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ABSTRACT 

A procedure for culturing mouse splenocytes actively synthesiz

ing antibody to T4D Escherichia coli bacteriophage was developed. This 

procedure and a modified assay test for detecting humoral antibody 

against T4D were used to compare the primary and secondary anti-T4D 

antibody response in normal mice and in mice infected with four natural 

viral pathogens. 

Studies indicated that splenocytes obtained from mice after 

primary or secondary stimulation with T4D bacteriophage synthesized 

marked quantities of anti-T4D antibody. Synthesis of this antibody was 

most dependent upon the number of splenocytes cultured in vitro. The 

effects of media or length of incubation were less apparent. 

Primary humoral and cellular antibody reached maximal antibody 

levels 13-16 days following antigenic stimulation with 1x10^ plaque 

forming units of T4D bacteriophage. A majority of the antibody pro

duced during the primary response appeared to be IgM. In contrast to 

the primary response, the secondary response manifested maximum anti

body levels four days after antigenic stimulation. Ihe predominant 

neutralizing antibody belonged to the IgG class. 

Studies were carried out to determine the effects of lactic de

hydrogenase virus, Mengo virus, Sendai virus, and Friend virus on the 

primary and secondary humoral and cellular antibody responses of mice 

to T4D bacteriophage. All viruses significantly altered the immune 

vili 



responses when compared to mice which received antigenic stimulation 

with T4D only. The alterations were dependent upon the virus utilized, 

the time that the virus was injected relative to antigenic stimulation, 

and upon whether a primary or secondary immune response was involved. 

Cellular and humoral antibody responses were not always affected in 

the same manner. 

Friend virus depressed the anti-T4D immune response, whereas 

Mengo virus, Sendai virus, and lactic dehydrogenase virus, three non-

oncogenic viruses, enhanced the antibody responses of stimulated mice. 

With the exception of Friend virus, no consistent pattern of viral in

duced alterations in the immune responses was discernible. 



INTRODUCTION 

The Immune System 

The immune system is composed of cells, tissues, and organs 

which are responsible for the immune response from the time an antigen 

enters the body until that antigen is eliminated from the body. Knowl

edge of this system is incomplete primarily because many of the cells 

of the system, although functionally different, share common morpholo

gies, and because many of the interrelationships that may occur between 

the cells during an immune response are subtle and complex. Despite 

these handicaps, partial elucidation of the major cell types responsi

ble for immune competency and the interactions that may occur between 

these cells following antigenic stimulation has occurred. This knowl

edge has been acquired primarily by observing the immune response in 

people in immunologically deficient states (1), in reconstitution 

studies in which separated cells of the immune system are systemati

cally added to irradiated syngeneic mice or to in vitro systems (2-19), 

or in systems in which specific antisera or chemicals that are toxic 

or lytic to select populations of immune cells are added to these 

cells (20-25). 

Ihe major sites of antibody production are the spleen, lymph 

nodes, Feyer's patches, and lung. However, antibody synthesis may oc

cur wherever an abundance of lymphoid tissue exists (26,27). Follow

ing parenteral injection of antigen, lymphoreticular cells undergo a 

1 
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series of morphological and functional differentiations (28-31). The 

type of immune cell and the number of cells responding to an antigenic 

stimulation are dependent upon the purity, the chemical nature, the 

dose, and the physiological state of the antigen eliciting the response 

(32-36). The kinetics of the antibody response elicited is also de

pendent upon the health and age of the host animal (37-39), its genetic 

constitution (40-43), and whether it is a primary or secondary response 

that is induced (11,18,44-47). 

Following antigenic stimulation with a particulate antigen, 

three major classes of cells, the macrophage or macrophage-like cell, 

the thymus dependent lymphocyte, and the bone marrow or bursal depend

ent lymphocyte, may participate in the mounting of an immune response 

against the eliciting antigen (12-14,48). It is not certain if all of 

these cell types are required for the elicitation of antibody responses 

to soluble antigens (18,19,49), or for the elicitation of all secondary 

antibody responses (11,12,18). 

Evidence that macrophage digestion, processing, or interaction 

with antigen is an essential feature of certain antibody responses con

sists in the demonstration (a) that antigen is localized in macrophages 

and Kuppfer cells following parenteral injection (50), (b) that cyto

plasmic bridges may be observed between macrophages and lymphocytic 

cells (51), (c) that an antigen-ribonucleic acid complex extracted from 

macrophages will induce the formation of specific antibody in vivo and 

in vitro (52-54), and (d) that macrophage or glass adherent cells are 

required in order to initiate a primary immune response to such 
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antigens as sheep erythrocytes and T2 bacteriophage in vivo (15,16) or 

in vitro (17-19,55,56). No requirement for this cell type has been 

noted in the elicitation of a primary immune response by cultured lym

phoid cells to polymerized flagellin, solubilized sheep red blood cell 

antigen (18), or keyhole limpet hemocyanin (49), indicating that 

macrophage-antigen interaction is not universally required for the ini

tiation of a primary antibody response. Ihere are conflicting reports 

as to whether macrophage-like cells are required for the initiation of 

a secondary antibody response to particulate red blood cell antigens 

(11,18,49). 

The role of thymus dependent lymphocytes (T-cells) and bursal 

or bone marrow dependent lymphocytes (B-cells) in the production of 

antibody is currently under intensive study (2-10,20-22). It has been 

demonstrated by a number of investigators that purified populations of 

T-cells do not produce antibody in the presence of antigen. However, 

low amounts of antibody have been noted to be produced by purified pop

ulations of B-cells following antigenic stimulation, and highly signif

icant synergistic antibody responses have been demonstrated against a 

number of antigens if both bone marrow and thymus dependent lymphocytes 

were present during stimulation. It thus appears that B-cells are the 

cells that actually synthesize antibody; thymus dependent cells, on the 

other hand, appear to be required in localizing and concentrating anti

gen for B-cell interaction (57,58). Supporting evidence for this hy

pothesis is derived from the fact that bone marrow cells in the presence 

of low doses of sheep red blood cells fail to produce anti-sheep red 
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blood cell antibody. These same cells in the presence of high doses of 

sheep red blood cells, however, will synthesize specific antibody in 

the absence of thymus dependent cells (3). Thymus dependent lympho

cytes were not required in attaining maximum antibody responses to 

pneumococcal polysaccharide, Brucella abortus antigen, or dinitrophenol 

conjugated hemocyanin (2,20), indicating that T-cells are not required 

in the elicitation of all antibody responses. However, antibody 

against hapten bound to a protein carrier can be synthesized by primed 

B-cells mixed with T-cells primed only to the carrier (57,5 ). 

Two molecular classes of antibody, IgM and IgG, are ordinarily 

synthesized during an immune response (44-46). The IgM is usually ob

served first during a primary response. It is of high molecular weight 

(approximately 900,000) and is characterized by a sedimentation coeffi

cient in the ultracentrifuge of 19S, a half life in the mouse of approx

imately 0.5 day, and an exquisite sensitivity to 0.1 M mercaptoethanol 

(59). The appearance of IgM during an immune response is transitory, 

declining markedly two to three weeks following antigenic stimulation. 

During the primary response, IgG is normally detected sequen

tially to IgM. Whether these classes of antibody are synthesized by 

the same cell in sequence or by different cells at different times dur

ing the immune response has not been fully resolved (60-64). Ihe IgG 

antibody is characterized by a molecular weight of approximately 160,000, 

a sedimentation coefficient of 7S, and a half life in the mouse of ap

proximately two day8 (45,46). In addition to the differences in size, 

IgG may be differentiated from IgM antibody by the former molecule's 
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relative resistance to 0.1 M mercaptoethanol (47) and by IgG's reduced 

dependency on complement during neutralization reactions. The IgG is 

normally synthesized in greater quantities and for longer periods of 

time than is IgM. Homeostatic control of the synthesis of both anti

body classes, most probably by means of a negative feedback system, has 

been postulated (65-67). As with other cell proteins, synthesis of all 

classes of antibody is potentially controlled at the transcriptional, 

translational, and deoxyribonucleic acid replicating levels (68,69). 

The kinetics of the antibody response and the biological vari

ation of the animals responding to an antigenic stimulation is markedly 

influenced by the use of adjuvants, or by the use of exogenous nucleic 

acids, viruses, or endotoxins (70-73). Evaluation of the role of 

viruses and endotoxins on the kinetics of the immune response is made 

difficult by the fact that both endotoxins and viruses may cause cell 

damage or alterations with the subsequent release of endogenous nucleic 

acids. 

Viral Induced Alterations 
of the Immune System 

Viruses have been isolated from all constituents of the lympho-

reticular system: the thymus, the lymph nodes, the spleen, the bone 

marrow, the bursa of Fabricius, germinal centers, stem cells, lympho

cytes, macrophages, monocytes, polymorphonuclear leucocytes, and Kupf-

fer cells (70,74,75). Members of myxovirus, paramyxo, pseudomyxo, 

entero, rhabdo, leuco, adenovirus, pox, and herpes virus groups, as 

well as such unclassified viruses as lymphocytic choriomeningitis, and 
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lactic dehydrogenase virus have been found associated with lympho-

reticular tissue (70,74-77). Because of the diverse nature of the 

viruses that may infect lymphoreticular tissue, and the diverse nature 

of the tissues that may be infected, it is not surprising that viruses 

have been found to affect all aspects of immune competency (70,78-82). 

Reports of virus induced alterations of cell mediated immunity 

are numerous and varied (70,83,84). Gross leukemia virus and lactic 

dehydrogenase virus have been reported to prolong or prevent homograft 

rejection when grafting was done across a weak non-H-2 histocompatabil-

ity barrier (85,86). Graft-versus-host reactions in mice were inhibited 

by lactic dehydrogenase virus (86). Marek's disease virus, in contrast, 

enhanced graft-versus-host reactions but delayed homograft rejection 

reactions in the chicken (87). Rauscher, Moloney, Friend, adenovirus, 

Guarea, and lactic dehydrogenase viruses have all been demonstrated to 

promote tumor growth or enhance the pathology produced by a second in

fecting virus (70). Influenza, polio, varicella, and rubella viruses 

have been reported to depress delayed hypersensitivity reactions in 

man, while measles, adenovirus, herpesvirus, mumps, Sendai, and other 

viruses have all been noted to depress in vitro lymphocyte transforma

tions (70). 

Reports of virus induced alterations of humoral immunity are 

more numerous than those recorded for cell mediated immunity. Gross, 

Moloney, Friend, and Raucher murine leukemia viruses, Marek's disease 

virus, Rowson-Parr virus, avian leukosis, adenovirus, and tumoro-

genic viruses have all been reported to depress the humoral and cellu

lar antibody responses in mice, rats, and chickens, to T2 bacteriophage, 



7 

serum albumins, sheep erythrocytes, Salmonella lipopolysaccharide, dip-

theria toxoid, or to other viruses (70,83,88). Ihe degree of antibody 

depression observed was related to the quantity of the infecting virus 

and to the time the infecting virus was given relative to the injec

tion of antigen. In general, virus given prior to the antigen had the 

most marked depressive effects on antibody synthesis. Of significance, 

Friend virus was noted to depress differentially the antibody response 

to different antigens (89). Of equal interest, Moloney virus appeared 

to depress selectively IgG antibody (90). 

A number of non-oncogenic viruses have been reported to affect 

immune competency. Lymphocytic choriomeningitis, Aleutian mink disease 

virus, Argentinian hemorrhagic fever, Newcastle disease virus, M-P, 

mouse cytomegalovirus, and rubella virus have all been shown to depress 

expression of primary and secondary humoral antibody responses to sheep 

erythrocytes, gamma globulins, serum albumins, Brucella abortus, key

hole limpet hemocyanin, or to other viruses in the mouse, guinea pig, 

mink, or rabbit (70,84,91,92). Selective depressions of classes of 

antibody were noted in immune responses in hosts infected with Aleutian 

mink disease virus or rubella virus (93,94). Lactic dehydrogenase 

virus and Venezuelan equine encephalitis virus have been demonstrated 

to enhance antibody production in mice sticulated with gamma globulin 

(95,96). In contrast to the above findings, M-P virus was found to 

augment the immune response to sheep red blood cells if the antigen was 

given 48 hours after injection of the virus (70). Also in contrast to 

the depressions of primary antibody synthesis noted above, Aleutian 
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mink disease virus was shown to markedly enhance the anamestic response 

of virus infected animals as compared to uninfected mink (97). These 

differences in data may reflect the profound influence of experimental 

conditions on the results obtained in experiments concerning viral in

duced alterations of the immune system. 

The effects of Friend virus on the immune system have been par

ticularly well studied (83,84,98,99). Following inoculation of Friend 

murine leukemia virus into susceptible Balb/C mice enlargement of the 

spleen and liver occur. The splenic enlargement occurs so regularly 

and is so marked that splenomegaly is used as a criterion of infection 

(100). Ihe virus produces neoplastic proliferation of splenic reticu

lum cells, resulting in lymphocytopoiesis and hyperplasia of lympho

cytic and erythroid elements (98,101). Although the spleen is 

considered to be the target organ of Friend virus, if spleens of mice 

are removed before Friend virus infection, the total incidence, form, 

or the eventual outcome of the disease are not influenced. Friend virus 

has been demonstrated to infect also peritoneal macrophage cells (102, 

103). 

Friend virus depresses the antibody responses to sheep erythro

cytes, Escherichia coli. Coxsackie A9, influenza vaccine, Salmonella 

lipopolysaccharide, and Salmonella H antigens (83). The response of 

mice infected with Friend virus to human serum albumin was unaffected, 

and the response to Escherichia coli antigens was less affected than 

the response to sheep red blood cells. Ihese results indicate that 

Friend virus affects the immune response to different antigens 
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differently. Several studies (83,104,105) have indicated that the pri

mary response is markedly more affected than the secondary response, 

that the number of antibody producing cells in Friend virus infected 

mice is significantly depressed as compared to the number of antibody 

producing cells in uninfected mice, and that 7S antibody synthesis is 

preferentially inhibited in infected mice (104,105). 

The effects of lactic dehydrogenase virus on the immune system 

have also been studied (106). This virus was shown to depress markedly 

the efficacy of the reticuloendothelial system as indicated by the 

marked depression of carbon clearance by this system for 18 hours to 

one week following lactic dehydrogenase virus infection (107,108). 

Multiplication of lactic dehydrogenase virus in macrophages has been 

demonstrated by electron microscopy, by quantitative assays of virus 

in macrophage containing tissues, and by demonstration that the virus 

will not grow in tissues lacking macrophage-like cells (106,109). 

Splenomegaly was reported to occur in 30-407. of the mice infected with 

lactic dehydrogenase virus (106). 

Lactic dehydrogenase virus has been shown to enhance the titer 

of antibody against human gamma globulin and to reduce the induction 

period as compared to uninfected control mice (96). Greatest enhance

ment was produced if mice were infected with virus shortly before 

administration of the antigen, although chronically infected mice 

manifested increased antibody synthesizing capabilities. Immunoen-

hancement was not noted in mice which had been infected with the virus 

two or more days following administration of the antigen. 



In contrast to what is known about Friend virus and lactic de

hydrogenase virus induced alterations of the immune system, little is 

known about the effects of Sendai virus, a murine parainfluenza virus, 

or Mengo virus, a murine picorna virus. However, the potential of 

Sendai virus and Mengo virus to interact and alter the immune response 

may be gleaned from the extant literature concerning these viruses and 

indirectly from the literature concerning related viruses. 

Newcastle disease virus, an avian parainfluenza virus, has been 

observed to depress the ability of cultured rabbit spleen cells to pro

duce antibody against bovine serum albumin (110). Ihis virus has also 

been noted to depress lymphocyte transformation of phytohemagglutinin 

stimulated lymphocytes (ill). In the latter study, Newcastle disease 

virus was recovered from the cultured stimulated lymphocytes during a 

5-day observation period, but in decreasing titers. 

In the study just described, Sendai virus was also shown to de

press lymphocyte transformations of phytohemagglutinin stimulated cul

tured splenocytes. This virus was recovered from infected phytohemag

glutinin stimulated cultures for up to five days following initial 

infection. However, the titer of the virus dropped three logs from 

that used for the initial infection of cultures. In contrast to the 

higher viability of splenocytes observed in cultures infected with New

castle disease virus, Sendai virus infected splenocyte cultures mani

fested a 37% average decrease in viability during the period of 

observation. In another study of equal import, Sendai virus was 
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reported to infect peritoneal macrophage cells in vivo and in vitro, 

and to persist in these cells for as long as three weeks (102,103). 

Mengo virus has been demonstrated to have an affinity for cells 

of the spleen, lymph nodes, liver, and other tissues of the mouse (112, 

113). This virus has been shown to persist (ill) or replicate (114) in 

phytohemagglutinin stimulated cells cultured in vitro. Viability of 

the Mengo virus infected cultured splenocytes in one study was decreased 

48% (114), but was negligible in another study (ill). 

Possible Mechanisms for Virus Induced 
Alterations of the Immune System 

Many hypothesis have been put forth as to the mechanisms by 

which viruses may alter the immune response (70). It has been proposed 

that viruses may exert their immunodepressive effects through the de

struction or alteration of the cells of the thymus, bursa, or bursa 

equivalent tissues (115,116). Of interest in this regard are the re

ports that lymphocytic choriomeningitis, Marek's disease virus, avian 

leukemia virus, and several of the murine leukemia viruses have selec

tive affinities for either thymus or bursal dependent cells (98,117, 

118). Other hypotheses suggest that depression or enhancement of anti

body production may be due to the altered uptake and processing of 

antigen by phagocytic cells of the lymphoreticular system (70). Vi

ruses may alter cell membranes, thus altering the number or nature of 

potential receptor sites (119-121), or cell-to-cell interaction sites 

(122-124). Alteration of the immune response may be the result of com

petition between the infecting virus and the immunizing antigen for 



non-committed antibody-producing cells. Many of the murine leukemia 

viruses have been postulated to infect primitive multipotential progen

itor cells and thus prevent these cells from differentiating into anti

body producing end cells (70,82). Deviations from homeostatic or 

normal antibody synthesis may be the result of a depression or enhance

ment of the number of antibody forming cells or their precursors (27, 

40,82). Alternatively, the alteration observed may be the result of an 

alteration in the catabolism of circulating antibody (90,93). As 

stated earlier, the nucleic acid of the infecting virus or the endoge

nous cell nucleotides released from infected cells may enhance antibody 

synthesis by acting as nonspecific adjuvants (69-73). Antibody synthe

sis, like the synthesis of other proteins may be affected by viral in

duced changes of transcriptional, translational, negative feedback, or 

deoxyribonucleic acid replicative control mechanisms. 

Friend virus, lactic dehydrogenase virus, Sendai virus, and 

Mengo virus may alter the immune response by any of the means just de

scribed. However, when considering mechanisms for these viruses, spe

cial consideration must be given to the findings that (a) Friend virus, 

lactic dehydrogenase virus, and Sendai virus may infect macrophage 

cell8 (102,103), (b) Friend virus and lactic dehydrogenase virus may 

cause a significant depression of carbon clearance by the reticulo

endothelial system of mice infected with these viruses (107,108), 

(c) Sendai virus and Mengo virus have been shown to infect lymphoid 

cells and to affect cell viabilities (111,114), possibly releasing 

adjuvant acting oligonucleotides from damaged cells, and (d) lactic 
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dehydrogenase virus although manifesting a depressive action on uptake 

of antigen by reticuloendothelial system, stimulates the number of ger

minal centers and the number of antibody producing cells in virus in

fected animals as compared to noninfected animals (106). Another 

factor to be considered is the fact that Friend virus, lactic dehydrog

enase virus, Sendai virus, and Mengo virus have been demonstrated to 

induce the synthesis of interferon (102,123), to alter the ability of 

infected cells to be co-infected with a second virus (102,103), and to 

alter the ability of phagocytic cells to remove foreign particles 

(107). Alterations of these physiological functions all indicate pro

found changes in virus infected cells. 

Hemolytic and Bacteriophage Based Tests 
for the In Vitro Study of 

Antibody Synthesis 

Despite certain handicaps (125) procedures for the study of im

munocompetent cells in vitro have permitted relatively easy separation 

and manipulation of immune cells (126,127). For this reason such pro

cedures are of particular value in investigating interactions that may 

occur between viruses and the cells of the immune system, and in the 

study of virus induced alterations of antibody responses. Although 

many different types of tests for the observation of antibody synthe

sis by cells cultured in vitro have been developed (126,127), most of 

the procedures currently favored are based on the hemolytic plaque as

say method of Jerne and Nordin (128) and Jerne, Nordin, and Henry 

(129), and modified by Mishell and Dutton (130) and Marbrook (131,132). 

Tests based upon the hemolytic plaque assay technique have an advantage 
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over most other tests in that the individual cells and the class of 

antibody that they are synthesizing may be determined and quantitated. 

These tests are limited, however, to the detection of single antibody 

producing cells (133), and to the study of erythrocytic antigens or 

antigens that may be passively agglutinated to erythrocytes. A major 

criticism of the use of erythrocytes as antigen in studies of virus ef

fects on the immune system lies in the fact that erythrocytes possess a 

mosaic of antigenic determinative groups. This antigenic complexity 

may cause the elicitation of a highly heterogeneous population of spe

cific antibodies and may quantitatively affect the antibody kinetics 

observed due to either the presence of heterophile antigens or to anti

genic competition (134,135). The unusual kinetics observed in the pri

mary mouse response to sheep red blood cells indicates that such a 

criticism may be valid (26). 

In vitro procedures utilizing neutralization of plaque forming 

units of bacteriophage as an indicator test for observing the synthesis 

of antibody by cultured lymphoreticular cells have been developed (62, 

136,137). These systems afford several advantages over the hemolytic 

plaque assay methods: (a) the sensitivity of the phage based test is 

such that a single antibody molecule may be detected (133); (b) the 

number of antigenic determinative groups possessed by bacteriophage is 

markedly reduced as compared to the number present on red cells; (c) 

phage assays detect antibody directed against tail fibers or sheath 

epitopes, thus permitting observation of a still more limited number of 

specific antibody paratopes (138); (d) phage assays follow first order 



kinetics over a large portion of the neutralization curve, thus allow

ing an accurate and sensitive measure of antibody quantity (139); and 

(e) phage based procedures allow the use of experimental designs that 

cannot be utilized using hemolytic tests (140). 

Antibody Response of Mice to Bacteriophage 

A review of the pertinent literature indicates that the mouse 

responds well to antigenic stimulation with the T even bacteriophages 

of Escherichia coli, coli phage 0X174, or actinophage (141-145). The 

responses elicited are similar to those observed with other animal 

species. Initially, a mercaptoethanol sensitive 19S antibody is ob

served followed by the appearance of a 7S mercaptoethanol resistant 

antibody (141,142). Ihe early antibody produced is complement depend

ent as serum neutralization activity is reduced by heating the serum 

for 30 minutes at 56 C (146). The antibody responses elicited to phage 

antigens were dose dependent and optimal responses were observed fol

lowing injection of 10^ plaque forming units of phage intravenously 

(145). In contrast to the responses observed using other antigens such 

as sheep red blood cells, optimal levels of antibody were attained dur

ing the primary response only after several weeks (145). This delayed 

appearance of antibody to phage in mice may be influenced by the pres

ence of viable and degraded phage particles in various organs of the 

injected mice six or more weeks following injection of bacteriophage 

antigen (141). 

The response of mice to T even phage or actinophage has been 

shown to be dependent upon macrophage degradation and processing 



(56,140,142). It has also been demonstrated that following phage in

gestion and degradation by macrophages, a ribonucleic acid or ribonu

cleic acid-antigen complex is released, and that this material is 

required for the elicitation of an immune response (52-54). The T-

and B-cell interaction appears to be required to elicit maximal immune 

responses to T2 bacteriophages as evidenced by the decreased anti-T2 

antibody production in mice infected with Gross murine leukemia virus 

(147), a virus which selectively infects thymus dependent lymphocytes. 

Purposes of This Study 

Ihe purposes of this study were to develop a procedure for cul-

turing active antibody producing splenocytes in vitro, to refine a pro

cedure for detecting anti-T4D antibody synthesized in vitro and in 

vivo, and to use the systems developed to study and compare the effects 

of different murine viruses on the immune response of mice to T4D bac

teriophage. 



MATERIALS AND METHODS 

Animal8 

Outbred Swiss Webster Mice and an inbred strain of Balb/C mice 

were obtained from colonies maintained at The University of Arizona 

Department of Microbiology and Medical Technology and used as experi

mental animals throughout this study. Ten or less animals were housed 

in separate metal cages under controlled temperatures (74 ± 2 F) and 

relative humidity (50% ± 57o). All animals were fed Purina Mouse Chow 

(Ralston Purina Company, Checkerboard Square, St. Louis, Missouri) and 

tap water ad libitum. 

Preparation of Reagents 

Seed cultures of Sendai virus were obtained from the Research 

Reference Reagents Program. Working stocks of this virus for use in 

these experiments were prepared by inoculating the chorioallantoic 

cavities of 10-day-old embryonated chicken eggs with 0.1 ml volumes of 

laboratory preparations of Sendai virus containing 1 x 10^ EID^Q/ml. 

Four days later the chorioallantoic fluids of the infected eggs were 

collected, pooled, and clarified by centrifugation at 1500 x g for 20 

minutes. The clarified fluid was filter sterilized using a 0.45 u 

diameter cellulose acetate filter (Millipore Filter Company, Bedford, 

Mass.) and then recentrifuged at 41,300 x g for two hours. The re

sultant pellet was resuspended in a 17. NaCl-37. fetal calf serum (FCS; 

Flow Laboratories, Rockville, Md.) medium by constant stirring at 4 C 
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for six days. The concentration of virus in the final suspension was 

determined by the hemagglutination procedure (148) and by injecting di

lutions of virus into embryonated eggs (149). The titer was found to 

be 1 x 10^ EID^^/ml. This preparation was portioned into small amounts, 

frozen, and maintained at -70 C until required for use. 

Lactic dehydrogenase virus was obtained as a gift from Dr. Abner 

Notkins, National Institutes of Health, Bethesda, Md. Working prepara

tions of this virus for use in these experiments were prepared by 

inoculating Swiss Webster mice intraperitoneally with 0.1 ml volumes of 

a stock culture of lactic dehydrogenase virus. One day later, the mice 

were bled to obtain a serum-virus mixture (150) which was pooled and 

9 
titrated. The titer was found to be 1 x 10 ID,.Q/ml. This preparation 

was portioned into small amounts, frozen, and maintained at -70 C until 

required for use. 

Friend virus was obtained from Dr. Gerd Schloss, Department of 

Microbiology and Medical Technology, The University of Arizona. Working 

stocks of this virus were prepared by inoculating Balb/C mice intra

venously with 0.1 ml volumes of stock virus. The infected mice were 

killed via cervical dislocation 13 days later. Their spleens were re

moved aseptically, weighed, pooled, and teased into a single cell sus

pension in balanced salt solution (see appendix). The resulting 

suspension was adjusted to a final concentration (W/V) of 1:5 and sub

jected to three freeze-thaw cycles in acetone kept at -70 C and water 

maintained at 40 C. The resultant freeze-thaw extracts were clarified 

by centrifugation at 1500 x g for 20 minutes. A sampling of the extract 



was removed and injected in 0.1 ml volumes into new mice to determine 

if virus was present. The remaining amount was portioned in small 

amounts and frozen at -70 C until required. 

Mengo-L (large plaque variant) was prepared by Dr. Charles 

Gauntt, College of Medicine, The University of Arizona. This prepara

tion was assayed by the plaque assay procedure (151) in L cells and 

9 
found to contain 1.8 x 10 plaque forming units/ml (pfu/ml). Portions 

of this virus were maintained at -70 C and removed when required. 

Bacteriophage T4D was a gift from Dr. Neil Mendelson, Depart

ment of Microbiology and Medical Technology, The University of Arizona. 

Stock T4D preparations were prepared by inoculating 10 ml of a suspen

sion of 1 x 10*"^ pfu/ml of T4D into liter flasks containing highly 

turbid suspensions of S/6 Escherichia coli in Hershey broth (see appen

dix). The flasks were allowed to swirl at a rate of 110 rpm overnight 

at 37 C (139). Flasks that manifested loss of turbidity at the end of 

this incubation were collected and clarified by centrifugation at 1500 

x g for 20 minutes. The clarified broths were filtered using a 0.45 u 

pore diameter cellulose acetate Millipore filter and recentrifuged at 

41,300 x g for two hours. The resultant pellet was resuspended in 

phage buffer (see appendix) to a volume 1/10 that of the original vol

ume. After six days of incubation at 4 C with daily swirling this 

preparation was assayed to determine the titer. The titer was 5.0 x 

1011 pfu/ml. This preparation was portioned in small amounts and 

frozen at -70 C until needed. 
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Bacteriophage T3 was obtained from Dr. Christopher Mathews, 

College of Medicine, The University of Arizona. The virus was titered 

by the plaque assay technique (139) and determined to contain 1 x 10^ 

pfu/ml. The T3 preparation as received from Dr. Mathews was used as 

a working stock for these experiments. 

Procedures for Assaying Viral 
Preparations and Materials 

Sendai virus stock preparations and cell fluids from virus in

fected mice were analyzed for virus content by the hemagglutination 

procedure (148), EID,.Q procedure in embryonated eggs (149), or hem

adsorption procedure using primary chick cultures (151). Hemagglutin

ation studies were performed using either the microtiter technique 

(152) or tube hemagglutination procedure (148). All hemagglutination 

patterns were read after one hour of incubation at room temperature. 

Hemadsorptions were observed after one hour of incubation at 4 C. All 

dilutions were made in Dulbecco's phosphate buffered saline supple

mented with Ca++ and Mg++ (see appendix). 

The EID^Q determinations were carried out by injecting 0.1 ml 

volumes of serial 10-fold dilutions of virus containing fluids into 

the chorioallantoic cavities of 10-day-old embryonated eggs and deter

mining the dose of virus that would infect 50% of the eggs inoculated 

(149). Five eggs per dilution were injected. Four days later 0.5 ml 

of a 27* chick red blood cell suspension was mixed with 0.5 ml of chor

ioallantoic fluid obtained from all test and control eggs. Hemagglu

tination of erythrocytes was considered as evidence of viral presence 
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and replication. Calculation of the was made utilizing the 

method of Reed and Muench (153). 

The presence of lactic dehydrogenase virus in virus prepara

tions or cell fluids of virus infected mice was based upon a 5- to 

10-fold increase in the activity of lactic dehydrogenase enzyme activ

ity of mice 96 hours after inoculation of lactic dehydrogenase virus 

as compared to uninoculated control animals (106,150). Recipient mice 

were injected intravenously with 0.1 ml of undiluted per spleen ex

tract. These mice were killed at 96 hours by cervical dislocation and 

bled via cardiac puncture. The nonhemolyzed plasma obtained after cen-

trifugation of each blood sample was assayed for lactic dehydrogenase 

activity utilizing the spectrophotometry method of Wroblewski and La 

Due (154). 

The amount of lactic dehydrogenase virus present in virus con

taining samples that would infect 507. of the animals injected (ID^Q) 

was determined by making serial 10-fold dilutions of the material to be 

tested and inoculating each dilution into five recipient mice in 0.1 ml 

volumes. The plasma lactic dehydrogenase enzyme activity of each mouse 

was determined and an calculated by the method of Reed and Muench 

(153). 

The presence of Friend murine leukemia virus in freeze-thaw ex

tracts was based upon the ability of an extract to elicit a 100% or 

greater increase in spleen weights of mice injected with splenic ex

tracts from infected mice, as compared to the spleen weight increases 

of mice inoculated with freeze-thaw extracts of spleens of noninfected 
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mice or mice which received no injections (155,156). No quantitative 

assays of this virus were performed. 

Quantitative phage assays were carried out by making serial 10-

fold dilutions of phage in Hershey broth or phage buffer. The suspen

sion of S/6 Escherichia coli to be used for plating was prepared the 

morning of assay by washing the bacteria off Hershey agar (Hershey broth 

+ 17. Difco agar) slants grown overnight at 37 C. A 0.1 ml volume of 

each dilution of phage was added to a tube containing melted soft agar 

(Hershey broth + 0.6% Difco agar) and several drops of a turbid suspen

sion of bacteria. The soft agar suspensions were gently swirled and 

poured evenly over plates containing solidified Hershey agar. Follow

ing solidification of the overlayed soft agar, the plates were inverted 

and incubated overnight at 37 C. Resultant plaques were enumerated us

ing an automatic register (Model qr-1, American Optical, Buffalo, N.Y.) 

and a darkfield Quebec colony counter (Model 3330, American Optical). 

Procedure for Inoculating Mice 

To elicit a primary antibody response mice were injected intra

venously with 0.1 ml of a 1 x 10^ pfu/ml suspension of T4D in phage 

buffer. Secondary responses were similarly induced by injecting mice 

that had been primed with 1 x 10^ pfu of T4D five weeks previously 

with a second equal dose of phage intravenously. 

Sendai virus was diluted in 17* NaCl-37. FCS to a concentration of 

4 
1 x 10 ElD^Q/ml. A 0.1 ml volume of this dosage was used to infect 

animals during the course of this study. 
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Lactic dehydrogenase virus was diluted in 207« veal broth to a 

4 
concentration of 1 x 10 IOgg/ml and injected intravenously in 0.1 ml 

volumes. 

All animals infected with Friend virus were incoulated with 0.1 

ml of the 20% clarified spleen extract stock intravenously. 

Stock Mengo virus preparations were diluted in 17. NaCl-37. FCS 

3 
to a concentration of 7 x 10 pfu/ml and injected intravenously in 0.1 

ml volumes. 

Procedure for Culturing Spleen Cells 

Spleen cell cultures were prepared as follows. Mice were killed 

by cervical dislocation. Spleens were removed aseptically and individu

ally placed in sterile, siliconized (1% Siliclad, Clay Adams Co., Par-

sippany, N.J. 07054) Petri plates that were kept on ice. In those 

experiments requiring weight determinations, spleens were weighed to 

the nearest milligram using a model 3330 Mettler balance (Mettler Co., 

San Francisco, Calif.). The values obtained for spleen weights were 

transformed to 1°S^q equivalent values. These values were combined 

into groups according to treatment and time and expressed as 1°8^q 

means for the respective groups. Statistical evaluations were carried 

out as described in Procedures for Assay section. 

Two ml of sterile Dulbecco's phosphate buffered saline was 

added to each Petri plate containing a spleen. The spleens were teased 

into single cell suspensions, washed three times with Dulbecco's phos

phate buffered saline, and counted on a standard hemocytometer to de

termine the number of cells present in each suspension. These 
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suspensions were recentrifuged and adjusted to 2.5 x 10^ cells/ml in 

Eagle's minimal essential media (see appendix) containing 107« heat in

activated (56 C 30 minutes) fetal calf serum and 0.1 M hepes buffer 

(see appendix). Duplicate sets of splenocyte cultures were prepared 

from each spleen by adding two ml of the adjusted cell-medium mixture 

to sterile siliconized serum vials. The vials were stoppered with cot

ton plugs. All suspensions were incubated at 37 C and 95% relative 

humidity for desired periods of time. On each day of culture subse

quent to day 1, with the exception of the day of harvest, 0.1 ml vol

umes of a nutritional cocktail (see appendix) were added to each 

culture vial. On the day of harvest, cultures were transferred to 

sterile Wasserman tubes and centrifuged at 677 x g for 20 minutes. The 

clarified cell fluids were carefully decanted and frozen at -70 C until 

assayed for anti-T4D activity. 

Procedure for the Preparation of 
Mouse and Guinea Pig Sera 

Mice and guinea pigs were bled by cardiac puncture. The blood 

collected was rimmed after initial clotting and then allowed to retract 

overnight at 4 C. At that time all samples were centrifuged at 1500 x 

g for 20 minutes. Sera were decanted, portioned, and frozen at -70 C 

until needed. At that time the sera were quick thawed and diluted as 

desired in Hershey broth. 
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Procedures for Assay of Antl-T4D Immune Serum 
and Spleen Cell Culture Fluid 

Detection of the presence of T4D or T3 bacteriophage was based 

upon plaque formation on lawns of S/6 Escherichia coli. Plaques of 

each of the phages are distinctive and recognizable by morphology. 

Rabbit anti-T4D antisera prepared against the original preparation of 

T4D bacteriophage was used occasionally to ensure identity of the phage, 

as well as to control certain experiments. Specific antibody to each 

of the phage was ascertained by plaque reduction assays (139). 

Mouse sera or cell fluids of cultured spleen cells were assayed 

for anti-T4D antibody using modifications of the procedures described 

by Adams (139) and Clowes and Hayes (157). 

Serum assays were initiated by adding 0.1 ml of the antiserum 

to a Wasserman tube containing 0.8 ml of approximately 1.3 x 10^ pfu/ml 

of T4D suspended in Hershey broth and 0.1 ml of freshly thawed guinea 

pig serum (complement source). The phage-serum-complement mixtures 

were incubated at room temperature. At fixed intervals after the addi

tion of antiserum, 0.1 ml volumes were removed, diluted as desired (a 

minimum of 1:100 dilution) in Hershey broth, and then plated in dupli

cate. All plates were inverted following solidification of the soft 

agar and incubated overnight at 37 C at which time plaque forming units 

were enumerated. Appropriate controls which included the (a) lawn 

(plating cells alone), (b) Hershey broth + phage, (c) Hershey broth + 

phage + complement, and (d) normal cell fluid + complement + phage, 

were set up with each assay. 
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Cell fluids were assayed for the presence of anti-T4D antibody 

in a similar manner, with the exception that 0.5 ml of cell fluid was 

added to a Wasserman tube containing 0.4 ml of approximately 3 x 10^ 

pfu/ml of T4D in Hershey broth and 0.1 ml of guinea pig serum. Con

trols were set up as described using the appropriate volumes of each 

reagent. 

Serum and cell fluid K values were calculated utilizing the in

tegrated first order equation: 

K = 2.3 D/T log10(P(j/P) 

where K = K value, D = final dilution of the serum or cell fluid sample 

tested, T = time (time of sampling from time zero), PQ = initial phage 

concentration in pfu/ml, and P = phage concentration at the time of 

sampling (139). Four time intervals were utilized in each assay. How

ever, calculation of the K value was usually made with data from the 

first two sampling times. These intervals were selected on the basis of 

whether the serum being analyzed was from an animal experiencing a pri

mary or secondary response, and upon the day of the response that the 

serum was obtained. 

Calculation of K values was performed utilizing statistical 

computer programs run on a Control Data Computer, Model 6400. The pro

grams were designed or modified from other programs by Dr. L. Kelley, 

Department of Microbiology and Medical Technology, The University of 

Arizona. 
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Experimental Protocols 

Determination of Effects of Media. Cell 
Concentration, and Time of Incubation 
on the In Vitro Synthesis of Anti-T4D 
Antibody by Cultured Spleen Cells 

The effects of media, cell concentration, and time of incuba

tion on the synthesis of anti-T4D antibody by cultured spleen cells 

were studied. A group of ten mice was inoculated intravenously with 

0.1 ml of a suspension containing 1 x 10** pfu/ml of T4D in phage buf

fer. Twelve days after antigenic stimulation the mice were killed by 

cervical dislocation. 3he spleens of each animal were aseptically re

moved and individually teased into single cell suspensions in Dul-

becco's phosphate buffered saline. The cell-rich supernatant fluids 

were decanted and pooled after larger clumps of cells were allowed to 

settle out. Cells were washed three times by alternate centrifugation 

at 677 x g and resuspension in Dulbecco's phosphate buffered saline, 

counted, and then resuspended in either minimal essential medium 

(Eagle'8) supplemented with 107o heat inactivated fetal calf serum or 57* 

heat inactivated fresh human serum, or Roswell Park Memorial Institute 

1640 medium supplemented with 107« heat inactivated fetal calf serum or 

57. heat inactivated fresh human serum. Duplicate cultures were pre

pared for each condition. All vials were incubated at 37 C and 95% 

humidity for either two or four days. Cocktail was added to the cul

ture incubated for four days on days 2 and 3. At the conclusion of 

the incubation period, cultures were transferred to Wasserman tubes 

and centrifuged at 1500 x g for 20 minutes. The supernatant cell 

fluids were removed and frozen and maintained at -70 C until assayed 
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for anti-T4D activity. The K values for each cell fluid were calcu

lated and compared. 

Procedure to Determine the Effect 
of Complement in the Neutralization 
of T4D Bacteriophage 

The effect of complement in the neutralization of T4D bacterio

phage by mouse primary anti-T4D antiserum was studied. Serums were ob

tained from mice killed 12, 15, 21, and 28 days following a primary 

antigenic stimulation. Each sample of serum was divided into parts 

prior to analysis. One part was heated for 30 minutes at 62 C. The 

second part of each sample was kept at room temperature for 30 minutes. 

A 0.1 ml volume was then removed from each serum sample and added to 

assay tubes containing either 0.8 ml of bacteriophage T4D and 0.1 ml of 

normal guinea pig serum or 0.8 ml of phage and 0.1 ml of Hershey broth. 

Test samples were removed from each assay tube at fixed time intervale, 

diluted, and plated. Plaque forming units were enumerated following 

inocubation overnight at 37 C. The K values of heated and nonheated 

antisera with or without the complement supplement were calculated and 

compared. 

Determination of the Primary and 
Secondary Antibody Responses to 
T4D Bacteriophage 

The primary and secondary response of Swiss Webster mice stimu

lated by T4D bacteriophage was studied by observing both the serum 

antibody response and the ability of cultured spleen cells prepared 

from spleens of the stimulated mice to synthesize antibody to T4D in 



vitro. The primary antibody response was initiated by inoculating 5-

to 8-week-old male Swiss Webster mice intravenously with 0.1 ml of 

1 x 10*"*" pfu/ml of T4D in phage buffer. Four mice were killed by cer

vical dislocation on day 0, and following antigenic stimulation on days 

3, 6, 9, 12, 15, 18, 21, and 28. Each of the animals was bled by car

diac puncture. Sera were obtained, diluted in Hershey broth, and 

frozen at -70 C until assayed. The spleen of each animal was asepti-

cally removed and teased into a single cell suspension. The concen

tration of splenocytes was determined after washing the cells three 

times with Dulbecco's phosphate buffered saline. All suspensions were 

adjusted to 2.5 x 10^ cells/ml in 107. fetal calf serum-minimal mainten

ance media (107. FCS-MEM), and then cultured in 2 ml amounts in serum 

vials for four days at 37 C. Duplicate cultures were made for each 

spleen. A nutritional cocktail was added in 0.1 ml volumes to each 

culture on' days 2 and 3 following initiation of the splenocyte cul

tures. At the conclusion of the incubation period, cell fluids were 

collected, clarified of cells, and frozen at -70 C until assayed. 

Ten to thirteen-week-old Swiss Webster mice that had been 

primed five weeks previously with 0.1 m of 1 x 10** pfu/ml of T4D in 

phage buffer were inoculated intravenously with the same concentration 

of antigen to determine the secondary antibody response of Swiss Web

ster mice to T4D. Four mice were killed on day 0 and following second

ary stimulation on days 3, 6, 9, 12, 15, 18, 21, and 28. Sera and 

duplicate spleen cell cultures were obtained from each mouse or mouse 
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spleen. All sera and cell fluids were diluted if required and frozen 

at -70 C until assayed. 

The K values of each serum and cell fluid and their respective 

group means were determined and compared. 

Procedure for Determining the Nature 
of the Neutralizing Activity in 
Antisera and Cell Fluids 

The neutralizing substance observed in mouse immune serum fol

lowing antigenic stimulation with T4D antigen was characterized in a 

series of experiments. Antibody was studied for such properties as 

heat stability, specificity to the eliciting antigen, inactivation by 

rabbit antimouse gamma globulin, and susceptibility to treatment with 

0.1 M 2-mercaptoethanol for 30 minutes at 37 C (59). 

To determine heat stability, portions of immune serum were in

cubated at 62 C or at room temperature for 30 minutes. Samples from 

each incubation mixture were removed in 0.1 ml amounts at the end of 

the 30 minute period, added to tubes containing phage and normal guinea 

pig serum, and assayed for neutralizing activity. Plaque forming units 

were enumerated after incubation overnight at 37 C. The K values were 

determined and compared for each treatment group. 

Experiments to assess antibody specificity were carried out by 

standard assays using given antisera, complement, and either T3 bacter

iophage or T4D bacteriophage. The degree of neutralization of T3 or 

T4D by each antisera was observed and compared. 

Portions of these antisera were also mixed with equal volumes of 

rabbit anti-mouse ganma globulin or Hershey broth, and incubated for 30 



minutes at 37 C in order to determine the inactivation of the neutral

izing substance by anti-gamma globulin. A 0.1 ml sample was removed 

from each incubation mixture and added to tubes containing phage and 

complement. Plaque forming units were enumerated the morning follow

ing the assay, and the degree of neutralization in each system was 

compared. 

In other experiments serum samples collected at intervals over 

a 28-day period during a primary antibody response to T4D were mixed 

with either equal volumes of 0.2 M 2-mercaptoethanol (Eastman Organic 

Chemical Co., Rochester, N.Y.) or with equal volumes of Hershey broth. 

Since 19S antibody is depolymerized by 0.1 M 2-mercaptoethanol with 

complete loss of antibody activity where 7S antibody is unaffected by 

this treatment, this technique provides an indication of the amount of 

19S antibody present in a serum (47,59). Samples were removed and 

added to assay tubes containing T4D suspensions and normal guinea pig 

serum. Plaque forming units were enumerated following overnight incu

bation of the inverted plates at 37 C. The K values were calculated 

and the degree of neutralizing activity in each system was compared. 

Lawn and complement controls were run with each of the experi

ments described above. 

Determination of the Effect of 
Various Murine Viruses on Anti-T4D 
Response of Swiss Webster Mice 

The effects of murine viruses on the primary and secondary anti

body responses of Swiss Webster mice to antigenic stimulation by T4D 

bacteriophage was studied in order to select certain viruses for more 
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3 ^ 
detailed studies. Mengo virus (2 x 10 pfu/ml), Sendai virus (1 x 10 

EID^^/ml), lactic dehydrogenase virus (1 x 10^ IDg^/ml), or Friend virus 

(207> spleen extract suspension) was administered to mice belonging to 

their respective group three days prior to, the same day as, or three 

days following antigenic stimulation. Nine days following antigenic 

stimulation all mice were killed, and the amount of antibody in the 

serum of each mouse, as well as the antibody producing ability of 

spleen cells from each mouse cultured in vitro was ascertained. Die 

responses of virus treated and antigen stimulated mice were compared to 

control mice which were not given either virus or antigenic stimulation 

and to positive control mice which were injected with antigen only. 

The effects of Sendai, Mengo, and lactic dehydrogenase virus on 

the secondary immune response of mice to T4D antigenic stimulation was 

similarly studied. Groups of Swiss Webster mice 10-13 weeks old which 

had been primed with 0.1 ml of 1 x 101* pfu/ml of bacteriophage T4D five 

weeks previously were given a second similar dose of phage. Three days 

prior to, the same day as, or three days following antigenic stimulation 

these mice were inoculated with 0.1 ml of Mengo virus, Sendai virus, or 

lactic dehydrogenase virus in the same doses as that used in the primary 

antibody study. Control groups of primed mice were either inoculated 

with a second dose of bacteriophage or were not inoculated with a second 

dose. Four days following secondary antigenic stimulation all mice were 

killed and the amount of antibody in the serum of each mouse was deter

mined. Hie amount of antibody produced by spleen cells of these mice 

cultured in vitro was also ascertained. The responses of virus and 



antigen treated mice were compared to the null control mice which did 

not receive antigenic stimulation or virus, and to positive control 

mice which received only the secondary antigenic stimulation. 

Protocol for Studying the Kinetics 
of Antibody Responses in Antigen 
Stimulated-Virus Infected Animals 

The kinetics for antibody response to T4D in mice stimulated 

with T4D bacteriophage and infected with Sendai virus, lactic dehy

drogenase virus, or Friend virus was studied. Five to eight-week-old 

or 10-13 week-old primed Swiss Webster or Balb/C mice were inoculated 

with 0.1 ml of Sendai virus (1 x 10^ EID^Q/ml), lactic dehydrogenase 

virus (1 x 10^ IDgQ/ml), or Friend virus (207. clarified spleen suspen

sion) intravenously three days prior to, the same day as, or three 

days following primary or secondary stimulation with T4D bacteriophage. 

Each primary or secondary virus experiment also contained three addi

tional control groups: animals that received neither antigen or virus 

(null control); animals that received antigen only (positive control); 

and animals that received virus only (virus control). Four Balb/C or 

five Swiss Webster mice from each control group and from each treatment 

group that had received virus three days before antigenic stimulation 

were killed on.day zero, the day of primary or secondary antigenic 

stimulation. Subsequently, four or five animals from each group were 

sacrificed on days 5, 10, 13, 16, and 19 following primary antigenic 

stimulation, or day 1, 2, 4, or 8 following secondary antigenic stimu

lation. The spleen of each mouse was aseptically removed and weighed 
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to the nearest milligram. The level of serum antibody and the antibody 

producing ability of the spleen cells of each mouse was ascertained. 

Cells remaining from each spleen after setting up duplicate 

cultures were subjected to three freeze-thaw cycles in acetone kept at 

-70 C and water maintained at 40 C. These extracts were clarified of 

cellular debris by centrifugation at 1500 x g for 20 minutes. Ihey 

were then frozen at -70 C until assayed for the presence of quantity of 

virus. 

Multiplication of virus in spleen cells was ascertained by in

jecting the extracts into recipient mice, eggs, or tissue culture. In

fectious doses equivalent to or greater than those injected into the 

mice were considered as evidence of viral multiplication. 

In certain instances separate virus growth studies were carried 

out, as an adjunct to the study described above, to determine whether a 

particular virus could be detected, or be seen to multiply in spleen 

cells or serum of injected mice. In these studies, virus preparations 

of known concentration were injected directly into mice, eggs, or tis

sue cultures. The sera, chorioallantoic fluids, or cell fluids were 

then assayed for the presence and quantity of virus using one of the 

procedures discussed previously. 

Statistical Evaluation of Data 

Each spleen weight was subjected to a 1°8^q transformation and 

placed into a group on the basis of treatment and time. The mean of 

each group was determined. Significant differences amongst various 

groups were detected using an analysis of variance procedure (158). 
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Confidence limits about each mean were determined utilizing the error 

mean square evolved from each Anova analysis. Spleen indices were 

formed comparing each treatment and time mean to the mean spleen weight 

of the day 0 null control group in order to present significant in

creases in spleen weights of groups of spleens from various control or 

treatment groups. 

Basic statistical analysis was performed on all groups of un-

transformed K values in order to determine group means, variances, 

standard errors, standard deviations, and group confidence limits about 

the mean (158). Groups of K values consisted of 16 or 20 values depend

ing upon the number of mice per group, the number of assay periods per 

serum or cell fluid, and the number of replicates per assay time. 

Ninety-five percent confidence limits based on the variances of the K 

values within the groups were determined (158). The means of untrans-

formed K values were plotted on semilog paper according to treatment 

and day after T4D stimulation, thus effecting a l°8^g transformation 

of data. This transformation was required to help normalize data dis

tribution, as well as to reduce heteroscedasticity. 

Analysis of variance and all basic statistics were performed 

using statistical computerized programs modified from programs from 

Sokal and Rohlf (158) by Dr. L. Kelley, Department of Microbiology and 

Medical Technology, The University of Arizona. All programs and data 

were run on The University of Arizona Control Data Computer, Model 6400 

computer. 



RESULTS 

Conditions Required for the Synthesis of Anti-T4D 
Antibody by Cultured Spleen Cells 

The effects of media, cell concentration, and time of incuba

tion on the synthesis of antibody by cultured spleen cells prepared 

from T4D stimulated mice are presented in Table 1. It is apparent that 

cell concentration is the most important factor in determining the 

amount of antibody synthesized in culture against T4D bacteriophage. 

The effects due to media, length of incubation, or the type of serum 

used in the media are minimal. 

On the basis of these results all subsequent spleen cell sus

pensions were cultured for four or seven days at 37 C in Eagle's mini

mal essential media supplemented with 107> heat inactivated (56 C, 30 

minutes) fetal calf serum and Hepes buffer. Each culture contained 

5 x 107 viable mononuclear cells. 

Humoral and Cellular Antibody Responses 
of Swiss Webster Mice Antigenically 
Stimulated with T4D Bacteriophage 

The primary and secondary serum antibody responses to T4D bac

teriophage, as well as the primary and secondary anti-T4D responses of 

mouse spleen cells cultured in vitro was determined. The antibody re

sponses of cultured spleen cells removed from primary and secondary T4D 

stimulated mice are presented in Figure 1. 
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Table 1. Synthesis of anti-T4D antibody by spleen cells 
varying in vitro conditions. 

cultured under 

Type 
medium 

K Values 
Type 

medium 2 Days incubation 4 Days incubation 
7 a 

1x10 cells 5x10^ cells 1x10' cells 5x10^ cells 

MEM-FCSb 0.0032° 0.0152 0.0078 0.0245 

MEM-HS 0.0055 0.0157 0.0016 0.0185 

RPMI-FCS 0.0026 0.0258 0.0018 0.0185 

RPMI-HS 0.0025 0.0312 0.0011 0.0185 

957. C.L. = ± 0.008 

a. Spleen cells were put into culture 9 days following anti
genic stimulation with T4D bacteriophage. 

b. Abbreviations: MEMsEagle's minimal essential media; FCS» 
Fetal calf serum; RPMI=Rosewell Park Memorial Institute 1630 media; 
HS=freshly prepared human serum. 

c. Each value represents the mean K value of duplicate cul
tures prepared and treated exactly the same. 
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Each point on the graph represents the mean cell fluid K value 

of four similarly treated mice. Mean K values obtained from cultures 

from primary stimulated mice rose gradually and reached significant 

levels by day 9 following antigenic stimulation. The K values obtained 

from cultures from secondary stimulated mice rose more rapidly with 

time than the primary stimulated cultures, reached much higher levels, 

and remained at higher levels throughout the observation period. Maxi

mum antibody levels were reached in the primary and secondary cellular 

antibody responses on days 15 and 4, respectively. 

The primary and secondary K values of antiserum as a function 

of time following antigenic stimulation are given in Figure 2. Each of 

the curves obtained yielded similar patterns to those obtained for the 

respective cellular antibody response. Maximal antibody levels were 

attained in the primary and secondary humoral anti-T4D responses on 

days 19 and 7, respectively. 

As indicated in Figure 2, the majority of antibody synthesized 

during the primary response was sensitive to 2-mercaptoethanol, as in

dicator of the presence of IgM type antibody. The amount of this mer-

captoethanol-sensitive antibody decreased with time and was present in 

amounts during the secondary response. 

Effects of Heat. Complement, and Rabbit Anti-mouse 
Gamma Globulin on the Neutralizing Activity 

of Mouse Anti-T4D Antiserum 

The effect of complement on the neutralization of T4D phage by 

mouse anti-T4D antibody was significant as seen by the data presented 

in Table 2. The K values of mouse anti-T4D antiserum obtained from 
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Table 2. Anti-T4D activity in antisera following heat inactivation and 
treatment with complement. 

Treatment 

K Values of antiserum 

Days after antigenic stimulation 

12 15 21 28 

Untreated ASa 1.424 4.680 5.581 7.691 

Heated AS^ 0.388 2.961 4.220 4.505 

Heated AS plus C 2.899 6.649 8.702 5.311 

Untreated AS plus C 3.022 6.889 9.064 8.447 

Results expressed as 7. change 

Loss of activity due 
to heating® -737. -37% -24% -41% 

Restoration of activ
ity of Cd +2007. +141% +156% +67% 

Enhancement of un
treated AS by Ce +2017. +147% +162% +.1% 

99% C.L. = ± 0.368 

a. Abbreviation: AS = antiserum; C = Complement (guinea pig 
serum). 

b. Antiserum heated at 56 C for 30 minutes. 

c. Heated AS compared to untreated AS. 

d. Heated AS plus C compared to untreated AS. 

e. Untreated AS plus C compared to untreated AS. 



mice 12 days following antigenic stimulation and heated at 56 C for 30 

minutes were reduced 737., Significant reductions of K values of anti-

sera obtained 15, 21, and 28 days following antigenic stimulation and 

similarly treated with heat also occurred. However, the effect of heat 

on anti-T4D neutralizing activity decreased as a function of time. The 

addition of normal guinea pig serum, which by itself did not manifest 

anti-T4D neutralizing activity, restored and enhanced K values of heat 

treated antisera as compared to the K values of untreated control anti-

sera. 

On the basis of the results obtained from the experiment de

picted in Table 2, 0.1 ml of normal guinea pig serum was routinely 

added to all tubes during anti-T4D antibody assays. Control tubes con

taining guinea pig serum and T4D or T3 bacteriophage were set up in all 

assays to assure that the guinea pig serum used did not possess activ

ity against T4D or T3 bacteriophages. 

Additional properties of the mouse anti-T4D antibody such as 

heat stability (62 C, 30 minutes), specificity to the eliciting anti

gen, and the inactivation by anti-mouse gamma globulin are presented in 

Table 3. The antibody activity of mouse anti-T4D immune sera was found 

to be resistant to heating at 62 C for 30 minutes as evidenced to by 

the comparable K values of heat treated and untreated serums. The spec

ificity of the antiserum was directed against T4D phage as evidenced by 

a K value of 8.69 when directed against T4D as compared to a K value of 

0.01 when reacted with T3 phage. Addition of an anti-mouse gamma 
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Table 3. Heat stability, specificity, and susceptibility to anti-gamma 
globulin of mouse anti-T4D antibody.* 

Test K Value 7. Decrease in K value 

Heat stability 

£ 
Room temperature 30 minutes 8.69 

62 C for 30 minutes 8.91 0 

Specificity 

T4D (1 x 107 pfu) 8.69 

T3 (1 x 102 pfu) 0.01 99.8 

Anti-gamma globulin 

None 8.49 

Anti-mouse gamma globulin** 0.03 99.6 

*. Mouse anti-T4D antiserum obtained 21 days after primary 
antigenic stimulation with T4D bacteriophage was used in all tests. 

a. 0.1 ml of complement (guinea pig serum) added to each assay 
tube. 

b. Rabbit anti-mouse gamma globulin. 
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globulin to the antiserum and phage system caused a 99.67. decrease in 

K value. 

Effect of Various Virus Infections on Primary 
Humoral and Cellular Antibody Responses 

Table 4 presents data showing the effect various virus infec

tions have on the primary anti-T4D humoral and cellular antibody re

sponses. Mice were infected with either Mengo virus, Sendai virus, or 

lactic dehydrogenase virus at various times before or after antigenic 

stimulation. Nine days following T4D stimulation, serum and spleen 

cells were removed. 

Spleen cells and serum obtained from mice stimulated with T4D 

produced significant levels of antibody. This is demonstrated by the 

16-fold increase in K values obtained from culture fluids of spleen 

cell suspensions from stimulated mice as compared to the K values of 

culture fluids of spleen cell suspensions from nonstimulated control 

mice. Furthermore, antisera from the same antigenically stimulated 

animals had a 15-fold increase in serum antibody levels as compared to 

the activity of the sera from control mice. 

In contrast, spleen cell suspensions obtained from mice in

fected with virus three days prior, one day prior, one day after, or 

three days after antigenic stimulation manifested significantly de

pressed K values. Sera, however, from these antigenically stimulated 

and virus infected mice did not show a similar alteration in the anti-

T4D response. The only antisera containing significantly less antibody 

than the control mice were those obtained from mice which had been in

fected with Mengo virus three days and one day prior to antigenic 
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Table 4. Primary anti-T4D antibody response of antiserum and spleen 
cells from virus infected antigenically stimulated mice. 

Spleen cells Virus treatment 
from 

mice given: No virus LDV Mengo Sendai 

No T4D stimulus 0.003® 

T4D stimulus only 0.048 

T4D 3 day8 before virus 0.008 0.003 0.020 

T4D 1 day before virus 0.008 0.005 0.008 

T4D 1 day after virus 0.024 0.025 0.020 

T4D 3 days after virus 0.019 0.017 0.016 

Serum from mice given: 

No T4D stimulus 0.043 

T4D stimulus only 0.660 

T4D 3 days before virus 1.345 0.489 1.006 

T4D 1 day before virus 0.660 0.490 1.159 

T4D 1 day after virus 1.021 1.344 2.416 

957. C.L. for cell fluid K values » ± 0.005 
957. C.L. for serum K values = ± 0.119 

a. Each K value represents the mean K value of sera or cell 
fluids obtained from groups of four mice 9 days after antigenic stimu
lation. 

b. ND Not done. 



stimulation. Antisera from mice infected with Sendai virus tended to 

manifest significantly higher levels of anti-T4D antibody than did the 

antisera from noninfected but T4D stimulated mice. This is evident by 

the K values of 1 to 2.416 in mice infected with Sendai virus as com

pared to the K value of 0.66 in antisera from antigen stimulated con

trol mice. Antisera from mice infected with lactic dehydrogenase virus 

three days prior, one day following, and three days following T4D stim

ulation manifested significantly higher levels of anti-T4D antibody 

than did the antisera from the T4D stimulated control mice. However, 

antisera K values of sera from mice infected with lactic dehydrogenase 

virus one day prior to T4D antigenic stimulation did not differ sig

nificantly from the K values of sera from noninfected, but T4D stimu

lated control mice. 

Effect of Various Virus Infections on Secondary 
Humoral and Cellular Antibody Responses 

Table 5 presents data showing the effect that various virus in

fections have on the secondary anti-T4D humoral and cellular antibody 

responses. Mice were infected with either Mengo virus, Sendai virus, 

lactic dehydrogenase virus, or Friend virus at various times before or 

after antigenic stimulation. Four days following stimulation with T4D, 

serum and spleen cells were removed. 

Spleen cells and serum obtained from mice given a secondary 

stimulation with T4D produced highly significant levels of antibody as 

compared to the levels of antibody observed in sera or cell fluids from 

primed control mice which were given neither a secondary stimulation 
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Table 5. Secondary anti-T4D antibody response of antiserum and spleen 
cells from virus infected antigenically stimulated mice. 

Spleen cells 
from 

mice given: 

Virus treatment Spleen cells 
from 

mice given: No virus LDV Mengo Sendai FV 

No T4D stimulus 0.002a 

T4D stimulus only 0.015 

T4D 3 days before virus 0.115 0.022 0.040 0.001 

T4D 1 day before virus 0.023 0.031 0.014 NDb 

T4D 1 day after virus 0.021 0.020 0.150 ND 

T4D 3 days after virus 0.037 0.008 0.022 ND 

Serum from mice Riven: 

No T4D stimulus 16.13 

T4D stimulus only 73.56 

T4D 3 day8 before virus 165.58 98.03 91.47 53.93 

T4D 1 day before virus 131.09 73.84 129.34 ND 

T4D 1 day after virus 94.16 65.72 135.02 ND 

T4D 3 day8 after virus 229.08 74.57 177.50 ND 

957. C.L. for cell fluid K values = ± 0.002 
957. C.L. for serum K values = ± 9.41 

a. Each K value represents the mean K value of sera or cell 
fluids obtained from groups of 4 mice 4 days after antigenic stimulation. 

b. ND Not done. 



with TAD nor infected with virus. This increase is demonstrated by the 

8-fold increase in K value obtained from culture fluids of spleen cell 

suspensions from stimulated mice as compared to the K value of culture 

fluids of spleen cell suspension from nonstimulated control mice. 

Antisera from the same antigenically stimulated animals manifested 

nearly a 5-fold increase in serum antibody levels as compared to the 

activity of the sera of nonstimulated primed control mice. 

Spleen cells from T4D stimulated and virus infected mice pro

duced varying levels of antibody. Unlike the results observed with the 

primary response, the only significant depressions of antibody response 

was seen in mice infected with Mengo virus three days after antigenic 

stimulation and in Friend virus infected mice. All other cell culture 

fluids tested, with the exception of two which did not differ signifi

cantly from the positive control, manifested enhanced anti-T4D K values. 

A similar trend in virus induced alteration of the serum anti

body response was observed in these mice. The serum antibody levels in 

Friend virus infected mice were significantly depressed. Antisera from 

mice infected with Mengo virus were not seriously altered, although K 

values of serum from mice infected with Mengo virus three days before 

antigenic stimulation did show a significant increase in K value as 

compared to positive control mice. Antisera from lactic dehydrogenase 

virus and Sendai virus infected mice showed enhanced antibody values as 

evidenced by a 35 to 2007. increase in K values as compared to the K 

values of secondarily stimulated but not virus infected control mice. 
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Based upon the data obtained from these preliminary studies, 

Friend virus, Sendai virus, and lactic dehydrogenase virus were chosen 

for additional studies to determine the effect of viruses on the kinet

ics of the mouse anti-T4D antibody response. 

Effects of Various Virus Infections on the Kinetics of 
Primary Humoral and Cellular Antibody Response 

Friend Virus 

A comparison of the antibody responses of uninfected T4D stimu

lated mice and Friend virus infected T4D stimulated mice as a function 

of time is depicted in Figure 3. 

The K values of cell fluids obtained from control spleen cul

tures increased approximately one log during the 19-day observation 

period. Maximal antibody levels were attained by day 10 and remained 

at these levels for the remaining period of observation. In contrast, 

cell fluids from spleen cells of mice injected with Friend virus three 

days prior to antigenic stimulation manifested significantly depressed 

K values from day 13 to day 19 following antigenic stimulation. The 

depression in K value in these mice as compared to the K value levels 

of control culture fluids was 40-50%. The K values of cell fluids from 

mice infected with Friend virus the same day that the eliciting antigen 

was given manifested a depressed mean K value on day 19 only. No sig

nificant alterations in cell fluid K values were noted in culture 

fluids from mice injected with Friend virus three days following T4D 

antigenic stimulation. 
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Serum K values of sera obtained from noninfected T4D stimulated 

control mice increased nearly 1000-fold during the period of observa

tion, reaching a plateau about 13 days following antigenic stimulation. 

This serum antibody response was parallel with a lag of three days to 

the response observed in the cell fluids of cultured spleen cells. 

The K values of sera from all mice injected with Friend virus 

three days prior to antigenic stimulation manifested significantly de

pressed K values of approximately 66% as compared to the K value levels 

of sera of mice iniected with Friend virus simultaneously with, or 

three days following, antigenic stimulation were observed from day 10 

and day 13, respectively, and continued throughout the observation 

period. In most instances, these reductions in K values were 507. or 

greater as compared to the K values of sera of noninfected T4D stimu

lated control mice. 
i 

Thus, Friend virus markedly depressed the anti-T4D level in 

cell fluids and sera of Balb/C mice. The depressions noted were most 

discernible in animals infected three days prior to antigenic stimula

tion but were observable also in serums of mice infected with Friend 

virus at the same time as, or three days following, T4D antigenic 

stimulation. The effects of Friend virus were more apparent in the 

depression of serum antibody levels than in the depressions observed 

in culture fluids. 

Lactic Dehydrogenase Virus 

Figure 4 compares the primary antibody responses of uninfected 

T4D stimulated mice with the primary antibody responses of lactic 
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dehydrogenase infect&d T4D stimulated mice as a function of time. Mean 

K values of control culture fluids rose approximately one log over the 

19-day observation period attaining optimal values about day 13 follow

ing antigenic stimulation. Significantly enhanced antibody levels were 

observed in culture fluids from spleen cells obtained 5, 16, and 19 

day8 after stimulation from mice injected with lactic dehydrogenase vi

rus three days following stimulation, and on days 5 and 19 in cell 

fluids of spleen cells obtained from mice injected with lactic dehy

drogenase virus three days prior to stimulation as compared to control 

values. 

Figure 4 shows that the maximum level of serum antibody was ob

tained by day 16 or 19 following antigenic stimulation. This is indi

cated by a rise from a K value of 0.014 on day 0 to a K value of 1.6 by 

day 16. Mice infected with lactic dehydrogenase virus the same day as 

or three days following antigenic stimulation depicted 2-fold or greater 

antibody levels on days 5, 10, 13, and 16. Significant 2-fold increases 

were also noted on days 5 and 16 in mice injected with lactic dehydroge

nase virus three days prior to antigenic stimulation. 

Sendai Virus 

The effects of Sendai virus on the kinetics of the primary hu

moral response of Swiss Webster mice to T4D stimulation and on the 

ability of cultures of spleen cells from these mice to synthesize anti-

T4D antibody in vitro are depicted in Figure 5. 

Mean K values of control cell fluids rose approximately one log 

during the observation period, attaining peak levels about day 13 



54 

10 

1.0; 

if) 0.1 
<D 
_D 

O 
> 

v 

0.01 

SERUM 

U i r  

CELL FLUID 

0.001 i 

VIRUS DETECTABLE IN SPLEEN 

+ + + + -

' • ' I '  

10 
_L 
1 5  20 

DAYS AFTER T4d STIMULATION 
Figure 5. Effect of Sendai virus on the primary humoral and cellular 

antibody responses of Swiss Webster mice to T4D bacterio

phage. 

Antigen only control 
Virus day -3 rel. to antigen 

957. confidence limits shown 

— Virus day 0 rel. to antigen — 
— Virus day +3 rel. to antigen —• 



55 

following antigenic stimulation. Ihe K values of culture of fluids of 

spleen cell suspensions obtained from mice injected with Sendai virus 

three days prior to antigenic stimulation manifested significant 1.5-

fold increases over control values on days 10 and 16. However, no 

other significant alterations in K values were associated with spleen 

cells obtained from mice infected with Sendai virus. This was in con

trast to the preliminary experiment in which the K values of culture 

fluids obtained nine days after antigenic stimulation were markedly re

duced as compared to the K values of control culture fluids. 

Mean K values of antisera from noninfected T4D stimulated mice 

rose nearly 1000-fold during the course of the observation period. The 

effects of Sendai virus on the primary humoral response of Swiss Webster 

mice were essentially biphasic. Mice infected with Sendai virus de

picted a 50-757. depression of antibody levels during the first 10 days 

of response. Thereafter, antisera obtained from mice infected with 

Sendai virus 3 days prior to or 3 days following antigenic stimulation 

manifested significantly enhanced antibody levels of 2- to 5-fold in

creases on days 13 and 16. No significantly altered K values, however, 

were noted on these days in mice inoculated with Sendai virus at the 

same time that the antigen was administered. 

Effects of Virus Infections on the Kinetics of Secondary 
Humoral and Cellular Antibody Responses 

Friend Virus 

Ihe effects of Friend virus on the kinetics of the secondary 

humoral response of Swiss Webster mice to T4D stimulations and on the 
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ability of cultures of spleen cells from these mice to synthesize anti-

T4D antibody in vitro are presented in Figure 6. 

An approximate 2-log increase in antibody level in control cell 

fluids during the 8-day observation period was observed. Maximal anti- * 

body levels were attained about day 4 and remained at that level for 

the remainder of the time period. The K values of culture fluids ob

tained from mice infected with Friend virus three days prior to anti

genic stimulation showed a significant 377. depression during each day 

of observation following antigenic stimulation. The K values of cell 

fluids obtained from mice infected with Friend virus on the same day or 

three days following the administration of the eliciting T4D antigen 

manifested only slight alterations in mean K values. 

Two-log increases in the K values of control antisera over the 

8-day observation period were also observed, with peak values being at

tained about day 4. With the exception of the significant depression 

in the mean K value observed on day 8 in antisera obtained from Balb/C 

mice infected with Friend virus three days prior to the injection of 

antigen, no marked alterations in mean serum K values were observed. 

Lactic Dehydrogenase Virus 

The alterations in the secondary humoral and cellular antibody 

responses of Swiss Webster mice stimulated with T4D and infected with 

lactic dehydrogenase virus is displayed in Figure 7. 

The K values of cell fluids of noninfected T4D stimulated mice 

rose approximately two 1°S^q during the observation period, reached an 

optimum level about day 4, and remained at this level during the 
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remainder of the time period. Virus injected into the mice three days 

before the secondary antigenic stimulation caused a 50-607. decrease in 

antibody response which was detectable throughout the test period. 

Virus injected at the same time or three days after antigenic stimula

tion, however, caused a depressed antibody response which was detect

able only at the 8th day following antigen administration. These 

depressions in K values were in marked contrast with the enhanced K 

values observed in the preliminary experiment in culture fluids from 

mice infected with lactic dehydrogenase virus as compared to non-

infected T4D stimulated control animals. 

The K values of sera of noninfected T4D stimulated mice rose 

approximately two 1°8^q during the observation period, reached a peak 

level at about day 4, and remained at this level during the remaining 

time period. The rise and peak portions of the antibody response 

curves of virus infected mice were virtually identical. Ihe only sig

nificant differences were observed on the 8th day following antigenic 

stimulation where antisera obtained from mice infected three days prior 

to or three days following antigenic stimulation showed a 50% reduction 

in K values. 

Sendai Virus 

The effects of Sendai virus on the secondary humoral and cellu

lar antibody responses of Swiss Webster mice to T4D was ascertained by 

comparing the humoral and cellular antibody responses of normal and 

Sendai infected mice which received secondary injections of T4D bacteri

ophage. The results are given in Figure 8. 
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A two-log increase in mean K values of cell fluids from non-

infected T4D stimulated mice was noted during the 8-day period of ob

servation. Maximum values occurred about day 4 and continued at this 

level for the remainder of the recorded response. All K values ob

tained from virus treated animals manifested significantly enhanced 

peak K values on day 4 as compared to the K values associated with 

spleen cultures from noninfected mice. In addition, K values obtained 

from mice injected with Sendai virus the same day as the antigen was 

administered showed a significant 2.5-fold increase in K values on days 

2, 4, and 8 following antigenic stimulation. 

A two-log increase in K values of antiserum was similarly noted 

with maximum values being attained on day 4 and continuing at this level 

for the remaining four days of observation. Ihe K values of sera from 

mice injected with Sendai virus the same day as antigen administration 

were found to be significantly enhanced up to 2 to 3 times control val

ues for the entire test period. Antisera of mice injected with Sendai 

virus three days prior to antigenic stimulation displayed enhanced 

serum K values on day 1 following T4D stimulation while antisera from 

mice injected with the virus three days following antigenic stimulation 

appeared to be depressed on day 8 only. 

Spleen Weight Indices of Normal 
and Virus Infected Mice 

Spleens from mice utilized in these experiments were weighed to 

the nearest milligram. Data were transformed using a 1°8^q tran8^orma~ 

tion and analyzed for significant differences in data using an Anova 



analysis. Spleen indices were computed to compare untransformed mean 

spleen weights of different treatment and time groups to the mean 

spleen weight of noninfected mice killed on day 0 of each experiment 

just prior to antigenic stimulation with T4D. Hie results are pre

sented in Tables 6 and 7. Mean group spleen weights manifesting sig

nificant differences from the mean group spleen weight of the non-

infected nonstimulated mice killed on day 0 as determined by the Anova 

analysis of the transformed data are indicated in both tables. 

Spleen indices from mice given primary T4D antigenic stimula

tion showed increased values over the 19-day period. Mice injected 

with Friend virus manifested values greater than two as early as eight 

days following virus injection, which is an indication of Friend virus 

infection (100). No significant increases in spleen weights were noted 

for mice injected with lactic dehydrogenase virus or Sendai virus. 

Mice given a primary stimulus with T4D and injected with Friend virus 

displayed significantly increased spleen weights 8 to 13 days following 

virus injection and all groups of mice receiving Friend virus demon

strated enhanced indices over the test period. In contrast, spleen in

dices of mice infected with lactic dehydrogenase virus or Sendai virus 

and given T4D primary antigenic stimulation did not demonstrate a pro

longed increase in spleen weights. Spleens from Sendai virus treated 

and T4D stimulated animals did show significant increases in spleen 

weights five days following antigenic stimulation. 

Spleen indices of mice given secondary T4D antigenic stimula

tion did manifest increased spleen weights during the 8-day test 
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Table 6. Spleen indices of virus infected and noninfected mice given a 
primary stimulus of T4D. 

Day following antigenic stimulation 
Virus Treatment 

0 5 10 13 16 19 

Friend 

LDV 

Sendai 

Antigen only 1. ooa 1 .04 1. 20 1. 26 1.41 1.33 
FV onlyb 1. 00 1 .36 1. 65 2. 88° 4.41 7.95 
FV day -3 before Ag 1. 01 2 .29 3. 45 7. 73 7.05 8.00 
FV same day as Ag _ d 1 .45 1. 85 2. 88 6.53 11.54 
FV day +3 after Ag 1 .36 1. 65 2.  88 4.41 7.95 

Antigen only 1. 00 1 .16 1. 05 1. 23 1.08 1.14 
LDV only 0. 89 1 .31 1. 26 1. 27 1.28 1.14 
LDV day -3 before Ag 1. 09 1 .51 1. 19 1. 39 1.17 1.20 
LDV same day as Ag - 1 .05 1. 34 1. 10 1.22 1.13 
LDV day +3 after Ag - 0 .97 0. 99 1. 04 1.12 0.99 

Antigen only 1. 00 1 .42 1. 16 JU 42 1.29 1.32 
SV only 1. 21 1 .28 1. 05 1. 31 1.28 1.28 
SV day -3 before Ag 1. 22 1 .49 1. 41 1. 04 1.24 1.20 
SV same day as Ag - 1 1. 33 1. 31 1.26 1.32 
SV day +3 after Ag - 1 .44 i, 44 1. 22 1.27 1.16 

a. 
. mean spleen wt. of treatment and time group 

p een in ex - mean 8pieen Qf ̂ ay q uninoculated con

trol mice 

b. Abbreviation: FV = Friend virus; LDV = lactic dehydrogen
ase virus; SV = Sendai virus; Ag = T4D antigen. 

c. Underlined values indicate that the mean spleen weight of 
the group differed significantly (95% confidence limits) from the mean 
spleen weight of the day 0 uninoculated control mice as determined by 
Anova analysis of log^g transformed data. 

d. Not done. 
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Table 7. Spleen indices of virus infected and noninfected mice given a 
secondary stimulus of T4D. 

Virus Treatment 
Day following antigenic 

stimulation 
0 1 2 4 8 

Friend Antigen only 1.00® 1.37b 1.34 1.38 1.38 
FV onlyc 0.99 1.38 1.26 1.08 2.30 
FV day -3 before Ag 1.03 1.58 1.64 1.62 2.13 
FV same day as Ag _ d 

1.17 1.12 1.37 1.61 
FV day +3 after Ag • — 1.46 1.47 

LDV Antigen only 1.00 1.33 1.35 1.64 1.14 
LDV only 1.00 1.20 1.08 1.11 1.30 
LDV day -3 before Ag 1.15 1.31 1.22 1.52 1.30 
LDV same day as Ag - 1.37 1.56 1.56 1.30 
LDV day +3 after Ag • 1.38 1.39 

Sendai Antigen only 1.00 1.52 1.09 0.89 1.04 
SV only 0.96 1.28 0.98 1.01 0.91 
SV day -3 before Ag 0.99 1.34 1.44 1.29 0.99 

SV same day as Ag - 1.42 1.42 1.39 1.07 
SV day +3 after Ag - - - 1.32 0.98 

„ 1 . _ mean spleen wt. of treatment and time group 
a. p een m ex - mean 8pieen Qf day 0 uninoculated control 

mice 
b. Underlined values indicate that the mean spleen weight of 

the group differed significantly from the mean spleen weight of the day 
0 uninoculated control mice (95% confidence limits) as determined by 
Anova analysis of l°g^Q transformed data. 

c. Abbreviations: FV = Friend virus; LDV m Lactic dehydrogen
ase virus; SV = Sendai virus; Ag = T4D antigen. 

d. Not done. 
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period. However, only the spleen weights of T4D stimulated Balb/C mice 

showed prolonged significant rises in values. Animals stimulated with 

T4D and injected with Friend virus demonstrated significant increases 

in spleen weights as early as one day following antigenic stimulation. 

However, indices greater than two occurred but twice, on day 8, in mice 

infected with Friend virus only and in mice infected with Friend virus 

three days prior to antigenic stimulation. Mice secondarily stimulated 

with T4D and injected with lactic dehydrogenase virus manifested sig

nificantly enhanced spleen weights on day 4. In contrast, mice in

fected only with lactic dehydrogenase virus showed no significant 

increases in spleen weights. Mice injected with Sendai virus displayed 

two instances of significantly increased spleen weights. 

Presence and Multiplication of Viruses Utilized in 
This Study in Spleens of Inoculated Mice 

Studies were carried out to determine the infectivity of Friend 

virus, Sendai virus, or lactic dehydrogenase virus in mouse spleen 

cells. 

Friend Virus 

Table 8 displays data showing the infectivity of Friend virus 

in mouse spleen cells. Recipient mice were injected with spleen ex

tracts from normal spleens or spleens from mice that had been injected 

with Friend virus and killed at set intervals following virus infec

tion. The spleens of the recipient mice as well as the spleens of tin-

inoculated control mice were removed 16 or 35 days later and weighed to 

the nearest milligram. Friend virus was considered to be present in 
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Table 8. Detection of Friend virus in mouse spleen cells as a function 
of time after infection. 

Source of Day spleens Mean weight of ^ 
extracts injected removed recipient Number of positive mice 
into recipient from spleens® Number of mice injected 

mice recipients (Mg) 

Dulbecco's PBS^j 1 96.7 0/4 

Normal spleens 1 95.0 0/4 
FV infected spleens 1 127.7® 0/4 
FV infected spleens 2 134.2® 0/4 
FV infected spleens 4 114.8® 0/4 
FV infected spleens 5 238.5f 3/4 
FV infected spleens 7 196.7 4/4 
FV infected spleens 8 246.0 4/4 
FV infected spleens 10 250.0 4/4 
FV infected spleens 13 274.9 4/4 
FV infected spleens 16 320.5 4/4 
FV infected spleens 19 358.4 4/4 

a. Mean of four spleen weights. 

b. Number of mice manifesting spleen indices of 2.0 or greater 
over the number of mice injected. 

c. Abbreviations: PBS = phosphate buffered saline; FV = Friend 

virus. 

d. Extracts of spleens were prepared by clarifying (1500 x g) 
fluids of normal or infected spleens frozen and thawed three times in 
Dulbecco's phosphate buffered saline. 

e. These weights are of spleens harvested 35 days after injec
tion of recipient mice; all other values are of spleens harvested 16 
days after the injection of recipient mice. 

f. Underlined values indicate mean spleen weights 2X or 
greater than the mean spleen weights of spleens from mice receiving 

noninfectious injections. 
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donor mice if the recipient test mice manifested a 1007. increase in 

spleen weight over the mean spleen weight of recipient mice injected 

with normal spleen extracts. 

It is apparent from the data that Friend virus was detectable 

in donor mouse spleens five days after inoculation, but not before. 

Tables 6 and 7 indicate that Balb/C mice infected with the dosage of 

Friend virus utilized in these experiments do not normally manifest 

1007. increases in spleen weights until 8 to 13 days following infec

tion. It thus appears that Friend virus is present in spleen cells 

following injection, but not in detectable quantities until 5 days 

following injection,and does not induce 1007> increases in spleen 

weights until at least eight days following injection. 

Lactic Dehydrogenase Virus 

9 
Mice were injected with plasma containing 1 x 10 IO^g/ml of 

lactic dehydrogenase virus intravenously and sacrificed at fixed in

tervals following injection. The presence of virus in the plasma of 

suspect mice was based on detecting a 5-fold or greater increase in 

the plasma lactic dehydrogenase levels of infected mice as compared to 

the levels of this enzyme in the plasma of mice inoculated with normal 

plasma. The presence of virus in spleens was similarly determined by 

assaying the plasma of recipient test mice injected with 0.1 ml of 

three times freeze-thawed and clarified spleen extracts of suspect 

spleens. In all instances the plasma lactic dehydrogenase levels were 

determined by the direct spectrophotometry assay of Wroblewski and La 

Due (154). The titer of virus in the plasma or spleen extracts was 
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determined as described in Materials and Methods (see p. 20). Table 9 

presents these data. 

is present and multiplying at a very rapid rate in both the serum and 

spleens of inoculated mice. Multiplication of the virus is evident 

lated mice. A titer equal to or greater than that injected was consid

ered evidence of virus multiplication. In addition, virus was recovered 

from the serum and spleens of test mice throughout the 7-day testing 

period. 

Sendai Virus 

Recipient eggs or primary chick embryo monolayers were injected 

with 0.1 ml of clarified freeze-thawed extracts of spleens of donor 

mice injected with Sendai virus. Virus was considered to be present in 

the donor spleens if positive hemagglutination was obtained four days 

following inoculation of the eggs or monolayers in controlled tests us

ing chorioallantoic fluids or monolayer media of the inoculated eggs or 

monolayers. The chick embryo monolayers were also tested for positive 

hemadsorption. Ihese results are presented in Table 10. 

Despite the fact that some of the donor mice in this experiment 

were inoculated with 1000 times the dosage of Sendai virus used in 

major experiments, Sendai virus was only detected sporadically and not 

in quantities great enough to measure. 

The data indicate that by 24 hours, lactic dehydrogenase virus 

9 10 
from the fact that titers in excess of 1 x 10 ID^^/ml and 1 x 10 

were observed in the sera and spleens, respectively, of inocu-
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Table 9. Detection of lactic dehydrogenase virus in mouse spleen cells 
or plasma as a function of time. 

Mice Day Virus present ID5o/ml 1 day after 
injected following in serum inoculationc 

witha injection Serum Spleen Serum Spleen 

Normal serum 1 0/5 0/5 
LDV serum 1 5/5 5/5 
LDV serum 2 5/5 5/5 
LDV serum 3 5/5 5/5 
LDV serum 4 5/5 5/5 
LDV serum 5 5/5 5/5 
LDV serum 6 5/5 5/5 
LDV serum 7 5/5 5/5 
LDV serum 19 5/5 5/5 

9 
a. Mice were injected with 1 x 10 ID5Q/ml of LDV serum working 

stock of virus I.V. and killed at fixed intervals following injection. 

b. Presence of virus in the plasma of the injected mice was 
based on a detection of 5-fold or greater increase in plasma LDH using 
the spectrophotometric assay method of Wroblewski and La Due (154) as 
compared to the levels of plasma LDH in control mice injected with nor
mal mouse serum; presence of LDV in spleens of injected mice was simi
larly determined by assaying the plasma of recipient mice injected with 
0.1 ml of the spleen extract obtained by freeze-thawing test spleens 3X; 
control mice for this latter test were injected with the freeze-thaw 
extracts of normal spleens. 

c. The titer of LDV in serums or spleen extracts was determined 
as described in Materials and Methods. 

d. Number of mice manifesting 5-fold or greater increase in 
plasma LDH as compared to control mice over the number of mice injected. 

e. Abbreviations: LDV = lactic dehydrogenase virus; LDH • 
lactic dehydrogenase enzyme. 

f. A titer equal to or greater than that injected was consid
ered evidence of virus multiplication. 
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Table 10. Presence of Sendal virus in mouse spleen cells as a function 
of time. 

Mice Day Detection of virus inc 

injected following SV Egg CAF Tissue culture 
with® injection Expt 1 Expt 2 Expt 1 Expt 2 

Normal spleen 1 0/4d 0/4 0/4 0/4 
SV 1 2/4 2/4 1/4 1/4 
SV 2 0/4 0/4 0/4 3/4 
SV 3 0/4 0/4 0/4 2/4 
SV 4 1/4 1/4 0/4 2/4 
SV 5 0/4 0/4 0/4 0/4 
SV 6 0/4 0/4 0/4 0/4 
SV 7 0/4 0/4 0/4 0/4 

4 
a. Mice were injected with 1 x 10 EID5Q/ml I.V. in experiment 

1 and 1 x 10? EIDjQ/ml I.V. in experiment 2. 

b. Abbreviations: SV = Sendai virus; CAF = chorioallantoic 
fluid; Expt = experiment. 

c. Recipient eggs or primary chick embryo monolayers were in
jected with 0.1 ml of 3X freeze-thawed extracts of spleen cells from 
experimental animals injected with Sendai virus. Virus was considered 
to be present if positive hemagglutination was obtained 4 days following 
inoculation of recipient eggs or tissue monolayers in controlled tests 
using choriolllantoic fluids or monolayer media fluids of inoculated 
eggs or tissue monolayers. Decanted monolayers were also tested for the 
ability to hemadsorb chicken erythrocytes in controlled tests. 

d. The number of positive eggs or chick embryo monolayers over 
the number of eggs or monolayers inoculated. 
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A comparison of the effects of murine viruses on the primary 

and secondary anti-T4D responses of mice is presented in Table 11. 

Discussion 

Numerous reports have been published concerning virus induced 

alterations of antibody synthesis (70,83,99). With the possible excep

tion of the murine leukemia viruses, it is difficult to discern a con

sistent pattern of virus induced alterations of antibody synthesis. To 

the contrary, comparisons of the existing data on the effects of viruses 

on the antibody responses to different antigens is often confusing and 

sometimes seemingly contradictory. This confusion may be the result of 

the current poor understanding of the complex and subtle interactions 

that may occur between immunologically competent immune cell types. 

However, the variable data probably reflect to a greater extent such 

factors as: (a) different types of antigens may require processing by 

different types of immunologically competent cells (2,18,20,49,122); 

(b) different viruses may induce varied changes in the physiological 

functions of infected cells such as altering the synthesis of macro-

molecules, membrane surfaces or affecting control mechanisms within 

the cells (70,74,78,122,123); (c) the events occurring after virus in

fection may be dependent upon the conditions prevalent at the time of 

infection and on whether it is a primary or secondary antibody response 

that is affected; and (d) that these data have been accumulated by dif

ferent investigators using different animals, antigens, and methods for 

detecting antibodies synthesized in vivo and in vitro. In summary, the 

variable data obtained probably reflect the variability and influence 



Table 11. Comparisons of the effects of murine viruses on the primary and secondary antibody 
responses of Balb/C and Swiss Webster mice to T4D antigenic stimulation. 

Portion of the antibody 
Virus Response Experiment response affected Comments 

Rise Peak 

Friend primary c.f. first not done not done 
primary serum first not done not done 
primary c.f. second depressed depressed 

primary serum second depressed depressed 
secondary c.f. first not done depressed 

secondary serum first not done depressed 
secondary c.f. second depressed depressed 

secondary serum second unaffected depressed 

LDV primary c.f. first depressed not done 

primary serum first enhanced not done 

primary c.f. second unaffected enhanced 

primary serum second enhanced enhanced 

The sooner the virus was given relative 
to the antigen, the more evident the 
depression noted. 

As above. 
Observed on day +4 only thus represent

ing peak response only; FV given day 
-3 relative to antigen only. 

As above. 
Depression discernible only if virus 
given day -3 relative to antigen. 

Depression observed on day +8 and only 
when virus given day -3 a 
antigen. 

Observed on day +9 only thus representing 
rise period only. 

As above; all K values enhanced except 
when virus given day -1 relative to 
antigen. 

Peak K values enhanced if virus given 
day 0 or day +3 relative to antigen 

All rise periods enhanced; peak K value 
enhanced only if virus given day -(-3 
relative to antigen. 



Table 11.—Continued 

Virus Response Experiment 
Portion of the antibody 

response affected 
Rise Peak 

LDV secondary c.f. first not done enhanced 
secondary serum first not done enhanced 
secondary c.f. second depressed depressed 

secondary serum second unaffected unaffected 

SENDAI primary c.f. first depressed not done 
primary serum first enhanced not don 
primary c.f. second unaffected unaffected 

primary serum second mixed unaffected 

secondary c.f. first not done enhanced 

secondary serum first not done enhanced 
secondary c.f. second unaffected enhanced 

secondary serum second enhanced enhanced 
or 

unaffected 

Comments 

Observed on day +4 only. 
As above. 
Depression on all observation days when 
virus given day -3 relative to anti
gen. All c.f. K values depressed on 
day +8 if from LDV treated mice. 

All serum K values from LDV treated 
mice depressed on day 8. 

Observed on day +9 only. 
As above. 
Rise period enhanced when SV given day 
-3 relative to antigen. 

Rise period initially depressed fol
lowed by enhanced values; Peak K 
value depressed when SV given same 
time as antigen. 

Only when SV given day -1 relative to 
antigen did peak value remain un
changed . 

Rise period enhanced if virus given 
same day as antigen. 

Rise period enhanced if virus given day 
-3 or day 0 relative to antigen; peak 
K value enhanced if virus given same 
time as antigen. 



Table 11.—Continued 

Portion of the antibody 
Virus Response Experiment response affected Comments 

Rise Peak 

Mengo primary c. f. first depressed not done Observed on day +9 only. 
primary serum f irst mixed not done As above; depressed K values observed 

if virus given prior to antigen and 
enhanced values if given after. 

secondary c.f. first not done enhanced All c.f. K values enhanced except if 
Mengo virus given day +3 relative to 
antigen. Observed day +4 only. 

secondary serum first not done unaffected Serum K value enhanced if virus given 
day -3 relative to antigen; Observed 
day +4 only. 

primary c. f. second not done not done 
primary serum second not done not done 
secondary c.f. second not done not done 
secondary serum second not done not done 

a. Abbreviations: c.f. = cell fluid; FV = Friend virus; LDV = lactic dehydrogenase virus; 
SV = Sendai virus. 

b. First » initial experiments to determine the effects of murine viruses on the immune 
response of mice; second • second set of experiments to determine the effects of murine viruses on 
the kinetics of the murine response to T4D. 
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of the infecting virus, the experimental conditions, the techniques, 

and the antigens utilized. 

Studies on the effects of a single virus on the antibody re

sponses to a number of different antigens (81,83) and the effects of 

more than one virus on an antibody response to a single antigen (95) 

have been published. Inspection of these indicate that a comprehensive 

study utilizing many viruses to alter the primary and secondary anti

body response against a single antigen may reveal insight as to how a 

virus may alter antibody responses. 

The present work compares the effects of Friend virus, a murine 

oncogenic virus, Sendai virus, a murine parainfluenza virus, Mengo 

virus, a murine picornavirus, and lactic dehydrogenase virus, a non

classified murine virus, on the primary and secondary humoral and cel

lular antibody responses to T4D bacteriophage. The similarities and 

differences in data obtained in this study as compared to those ob

tained elsewhere emphasize the importance of studies in which different 

antigens, viruses, and techniques are utilized and/or compared. They 

indicate that failure to carry out such comprehensive investigations 

may lead to faulty perspectives of virus induced alterations of the im

mune response, thus delaying understanding and elucidation of the mech

anisms by which viruses may alter the immune response. 

The mouse-bacteriophage system was chosen because (a) the mouse 

is host to many virus pathogens, thus allowing one to detect how these 

natural viruses affect antibody responses to a single antigen, (b) the 

mouse has been utilized in many studies concerning the effect of virus 
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on the immune system, thus allowing a detailed comparison of data ob

tained by others using different antigens and antibody detection 

methods, Cc) the mouse responds well to T4D bacteriophage antigenic 

stimulation (144,145), (d) mouse splenocytes survive culture conditions, 

thus permitting development of a test for determining the cellular syn

thesis of anti-T4D antibody, and (e) small quantities of antibody can 

be detected by a phage plaque neutralization test. 

The phage plaque neutralization test has several advantages 

over the more commonly used hemolytic plaque assays for antibody detec

tion: (a) it will detect a more restricted antibody-antigen reaction 

because phages possess two to three different antigenic determinative 

sites as compared to 35 different antigenic determinative sites associ

ated with sheep red blood cells (70,138); (b) it is reliable, accurate, 

exquisitely sensitive, and is relatively simple to perform (139); (c) 

it allows utilization of experimental designs which permit the quanti

fication of entire antibody populations; and (d) it allows for the use 

of mercaptoethanol to differentiate IgG and IgM classes of antibody. 

The value of the mouse-T4D system as an experimental tool is 

made evident by the facts that (a) primary and secondary T4D stimulated 

mice manifested a 100-1000 fold increase in anti-T4D serum K values 

over appropriate control groups, (b) splenocytes obtained from spleens 

of animals inoculated with primary or secondary doses of bacteriophage 

and then cultured in vitro demonstrated a 100-1000 fold increase in 

antibody as compared to appropriate control cultures, and (c) the ki

netics observed with both the cellular and humoral antibody responses 
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compared favorably with those observed by other investigators using 

different animal or antigen systems (46,47,142,143). 

Utilizing the mouse-T4D system the kinetics of the primary and 

secondary humoral and cellular anti-T4D antibody responses were studied. 

Primary responses in general manifested prolonged, slow increases that 

reached maximum antibody levels 13-19 days following T4D antigenic 

stimulation. In contrast, secondary humoral and cellular antibody re

sponses rose rapidly and reached peak antibody levels by day 4 follow

ing antigenic stimulation. 

Unlike the secondary antibody, the majority of antibody produced 

during the primary response was mercaptoethanol sensitive, indicating 

the predominance of IgM. This mercaptoethanol sensitive antibody ap

peared to be markedly complement dependent as indicated by the marked 

depression of serum K values following treatment of antisera at 56 C 

for 30 minutes, and by restoration of K values of heat treated antisera 

by the addition of guinea pig serum that did not by itself manifest 74D 

neutralizing activity. 

When compared to the responses of normal control mice, the pri

mary and secondary humoral and cellular antibody responses against 74D 

in Friend virus infected Balb/C mice were significantly depressed. Ihe 

earlier that the virus was administered relative to the antigen, the 

more evident was the depression. Primary responses were affected to a 

greater degree than were the secondary antibody responses. In both in

stances, however, splenocytes were proven to be infected with Friend 

virus. Furthermore, results indicate that Friend virus was present and 
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multiplying in spleens of infected stimulated mice early in the course 

of the primary response. 

These data support the hypothesis that Friend virus infects 

primarily multipotential precursors of antibody producing cells, con

verting these cells to tumorogenesis and thus preventing their differ

entiation to antibody synthesizing cells (159). In the secondary anti

body responses presumably, a majority of potential anti-T4D antibody 

producing cells were primed memory cells which differentiated prior to 

wide-spread virus infection, thus accounting for a lesser effect on 

secondary antibody production. Depression of secondary serum and cel

lular anti-T4D antibody formation occurred at a time concomitant with 

manifestation of Friend virus induced splenomegaly and at a time fol

lowing maximum secondary antibody formation. 

Sendai virus, Mengo virus, and lactic dehydrogenase virus are 

three non-oncogenic pathogens of mice. The effects of these viruses on 

antibody responses of mice to T4D antigenic stimulation were variable 

and strikingly different from the effects that were manifested by mice 

infected with Friend murine leukemia virus. In most instances these 

viruses induced enhanced anti-T4D antibody responses. However, a typi

cal pattern could not be discerned even in experiments utilizing simi

lar experimental conditions and procedures. 

The results obtained during the first set of experiments deal

ing with the effects of virus on the primary antibody response of mice 

to T4D require scrutiny. Quantification of serum and cell fluid anti

body was done at fixed times following antigenic stimulation. Serum K 
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values obtained from T4D stimulated mice infected with Sendai virus, 

Mengo virus, or lactic dehydrogenase virus were often significantly en

hanced as compared to serum K values of noninfected, T4D stimulated 

mice. In contrast, K values of cell fluids of splenocyte cultures ob

tained from virus infected, T4D stimulated mice appeared to be de

pressed as compared to appropriate controls. Such apparent depressions 

may have been due to a viral induced mobilization and migration of 

antibody producing cells out from the spleen thus causing these cells 

to be absent at the time of assay, or the depression may reflect the 

greater variability of the antibody response curves of virus infected 

mice as compared to the antibody response curve of uninfected, stimu

lated mice. This increased variability may be observed in the data 

obtained during kinetic studies in which the antibody response curves 

of virus infected mice often varied over the observation periods in 

their relative position to the antibody response curve of noninfected 

T4D stimulated mice. 

Lactic dehydrogenase virus altered the anti-T4D antibody re

sponse of Swiss Webster mice to T4D antigenic stimulation. Results 

indicate that the virus caused a lowering of antibody response at cer

tain times following antigenic stimulation. In general, however, the 

virus infected mice either manifested unchanged or enhanced anti-T4D 

antibody responses as compared to control animals. 

Significant enhancements of antibody synthesis were observed in 

mice infected with lactic dehydrogenase virus three days following 

antigenic stimulation. These data contrast with those obtained by 
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Notkins (106), who reported that virus injected prior to, or at the 

same time as, but not after antigenic stimulation of mice with gamma 

globulin enhanced antibody synthesis to this antigen. The differences 

in data may be due to the particulate nature of T4D antigen and to the 

tendency of phage to remain in various organs and tissues of parenter

al ly injected mice in intact or degradative states for six or more 

weeks following phage injection (144-146). Consequently, the immune 

system in phage injected mice may be stimulated by specific antigen 

during the entire virus infection. 

The results indicate that lactic dehydrogenase virus multiplies 

and is present in the serum and spleens of virus injected mice within 

24 hours of injection. Ihus, in most instances lactic dehydrogenase 

virus was present prior to or just following T4D antigenic stimulation. 

Furthermore, virus was detectable throughout the observation period. 

Interestingly, this virus, which is known to infect cells of the reticu

lar endothelial system and depress clearance of certain substances by 

these cells (107,108) did not in general depress the mouse antibody re

sponse to T4D, a macrophage dependent antigen (52-54,56,140). 

In general, Sendai virus either significantly enhanced or did 

not alter the anti-T4D antibody response of virus infected, T4D stimu

lated mice as compared to control mice. These results contrast sharply 

with the results obtained by Medson and Vas (110), who used a different 

parainfluenza virus, Newcastle disease virus. These workers observed 

significant depression of antibody against bovine serum albumin synthe

sized by Newcastle disease virus infected rabbit splenocytes as 



compared to control cells. The two studies differ in that T4D is a 

particulate substance in contrast to the soluble nature of bovine serum 

albumin, and that Sendai virus is a natural pathogen of mice, whereas 

Newcastle disease virus is not a natural pathogen of the rabbit. These 

differences may account for the discrepancies in the data. 

Sendai virus was isolated intermittently from the spleens of 

infected mice over a 4-day period following virus injection. However, 

no multiplication of the virus was demonstrated. Sendai virus has been 

shown in other studies to infect and persist in populations of peri

toneal exudate cells consisting primarily of macrophages (102,103) and 

in phytohemagglutinin stimulated splenocytes (ill). The viabilities of 

these latter cells was depressed to a marked degree (ill). Thus, Sendai 

virus induced enhancement of mouse anti-T4D antibody response may be due 

to cellular destruction of cells not directly involved in the anti-T4D 

response. Such cellular destruction may release oligonucleotides which 

may act as adjuvants to cells that are involved in anti-T4D antibody 

synthesis. Enhancement is greatest in mice infected with Sendai virus 

one day before, the same day as, or one day following T4D antigenic 

stimulation. These times correspond to times which would allow maximum 

interaction between cells, antigen, and oligonucleotides. 

Mengo virus did not in general markedly alter the immune re

sponse to T4D in mice. Ihis virus is known to have an affinity for 

cells of the spleen, lymph nodes, and liver (112,113), and may persist 

(111) or grow (114) in phytohemagglutinin stimulated splenocytes cul

tured in vitro. It should be noted that Mengo virus has not 
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consistently affected the viabilities of splenocytes (111,114) nor im

paired the responsiveness of lymphocytes to phytohemagglutinin stimula

tion (111). 

Ihis study confirms that four factors appear to most influence 

the effects that a virus may have on an antibody response. These fac

tors are: (a) the type of virus employed; (b) the antigen utilized to 

elicit the antibody response; (c) the time period between administra

tion of the virus and the antigen and their relative order; and (d) 

whether a primary or secondary antibody response is affected. It is 

difficult to evaluate further how viruses affect the immune system un

til it is known precisely which immune cell types are infected, what 

cellular alteration occurs following virus infection, and the nature of 

the interactions that may occur between immunologically competent cells. 

Additional work with the mouse-T4D system may elucidate these points. 

This study represents the first report of an anti-T4D response 

by mouse spleen cells cultured in vitro. It establishes the mouse-

anti-T4D antibody system as a means of studying virus induced altera

tion of antibody synthesis. Furthermore, it allows for the detection 

of viral effects on synthesis of IgM and IgG classes of antibody. In 

addition, the work demonstrates that non-oncogenic viruses may cause 

enhanced antibody formation as opposed to an impaired antibody forma

tion in mice infected with oncogenic viruses. Furthermore, it clearly 

emphasizes that any experiments designed to show the effects of virus 

on antibody formation must investigate both the humoral and cell asso

ciated synthesis of antibody before concluding that the virus has exer

cised an impairment or enhancement of an antibody response. 



APPENDIX 

REAGENTS 

1. Dulbecco's phosphate buffered saline supplemented with Ca 

Mg++. 

++ 
and 

2 .  

Solution a: KCl 

NaHP04 
KH2P04 

Double distilled water 

0.20 g 
1.15 g 
0.20 g 

100.00 ml 

Solution b: CaCl2 
Double distilled water 

0.10 g 
100.00 ml 

Solution c: MgCl-6H20 0.10 g 

Supplement: CaCl2 
MgS0A 

0.02 g 
0.016 g 

Balanced salt solution (160). 

Dextrose 
KH2PO4 

HaHP04-7H20 
Phenol red 
CaCl2«2H20 
KCl 
MgC1.6H20 

MgS04 
Double distilled water 

1.0 g 
0.060 g 
0.358 g 
0.010 g 
0.186 g 
0.800 g 
0.200 g 
0.200 g 

1000.00 ml 

3. Hershey broth 

Nutrient broth (Difco) 8.0 g 
Peptone (Difco) 5.0 g 
NaCl 5.0 g 
Dextrose 1.0 g 
Double distilled water 1000.0 ml 
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4. Phage buffer 

Na2HP(>4 (anhydrous) 7.0 g 

KH2PO4 3.0 g 
NaCl 5.0 g 
Gelatin 1.0 g 
MgS04 (0.1 M) 10.0 ml 
CaCl2 (0.01 M) 10.0 ml 
Double distilled water 1000.0 ml 

5. Modified Eagle's minimal essential medium 

Minimal essential media without sodium 
bicarbonate (Eagle's) (Grand Island 
Biological Co., Grand Island, Calif.) 

Penicillin 
Streptomycin (Eli Lilly and Co., 

Indianapolis, Indiana) 
Heparin (Rabin Winters, El Segundo, 
Calif.) 

Hepes buffer (0.01 M) calbiochem, 
Los Angeles, Calif., lot 010168 A 

grade) 

6. Hepes buffer (100X) (161) 

4-(2-hydroxyethyl-l-piperazine)ethane-
sulfonic acid 

Hepes buffered saline 
NaCl 

KC1 

Na2HP04 

Dextrose 
Double distilled water 

7. Cocktail for splenocytes cultures (162) 

Eagle's essential amino acids (Grand 
Island) 50X 

Minimal essential media (Eagle's) 
Dextrose 
Double distilled water 
Fetal calf serum heat inactivated (56 C, 

30 minutes) 1/3 by volume, added just 
before needed. 

IX 
100 units/ml 

100 ug/ml 

3 units/ml 

IX 

2.38 g 
10.0 ml 
4.0 g 

0.2 g 

0.05 g 

0.5 g 
500.0 ml 

5.0 ml 
10.0 ml 
0.500 g 
35.0 ml 
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