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scope indicated that vaccinia was retained within the phago­

cytic vacuole of the macrophage where it underwent at least 

partial degradation. Because no portion of the viral rep­

licative sequence was detected, the stimulated mouse macro­

pha.ge appears to be a resistant rather than a non-permissive 
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cel~_ type for va.ccinia. It is suggested that the level of 

mouse macrophage activation may be an important factor in 

vaccinia resistance. 
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INTRODUCTION 

Host resistance to invasion by a pathogen comprises a 

comple:: interaction of several nrotective mechanisms. One 

of the most basic, b~t important, of these mechanisms is 

that 'lfhich o"Dera.tp.s at the cellular level through t~e ftrocess 

of pha:\ocytos is. 

rr'1e phaeocytic theory was first lJrof\osed by T·letchnikoff 

in 18A4 (HirRch, 1959) as B result of his observation that 

Daphnia could ingest and destroy certain natho{!.enic yea.sts. 

~'etchnj_koff's v.'ork established the macrophaR;e 2.S a prima.ry 

ph2.goc:'tic cell type. This finding "!as eX'T,)anded by van 

Furth /1970) to inclu~p- a hct~rof,eneous collection of 

cells' hich he termed the mononuclear phagocytes. These 

cells include circulating perinheral ~onocytes, precursor 

cells in the bone marrow, and tissue macrophages, all of 

which are characterized by a specialized ability to ingest 

and di8pose of foreign material. In thi~ sense foreign 

material may inclu~e effete host cells or host cell debris 

along with foreign microorganisms. 

The impor~2nce of the macro,hage in defense of the host 

aeainst viral infections has become increasin~ly clear within 

the last three dcc?des. Dalldorf (1950) showed that newborn 

mice were highly susceptible to coxsackie virus although 

adult mice were resist~nt to infection. It was suggested 

that this difference ~as due to the develoument of a functional 
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macro~hage system in the mature animals. Similar results 

"'ere reported by ,Tohnson (1964), who did an in vi tro study 

of the susceptibility of peritoneal macrophages from suckling 

ann adult mice to 1erpes virus. Fluorescent antibody tech­

niques demonstrated that infection occurred less frequently 

and developed slower in cells a.s the animals'age increased. 

A parallel study using autoradioeraphy revealed that no 

ra~ioactive label was present in infected adult macrophages 

while suckling macrophages contained wide-spread labeling, 

indicating viral DNA production in these cells. No substance 

in adult mouse serum was found to interfere with infection 

and Johnson concluded that the resistance which developed 

was a function of the age of the macrophage donor and, 

cOrlsequently, maturation ... 
Dang and 'Harv:ick (1960) also demonstra.ted the importanc e 

of macrophares in dealing with viral infections. Liver 

macrophages from a susceptible mouse strain ~ere found to 

degenerate when infected in vitro with mouse hepatitis 

virus. racrophages from resistant mice were found to survive 

infection, suggestinE a genetic difference in susceptibility 

of the ~NO mouse strains which probably operated at the 

macrophage level. This theory was reinforced by the work 

of Theis and Koprowski (1961) using macrophages from both 

susce:rtible and res istant mice strains to "lest Nile virus. 

Little virus was produced by splenic and peritoneal macro­

phages from resistant mice although large amounts of virus 

was obtined from. macrophages of susceptible mice. Further 
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evidence of the role of macrophages was presented by Roberts 

(1963) from an antibody study of the differences between 

the avirulent hampstead egg and the virulent hampstead 

mouse strain of ectromelia virus. His work revealed that 

the inability of the avirulent virus strain to initiate 

infection was due to the resi~tance of mouse liver macro­

phar;es to the vlru~;. 

Vaccinia, because it is a 'Nell characterized and rel­

atively large virus, has been used extensively in studies 

concer~ing macrophage-virus interactions. Nishmi and 

Bernko~f (1958) reported that mouse splenic macrophages 

exhibited resistance to vaccinia infection. ~his finding 

was confirmed by Nishmi and Nlesikovrski (1963) who demon­

strated that normal mouse peritoneal macrophages would not 

support vaccinia replication. This work indicated a species 

specific difference in macrophaGe resistance to vaccinia 

since earlier studies by Beard and Rous (1938) had sho'lm 

that normal rabbit peritoneal macrophages ~llowed replication 

of vaccinia in vit~o. 

Further insig',1t into this difference in macrophage 

resistance was obtained when Steinberg and Rights (1963) 

reported that sple;n cell cultures from rabbits immunized 

against vaccinia wnre more resistant to infection than were 

similar cultures from normal rabbits. Humor?_l factors '"-"ere 

shown not to be a factor in this resistance. Because the 

spleen contains large mJ.mbers of macrophages. these results 

suggested that macro~hages from immunized rabbits had acquired 
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a cellular immuni t~! to vaccinia. Later "'Iork by Tompkins 

et al. (1970) and Avila ~t al. (1972) supported this theory 

by demonstrating that peritoneal macrophages from vaccinia­

immune rabbits were resista.nt to infection by vaccinia but 

not myxoma virus. This indicated that the development of 

specific macrophage resistance had occurred. This resistance 

has since been attributed to macrophage activation resulting 

from a lymphocyte-medi~ted immune response. 

However, as p,eviously described, mouse peritoneal 

macrophages displa:.red 8. natural resistance to vaccinia. which 

was not dependent upon an immune response. This implied 

that the protectiv2 mechanism employed by mouse macrophages 

was different from that which occurred in the immune rabbit 

macrophage. Although these findings represent a basic 

disparity amoung forms of cellular resistance to viral 

challenge, only a limited a_mount of work has been done 

tov"ard understanding the manner in which the mouse !1lacro­

phaEe inhibits vaccinia replication. Some information, 

however, has been obtained. 

Schultz (1966) investigated the fate of vaccinia within 

infected mouce macrophages in vitro. He found that virus 

was phagocytized by macrophages in which it displayed a 

continuous decrease in infectious titer until by 116 hr no 

virus could be recovered within the system. Flourescent 

antibody studies of infected cells revealed a similar 

pattern \'Ii th the disappearance of labeled viral antigens by 

70 hr post-infection. Schultz then compared the activity of 
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lysosomal enzymes within both infected mouse and rabbit 

macrophaBes using acid phosphatase stain and found that 

the rabbit cells displayed a greater incidence of lysosomal 

activation than did mouse cells. From these results he 

postul~ted that the difference in macrophage susceptibility 

w~~ du~ to the presence of different kinds and amounts of 

lysoso~al enzymes in the two cell types. This resulted in 

viral ~egradation in mouse macrophages but a.llowed viral 

repli~~tion to ~roceed in rabbit macronhages. 

B~wever, on t~e basis of his observations using the 

electrJn microscop"', Silverstein(1970) reported that vaccinia 

underw~nt first stage uncoating within the mouse macrophage 

as evi'lenced by the arnearance of viral cores wi thin the 

cell c.rtoplasm. Parallel biochemical experiments using 

puri!i~d JH-thymidine labeled virus showed that uncoating of 

viral :JNA had not occurred, although thymidine kinase activity 

was intuced within the macrophage 1 hr following infection. 

~acrop"lage lysis occurred J to 4 hr after infection, dependine 

UlJon t'le multiplic i ty employed. 8ilverste ints work indicated 

that v"'tccinia was not degraded by lysosomal enzymes but 

was in~ibited during the replicative sequence between first 

and se~ond stage uncoating. ~acrophage death then occurred 

from a toxic effect caused by the build up of viral antigens. 

A still different scenario was proposed by Mackaness and 

Raffel (1971) when they reported that vaccinia was phag­

ocytized and quickly inactivated within mouse macrophages. 

Although the virion was partially uncoated within the 
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phagosome, the vir~l core was not released into the cell 

cytoplasm. Cell dr.~ath then occurred from a viral-induced 

toxic effect. These results indicated a possible role of 

cell lysosomal enzymes both in inactivating the virus and 

in pausing the sub3equent breakdown of the phagosome membrane. 

Due to the im~ortant role of the macrophage in host 

defense against viral disease, it is vital to understand 

the mechanism by which this c011 type resists infection. 

!I,~acrophages ha.ve additional functions; indeed. they appear 

to be associated with many immunological processes including 

delayed hypersensitivity, indnction and implementation of 

primary antibody responses, and cell-mediated cytotoxicity. 

However, it was the phagocytic and 8.ntimicrobial activi ty 

which ·Ias of primary interest in the present study. Because 

of the conflicting results obtained concerning the fate 

of vaccinia within the mouse macrophage, it was of interest 

to further investi~ate this host-pathogen interaction. 



MATERIALS AND METHODS 

Experi'nental Anima ls 

Young adult white mice of both sexes were obtained from 

the Em~oria State iniversity animal room. Six to eight month 

old, New Zealand white rabbits were obtained from breeders 

in the Emporia area. 

Cell Calture 1\~edium 

All cell types used in this study were cultured in 

Eagles rf,inimal Ess(~ntial Medium (MEM) containing L-glutamine 

and sterile fetal calf serum at a final concentration of 10 

percent. Hanks balanced salt solution (HBSS) plus two units 

of heparin per ml '~as used for the harvesting of both mouse 

and rabbit macrophages. For the preparation of mouse embryo 

fibroblasts Dulbeccos' phosphate buffered saline (DPBS) 

withou'; calcium or magnesium ions ~'las employed. All culture 

solutions contained Combiotic (penicillin, 200 units per ml; 

and streptomycin, 100 units per ml). ~'ihen needed, solutions 

were adjusted to p~ 7 vJi th ei ther 1.5% or 7.5% sterile sodium 

bicarbonate. 

Cell Culture Procedures 

(1) Mouse 7ibroblast Culture 

Pl~egnant mice were killed by cervical dislocation. 

The abdominal hp..ir and skin Vlere sB.turated wi th ~nH dis­

infect'rnt and the ventral skin laid back. The abdomen was 
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opened to expose the uteri and the embryos were removed and 

placed in a sterile petri dish containing DPBS. The embryos 

were decapitated, eviscerated, and transferred to another 

petri dish containin£ fresh DPBS. After ~incing with sterile 

scissors, the embryo fragments were placed in a trypsinizing 

solution consisting of DPBS plus 0.25% trypsin and 0.02% 

EDTA. The tissue fragments were trypsinized with stirring 

for 15 minutes. The re~ulting cell suspension was filtered 

through sterile cheesecloth into a flask containing DPBS 

plus 10% serum to halt the action of trypsin. More trypsinizing 

solution was added to the remaining fragments and the procedure 

repeated until digestion was complete. The cell harvest 

was washed twice by centrifugine at 1500 rpm for 10 min and 

resuspended in DPBS. After adjusting to 2 X 106 cells per 

ml with Eagles' ~~M the cell Ruspension was planted in Roux 

bottles at 50 ml per bottle. The cells were incubated at 

37°C until monolayered, usually 39 to 48 hours. 

(2) Mouse Peritoneal Macrophage Culture 

Experimental mice were given an intra~eritoneal injection 

with 2 ml of 3% sterile thioglycolate 4 days prior to harvest 

(Fig. 1). Animals were sacrificed by cervical dislocation 

and secured to a work board. The abdominal hair was saturated 

with NIH, and the ventral skin laid back (Fig. 2~. The 

exposed muscle layer was swabbed with NIH and 4 ml of 

heparinized HBSS ,iere injected into the peritoneal cavity 

(Fig. 3). The abdomen was massaged ~ith NIH soaked cotton 

to sus~end peritoneal cells and o. small incision made in 



Figure 1,	 Intraperitoneal in~ection of 

thioglycol~te solution. 

?i&ure 2~	 Jxperimental mouse tacked to 

operating board for the harvest 

of ~eritoneal macrophages. 





'+8<"JA.1 C1 4 

a~B4~0.10BW .10J ~+lAUO IBauo+l.ldd 

dl{+ o+ul S:n!·l JO u0"f+oa~'ul : l a.lnJld 





10
 

the peri ton8al ~/?ll. alonr: thp. mictline. 'T'hp. cell-containing 

fluid ,'as collected using capillary pipettes (Fig. 4), and 

the harvest from all ::tnimals pooled. Mononuclear cells 

6 were counted and the number adjusted to ) Y 10 cells per 

ml 1vi th IiBSS. ·~ells "·"ere nlanted in either flying cover­

sli~ tubes or plastic cell culture flasks, in 1 ml or 5 ml 

amounts respectively, and allowed to settle for 1 hr at 

)7°C. ~he adherent cells were then washed twice with HBSS 

without heparin and the medium replaced with Eagles' ~EM. 

()) Rabbit Peritoneal Macrophage Culture 

Experimental rabbits were injected. intraperi toneally 

wi th 50 rnl of sterile mineral oil (,Squibb Heavy Duty) 5 days 

prior to harvest. The animals were sacrificed by embolism 

produced through the injection of air into the marginal ear 

vein. The abdominal hair and skin 'J.'as saturated ';·Ii th NTH 

and th ~ hair removed. The abdominal skin i"!8S laid back 

and th' underlyine tissue swabbed with disinfectant. Fifty 

P.11 ofleparinized HBSS were injected into the peritoneal 

cavi ty and the abdomen ':!as !Tla.ss2ged to dislodf,e peritoneal 

macrophages. f}'he fluid 'Has removed ".' i th a sterile 50 ml 

volume·';ric ripette throue;h an incision in the peritoneal 'II'all 

and pl:'.ced in a. separatiory funnel. The funnel VIas placed 

at 40 c for 10 min to allow the oil to separate from the cell 

layer. The cell suspension was then drained into 50 ml 

polycarbonate centri~A~e tubes and centrifuced at 2000 rpm 

for 10 minutes. The su."Dernatant was decanted 2.nd the cell::: 

wa.shed vri th HESS B.nd recentrifuged. J1he cells 'hrere then 
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resu8:oendcd in }U:-:3. pooled, and counted. The cell sw,pension 

"1D.~1 adjusted to .1 Y 106 cells per ml '.·:i th lfB3S and "!11anted 

in tissue culture flasks at 5 ml per flask. After settling 

for 1 )lr at 37°C. the cells W8re washed twice with HESS and 

the s~)ernate replaced ~ith Eagles' M?~. 

Virus 

(i) Propagation 

~he Iif:Q strain of vaccinia virus used in this study was 

originally obtained from the American Type Culture Collection. 

4 
!l1ouse embryo O1onolayer.s ,','ere infected ,,,,i th 1 ;'. 10 PF!.T 

of virus in 10 ml of ~=agles I ~,.;-:i'~ :olus 2'10 serum. "~he inoculum 

';I2.S allo"ed to remain in cont[-l.ct '.'d th thp cells for 2 hr "il th 

fr~quent a~itation of the bottles to promote viral abso~tion.
 

1'he infcctine; medium, along ':Ji th any unabsorbed virus. was
 

removerl and replaced "'i th ~agles' ME:,~ containing 10% serum.
 

The monolayers vere incubated at 37°C until extensive
 

cellullr destruction I-'Ias observed (24 to 36 hr).
 

R'ldion.ctively labeled virus was prer:'3.red by harvestine; 

and infecting mouse embryo monolaYE;lrs. After viral absorption 

and cell \I~shing, 50 ml of FaLles' WE~ containing JH-thymidine 

(Hew England Nuclear) 8.t 200.J\c per ml \'las added to each 

monola~Ter. The cells "Jere then incubated at 37°C until 

viral-induced cell destruction vias complete. 

(".) Harvestin.9: of Virus 

1!1:1en the destruction of the infected cell monolayers 

was cO"'lplete the Roux bottles were frozen, cell side down. 
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at -70oC. The bottles "iere then th8..",ed at room temperature 

'"Iith '~cequ(-mt R.!,':i tation to remove the cells frorrl the g-la,ss. 

"he virus-cell sus11em1ion "'as sonified for 1 min at 0.9 

ampere~ in a RR.ytheon Sonic Oscillator (Kodel DF-101) to 

release cell ~ssociated virus. followed by centrifugation 

nt 3500 rnm for 10 ~in to rnmove cell debris. The supernates 

'vere pooled, alliauoted in 8pnro:nriate amounts. and !::tored 

at -70°C until us~. 

(J) Assay of Virus 

Mouse embryo fibroblasts were harvested and monolayered 

in Corning plastic culture flasks at ? X 106 cells per mI. 

The culture medium was removed and the cells "lashed tHice 

with HBSS, Appropriate dilutIons of the virus to be titered 

were prepared in Eagles' l·t;=:::"..~ conta inine: 2~~ serum and 1 ml 

amounts '.',/er0 placed on monolayer ce lIs. Viral absorption 

WAS allowed to occur for ? hr l M ith frequent ~eitation of the 

flasks. Four ml of ~affles' ~~~ with 10% 8cru~ were then 

added to each flask. The monolayers were incubated at 37°C 

for 36 to 48 hr until Dlaque formati on vms obvious. The 

medium ',Iras removed and the cell layer stained \,',i th 2 ml 

of a 1rl0 aqueous crystal violet solution. The flasks were 

rinsed with tap water, dried, and the plaques present on 

conntable dilutions countec1. Viral ti ter "",'as calcu18,t€d a,nd 

expressed 8,:?, plaque formine units (PFU) per mI. 

Infection of ~acrophages 

FollowinG the attachment of macrophae;es. cellular debris 
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~md non-adherent cells \"~re r(~moved by t'.'iO w8shes vvi th HU33. 

71h • • 1 . d' I t l' "7 I '1'~""'''" t" rvtf1. e Vlrus lnOCtL um Has 1 U et In Lag es "1"~'- con alnlng <'70 

serum to the desired multiplicity and added to the macro­

phage cultures at 1 ml ~er coverslip tube and 5 ml per culture 

fla.sk. After a 2 hr absorption period at 37°c:, the infecting 

medium was decanted and the cells washed t',dce with H3SS to 

remove any unabsorbed virus. ~he medium W8S replacea with 

Eagles' :'~~~,: ::tnd the c(;lls returned to '37°C. A sample of 

viral inoculum I"as retain~d in order to establish zero hr 

concentration. Zero hr ':raG taken to be the time virus waf" 

added ·to the cells. 

0oversli~s were ~ullcd periodically for cell staining 

and for deter;nination of gro','.,rth curves. Coverslips were 

pulled ~t ? hr after infection, when complete medium was 

added, to d.etermine the orie;inal a;TIount of cell-associated 

virus in the sy8tem. '~here8fter, coverslips were sampled 

at 24 ~r intervals. Virus from aach time period was titrated 

by thr('(; cyc180 of frce7.l::-th2\'·/ ;md 8.s;.:n.yed on mOW::::0 embryo 

1'T\onola·Yf:!rs. 

l",~acrophage coverslips to be used in 8.utoradioe:raphy were 

Bllov/e~ to settl~ and infected at a multi,licity of infection 

(!~OI) of 1.0 .by the procedure previously described. After the 

2 hr F.J.bsorotion l1oriorl, the infectinc.' med iurn "/8 s removed and 

rC'ulacpd ~.,i th ~agles' r,....'Y conto.inine: 1 ~c 'Per ml of tritiated 

thymid-'.ne. 

Ph.croDha~e co 11 culture flasks to be used in the second 

stage "ncoatinc p·.sRay ····.'ore 2.llo·,i'ed to settle for 2 h~ at 4°c, 
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\"la.sheri t~'Jice '.d.th cold HTI:--';':::'; J n.nd infecteti \:i th 1 ml of J;·r-th~r­

midine labeled v3c8inia (l.?'P. ~.: 10- 2 Cp,: per l'FP) in cO)J~ 

CO'1t'O'I'nl'nrr':-1. ~-.':) ~ J. 1"olloh/l'ncr7'!'l.rrles'... rr t.. r,~~ ........- '" .( _. c ,?:~( "''''rl'rn1,.") ~ A, ~{'O't r:., ~.I,.,,'r T of one • . b
 

viral absor'.Jtior.. for 2 hr 2.t 4°C, residua.l virus ~"Ias removed 

by two "~!ashes v,i th cold H3SS 8.nd the medium replaced 'IIi th 

!',c.rm (37°C) Eagles t r.n::r,: c ontaininF" 10% serum. The f18.sks 'He re 

then incubated at 37°C to synchronize viral phagocytosis, 

~ouse macro~haee culture flask£ to be used in electron 

microscopy TIere infected after settling at a r~CI of one hundred. 

Rabbit macronhar:8s u~cd in rlectron microSCOT\Y were infected 

at a ~OI of fifty. Doth cell tyncs were then handled as 

previously described. 

Staininh of Cells 

Coverslips were air dried, fixed in absolute methanol 

(5 min), stained with ~ay GrUn~ald (9 min) end Giemsa (14 min), 

dehydr~.ted in acetone and in 50 I SO :1cetone-xylene, cleared 

in xylr ne, and mountert cell s idf' dm:n on microscope slide~ 

wi th PcrnlOvnt mountine: medhvl1. 

Autcrad io{:!;raphy of n~8.cro;.>haGes 

Uninfected control and infected macrophage coverslips to 

be use(~ in autoradiogr8:T)hy ""ere "':lulled. at 8, 24, L~8J a.nd 72 

hr and y>re;Jared by first vlashing them t'':lice in cold H3SS 

p.nd. fiying for IS min in cold 2. S'~ gluteraldehyde at 4°C. 

',!,his "'128 follovJed by two \lfashes I.'}i th cold HB:'3S. The cells 

were next ?laced in cold 2% perchloric acid for 30 min at 

4°c and ~a~hed with three chan~es of distilled water for 10 
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minutp.8. After be, in,"; 3.ir drieo, the coversli"!'s '.'Jere mounted 

eelJ s id.0 UT) on microscope sl id.es \>,:i th })enlount. Prior to 

mountinr;. the back<; of the coversl i:ps '!lere gently cleaned 

\I/i th lens paper. 11hc slides "!ere dipped once into a chrom 

e.lu!n solution (5% (-':8latin, 0.5% chrom alum) and allo''ied to 

dry for 2 days in 2 horizontal nosition. 

In the darkroom the slides ',iere warme d to J.j. .5°C t coated 

'...,i th 'V'lrrYl HTB- 3 emulsion (Eastman Koda.k Co.), and sha.ken 

twice ~o remove excess emulsion. The backs of the freshly 

clipped sl ide 8 \'!ere Vi iped clean and the slides allowed to dry 

for 30 min under cool air flow from a hair dryer before 

being placed i~ light tight boxes and stored at 4°C for 10 

days. After exposure. the slidp.s '.'Jere develo]'1ed in the da.rk­

room in D-1S' (:~astrr'.an Kodalt Co.) for 10 min. v!ashed and fixed 

in Eypo Fixer (22.stman Kodak Co.) for an a(lditional 10 min. 

and washed again for 1S minutes. The slides were air dried 

and stained with Ciemsa for 1.5 min. washed for 30 sec, stained 

for 1 . .5 min with Delafielc1s I t:ematoxylin a.nd "·fashed for 1 min 

in saturated lithiu~ carbonate. Dehydration was accomplished 

b;y placine; the slides in successive w8.shes of 70%, 9S;-~, anc. 

100:10 ethanol for 10 min each follo\:.;ed oy clearing with xylene 

for an additional 10 llinutes. Tlw finished slides I'!ere then 

,~overed ,,,i th coverslips using ~ermount and examined for 

'~lusters of silver P'Tains in the cells. The amount of 

,lUclf'ar l:!.nd cytoplasmic lc..belinr; as d,~termined by finding 

the percent of macropha~es containing labeline per SOOO cells 

~ountec' . 
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11 ......... :'I ~..L- ,. t' n
 
,~.cclnlP. ,.,;,pcona .J 1.2.c·:e . ncoa lnp; nssay

azI!5: _ 

'1'0 determine if viral DNA had been released from the 

vir2l core after ~hREocytosis, R second stage uncoating assay 

1,l?8 performed. ':'h·~ Method used was a modification of that 

de'(e+o ')eet by ,Tokli.k (1963) and cons isteo of an assay to deter­

mine "'i 1ether viral DEA "ias present ':d thin the m2.crophap,;e 

in 2- fJrm susceptible to DNaf;e <:nzyme. The test u.tilized 

the fa~t that trichloracetic acid (TCA) will precipitate 

large 10lecules. ~abeled viral DNA, whioh was prosent in en 

intact fonl, is acid in~oluble 2nd could be precipitated onto 

fil ter pn.:ner. ~[ydrolyzed vir2l ~:!'~A 2.nd DP:JGe degraded viral 

J'Ji'lA, h·)',.r0V0.r I '.'fonJd he n.cid soluble :l.nrl. thus remain in the 

'~C~A GO L1J.tion. 'ehus, the a!"1ount of n1.cliollctive label founrl 

in the fil ter 7J8per \':ould re-pre[;cnt the aYTlount of prO'tected 

viral m.'-, or that D~::!\ "!hich hncl not been released from 

the cc·~e. 

~JplicRte infectert flasks ~~re ~rocessed at 4, 6, and 

p hr ~r first removing the cells from the flask surface with 

8. rube.r policeman, poolinG the cell GusTlensi(:ms, o.nd cen­

trifurrine; at 2000 t:'Tlr.'l for 10 'Jinntes. The cell pellet vms 

resusp'TIded in one half volu'n'2 of c01d bu:ffer (0.01 ;'.'[ NaPC I!) 

0.01·;~ :t:G12, lJ1-I7) 3.nd sonificc'I at 0.9 amperes for 30 seconds. 

'Jlhe re 1u1 tinE, lys8.·:;e ',las proc8ssed in t'.',o ways. A 1 ml 

sam-;Jle:.'2.s incub2tc d ',':i th tense (200 ~ per ml) for JO min 

in a J JOC ·... nter bO.th. ~md another 1 rnl s8.r:l-r;le '·vas incubR.ten 

, i th b' tffer 8.::: 8. control. ':::,oth scvn't'les ;,"ere then prepared 

for co'mtiIB by thE' ~c:tho(1. of 30biesld and Clsen (1973). ~hi.s 
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nrocec.ure involvp.d first hyr.ro'.yzin,:, vi..:r.al r.~.~.\ by incub3.tin~~ 

(hrplic;:l.tc n.l ~l nmount:; of th(~ 8.'l.mnlE'S '.'lith 0.1') ml of 

O.7c; N J(OI·[ for 1~ Yr :'l.t 17°C. 'Ph(~ S2.r11~1E' s ':llcrc then nbsorbec. 

into three crn" 
') 

fil t8r "papErs (Hl'w.tm2.n /~1) v,rhich we:r.e secured 

by ?ins pushed throuEh cardboard. The papers were dried 

for 30 min at 60 0 c 2.no. placed fa.ce down, one s,t a time, into 

a lar~e beaker containing cold 10% ~CA (10 ~l ~cr filter 

paper) in 8,n ice bath. fJ:lhe flask '·;as 13':1 irled. every 5 mi:1 

for a total of 30 ~inutes. The p3~ers ~er8 then transferred 

indi vic1ually to another flask conta ining cole 5'% TeA (5 IIll 

,:)er f i1 ter paper) :~or 20 min, acain with frequent swirl ine; 

of tl1e flask. '3am-.)le papers '/.'ere dehydr8ted by placing them 

in .sO '"'11 of 0. 111 ethyl cthor-l00j0 ct:hanol mixture for S min 

and nir dried. Th~ pRpcr~ ~ere nlacell in scintillation vials 

containin~ 15 ml of cockt~il (r~~-poPOP, ~esearch Products 

International) and. the ammmt of ractioactive label nresent 

determined by counting in o. r~uclc9.r Chicago :':'1.ilex II ';-,iquid 

Scintillation Counter. 

21cctrcn ~\!icroGcope rpechniques 

~":r.)use n18.croph2ges 'Ncre sa"7lpled at 2, I}, Hnd 6 hr after 

infection i:',:hile rabbit m2.cro~'ha.f·es '.'?cre sampled. 3 hr after 

inf~ction. ':.'he cells -.'rerG proce~::8ed by d.s c2.nting the medium 

and ·.'ashing t\vice '.lli th cold 0.1 :,'1 phoS:nh2.te buffer (pI-: 7.4). 

Colo 4~ phosph2.te buffr.rp.cl. e-luter2.1d8hyde ("pH 7,4) was then 

a.dd·~('1 an(l. left on the ce 11::> for 1 hr 8.t 4Or;, The c811s were 

n:~xt 'da.;;hed five ti'1les I..'i th cold buffer <'.EO. post fixed for 
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30 min in cold 1~ p~osphete buffered osmium tetroxide at 4 0c. 

After three VIa shes '.·.'i th cold buffer 2 ml of buffer' ·'pre 

addfd to each flask 8nd the cells scraped loose ~ith an 

a~)plicator stiok. ro:'hc contents of several flasks "'ere pooled 

in n conical centrifuge tube anCl. centrifuged at 2000 rp~ for 

10 :nin' ltes . 'l'he supernate VIas carefully decanted a.nd the cc 11 

pellet resuspended in the tube ':lith t\'/O drops of ',!arm 2% aear, 

then p~aced at 4°c to allow the acar to harden. The agRr 

b'.ock ~'!as removed frQ!11 the tube and cut into 1 mm? pieces. 

The cell clumus were then placed in cold 50~ ethanol for 30 

min fo1_lo\'led by staining in a saturated solution of uranyl 

acetat~ in 70% ethanol for another 30 minutes. The cells 

~lere d ~hydrated further by placing them in changes of 95% 

and 10')~ eth8.nol, then tvro changes of cold T-lropylene oxide I 

all at 4°c for 30 min each. The cell blooks were brought 

to room temner?ture and placed in a 50 I 50 mixture of Poly 

13e(} 812 :~;mbed.d inc ;rledia. (Polyscienc8s I Inc.) a.nd pronylene 

oxide within a loosely covered container to allow for the 

overnight eV8.poration of pro])ylene o~·~ic1e. Fresh complete 

Poly Bed. 812 'J2.S placed on the cell blocks for 2 hr before 

-plR.cing them in ~eem capsules 2.nC1 fillin{':' "'i th fresh Poly 

Bcd 812. Curine ~as qoco~plished at 60 0 c for 24 hours. 

The blocks 'nere trirnIled 2.nd secti oned on an I KB ul tratome . 

The sec:tions ~'Jere collected on 200 mesh c:rids I allQ1.',,'ed to 

air drJ, and stained '.d th Peynold3 t le2.1 citrate for 1 

!1lin follo"'~d by r"o ,,!p..shes ~·,'i th r:istilled v!ater. The sections 

'."ere f' ·l.:aminGd, '-'.nd photographec .:i th a Hitachi :{S-B ;Uectron 
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r'icroscope. :rod~.~'~ contrast 3~" X 4" projector Glide nlatcs 

l, •.'f:r;! <: ~'po::;ed anrl ocve.louccl in [)....19. 'Ph':: nr.(':;1.t i V('S \'I('re 

then cn.lare;ed. on J ad8.1~ p- 5 Koc.labrofTIid.c 11;:lpcr. 



~SUTT'3 

~::orpho ~O('Y of ~r8 cro;:Jha~e8 

Sti~ulated ~ouse ~eritoneal ~acro9hage8, when stained 

2,.fter ~~ettling and "lashing, ap"eared as rounded I moder8.tely 

v2_cuol~ ted cells of v2.rying si?e lJossessing 2~ rather large 

nucleul of heterogeneous shapp ranGing from oval to hiGhly 

indent~ d (Fig. 5). :Juring the course of in vitro cuItiv8.tion 

cell drnsity tended to decre~se, there WRS an overall incre23e 

in cell si~e, and some cells exhibited pseudo~od extensions, 

especially in leG~ cro!~ded areas of the coverslip. After 

96 h~ in cultur~ 2~proxi~ately one half of t~e cell population 

exhibi ted this ex:tend'2d '~no:rpholofY (Fig. 6), 

i't·1.CrO~)h8,:res infected '.'i th v2.ccinia at ;3 Y 10
6 

PF'LT per 

c!11 eXhi_bited a :':lorpholofic pro;sression simil?x to that of 

uninfe ·~ted m8.crophapcE", ":i th no e'.'idp.nce of ce 11 cluffi;Jing or 

dcHr.c:gC. After 96 hr in cuI tllro the cc: 11 'I1orpholo{'y ~'r2 ~3 

identi':al to that of uninfectcd '"!1acrOph8.:,"~88 (Fig,. ?) . 

. , ' lnf ec-ce'0. a t _;-, _t>C>UTi' ?)e!' ~ _ h. O','lever I ex 1 1 e .;·:a.crop.12ges . ~ 108 ] h'b't d 

a c:rea-;er tendency to clt~m') c.ne sorne evidence of cellular 

d.amage ':.'<'U3 observable 24 hr 'oost infection (Fig. 8). By 

l~S hr . lost-infection therE ·'."l8 a ':lide snread vir8.1 toxic 

effect ,vhich re~ult:?d in cell da,..n8.~e and de?th (Fir;. c;). 

'r •. ':) 1 . t' '." " ,·,8CCln·'.a [\en lca lon In ';OUSC? ,'(lcro'DnageE' 

T) confirm th~t the ~ouse ~8cropha~0 would not SUpDort 

!'eplic,_tion of the vaccinia f~tr~in used in this study, virus 



1'l€:ur8 , OU3S 

aft~r 2 hr in culture (X400). 
:')8Y Cnm1"..'~.ld-(~iemsF.. sta.in. 

.." 5	 , peri tone8.l '118crophages 

FifUr2 61	 '~O'..lS~ peri tone2.l m.2.crophages 

2.ftsr 96 hr in culture displayinf:: 

extended ~orp'holo~ (X 400). 
j~ay nrUn'ICll.rl-Giellsa st2.in. 





Fi.:'lJr r . 7: 

-1."'l'01'r'"t:.-.t __ P.. I .. 

;'IioU~r- neri tonfl:;il macroul1Er:es. .
 ~ 

infect8r1 "'1 th vaccinia at I"~CT 

-of 1.0 for 96 hours (y 400) . 
.., n" 1.4 '"'.:ay ,;rUn"!2. ,~-, ::;tain.IIC~:1Sa 

°"0\)<:""0 ...,r:.r~1·tQ·11"';)] m....,crO·Qh'01w-e~·• .', ...;..J l,,:;: .... •~ ... _ r':"". ; ... _\.. ~~. .-::> 

infected ~ith vaccinia at ~C! 

a f 1n" ",0.J:' r ?".'flour J (v.\.' _'" '"' .•.•hOO) • 

2.\{ ~~:ri.in-.:ald-GiF"ns~. stain. 





Pifure 91	 Mous~ ~eritoneal ~~crophages 

infect!='d -'.ri th vacc inia a t r~OI 

of 100 for 48 hours (X400). 
• C" ld r.' t .. 1_8·Y ·TunV!8.. -,.llemSR s aln. 





?~ 

t.. 
"':l'~ 'lr~n'"'r1 ''-0 ~'~~rn''"'h''''''''"'~ '["'l .... over~lh) tubpe- ('It ...., '/ 1()~) "'fi'. '., : •., ......"., . _.! J It .• ~ ',. -J ..... ... \." . ~, _ .J .' '.' .' J4 

"l"")C'j"' "1. ~;~'''Tr;Jl('~: ',','"'rr' 3S;':'yll(1 for' vir~.J. r(~y)lic~,tion 8n(~ no 

incre8SC in inf0.ctiou3 virn.l ti ter 'i-IeV3 fonnd throuc:h 96 h.r 

post-infection (?i~. 10). 

~".u torCl ct i o.";r8cphy of !.nfe c tC(~. (,'8.C re':)h8.g 3_:J. 

A'. thouf!h th.Ere 8!3pef-l.re0. to lX? no for::18,ti on of mature, 

inf~ctl.Ot~8 viruG ·t:ithin th8 monse rr8cro::,ha:-::e, it "·!2.8 not 

kno".TJ'1 ').t ''v'hich ::oint durin:::: t118 vir2.1 renlic<-ltiv(' cycle the 

renlic':tive block occurrec1.. Au tOY'(lQ io:'='"r:?p ~·lY "18 S used. to 

d8tCl"'T. i.ne "ihether tr.c r81)1 iC;:l.tiV~ "block oc curred before or 

8..fter 'iral DHA 8Y:1.thpsis. 

'!'1E' (':rnount of cEscrE"1': t cytO"T) lasmic silver-£~rRin l:::'.belint:, 

• A' -;> t' F' f . i <;' ;)11 ': "t~ Q'~ ."':' (':<" C!" 11 ~ 1 12) ,.. ; C"'1n\...'.).C~, 1v.' 0 va.cc In _,~ _ .~." S.., n .1. ,_l,.~ J 1:::>. _ c.ne J' ;;'1" 

founn. to bp. SOIT'.8'i!hat ,,",;re::J.tcr in the infect~c;. cells thc?n in 

thR un lnf8ct~d cc 112 (F i{~.l J). ,jo':J8ver I th~ m2.zimum 8.11otmt 

of V?C :-:inia-lik8 lPc1)f~lL1.C; found in the Infocte<1. cells "'12S 

only 1 Jt.~ of thr: tot'":.l infr;ctce~ cell '"lo"il.'l:=>tion. In 8.dcUtion, 

t~'lere 'as no sir;nific.3nt increr.sc in the amount of cytop18.s"lIic 

l~belin~ prc~ent in the infected cells through 72 hr as 

':'o~.(ld b(') ex:oectcrl if vir2.1 D~\~A :::;tnthesis ',·'ere- occ1.J.rri:1.G 

"'ithir infected cells. This lack of qn,r0ci~ble cytoplasmic 

lphcl~nf indic~t0~ that the block in virnl r0nlication oc­

currer 2.t ::> noint GPT.lier in -tho renliC8tive cycle "thrn :iWA 

s:Y'l,thr ': is • 

':nconi_ "''-aI~ e '''' ·'TJJ..... co~t~n,...~_r.:.)~~'""T .L Tn.fpc+pr'lv .\". _ Ct.i· ~l.)o-C' t""'''J'o'''h",rre'-'j,~ .) .... L~I~ ':'1 .1. -)"'IJ .i..l ' .(~.~.... 'Ji 

: n the re:01 i c;>.ti ve '38'luencc' of V2.CC in.l8., "'J?::A synthcs i <::' 



'~aJ~4uc~~~~ tBJU0~1~~~ 

:s.:>nO;.L U1 B1U1~O~1:.. JO lq.;.O,L,j 
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Figure 11. 

?iVlre 121 

Autoradiograph of uninfected 

mmlse peritoneal macrophages 

displaying non-viral nuclear 

labeling which is due to cellular 

nucleic acid synthesis (X 1000). 

Autoradiof,Taph of mouse 

peritoneal macrophag~s infected 

with vaccinia at ~OI of 1.0 

displaying vaccinia-like labeling 
(X 1000). 





FiQlre 1)1	 Com~~ri8on of viral inducert 

cytopla8~ic labelin~ in infected 

and uninfected control mouse 

peritoneal macrophages. 

Dat~ obt~ined from soaa cells 

counted ~er time period. 



-
~

.r:. 

p 

U
-
L
L
1
L
L
l
.
.
L
J
.
.
J
.
.
.
.
L
.
J
-
U
J
.
.
.
L
L
L
L
J
.
.
.
.
L
.
L
.
L
l
-
L
.
L
.
L
I
.
.
.
L
.
L
L
~ 

~... 
u

N
 

-
~

 

.s: 
CO 

I 
U

 



29 

must be preceded by the release of the viral DNA from the 

protective cor~ as a result of second stage uncoatin~. To 

test for the occurrence of second star.;e unco8ting a.n un­

coa.tine; 2.ssay "/3.S nerformed, 'Tlhe test involved infectinc: 

macropi-lages with virua labeled. 1'ri th JH-thymidine. 'rhe 

infect~d cells \Nere then lysed by sonification. The lysate 

was then incubated with either Dt!8.se or buffer as c. control, 

and the s~nple prepared for countirv.in a scintillation 

counter. Because only intact I 8.cid-insolu3:ble DrlA Fas 

proser'red by this techniflue, the amount of rZl.dio8.ctive label 

which remained in the SClmn 18 after :mase incubation Vias 

consid~red to represent th~t amount of viral D~A which was 

not sF3ceDtible to de~~adation by D~asc and the~fore had not 

been r?leased fro~ the core. 

A'):)roxi1J?tely on~ half of the labeled vir8.l DnA i/as 

lost U Jon exnosure to Dr-Tase' at L!" 6, 2.nd 8 hr post-infection 

(Fir.'. 14). There anlJe2.red "to be no substantial increase 

in the 2.lil0unt of DNsse-sensi ti ve viral Dt·JA \';j th time, a 

result contradictory to that cXDccted if the virus were 

unr1erfoing seconti sts.gc lmcoatin:"{ and releasine; an in-

creC'.si:1g amount of free DnA into the celluJ.2.r cytoplc.srn. 

jlectron ricroscone Gbservations of Infected Kacrophares 

(1) Observations of Infected Mou·se lY,acro})hae:;es 

The electron ~icro8cone ~Ias utilized to further study 

the intracellul~r fate of vaccini~ ~Iithin the mouse macro~ 

,haGe. 



'S0~B~QO~OBlli lB~uo+1~od 

aSnOlli p0+oaJu1 ~1~+~M +~bS8J~ 

VIJ(j rE~1"A +UB~-s1Sa.:r-dS:::;;'JC 

pc+B100SSB-Tloo JO +unOLL:\ :1(t c;~"tl..:J1l~ 
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n 
;Il:;lcronha o ·(';.". '.'Jere infoct'."'(l ",i th ~; X 10 J." nrr 'nl. ::J.n1 

inoculum frH.mn to l'rO(~uce E'uffici8nt infcctr:d. r·r;-:ct.ions for 

st'Jdy, nnd eXcLrni :-lCrl rd. ? I ).~, and (, hr post- infp.ct ion. T"po 

hr after infection th8r~ was evidence of both evtr~cellular 

virns (Fir:. 15) 8nd vinu;: I,"ithin -pha€"ocytic v::'l.cuoles (Fi[. 16). 

The virus at this ti~e axhibitee the typical viral ~ornhology 

'.'1i th ;) d.istinct m;ter COB.t :mrl. 8 da.rk sta in.i.nc:. dumbbe 11 

shRned inner core (Fiv,. 17). Obsprvations of cell sections 

8t 4 8.nd 6 hr 8.ft8r infection revealed virus still Vii thin 

P~~focytic vacuoles. In oPDo~ition to the results reDorted 

by Silverstein (lo.7fJ) in '''hich hE' noted core for:nc,t.i.on by 

v8.ccini..a in the mOURe macrophrwe, no evidenCf~ of core 

for~ati..on or the occurrence of any 18ter vir8l replicativ0 

form "'3S obse-rven in any of the sections eX2'T1ined from 

<J:pproY lrpately 500 c"li.ff'erpnt infected cells. H01,lvever, at 6 hr 

post-j,fection 8ppro~imately one forth of th0 sections eX2~ined 

did cCltain virus ~Jithin a r~~gocytic v2cuole. At this 

time, the majority of the virus uDrticleG:ithin the phag­

oso~e ~xhibited ::'l. diffuse, li£ht staining outer periphery 

surrau 10.in;?" a.n inn.istinct darker ~taining reeion ':rhich had 

lost t~e characteristic core ~p~~gr8nCe (FiE. 18. 19. and 20), 

:':n 8 do. i ti on, c ircul2x. virus-like ~),:>rtic,1 es similar to those 

descri Jen. by 021es (196.s) in 8tudiss involving lysomal 

defr8d ltion of in8ctiv;:'l.tod v?ccini~ '··,err c'lJserved ( Fir. 21 

a.nd 22). In g€ner~l j the virus contained ',,'i thin the phaEosome 

6 hr 2 fter inf0ction had lost thE:' typical 11.£'.tur8 morphology 

and aDl82red as a dif~usp, ptypical narticle of v~riable 



'Ul~~8 d~B~~l~ ~~a[ .( 0 '0"1 ~) 

(in) ~.J:.Jl{do~;) LiL r'"-:..;l ~ 1~l8L~ 

Gsno~ E o~ ~~lWl~O~d 0801;) 

(h) sn~lA BlulJJ~A ~B l I~~ 

-'"3..I~X0 JO l(d.......... -o<;-J;)1 lJ TO~;-O--. =S1 aJ:r:.·.a 





Figure 16, Electron micrograDh of a mouse 

peritone~l macrophage containing 
vaccinia (V) within a phagocytic 

vacllole (PV) 2 hr post-infection 

(X 130,000). :ead citrate stain. 





Figure 171	 ~lectron micrograph of vaccinia 

virus showing the typical outer 

coat (OC) and inner core (Ie) 
morphology (X 225,000). Lead 
citrate stain. 





Figure 1RI ~lectron micrograph of a 

mouse peritoneal macrophage 

containing v8.ccinia displaying 

abnormal morphology 6 hr post­

infection. Particles B. C. and 

D all display an abnormal diffuse 

outer and inner appearance. 

Particle A displays the typic~l 

vaccinia morphology. 

(X 69.000). Lead citrate stain. 





Fic:ure 19: -::lectron microgr2.ph of r:!. 

ouse ~eritonp.al macron.h~~e 

containing a virus particle (V) 

':Ihich displays an abnormal 

diffuse morpholOf":)r 6 hr post­

infection (J 64,000). ~·.ead 

citrate st8in. 





Fir~ur'~ 20: . " 
~:tectron tnicro{o'""r?ph of ;:1 

mouse 1)eri ton0~1 macrophage 
. . , t' 1 (H'con t ~lnInG ~ VIrus ~ar le e 'I 

rtis~laying an 2bnormal diffuse 

mornhology 6 hr ~ost-infection 

(x 53,000). ;,88.0. citr8.te st:3.in. 





Figure 21 and 22. ~lectron micrographs 
of mouse peritoneal rnacrophages 
containin~ virus-like particles 
(VP) 6 hr post-infection. 
(Fie. 21 = X Z9,OOO) 

(Fi~. 22 = X 39,000) 

Lead citrate stain. 
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size and shape. This abnormal viral morphology was taken to 

indicate that lysomal degradation of the virus within the 

phagocytic vacuole was in progress. 

(~) Observations of Infec~ed Rabbit ~acrophages 

In order to confirm that vaccinia VTould form cores 

observable by the electron microscope techniques used in 

this s~dy normal rabbit peritoneal macrophages were infected 

with vaccinia at 1.5 X 108 PFU per ml and examined for the 

presence of cores. Viral core formation was observed in 

the infected rabbit macrophages 3 hr after infection 

(Fig. 23). 

Thus, infected mouse peritoneal macrophages were 

found to block the replication of vaccinia at a point be~ore 

the occurrence of first stage uncoating in accordance with 

the results of Schultz (1966). 



Figure 2JI	 Normal rabbit neritoneal 
macrophage containing a vaccinia 
core (C) J hr Dost-infection 
(X85.000) . Lead citrate stain. 



Ot, 



DISCUSSION 

Because macro:9hages are situated in all the major body 

compartmr.nts, it is inevitable th;::l.t these cells ...?ill encounter 

infectine; viral :n8rticle'3, usually at an early stage of 

infection. Much evidence now sUfgests that in many cases 

the success and severity of a viral infection depends upon 

this initial virus-macrophage encounter (Mims 1964; Blandon 

1970) . 

T:lere appears to exist t1'lO basic types of macro~hage 

resistrmce to viral infection. One ty??e is that which 

occurs naturally, is genetically inherent. and does not 

de'Pend u'Pon an acquired immune response to the virus. The 

second type of macronhage resistance is that which develops 

through the process of acquired cellular immunity. 

The naturally occurring resistance of mouse macrophages 

to va.ccinia infection W8.S first re'Ported by Nishmi and 

Bernkopf (1958) and confirmed by Nishmi and Nieceko\'/ski 

(196J). These workers reported that mouse peritoneal 

macrophages, when infected in vitro with vaccinia, failed 

to support viral replication. 

Bf':ard mld Rous (19J8 ) established that rabbit peritoneal 

macro'Phages were permissive for vaccinia re'91ication while 

'rompkins et ale (1970) and Avila et ale (1972) l3ho'.'led that 

'Peri tonea.l macrophages from rabbits im.munized ~'Ii th vaccinia 

would. not su!'port viral replication. ':'ork by Greer et ale 

(1974) demonstratert that vaccinia was nhagocytized and 

under1.\'E'nt at least first stage uncoating ~!!ith:i.n peritone2.1 
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macrophages from immunized r8bbits. Buchemeier et al. (1979) 

established that vRccinia replication is halted during the 

viroplasmic conoensation stage late in the viral replicative 

cycle within the immune rabbit macrophage. The exact 

mechanism whereby the assembly of new viral particles is 

inhibited has not been datermined to date. 

Other studies on the interaction of vaccinia with the 

mouse macrophage have yieled some....rha t conflicting results. 

Schultz (1966), usin~ fluorescent antibody techniques, 

reported the disappearance of labeled vira.l antigen fol­

lOBing macropha~e infection and suggested that vaccinia 

was degraded by the lysosomal enzymes within the phagocytic 

vacuole. 

Silverstein (1970). in an electron ~icroscoue study, 

observed viral cores \·'i thin infected mouse macrophages 

although biochemical techniques revealed that viral DNA 

uncoatine had not occurred. Cell death followed several 

hours after infection and vIas attributed to 2. cytopathic 

effect. Silverstein Guggested that vaccinia replication 

was halted after first stage uncoating in the mouse macro­

phage with subsequent cell lysis. 

However, ~ackaness and Raffel (1971) renorted that 

vaccini8. '::~.S inactivated and partially deeraded 'iIi thin the 

phagocytic vacuole of mouse macrophages with no core for­

~ation occurring. The membrane of the phagosome was observed 

to break down and rel,p;?se the viriDn into the cpll cytoplasm 

which led to cell death, presumably from a toxic effect. 
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Thus, there appears to be som0 question RS to the manner 

in which vqccini~ replication is inhibited. 1he present 

study was undertaken with the Goal of further examining 

the interaction of vaccinia w~th the mouse macrophage. 

It was found that stimulRted mouse macrophages from 

non-immune animals. ~.fter infrction at 10VI multiplicities, 

did not support vaccinia re]llication. In contrast to the 

results of Silverstein (1970) and Mackaness and Raffel (1971), 

infected macrophaees exhibited no evidence of cellular 

damage after prolonfed culture. Although no increase in 

virus was found in the infp-ctFd systems, neither was there 

an apprecialble decline in the amount of cell-associated 

infectious virus. Because the m8croph~ge cultures were 

obtained from peritoneal exudates which contained a mixed 

cell ~o~ulation, some adherent fibroblast-lik0 cells may 

not have been removed by the ~a8hing procedure and were 

infected, yieldinf, some new virus. This may partly explain 

the finding of virus within the system 96 hr after infection. 

The more likely possibility is that vaccinia, although it 

does not replicate. is held within the macrophage in an 

infectious form for an extended time, probably within the 

phagocytic vacuole. 

Resul ts of a.n 8utors.diographic study of infActed mouse 

macrophages revealed 8 small increase in vaccinia-like 

cytoplasmic labeling in infected cultures as c'ompared to 

uninfected controls. This finding may be due to the fact 

that m2crophages, following ingestion of foreign particles, 
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di.splaJ! an increCJ.f;ed. metabolic activi ty 'f1hich includp.s an 

increa6e in mitochondrial nucl€ic acid synthesis. Such 

synthesis are~s would be ~ypect0d to incorporate radioactive 

label ~hich would appear in the cell cytoplasm similar to 

that of vaccinia-labelinr. It should be noted that the 

ma.ximum amount of infected cells demonstra.ting cytoplasmic 

labeling waS only 1.4% of the total infected cell population 

and there was found to be no increase in the amount of 

cytopla.smic labeling with time. In similar experiments 

utilizing permissive cells which allow viral DNA syntesis to 

occur, the amount of viral-induced cytoplasmic labeling 

increas~s with time until almost 100% of infected cells 

contain such label (~atthews, 1978j3hidani,1980). The 

lack of progressive cytoplasmic labeling in the vaccinia 

infectc~d cultures is inter:?reted as an absence of DNA 

synthesis in the mouse macropha~e. 

Al though autore.diography indicated virB.l D]"fA synthesis 

was not occurring, the results aid not s~ecify the point 

of inhibition. A study to detect the occurrence of viral 

DHA uncoating within infected mouse macrophages yielded 

results difficult to correlate with established findings. 

In contrast to Silverstein (1970), it was found that ap­

proximately one half of the DNA from cell-associated virus 

particles became DNase sensitiv<? wi thin the ri't8crophage, 

suggesting that vira.l DNA unco8.tine had occurred. HOI,"ever. 

the kin8tics of the uncoating process observed in this 

study ':·'ere not in agreement with those reported by ~Toklik 
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(196) due to the f~ct thnt there w~s no increRse in the 

amount of DNase sensitive viral ~NA with time. These 

results m~T be nartially explained by the presence in the 

viral inoculum of intermediate viral replicative forms 

containing DNC'.se-sensi tive viral DNA \,'hich became cell ­

associated. Thesp. sub-viral forms occurred as a result 

of harvesting virus from infected mou.se embryo cells. The 

yield included not only fully mature virus but incomplete 

forms as well. rrhese particles, while not infectious. 

might be expected to contain labeled DNA. Hmvever, the 

presence of DNase-sensitive viral DNA within the macrophage 

may represent the product of rapi.d but partial degradation 

'/,'i thin the phagocytic vacuole of the macrophage resulting 

in a stable viral fom containing DNase-sensitive viral DNA. 

An electron microscope study of infected macrophages 

VIas performed to determine whethRr viral replicative forms 

were present in the cell cytoplas~ or whether the virus 

'Nas be ing degraded ',''Ii thin the phagocytic vacuole. Macro­

phages infect~d vii th low mul tiplicities (less than MOr of 

10) yielded electron microscope nreparations in which it 

was difficult tb find enough infected cell sections for 

study. To remedy this problem, Macrophage cultures were 

infected at a ~cr of 100, a multiplicity which did not 

appear to adversely affect the n?-crophages until approximately 

20-24 hr after infection, at which time a. toxic effect 

\"as noticealble . 'JIo confirm the.t early steps in vaccinia 

replication ~ould proceed at such a high multiplicity of 
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infE'ction, normal rabbit peritoneal macrophages were 

infected Rt a toxic Mor of fifty. Viral cores were observed 

3 hr after infection in the rabbitmacrophages. These 

resul ts are in accornance I.lith those from P, study by 

~cGuire (1973), in ~hich she reported the presence of late 

viral replicative forms within rabbit peritoneal macro­

pha~es infected witL a toxic dose of vaccinia. These 

results suggested that the process of core formation 

wi thin the mouse macrophage, if it ':{ere occurring, Vlould 

not be inhibited by the size of the infecting inoculum. 

Powever, in contrast to the results reported by Silverstein 

(1970), examination of infected mouse macrophages revealed 

no evidence of viral renlicative forms up to 6 hr after 

infection. Viral particles were observed ~ithin phagocytic 

vacuoles of mouse macrophages 6 hr after infection, a time 

well beyond that required for viral first sta~e uncoating 

to OCClJr in other permissive End non-permissive cell types 

(Dales and Kajoka. 1964; Joklik, 196); Greer et al., 1974; 

~~atthe'.·s, 197R; and Buchmeier et 8.1., 1979). 

Tre majority of viral particles observed ~!ithin phagocytic 

vacuolrs of mou~e macrophages 6 hr after infection appeared 

to be undergoing lysosomal dcg-rc..dation, as evidenced by 

their 2bnormal, diffuse morphology. ~ales (1965) reported 

that va ccinia in8.ctivated by heat, exposure to ultraviolet 

light, or absorption '.ri th specific antibody remained wi thin 

the ph2gocytic vacuoles of infected cells in which it was 

slowly degraded by lysosomal enzymes. Virus-like ~articlesl 
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similar to those described by Dales 8.S be ing vaccinia 

undergoing degradation, were obsprved in this study within 

the ph~gosome of ~ouse macrophaees 6 hr after infection. 

According to Dales, the failure of inactivated vaccinia 

to bre~k out of the ~hagocytic vacuole was due to the in­

activation of a com90nent, probably proteinaceous, of the 

outer viral coat which was necessary for the transfer of 

the viral core into the cell cytoplasm. Similarly, Schultz 

(1966) suggested that the resistance of mouse macrophages 

to vaccinia was due to the presence of hydrolytic enzymes 

'.!hich denatured the viral uncoating component and led to 

the degradation of the virus particle within the pha~o­

cytic vacuole. The failure of rabbit macrophages to 

inhibi t vaccinia. replication W2,S attributeo. to the lack 

of such enzymes, the presence or absence of \.f'hich v!ould 

be controlled by the genetic constitution of the host cell. 

The state of ~acrophage activa.tion is also kno'.m to 

regulate the antimicrobial activity of these cells. 

Activated macrophages, as described by ~ackaness (1964 and 

1969), show an increa.sed phae;ocytic and antimicrobial 

ca?ability over unactivated macrophaEes. True macrophage 

activation occurs as 8. result of an immunologic stimulation 

7llecUated by lym,hocytes, 8.J. th01.1Eh Karnovsky and Lazdine 

(1975) shov/ed. that -;nacrophages stimulated \"Ii th peptone 

exhibi -l:; very 8illilar charp.cteristics. 'These '.'!orkers reported 

that peroxidase, em 6-nzyme' kno'.'lTl to be intep:ral to the anti ­

microbial activi ty of eranulocytes (}I.leba.noff, 1968), Via.S 
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present in hir:.h levels wi thin stimulated mouse peri toneal 

ma.cropha,ges. Further pvirtenc0. that macrophage activation 

-plays an important role in resistance to viral infection 

':'a,s obtained by Rama nao et a1. (1977). These ',.:orkers 

reported that nacrophages from homozygous nude mice raised 

in 8, convent_ional envirorr:nent \?ould not su?port viral 

replication, in contrzst to macro9hages from such mice 

raised under germ free conditions or reconstituted with 

thymic transplants ':.'hich allm,'ed viral replicati on. 

The resistance dis~laYBd by ~acro,hRges obtained from 

nude m5.ce raised under conventional conditions ',"as believed 

to be fl, function of activation resul ting from chronic 

infections, rather than the type dependent on interacting 

T lymphocytes. 

'The role of interferon in macrophage resistance 'vas 

also examined by Ham?. Rao et 2.1. (1977). It was found that 

resistant macrophages from nude mice feiled to produce 

significant amounts of interferon ev€n after infection of 

the animals with vaccinia, thus demonstrating that inter­

feron eHd not play a. major role in the acquired macrophage 

resistance. These findings 'Nere in agreement with those 

of De Ckercq and ~eSomer (1973), who reported that the in 

vivo resif-ltance of mice to v2.ccinia vihich follQl.'.led poly­

acrylic a,cio. or Brucella. abortus injection, was not due to 

increa~ed interferon levels but rather to m~cropha~e 

acti va"~ion by t~e8e 81~ents. 

T;1US, it appea.rs that differences in the level of 
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118crop"1.age activation llay be primarily responsible for the 

outcome of a macrophage-virus enounter. It seems reasonable 

to assume that the conflicting results which have been 

reported in the literature inv0lving the interaction of 

mouse peritoneal macrophaees with vaccinia may have as 

their b~sis the variable of macrophage activation. Electron 

microscopic observations made in the nresent study, which 

utilized stimulated macrophages, suggest that an activated 

mouse macrophage is 8. truly re sistant rather than non­

permissive cell tY:ge, because vaccinia is unable to initiate 

its' replicative seauence within the cell. However, the 

observation that viral titer did not decrease within 

infected macrophages in vitro indicates that the virus was 

not completely inactivated but was contained in an infectious 

form at least through 96 hr post-infection. 

The results of this study l~nrl further sup~ort to the 

importance of the macrophage in the in vivo protection of 

adult mice against vaccinia infection. It is postulated 

that the mouse peritoneal macrophage may exhibit varied 

degrees of resistance to vaccinia due to the occurrence of 

lysosonal enzymes, the presence or absence of which is 

controlled by the level of macroph8ge activation. Further 

study is required to more fully understand this seemingly 

complc~: interaction of macro"Ohae:e physioloeY and host 

resistance. 
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:~~ Uf'~r,1 ARY 

1.	 Stimulated mouse peritoneal macrophages were infected 

with vaccinia virus in vitro and found not to support 

viral replic?tion. In addition, no viral-induced cell 

damage was observen at non-toxic multiplicities of infection. 

2.	 An autoradiographic study of infected macrophages 

revealed that no significant viral DNA .synthesis ·was' 

occurring. 

3.	 Infected macrophaees were assayed for the occurrence 

of viral second stage uncoating. The results indicated 

that free viral DNA was present within the macrophage. 

It was suggested that this DNA was probably due to viral 

degradation and not a replicative process. 

4.	 Elpctron microscopic examination of infected macrophages 

revealed the presence of virus within phagocytic 

vacuoles 6 hr after infection. The majority of this 

virus ap~eared to be undergoing lysosomal degradation 

as evidenced by the abnormal viral morpholo~'. 

5.	 The results of this study indicate that the stimulated 

movse peritoneal macrophage is a resistant cell type 

in regards to vaccinia infection. This resistance is 

at least ,artially controlled by the level of macrophaee 

activation. 
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