io n  

(B a ile y , 1965a; Gibbs, 1968), and the sillOTonn shows a s im ila r  p a tte rn  

w ith  i t s  HPV (Aiaawa, 1962) and CPV ( ll iy a jim a  and Kawase, 196?).

M a rtig n o n i ( l9 5 7 ) ,  however, found th a t the g ra n u lo s is  v iru s  of Eucosma 

griseana (Hubner) d id  no t cause in fe c t io n  when in je c te d  in to  the haemocoel 

o f the la rv a , but d id  when adm in istered ^ e r  i t  may be th a t  breakdown

o f the in c lu s io n  bodies in  the fu t  to  l ib e ra te  fre e  v ir io n s  was e s s e n tia l 

in  t h is  case. Fukaya and Nasu ( 1966) found th a t la rvae  o f C h ilo  

suTonressalis were re a d ily  in fe c te d  w ith  CIV, both by fe e d in g  and by 

in je c t io n .

The reasons why many in s e c t v iru se s  have a low in f e c t iv i t y  when 

adm in istered o r a l ly  are u n c e rta in . Chamberlain and Sudia ( 196I ) ,  in  

d iscussing the in fe c t io n  o f mosquito vec to rs  w ith  v e rte b ra te  v iru s e s , 

mention severa l liypotheses, in c lu d in g : v iru s  in a c t iv a t io n  by d ig e s tive

f lu id s ;  im p e rm e ab ility  o f the p e r it ro p h ic  membrane; and a l im ite d  number 

o f s p e c if ic  v iru s  re ce p to r s ite s  on the gut c e l ls ,  Schildmacher ( l9 9 0 ) 

showed th a t c o l lo id a l g o ld  p a r t ic le s ,  2 -  4 nm in  d iam eter, d if fu s e  t l i r o u ^  

the p e r it ro p h ic  membrane o f mosquito la rv a e , but p a r t ic le s  measuring



20 nm do n o t. I t  i s  u n lik e ly  th a t the TIV p a r t ic le ,  the d iaræ ter o f which 

is  a t le a s t 6 tim es g re a te r than th is ,  is  able to  cross the p e r it ro p h ic  

membrane o f the le a th e r ja c k e t by the normal processes o f d if fu s io n .

W ith some in s e c t v iru s e s  the re  is  evidence th a t ,  a f te r  e n te r in g  the 

in s e c t ner os, the  g’u t c e l ls  are in fe c te d  be fo re  the  v iru s  en te rs  the 

haemocoel and in fe c ts  o ther organs, e .g . the g ra n u lo s is  v iru s  o f 

T ric h o n lu s ia  n i  (Summers, 1969) and the HPV o f the sm all to r to is e s h e ll 

b u t te r f ly ,  A g ia is u r t ic a e  (Linnaeus) (Harrap and Robertson, 1968).

P o ss ib ly  a s im ila r  mechanism operates w ith  TIV ; i t  may be th a t the in se c t 

excretes most o f  the  v iru s  be fo re  i t  in fe c ts  the  gut c e l ls .  There was no 

evidence th a t  the la r v a l gut f lu id s  lower the in f e c t i v i t y  o f  TIV 

(Experiment 19 ).

The m jo r i t y  o f la rvae  in o cu la te d  w ith  TIV v ia  cuts in  the s k in  d id  

n o t become in fe c te d , in  s p ite  o f a la rg e  dose being presen t in  the inoculum. 

The p ro b a b i l i ty  o f la rvae  coming in to  contact w ith  la rg e  doses o f TIV 

im m ediately a f te r  f ig h t in g  and su s ta in in g  damage to  th e ir  sk ins  is  f a i r l y  

remote, so th is  mode o f in fe c t io n  is  u n lik e ly  to  be o f much s ig n ific a n c e  

in  na tu re . When T IV - in fe c te d  and he a lth y  la rvae  were confined tog e the r 

(Experiment 8) the re  was no evidence o f transm iss ion  o f the v iru s  in  

t h is  manner.

Ver^r few la r /a e  become in fe c te d  when v iru s  was dropped onto undamaged 

sk ins, no rm a lly  there  is  a flo w  o f water in  through the c u t ic le  and out 

through the anus, probably in v o lv in g  the m alphigian tubu les (A. he a ts , 

personal communication), so i f  the pores in  the s k in  are la rge  enough, 

v iru s  cou ld  p o s s ib ly  have entered by th is  ro u te , but i t  i s  probable th a t 

these few la rvae  became in fe c te d  ner os.
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A lthough le a th e r ja cke ts  have a h igh re s is ta n ce  to  TIV when i t  en te rs  

the in s e c t per os , t h is  riiay he the n a tu ra l ro u te  o f in fe c t io n ,  and T ip u la  

may have developed th is  re s is ta n ce  du ring  i t s  e v o lu tio n . The reason why 

the in s e c t has no t developed immunity to  d ire c t  in fe c t io n  v ia  the 

haemocoel suggests th a t in fe c t io n  v ia  th is  rou te  ra re ly  occurs in  na tu re . 

E p izo o tic s  o f TIV in  t ip u l id  la rvae  are ra re ly  observed, and th is  may 

r e f le c t  the fa c t  th a t the transm iss ion  of the v iru s  is  no t re a d ily  

accomplished. I f  per os is  the  normal rou te  o f  in fe c t io n ,  then the la rv a  

must in g e s t a massive dose o f  TIV in  order to  become in fe c te d .

There was much v a r ia t io n  in  both in cu b a tio n  p e rio d  and s u rv iv a l tim e , 

e s p e c ia lly  the la t t e r ,  but both tended to  be shorber w ith  more e f f ic ie n t  

in o c u la t io n  ro u te s . Presumably w ith  le ss  e f f ic ie n t  in o c u la t io n  routes 

fewer v ir io n s  ga in  access to  suscep tib le  c e l ls ,  so th a t more re p lic a t iv e  

cyc les o f the v iru s  must occur be fore  the e f fe c ts  o f the  disease become 

apparent. The p a tte rn  was s im ila r  to  th a t in  E:cperiment 2, where la rg e r  

doses o f TIV tended to  re s u lt  in  sho rte r in cu b a tio n  periods and sh o rte r 

tim es to  death.

The IT 50 of TIV has been given as 14 -  28 days (R ive rs  and G l i t z ,

1967, personal communication to  Ig n o ffo ,  1968); tliese va lues were presumably 

ob ta ined by in je c t in g  v ir u s . The mean tim es , to  death from  TIV adm in istered 

by in je c t io n  in  the present experiment were 16 .6 , 26,1 and 24.4 days, but 

the corresponding moan tim es to  death from  TIV adm in is te red  by feed ing  

were 45.3» 43.0  and 42 .0  days.



Experiment 14. A comparison o f techniques f o r  inoculating? 1 eather.jackets

w ith  TIV per os.

In tro d u c t io n

\fhen in v e s t i^ t i n g  the e ffe c ts  o f tem perature on the in fe c t io n  

( S e c t io n ! )  i t  was planned to  study in sec ts  in fe c te d  w ith  TIV both by 

in je c t io n  and per os. I t  was shown (Experiment 13) th a t  o n ly  a sm all 

p ro p o rtio n  o f le a th e r  ja cke ts  become in fe c te d  when they drin ic from a 

concentrated TIV su.p e n s io n , so the present experiment was performed to  

determine whether a more e f f ic ie n t  technique f o r  in o c u la tin g  TIV per os 

could be found.

Methods

The fo llo w in g  in o c u la tio n  techniques were tes ted :

a) Each la rv a  was placed in  a dry p e t r i  d is h , and l e f t  fo r  4 h to

des icca te , then 0.005 ml TIV suspension was placed in  each d ish . Host of 

the la rvae  drank from the  drop. They wore l e f t  f o r  a fu r th e r  2 h, then 

each was provided rn-th a f i l t e r  paper, grass and SVS. Th is  was id e n t ic a l 

to  trea tm ent a) in  Experiment 13.

b) In  the dish o f each la rv a  was placed a small amount o f powdered grass 

whidr had been moistened, and to  which had been added 0.005 ml TIV 

suspension. Each la rva  was given fresh  food on ly  when t h is  f i r s t  p o r t io n  

had been eaten.

c) The needle of a hypodermic syringe was fo rce d  between the mandibles, 

and in to  the mouth of each la rv a ,  a f te r  i t  had been anaesthetised, and

0.005 ml TIV suspension was d e live re d  d i r e c t ly  in to  the g u t.

I n  one te s t  100 fo u r th - in s ta r  la rvae  were used fo r  each trea tm en t, 

and each in se c t rece ived a dose of 4 .8  x 10^ LD50 u n its  (by in je c t io n )  TIV.



Larvae and pupæ which d ied w ith o u t develop ing ir idescence  were 

te s te d  f o r  in fe c t io n  w ith  TIV by c e n tr ifu g a t io n  o f  e x tra c ts  (see M a te r ia ls  

and Methods).

R esu lts  and D iscuss ion

None of the 3 techniques were very successfu l in  in fe c t in g  

le a th e r ja c k e ts  w ith  TIV per os (Table 2 l ) .  In tro d u c in g  v i iu s  d i r e c t ly  

in to  the gi;.t us ing  a hypodermic syringe was 3 to  4 tim es more e f f ic ie n t  

than a llow ing  the la rv a  to  drin lc from a TIV suspension (th e  technique 

employed in  Experiment 13 ). M ix ing v iru s  w ith  the food re s u lte d  in  a 

v e ry  small p ro p o rtio n  of in se c ts  becoming in fe c te d .

The e f f ic ie n c y  o f each techn ique may r e f le c t  the tim e p e rio d  over 

whicli the inoculum  passed through the gu t. 'U ith  the most e f f ic ie n t  

technique (d ire c t  in tro d u c t io n  in to  Hie g u t) a l l  the  inoculum was present 

in  the gut a t the same tim e, whereas w ith  the le a s t  e f f ic ie n t  technique 

(m ix ing v iru s  w ith  tire food) some v iru s  had p o s s ib ly  alreo-dy been excreted 

b r̂ the la rv a  be fore  a l l  o f the  inoculum had been inges ted . The s itu a t io n  

w ith  d r in k in g  from  a drop o f TIV suspension is  in te rm ed ia te  between these 

two, a lth o u ^ i more s im ila r  to  the la t t e r ,  th is  being re f le c te d  in  the 

number o f in s e c ts  which became in fe c te d .

I t  was th e re fo re  decided to  use treabnent c) f o r  In o c u la tin g  la rva e  

ne r os in  S ection  F , a lth  ou^i i t  must be bo m e in  mind th a t the in s e r t io n  

o f a syringe  needle in to  the la rv a l gut might damage the t is su e s , and thus 

a id  the p e n e tra tio n  o f  the v iru s  in to  the haemocoel.

The re s u lts  were s im ila r  to  those of Experiment 13, in  th a t the most 

e f f ic ie n t  in o c u la t io n  rou.te tended to  r e s u lt  in  sho rte r in cu b a tio n  pe riods 

and sho rte r s u rv iv a l times (Table 21 ) ,
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In  some in s e c ts , TIV sjmiptoms were no t observed u n t i l  the pupal or 

a d u lt stages (see Experiments 18 and 19).
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Experiment 15 . To determ ine whether t̂ <e la r v a l  gu t f lu id s  a f fe c t  the

in f e c t iv i t y  o f T IV .

In t r o  du c t io n

I t  has been demonstrated (Experiments 13 and 14) th a t TIV has a low 

in f e c t iv i t y  when i t  en te rs  a o leracea la rv a  pe r os. Th is  may p o ss ib ly  

be due, w h o lly  o r p a r t ly ,  to  the presence cf some a n t iv i r a l  substance(s) 

in  the la r v a l gut f lu id s .  There are ve ry  few re p o rts  on the exam ination 

o f in s e c t gut f lu id s  f o r  the presence o f a n t iv i r a l  fa c to rs . Aizawa ( 1962) 

found tha.t silkworm  ÎTPV is  in a c tiv a te d  J ri v i t r o  in  the presence o f t lie  gu t • 

f lu id s  o f s illu fo rm  la rva e , and Hayashiya, N ish ida  and I-Iatsubara ( 1969) 

is o la te d  a p ro te in  w ith  a n t iv i r a l  a c t iv i t y  from  the  gut ju ic e  of silkworms. 

Chamberlain and Sudia ( 1961) ,  however, found th a t the d ig e s tiv e  enzymes 

o f mœ quitoes had l i t t l e  e f fe c t  on the v iru s  t i t r e  o f  eastern e n c e p h a litis  

v iru s .

The pH of the la r v a l gu t f lu id s  was f i r s t  determ ined, then the y  were 

incubated w ith  a TIV p re p a ra tio n , and te s ts  were performed to  determine 

whether the in f e c t i v i t y  of the v iru s  was reduced, 

a) Measurement of the pH o f  the la rv a l nut f lu id s .

The method was based upon th a t of Day and Downing ( l9 4 9 ) who measured 

the pH in  the gut o f  the cockroach, B1 a t te l  1 a aremanica (L innaeus), by 

in c o rp o ra tin g  pH in d ic a to rs  i>/ith a d ie t  o f starch or g e la t in .  I t  was found 

th a t o leracea la rvae  t l ir iv e d  on a d ie t  of b o ile d ,  mashed p o ta to , so 

va rio u s  pH in d ic a to rs  were inco rpo ra ted  w ith  t h is  d ie t ,  and th e  co lours of 

the in d ic a to rs  were observed through the s k in . Day and Downing (l9 49 ) 

found i t  necessary to puncture the gut o f B la te l la  germanica in  o rde r to 

observe the colour’ o f the con ten ts .
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The pH range over which the in d ic a to rs  changed co lo u r was determined 

(Table 22) us ing  a pH meter, and va ry ing  the pH by e ith e r  adding d i lu te  

HCl to  d i lu te  NaOH, or v ice  ve rsa . Each in d ic a to r  was fe d  to 5 fo u r th -  

in s ta r  la rvae . A l l  5 la rvae  d id  no t always slxow the  same re a c tio n  w ith  

the same in d ic a to r ,  and sometimes there  were d iffe re n c e s  in  in d iv id u a l 

la rvae  w ith  tim e. Table 23 shows a ty p ic a l set of r e s u lts ,  12 days 

a f te r  the la rvae  began to  feed on the p o ta to / in d ic a to r  m ix tu res . In  

some cases the a n te r io r  t i p  of the gut showed a d if fe re n t  co lou r to  the 

remainder o f the a n te r io r  p o r t io n . Readings taken on other days sometimes 

showed s l ig h t  v a r ia t io n s  from  the re s u lts  quoted in  Table 23, bu t the 

ba s ic  p a tte rn  was s im ila r ,  i . e .  the a n te r io r  t i p  o f the gut was weakly 

a lk a lin e , fo llo w e d  by a p o r t io n  which was s tro n g ly  a lk a lin e ,  and tiie  

p o s te r io r  se c tio n  was ac id .

In  order t î ia t  th e  co lou rs  o f the  d if fe re n t  p o rtio n s  o f  the gut could 

be seen more c le a r ly ,  some of the le a th e r ja cke ts  were d issected  a f te r  they 

had been feeding on the p o ta to / in d ic a to r  mixbures f o r  18 days. The 

morphology o f  the gu.t of %. o leracea was observed to  be ve ry  s im ila r'’ to  

th a t o f poludosa. as described by V ick er man ( i9 6 0 ) ( f i g .  39 ). The 

re s u lts  observed during the d isse c tio n s  are recorded in  Table 24.

The re a c tio n  of the la r v a l g a t, 11 len, appears to  va ry  from  pH 3>8,5 

in  the o a rd ia -v e n tr ic u lu s  re g io n  to pH 5 .7 -5 .9  in  the re c ta l ampulla. Day 

and Pawning ( l9 4 9 ) ,  however, found an increase in  pH along the gut o f 

B la te l la  ae m an ic  a; a carbohydrate d ie t  reduced Hie pH of the crop 

con ten ts , but d id  n o t change those o f  the midgut or h in d g u t. He impel
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Table 23. pH readings in  d i f fe re n t  sections of le r v a l  gu ts, as 

observed through the s k in .
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In d ic a to r

S ec tion  o f the gut

A n te r io r  t ip A n te r io r P o s te r io r

m ethyl red > 5 .0 > 5 .0 > 5 .0

ch lo ro -pheno l red > 5 .4 > 5 .4 < 5 .9

b rono -c reso l purple > 5 .6 > 5 .6 < 6 .0

bromo-thjanol b lue > 5 .7 > 5 .7 > 5 .7

litm u s > 6 .3 > 6 .3 ? *1

phenol red > 7 .1 > 7 .1 > 7 .1 *2

diphenol purp le < 7 .6 > 7 .0 < 7 .6

m eta-creso l pu rp le <  8 .2 > 7 .8 < 8 .2

pheno lph tha le in < 8 .3 > 8 ,1 < 8 .3

thymol b lue < 8 .4 > 8 .2 < 8 .4

o rth o -c re s o l p h th a le in < 8 .7 > 8 .5 < 8 .7

O ve ra ll r e s u lt 7.1 "  7.6 > 8 ,5 5.7 -  5.9

I n  cases where not a l l  5 la rvae  on 1 in d ic a to r  shared the same 

re s u lt ,  the  re s u lt  o f  the majo r itu r  is  g iven .

*1  The p o s te r io r  sec tio ns  o f  the la r v a l guts co n ta in in g  litm u s  were 

y e llŒ f.
"*"2 A nomal ous re  s u i t .
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Malpighian tubule

rectal ampulla

ventriculus
rectum gastric caecum

oesophagus
colon cardia

leritrophlc membrane

Fig. 19. Morphology of the gut of T.paludosa and T.oleracea (from Vickerman,1960).
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( 1955) s tud ied  the gut pH of 11 species o f Hymen op tera  and 2 Le p ido p te ra , 

and found th a t i t  changed du ring  development and a f te r  s ta rv a tio n *  I t  

is  not kna-m vrhether the pH va lues determined here f o r  o leracea la rvae  

feed ing on potato a lso ho ld tru e  fo r  la rvae fee d in g  on powdered grass 

o r a n a tu ra l d ie t .

h ) Incu b a tio n  of TIV w ith  la rvsd  gut f lu id s  

lle th  ods

A suspension o f TIV in  d is t i l l e d  w ate r was passed success ive ly  

through 2 .0 , 0 .8 , 0.45 and 0 ,2 ymn membrane f i l t e r s ,  which had "been 

p re tre a te d  w ith  serum, to  remove b a c te r ia  and fu n g i from  the suspension 

(Experiment 6 ) . The f i l t r a t e  was te s te d  f o r  the presence o f  b a c te ria  

and fu n g i by in o c u la tin g  drops on to p la te s  o f n u tr ie n t agar and m alt 

e x tra c t a-gar, which were then incubated a t  20^. There was no growth 

o f b a c te r ia  o r fu n g i on the p la te s  a f te r  in cu b a tio n  fo r  4 days.

The guts were d issected  out o f  120 fo u r th - in s ta r  la rvae which liad 

been anaesthetised and decap ita ted . They were wadied in  phosphate-buffered 

sa line  (pH 7 .0 ) ,  c o lle c te d  over sn ic e -b a th , ground u s ing  a pe s tle  and 

m orta r, and d ilu te d  w ith  phosphate b u f fe r  (pH 7. 0 ) a t a ra te  of 0.1 ml per 

g u t. Th is  prep ana tion  was c la r i f ie d  by cen t r i  fuga t io n a t 11,000 fo r  

20 m in, and then s te r i l is e d  by passing success ive ly  th ro u ^  2 .0 , 0.8 and 

0.2 yam mm bran e f i l t e r s .

The gut ju ic e  and TIV suspension were mixed in  a 1 : 1 r a t io ,  and 

incubated a t 20^, along ";ith  c o n tro ls  co n s is tin g  of a) gut ju ic e  d ilu te d  

1 : 1 w ith  s te r i le  d i  s k i l le d  w ate r, and b) TIV suspension d ilu te d  1 : 1 

w ith  s t e r i le  phosphate b u f fe r ,  pH 7 .0 . The i n f  a c t iv i t ie s  of tiie TTV
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p lu s  gut ju ic e  and the TIV p lu s  b u ffe r  mkctures were assayed by the 

response tim e method a f te r  1, 24, 48, 72 and 168 h; la rvae  were in o cu la te d  

w ith  10*̂  and 10 ^ d i lu t io n s ,  20 la rva e  being in o cu la te d  w ith  each d i lu t io n .  

A lso , a t each o f  iliese  tim es, 2 la rva e  were in je c te d  w ith  the gut ju ic e  

p lus  w ater m ix tu i^ .

R esu lts

The re s u lts  o f  the  in f e c t iv i t y  assajrs (Table 25) suggest th a t the

in f e c t iv i t y  of the  TIV + b u ffe r  m ix tu re  remained constant tlirovghou t the

p e rio d  o f the experim ent. The re s u lts  fo r  the TIV -i* gut ju ic e  m ixture

are more d j . f f ic u l t  to in te r p r e t ,  as there  i s  an apparent increase

fo llo ire d  by a decrease in  in f e c t iv i t y .  A t  te s t  cax ried  out on the re s u lts

in d ic a te s  no s ig n if ic a n t  d iffe re n c e  in  in cu b a tio n  p e rio d  between each p a ir

o f r e s u lts ,  except fo r  those a t 168 h , 10^ d i lu t io n  (p <2 0 .05)* However,

as most la rvae in je c te d  w ith  the 10^ d i lu t io n  of the TIV + gut ju ic e

m ixture  at 168 h died soon a f te r  in je c t io n  (see below) too much weight is

no t placed upon th is  d iffe re n c e  in  in cu b a tio n  p e rio d , e s p e c ia lly  as the re

“ 2was no s ig n i f ic a n t  d iffe re n c e  between the in cu b a tio n  periods f o r  the lO " 

d i lu t io n s  a t 168 h.

Development o f a to x ic  fa c to r

The numbers of la rvae  (bring in  the f i r s t  few days a f te r  in je c t io n ,  

be fo re  any s ta r te d  to  d isp la y  iridescence , suggested th a t a to x ic  fa c to r  

developed in  the TIV -h gu t ju ic e  m ix tu re  (Table 26) between 72 and 168 h 

a f te r  the s ta r t  o f  the experim ent. I t  was suspected th a t t h is  to x ic  

fa c to r  m ight be a m ic ro b ia l contaminant as the TIV + gut ju ic e  m ixture  had 

become c3.oudy over the 7 days o f the experim ent, so p la te s  o f y e a s tre l



Table 25 . I n f e c t i v i t y  assays o f  TIV + gu t ju ic e  and TIV + b u f fe r  

m ix tu re s .

Time (h ) M ix tu re  assayed TIV t i t r e  (LD50 u n its /m l)

1 TIV + g u t ju ic e 4 .7  X 10^

TIV 4- b u f fe r 6 .5  X 10^ ■

24 TIV + gu t ju ic e 1 .0  X 10®

TIV 4 b u f fe r 2 .1  X 10®

48 TIV 4 gu t ju ic e 1 .9  X lO*^

TIV 4, b u f fe r 6 ,8  X 10®

72 TIV 4 g u t ju ic e 7 .3  X 10^

TIV 4 b u f fe r 1 .5  X 10®

168 TIV 4 gu t ju ic e 4 .6  X 10^

TIV 4 b u f fe r 2 .5  X 10®
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m ilk  agar were s tre ake d  fro m  the  fo lla - r in g  p re p a ra tio n s ; a ) the  o r ig in a l  

f i l t e r e d  TIV suspension, h ) th e  f i l t e r e d  gut ju ic e ,  c ) th e  TIV 4 gu t ju ic e  

m ix tu re , d) the  TIV 4 b u f fe r  m ix tu re  and e) th e  TIV 4 water m ix tu le .

Table 26. Humbers oT la rvae  in je c te d  w ith  TIV 4  pn it .iu ic G  which died 

in  n -  1 dâ zs (where n is  the sh o rte s t in  cub a t ion  ne rio d  

fo r  th a t  dose -  group) .

Deaths (o u t o f 20) a t assay t  iœ (h ) :

Inocu lum 1 24 48 72 168

TIV 4 gut ju ic e ,  10^ 0 1 0 5 14

TIV 4 g u t j u i c e , 10 ^ 0 0 1 2 0

TIV 4 b u f fe r ,  10° 1 0 0 2 1

TIV + 'b u ffe r ,  10 5 1 0 4 1

gu t ju ic e  + w a te r, 10 0 1 1 1 1

A f te r  in cu b a tio n  a t 20 fo r  24 h there  was b a c te r ia l growth on a l l  

the p la te s  which had been strealced w ith  m ixtures contain ing' gut ju ic e .  

In cu b a tio n  f o r  a fu r th e r  7 days d id  no t r e s u lt  in  any growth on the p la te s  

w h id i had been strealved from  the other 2 p re pa ra tio ns . I t  was concluded 

th a t the re  was a b a c te r ia l con tam ina it in  the gut ju ic e ,  and t l ia t  th is  

may have been the  reason fo r  the h ig h  death ra te  from ’ unknown causes' 

in  la rvae  in je c te d  w ith  the TIV 4 gut ju ic e  m ixture  a f te r  7 days.

Although the TIV p re p a ra tio n  had been tes ted  fo r  the presence of 

b a c te r ia  and fu n g i be fore  the commencement o f the experiment, i t  was not 

p ra c tic a b le  to do so w ith  the  gut ju ic e , as tlie  h y p o th e tic a l a n t iv i r a l  

fa c to r (s )  m ight have been la b i le ,  and m ight lave become in a c t iv a te d  w h ile  

w a it in g  f o r  re s u lts .



Discussion

Th is  expo rim ent did. n o t de tect any e f fe c t  of the la rv a l gat f lu id s  

upon the  in f e c t i v i t y  o f TIV. I t  i s  poss ib le  th a t a n t iv i r a l  substances are 

present in  the la rv a l gut , but th a t they are la b i le ,  and became in a c t iv e  

soon a f te r  e x tra c t io n . A lte rn a t iv e ly ,  the pH and tem perature o f the 

present te s t  may no t have been w ith in  the range o f  the  a c t iv i t y  o f the 

h y p o th e tic a l substaiice( s ) . I t  wouJ.d be in te re s t in g  to  repeat the experiment 

a t d if fe re n t  tem peratures and a t d if fe re n t  pHs, as th e  pH o f the  la rv a l 

gut f lu id s  has been slioi-zn to  extend over a wide range. The development 

of the ' to x ic  fa c to r ' in  the present experiment daaonstrates the importance 

o f fre e in g  the v iru s  -  gut ju ic e  m ix tu re  from b a c te r ia  and fu n g i.



Ex^oriment 16 , Tests to  clGtormine ttIio ther the embryo is  sa.isce'oti'ble

to  In fe c t  ten w ith  TIV .

I  n t redact ion

Laagh lin  ( 195%.) observed th a t the new -la id  egg ocf oleracea is  

shrunken, but by the th ir d  day is  cons iderab ly  b ig g e r due to  absorp tion  

o f water. Th is was co n fim o d  f o r  both _T. o leracea and pa ludosa by 

Meats ( 1967) ,  who showed th a t f e r t i l e  eggs increase th e ir  weight by about 

bOg due to  the uptalce of w a te r. The p o s s ib ilité / th a t v iru s  n ig h t e n te r 

the egg vTith t h is  water and se t up an in fe c t io n  was in ve s tig a te d . I t  was 

also considered poss ib le  th a t TIV might en te r the egg v ia  the  m icropyle , 

a sp e c ia lise d  reg ion  in  the menbrones o f  most in se c t eggs to  alloî-x the 

e n try  o f sperm (counce, 1961)»

Preliminaorx experiment

1 ml of a TIV suspension, con ta in ing  approxinate lj'- 1 .0  x 10^ LD50 

u n its /m l was spread evenly over the surface o f  a 9 cm diameter p la te  of 

1/  ̂ ionagar, and a f e r t i l i s e d  female c ra n e - f ly  was allowed to  la y  her eggs 

in  the agar, I7hen the la rvae had hatched they were removed from  the 

agar, tra n s fe rre d  to  a po t o f sand, and observed re g u la r ly .  Many 

la rvae  d ied  from  TIV in fe c t io n  in  a l l  4 in s ta rs ,  w h ile  a few d id  n o t 

become in fe c te d , but pupated and gave r is e  to  a d u lts . T lV - in fe c te d  

f i r s t - i n s t a r  la rvae  are &haxn in  F ig . 20. The ques tion  arose as to  whether 

the v iru s  had entered the egg and in fe c te d  the embryo, o r whether the 

la rvae  had become in fe c te d  a f te r  ha tc îiing , from  the TIV in  the agar.

Main ezfceriment

In  order to  in v e s tig a te  these 2 p o s s ib i l i t ie s ,  more female c ra n e - f l ie s
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II

Pirn. 20. F i r s t - i n  s ta r  T. o le racea la rva e  in fe c te d  w ith  T IV
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were a llow ed  to  la y  t î i e i r  egf/B in  agar c o n ta in in g  T IV ; 5 p la te s  o f  

f e r t i l i s e d  eggs were o b ta in ed . On each day b e fo re  t! ie  eg/;s hatched a 

sample o f 10 eggs was removed from  each p la te ;  t h e i r  su rfaces  were 

s t e r i l i s e d  by im m ersion in  10̂ '̂  w /v  fo rm a lin  fo r  60 m in , then th e y  were 

washed 3 tim es  in  d i s t i l l e d  w a te r, and t ra n s fe r re d  to  c lean agar p la te s  to  

h a tch . Batches o f la rv a e  w h ich  hatched in to  agar c o n ta in in g  TIV became 

in fe c te d ,  whereas none o f  those which hatched from  eggs w’ lich  had been 

removed from  the TIV became in fe c te d .  I t  w a ild  appear, the n , t l ia t  TIV 

d id  no t e n te r the egg and in fe c t  the onbryo, but th a t  the new ly-hatched 

la rv a e  became in fe c te d ,  p ro b a b ly  by in g e s t in g % a r  c o n ta in in g  th e  v ir u s .

An experim ent was a].so perform ed to determ ine how the  la t e r  la r v a l  

in s ta jrs  had become in fe c te d .  B id  they  c o n tra c t an in fe c t io n  from  the agar 

in  the  f i r s t  in s ta r  ixhich d id  n o t become o ve rt u n t i l  a la t e r  in s t a r , o r  

d id  they c o n tra c t i t  from  o ther la rva e ?  Eggs were a llow ed  to  In tc h  in  a 

p la te  o f  agar c o n ta in in g  T IV . The new ly-hatched la rv a e  were a llow ed to  

c raw l in  t i ie  agar f o r  a p p ro x im a te ly  24 h , then 50 were p icke d  o f f  and 

p laced  in  in d iv id u a l p e t r i  d ishes. T h ir ty - t ix o  o f these d ied  in  the  f i r s t  

in s ta r  w ith o u t d e ve lo p ing  TIV symptoms; most o f  them d ie d  because th e y  

c raw led  from  the m o is t f i l t e r  paper and became d e s icca te d . T h ir te e n  

la rva e  (68.45:, c o r re c t in g  f o r  th e  e a r ly  m o r ta l i t y  due to  d e s ic c a tio n )  d ied  

w ith  TIV symptoms in  th e  f i r s t  in s ta r ,  3 d ied  in  the second and t h i r d  

in s ta rs  w ith  out de ve lop ing  TIV symptoms, and 2 pupated and gave r is e  to  

a d u lts .

The mean in c u b a tio n  p e r io d  f o r  those f i r s t - i n s t a r  la rva e  which became 

in fe c te d  w ith  TIV was I p . 2 days, t h is  be ing g e n e ra lly  lo n g e r than the
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in cu b a tio n  periods in  fo u r th - in s ta r  la rvae in o cu la te d  w ith  TIV per os 

(Experiments 15 and 14) ,  a lthou .^i i t  was often d i f f i c u l t  to observe the 

iridescence  in  the f i r s t  in s ta r  due to  the small s ise  o f  th e  la rva e .

The mean tim e to  death from TIV was 18.9 days, and the  longes t tim e was 

31 days. When observing the development o f  h e a lth y  la rv a e  (Experiment 7 ) 

the re  were none rem aining in  the f i r s t  in s ta r  a f te r  day 22; 3 of the 13

la rvae  ( 23,1^0 which became in fe c te d  in  the present experiment d id  not 

d ie  u n t i l  a f te r  day 22.

D iscussion

T h is  experiment has demonstrated th a t the enbryo i s  n o t su sce p tib le  to 

in fe c t io n  w ith  TIV from  the environment; the p o s s ib i l i t y  o f  the embryo 

re c e iv in g  a TIV in fe c t io n  from  the parents was s tud ied  in  Experiment 20.

I t  has been rhown, however, th a t  f i r s t - in s t a r  la rvae  are suscep tib le  to  

in fe c t io n .  I t  i s  probable th a t the la rvae  in  t h is  experiment became 

in fe c te d  by in g e s tin g  the agar con ta in in g  TIV. As the la rvae  are so sm a ll, 

they could have ingested on ly  a an a l l  dose o f TIV, but 68,4 f' became 

in fe c te d , compared w ith  much sm aller percentages in  fo u r th - in s ta r  la rvae 

in o cu la te d  w ith  la rg e  doses of TIV uer os (Experiments 13 and 14). Th is  

suggests th a t the la rvae are more susce p tib le  to  in fe c t io n  w ith  TIV per os 

in  the f i r s t  in s ta r  than in  the fo u r th - in s ta r .  S ilkworm  la rvae have been 

shoi-m to  be h ig h ly  su sce p tib le  to in fe c t io n  w ith  HPV when newly-hatched, 

w ith  s u s c e p t ib i l i ty  decreasing markedly as the^r increase in  age 

(kobayashi, Yamaguchi and Yokoyama, I 969) .

This experiment has also shown th a t la te r  la r v a l in s ta rs  may become 

in fe c te d  frcan e a r l je r  in s ta r s ,  and th a t  in fe c t io n  o f f i r s t - i n s t a r  la rvae 

w ith  TIV may p reven t them from passing in to  the second in s ta r .
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Experiment 17. Tests to  determine whether lo a th  or .jackets can become

in fe c te d  w ith  TIV v ia  the s p ira c le s .

In tro d u c tio n

Few workers apnear to  have considered the s p ira c le s  as a rou te  o f 

in fe c t io n  fo r  in se c t pathogens, a lth m g h  niany pathogens o f  ve rte b ra te s  

are known to  en ter t h e i r  host v ia  the re s p ira to ry  ro u te . B a ile y  ( 1965^ )  

demonstrated th a t  b a c te r ia  and v iru ses  may invade the  honey bee v ia  the 

s p ira c le s . Presumably the organisms are e ith e r  suspended in  aeroso l 

d ro p le ts , or are dry and adhering to  dust p a r t ic le s .

Attem pts were made to  in o cu la te  fo u r th - in s ta r  la rvae w ith  TIV v ia  

the s p ira c le s  by va rious  techniques. In tro d u c in g  v iru s  in to  the ■ sp ria c le s  

w ith  a hé/podermic jy r in g e ,  and d ip u in g  the p o s te r io rs  of ' the la rvae  in to  

v iru s  suspension were o f l i t t l e  va lue as techniques because the la rva e  were 

so a c t iv e . A naesthe tis ing  thou w ith  e ther re s u lte d  in  than c lo s in g  up 

t h e i r  s p ira c le s .

Experiment .17a.

An a ttem pt was made to  b lodc  the mouths o f th e  la rva e  by  d ip p in g  

t h e i r  a n te r io r  ends in  m olten p a r a f f in  wax (m e lt in g  p o in t  46*^) a t 50^.

I t  was found th a t i f  the wax co a tin g  extended more than ha lf-w ay  along 

the le ng th  of a la rv a  i t  was very d i f f i c u l t  fo r  i t  to  w rig g le  f re e ,  so 

la rvae  were coated in  wax almost r i ^ t  up to  th e  s p ira c le s . Larvae which 

had been coated w ith  p a ra f f in  wax in  t h is  way were sub jected to  the 

fo llo w in g  three tre a tm e n ts , 100 la rvae  being used fo r  each trea tm ent:

1) About 1 ml TIV suspension in  ISA ( approx ic ia te ly  1 .0  x 10^ LD5O u n its /m l) 

was sprayed from  a spray run (Shandon S c ie n t i f ic  Co. L td . ) ,  to  form  an
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aeroso l ju s t  above the surfa,ce o f the  la rvae which were la id  out over an

2area o f about 0,1 ra . The la rvae were l e f t  f o r  10 min to  'b rea the  in* 

the  viarus.

2) 1 ml TIV suspension in  ISA was d r ie d , and made in to  a dust. Each 

la rv a  had a sm all amount o f  th is  dust brushed onto i t s  s p ira c le s ,

3 ) The s p ira c le s  of eadi la rv a  were h e ld  beneath the surface of a TIV 

suspension in  ISA fo r  3 m in.

Each trea tm ent was a lso c a rr ie d  out w ith  10 c o n tro l la rvae , but 

w ith  ISA in  place o f  the TIV suspension. A f te r  th e  trea tm ent, each 

la rv a  was washed 3 tim es in  d i s t i l l e d  water , ard. then re leased from the 

p a ra f f in  wax.

Hone o f the la rva e  developed ir id e sce n ce , but la te x  te s ts  were 

c a rr ie d  out on a l l  dead la rvae , pupae and a d u lts , and a few p o s it iv e s  

were found (Table 27). Large numbers of la rvae  d ied  as a re s u lt  o f the 

treatm ent w ith  p a ra f f in  wax.

Table 27. R esu lts  of attem pts t o in fe c t  le a th e r ja cke ts  w ith  I IV  v ia  the 

s p ira c le s , w ith  t he i r  mout hs blocked w ith  p a ra f f in  wax.

Treatment
ÎI0 . becoming in fe c te d /  

no. s u rv iv in g  a f te r  s ix th  day
Percentage 
in f  e c tio n

1) (sp ray) 2/57 3.5

2) (d u s t) 0/67 0

3) (d ip ) 4/38 10.5

1) ( spray) c o n tr o l 0/8 0

2 ) (d u s t) c o n tro l 0/7 0

3) (d ip )  c o n tro l 0/7 0



The re s u l ts  sun/-e s t Hi a t a fevr o f  th e  la rva e  which were sprayed w ith ,  and 

d ipped in ,  v iru s  may have become in fe c te d  v ia  th e  s p ira c le s .  I t  was not 

c e r ta in ,  ha-rever, th a t  th e  p a r a f f in  wax had e f f e c t iv e ly  b lo cke d  the  m outh, 

and as the h ig h e s t ra te  o f in fe c t io n  came from  la rv a e  dipped in  v ir u s ,  i t  

was cons idered  p o s s ib le  th a t  the  l iq u id  may have seeped between the  p a r a f f in  

wax and the s k in  o f  th e  in s e c t ,  and en te red  p e r os. There i s  a ls o  a s l i ^ i t

p o s s ib i l i t y  th a t  the  v ir u s  passed th roup ji the s k in  in  some way. I t  i s  n o t

Icnown to  what e x te n t th e  h o t wax trea tm en t m i ^ t  have enhanced o r in te r fe r e d  

w ith  in fe c t io n .

Experim ent 17b

The second ap;:)roach was to  t r y  to  b lodc  the  gu.ts o f  one group o f 

la rv a e , and th e  s p ira c le s  o f another group by l ig a tu r in g  th e  in s e c ts ,  

which were then  exposed to  TIV to  determ ine whet lie r  th e re  was a d if fe re n c e  

in  in fe c t io n  ra te  between the  2 groups.

Three hundred la rv a e  were l ig a tu re d  w ith  a lg in a te  th re a d , h a l f  o f  them 

a n te r io r ly ,  ju s t  beh ind  the head, and the o th e r h a l f  p o s te r io r ly ,  ju s t  

b e fo re  th e  s p i r a d es. Tlie la rva e  were a n a e s th e tise d  v /ith  e th e r ju s t  b e fo re  

l ig a t i ; . r in g , and th e n  l e f t  f o r  about 30 m in fo r  the  e f fe c ts  o f the

a n a e s th e tic  to  wear o f f .  They were then exposed to  TIV by tre a tm e n ts

l )  -  3 ) of Experim ent 17a, 50 a n te r io r ly - l ig a tu r e d  and 50 p o s te r io r ly -  

l ig a tu re d  la rv a e  be in g  used f o r  each tre a tm e n t.

A f te r  be ing  tre a te d , each la rv a  was washed t.-rice w ith  w ater to  remove 

TIV from  the s k in ,  and then  immersed in  1/:' sodium hexametaphosphate 

s o lu t io n  to  d is s o lv e  the  a lg in a te  th read . T h is  techn ique  f o r  l ig a tu r in g  

the la rva e  was found to  be f a r  s u p e rio r  to  th e  use o f  c o tto n  th re a d , >rhich
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had to be loosened from the la rvae  w ith  the  a id  o f  d is s e c tin g  needles, 

the insects  o fte n  becoming damaged in  the process.

To te s t  whether the l ig a tu re  a ffe c te d  the development o f the disease 

in  any way, 60 la rvae  were each in je c te d  w iH i 0.005 ml TIV suspension;

20 had been lig a tu re d  a n te r io r ly ,  20 p o s te r io r ly ,  and 20 were not 

lig a tu re d . The lig a tu re s  were removed im m ediately a f te r  the la rvae had 

been in je c te d .

Some la rvae  developed ir id e sce n ce , and in  seme TIV iiies detected 

a f te r  death by the la te x  te s t ,  which was c a rr ie d  out on a l l  in sec ts  

which d ied  w ith o u t TIV symptoms; TIV was de tected  in  two a d u lts  (see 

Experiment 19 ). The re s u lts  are summarised in  Table 28, toge the r w ith  

the re s u lts  of th e X  te s t  vrhich was c a rr ie d  o i t  on each, p a ir  of da ta . 

These show th a t in  each treatm ent the re  was no s ig n if ic a n t  d iffe re n c e  in  

the number o f in s e c ts  becoming in fe c te d , between those lig a tu re d  

a n te r io r ly  and those l ig a tu re d  p o s te r io r ly .  T he re fo re , i t  has no t been 

shO'-m whether the mouth or the  s p ira c le s  was the  rou te  of in fe c t io n .

The in cu b a tio n  periods f o r  the  in je c te d  la rvae  are g iven  in  Table 29. 

The t  te s t  in d ic a te s  th a t the re  is  no s ig n i f ic a n t  d iffe re n c e  in  in a ib a t io n  

pe rio d  between the trea tm e n ts , so there  is  no evidence th a t  tlie  l ig a tu re s  

had in te r fe re d  w ith  the  course o f in fe c t io n .

F ive  o f the  Is rvae  which had been lig a tu re d  a n te r io r ly  ( l ,  2, and 2 

la rvae  from trea tm ents l ) ,  2) and 3) re s p e c tiv e ly )  d id  no t pupate norm ally, 

The c u t ic le  became dark brovm and hard l ik e  th a t  o f a pupa, but the la r v a l 

sk in  vras no t lo s t .  Presiumably the In g a tu ic  had in te r fe re d  w ith  the normal 

m ou lting processes, perhaps by in te r fe r in g  w ith  the tra n s p o rt o f hormones 

w ith in  the la rv a .
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Table 28. R esu lts  of expos in  g le a th e r ja cke ts  to  T3V w ith  some

lig a tu re d  a n te r io r ly  and some lig a tu re d  p o s te r io r ly .

Treatment
No. becoming 

in fe c te d /T o ta l^
Percentage
in fe c t io n

1) (spray) a n te r io r  l ig a tu re o/36 0.0

p o s te r io r  l ig a tu re 2/33 6.1

= 0,609

2) ( du s t ) a n te r io r  l ig a tu re 1/45 2.2

p o s te r io r  l ig a tu re 2/41 4.9

X ^  = 0.007

3) (d ip ) a n te r io r  l ig a tu re 5/53 15.2

p o s te r io r  l ig a tu re 5/42 11.9

y ?  = 0.005

^ Those in se c ts  which d ied and were found to  be T lV -nega tive  up to  2 

days be fo re  TIV symptoms f i r s t  began to  appear in  th a t treatm ent-group 

are d iscounted.

.. In cu b a tio n  pe riods  o f lig a tu re d  and u n ljg a tu re d  la rvae  

in je c te d  v/i.th T IV .

Treatment
No. of 
la rvae

In cu b a tio n  pe rio d s  
(days)

Kean in cub a tio n  
pe rio d  (days)

a n te r io r  l ig a tu re 19 1x5;
2x8;

8x6 ; 7x7; 
1x9 6.68

p o s te r io r  l ig a tu re 17 1x5;
5x8;

5x6 ; 5x7 ; 
1x10 7.06

no l ig a tu re IS 2x5;
5x8;

4x6 ; 5x7 ; 
5x10; 1x14 7.61
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D is c u s s io n

A lth o u f ji a few in s e c ts  became in fe c te d  w ith  T IV  in  these expe rim en ts , 

i t  was n o t dem onstrated th a t  TIV en te red  the la rv a e  v ia  th e  s p ir a d e s ,  and 

i t  i s  q u ite  p o s s ib le  Hi a t in fe c t io n  o ccu rr ed p e r  os ♦ The p o s s ib i l i t y  th a t  

the  tre a tm e n ts  daraaged th e  s k in ,  a llo w in g  d ir e c t  e n try  o f the v ir u s  in to  

the haemocoel must a lso  be cons ide red . None o f  the  tre a tm e n ts  re s u lte d  

in  3. v e ry  h ig ti in fe c t io n  ra te ,  and i t  can be concluded th a t  TIV in fe c ts  

le a th e r  ja c k e ts  v ia  the  s p ira c le s  r a r e ly ,  i f  eve r.
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Exnerimont 18. In o c u la t io n  of pupae w ith  TIV.

I n tro d u c tio n

A lth m g h  in s e c t v im  ses a re  u s u a lly  fcund in fe c t in g  t h e i r  h o s t la rv a e , 

th e re  are a number o f re p o r ts  o f in fe c t io n s  in  the  pupa. hPVs have been 

found to  in fe c t  the pupae o f  the  f o i la f in g  in s e c ts : _Bombvx m o ri (Ai%awa,

1955) ,  Hemerocampa pseudotsuvata  (hcDunnough), O rgy ia  a n tic u a  (L innaeus) ,  

Lambdina f i s  cel l a r i a . Peridrom a m a rg a rito sa  (Haworth) (Sager I 960 ) ,

G a lle r ia  m e llo n e lla  ( S ta irs ,  1965b), Hie A fin  can armyivorm, Soodoptera 

exempta (W alker) ( B ro fn  and Svraine, 1965) ,  Ectro p is  c re p u scu la ria  (S c h if f )  

(M o rr is , 196?) and T rich o p lu s ia  n i (V a il and H a ll ,  1969fi). The pupa of 

T. has a lso been found to  be suscep tib le  to a CPV (V a i l,  H a ll and

Gough, 1969) .

Among the  ir id e s c e n t  v iru s e s ,  ( 1965) found th a t  f i n a l - in s t a r  

G. m e llo n e lla  la rv a e  in o c u la te d  w ith  SIV pupated, and d ie d  from  SIV as 

pupae. Chapman et, a l (196 6) observed th a t most m osquito la rva e , in fe c te d  

w ith  MIV d ied  b e fo re  p u p a tio n , but a few pupated and d ie d  as pupae. Smith 

jo t ( 1961) found th a t  many la rv a e  cf P o r th e tr ia  di. spar and P ie r  is  b ra ss ica e

in o c u la te d  w ith  TIV  in  a midcD.e in s ta r ,  d id  n o t  d ie  from  TIV in fe c t io n  

u n t i l  a f te r  p u p a tio n . I n  2# d is p a r t h is  cau æd the  le g s  and w ing buds to  

a tro ph y  and e x h ib i t  ir id e s c e n c e ; e le c tro n  m icrographs of se c tio n s  of 

in fe c te d  pupae revea le d  la rg e  amounts o f v iru .s  in  H ie w ing  buds, le g s  and 

head. The e f fe c t  o f TIV on prepupae and pupae of P. b ra ss ica e  was le s s  

marked. Some T lV - in fe c te d  s ilkw orm  la rvae  are a b le  to  sp in  th in - la y e re d  

cocoons, bu t they  do no t undergo the pupal m ou lt (Hukuhara, 1964).
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Silkworm pupae, however, can be in fe c te d  w ith  T IV , and iridescence  can be 

observed in  many organs (Hulaiha,ra and Hashimoto, 1966_b).

Ahmed (lS 68) found a T lV - in fe c te d  T ip u la  pupa in  the f ie ld ;  i t  had 

deformed wing’ buds, and. was d isp la y in g  ir id e sce n ce . He also su cce ss fu lly  

in fe c te d  JT. pa ludosa pupae w ith  TIV in  the la b o ra to iy . During the  present 

in v e s t ig a t io n s , severa l la rva e  which had been in o cu la te d  w ith  TIV pupated. 

Some o f the pupae resembled th a t described by Ahmed ( l9 6 s ) ,  having deformed 

w ing buds and d isp la y in g  ir j.d e sconce (F ig . 2 l ) ;  some appeared to  be 

normal pupae, but Iridescence could be observed in te r n a l ly  upon d is s e c tio n ; 

in  some the pupa was apparen tly  norm al, both e x te rn a lly  and in te r n a l ly ,  

but a TIV in fe c t io n  was detected by the la te x  te s t .  In  no case d i d a 

pupa d isp la y in g  ir idescence  g ive  r is e  to  an a d u lt,  but severa l apparen tly  

h e a lth y  pupae, de rived  from la rvae  which had been exposed to TIV, gave 

r is e  to  T IV - in fe c te d  a d u lts  (see Experiment 19).

Methods

The f o l l o f  ing techniques used by Ahmed (196B) to  in o cu la te  T,. paludosa 

pupae were used fo r  2* o l or ace a pupae:

a) The pupa was submerged in  a TIV suspension fo r  5 m in.

b) The pupa was p r ic te d  w ith  a s t e r i le  f in e  p in ,  ju s t  behind the wing buds 

on the v e n tra l s id e , then the wound was brushed i r i th  TIV suspension.

c) The pupa was in je c te d  w ith  0.005 ml TIV suspension ju s t  belovr Hie 

integument in  the v a a tra l th o ra c ic  reg io n .

C on tro l pupae rece ived  s im ila r  trea tm ents , but ISA iras used in  p lace o f 

Hie TIV suspension. Pupae were tre a te d  as they became a v a ila b le , over a 

p e rio d  o f  about 9 months. The TIV suspension (approx im ate ly  1 .0  x 10^

LD50 units/ial) was stored at -16° over th is  oeriod. Each treatœnt iras
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1 : *

T IV - in fe c te d no t in fe c te d T IV - in fe c te d ,
re c e n t ly
pupated

Fj;-''. 21. T IV - in fe c te d  and h e a lth y  o le racea  pupae 

Scale : mm•
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c a rr ie d  out w ith  100 pupae, and each c o n tro l group also cons is ted  o f 100 

pupae. A l l  pupae and a d u lts  which d id  not develop iride scence  were te s te d  

fo r  TIV by the la te x  te s t.

R esu lts

The numbers o f  in s e c ts  becoming in fe c te d  (T ab le  50) in d ic a te  th a t 

the th re e  in o c u la t io n  techn iques can be p laced  in  th e  f  o ila -r in g  o rde r o f 

e f f ic ie n c y :  c > b > a *

Table 30. Numbers o f pupae becoming in fe c te d  a f te r  in o c u la t io n  w ith  TIV 

bv th ree  d i f f e re n t methods,

Tre atme n t
Number o f in se c ts  becoming 

in fe c te d  (ou t o f lOO)

a (submerged) 8

b (p ricke d ) 52

c ( in je c te d ) 89

The percentages becoming in fe c te d  are probab ly g re a te r than these f ig u re s , 

because th(%r do no t take in to  account deaths w h id i occurred in  the  f i r s t  

few days due to  the trauma of in o c u la tio n . I t  is  sometimes d i f f i c u l t  to  

determine whether pupae are dead, as, u n lik e  la rv a e , Hiey do not always 

respond to touch.

There were 3 possib le  fa te s  fo r  each pupa: i t  could d ie  as a pupa;

an a d u lt could p a r t ly  emerge; an a d u lt cou ld  f u l l y  emerge. Table 31, which 

breaks down the re s u lts  in to  g re a te r d e ta i l ,  shows 'Hiat the number of deaths 

of c o n tro l pupae in  treatm ents b and c was q u ite  h ig h . Treatment s b and c
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a ls o  appeared to  a f fe c t  th e  a b i l i t y  of many a d u lts  to  emerge H i l l y  from  

the pupa l case. No c o n tro l pupae developed a TIV in fe c t io n .

Among those p a r t ly -e u e rg e d  and fu lly -e m e rg e d  a d u lts  in  which TIV was 

de tec ted  were b o th  males and fem ales. One mal.e and one fem ale were 

d is p la y in g  ir id e s c e n c e ; the  o th e r in fe c t io n s  were d e te c te d  by th e  la te x  

te s t .

D iscu ss io n

I t  has been dem onstrated th a t  _T. o le racea pupae are s u s c e p tib le  to  

in fe c t io n  w ith  T IV . U s u a lly  the pupa i s  k i l l e d  by H ie  v i r u s ,  but an a d u lt  

may emerge; t h is  a d u lt  may show s igns o f  in fe c t io n  o r  i t  may be a p p a re n tly  

he a], th y ,  but in fe c te d  a t  a low le v e l w ith  T IV .

T IV - in fe c te d  T in u la  pupae occur in  n a tu re  (Ahmed, 1968), but these 

p robab ly  a r is e  m a in ly  from  the p u p a tio n  o f in fe c te d  1 a rvae . Perhaps 

o c c a s io n a lly  a pupa m igh t re c e iv e  a wound in  an environm ent w ith  a h ig h  

le v e l of T IV , and thus  become in fe c te d . Another p o s s ib i l i t y  is  H ia t 

pupae m ig h t become in fe c te d  w ith  TIV v ia  t h e i r  re s p ira to ry  ho rn s .



EXVerIment 19. TIV i n f e c tio n  in  a d u lts .

In tro d u c t io n

The a d u lt stages o f a number o f  in s e c ts , as w e ll as the pupae 

(Experiment 18), have been found to  be su sce p tib le  to  v ir u s  in fe c t io n .

A number o f instances have been observed wliere v i r u s - in f  ected la rvae or 

pupae gave r is e  to  in fe c te d  a d u lts , e .g . NPV in fe c t io n s  of G olias euir/theme 

( Sager, I9 6 0 ) , N eodinrion swainei ( S m irn o ff, 1961 ) , GoJ.l e r ia  mell one 11 a 

(S ta irs ,  1965b) , and D io r i on hercvniae ( î le ils o n  and S lgee, 1968) ; CPV 

in fe c t io n s  o f the erm^nforn, Pseu d a le t ia  un inuncta  (Haworth ) (Tanada and 

Chang, i 960) ,  T rich o n lu s ia  n i  (V a il _et a l ,  1969) and fou r Lep idoptera  spp. 

(h e ils o n , 1965); in  the f ie l d  c r ic k e ts  T e le o g ry llu s  océaniens and 

T e le o ^ rv llu s  coimiodus in fe c te d  w ith  a nonoccluded v iru s  (Reinganum, 

O 'Lough lin  and Hogan, 1970); and in  D rosoph ila  in fe c te d  w ith  sigma v iru s  

(P lu s , 1954) .

A d u lt in se c ts  of severa l species have been su c c e s s fu lly  in fe c te d  by 

in o c u la tio n  w ith  v iru s e s , e .g . HPVs in  n i  (V a i l and H a ll,  1969b) and 

Peridroma saucia (ïïübner) ( l la r t ig n o n i,  1964), sigma v iru s  in  D rosophila  

(p lu s , 1954) ,  sacbrood v i ju s  in  the honey bee (B a ile y , 1969), and several 

arboviruses in  t h e i r  in s e c t hosts (Chamberlain, 1968).

Day ( 1965) ob ta ined S IV -in fe c te d  a d u lts  o f m e llo n e lla  by 

in o c u la tin g  them d ir e c t ly  w ith  SIV, o r by in o c u lâ t ing  pupae, which then 

emerged as in fe c te d  a d u lts . I-Iitsuhashi (1967) observed th a t the green r ic e  

le a fho pp e r, N epho te ttig  c in c tic e n s  (U h le r) , in fe c te d  w ith  CIV could m ou lt, 

and some in d iv id u a ls  coiC-d become a d u lts . L in le y  and N ie lse n  (l968_a) 

observed th a t a few Aedes taen io rhvndius la rvae  in o cu la te d  w ith  I IV  

developed symptoms o f the  disease very la te ,  and were able to  pupate and
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g ive r is e  to  a d u lts . TIV in fe c t io n  has been observed in  P io r is  brassicae 

a d u lts  (Sm ith, 1965), and T IV - in fe c te d  c ra n e - f l ie s  can erierge from t ip u l id  

pupae in o cu la te d  w ith  the v iru s  (Ahmed, 1968; Experiment 18 ). The 

f o l ia t in g  is  a reco rd  o f the in fe c te d  a d u lts  encountered during  the 

present in v e s t ig a t io n s , and th e  re s u lts  of TIV assa/'S performed on two cf 

them.

Records of T IV - in fe c te d  _T. o leracea a d u lts .

TIV in fe c t io n s  were detected in  57 a d u lts  o f both sexes (Table 52).

The b u lk  o f  them were de rive d  from pupae which had been in o cu la te d  w ith  

TIV, A lth o u ^  a number o f in o cu la te d  la rvae gave r is e  to  in fe c te d  pupae, 

ve ry  few gave r is e  to in fe c te d  a d u lts ; amongst those which d id , most 

la rvae had become in fe c te d  w ith  TW per ps, and on ly  one had been in fe c te d  

by in je c t io n .  A l l  pupae which gave r is e  to  in fe c te d  a d u lts  were apparen tly  

h e a lth y ; no pupa which developed iridescence gave r is e  to  an a d u lt.

Amongst those a d u lts  d isp la y in g  iridescence  none had f i l l  y emerged from 

the pupal case; ir idescence  could be seen along the sides o f the  abdomen, 

which was sw o llen . Amongst Hi ose adu.lts which were n o t d isp la y in g  

ir id e sce n ce , but in  which a TIV in fe c t io n  was detected by the la te x  te s t ,  

some had not f u l l y  emerged from  the pupal case, w h ile  o the rs  had m erged, 

and were apparen tly  norm al, he a lth y  a d u lts .

Assay o f TIV in  in fe c te d  a d u lts

The TIV in  2 of the in fe c te d  ad u lts  (see Table 52) was assayed by

the response tim e method. Each adu lt was ground in  d i s t i l le d  w a te r, using

a pestle  end m orta r, and sub jected to  1 cyc le  o f lo j- /h ig h -s p e e d

c e n tr ifu g a t io n . In  boHi cases th is  re s u lte d  in  the  b lue  p e l le t  

c h a ra c te r is t ic  of TIV. The p e l le t  was suspended in  1 ml ISA, and decimal
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d i lu t io n s  in  ISA were prepared to  lO "^ . The 10 ^ and lO"*^ d ilu t io n s  

were assayed, us ing  20 la rvae  fo r  each d i lu t io n .  The a d u lt from Experiment
7

14 was found to  con ta in  3*6 x 10 LD50 u n its  TIV. The la rv a  from which
c

th is  a d u lt  was derived had been in o cu la te d  w ith  4 .8  x 10 LD50 u n its  T IV , 

so an increase in  TIV o f approxim ate ly 1 0 0 -fo ld  had oociurred. The a d u lt 

from  Experiment 11 was found to  con ta in  2,5 % 10^ LD50 u n its  TIV. The 

la rv a  from  which th is  a d u lt  was derived had fe d  upon the TTV -iîifected 

cadaver cf anoHier la rv a , so the sise o f  the inoculum in  th is  case is  

no t Icna-j-n.

D iscussion

The observa tion  o f Ahmed ( l9 6 8 ) th a t _T. na ludosa a d u lts  are su sce p tib le  

to  in fe c t io n  w ith  TIV lias now been confirm ed f o r  o le racea . I t  has a lso  

been shorn th a t the f a t  body of _T. naludosa la rvae , pupae and ad u lts  is  

suscep tib le  to  in fe c t io n  w ith  a r ic k e t ts la  ( liu g e r, 1959). Ahmed (1968) 

observed th a t none o f the la rvae  o r pupae d is p la y in g  ir id e sce n ce , which 

he c o lle c te d  from  the f i e l d ,  gave r is e  to  a d u lts . During the  present 

in v e s t ig a t io n s  i t  was found th a t la rvae which developed ir idescence  ne a rly  

always d ied as larva-e; occa s io n a lly  a la te  fo u r th - in s ta r  la.rva developed 

iridescence  and was able to  pupate, oj.thougji the re s u lt in g  pupa was 

in v a r ia b ly  deformed and ir id e sce n t?  and soon d ied . An in o cu la te d  

fo u r  t i l - i n  s ta r  la rv a  might not develop iridescence  u n t i l  a f te r  i t  pupated, 

in  which case again i t  d ied  as a pupa. Those in o cu la te d  in se c ts  which 

gave r is e  to in fe c te d  a d u lts  showed no signs o f  TIV in fe c t io n  e ith e r  

as la rvae  o r pupae.
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Ahmed (1968) also in o cu la te d  _T. paludosa ad u lts  w ith  TIV , and claimed 

th a t they became in fe c te d , but the only evidence to  support t h is  was th a t 

th e ir  bodies became sw o llen . I t  would be in te re s t in g  to  in o cu la te  t ip u l id  

a d u lts  w ith  T IV , and determ ine whether the re  was any increase in  TIV.

Crane f l i e s  on ly  l iv e  f o r  a few days, so i f  TIV re p lic a t io n  occurs at the 

same ra te  as in  the la rv a  (Experiment 2) the re  w i l l  not be any vast 

increase in  TIV.

I t  i s  u n l ik e ly  Hi at crane f l i e s  in  nature become, in fe c te d  w ith  TIV, 

except by emerging from in fe c te d  pupae. Crane f l i e s  do not feed, a lthough 

they may o cca s io n a lly  d r in k  w ater (Barnes, 1957; Coulson, 1962), which 

is  u n lik e ly  to con ta in  la rg e  amounts cf TIV.



i• To te s t  “wliether TIV can be v e r t ic a l l y  tra n sm itte d  v ia  the 

a d u lts .

In tro d u c t io n

I t  is  im p o rtan t f o r  a p a ra s ite  to possess an e f f ic ie n t  iiieclianian f o r  

v e r t ic a l  tran sm iss io n , i . e .  transm iss ion  to the next genera tion  o f i t s  host. 

There is  evidence th a t  many in se c t v iru se s  are passed on to  the new 

genera tion  d i r e c t ly  v ia  th e  a d u lts . I f  tfie  v ir u s  i s  in s id e  the egg, 

transm iss ion  i s  re fe rre d  to  as t ra n s o v a r ia l, but i f  the v iru s  is  o n ly  

p resent on the egg surface , transovum tra n s m is s io n - is  sa id  to  occur 

(Sm ith , 1967).

Conte ( 1907) was the f i r s t  to  suggest tran sm iss io n  v ia  th e  egg, in  

connection w ith  Hie silkworm v iru ses . Th is  has been confirm ed fo r  the CPV 

of the  s ilk îfo rm  (hukuhara, 1962), and a lso  f o r  many o the r in s e c t /v iru s  

systems, e .g . ÎÎPVs c f C o lias  eurv th ane (Thompson and S te inhaus, 1950), 

h e od in rion  swainei (S m irn o ff, 1961), the western te n t c a te r p i l la r ,

Malacosoma n lu v ia le  (Dyar) (W e llin g to n , 1962), the co tton  1 eafworm,

Prodenia l i t u r a  (p a b r ic iu s )  (harpaz and Ben Shaked, 1964) ,  Soodontera 

exemnta (Swaine, 1966), and P o rth e tr ia  d i scar (Poane, 1969); the CPV of 

eurv th  egg (Tanada e t a l . I 964); the g ra n u lo s is  v iru s  o f Peridroma 

m argaritosa  (S te inhaus, 1947); and sigma v iru s  of D rosophila  (S re g lia n o , 

1969).

Many in s e c t vec to rs  o f p lan t v iru se s  support v iru s  r e p l ic a t io n ,  and 

transm iss ion  v ia  the egg is  comon (Maramorosch, I 963) ,  e.g. c love r c lu b - le a f  

v iru s  in  the le a f  hopper, A r a i l  ion  s is no ve lla  (Say) (B la ck , 1949). I t  

appears t l ia t  a rbov iruses may be tra n sm itte d  t ra n s o v a r ia l ly  in  t ic k s ,  but 

not in  mosquitoes (B urgdorfe r and Varma, 196?).
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Among the ir id e s c e n t v iru ses  Day ( 1965) bred from SI V -in  fe e t ed 

G a lle r ia  m e llo n e lla  a d u lts , but none o f  the  progeny developed an SIV 

in fe c t io n ,  Woodard and Chapman ( 1968) demonstrated th a t tra n s o v a r ia l 

transm iss ion  of ii lV  occurs in  the mosquitoes Aedes taeniorhvnchus and 

Fsoronhora fe ro x  (Humbold), Anderson ( l9 7 0 ) found the ir id e s c e n t v iru s  

of Ae des stim ulons in  la r v a l ovarian t is s u e , and suggested th a t i t  may be 

tra n sm itte d  t ra n s o v a r ia lly *  The present experiment in v e s tig a te d  the 

p o s s ib i l i t y  th a t TIV may be tra n s m itte d  in  th is  way,

Methods and Re su. I t s

I n  a number o f experim ents, la rva e  which had been in je c te d  w ith  

approxim ate ly 1 LD50 TIV surv ived  and gave r is e  to  a d u lts ,  w h ile  la rvae 

which had been in je c te d  vrith an id e n t ic a l dose became in fe c te d  w ith  TIV 

and d ied . I t  was considered po ss ib le  th a t  some o f these a d u lts  m ight 

have been in fe c te d  s u b le th a lly ,  and th a t they might t r m im it  th e  v iru s  

to  t h e i r  progeny. F i f ty - e ig h t  cf these a d u lts , in c lu d in g  males and females, 

were mated w ith  meubers o f  the  opposite sex which had not been tre a te d  

w ith  TIV; 54 of these matings re s u lte d  in  the p roduc tion  of f e r t i l e  

eggs. The progeny were observed re g u la r ly  fo r  TIV symptoms, but they 

were no t found in  any o f the  in s e c ts . Twenty-seven cf the  ad u lts  were 

te s te d  fo r  the presence of TIV by the la te x  te s t  a f te r  the i r  eggs had been 

la id .  A l l  of the a d u lts  te s te d , in c lu d in g  some which produced f e r t i l e  

eggs and some which d id  n o t, gave negative  re s u lts .

A number of pupae in o cu la te d  w it l i TIV a lso  gave r is e  to  apparen tly  

h e a lth y  a d u lts  (Experiment 18 ), 51 of which were rated. imLth un trea ted  

in s e c ts . S ix teen o f these matings re s u lte d  in  the p ro d u c tio n  o f f e r t i l e
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eggs, and again none o f the in se c ts  which hatched developed a TIV 

in fe c t io n .  A l l  of the a d u lts  which were mated were te s te d  by the la te x  

te s t ,  and tifO gave p o s it iv e  re s u lts .  One o f these was a fem ale, which 

d ied  w ith o u t la y in g  any eggs. The o th e r vras a male; the  female w ith

which i t  was mated la id  eggs, but they d id  not ha tch .

D iscussion

No evidence was obta ined fo r  the transm iss ion  cf TIV from adu lt 

t ip u l id s  to  t h e i r  progeny v ia  the egg. R ivers  ( 1966 b ), too , found no

evidence fo r  the transm iss ion  of TIV in  th is  way, a lthough the ÎIPV o f

T ip u la  M s  been observed in  Hie progeny o f crane f l i e s  which had su rv ived  

experiments w ith  ÏÏPV, which suggests th a t t h is  v iru s  may be e g g -tra n sm itte d  

(R ive rs , 1966a),

In  co n tra s t to  T IV , the transm iss ion  o f MIV v ia  the egg seems to be 

w e ll e s ta b lish e d , and i t  has been suggested (L in le y  and N ie lse n , 1968b) 

th a t th is  may be the most im portan t means whereby the v iru s  i s  tra n s m itte d  

from  one genera tion  to  the next.

A l l  o f the ad u lts  from  which progeny were ob ta ined in  the present 

experiment gave a negative re s u lt  in  the la te x  te s t .  I t  would be 

in te re s t in g  to  determine wheHier a d u lts  which are la te x -p o s it iv e  are able 

to  produce f e r t i l e  eggs, and i f  so whether any o f  the  progeny are in fe c te d  

w ith  TIV.
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D. EFFECTS OF TEITERITI^RE ON TIV IKPEGTIQIT Ip  L&'_TtI;™JA(lCEI'S 

In tro d u c t io n

The e f fe c ts  o f bo th  constant and f lu c tu a t in g  temperatures on TIV 

in fe c t io n s  in  o leracea ire re s tud ied  in  an attem pt to  ga in  some 

understanding o f  how the disease m ight develop in  the f i e l d  a t d i f fe re n t  

tim es of the year. In fo rm a tio n  on the e ffe c ts  o f tem perature on the 

p ro b a b il i ty  of the in sec t becoming in fe c te d , the  re p lic a t io n  of the v ir u s ,  

and the tim e to  k i l l  the host is  e s s e n tia l i f  TIV is  to  be considered 

as an agent of b io lo g ic a l c o n tro l.

Experiment 21. E ffe c ts  of constant temperatures on TIV in fe c t io n  in

le a th e r.ia c k e ts .

In tro d u c t io n

V iru s  in fe c t io n s  are markedly a ffe c te d  by tem perature. Dutky ( l9 5 9 ) 

p o in te d  out th a t each v iru s  has an optimum tem perature, and upper and 

low er tem perature l im it s .  These c r i t i c a l  tem peratures fo r  the v iru s  may 

or may not co inc ide  w ith  those o f the ho s t, a lthough S ta irs  ( 1968) 

suggested th a t both v iru s  and host probably have the same optimum 

tem perature. G ravel1 and G ranoff ( l9 7 0 ) , a f te r  s tudy ing  the e f fe c ts  o f 

tem perature on fro g  po lyh e d ra l cytoplasm ic d e o xy rib o v iru s , suggested th a t 

the v iru se s  of p o ik ilo th e rm s  re p lic a te  w ith  maximum y ie ld  over a broader 

range o f  temperature than do the  v iru se s  o f homeotherms, t h is  p o ss ib ly  

being due to  the fa c t  th a t the hos t enzymes fu n c tio n  over a w ide r range 

of tem perature.

The temperature l im i t s  and optima o f severa l in se c t v iru se s  have 

been s tu d ie d . P ie r is  renae has been found to be un a ffe c te d  by i t s
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g ra n u lo s is  v im s  a t 36^ (lanada , 1933)» Bin r io n  he rcyn iae by a ÎTPY a t 

29.4^ (B ird , 1933), I la c ro s te les fa s c ifro n s  h j  as te r ye llow s v i iu s  a t 32^ 

(ï'Iaraiïior osch, 1955b), and T rich o n lu s ia  n i  and Bel io th ls  zea by NPYs a t 

39° (Thompson, 1959). The optimum tem perature fo r  aste r ye Hows v iru s  

re p lic a t io n  in  M, fa s c ifro n s  was fo in d  to be 23° (Kararaorosch, 1933b,), 

and P im entel and Shapiro (1962) found th a t the optimum temperature f o r  

G a lle r ia  me l lo n e l la  ITPY is  27°.,

The tir?.e taken f o r  a v iru s  to  k i l l  i t s  host is  dependant upon

temperature (Bergo ld , 1933), and Dutky (l9 5 9 ) has suggested th a t w ith  

many in s e c t v iru s e s  the tim e to  death approximates a h yp e rb o lic  fu n c tio n  cf 

tem perature, A decreasing s u rv iv a l tim e w ith  in c rea s ing  temperature was 

found w ith  Î-IPY in fe c t io n s  o f G olias o irvthem e (Thompson and Steirihaus, 1950), 

Be o d ip rion  s e r t i f e r  (iCrieg, 19 35), n i  (Brake and HcEwen, 1959), H. gea

( ig n o f fo ,  1966) end vrith  the fu s ifo rm  v iru s  o f  the  cockchafer, II e l o l ont ha

m elolontha (L innaeus) (B u rp in , 1968). Temperature has a lso  been found to 

a f fe c t  in cub a tio n  pe rio d  (tim e  from  in o c u la tio n  to  appearance o f symptoms).

A decreasing in cu b a tio n  p e rio d  w ith  in c re a s in g  tem perature was found in  

silkworm  pupae in o cu la te d  vrith  BPY (Aj^avra, 1953) rmd in  He od ipr ion 

swainei la rva e  in fe c te d  v r ith  HP Y ( S m irn o ff, 1 9 6 l) .

The s u s c e p t ib i l i t y  o f the insects  to  in fe c t io n  does n o t appear to  

vary much vrith  temperature v r ith in  the temperature l im i t s  o f the v iru s .

S im ila r  m o r ta l i t ie s  a t d if fe re n t  teinperatures have been recorded f o r  

eurvtheme (Thompson and Steinhaus, 1930), G,. m e llo n e lla  ( Pimentel and 

Shapiro , 1962) and H, sea ( ig n o f fo ,  1966) in o cu la te d  w ith  HH^s, and fo r  

-*• m elolontha in o cu la te d  vrith  the  fu s ifo rm  v iru s  ( l lu rp in ,  1968).



Some e f fe c ts  of tem perature upon the ir id e s c e n t v iru se s  have been 

s tud ied . Bay and Ilo rcer ( 1964) in o cu la te d  S e ric e s th is  n ru in o sa and 

jG, mel lone 11a la rva e  w ith  STY, and incubated them a t 11, 16, 22 and 28°; 

they repo rted  th a t v ix u s  r e p l ic a t io n  proceeded no rm a lly  a t 16 and 22°, 

ve iy  s l i ^ t l y  a t 11 °, and not a t a l l  a t 28°, The optjjiium temperature fo r  

STY va rie s  w ith  d i f fe re n t  host species. In  c e l l  c u ltu re s  o f  Antheraea 

e u ca lyp ti i t  was found to  be 20° ( B e l le t t ,  1963), w h ile  Bay and B udz insk i 

( 1966) found i t  to  be 22° in  3 host species, and 23° in  3 o thers. The 

optimum temperature o f SIY in  p ru in osa . i t s  na.tura.1 ho s t, was 25°, 

the same as tlie  optimum fo r  the in se c t, whereas th e  optimum in  _G. mel lo n e l la  

was 22°, although the  optimum fo r  t h is  in s e c t is  about 35°. L i t t l e  SIY 

re p l ic a t io n  occurred a t temperatures above 28°,

L i t t l e  work has been done on the e f fe c ts  of temperature on CIY 

in fe c t io n s , but the v iru s  is  known to  re p lic a te  re a d ily  in  C h ilo  supnress a lis  

la rvae  a t 25° (h its u h a s h i, 1966) and in  G_. m e llo n e lla  la rvae  a t 28° 

(Cunningham and Hayashi, 1970 ). Yoodard and Chapman ( l9 6 8 ) found th a t 

an in c re a s in g  percentage o f Aedes ta e n i0rhvnchus la rva e  became in fe c te d  

v rith  III Y vrith  in c rea s ing  temperature over the range 20 -  30°, which 

con tras ts  vrith  the f in d in g s  fo r  some other dnsect v iru se s  (see above), and 

also vrith  the re s u lts  of L in le y  and B ie l sen ( 1963a), who found no s ig n if ic a n t  

d iffe re n ce  in  in fe c t io n  ra te  between la rvae incuibated a t 20° and 30°.

Tana da and Tanabe ( 1963) s tud ied  the e f fe c t  o f temperatu. re on TIY

in fe c t io n  in  m e llo n e lla  la rvae* Ino cu la te d  la rva e  incubated a t 23 -  25°

0died of TIY i i f e c t io n ,  whereas those incubated at temperatures above 30 

survived and produced a d u lts . O liv e ira  and Pons en ( 1966) found ths.t TIY 

re p lic a te d  re a d ily  in  haenoej^tes of P ie r is  brassicae incubated a t room 

temperature ( 10 -  20 °).
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The present s tu d io s  were designed to  o b ta in  in fo rm â t ion on the 

tem perature l im i t s  and optimum fo r  TIY, and to  in v e s tig a te  whether 

tem perature a f fe c ts  the s u s c e p t ib i l i t y  of the le a th e r ja c k e t t o  in fe c t io n .

a ) Comparison of TIY in fe c t io n  in  ole racea  a t 5° and 20°

A p re lim in a ry  experiment compared the development o f the  disease a t 

5° and a t 20°. Decimal d i lu t io n s  o f a TIY suspension (approx im ate ly  9*6 x 

lo"^ LD50 u n its /m l)  to  10*^ were prepared, and in je c te d  in to  j f ,  oleracea 

la rva e , each d i lu t io n  be ing in je c te d  in to  6 la rvae . Three la rvae  

from  each dose-group were incubated a t 5°, and 3 a t 20°,

The numbers o f in se c ts  becoming in fe c te d  (Table 33) in d ic a te  th a t the 

in cu b a tio n  tem perature d id  not a f fe c t  the la r v a l s u s c e p t ib i l i t y  to 

in fe c t io n ,  but there  vras a marked e f fe c t  upon in cu b a tio n  periods (Table 34) 

and s u rv iv a l tim es (Table 33). Incu b a tio n  periods were rough ly 2.5 to  5.0 

tim es longer and s u rv iv a l tim es 1 .2  to  2,4 tim es lo n g e r, a t 5° tlm n a t 20°.

The tem perature a lso  a ffe c te d  the ra te  o f  development o f the  in se c t. 

The tirr.e f o r  le rvae  to  pupate (among those w h id i d id  no t become in fe c te d  

w ith  TIY) was increased a t 5°, compared w ith  20°, by a fa c to r  s im ila r  to  

the  increase in  in cu b a tio n  pe rio d . Two adu lts  which emerged a t 5° d id  so 

23 and 25 days a f te r  pupating, whereas the tim e from  pupation to  the 

emergence of the a d u lt a t 20° is  about 7 days,

b) Comparison o f TIY in fe c t io n  in  T, o leracea a t f iv e  d i f fe re n t  

' tem peratures
2Ten la rva e , each o f xrhich had been in je c te d  w ith  approxhr.ately 10 

LD50 u n its  T IY , were incubated a t each o f  the fo llo w in g  tem peratures:

5, 10, 15, 20 and 25°. The numbers o f insec ts  in  w h id i a TIY in fe c t io n
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Table 33 , ITumbers of in se c ts  becoming in fe c te d  w ith  TIV at 5° and 20°

D i lu t io n  of 
TIY

p0 20°

Ho. becoming 
in fe c te d  ^

Percentage 
becoming 
in f  ect ed

Ho. becoming 
in fe c te d

Percent age 
becoming 
in f  ected

10“ ^ 2 /2 100 3 /3 100

10“ ^ 3 /3 100 2/2 100

10"^ 2/2 100 3/3 100

10“ ^ 3 /3 100 1/1 100

10“ ^ 2/3 67 2/3 67

10*^ 0/2 0 0/3 0

lO""^ 0/2 0 0/2 0

10-^ 0 /3 0 0/2 0

* Each re s u lt  is  expressed as the number o f in se c ts  developing 

ir id e sce nce , fo llow ed  by the  number in je c te d  le s s  any which died 

w ith ou t ir idescence  before the  day of the mean in cub a tio n  p e rio d  

fo r  th a t dose-group.



Table 3 4 . In cu b a tio n  -oeriods ( in  days) of T IY - in f  ected la rva e  a t

5° and 20°

143

5° 20° ^5
D i lu t io n  of 

TIY
Incub a t ion 
pe riods Kean (T^)

Incub at ion 
pe riods Kean (T^) I 20

IQ - l 21, 27 24.0 6, 6, 7 6.3 3.8

10“ ^ 21, 31 .3 , 34 28.8 3 .5 , 7 5.3 5.4

10-5 22, 23 22.5 7, 8 , * 7 .5 3.0

lO"'^ 24 .3 , 27, 28 26.5 10.5 10.5 2.5

10-5 24.5, 29 26.8 8 , 13 10.5 2.6

*  In fe c t io n  in  the t h i r d  in se c t o f t h is  dose-group was not detected 

u n t i l  the pupal stage, th e re fo re  an in cub a tion  p e rio d  was not 

recorded f o r  i t .
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Table 35. S u rv iv a l times ( in  davs) o f T IV - in fe c te d  la rvae a t 5° end 20°

D i lu t io n  of 
TIV

5° 20°

^20S u rv iv a l tim es Mean (S_) S u rv iva l tim es Mean ( s^ q)

10“ ^ 31 .5 , 45.5 38.5 14, 24 .5 , 27 21.8 1.8

10“ ^ 22, 56 .5 , 75 51.2 21, 27 24.0 2.1

10-5 63 .5 , 72 67.8 24.5, 31.5 * 28.0 2.4

10-4 3 1 .5 , 51, 106 62.8 54 54.0 1.2

10“ 5 38, 45.5 41.8 10 .5 , 28 19.3 2.2

*  In fe c t io n  in  the t h i r d  in sec t o f t h is  dose-grcap was n o t de tected  

u n t i l  the pupal s tage, th e re fo rs  a s u rv iv a l tim e was n o t recorded fo r  

i t .
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was de tected , e ith e r  by tiae appearance o f ir idescence  or by the la te x  te s t,  

are shown in  Table 36. The re s u lts  suggest th a t the la rvae were less  

su sce p tib le  to in fe c t io n  w itlj TIV a t temperatures below 10° and above 15°, 

but v i r t u a l l y  a l l  those la rvae w^hich died vrith out ir idescence  d id  so 

w ith in  a fevr days o f being in o c u la te d , so these d iffe re n ce s  may not be 

s ig n i f ic a n t .  I t  appeared t l ia t  the la rvae  were u n su ite d  to  a tem perature 

of 25°, as the la rva e  hzirdly fe d  a t a l l ,  and died com paro five ly  ra p id ly  

a t th is  tem perature.

The e f fe c ts  of temperature upon the in cu b a tio n  periods and s u rv iv a l 

tim es are in d ic a te d  in  F ig s . 22 and 23 re s p e c tiv e ly . The most marked 

e f fe c t  was a t 5°, where both in cu b a tio n  periods and s u rv iv a l tim es vrere 

g re a tly  prolonged. ÎTPV in fe c t  ilons of le a th e r ja cke ts  appear to  be 

s im i la r ly  a ffe c te d  by tem perature. I t  was rep o rted  (Annual Report of 

In se c t Pathology U n it ,  O xford, 1969), th a t low tem peratures considerab ly  

delayed the appearance o f symptoms in  H PV-in fccted paludosa. la rv a e , 

and Smith ( l9 5 5 ) noted ü ia t  symptoms appeared in  about 14 days during  

s p r iiw  and summer, but took a month o r more in  w in te r .

I t  was shown th a t TIV can re p lic a te  tliroughout the tem perature range 

5 -  25°, and th a t i t s  optimum l ie s  between 15 and 25°. Grave 11 and Gran o f f , 

( 1970) suggested th a t v iru se s  o f p o ik i l  other ms re p lic a te  w ith in  mcot o f 

t h e ir  perm issive temperatu.re ranges a t a ra te  p ro p o rtio n a l to the 

in cu b a tio n  tem uerature, the ra te  be ing fa s te s t s l ig h t ly  b e l0;; t i e  upper 

temperature l i m i t .  Th is appears to . be t ie  case w ith  T I\" , although the 

ra te  of vd.rus re p lic a t io n  a t te 'apera tu res bela-r th e  optimum is  no t 

d i r e c t ly  p ro p o rtio n a l to the  temperature. The A rrhen ius  p lo t ( f i g .  22b)
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Number s o f in s e c ts  becomim in fe c te d  w ith  TIV at

d i f f  e ren t tem pératures,

Temperature (°C)
No. becoming 

in fe c te d
Percentage becoming 

in fe c te d

5 6/7 85.7

10 8/8 100.0

15 lO /lO 100.0

20 8/9 89.9

25 6 /lO 60.0

*  Each re s u lt  is  expressed as the number o f in s e c ts  which were 

T IV -p o s it iv e , fo llo w e d  by the number in je c te d  le s s  any which 

d ied  and were T IV -negative  up to  two days be fore  iridescence  

f i r s t  began to  appear in  th a t trea tm ent-g roup .
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is  no t a s t r a i f i i t  l in e ,  nh ich  s ii^ re s ts  th a t th e  ra te  o f re 2: l i c  at ion  a t 

temperatures bo lou the optimim is  l im ite d  by more than one ensyine 

re a c tio n *
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Experiment 22. E ffe c ts  cf f lu e tu a t in f r  temperatures on 'TIV in fe c t io n  i j i

1 e ath er .1 ck e ts .

In tro d u c t io n

I t  has been shown (Experim ent 21 ) th a t tem perature has a marked e f fe c t  

upon TIV in fe c t io n  in  the le a th e r  ja c k e t. In  the n a tu ra l environment of 

the in sec t the temperature i s  no t constant, but is  c o n tin u a lly  var^/ing, 

w ith  d a ily  f lu c tu a t io n s  superimposed upon seasonal f lu c tu a t io n s .

The temperatures to  which le a th e r  ja cke ts  are exposed a lso depend on 

t h e ir  p o s it io n  in  the s o i l ,  as the temperature v a r ie s  vrith d e p t i.  I l i ln e ,  

Laug h lin  and Coggins ( l9 6 b ) cli.d no t f in d  j?, paludosa la rvae  belovr a depth 

of 2.5 cm in  grassland, but S e llke  ( l9 3 ^ ) found the  same species a t 10 cm. 

Stevrart (l9 o9 ) suggested th a t the la rvae do not move deeper in to  the s o i l  

in  v; in te r .  Leather ja c k e ts  feed a t the surface in  m ild , damp weather 

during: the hours o f  darkness (Dawson, 1932; Aimed, 1968), th e re fo re  

they are exposed to  surface tempei'atures, whicki u s u a lly  drop belov? s o i l  

tem peratures a t n ig h t.  However, le a th e r  jacke ts  do not feed vhen 

tem peratures are lovr (Rennie, 1927), so they are exposed to  surface 

temperatures le s s  in  vrin te r than in  summer.

There are c o n f l ic t in g  re p o rts  concem ing the  e f fe c ts  o f l o \ j  temperatures 

on le a th e r ja cke ts , Rennie ( 1927) vras o f the op in ion  th a t f r o s ts  have 

l i t t l e  e f fe c t  upon le a th e r ja c k e ts , but White (19^5) and Ricou (1967) have 

s ta ted  th a t severe f ro s ts  cause reductions  in  numbers. In se c ts  do no t 

freeae u n t i l  the temperature is  below the  freea ing --po in t o f t h e i r  t is s u e s , 

which undergo supercooling (S a lt,  I 96I ) ,  so dam ape due to  fre e z in g  w i l l  

not occur u n t i l  the te:nnerat;.re is  w el] be le ;  0^.
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Larvae in o cu la te d  w ith  TIV were exposed to  f i e l d  tem peratures in  

order to  study the e ffe c ts  o f f lu c tu a t in g  tem peratures upon the course 

of the disease.

Methods

A TIV suspension in  ISA was prepared and s to re d  a t  -16^ in  1 ml 

amounts. A t 4 d if fe re n t  tim es of the year decimal d i lu t io n s  to 10~^ 

o f t h is  suspension were prepared, and each d i lu t io n  was in je c te d  in to  10 

la rv a e . In  a d d it io n , 10 1 arvae were in ocu la te d  w ith  the suspension ner os 

(see Experiment 14) and 10 were in je c te d  w ith  ISA as c o n tro ls . Each dose- 

group was s p l i t  in to  2 groups of 5 la rva e , and these were placed in  

separate p la s t ic  con ta in e rs . The con ta iners  were kep t o u t-o f-d o o rs  in  a 

ho le , approxim ate ly 10 cm deep, covered w ith  a wooden hoard.

The la rvae  in  one con ta iner were examined d a ily ,  w h ile  those in  the 

other were examined tw ice -w eek ly . These d iffe re n c e s  in  frequency of 

in s p e c tio n  were designed to  d e te c t any e f fe c t  caused by the d iffe re n c e  in  

tem pera trre  which the in sec ts  enca in tered when they were b r a i^ i t  in to  the 

la b o ra to ry  fo r  exam ination, which 1 as ted fo r  about 20 min on each occasion,

The s o i l  temperature beside the con ta ine rs  was measured d a ily  w ith  

a maximum and minimum thermometer a t a depth o f approxim ate ly 8 cm. An 

a d d itio n a l group of 10 la rva e  was in je c te d  w ith  the u n d ilu te d  TIV 

suspension and incubated a t 20*̂  as a c o n tro l.  A l l  in se c ts  which died 

w ith o u t develop ing iridescence  were te s te d  fo r  the presence o f TIV by 

the la te x  te s t .
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R esults  and D iscussion

Numbers of in s ec ts  becoming in fe c te d

There was no evidence th a t th e  s u s c e p t ib i l i ty  o f the  la rva e  to  

in fe c t io n  w ith  in je c te d  TIV was a ffe c te d  by tem perature. S im ila r  numbers 

of in s e c ts  became in fe c te d  a f te r  each se rie s  of in o c u la tio n s  throughout 

the year (Table 3 ? ), and the LD50s d id  no t d i f f e r  s ig n i f ic a n t ly .  These 

re s u lts  are in  agreement w ith  those o f Experiment 21, where the LD50 

was id e n t ic a l a t 20^ and a t 5^.

The re s u lts  suggest th a t  low er temperatures may increase the 

p ro b a b il i ty  o f a la rv a  becoming in fe c te d  per qs. lu i 'th e r  experiments 

w i l l  be necessar^r to  determine whether th is  is  so.

E ffe c t o f  tempe r a t ;  re on th e  ccu.rse of the disease

The temperatures rough out the course of th e  experiment are in d ica te d  

in  P ig . 24, to g e t ie r  w ith  the  ra tes  of appearance of. iîridescence and tlie  

death ra te s  fo r  the la rva e  in je c te d  w ith  the u n d ilu te d  TIV suspension.

The w in te r 1970-71 was e x c e p tio n a lly  m ild , and the in se c ts  were ra re ly  

exposed to  tem peratures below 0* .̂ During the co lder months o f the ye a r, 

both incuba,tion periods and s u rv iv a l times were g re a t ly  prolonged compared 

w ith  the warmer monüis (Tables 38 and 39). The r a t io  tim e a t f lu c tu a t in g  

tem perciture/time a t 20^ was used in  an a t te rp t  to compensate f o r  v a r ia t io n  

between batches of la rva e , and fo r  loss  o f in f e c t iv i t y  o f  the  TIV 

p re pa ra tio n  during the course o f  the experiment (see Experiment 23) .

The re s u lts  are in  ag^reement w ith  those ob ta ined a t constant 

temperatures (Sxperinent 2 l)  in  th a t there  was an increase in  the ra te  o f 

TIV rc p lic a ti. '-n  w ith  in c re a s in g  tem perature iro to 20^. I t  can be concluded
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Table 37. numbers of Inse c ts  bocomim In fe c te d  w ith  TIY  a t d if fe re n t  

tim es o f the year

Bate o f in o c u la tio n

Tr e atm ent -grou p 2.5.1970 7 . 7.1970 21. 9.1970 29. 11.1970

10° 9/9 10/10 10/10 8/8

10“ ^ lO /lO 9/10 10/10 6/6

10“ ^ 9/9 9/10 9/9 6/7

10“ ^ 9 /lO 6/9 7 /9 5/7

10” '̂ 9/10 3/10 6/10 3 /5

10-5 4/10 4/10 6/8 3 /8

10-5 3/9 1/9 3 /9 0/8

10-"^ 0 /8 1/10 0/9 1/9

10-^ o/e 0/10 0/10 0/8

per OB 3/10 1/9 0/10 5/9

ISA 0/9 0/10 0/10 0/6

10 (incubated  
a t 20°) 10/10 10/10 s /s 10/10

LB 50» 10-5*0 10-5*5 10-4*5 10-4*2

8 .3 . o f LB50 I 0O.27 10C.34 I 0O.20 100*^7

Each re s u lt  is  expressed as the  nurd)er o f in se c ts  wlhLch ^rere T IV -p o s itiv e , 

fo llo w e d  by the number inocu la ted  le s s  any which d ied and were 

T IV -hegative  up to  2 days be fore  iridescence  f i r s t  began to  appear in  

th a t trea tm ent-g roup .

" The LD50 values were determ ined by p ro b it  a n a ly s is .
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Table 38. E ffe c t o f flu c tiia tin f-c  temperatures upon in cu b a tio n  pe rio d s ,

Date o f in o c u la tio n 2.5.1970 7.7,1970 21.9.1970 29.11.1970

Mean temperature *1 12. 5^ 15.1° 12.7° 6 .3 °

^ f t—1-k ^2 
X

20
2,65 1.43 1.70 4.19

*1  The moan o f the  d a ily  mean teiirp era ta res  over the p e rio d  elapsing 

between the day of in o c u la tio n  and the day when th e  la s t  la rv a  

developed iridescence .

■̂2 I „ ,  = mean in cu b a tio n  pe rio d  at f lu c tu a t in g  tem perature.
1 \ j  ,

*- 0“  mean in cuba tio n  pe rio d  a t 20 .

Tab le^^^. E ffe c t of f lu c tu a tin g : temperatures upon s u rv iv a l tim e s .

Date of in o c u la tio n 2.5.1970 7.7.1970 21.9.1970 29.11.1970

Mean temperature *1 14.9° 15.7° 8 .0 ° 6.87°

^20

1.80 1.24 2.31 3.65

'̂1 The mean o f tlie  d a ily  mean temperatures over the  p e rio d  e lapsing

between the day c f in o c u la t io n  and the day when th e  la s t  la rv a  died. 

-x-2 = mean s u rv iv a l tim e a t f lu c tu a t in g  tem perature.

S^o ~ mean s u rv iv a l tim e a t 20 .



th a t  f i e l d  tem peratures, which va iy  over the year from below 0° to  above 

20°, have a marked e f fe c t  upon the ra te  of TIV re p lic a t io n  in  le a th e r ja c k e ts , 

w ith  the ra te  being r e la t iv e ly  ra p id  in  autumn, s lo i j  du ring  the w in te r 

and in c rea s ing  when temperatures begin to  r is e  in  the sp ring . As the 

f i r s t  2 la r v a l in s ta rs  o f _T. paludo sa and _T, oleracea are completed in  

the autumn i t  is  p rob oh le  th a t these la rvae  develop irid.escence i f  they 

become in fe c te d  w ith  TIV, although iridescence  in  f i r s t -  and second -ins ta r 

la rvae  has not y e t been reported  in  th e  f ie ld .

Larvae may become in fe c te d  in  the la te  autumn or e a r ly  w in te r and not 

develop ir ide scence  u n t i l  the la te  im nter or e a r ly  sp rin g . Examples o f 

such long in cub a tio n  periods were observed by llewbold, J .V , (personal 

communication), who c o lle c te d  JT. pa lu  do sa la rva e  from t lie  f ie ld  in  e a r ly  

December 1965, and e a r ly  January 1966, He kept ttien in  po ts  o u t-o f-d o o rs , 

and in  March 1966 observed th a t some o f then developed ir id e sce n ce . I t  

is  probable th a t these la rva e  were in fe c te d  w ith  TIV when they were 

c o lle c te d  from the f i e l d ,  bu t d id  not develop iridescence  fo r  2 - 3  

months because o f the  low tenpera tu res p re v a ilin g  during  the w in te r .

E ffe c ts  o f tem perature on %. oleracea

As w e ll as a f fe c t in g  the  course o f  the di. sease, temperature also 

liad an e f fe c t  upon the in s e c t. D u r iig  the warmer months, many o f the 

la rvae  which d id  no t become in fe c te d  I'Zith TIV, e.g . those in je c te d  w ith  

h i ^  d ilu t io n s  o f TIV or w ith  ISA, pupated and gave r is e  to  a d u lts . In  the 

w in te r months, however, very few la rvae  pupated, end o f  those which d id , 

most d ied in  the pupal stage; the m a jo r ity  of the  la rvae  which d id  not 

become in fe c te d  e ve n tu a llv  d ied . A lth a irh  the la rvae were eeiposed to
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n a tu ra l v a r ia t io n s  in  temperature, the s itu a t io n  was neverthe less a r t i f i c i a l  

as they had been reared a t room temperature (approx im ate ly  20°) u n t i l  

they were in o cu la te d  in  the fo u r th  in s ta r .

Temperature appai'ently a ffe c te d  the ra te  o f development o f the in s e c t. 

A t h ighe r températures la rvae  pupated and gave r is e  to  a d u lts  more q u ic k ly  

than a t low er tem peratures.

D iffe re nce s  between d a ily - in s u e c to d  and tw ice-w eekly  inspected arouns

There were no s ig n if ic a n t  d iffe re n ce s  between those la rvae examined 

d a ily  and those examined tw ice -w eekly  w ith  regard to  numbers becoming 

in fe c te d , in cu b a tio n  p e rio d  or s u rv iv a l tim e, th e re fo re  there  was no 

evidence th a t b r in g ii:g  t i e  in se c ts  in to  the la b o ra to ry  f o r  in spe c tion  liad 

a ffe c te d  e ith e r  t h e ir  s u s c e p t ib i l i t y  to  in fe c t io n  o r the ra te  o f v iru s  

re p lic a t io n .

There were, however, s ig n if ic a n t  d iffe re n ce s  between the d a i ly -  and 

tw ice -w eek ly -inspected  groups in  the numbers of la rvae  which died w ith o u t 

evidence o f a TIV in fe c t io n .  Ilany o f these' d ied w ith in  a short tiras of 

in o c u la tio n , fo r  example, o f the la rvae  in o cu la te d  on 2,5.1970, 12 and 

26 died from  'urlcnown causes' in  the d a i ly -  and tw ice -w eek ly -inspected  

groups re s p e c tiv e ly , a X ^  te s t  showed th a t th is  d iffe re n c e  i s  s ig n if ic a n t  

(p <C0.05). The reason fo r  these d iffe re n ce s  between the 2 groups may 

be th a t i t  was p o ss ib le  to  m a in ta in  the m oisture in  the  d a ily - in s p e c te d  

dishes a t a more constant le v e l than in  the tw ice -w eek ly -inspected  

dishes. Some o f the la rva e  in  tiie  la t t e r  d is iies may have d ied from  an 

excess or a d e fic ie n c y  o f m o is tu re .



158

Exn e r  ûnen t  2 2a. A s t r a in  o f o le r oceo. w ith  o,n a lte re d  response to  TIY 

In tro d u c t io n

V a r ia t io n  in  s u s c e p t ib i l i ty  to p a ra s ite s  between host in d iv id u a ls  and 

host po p u la tio n s  is  common, and severa l examples have been rep o rted  among 

in s e c ts . K a rtig n o n i and Schmid ( l9 6 l )  found th a t 2 po p u la tio n s  o f 

Fhrargan id ia  c a l i f  o rn ica  d if fe re d  in  ai s c e p t ib i l i t y  to  IIPV, and S ta irs  

( 1965a) found th a t  in d iv id u a l G a lle r ia  mell o n e lla  Isjrvae v a r ie d  in  

s u s c e p t ib i l i t y  to  ITPV. Three stocks o f P ie r is  brassicae were found to  

d i f f e r  in  s u s c e p t ib i l i t y  to  g ra n u lo s is  v iru s  by David and Gardiner ( 1965b ) , 

and the d iffe re n c e  between 2 of the stocks was shown to p e rs is t  through 

about 36 generations. Harvey and Howell ( 1965) obta ined a ‘s t r a in  of the 

house f l y ,  Huso a domestic a (L in n ae u s), w ith  increased res is ta nce  to 

B a c illu s  th u r in a ie n s is  by breeding from  the su rv iv o rs  o f lo rvae tre a te d  

w ith  the  bacterium .

. D uring the present in v e s t ig o f io n s , records were kept of the  progeny 

groups o f most o f the la rvae  used f Œ" experim ents, v/hen ana lys ing  thé . 

re s u lts  fo r  the f i r s t  group of la rvae in  Experiment 22 i t  appeared th a t 

the in cu b a tio n  periods and s u rv iv a l times cf one progeny group ( i? E ) were 

longer than i l l  ose o f tlie  o th e rs . By the time t h is  was re a lis e d  the 

in se c ts  had passed through 2 more genera tions, A progeny group of 

la rvae  in  iiie  second f i l i a l  generation descended from  the I 7E in se c ts  

(21G-) were compared w iH i other progeny groups in  tJ.ie same genera tion  

fo r  any po ss ib le  res is ta nce  to  TIV.



159

Re s u it s

The in cu b a tio n  periods and s u rv iv a l tim es fo r  the  la rva e  which became 

in fe c te d  in  Sirperiment 22 are g iven in  Tables 40 -  41, and the tim es from  

in o c u la tio n  to pupation o f the la rvae  which d id  not become in fe c te d  are 

given in  Table 42. Approxim ately h a lf  o f the la rvae  f o r  th is  experiment

had been taken from  group 17E, and ‘Ihe re s t were from 5 other progeny

groups. S ig n if ic a n t  d iffe re n ce s  in  in cub a tio n  pe rio d  and s u rv iv a l tim e 

between 17E and the o the r Itirva e  were found in  some trea tm ent groups; 

the lack o f  s ig n if ic a n c e  in  the o th e r treatm ent groups may be due to  the 

sm all numbers o f in se c ts  invo lved . A t  te s t in d ic a te d  th a t the re  was a 

s ig n if ic a n t  d iffe re n c e  (p  <dO,OOl) between the tim es to  pupa tion  o f  the 

17E la rvae and those o f  the o ther progeny groups.

There was no evidence th a t the 17E la rvae  were le s s  suscep tib le  to  

in fe c t io n  w ith  TIV than the o th e r progeny groups, in  fa c t  the re s u lts

suggested th a t the converse might be tru e  (Table 4 3 ), but the numbers of

in se c ts  are too sm all to te s t whether th is  is  s ig n i f ic a n t .

These re s u lts  suggested th a t the 17E insec ts  developed more s io ir ly  

than the  o ther progeny groups, and th a t TIV re p lic a te d  in  them more s lo w ly . 

I t  was considered p o ss ib le  th a t t h is  was a h e re d ita ry  c h a ra c te r is t ic  as 

a l l  the progeny groups had been kept under s im ila r  environrnental con d ition s . 

By the time the  above re s u lts  were examined the  next genera tion  had passed; 

the re  was 1 progeny group (21G-) in  the succeeding genera tion  descended 

from 1?S (see F ig , 26).
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Table 42. Times from in o c u la tio n  to  pupation ( in  days) o f 173 

lexvae and other 'orogeny groups.

1 6 2

Treatment group

Progeny group 17E 

Mean

Other progeny groups 

Mean

10-5 71 71.0 43 43.0

10-5 76 76.0 20 20.0

10-7 67 67.0 10, 11.5 10.8

10-® 59, 83 71.0 15, 18 16.5

.per qs, 44, 64 54.0 51 51.0

ISA. 50, 57, 59 55.3 13 13.0
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Table 43. frrm ns becominv in fe c te d  w ith

TIV.

Treatment group

Progeny group 17B

Percentage

o ther progeny groups 

Percentage

10® 4/4 100 5/5 100

10“ ^ 5/5 100 5/5 100

10~^ 3/3 100 6/6 100

10~5 4/4 100 5/6 83

10-4 4 /4 100 5/5 83

10-5 2/4 50 2/6 33

10-5 1/4 25 2/5 40

10“ 7 q/3 0 0/5 0

per os 2/4 50 1/6 17

10 (incubated 
a t 20°)

4 /4 100 6/6 100

Each re s u lt  is  expressed as the number o f in se c ts  which were T IV -p o s it iv e , 

fo llo ife d  by the number in ocu la te d  le s s  any which d ied  and were 

T IV -negative  up to two days before iridescence  f i r s t  began to  appear 

in  th a t trea tm ent-g roup .
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21G male normal male

F ir:. 2 5 , Small and nor mal-s iz e d  o lcracea male a d u lts

Scale ; mm.
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19T 19Q
“ 1—

21G
L2________I________ £ll

F iff. 26. Fam ily tre e  o f progeny group 21G.

U n fo rtu n a te ly  very feu  o f  the  21G la rvae  surv ived  to  the fo u r th  in s ta r .  

To compare the re a c tio n  to  TIV of 21G u ith  th a t o f  o the r progeny groups,

6 21G la rvae  and 10 la rva e  from each of 5 other UL'o gen y groups uere 

in je c te d  w ith  equal doses o f TIV. The mean in a ih a t io n  p e rio d  and the 

s u rv iv a l thne fo r  the 21G la rvae  were both longer than fo r  any o f the 

o ther progeny groups (Table 44 ); the t  te s t in d ica te s , a s ig n if ic a n t  

d iffe re n c e  (p <C0.05 ) fo r  the in cu b a tio n  p e rio d s , but not fo r  the  s u rv iv a l 

tim es.

The rem aining 21G la rva e  which were no t in je c te d  w ith  TIV appeared 

to  develop more s la r ly  than t i e  o the r progeny groups, and o n ly  2 of them 

surv ived to  pupate. One o f these pupae d ie d , and the  other gave r is e  to  

a male f l y  which was an a l le r  thcin the narmol male (F ig . 25)* I t s  wing 

span, abdomen leng th  and o v e ra ll leng th  (from  the t ip s  o f the antenna.e 

to  the t ip  o f the abdomen) were measured, and compared w iidi those f o r  a 

sample cf 10 males from  o th e r pro gen̂  ̂ groups (Table 45 ). The 21G male 

was found to  be a p p ro z iu a te ly  2/5 normal s ise .



Table 44. Mean in cu b a tio n  poriods and s u rv iv a l t in e s  f o r  21G and 

f iv e  o the r nroaenv groups in o cu la te d  w ith  T IV .

Progeny group
Mean in cu b a tio n  

pe rio d  (days)
Mean s u rv iv a l 

tim e (days)

21G 8.2 31.2

21K 6.3 26.4

211, 5.8 24.0

21M 7 .4 26.6

21N 6.4 24.3

210 5.8 24.7

Table 45. Comparison o f s ize  o f the 21G male a d u lt w ith  a samnle of 

ten o ther males ( a l l  leng ths in  cm).

Wing span
Abdomen

leng th
O ve ra ll

leng th

Progeny group 21G

Other progeny groups (range)

Other progeny groups (mean)

R a tio  o f 21G length/mean 
le n g th  of o ther progeny 
groups

2.4 

3 .5 ~ 3.9 

3.7

0.65

0.9 

1 .2  -  1 .4 

1.2

0.74

1.4 

2 .0  -  2.5

2.2

0.64
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Th is  male was observed to  show an in te re s t  in  female crane f ] , ie s ,  but 

not to  mate successfn ll^r. On separate occasions i t  was con fined w ith  2 

fem ales, bo th  o f which la id  eggs which d id  not ha tch . The male d id  not 

su rv ive  fo r  long, dying between 1 and 2 days a f te r  emergence, and thus 

the s t r a in  descended from  17F was lo s t .

D iscussion

Both the progeny group 173 and i t s  descendants 21G had a s lo ire r than 

average ra te  o f development, and the  re s u lts  suggest t i ia t  TIV re p lic a te d  

in  than more s lo w ly , a l th o u ^  the re  was no evidence th a t 17D was any more 

re s is ta n t  to  in fe c t io n  w ith  T IV , Both o f these phenomena ecu.Id po ss ib ly  

be exp la ined  by a slower m etabo lic  ra te  in  the in s e c ts , and i t  appears 

th a t t h is  fa c to r  may have been in h e r ite d  by the 21G in se c ts  from  173. 

D iffe re nces  in  ra te  o f development betifeen d if fe re n t  progeny groups o f 

in se c ts  were observed in  Experiment 7# Bergold ( l9 5 3 ) observed th a t 

po lyh ed ros is  v iru se s  develop fa s te r  in  more v igorous in s e c ts .

An in s e c t s t r a in  such as the 17E progeny group would be disadvantageous 

in  the f i e l d  f ra n  the p o in t o f view o f b io lo g ic a l c o n tro l v/ith TIV because 

the tim e to  k i l l  the in s e c t is  prolonged. I t  is  u n lik e ly ,  however, th a t 

such a s t r a in  would su rv ive  f o r  long because o f i t s  reduced v ig o u r.
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E. EFFECTS OF F r V lRaW Æ TkL  FAGTOPuS UPOP.TIV 

IntrocAi c t io n

In s e c t v iru s e s  in  general tend to  possess a h igh  degree o f s t a b i l i t y  

outs ide the host. Th is  fa c t  was noted by Bergold ( l9 5 2 ) ,  who s ta te d  t l ia t  

many can be s to re d  di^r or wet fo r  severa l years w ith o u t much change in  

in fe c t  i v i t  y , and by R ivers ( 1966_b), who observed th a t the p ro te in  c ry s ta ls  

w ith in  which man̂ r in s e c t v iru se s  a re  occluded, confer p ro te c tio n  aga inst 

most v ir u c id a l fa c to rs ,  in c lu d in g  u l t r a - v io le t  i r r a d ia t io n ,  A p re p a ra tio n  

of Q olias eurytheme ÎIPV was s t i l l  in fe c t iv e  a f te r  i t  had been smeared on 

g lass s lid e s  and exposed to  the weather fo r  2 years (Thompson and 

Steinhaus, 1950), The presen t in v e s tig a tio n s  were concerned m ain ly  w ith  

the long-te rm  e ffe c ts  o f tem perature upon TIV; the e f fe c ts  of pH on the 

v iru s  were a lso  s tud ied ,

Sxperm en t 23. The e f f  ect o f t  em ner a t '  it  e un on TIV 

In tro d u c t io n

Several in s e c t v iiu s e s  have beai shcn-m to  be s ta b le  a t d i f fe re n t  

temperatures, A p re p a ra tio n  o f  Bombvx no ri  IfPV was found to  be s t i l l  

in fe c t iv e  a f te r  storage a t 4^ fo r  20 years (S te inhaus, I9 6 0 ), H e ilson  

and Slgee ( l 9 6 o )  s to red  po lyh ed ros is  v iru s - in fe c te d  la r v a l cadavers o f 

the European spruce saw fly  a t 4*5^ and observed a s l ig h t  drop in  

in f e c t i v i t y  over the f i r s t  9 y e a rs , then a more ra p id  drop, w ith  to ta l  

in a c t iv a t io n  occu rrin g  du rin g  the tw e lf th  year, Shapiro and Ig n o ffo  ( l9 6 9 ) ,  

sta dying fre e  v ir io n s  o f H e lio th is  sea RPV, observed l6 - fo ld ,  IC C -fo ld  and 

6 0 0 -fo ld  decreases in  in f e c t iv i t y  a f te r  225 days a t 5^, 37^ and 50^
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re s p e c tiv e ly . Cunninglism (l9 7 0 ) found th a t a p re p a ra tio n  o f the IIPV 

of the eastern henlock lo o p e r, I;a.mbdina f is c e l la r ia  f is c e l l a r ia  (Guenee), 

which had been stored a t 4^ fo r  6 yea rs , had decreased in  in . fe c t iv i ty  

approx:imately 2 0 0 -fo ld . Sigma v iru s  o f D rosophila  is  one o f the le ss  

s ta b le  in sec t v i i ’uses, having a h a l f - l i f e  o f 8 .0  h a t 25° (Seecof , 1969).

Both TIV and SIV appear t  o be f a i r l y  s tab le  v iru se s . Sm ith, IC.M. 

(personal communie at ion  to  Thomas, 1961 ) s ta te d  th a t TIV was p h y s ic a lly  

and b io lo g ic a l ly  s tab le  when s to re d  in  a co ld  room, but W rig ley  ( l9 7 0 )

found th a t TIV p a r t ic le s  w h id i had been stored in  water fo r  about 2

months a t 2° had begun to  d is in te g ra te  in to  t r ia n g u la r ,  pentagonal and 

l in e a r  fragments. He a lso  observed s im ila r  d is in te g ra t io n  o f SIV 

p a r t ic le s  a f te r  prolonged storage in  wader a t  4° (V r ig le y , 1969), and 

Day and G ilb e r t  (196?) found th a t SIV gradual].y lo s t  in f e c t iv i t y  when 

stored in  a r e f r ig e r a to r .  L in le y  and H e ilsen ( 1968b) found th a t the  

ÎHV from A odes t  ae n i orhvn chu s lo s t  in f e c t iv i t y  ra p id ly  a t 27°; a l l  

in f e c t iv i t y  was lo s t  a f te r  storage in  seawater fo r  20 days and in  a rte s ia n  

water fo r  10 days.

In  order to in v e s tig a te  the  s t a b i l i t y  of TIV , samples o f  the v iri.is  

were s to re d  a t 3 d if fe re n t  tem peratures, and assayed a t re g u la r

in te rv a ls  over a pe rio d  of 1 year.

Methods

A p u r if ie d  sample o f TIV was suspended in  de ion ised w a te r, assayed 

by the response tim e method, and th e i s p l i t  in to  1 ml p o rtio n s . Soræ of 

these were s to red  a t 20°, some a t 5° and some were s to red  in  a deep-freese 

(approx im ate ly  -1 6 ° ) .  A t about 10-week in te rv a ls  over a pe rio d  o f  1 yes.r 

a p o r t io n  of TIV was removed from  each ba tch , and i t s  in f e c t i v i t y  was 

assayed by the rergponse t in e  Giethod.



R e su lts  ard D iscussion

The re s u lts ,  which are su.mmsj:ised in  F ig ,  27, in d ic a te  th a t the

TIT suspensions a t a l l  3 tem peratures lo s t  in f e c t i v i t y  over a pe riod

o Eof 12 months. The lo s s  of in f e c t iv i t y  a t  20 was a b a it 10 - fo ld ,

w h ile  a t 3° an d '-16° i t  was about lO'^ -  1 0 ^ - fo ld . ilo s ig n if ic a n t  d iffe re n c e

in  in f e c t i v i t y  was detected between the v iru s  s to red  a t 5° end th a t a t -16 °.

The re s u lts  caji on ly be considered as approximate estim ates o f the 

v iru s  t i t r e s  becouse o f the h igh  v a r ia b i l i t y  o f th e  response tim es in  the 

la rvae  used fo r  the assays. The re s u lts  o f an assay performed on day 154- 

are not in c lu de d  in  F ig . 27 as they are h ig h ly  anomalous, w ith  an apparent 

increase in  t i t r e  at each storage tem perature. Sudi v a r ia t io n  su^pgests 

some d iffe re n c e  between the la rvae  in o cu la te d  a t day 84 end those in o cu la te d  

a t day 154, re s u lt in g  in  sho rte r response tim es in  the la t t e r  case. The 

re s u lts  f o r  day 154 ( in  lo g ^^  LD30 u n its /m l)  were: 20°, 6 . 25; 5° ,  7 . 21;

-16°, 5.28.
I t  appears, then, th a t TIV is  s. f a i r l y  s ta b le  v ir u s .  Thus, fo r  

convenience in  the la b o ra to ry , TIV can be prepared in  bu lk  and s to red  in  

a re f r ig e ra to r  or a deep-freese. The prepai’a t io n  should con ta in  in fe c t iv e  

v iru s  fo r  a t le a s t a y e a r, bu.t the t i t r e  w i l l  r^radually  declir,e  so th a t 

i t  w i l l  be necessary to  assay the p re pa ra tio n  a t the time i t  i s  used, 

Freese-di^.m'rig may be worthy o f  in v e s t ig a t io n  as a technique fo r  the 

lo ng -te rm  storage o f  TIV.

In  t h is  experiment the v iru s  was suspended in  deionised water, so 

the re s u lts  do not in d ic a te  har TIV m ight su rv ive  in  the s o i l ,  on p la n t 

surfaces or in  in fe c te d  cadavers.



1/1

TIV titre
(log^Q LDqq un its /m l)

“ 16® and 5

100 300200 400

Time (days)

Fig-27. Assays of TIV suspensions stored at three different temperatures.
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Rxperinent 24. U l t r a v io le t  SDoctronhotonetry o f TIV a t d i f fe re n t  pHs 

In tro d u c t io n

Sraith and H i l l s  ( l9 5 9 ) rep o rted  th a t the capsid o f  the  I ÏY  p a r t ic le  

2B h ig h ly  re s is ta n t  to  chong'es in  pK, hut G -lits  ^  a l ( 1968) noted a 

p a r t ia l  dé na tu ra tion  o f the  vi^rus in  the pH range 9.5 -  12 .0 , as judged 

by the fo rm a tio n  o f a s t ic k y  and le s s  ir id e s c e n t p e l le t  a f te r  c e n tr ifu g a t io n . 

V ir io n s  were observed to  bee erne d is to r te d  a t pH > > 1 0 .0 , but the UHA and 

p ro te in  remained associa ted up to  a t le a s t pH 12 .0 .

The e f fe c t  o f pH upon TIV was s tud ied  by de term in ing  'the IV absorp tion  

spectra  over the  range pH 1 .0  -  12 .0 .

IIethod.s

A TIV p re p a ra tio n  was p u r if ie d  by 5 cyc les o f loW "/h igh-speed 

c e n tr ifu g a t io n  fo lla .-red Irr c e n tr ifu g a tio n  in  a sucrose g ra d ie n t. I t  was 

washed w ith  crater, then equal amounts were suspended in  b u f fe r  so lu tio n s  

a t 12 d i f fe re n t  pHs (Table 46 ). The IV  spectra  o f these suspensions 

were determ ined as described in  M a te ria ls  and Methods (p . 27) .

Table 46. ->f f  or s o lu tio n s  us ed to  wren are TIV su suens io ns.

pH values B u ff e r

1 .0 , 2 .0 , 3 . 0 , 4 .0 , 5.0

6 .0 , 7 .0 , 8 .0

9 .0 , 10 .0 , 1 1 .0 , 12.0

acetate + HCl 

ITa^HPO  ̂ HaH^PO 

bora te  -H NaOH
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Re s u l t s  and D iscussion

The re s u lts  a re  shojn in  P ig , 2S, Large connections fo r  l i g h t  

s c a tte r in g  were necessary except a t pH 1 ,0  and 1 2 .0 , where presumably 

some degradation o f  th o  v iru s  occurred. The IT  spectra  o f th e  TIV 

suspensions a t  pH va lues around 7 .0  appear to  be s im ila r  to  th a t 

pub lished  by G -lits  _al ( l9 0 8 ) fo r  TIV and SIV, and th a t pub lished  by 

Matt a ( 1970) fo r  HIV. S n a il d iffe re n ce s  between tJiese publ ished spectra  

and those in  f i g .  28 nay be due to the fa c t  t l ia t  these workers corrected  

th e ir  re s u lts  accord ing to  the  method o f Bonhoefxer and Schaciunan ( i9 6 0 ) ,  

whereas the method of hlecakowslci ( 1968) was used fo r  the present re s u lts .

The e f fe c t  of pH on W  absorp tion  a t 260 nm and 280 mi, which are the 

regions o f maximum absorp tion  fo r  n u c le ic  acids and p ro te in s  re s p e c tiv e ly , 

is  in d ica te d  in  F ig .  29. There appears to  be l i t t l e  e f fe c t  on absorp tion , 

except a t extreme pH va lues, which sxiggosts th a t the v ir u s  p a r t ic le s  are 

f a i r l y  s tab le  throughout a wide rarge of pH, I t  would'be in te re s t in g  to  

determine the e f fe c t  o f pH on th e  in fe c t iv i t y  o f th e  v ir u s .  I t  may be 

th a t the in fe c t i^ T ity  o f TIV is  a ffe c te d  by the  pH in  one of the sec tions  

of the la r v a l g u t, where the pH v a r ie s  between about 3.8 and >>8.3 

(Experiment I 3) ;  Hi is  may p o s s ib ly  account f o r  the low in f e c t iv i t y  o f 

the v iru s  when i t  i s  ingested by the in s e c t,  compared to  other rou tes  cf 

in fe c t io n .
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Fig.28. UV absorption spectra of T IV  suspensions at different pHs.

The spectra at pH 3 0-6 0 and pH8 0-10 0 resembled the spectrum at pH7 0.

#  #  uncorrected values

üt-------- A values corrected for light scattering
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Fig.29. The effect of pH upon UV absorption by TIV suspensions at 26Onm(0- 

and 280nm(B ■  ).
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Vaiues corrected for iight scattering.
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' GSÎZBRJ:! D iscu ss io n

TIV in fe c t io n  in  _T, o leracea

The experimonts described in  th is  re p o rt have demonstrated th a t a l l  

stages in  the l i fe -c j^ o lc  o f o le ra ce a . except the a jib ryo , are susce p tib le  

to  in fe c t io n  w ith  TIV. Iride scence  re s u lt in g  from TIV in fe c t io n  was 

observed in  a l l  4 la r v a l  in s ta rs ,  pupae, and a d u lts  o f  both sexes. This 

s itu a t io n  co n tra s ts  w ith  il lV  in fe c t io n s  in  Aedes taeniorhvnchus ( l i n le y  

and Hei l sen, 1968a), where ir ide scence  ra re ly  appears be fore  the fo u r th  

la r v a l in s ta r ,  even i f  the in se c ts  have been in fe c te d  from the egg.

In  many cases the la rvae  d ied  from a TIV in fe c t io n  in  the in s ta r  in

which they were in ocu la te d , e.g . in  Experiment 16 (main experiment ) o21 

the  deaths from  TIV were in  the f i r s t  in s ta r .  However, i t  was observed 

on a number of occasions th a t  T IV -in fe c te d  la rva e  were able to  m ou lt, srd

a few in fe c te d  f ourc h - in s ta rs  were able to  pupate. The s itu a t io n  is

probably s im ila r  in  na ludosa, a lthough idimed (196b ) reported  th a t he 

d id  not observe any m ou lting  o f T IV -in fe c te d  _T. nsludosa la rva e .

The d e te c tio n  o f TIV in fe c t io n  by the la te x  te s t  in  a number of 

apparen tly  he a lth y  a d u lts  (Experiment 19) in d ic a te s  th a t su b le th c l in fe c t io n  

w ith  TIV can occur. These a d u lts  were derived from la rvae  and pupae which 

had been in o cu la te d  w ith  TIV,

Transm ission cf TIV

There is  no evi. dence th a t  TIV is  tra n sm itte d  by in s e c t or ne ma. to  de 

p a ra s ite s  o f the le a th e r ja cke t o r th a t v e r t ic a l  transm iss ion  v ia  tlae gametes 

occurs (Experim ent 20 ), and i t  i s  d o ub tfu l whether in fe c t io n  can occur v ia  

the s n ira c le s  (Experiment 1? ). Although the faeces o f in fe c te d  la rvoe
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co n ta in  TIV (Experiment 9) ,  th e  amount is  no t s u f f ic ie n t  to  serve as a 

source o f in fe c t io n  (Experiment lO ) . Even nevrly-liatdhed lar^vae, which 

are p o ss ib ly  more sus c e p tib le  to  in fe c t io n  w ith  TIV than la te r  in s te rs  

(Experiment 16 ), d id  no t become in fe c te d  when exposed to  faeces from 

T IV - in fe c te d  la rv a e .

I t  was sham (Experim ents 13 and I 4) th a t la rge  doses o f  TIV are 

necessary to  cause in fe c t io n  p^or os, A s u ita b le  h ig li con cen tra tion  o f 

v iru s  i s  presen t in  in fe c te d  cadavers, where TIV may c o n s titu te  25  ̂ o f 

the dr^r weight (W illiam s and Smith, 1997).

The evidence suggests th a t le a th e r ja d ie ts  become in fe c te d  w ith  TIV 

m ain ly by feed in g  on other lo a th e rja ch e ts  in fe c te d  w ith  th e  v iru s .

The fa c t  th a t 1 oath er ja c k e ts  are c a n n ib a lis t ic  has been noted by a 

number o f workers, in c lu d irg ; freeman ( l9 6 6 ) who frequent 13̂ found pieces 

o f T in u la  body w a ll in  the guts o f f i e l d  popu la tions  o f le a th e r ja c k e ts , 

many of which often bore scars, l ig h t in g  and cann iba lism  among oleracea 

la rvae  was observed on many occasions during  the  p resen t experim ents, and 

a number of the la rva e  talmn from  the re a rin g  pots had b lack scars, 

presumably from wainds susta ined w h ile  f ig h t in g  w ith  other la rv a e .

Many le a th e r jadmets su rv ive  f o r  long periods a f te r  they have become 

in fe c te d  w ith  TIV, e .g . in  Experiment 9 one T IV -in fe c te d  la rva  d id  not d ie  

u n t i l  83 days a f te r  in o c u la tio n , Many T IV -in fe c te d  la rva e  cou.ld surv ive  

u n t i l  the next gene ra tion  o f  eggs had hatched, and serve as a source of 

inoculum fo r  the newly-hatched la rvae . nalu do sa ad u lts  are on the w ing

from J u ly  to September (Aimed, 1963) end o leracea a d u lts  are on the wing 

in  la y  and again in  Au.r.v.st (freeman, I 967) .  Under tem perature co n d itio n s
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such as occur du ring  these months, la rvae  surv ived  fo r  long periods (see 

f i g .  24) ,  e.g. 50, 64 and 70 days a f te r  in o c u la tio n  w ith  TIV in  ü ie  fo u r th  

in s ta r ,  which should he more tlm n enough tim e f o r  the  he a lth y  in s e c ts  to 

g ive  r is e  to  a d u lts ,  la y  t h e ir  eggs, end f o r  the eggs to  ha tch . Ahmed 

( 1968) observed th a t T IV - in fe c te d  and hP V -in fected  T. paludosa la rvae  may 

remain a liv e  fo r  up to  13 end 14 weeks, re s p e c tiv e ly ; they may s>j.rvive 

u n t i l  September, by which time the next gene ra tion  has appeared.

I t  i s  suggested, then, th a t a new genera tion  o f le a th e r jade et s becomes 

in fe c te d  by feed ing on the cadavers of T IV -in fe c te d  le a th e r ja c k e ts  which 

have surv ived  from the prev ious genera tion . As the h e a lth y  la rva e  grow 

they w i l l  feed on t h e ir  in fe c te d  b re th re n , e s p e c ia lly  when the la t t e r  begin 

to  grow weaker as t ie  y  become moribund. In  th is  way the disease can be 

tra n sm itte d  as the la rva e  grow (Experiment 16 ), the in fe c t io n  o f one la rv a  

re q u ir in g  the death of another.

T h is  suggested mode o f  transm iss ion  fo r  TIV con tras ts  w ith  th a t  fo r  

i'HV in  Aedes taeniorhvnchus ( l in le y  and Hie 1 sen, 196% ) whez-e tra n s o v a r ia l 

tran sm iss io n  cf the v iru s  occurs, and the  in fe c te d  la rva e  do not doe u n t i l  

the  fo u r th  in s ta r ,  when they serve as a s our ce o f in fe c t io n  fo r  o ther la rv a e , 

w h id i become in fe c te d  ner os and then g ive  r is e  to  in fe c te d  a d u lts  to 

complete the cyc le . Day (1965) found no evidence fca'’ tra n s o v a r ia l 

transm iss ion  o f SIV in  Gal l e r i a  m e llo n e lla .

The re s u lts  o f Experiments 21 and 22 suggest th a t  tempei'atures which 

fa vo u r more ra p id  development of T.. o l eracea a lso  favour more ra p id  

re p l ic a t io n  o f TIV; thus both in se c t and v iru s  develop more ra p id ly  in  

the w a rre r months o f the year, Laugh lin  (1967) observed th a t _T. ualu.cosa
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la rvae  grow very fa s t  in  the autumn, s lo w ly  t h r a i^ i  the  w in te r ,  and 

m oderate ly fa s t  in  the sp ring  and e a r ly  summer. In  both _T, o l eracea and 

nalndosa the  f i r s t  2 in s ta rs  are completed in  the autumn, and in  

n a ludosa the la rvae  ove riz in te r in  the t h i r d  in s ta r  (Coulson, 1962),

I t  i s  u n c e rta in  whether 2* o leracea la rvae  over*winter in  the t h ir d  or the 

fo u r th  in s ta r  (S tew art, 1969). I t  i s  probable then, th a t I IV  re p l ic a t io n  

is  f a i r l y  ra p id  in  the  f i r s t  2 in s ta rs , slows doim in  the t h i r d  in s ta r ,  

and then acce le ra tes  again in  the fo u r th  in s ta r  when th e  tem perature begins 

to  r is e .

Experim enta l le a th e r jade e t s in  p e t r i  d ishes u s u a lly  craw l from beneath 

the f i l t e r  paper ju s t  before they die from  TIV in fe c t io n ,  and Ahmed (l96S ) 

observed th a t ,  in  Hie f ie ld ,  le a th e rja c k e ts  in  the la te r  stages of in fe c t io n  

w ith  TIV tend to  r is e  to  the  surface o f the  s o i l .  These la rvae  are 

conspicuous, be ing  b lu e , green, pLirple, orarge o r o fte n  almost w h ite  in  

co lou r; t l i i s  makes then an easy prey fo r  b ird s , w h id i have been observed 

feed ing  upon T IV - in fe c te d  la rva e  a t the surface (dewbold, J .V .,  personal 

comrnunicat io n ) .

î lo s te t te r  and B iever ( l9 7 0 ) found in fe c t iv e  v iru s  in  the drcppings 

of sparrows which had fed  upon ITPV-iufocted cabbage loopers , and suggested 

th a t th e  v ir u s  m i,^ it thus be dissem inated by the  sparrows. I t  is  u n lilc e ly  

th a t b ird s  are im portan t in  the d issem ination  of T IV , p ro v id in g  in  the 

f i r s t  instance th a t  th e  v ir u s  surv ives in  th e ir  d ig e s tiv e  t r a c ts ,  because 

i t  is  u n lik e ly  th a t  much v iru s  in  the b ird s * faeces reaches le a th e rja c k e ts  

in  a con cen tra tion  h i.d i enough to serve as an in fe c t iv e  cose.
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E p izo o tics  o f TIV

TIV is  u s u a lly  found on ly  a t low le v e ls  in  le  a t heo:* ja cke t po p u la tio n s , 

Hewbold, J .V . (Persona l communication) has sampled between 2,900 and 9,000 

f ie ld s  fo r  le a th e r jade e t s; in  most cases there  was no evidence o f TIV 

in fe c t io n ,  and in  those cases where TIV in fe c t io n  was found the inc idence 

was below 19';, w ith  2 exceptions (see be low). S herlock, P . I .  (persona l 

communication) found TIV in fe c t io n s  in  2 -  naludo sa la rv a e  a t 2 out o f 7 

s ite s ,  w ith  inc idences o f 2 ,9 and 2 . Xeros (1956) found the incidence 

o f T IV - in fe c t io n  in  le a th e rjo .d ce ts  to  be le s s  than I'b in  Cornwall and 

near Cambridge. Stewart (1969) found o n ly  sm all numbers of le a th e r ja c k e ts  

in fe c te d  w ith  TIV; the liig h e s t in fe c t io n  ra te  was 6/3 of 150 th ir d - in s ta r  

2 .  na lu  dosa la rva e . The h ighest ra te  of TIV in fe c t io n  in  1 eat lier ja cke ts  

observed by flamed ( l9 6 8 ) was 4,7/-*

Here severe outbreaks o f TIV have been observed by Xeros ( l9 5 6 ) ,  who 

foamd up to  15̂  ̂ cf a f i e l d  p o p u la tio n  in fe c te d , and llewbold, (persona l

com m unica tion)w ho observed one p o p u la tio n  o f 2* naludo sa la rvae  w ith  

1^0 in fe c te d  w ith  TIV, and. another p o p u la tio n , which was comprised 

m ain ly o f naludosa la rva e , w ith  up to 20)  ̂ in fe c te d .

Although TIV appears to  be widespread in  d is t r ib u t io n ,  i t  i s  r a re ly  

found in fe c t in g  a la rg e  p ro p o rtio n  of la rva e , w h ic ti, as th e  v iru s  is  

u s u a lly  l e t i a l ,  in  tSae long term ensures i t s  oarn s u rv iv a l.  I t  is  

im portan t to  determine the  fa c to rs  which in i t i a t e  TIV e p iz o o tic s  in  order 

to  assess ah e ther they can be induced a r t i f i c i a l l y .  P oss ib le  fa c to rs  

in vo lve d  are tem perature, p o p u la tio n  dens ity  and th e  re s is ta n ce  o f the 

p o p u la tio n  to  in fe c t io n ,  but i t  i s  d i f f i c u l t  to  draw any conclusions as 

to  w h id i o f t ie s e  may be the most im portan t on the  b a s is  of the  few 

rep o rted  e p iz o o tic s  o f TIV.
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The observa tion  o f Xeros ( l9 5 6 ) o f a h ig h  percentage o f  T IV - in fe c te d  

le a th e r ja c k e ts  was made :ln Shropshire in  1954, and those o f Fcwbold, J .V . 

(personal communication) were made a t 2 separate s ite s  in  S t ir l in g s h ir e ,  

one in  1963 and one in  1966, The mean monthly temperatures o f these 

areas in  those years are given in  Tables 47 -  49, the  data be ing ta lien from 

'The Monthly Report o f the r .e te ro lo g ic a l O ff ic e , K .M .S .O .' In  a l l  3 cases 

most o f the mean m onthly tem peratures were below average from  January 

onwards, and i t  i s  in te re s t in g  to  note th a t in  the case of the h ighest 

percentage in fe c t io n  (75P) i t  was extrem ely co ld  in  Januccy^ and February 

(mean temperature 0 .1 ^ ) ,  whereas in  the sm a lle r outbreaks ( l5  and 20/- )  

the mean o f the Januaiy and Februcuy/ temperatures was h ig h e r, a lthough 

s t i l l  below average (2 .95^ and 3.05^ re s p e c tiv e ly ) .

Ho c o r re la t io n  can be confirieed because o f the sm all number o f  

observations in v o lv e d , and in  fa c t  the converse o f t h is  s itu a t io n  would 

be expected, as the disease progresses more ra p id ly  w ith  increas ing  

temperature over t h is  rang:e (Experiments 21 and 22).

I t  may be th a t the le a th e r ja cke t ' s res is ta nce  i s  lowered i f  i t  is  

exposed to  tem peratures of 0° or b e l Of. Freeman (l9 6 6 ) s ta ted  th a t 

2 * puludosa la rvae  have s u r p r is in ^ y  l i t t l e  co l d-h or d in  ess, a f te r  he had 

found m o r ta l i t ie s  of 8.3; a f te r  60 h a t -2 .5 °  and 6 1 . a f t e r  10 h a t -5 ° .  

The le a th e r ja d ie t  ' s s u s c e p t ib i l i ty  to  invas ion  by T IV  is  p o s s ib ly  

increased a f te r  exposure to  such low  tem peratures, p o ss ib ly  by th e  

fo rm a tion  in  the  g.it o f sm all ice  c ip /s ta ls  which puncture the p e r itro p h ic  

membrane, a llo w in g  tho  v iru a  access to  the u n d e rly in g  c e l ls .
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Table 47 • I-Iean n o n th lv  a i r  tem-peratures a t Shrewsbiorv

(Shropsh ire ) f ro n  Seaterber. 1953 to  May. 1954. 

TIV outbreak observed in  1954 (up to  155-0•

Month
Mean a ir  

tem perature ( C)
D e v ia tio n  from 

1931 -60 jrean (% )

1953 Sept. 14.0 0.3

Oct. 9.1 -  0.9

Nov. 8 .8 + 2 .0

Dec. 7 .2 .+ 2.4

1954 Jan. 3.1 — 0.4

Feb. 2.8 -  1 .2

Mar. 6.3 4 0.3

Apr. 7 .8 -  0.8

Ib .y 11.1 — 0.4
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Table 43. Mean n o n th lv  a ir  temperatures a t S t i r l in g  from 

Sept ember, 1962 to  May. 1963. TIV outbreak 

obeenred in  A p r i l ,  1963 (7 5 0 *

Month
ïle a i a ir  

temp er at ure ( )
D e v ia tio n  from 

1931-60 mean (^O)

1962 Sept. 10.9 — 1*8

Oct. 9.6 -i- 0.2

Hov. 4 .7 -  1.3

Dec. 3.1 -  1.2

1963 Jan. 0,1 — 2 *8

Feb. 0,1 — 3.6

Mar. 5.5 -  0 .1

Apr. 7 .8 -  0.3

Hay 10.0 -  0.9



Tabl e 49. Kean month. a i r  tnrr^eiwatnres a t S t ir l i ig g  from 

September, 1965 to  Kay. 1966. TIV outbreak 

observed in  March, 1966 (20 /;).
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Month
i.ean a i r  

tem perature ( C) D e v ia tio n  from 
1931-SO raea;-. ( ° c )

1965 Sept. 12.1 -  0,6

Oct. 9.7 4- 0 .3

Hov. 3.8 -  2,2

Dec. 2,9 — 1.4

1966 Jan. 2.7 -  0.2

Feb. 3.4 -  0.3

Mar. 7.1 4' 1 .5

Apr. 5.6 -  2 .5

M ay 10.9 0.0



185

I t  must be stressed th a t these con s ide ra tion s  are h ig h ly  sp e cu la tive , 

and i t  could e q u a lly  w e ll be argued th a t the  TIV outbreak in  Shropshire 

in  1954 was due to  the  extrem ely m ild  cond itions  p re v a il in g  in  the November 

and December o f the previous year (Table 47 ).

The second po ss ib le  fa c to r  determ in ing 'the incidence o f  TIV e p iz o o tic s  

is  po pu la tion  d e n s ity , Xeros (1956) s ta ted  tha t the TIV outbreak, which 

he observed was in  a low dens ity  p o p u la tio n  o f  1 e a th e rja cke ts , whereas 

both the outbreaks observed by Ne who Id ,  J.N , (personal c a n u n ic a tio n )  were 

in  h igh d e n s ity  popu la tions, the re  be ing 4 .9  m il l io n  and 2,5 -  3 ,7  m il l io n  

le a th e r ja c k e ts  per hectare in  the 1963 and 1966 ou tb  re  aim re s p e c tiv e ly .

I t  would be expected ‘chat h igh e r po pu la tion  d e n s itie s  would enhance 

the transm iss ion  of the v iru  s as there  is  an increased ch.mice o f  moribund 

T IV -in fe c te d  1 arvae be ing  di. scovered and ingested by the h e a lth y  la rva e .

In  Experiment 8 the re  was no evidence th a t h igher p o p u la tio n  d e n s itie s  

c o n tr ib ite d , to  a g re a te r p ro p o rtio n  o f la rvae  becoming in fe c te d , bu t tlie  

la rvae  were n o t con fined together u n t i l  the  fo u r th  in s ta r .  I t  is  probable 

th a t  a po pu la tion  c o n s is tin g  of in fe c te d  and n o n -in fe c te d  la rvae  from  the 

f i r s t - i n s t a r  might w e ll undergo an increase in  the p ro p o rtio n  o f in fe c te d  

la rva e  in  la te r  in s ta rs . S ta irs  (196% ) concluded th a t NPV e p iz o o tic s  o f 

the  fo re s t  te n t c a te r p i l la r ,  Halacosoma d is s t r ia  ( llu b iie r), may develop 

n a tu ra lly  from an extrem ely sm all amount of v iru s  provided th a t th is  

reaches the p o p u la tio n  w h ile  the la rvae  are s t i l l  in  an e a r ly  in s ta r .

I t  is  commonly found in  e cosy stems th a t i f  en organism increases in  

number, then the p a ra s ite s  and predators o f th a t  organisn a lso  increase 

in  number and t i ia t  t h is  increase o fte n  lags behind t l ia t  o f the  host. For



example, U tid a  ( l9 5 7 ) demonstrated t l ia t  numbers o f p a ra s it ic  wasps o fte n  

la g  behind numbers of bean w eev ils . There may be a steady r is e  in  the 

numbers o f the h o s t, and in  t ip u l id s  th is  may telæ severa l years. The 

increase in  the numbers o f p a ra s ite s  and preda to rs  may e ve n tu a lly  r e s u lt  

in  a decrease o f the host po pu la tion .

A gradual increase in  the p o p u la tio n  s ize  is  p o s s ib ly  a pre lude to  

a TIV e p iz o o tic .  In  the 1963 e p iz o o tic  in  S t i r l in g s h ir e ,  73/ cf a 

po p u la tio n  of 4 .9  m il l io n  la rvae  per hectare  were found to  be in fe c te d  

w ith  TIV in  A p r i l .  By May the po pu la tion  had crashed to  124,000 la rvae  

per h e c ta re , w ith  no evidence of TIV in fe c t io n  in  the s u rv iv o rs . This 

represents a drop in  numbers of 9 7 .5A, which siu?;gests tha ,t, a l th a irh  

TIV was the main cause o f the popu la tion  crash, the re  were probably 

a d d itio n a l fa c to rs  o p e ra ting . I t  i s  probable th a t o ther pa ras ite s  and a lso 

p reda to rs  o f the le a th e r ja c k e t underwent an increase in  numbers along w ith  

TIV. Stewart ( 1969) found th a t both in s e c t and m ic ro b ia l p a ra s ite s  o f 

t ip u l id s  were most com on in  dense po pu la tion s , althov-gh many dense 

popu la tions  were fre e  from  p a ra s ite s .

The res is ta nce  o f the host to  in fe c t io n  is  the t h i r d  poss ib le  fa c to r  

which may a f fe c t  the incidence o f TIV e p izo o tics , h a r t ig n o n i and Schmid 

( 1961) discussed the res is ta n ce  o f in se c ts  to  v insses in  connection w ith  

the po pu la tio n  d e n s ity : 'A v iru s  e p iz o o tic  reduces a p o p u la tio n  to  a lower

d e n s ity , w h ile  the p o p u la tion  res is ta nce  to  the v iru s  disease increases, 

and i t s  he te ro g e n e ity  in  t l i i s  respect decreases*. P opu la tions in  phases 

o f in c re a s in g  dens ity  are found to  be le ss  re s is ta n t and more heterogens ous 

in  the dr response to  p a ra s ite s . As the he te ro g e n e ity  o f  the popu la tion  

g ra d u a lly  increases, so the res is tance  o f the p o p u la tio n  decreases.



R esu lts  ob ta ined du ring  the present work, f o r  example in  Experiment 2, 

sugy;est th a t in d iv id u a l le a th e r ja c k e ts  d is p la y  a wide v a r ia t io n  in  t h e ir  

res is ta nce  to  in fe c t io n  w ith  TIV. S ta irs  ( 1965a) found s im ila r  v a r ia t io n  

in  the res is ta nce  o f Ga lle r ia , m e llo n e lla  la rvae  to  in fe c t io n  w ith  NPV,

Bucher ( l9 5 6 ) s ta te d  th a t sudi v a r ia t io n  tends to  l im i t  the usefu lness of 

microbes f o r  b io lo g ic a l c o n tro l,  but in se c ts  may d is p la y  s im ila r  v a r ia t io n  

in  re s is ta n ce  to  chemical in s e c t ic id e s , tliu s  reducing  the e ffe c tive n e ss  of 

the se substances •

A fa c to r  which p o ss ib ly  l im i t s  the development o f a TIV e p iz o o tic  

is  p re d a tio n  by b ird s .  Hewbold, J .V . (personal conmunication) observed 

b ird s  feed ing  on the T IV -in fe c te d  la rvae  vrhich had come to  tiie  surface in  

the 1963 e p iz o o tic  in  S t ir l in g s h ir e .  B irds  may thus remove a source of 

in fe c t io n  fo r  the hea lth y  la rv a e .

In  t h is  instance the  le a the r ja d iet po pu la tio n  reduced from a 

le v e l vrhich is  h ig h ly  damaging to  the crop, to one w h id i ca.uses in s ig n if ic a n t  

damage. At le a s t  75/3 c f t h is  t o t a l  re d u c tio n  o f  97.5/^ was due to  the 

TIV e p iz o o tic . A re d u c tio n  o f th is  order compares favo u rab ly  w ith  

re d u c tio n s  o f 95.1/^ and 98 .4 f achieved by K i l l  is  ( 1963) in  tr i^ i- ls  w ith  

DDT and a ld r in  re s p e c t iv e ly .

Of the 3 fa c to rs  discussed, namely tem perature, p o p u la tio n  res is tance  

and p o p u la tio n  d e n s ity , on ly  the la t t e r  can be in flu e n c e d  by man. An 

increase in  p o p u la tio n  dens ity  caused by the in tro d u c t io n  of T IV -in fe c te d  

la rvae  may encourage an e p iz o o tic . M ic ro b ia l c o n tro l measures are 

concerned w ith  a r t i f i c i a l l y  induced e p iz o o tic s  and/o r a cc e le ra tio n  in  

the ra te  of development o f n a tu ra l e p izo o tic s  by shorten ing the tim e la g  

between the increase in  numbers of the host and th a t  o f  i t s  p a ra s ite .



In d u c tio n  o f TIV e n lzo o tlc s  

a ) Methods f o r  ann lv ing  the v i.ru s

There are 4 p o ss ib le  methods whereby th e  le v e l o f TIV could be 

increased in  the lea/bher ja c k e t ’ s environment: by spraying w ith  a

suspension o f the  v iru s ;  by s c a tte r in g  virus-impregna-tecl b a it ;  by 

re le a s in g  l i v e  in fe c te d  le a th e r ja c k e ts ; and by s c a tte r in g  dead in fe c te d  

le a th e r ja c k e ts . Host in s e c t v iru se s  which have been used fo r  b io lo g ic a l 

c o n tro l have been ap p lied  to  the crop which re q u ire d  p ro te c t io n  e ith e r  as 

a dust o r a spray, an ad juvant o fte n  being added to  sprays in  order to  

cause the v iru s  to  adhere more s tro n g ly  to th e  v e g e ta tio n  (see Ig n o ffo ,  1968).

Bucher ( l9 5 6 ) fuid Sm ith and R ive rs  (1956) have s ta te d  th a t s o il-d .w e lliiy ; 

in s e c ts , such as le a th e r ja c k e ts , are more d i f f i c u l t  to  c o n tro l thon those 

w h id i l iv e  and feed  on the a e r ia l po rtion s  of p la n ts . I t  has been 

e s ta b lish e d , however, th a t le a th e r ja d ie ts  emerge from the s o i l  a t n ig h t 

to  feed on tlie leaves and stems o f p la n ts  ( Cameron, 1945), which may be 

p u lle d  bade in to  the s o i l  ( N i l l i s ,  1965), so th a t v iru s  on the le a f  

surfaces could be ingested. I t  is  poss ib le  , however, th a t doses o f v iru s  

rece ived  in  th is  way are in s u f f ic ie n t  to  cause in fe c t io n  (see Experiments 

13 and 14 ). L e a th e rjacke ts  could a lso inges t the v iru s  by d r in k irg  from 

w ater d ro p le ts  co n ta in in g  i t .  Few fo u r th - in s ta r  la rva e  are l i k e ly  to  

become in fe c te d  in  t h is  way (Experiments 13 and 1 4 ), but f i r s t - i n s t a r  

la rvae  may p o ss ib ly  be more su sce p tib le .

Bran b a its  impregnated w ith  in s e c tic id e s  are used in  the c o n tro l o f 

le a th e r ja c k e ts  to increase the  p ro b a b ility  o f idle in se c ts  in g e s tin g  a 

le th a l dose o f the d ie m ica l, and they have been chovn to  be s l ig h t ly  more 

e f f ic ie n t  than spra}^ ( '. 'h it e, 196?). Leatlier jade etc m ight in g e s t lo thed



doses o f the  v im s  i f  they fe d  on TI?-irapregnated b o lts .  Before te s t in g  

f o r  t h is  p o s s ib i l i t y  i t  would be necessary to  determ ine the e f fe c t  on the 

in f e c t i v i t y  o f the v iru s  o f d e s icca tio n , e ith e r  be fore  or a f te r  m ix ing  w ith  

the b a i t .

I t  has been demonstrated th a t a 1 eathcr ja c k et can rece ive  an in fe c t iv e  

dose o f TIV by fee d ing  on an in fe c te d  cadaver (Experim ent l l ) ,  and i t  may 

be th a t the best way to  apply the v iru s  in  the f ie ld  is  to  dissem inate 

in fe c te d  in s e c ts , e ith e r  o liv e  o r dead, The re lease of l iv e  v iru s - in fe c te d  

in d iv id u a ls  to  d isperse in se c t v iru sa s  among popu la tions  o f  the host was 

suggested by lia r t ig n o n i and I-Iils tead  (1962), Gilmore and Tash iro  ( 1966) 

s u c c e s s fu lly  dissem inated the non inc lus ion  v iru s  o f the c it ru s  red m ite ,

PanonVdius c i t r i  ( lIcG rego r), among f ie l d  p o p u la tio n s  by re le a s in g  l iv e  

in fe c te d  m ite s .

I f  l i v e  T lV - in fe c te d  le a th e r ja cke ts  are to  be re leased in  the f ie ld ,  

then i t  is  necessary tJiat the y  should be in  a w ell-advanced stage o f the 

disease, othervrise they might cause a d d it io n a l damage to  the crop. . I t  

was observed th a t most T lV - in fe c te d  o leracea la rva e  continued to  feed 

u n t i l  they were almost moribund, Ahmed (1968) made s im ila r  observations 

wi'fâi ï lV - in f  acted p a lu  do sa la rva e , For b io lo g ic a l co n tro l purposes i t  

would be necessary to  ensure t l ia t  the diseased la rvae  were a l l  approaching 

the  moribund s ta te  a t tlie  tim e the^r were re q u ire d . On the oth or hand, 

i f  la rva e  which had d ied  from  TIV in fe c t io n  were employed, they cou ld be 

prepared in  advance and s to red  u n t i l  re q u ire d .

I t  is  probable th a t TIV romains in fe c t iv e  fo r  long pe riods  in  in fe c te d  

la r v a l cadavers. Cadavers which had been s to re d  in  the re f r ig e ra to r  fo r
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seve ra l weelcs were s t i l l  h ig h ly  in fe c t iv e  (Experim ent 11 ) ,  and G li ts  e t a l 

( 1968) obseia^ed no a lte ra t io n  in  the p lr 's ic a l in te g r i t y  o f  TIV p a r t ic le s  

a f te r  ex tens ive  in cu b a tio n  w ith  the enaymes pronase, tr-gps in , papain and 

p a n c re a tic  deoxyribonuclease. One problem th a t mig^it be encountered w ith  

the d issem ina tion  o f e ith e r  l i v e  o r dead T IV - in fe c te d  la rvae is  th a t many 

may be ingested by b ird s . Many l iv in g  la rvae  in  an advanced stage o f the 

disease m ight remain on the surface ra th e r than h ;rra -f in to  the s o i l ,  

b ) Timing o f v iru s  aw o lica tions

The tim in g  o f any TIV a p p lic a tio n  to  the  f i e l d  would probab ly  be 

c r i t i c a l .  I t  w a ild  be necessary to  attem pt to  e s ta b lis h  th e  disease in  

the in se c t po pu la tion  as coon as poss ib le  a f te r  the la rvae  had lia td ie d , 

before they became la rg e  enough to  damage the p la n ts  s ig n i f ic a n t ly ,  and 

before  the tem perature dropped to  a le v e l where v iru s  re p lic a t io n  is  

g re a t ly  re ta rded  (Experiments 21 and 22),

TIV does n o t k i l l  i t s  hos t ra p id ly .  The LD50 has been given as 14-28 

days by R ive rs  and G l i t z  (personal comiîiunication  to  Ig n o ffo ,  1968), but 

in  fa c t  i t  is  h ig h ly  v a r ia b le ,  depending upon the  v iru s  dose (Experiment 2 ) ,  

in o c u la tio n  rou te  (Experim ent I 3) and temperature (Experiments 21 and 22), 

S u rv iva l tim es were g e n e ra lly  longer when in fe c t io n  occurred ue r os and a t 

lower tanpe ra tu res . In  fa c t ,  a sho rt surv ived t in e  o f in fe c te d  la rvae  

would reduce the p o s s ib i l i t y  o f transm iss ion  o f  th e  v iru s  to  the subsequent 

gene ra tion  and, th e re fo re , th e  r e la t iv e ly  long p e r io d  between in fe c t io n  

and death has s u rv iv a l value f o r  the  v iru s .  I f  c o n tro l measures were not 

commenced u n t i l  damage began to  appear, f r ir th e r  damage would be susta ined 

before the in se c ts  were e ve n tu a lly  k i l l e d  by the  v iru s .



The optiraum tim iuig depends upon the t ip u l id  species f o r  which c o n tro l 

is  desired* 2* ra in  do sa * the most ccmon pest species, o v ip o s its  in  la te  

summer (Ahmed, 1968), so th a t  th e  best tim e f o r  v ir u s  a p p lic a tio n  m ight be 

in  t?cc e a r ly  autumn. 2* o l eracea on the o the r hand is  b iv o l t in o ,  o v ip o s it in g  

in  Kay and August (Freeman, 196?), so th a t i t  would probably be necessary 

to  begin c o n tro l measures e a r l ie r  in  t h is  case.

Stewart ( 1969) concluded th a t a d d it io n a l t ip u l id  species, such as 

T in u la  v e rn a l is  (K e i gen) and hephrotoma flavescens (Linnaeus) iuay a lso 

cause a g r ic u ltu ra l damage. I t  would th e re fo re  be necessary to  id e n t i fy  

which t ip u l id  species were present, and to  stucfy t h e i r  1 i f  e -cyc les  be fore  

a ttem pting  to  c o n tro l them. Forecasts o f probable le a th e r ja c k e t damage 

would be e s s e n tia l f o r  b io lo g ic a l c o n tro l as the v ir u s  should be ap p lie d  

be fo re  any v is ib le  damage occurs, 8uch fo re ca s ts  are already made fo r  

chemical c o n tro l measures.

Ilass p roduc tion  o f TIV

I f  TIV is  found to  be a s u ita b le  agent f o r  b io lo g ic a l c o n tro l of 

le a tb e r ja c k e ts , then i t  w i l l  be necessary to  produce the  v iru s  on a la rg e  

sca le . The cost must compare f a i r l y  favo u ra b ly  w ith  th a t f o r  chemical 

c o n tro l,  which is  approxim ate ly £1,85 per hectare (Long, 1969).

I f  the v iru s  were to  be used in  a spray o r a b a it ,  the re  are many 

in se c t species in  w h id i i t  cou ld  be propagated; 2* o loracea and 

P ie r is  brassicae are two susce p tib le  species which are e a s ily  reared in  

la rg e  numbers. F u rthe r adva,nces in  techniques of in se c t t is su e  c u ltu re  

nay render fe a s ib le  the la rg e -sca le  p ro cu c tio n  o f TIV in  c e l l  c u ltu re s .

I f  the  d issem ina tion  o f l i v e  or dead T IV -in fe c te d  le a tb e r ja c k e ts  is  found 

to  be the  best way o f i n i t i a t i n g  TIV e p iz o o tic s , then i t  w i l l  be necessary 

to  produce la rge  numbers of T IV -in fe c te d  t ip u l id  la rv a e .



Tests f o r  undes irab le  e ffe c ts  o f TIV

Before any in fe c t iv e  agent i s  re leased in to  th e  environuent f o r  

purposes o f b io lo g ic a l c o n tro l,  i t  is  im portant th a t i t  should f i r s t  be 

e xh a u s tive ly  te s te d  f o r  any harm fu l e ffe c ts  aga ins t v e rte b ra te s , in c lu d in g  

man, b é n é fic ié ! in ve rte b ra te s  and p la n ts . In  the U n ited  S tates o f -hnerica 

a m ic ro b ia l c o n tro l agent must be approved as safe by the P e s tic id e  

R egu la tion  D iv is io n ,  U.S. Department o f A g r ic u ltu re  ( He impel , 19 67).

A lthcuvh some v iru s e s  are h ig h ly  s p e c if ic ,  the re  are many which in fe c t  

a wide range of hosts, in c lu d in g  the a rbov iruses, which in fe c t  both a 

v e rte b ra te  and an in v e rte b ra te  h o s t, end some p la n t v iru s9 s  which in fe c t  

both a p la n t and an in v e rte b ra te  h o s t. I t  is  th e re fo re  im portan t to  te s t  

any microbe aga ins t a wide range o f animals and p la n ts  before d issa a in a tirp ; 

i t  in  the environm ent. Even an agent w h id i is  shown to  have no harm ful 

e f fe c ts  sho'wld be l^ept under observa tion fo r  the  appearance o f mutants 

w ith  in f e c t iv i t y  o r t o x ic i t y  towards organisms other than the in s e c t pe s t.

A number o f in se c t v iru se s  have been te s te d  fo r  ha rm fu l e f fe c ts  in  

ve rte b ra te s . Ig n o ffo  and Heimpel ( 1965) c o lle c te d  data from  s c ie n t is ts  

working on tlie  sero logy of in s e c t v iru se s : 28 v iru se s  had been in je c te d

in to  6 v e rte b ra te  species w ith o u t a s in g le  animal e x h ib it in g  to x ic  

re a c tio n s . He im pel ( l9 6 ? ) p o in ted  out th a t most v iru s e s  ingested by 

ve rte b ra te s  are ra p id ly  in a c t iv a te d  in  the h o s t i le  ac id  environment o f the 

stomach. He imp e l and Buchanan ( 1967) fe d  l ie l io th is  sea HPV to 10 men 

and women, who were eadi subsequently g iven a thorou/di medical exam ination: 

no s ig n if ic a n t  changes •'were found. Barnes ejb ü i  ( l9 7 0 ) te s te d  the  same 

v iru s  fo r  any p o ss ib le  carc inogen ic e ffe c ts  in  ra ts ,  but none were found.

S'teljihaus ( l9 5 l ) ,  Aico.ira ( i f o l )  and C antw e ll, Faust end Poole ( ife S )
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in o cu la te d  in se c t v iru s e s  in to  ch ick embryos, bu t found no evidence o f  

v i r a l  r e p lic a t io n .  In  te s t in g  f o r  harm fu l e f fe c ts  towards b e n e f ic ia l 

in se c ts  Knox (l9 7 0 ) fed  2 g ra n u lo s is  v iru se s  and 7 ITPVs to  honeybees; he 

found no d iffe re n c e  between tre a te d  and un trea ted  co lo n ie s .

There have been a few re p o rts  o f the re p lic a t io n  in  ve rte b ra te  c e lls  

o f v iru se s  which norm ally  in fe c t  o n ly  in s e c ts , but these have 5̂ t  to be 

confirmed, Smirnova ( 1966) and Alekseenko and K o lo n ie ts  (quoted by 

Cantwell _e2 1968) claimed th a t they grew the  sacbrood v iru s  and a

p a ra ly s is  v ir u s  o f bees, re s p e c t iv e ly , in  ch ick embryos, and I-Iimeno e_t a l 

( 1967) described the fo rm a tio n  o f  polyhe dr a conta.in ing in fe c t iv e  v iru s  in  

FL c e lls  (d e rive d  from the human amnion) in fe c te d  w ith  DÎÎA from  sillurorm  liPY.

TIV ho-s been te s te d  aga inst a number of organisms. A n tibod ie s  aga inst 

TIV have been produced in  ra b b its  on a number o f occasions, e.g. Cunningham 

and T in s le y  ( 1968 ) ,  G litz  _et ^  ( 1968 ) and in  the present in v o s t ig a t io n s , 

w ith o u t any re p o rts  o f  adverse e ffe c ts  in  the anim als. A ttempts to  tra n sm it 

TIV to  c ra y fis h  (R ive rs , G .F ., unpublished, quoted bjr I,gnoffo  and île im p e l, 

1965) and tadpoles (R iv e rs , C.F, , personal communication) were unsuccessfu l, 

and S tobba rt, R.H, (personal comr.iunication) was unable to  in fe c t  HeLa 

c e lls  w ith  TIV.

I f  TIV is  to  be used fo r  b io lo g ic a l c o n tro l i t  w i l l  be necessary to  

ca rry  out fu r th e r  te s ts  on a range o f organisms, and in  p a r t ic u la r  on 

b e n e f ic ia l in s e c ts , in c lu d in g  the in se c t preda tors and. p a ra s ite s  o f 

t ip u l id s ,  in  vi.ew o f the  wide experim enta l host range o f  idie v ir u s  and 

the re p o rt by k a ly u ta  and Aleksandrov ( 1969) of t lie  in d u c tio n  o f  le th a l 

m utations in  D rosonh ila  molanogaster by TIV,



Resistance o f  the ±ii£v?ct to  TIV

The 2* o le  race.?, s t ra in  s tud ied  in  Experiment 22a had an a lte re d  

response to  TIV in  th a t the tim e taken to  k i l l  the in fe c te d  in se c t was 

lo ng e r than norm al. A g re a te r prohlou w h ile  us ing  th e  v iru s  f o r  b io lo g ic a l 

c o n tro l would be the appearance cf in s e c t s t ra in s  w ith  increased res is tance  

to  the v iru s ,  end in  fa c t  i t  must be expected th a t th is  w i l l  occur.

The e:{peri mental re s u lts  suggest th a t 2» o l eracea la rvae  displa]^ wide
*

v a r ia t io n  in  t h e i r  res is tance  to TIV, so th a t when the in sec ts  are exposed 

to  the v iru s  the more re s is ta n t  s tra in s  w i l l  tend to  bo se lected . S ta irs  

( 1965a) suggested th a t such v a r ia t io n  may be b e n e f ic ia l to  both v iru s  and 

hos t. A t no tim e is  the host po pu la tio n  com plete ly re s is ta n t ,  thv.s 

e lim in a tin g  the  v i r u s , or com plete ly s u sce p tib le , e lim in a tin g  bo th . Tliie 

s e le c tio n  o f resifjfcant in so c ts  also presents a problem in  the use o f  

chemical in s e c t ic id e s . I f  such a problem is  encountered during  a programme 

o f b io lo g ic a l c o n tro l i t  me,y be po ss ib le  to overcome i t  by is o la t in g  a 

s t ra in  of the pathogen vrith  increased v iru le n c e  towards the more 

re s is ta n t  in s e c t s t ra in ,  o r by the in tro d u c t io n  o f an a lte rn a t iv e  p a ra s ite . 

Conclusion

The in i t i a t i o n  of TIV e p izo o tics  may present d i i f i c u l t i e s ,  in  view 

o f the la rge  dose o f TIV irh ich  le a th e r ja cke ts  must inges t in  -rd e r to  

become in fe c te d . I t  may be th a t one of the o ther pa ra s ite s  or s, p reda to r 

o f le a tb e r ja c k e ts  i s  more s u ita b le  than ITV as azi agent of b io lo g ic a l 

c o n tro l.  A lte rn a t iv e ly ,  c o n tro l may best be achieved w ith  a combinat io n  

o f two o r more o f the p a ra s ite s  and/or p reda tors. The ÎTF7 of t ip u l id s  

m e rits  in c lu s io n  in  fu rtla e r in v e s t ig e f io n s  s ince , e lth o u -h  the in fe c te d
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le a th e r ja c k e t is  not k i l le d  ra p id ly ,  i t  s tops fe e d in g  s h o r t ly  a f te r  

becoming in fe c te d  (filmed, 1968), in  co n tra s t to  th e  T IV -in fe c te d  

le a th e r ja c k e t.

The experiments described in  th is  re p o rt have in d ic a te d  how TIV 

may be tra n sm itte d  in  nature and how seasonal v a r ia t io n s  in  temperature 

may a f fe c t  th e  c ourse o f  the disease. In  order to  determ ine whether the 

p o te n t ia l o f TIV as an agent fo r  th e  b io lo g ic a l c o n tro l o f le a tb e r ja c k e ts  

has p ra c t ic a l value these experiments must now be fo llo w e d  by fu r th e r  

expo r  ira en ts  o u t-o f-d o o rs , and then by f i e l d  t r i a l s .
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APPEKDIX

1, S t. Ive s  f lu i d

160 ml orthodichlorobenzene

40 ml 10 per cent sodium o lea te  in  w a te r

50 ml Jeyes f l u i d

15 ml o le ic  acid

S t ir re d ,  then 6 ml NaOH added.

Ore so l added u n t i l  a homogeneous s o lu t io n  is  

ob ta ined.

D ilu te d  1/400 w ith  water be fore  use.
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2. SgJlts and v itom ins so lu tio n

S a lt  m ix tu re  ( Becknan, E ruckart and R e ise r, 1953).

OaCO 120 g

K^HPO^ 129 g

CaHP0^.2Hp_0 30 g

I-IgS0^.7H^0 40.8 g

HaCl 68 g

FeC^ÏÏ^O^.511̂ 0 11 g '

ICI 0.32 g

HnSO^.411^0 2 .0  g

ZnClg 0.10 g

CuSO^.^Î^O 0.12 g

V itam in  stock

n ic o t in ic  a c id  600 mg

calcium  pantothenate 600 mg

r ib o f l  av in  300 mg

aneurine hyd roch lo ride  150 mg

p y rid o s iiie  hydro c h lo r id e  150

f o l i c  acid  150 rag

D -b io t in  12 rag

cyanocobalamin 1.2 rag

in  100 ml w ate r.

P re p a ra tio n  o f the s o lu t io n

25 g s a lt  ra ixture plus 5 1 d i s t i l l e d  w a te r. 

Antoclaved a t 121^ fo r  15 rain; cooled.

10 ml v ita m in  stock added; f i l t e r e d .
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In s e c t sa line

w it l i  a n t ib io t ic s  (ISA)

HaCl 6. 5 g

KOI 1.4 g

CaClg 0.12g

NaHCO„
3 0.1 g

ÎTa^HPO^ 0.01g

D isso lved in  1 1 d is t i l le d  w ate r.

Antoclaved a t 121^ fo r  15 rain.

Pe n ic i l l i n  stock s o lu t io n

Twenty ta b le ts  ( 10,000 i . u . / t a b le t )  d isso lved  in  10 ml 

d i s t i l l e d  w ater. S tored at -20^.

Aureoravcin stock: soli?.tion

0.1 g d isso lved  in  10 ml d is t i l l e d  water.

S tored at -20^.

P re p a ra tio n  o f ISA 

98 ml s te r i le  in s e c t sa line  

1 ml p e n ic i l l in  stodx s o lu t io n  ( f in a l  concen trâ t ion  200 i .u . / r a l)  

1 ml aureoraycin s tock s o lu t io n  ( f in a l  con cen tra tion  0.1 rag/ml).
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