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(ABSTRACT) 

Brucellosis caused by Brucella abortus is an important zoonotic 

disease characterized in cattle by placentitis, fetal death and abortion. 

Brucellosis research employing the pregnant mouse model has been limited 

to the bacteriology and immunology of the disease. 

Studies reported in this dissertation characterized the pathology and 

serology of one virulent (2308) and two attenuated (19 and RB51) strains 

of B. abortus in the pregnant mouse. When 102°? strain 2308 organisms 

were administered intraperitoneally to BALB/c mice in midgestation, by 9 

days post- inoculation they consistent ly produced a severe, necro-suppurative 

placentitis frequently asociated with fetal death. Sequential examination 

of the placenta during the second half of gestation revealed infection 

of the trophoblast giant cells and visceral yolk sac. As occurs in the 

cow, brucellae localized within the rough endoplasmic reticulum of the 

trophoblast cells. An inoculum of 107°? strain 19, the current vaccinal 

strain, produced a similar lesion. Both strains 2308 and 19 induced 

antibodies against lipopolysaccharide O-side-chain as monitored by serum 

agglutination and western blot analysis. Inoculation of 107°> strain 

RB51 brucellae, a stable rough organism, produced minimal placentitis



and did not induce fetal death or anti-O-side-chain antibodies as assessed 

by serum agglutination or Western Blot analysis. 

Mice vaccinated prebreeding with 10° strain 19 demonstrated excellent 

protection against midgestational challenge by 102-7 strain 2308 organisms 

as assessed by lesion development and infection of spleens and placentas. 

Vaccination with 108 strain RB51 produced a lesser, although significant, 

degree of protection against infection and prevented severe lesions and 

fetal death: Two inoculations of strain RB51 improved protection against 

placental infection. 

The intravenous transfer of strain 19 antiserum or monoclonal antibodies 

directed against the O-side-chain one hour before challenge with brucellae 

provided protective immunity to the pregnant mouse. In contrast, antiserum 

against strain RB51 was not protective, indicating the importance of 

cell-mediated rather than humoral immunity in protection afforded hy 

vaccination with strain RB51. 

These experiments suggest that the pregnant mouse is an appropriate 

model to study the immunopathology of brucellosis. It also supports the 

development of strain RB51 as a vaccine for bovine brucellosis, offering 

protection against infection without eliciting anti-O-chain antibodies 

that confound the serodiagnosis of infection with virulent smooth strains.



DECLARATION OF WORK PERFORMED 

I declare that, with the exception of the items indicated below, all 

work reported in this dissertation was performed by myself. 

Western blot analysis was performed by Ms. Jan Simmers at the 

Veterinary Medical Research Center. Protein analysis of the monoclonal 

antibody, BRU 38, was performed by Ms. Patsy Dillon-Long, also at the 

Research Center. Placental samples for light microscopy were collected 

by myself and processed by technicians at the Histopathology Laboratory 

with both H & E and Giemsa stains. Ms. Amelia Walton at that laboratory 

modified and performed the immunohistochemical staining techniques used 

for this study. Placental samples for electron microscopy were collected 

and processed by me but sectioned both by myself and by Ms. Kathy 

Hayman at the EM facility of the Veterinary College. Immunogold staining 

on grids was performed by technicians under the direction of Dr. Norman 

Cheville, National Anima] Disease Center in Ames, Iowa. 

iv



TABLE OF CONTENTS 

  

ABSTRACT. 2... cee ee ee ee nen ee eee eee eee eee ee eee i 
ACKNOWLEDGEMENTS... 0... ee ee ee ee ee ee ee ee ee eee ee ee ene iii 
DECLARATION OF WORK PERFORMED.......... 0... cece eee ee eee eee eee eens iv 
TABLE OF CONTENTS... 2... .. cece ee ee ee ee eee ee ee eee V 

CHAPTER 1. INTRODUCTION: THE HISTORICAL PERSPECTIVE AND HYPOTHESIS... 1 
1.1 Historical perspective... ..... ccc ee eee ee eee eee 1 

1.2 HypothesiS...... ce ee ee ee eee eee eee ene 7 

CHAPTER 2. A REVIEW OF THE PATHOLOGY OF BRUCELLOSIS IN THE MOUSE 
AND OTHER SPECIES... 2.2... ee ee ee ee ne ee eee 8 

2.1 Brucellosis-the Brucella speciesS........... 0... eee ee ees 9 
2.2 Epidemiologic importance of Brucella abortus............. 12 

2.3 Epidemiology and pathogenesis of B. abortus in 
Several Specie€S.... cece ee ee eee eee eee eee 12 

2.4 Local immune suppression and the pathogenesis of 
placental infection... ....... cece eet te eee as 19 

2.5 The murine model of listerioSiS......... eee cee eee 24 

2.6 Local uterine immunity and pathogenesis of ruminant 

brucellosis... Lc ee eee ee eee eee 26 

2.7 Pathogenesis of Brucella-induced abortion................ 33 

2.8 The mouse as a model for brucellosis.....................35 

CHAPTER 3. 

CHAPTER 4. 

CHAPTER 5. 

CHAPTER 6. 

F
H
P
 

p
r
 

M
&
W
 

Nh 
Re 

PLACENTAL PATHOLOGY OF THE PREGNANT MOUSE INOCULATED WITH 

  

BRUCELLA ABORTUS.... 2... . ee eet eee eens 42 

Materials and methods.............. cece eee eee ee eee 43 

Results... . ce ee ee eee ee eee eee eee tenes 49 

DISCUSSION. ©... Le ee te eee ee eee eee 54 

A REVIEW OF THE IMMUNOLOGY OF BRUCELLOSIS................ 62 
Humoral response.......... ccc ete ee ee ene eens 62 

Cell-mediated response... ........ ee ee ee ees 65 

B. abortus strain 19... . ee eee ee eee 66 

B. abortus strain 45/20....... wee eee eee ee eee eens 68 

B. abortus strain RB51........ ee ee eee eee 69 

COMPARATIVE BEHAVIOR OF BRUCELLA ABORTUS STRAINS 19 AND 
  

RB51 IN THE PREGNANT MOUSE...................2 2000 vee eees 72 

Materials and Methods....................00- eee eee eee eee 74 

Results and Discussion............... 0... ce eee eee ee eee eens 75 

A REVIEW OF THE USE OF THE PREGNANT MOUSE MODEL IN 

BRUCELLOSIS PROTECTION STUDIES. ......... 0... 00... ee ee eee 79



CHAPTER 7 

CHAPTER 8 

TABLES 

Table 

Table 

Table 

Table 

Table 

Table 

Table 

Table 

Table 

FIGURES 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

1. 

N
e
 

BRUCELLA ABORTUS STRAINS 19 AND RB51; 
  

COMPARATIVE PROTECTION IN THE PREGNANT MOUSE MODEL....... 82 

Materials and methods.......... 0... 0... cee eee ee eee eee ee 84 

ResultS.. 0... . cc ee ee ee ee eee eee ee ees 89 

DiscuSSion..... 0... . ee ee ee ee ee eee ee eee eee eee 94 

SUMMARY AND CONCLUSIONS.............. 0.00 ewe eee enews 102 

Ce eee ee ee ee ne ee ee ee ee ee eee eee eet eee es 109 

Effect on spleen and placenta of various doses of 

B. abortus strain 2308 inoculated intraperitoneally 
into BALB/c mice on day 9 of gestation............... 110 

Pathogenesis study-B. abortus strain 2308, effect 

on spleens and placenta.......... cee ee eee ee eee eee 111 

Effect of B. abortus strains 2308, 19 and RB51 on 
non-pregnant BALB/c mice killed 9 days post- 

inoculation... 2... ee ete eee eee 112 

Trials to determine the minimum inoculum of B. 

abortus strain 19 producing severe placental lesions 

when administered IP to BALB/c mice on day 9 of 

gestation... ee ee eee tees 113 

Trials to determine the minimum inoculum of B. 
abortus strain RB51 producing severe placental 

lesions when administered IP to BALB/c mice on 

day 9 of gestation. ....... ce eee ee eee eee ene 114 

Histologic, bacteriologic and serologic findings of 

BALB/c mice inoculated with strain 2308, 19 or RB51 

intraperitoneally on day 9 of gestation.............. 115 
Protection against placental and splenic infection 

with strain 2308 as well as placental damage by 

Vaccination... cee ee ee ee ee eee ees 116 

Protection against placental and splaenic 

infection with strain 2308 as well as placental 

damage by transfer of immune sera and monoclonal 

antibodies before challenge............. cece eee ees 117 
Serum titers of challenged and unchallenged 

vaccinates against B. abortus O-side-chain antigens 

and B. abortus strain RB51 organisms................. 118 

Se ee ee ee eee ee ne eee eee ee ee eee 119 

The Gram negative cell envelope................00 00 0- 120 

The lipopolysaccharide polymer............... 0.0 e eee 122 

Schematic cross-section of the mouse uterus, day 9 

Of gestation... . ccc cee eee ee eee eee 124 
Effect of 10°°’ B. abortus strain 2308 organisms on 

the weight of spleen and placenta at various days of 

BEStacion. . ee eee eee eee eee eee 126 
Cross-section of the mouse uterus at 12 days of 

gestation H & E stain... ce eee eee ee ee 128 
Mouse placenta at 12 days of gestation. ABC stain....130 
Cross-section of the mouse uterus at 14 days of 

gestation. H & FE stdin... ... eee eee eee ee eee ee ae 133 

vi



Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

Mouse placenta at 14 days of gestation. ABC stain....135 

Cross-section of the mouse uterus at day 16 of 

gestation. H & E stain... ee ee ee 138 

Mouse placenta at 16 days of gestation. ABC stain....140 

Junctional zone of _the day 16 placenta from a mouse 
that received 10°:? B, abortus strain 2308 organisms 

on day 9 of gestation... ....... cee eee eee eee 143 

Cross-section of the mouse uterus at 18 days of 

gestation. H&E stain... . eee ee eens 145 

Spongiotrophoblast zone of_the day 18 placenta from 

a mouse that received 10°:/ B. abortus strain 2308 
organisms on day 9 of gestation.................000-- 147 

Mouse placenta at day 18 of gestation. ABC stain..... 149 
Periphery of a day 18 placenta from a mouse that 

received 10°:? B. abortus strain 2308 organisms on 
day 9 of gestation. ABC stain..... ec. ee ee eee ee eee 152 

Day 18 placenta from a mouse that received 10°:? B. 

abortus strain 2308 organisms on day 9 of 

gestation ABC Stain... ... eee ee eee ns 154 

Cross-section of the uterus on day 18 of gestation 

from a mouse that received 10°:7 B. abortus strain 

2308 organisms on day 9 of gestation. H & E stain...157 

Infected trophoblast giant cells of the day 18 
placenta from a mouse that received 10°: 

B. abortus strain 2308 organisms on day 9 of 

BOStatcion. vce eee eee ee eee ee ee eee eee ee eee 159 

Electron micrograph of a trophoblast giant cell _ from 

the day 18 placenta of a mouse that received 10°: 

B. abortus strain 2308 on day 9 of gestation......... 162 

Inflammatory infiltrate associated with Reichert's 

membrane from the day 18 placenta of a mouse infected 

with 10°- B. abortus strain 2308 organisms on day 9 

Of pestation. ...... ee eee eee eee eee 164 
Electron micrograph of the spongiotrophoblast zone of 

the day 18 placenta from a mouse that received 10”: 
B. abortus strain 2308 on day 9 of gestation......... 166 

Electron micrograph of Reichert's membrane of the 

day 18 placenta from a mouse that received 10°: 
B. abortus organisms on day 9 of gestation........... 168 
Replication of B. abortus strain 2308 organisms in 
spleen and placenta of BALB/c mice at various days 

Of gestation... . Lc ee ee te tee eee eens 170 

Cross-section of the day 18 mouse placenta. H & E 

stain. (Control, strain 2308 & strain 19)........... 172 

Cross-section of the day 18 uterus of a mouse that 

received 10/-° B. abortus strain 19 organisms on day 

9 of gestation. ABC stain... ... eee ee eee eee 175 

Cross-section_of the day 18 uterus of a mouse that 

received 107° B. abortus strain RB51 organisms on 

day 9 of gestation. If & E and ABC stains............. 177 

vii



Figure 27. Cross-section of the day 18 placenta from a mouse 

that received 107: B. abortus strain RB51 organisms 

on day 9 of gestation. H & E and Giemsa stains....... 180 

Figure 28. Western blot analysis of sera from mice infected 

with strain 2308, strain 19 or strain RB51 on day 9 

Of gestation... ..... ete eee eens 184 

Figure 29. Western blot analysis of sera from strain RB51 and 

strain 19 immunized mice four weeks post-vaccination. 186 

Figure 30. Western blot analysis of sera from control mice with 

or without strain 2308 challenge and BRU 38.......... 188 

Figure 31. Western blot analysis of sera from strain RB51 

immunized mice with or without strain 2308 

challenge... .. eee eee ee eee ee eee eee 190 

Figure 32. Western blot analysis of sera from strain 19 

immunized mice with or without strain 2308 

challenge... . ce ee tee eee ee ee 192 

APPENDIX. 2... ee ne ee ee ee nee ee eee ee eee 194 
List of abbreviationsS....... ee ee ee eee eee ene 195 

Mouse husbandry... ..... ce ee ee ee eee eee nee eee 196 

Crystl violet staining, Acriflavin agglutination & Standard 

tube agglutination... .... ce ce ee te eee eee eee 197 
Preparation of rabbit primary polyclonal antibody for ABC 
technique... ee ee ee ee ee ee eee eee eee eee 199 
Tissue preparation protocol for transmission electron 

MUCLOSCOPY. .. ec ee ee ee ee eee 201 

Procedure of avidin-biotin-complex immunohistochemical staining 

for light microScopy....... cee ee eee ee eee eee eee 203 

Biodot enzyme-linked immunosorbant assay (ELISA) procedure....... 205 

Colony blot enzyme-linked immunosorbant assay (ELISA) procedure. .207 

Purification of monoclonal antibodies (BRU 38)..................6.% 209 

Procedure for gel electrophoesisS............ cece eee eee es 213 
Procedure for western bDIlOt..... ce ee eee ee eens 219 

LITERATURE CITED............. Dee ee ee ee ee ee ee ee eee ee ees 223 

42 0: 243 

viii



CHAPTER 1 

INTRODUCTION: 

THE HISTORICAL PERSPECTIVE AND ITYPOTHESIS 

1.1 Historical perspective 

The bacterium, Brucella abortus is the principal cause of bovine   

brucellosis in which chronic infection is characterized by abortion and 

decreased milk yield in the cow and orchitis and epididymitis in the 

bull. Brucellosis in human beings is a serious, debilitating disease 

characterized by fever with diurnal variation, myalagia and arthritis 

(Marston, 1861; Bruce, 1889; Huddleson, 1943; Spinks, 1956; Madkour, 

1989). Human disease is an accidental expression of a much more widespread 

disease in animals and is always traceable to exposure to infected 

animals or their products. Although bovine brucellosis has been erradicated 

or controlled in many developed countries, by huge expenditures of effort 

and funding, its prevalence has actually increased in many developing 

countries as they have attempted to build-up dairy industries without 

implementation of brucellosis control programs (Thimm, 1982). Attempts 

to estimate the true prevalence of human brucellosis world-wide are 

frustrated because adequate information on the occurrence of the disease 

is not available in many countries but the incidence of human brucellosis 

now probably shows little net improvement on a world-wide basis over the 

situation thirty years ago (Corbel, 1989). Tn a recent comprehensive 

review on brucellosis in man and animals, Nicoletti (1990) concludes 

that brucellosis continues to have global importance, remaining a highly 

1
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relavent human health problem and annually causing serious losses in the 

livestock industry in affected areas. 

Though according to Hughes (1897), a disease consistent with brucellosis 

had been described as early a 460 BC by Hippocrates, the first accurate 

description of what was called "Mediterranean gastric remittent fever’ 

was made by Marston in 1861. An assistant surgeon in the British army 

stationed in Malta, he wrote a clear and detailed account based on 

personal experience after he contracted the disease himself. Human 

brucellosis had many synonyms derived from its resemblance to typhoid 

fever and malaria (intermittent typhoid, typho-malarial fever), its 

remittent character (undulant fever), its duration (common continued 

fever), and its geographic location (Malta fever, Mediterranean Fever, 

Cyprus fever). 

Epidemic abortion in cattle was recognized in the United States as early 

as 1864 and was regarded as a contagious disease (Huddleson, 1943). In 

1895 Bernard Bang, a Danish veterinarian, recovered the bacterium then 

described as Bacillus abortus from the placenta of an aborted cow. He 
  

and his associate Stribolt showed that the inoculation of pregnant 

heifers with this organism induced abortion (Bang, 1897). At the time, 

Bang's discovery was of interest only to veterinarians and livestock 

producers and no correlation was made between "Bang's Disease" in cattle 

and what was popularly called "Malta fever’ in humans. The disease was 

first recognized as a zoonosis by Zammit in 1905, who discovered that 

goats were the source of infection for Malta fever. In 1918 the name 

"brucellosis" was suggested for both diseases by Alice Evans, an American 

  

microbiologist, upon identifiying Bacillus abortus in cow's milk and
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reporting the close relationship of this bacterium to Microccous melitensis,   

which had been earlier described by David Bruce in 1887 as the cause of 

"undulant fever". Evans proposed the genus Bacterium for both bacteria 

as she noted no distinction could be made between the two on the basis 

of the agglutination test. This relationship was confirmed by Meyer and 

Shaw (1920) who were the first to suggest the current nomenclature for 

the genus, Brucella, to recognize the work of David Bruce. 

Brucellosis in pregnant ruminants is characterized by placentitis, 

  intracellular replication of Brucella abortus in trophoblasts, large 

numbers of B. abortus in placental tissues, fetal death and abortion 

(Smith, 1919; Haliman, 1924; Payne, 1959; Molello, 1963a; Alexander et 

al., 1981; Jubb et al., 1985). The characteristic location of B. abortus 

within the chorioallantoic trophoblast cells of cattle was first reported 

by Smith in 1919 and later further described in cattle (Hallman, 1924; 

Payne, 1959; Meador and Deyoe, 1989) sheep (Molello, 1963a) and goats 

(Anderson et al., 1986 a & b). The pathology of the gross and histologic 

lesions of ruminant placentitis due to B. abortus have been well described 

(Hallman, 1924; Huddleson, 1943; Payne, 1959; Molello et al., 1963a; 

Anderson et al., 1986 a & b). 

In bovine brucellosis B. abortus establishes infection both within the 

pregnant reproductive tract as well as within tissues which contain a high 

proportion of phagocytic cells of the reticuloendothelial system (Doyle, 

1935; Payne, 1959; Jubb, et al. 1985; Enright, 1990). Anderson and 

associates (1986 a & b) examined more closely the pathogenesis of the 

reproductive tract lesions in the ruminant. The intracellular location 

of brucellae colonizing the placenta of the goat was described, revealing
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an apparently unique relationship to the host enabling it to survive and 

multiply preferentially within the rough endoplasmic reticulum of the 

trophoblast cell. This same intracellular location was later described 

in the cow as well (Meador and Deyoe, 1989). Mechanisms of cell selectivity, 

cell entry and intracellular localization remain speculative. 

The mouse experimental model of brucellosis has been used extensively 

to investigate both the immune response to and the pathogenesis of 

systemic infection in the non-pregnant animal (Feldman and Olsen 1935; 

Young et al., 1979; Ho and Cheers 1982; Phillips et al., 1989b; Pugh et 

al., 1989). Although the pregnant mouse model offers an economic and 

convenient alternative which has been employed by investigators of other 

placental pathogens (Buzoni-Gatel and Rodolakis 1983; Redline and Lu, 

1987, 1988, 1989; Tuffey et al., 1987) research into the immunopathology 

of brucellosis in the pregnant animal primarily has utilized the ruminant. 

The pregnant mouse model of brucellosis has been used only to study some 

aspects of the bacteriology and immunology involved with infection 

(Bosseray, 1980, 1982, 1983a). In 1957 Payne described placental lesions 

in the rat given unquantified doses of B. abortus during gestation. 

Later studies reporting the preferential growth of B. abortus within the 

murine placenta described the bacteriology but did not include histologic 

examination of infected placentas and concluded that infection did not 

alter the course of pregnancy in the mouse (Bosseray, 1980, 1982, 1983a). 

Researchers have shown that protective immunity to systemic infection 

by brucellae involves both humoral and cell-mediated immunity (Cheers, 

1984; Winter et al., 1988; Araya et a]., 1989, 1990). However, the 

relative and temporal contribution of the antibody or cellular reponse



toward protection and eventual elimination of the bacteria remains 

unclear. The immune response within the environment of the gravid 

uterus is exquisitely tuned to allow the survival of the fetal allograft. 

Recent investigation of listeriosis in the pregnant mouse suggested that 

local immune suppression to prevent fetal rejection may also suppress 

the immune response to this intracellular pathogen (Redline and Lu, 

1987). Unchecked preferential growth of this intracellular pathogen 

occured within the placenta and resulted in trophoblast cell necrosis and 

fetal death. In contrast to the predominantly mononuclear cell infiltration 

of most organs associated with systemic Listeria monocytoges infection, 
  

placental inflammatory cell infiltrates were primarily neutrophilic, 

again suggesting modification of the immune respone at the feto-maternal 

interface. Study of the local immune response to placental infection by 

Brucella may help clarify factors involved in fetal survival as well as 

those pertinent toeffective diseasecontrol, particularly host susceptibilty 

and resistance to disease. 

A significant proportion of the current research effort on bovine 

brucellosis is directed at defining the constituents of protective 

immunity in order to develop a more effective vaccine. Strain 19, an 

attenuated smooth strain of B. abortus, is widely used as a live vaccine 

in brucellosis control programs. Though use of this vaccine has signif- 

icantly reduced the level of brucellosis in the United States and other 

developed countries, strain 19 has a number of disadvantages which have 

prompted further efforts at vaccine development. These include the 

ability to cause abortion in pregnant cattle (Birch et al., 1943) and 

serious disease in those who are accidently infected when administering
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the vaccine (Gillman, 1944; Reviah, et al., 1961), incomplete protection 

of vaccinates against virulent field strains (Manthei, 1959), and possession 

of antigens in common with virulent field strains resulting in confusing 

serologic reactions (Nicoletti, 1981). Vaccination of cattle over one 

year of age with strain 19 may result in persistent antibody titers that 

cannot be distinguished easily from those resulting from natural infection 

when tested by serological tests commonly used to monitor cattle herds for 

Brucella infection (Subcommittee on Brucellosis Research, 1977). 

The antibody response monitored by the serum agglutination tests is 

directed almost totally against the specific O-side-chain of the lipopo- 

lysaccharide of B. abortus (Diaz et al, 1968; Schurig et al., 1981). 

Recently, a stable rough mutant, strain RB51, has been developed which 

is virtually devoid of O-side-chain polysaccharide (Schurig et al., 

1991). Intraperitoneal inoculation of mice with this strain does not 

induce sufficient quantities of antibodies against the O-side-chain to 

interfere with the interpretation of serum agglutination tests. Rough 

strain variants of Brucella spp., including partially rough strains of 

B. abortus and the fully rough species, B. ovis and B. canis, are less 

virulent than smooth organisms that possess the entire O-side-chain (Meyer, 

1990). Strain RB51 has reduced virulence in the non-pregnant mouse and 

protects non-pregnant mice against challenge with virulent, smooth B. 

abortus strain 2308 (Schurig et al., 1991). Freliminary in vitro work 

with bovine placental explants suggested reduced virulence of strain 

RB51 for the reproductive tract of cattle (Fnright, 1990) and limited 

vaccine trials in cattle indicated that strain RB5l may also protect 

cattle against challenge by strain 2308 (Enright et al., 1990b). Strain



RB51, therefore, appears to have significant potential as a vaccine for 

bovine brucellosis. In light of the current emphasis on the study of 

the immunopathology of brucellosis aimed particularly at vaccine development, 

investigations were made to test several hypotheses. 

1.2 Hypothesis 

The hypotheses to be tested were: 

1. That the pregnant mouse would be an appropriate model of bovine 

brucellosis caused by virulent, smooth B. abortus with similarities in 

pathology, microbiology and immunology. 

2. That immunization with B. abortus strain RB51 does not induce anti- 

O-side-chain antibodies in the pregnant mouse and will protect mice 

against a virulent smooth strain inoculated in midgestation. 

To test these hypotheses, the following experiments were planned: 

a. characterize the placental colonization by virulent B. 

abortus strain 2308 and associated anatomic lesions and 

investigate their pathogenesis, 

b. define aspects of the serological response of the pregnant 

mouse to Brucella infection, 

c. compare the serology, virulence and pathogenicity of 

B. abortus strains 2308, 19 and RB51 in the pregnant mouse, 

d. examine the protection afforded the pregnant mouse by 

vaccination with attenuated strains 19 or RB51 against 

challenge with virulent strain 2308.



CHAPTER 2 

REVIEW OF THE PATHOLOGY OF 

BRUCELLOSIS IN TIE MOUSE AND OTHER SPECIES 

Infections which interfere with the establishment or continuation 

of a healthy pregnancy, and the subsequent well-being of the young, are 

of considerable interest and importance in both human and veterinary 

medicine. In human medicine, the social and humane consequences of 

these infections have received greatest consideration, while in veterinary 

medicine the effect on animal production, economics and transmissibility 

to people are the more important concerns. Indeed, zoonotic diseases 

bridge these considerations and so an understanding of the pathegenesis 

of a disease in one species is frequently of importance in solving 

similar problems in another. 

The spectrum of micro-organisms able to affect the reproductive 

performance of domestic animals is wide and includes viral, fungal, 

protozoal and bacterial agents. Susceptibility or resistance to a pathogen 

is determined by acquired specific immunity superimposed on nonspecific 

or innate host resistance constrained by genotype and modified by a myriad 

of factors such as nutrition, stress, age, sex and stage of gestation. 

The outcome of exposure of a susceptible host to a pathogen is also related 

to factors pertaining to the organism itself, including the route and 

duration of exposure and dose and virulence of the microbe. Once established 

within the host, the pathogenicity and tissue tropism of the organism
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acting in concert with the immune response of the host, determine the 

outcome of the infection. 

2.1 Brucellosis-The Brucella species 

Many successful bacterial pathogens have adopted an intracellular 

habitat to aquire needed environmental trophic factors for replication 

and to avoid the immune defenses of the host. The brucellae are facultative 

intracellular pathogens of a number of wild and domestic animal species 

and human beings. World-wide in distribution, brucellosis is an important 

cause of reproductive failure in domestic food animals and also causes 

serious chronic human illness (Subcommittee on Brucellosis Research, 

1977). Currently, the genus Brucella is not subsumed to any family of 

bacteria but is defined as a group of cocco-bacilli ranging from 0.6 to 

1.5 microns long by 0.5 to 0.8 micron wide, with the coccoid forms 

predominating in vivo (Corbel and Brinley-Morgan, 1984). The genus is 

currently divided into six species on the basis of metabolic patterns; 

colony morphology; requirement of CO, and serum demand for growth in 

vitro; susceptibility to bacteriophage infection, and host preference 

and range. Of the six recognized species, three are pathogenic in a 

single host reservoir; B. canis in dogs, B. ovis in sheep, and B. neotomae 

in the desert wood rat. In contrast, the three "classical" species of 

Brucella, (B. abortus, B. melitensis and B. suis) are pathogenic in the 

preferred reservoirs of cattle, goats and pigs respectively, but occasionally 

infect and cause disease in other species. All but B. ovis and B. 

neotomae have been reported causing human disease (Subcommittee on 

Brucellosis Research, 1977, Meyer, 1990).
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Recent research on the genome of this genus utilizing such techniques 

as DNA/DNA hybridization (Verger et al., 1985) and ribosomal nucleic 

acid comparison (DeLey et al., 1987) have revealed an exquisite closeness 

in the genetic relationships between all Brucella species. The suggestion 

has been made that all are biovars of a single species and should be 

renamed to reflect this. However, the nomenclature is well entrenched 

in the literature and the current taxonomic status of the genus remains 

based on the aforementioned biochemical and epidemiological factors. A 

reflection of this close genetic relationship among the five species 

that infect domestic animals is the similarity in the pathogenesis of 

brucellosis amongst different host species. Brucellosis in domestic 

animals (and humans) is a chronic disease in which the host develops a 

systemic granulomatous inflammatory response typically located in the 

spleen, lymph nodes and other tissues with a prominent reticuloendothelial 

component. A common theme for the Brucella species is the preferential 

localization within the male and pregnant female reproductive tracts 

through which the bacteria exit the body and become available for trans- 

mission of the disease. The clinical presentation and pathology varies 

among the host reservoirs, and is also slightly different for each 

species of brucellae. 

The ultrastructural morphology of the brucellae is similar to other 

Gram-negative bacteria (Cherwonogrodsky et al., 1990). The cell envelope 

of this non-motile, non-sporulating organism is composed of a cytoplasmic 

membrane, a periplasmic space, a peptidoglycan layer and an outer cell 

membrane composed of phospholipid, protein and lipopolysaccharide (Fig. 

la). The lipopolysaccharide (LPS) molecule, also known as endotoxin, is



11 

a particularly important component of the outer membrane and responsible 

for many of the biological properties of Gram-negative bacteria. LPS 

consists of lipid A, a glycophospholipid which is the active principle 

(and the toxic fraction), a constant polysaccharide core region and a 

specific O-side-chain polysaccharide region of repeating oligosaccaride 

units (Figs. lb, 2a). The O-side-chain is situated on the surface of 

the outer cell membrane and is primarily responsible for the antigenic 

specificity of the bacterium (Fig. 2a). The component monosaccharide of 

the Brucella O-polysaccharride antigens is 4-amino-4,6-dideoxy-D-mannose, 

which exists in both A and M antigens as the N-formyl derivative (Fig. 2b) 

(Miekle et al., 1989). The A antigen is a linear homopolymer of essentially 

alpha 1,2-linked 4-6-dideoxy-4-formamido-D-manno-pyranosyl residues 

(Caroff et al., 1984b) in contrast to the M antigen which is a linear 

pentasaccharide repeating unit composed of four alpha 1,2- and one alpha 

1,3-linked sugars (Bundle et al., 1987 a & b, 1989). The O-side-chain 

polysaccharide of smooth strain of B. abortus consists of 98 percent A 

antigen with only a small number (2 percent) of alpha 1,3 linkages 

(Miekel et al., 1989). Strains incapable of completing the "0" antigen 

polysaccharide or core are referred to as rough strains because they 

tend to form non-smooth or rough colonies in vitro (Zinsser, 1988). Of 

the six species, B.. abortus, B. melitensis, B. suis and B. neotomae 

occur primarily in the smooth form, while B. canis, and B. ovis have the 

rough morphology. The polysaccharide component of the LPS apparently 

plays an important role in virulence in vivo because smooth isolates 

tend to have a broader host range than rough or semi-rough variants. 

This may be due to differing abilities of the variant strains to penetrate
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mucosal surfaces of the host, or to resist the immune mechanisms of the 

host as influenced by the composition of the surface of the cell envelope 

(Rulter, 1988). The biological activities of endotoxin are diverse and 

likely pertinent to the pathogenesis of disease caused by the brucellae 

and will be discussed in conjunction with the pathology of brucellosis. 

2.2 Epidemiological importance of Brucella abortus 

Brucella abortus is the principal agent of brucellosis in cattle and   

has been isolated also from goats, sheep, pigs, dogs, horses and a number 

of wildlife species including bison, elk, caribou and numerous Asian and 

African ungulates (see Davis, 1990; Crawford et al., 1990 for recent 

extensive reviews of the epidemiology of B. abortus). Human infection 

with B. abortus is a major health problem wherever the organism is prevalent 

in the domestic animal population. It occurs world-wide except for a few 

countries where the bovine disease has been eradicated. Human beings usually 

acquire the infection through direct or indirect contact with infected 

animals or their products and are generally considered terminal hosts not 

involved in transmission of the disease (Nicoletti, 1989). Cattle or other 

bovidae are the usual reservoir host and source of infection for people 

and occupational contact with the products of abortion or ingestion of raw 

dairy products are the most common means of acquiring the disease. 

2.3 Epidemiology and pathogenesis of B. abortus in several species 

The bacteria responsible for bovine brucellosis or "Bang's disease" 

(Bang, 1897). The organism was recovered as an almost pure culture from
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the exudate in the intervillous space of a placenta from an aborted cow. 

Further, they showed that the inoculation of pregnant heifers with this 

organism induced abortion. Since that time, the pathogenesis of disease 

due to this organism, later named Brucella abortus by Meyer and Shaw (1920), 
  

has been studied by numerous workers (Hallman, 1924; Huddleson, 1943; 

Payne, 1959; Molello et al., 1963a; Anderson et al., 1986 a & b). In its 

reservoir host, B. abortus infection is characterised by abortion and 

reduced milk yield in the cow and orchitis and epididymitis in the bull 

(Huddleson, 1943; Subcommittee on Brucellosis Research, 1977). The following 

summary of the pathogenesis of brucellosis will be limited to manifestations 

of the the disease in the cow, the species gender most important in the 

transmission and maintainance of the infection. 

The exposure of susceptible cows to B. abortus is the epidemiological 

genesis of the disease process. Compared to many other non-sporulating 

bacteria, B. abortus has a substantial ability to survive and persist in 

the environment under suitable conditions (up to six month in cool, 

shaded soil) (Wray, 1975). Infected cows shed very large numbers of 

bacteria in uterine discharges at parturition. Bacteria are also shed 

at abortion and in the milk (Alexander et al., 1981). Ingestion from a 

contaminated environment is considered the most. common means of exposure 

and infection for cattle (Nicoletti, 1984). Conjunctival infection may 

be important also under conditions of confinement, as with intensively 

housed cattle (Russel, 1977). Congenital infection is also of major 

epidemiologic importance with as many as 20% of live calves born to 

infected cows persistently infected (Catlin and Sheehan, 1985; Crawford 

et al., 1986). Although B. abortus infection in bulls may result in the
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shedding of bacteria in the semen, the risk of transmitting the disease 

to cows by natural service is believed small (Rankin, 1965). 

As with all pathogens, whether infection results from exposure is 

determined by a range of factors influencing host susceptibility but a few 

are particularly noteworthy in brucellosis. Susceptibility is correlated 

strongly with the onset of sexual maturity. After sexual maturity, age 

per se, as distinct from age-related exposure to infection, does not 

appear to be a factor. The effect of gender has not been as well studied 

but it appears that relative susceptibilty may be that the least susceptible 

are immature calves, followed by mature bulls and mature cows (Crawford 

et al., 1990). The non-pregnant bovine uterus is relatively resistant 

to infection by B. abortus (Bang et al., 1933, Subcommittee on Brucellosis 

Research, 1977), with susceptibility increasing markedly with advent of 

pregnancy (Fitch et al., 1939). Susceptibility increases further as the 

stage of gestation progresses (Crawford et al., 1988). Genetic factors 

are likely to be involved in the resistance of cattle to brucellosis. Innate 

differences in susceptibility of various strains of mice to brucellosis 

have been documented (Ho and Cheers, 1982; Cheers and Ho, 1983; Cannat and 

Serre, 1984) and experimental trials in cattle involving a variety of 

bacterial strains and challenge doses have established that a proportion 

of cattle are naturally resistant to B. abortus infection (Price et al., 

1990; Harmon et al., 1985, 1989; Enright, 1990). 

Regardless of the route of infection, the general mechanism of 

pathogenesis is similar. B. abortus must first penetrate a mucosal 

surface, usually in the digestive tract, to establish infection in the 

regional lymph nodes within the host. A study investigating the trans-
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epithelial migration of B. abortus in ligated ileal loops in calves 

revealed that the bacteria entered this region of the digestive tract 

principally by dome lymphoepthelial cell endocytosis and transport to 

the lamina propria. Direct invasion of the enterocytes did not occur 

(Ackerman et al., 1988). Passage of the organism through the epithelial 

barrier results in an acute regional lymphadenitis (Payne, 1959). It is 

not known if invading brucellae which escape the submucosa to arrive at 

the regional nodes are carried within phagocytic cells or arrive as free 

organisms (Enright, 1990). Further evasion of host. defenses within 

these draining nodes results in persistent infection and eventually, in 

bacteremia. Brucellae are able to survive within neutrophils (Riley and 

Robertson, 1984) and non-activated macrophages (Harmon et al., 1988) and 

this intracellular location helps protect them from humoral and cell- 

mediated bacteriocidal mechanisms during hematogenous spread. Although 

B. abortus may localize in a variety of tissues during bacteremia (renal 

cortex, synovial membranes, bone marrow, liver), infection most frequently 

occurs in the lymphoid tissues, pregnant uterus and mammary gland of the 

cow (Schroeder and Cotton, 1916; Bang et al., 1933; Doyle, 1935; Ministry 

of Agriculture and Fisheries, 1977; Bracewell and Corbel, 1980). In the 

pregnant uterus, infection of the chorionic epithelium leads to a severe, 

ulcerative placentitis with an associated purulent exudate (Payne, 

1959). This exudate is present in the inter- and periplacentomal utero- 

chorionic spaces and at the base of cotyledonary villi. Chorioallantoic 

membranes are markedly edematous and display segmental fibrinous vasculitis 

and multifocal erosionof periplacentomal chorionic epithelium. Trophoblasts 

lining the base of cotyledonary villi and periplacentomal regions are
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filled with brucellae (Meador and Deyoe, 1989). In non-reproductive 

tract organs, infection results in multifocal granulomas composed primarily 

of macrophages, lymphocytes and plasmacytes with fewer neutrophils 

(Payne, 1959). 

As Brucella may survive and multiply within cells of the reticuloen- 

dothelial system, the persistence of infection within these cells is of 

primary importance in the evolution of the granulomatous reaction (Thoen 

and Enright, 1986). In vitro studies show that the brucellae are ingested 

by mononuclear and polymorphonuclear phagocytes but are partially protected 

within the phagosome by several mechanisms. The resistance to killing 

by neutrophils has been correlated with a reduced oxidative response of 

the phagocyte due to the presence of bacterial lipopolysaccharide in the 

cell envelope (Kreutzer et al., 1979) or to the release of nucleotides 

by the bacterium that compromise nuclear function of neutrophils (Canning 

et al., 1986). Water extracts of virulent B. abortus have been shown to 

inhibit phagosome-lysosome fusion in unelicited murine macrophages 

following ingestion of yeast (Frenchick et al., 1985). A recent study 

suggests that Brucella abortus may lead to a decline in membrane interleukin- 
  

1 in co-cultured macrophages and concomitant down regulation of T-lymphocyte 

proliferation (Splitter and Everlith, 1989). It is well accepted that 

the eventual clearance of intracellular pathogens involves cell-mediated 

immunity which depends on the appropriate interactions between specifically 

sensitized T lymphocytes and macrophages. The mechanisms allowing 

brucellae to establish chronic infection have yet to be fully defined 

and are currently still under investigation.
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Brucella abortus has a marked predilection for the ruminant placenta. 
  

In the acute infection of pregnant cows, up to 85% of the bacteria are 

located in the cotyledons, placental membranes and allantoic fluid (Smith 

et al., 1961). Numbers of B. abortus in placental tissue can reach 1910 

organisms per milliliter of allantoic fluid or 1011 to 1015 organisms per 

gram of cotyledon (Alexander et al., 1981). As early as 1919, Smith 

described the characteristic intracellular location of B. abortus in the 

chorionic trophoblast cells of the placenta of the cow (Smith, 1919). 

Intratrophoblastic localization and replication occurs also in B. abortus 

infection of sheep and goats (Molello et al., 1963a), in B. ovis infection 

of sheep (Molello et al. 1963b), in B. melitensis infection of sheep 

(Molello et al. 1963c), in B. suis infection of pigs (Manthei, 1948) and 

in infection of the dog with B. canis (Carmichael and Kenny, 1968). 

This remarkable predilection of B. abortus for the gravid reproductive 

tract was originally thought to be the result of a specific tropism of 

the bacterium due to the high concentration of erythritol found in the 

reproductive tracts of ruminants and swine (Smith et al., 1962; Williams 

et al., 1962; Keppie et al., 1965). While erythritol does stimulate the 

in vitro growth of some strains of Brucella, B. abortus strain 19, the 

current vaccine strain and B. ovis, a closely related pathogen of sheep, 

do not metabolize this sugar as an energy source but still localize and 

grow preferentially in the ruminant placenta (Keppie et al., 1965; Berman, 

1977). In addition, recent investigations on the kinetics of brucellosis 

in the pregnant mouse revealed preferential growth of B. abortus in the 

gravid uterus (Bosseray, 1983a). Frythritol has been detected in very 

low concentrations in placental extracts from a variety of rodents,
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including rats and guinea pigs (Smith et al., 1962). It seems unlikely 

therefore that a single growth factor is the cause of placental localization 

of the Brucella species. 

Another class of compounds which may be involved in the localization 

and preferential growth of B. abortus in the placenta is the steroid 

hormones. Progesterone, synthesized in the smooth endoplasmic reticulum 

of both the ruminant and the murine trophoblast cell (Keppie et al., 1965, 

Britton, 1967; Sherman, 1983), enhances the growth of B. abortus in 

vitro (Misra et al., 1976). 

In addition to various compounds which may promote the growth of B. 

abortus within the placenta, there may be a local "permissive' environment 

at the feto-maternal interface that allows the unchecked growth of certain 

placental bacterial pathogens. This does not imply that mechanisms have 

evolved to make the feto-placental unit more susceptible to intracellular 

bacterial infection, but rather that local immunosuppression permiting the 

survival of the fetus may prevent optimum functioning of the antibac- 

terial immmune response. Thus the mechanisms protecting the fetus from 

maternal rejection may allow the survival of certain pathogens uniquely 

adapted to this situation. 

The effect of pregnancy on the local immune environment is complex and 

worthy of some comment. The ability of an allogenic graft such as the 

fetus to survive without eliciting maternal rejection has interested 

researchers in the field of immunopathology and transplantation and has 

lead to a number of proposed mechanisms to explain the success of the 

fetal allograft. Mechanisms investigated have focused on the roles of the 

trophoblast cell, maternal antigen presenting cells in the decidua,
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maternal suppressor cells and immunosuppressive factors fromthe endometrium, 

decidua and the developing fetus (Hill, 1990). Recent research in this 

area has been limited almost exclusively to the human or rodent placenta. 

Though species differences are apparent even between these two groups 

which share placental anatomic similarites (both hemochorial, Kirby, 

1965; Bjorkman, 1970), there are likely similar principles involved in 

the maintenance of pregnancy in non-hemochorial placental species such 

as the ruminants with their epitheliochorial placentas. 

2.4 Local immune suppression and the pathogenesis of placental infection 

The fetal trophoblast cell appears to play a key role in the success 

of pregnancy and it is also the primary target cell infected by several 

intracellular bacterial pathogens (Listeria monocytogenes, Brucella 

spp., Coxiella burnetii, Campylobacter fetus and Chlamydia psittaci). 

Trophoblasts are the principal cells of the fetal component of the feto- 

maternal placental interface. An absence of maternally recognized antigen 

on these cells would be a convenient explanation for the lack of maternal 

rejection of the fetus. The expression of Class ] major histocompatibility 

complex (MHC) antigen has been reported in some populations of trophoblast 

cells in the mouse (Colavincenzo and Lala, 1985; Zuckerman and Head, 

1986 a & b; Redline and Lu, 1989) and the rat placenta (Billington and 

Burrows, 1986; Saito et al., 1990) but the regulation and differential 

expression of Class I antigen and the implications for the feto-maternal 

immune relationship are still in question. Though the presence of Class 

I antigen on human trophoblast cell populations (Redman et al., 1984) is 

uncertain, there is some evidence for trophoblast specific or trophoblast
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associated antigen in this species as well (Davies and Brown, 1985; McIntyre 

et al., 1983). There also apears to be species variabilty in the suscep- 

tibility of the trophoblast cell to immune destruction (Billington, 

1989). This resistence to lysis in the presence of apparently appropriate 

target structures suggests therefore that suppressor mechanisms are 

important at the decidua-trophoblast interface in the species studied to 

date. 

Suggested roles for the trophoblast cell include the production of 

immunosuppressor proteins and steroid hormones in local concentrations 

far greater than are measurable systemically (Siiteri and Stites, 1982), 

recruitment of suppressor cells and the promotion of blocking factors 

(antibodies) that bind to the placenta on an antigen-specific basis 

(Hill, 1990). There is growing evidence for the involvement of soluble 

factors synthesized by mouse (Chaouat, 1987) and human (Bardos et al., 

1987) trophoblast. Protein A secreted from isolated trophoblast cells 

has been found to be highly immunosuppressive and also has the capacity 

to generate or recruit suppressor lymphocytes (Sanyal et al., 1989). A 

variety of studies performed in vitro and in vivo have demonstrated the 

effects of progesterone on the immune response, influencing regulation 

of immune cell traffic within the gravid uterus, T lymphocyte activation 

and macrophage function (Siiteri et al., 1977; Heap et al., 1983; Lloyd, 

1983; Stites and Siiteri, 1983). Progesterone therefore, may have a 

local suppressive effect on the immune response as well as a stimulatory 

effect on certain bacterial pathogens of the placenta such as the brucellae. 

Other proposed mechanisms of local immunosuppression include the 

following: (1) Decidual cells and placental macrophages may produce sol-
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uble messengers such as prostaglandin F2, which can suppress T-lymphocyte 

function and natural killer (NK) cell activation through interference 

with IL-2 production and detection (Parhar et al., 1989). (2) Bone-marrow 

derived suppressor cells may be recruited to the endometrium and decidua 

by factors derived from trophoblast or decidual cells. A novel non-T- 

lymphocyte suppressor cell population at the site of implantation may 

exist within the decidua allowing these maternal cells to prevent anti- 

paternal cytotoxic T-lymphocyte generation by releasing a soluble factor 

that blocks the response of T-lymphocytes to interleukin-2, a T-lymphocyte 

growth factor (Clark et al., 1984, 1986a; Daya et al., 1989). (3) A 

contribution towards the local immunosuppression may also be derived 

from the fetus itself. It has been demonstrated that supernatants of in 

vitro fertilized embryos suppress lymphocyte proliferation in vitro 

(Daya and Clark, 1986). Alpha feto-protein, synthesized primarily 

within the liver of the fetus, has been proposed as interfering with 

maternal immune function (Lloyd, 1983; Lu et al., 1984). This list is 

not meant to include all proposed mechanisms of immunosuppression protecting 

the fetus from rejection but rather to demonstrate the complexity of the 

interactions within this local environment which may influence the 

growth of placental pathogens. Intracellular bacteria targeting the 

trophoblast cell seem to be in the ideal position to take advantage of 

local immunosuppression. 

As previously mentioned, the overwhelming majority of studies inves- 

tigating immunoregulation at the feto-maternal interface have utilized 

human or rodent tissue and the mechanisms by which the ruminant fetus is 

protected from immunologic attack are not well characterized (Low and



�2�2� 

�H�a�n�s�e�n�,� �1�9�8�8�)�.� �S�t�u�d�i�e�s� �e�x�a�m�i�n�i�n�g� �t�h�e� �i�m�m�u�n�o�l�o�g�y� �o�f� �e�p�i�t�h�e�l�i�o�c�h�o�r�i�a�l� 

�p�l�a�c�e�n�t�a�t�i�o�n� �s�u�p�p�o�r�t� �t�h�e� �t�h�e�o�r�y� �t�h�a�t� �i�m�m�u�n�o�s�u�p�p�r�e�s�s�i�v�e� �m�e�c�h�a�n�i�s�m�s� �a�r�e� 

�i�n�v�o�l�v�e�d� �i�n� �t�h�e� �s�u�c�c�e�s�s� �o�f� �t�h�e� �f�e�t�a�l� �a�l�l�o�g�r�a�f�t�.� �T�h�e� �t�r�o�p�h�o�b�l�a�s�t� �c�e�l�l�s� �o�f� 

�t�h�e� �c�o�w�'�s� �p�l�a�c�e�n�t�a� �a�r�e� �k�n�o�w�n� �t�o� �p�r�o�d�u�c�e� �s�t�e�r�o�i�d�s� �i�n�c�l�u�d�i�n�g� �p�r�o�g�e�s�t�e�r�o�n�e� 

�(�R�e�i�m�e�r�s� �e�t� �a�l�.�,� �1�9�8�5�)� �a�s� �w�e�l�l� �a�s� �p�r�o�s�t�a�g�l�a�n�d�i�n�s� �(�S�h�e�m�i�s�h� �e�t� �a�l�.�,� �1�9�8�4�)� 

�e�s�p�e�c�i�a�l�l�y� �P�G�E�2�,� �c�o�m�p�o�u�n�d�s� �t�h�o�u�g�h�t� �t�o� �p�a�r�t�i�c�i�p�a�t�e� �i�n� �i�m�m�u�n�o�r�e�g�u�l�a�t�i�o�n� �i�n� 

�h�e�m�o�c�h�o�r�i�a�l� �p�l�a�c�e�n�t�a�s�.� �P�G�E�2� �h�a�s� �b�e�e�n� �f�o�u�n�d� �t�o� �i�n�h�i�b�i�t� �b�o�v�i�n�e� �l�y�m�p�h�o�c�y�t�e� 

�f�u�n�c�t�i�o�n� �i�n� �v�i�t�r�o� �a�n�d� �h�a�s� �b�e�e�n� �p�r�o�p�o�s�e�d� �a�s� �h�a�v�i�n�g� �a� �d�i�r�e�c�t� �e�f�f�e�c�t� �o�n� �m�a�t�e�r�n�a�l� 

�l�y�m�p�h�o�c�y�t�e�s�,� �m�o�d�u�l�a�t�i�n�g� �i�m�m�u�n�e� �f�u�n�c�t�i�o�n� �a�t� �t�h�e� �f�e�t�o�-�m�a�t�e�r�n�a�l� �i�n�t�e�r�f�a�c�e� �i�n� 

�t�h�e� �r�u�m�i�n�a�n�t� �(�L�o�w� �a�n�d� �H�a�n�s�e�n�,� �1�9�8�8�)�.� �T�h�e� �r�o�l�e� �o�f� �p�r�o�g�e�s�t�e�r�o�n�e� �i�s� �h�o�w�e�v�e�r�,� 

�l�e�s�s� �c�l�e�a�r�,� �a�n�d�,� �r�a�t�h�e�r� �t�h�a�n� �r�e�g�u�l�a�t�i�n�g� �i�m�m�u�n�e� �f�u�n�c�t�i�o�n� �b�y� �d�i�r�e�c�t� �i�n�h�i�b�i�t�i�o�n� 

�o�f� �l�y�m�p�h�o�c�y�t�e� �f�u�n�c�t�i�o�n�,� �i�t� �m�a�y� �e�x�e�r�t� �i�t�s� �i�n�f�l�u�e�n�c�e� �b�y� �i�n�d�i�r�e�c�t� �m�e�a�n�s� �(�L�o�w� 

�a�n�d� �H�a�n�s�e�n�,� �1�9�8�8�)� �s�u�c�h� �a�s� �m�o�d�u�l�a�t�i�o�n� �o�f� �p�r�o�s�t�a�g�l�a�n�d�i�n� �r�e�l�e�a�s�e� �(�V�a�g�e�l� �e�t� 

�a�l�.�,� �1�9�8�7�)� �a�n�d� �i�n�d�u�c�t�i�o�n� �a�n�d� �s�e�c�r�e�t�i�o�n� �o�f� �i�m�m�u�n�o�s�u�p�p�r�e�s�s�i�v�e� �m�o�l�e�c�u�l�e�s� �f�r�o�m� 

�t�h�e� �u�t�e�r�u�s� �(�M�u�r�r�a�y� �a�n�d� �C�h�e�n�a�u�l�t�,� �1�9�8�2�)�.� 

�A� �s�t�u�d�y� �o�n� �t�h�e� �l�y�m�p�h�o�c�y�t�e� �p�o�p�u�l�a�t�i�o�n� �i�n� �t�h�e� �b�o�v�i�n�e� �u�t�e�r�u�s� �d�u�r�i�n�g� 

�e�s�t�r�u�s� �a�n�d� �e�a�r�l�y� �g�e�s�t�a�t�i�o�n� �r�e�v�e�a�l�e�d� �a� �d�e�c�r�e�a�s�e� �i�n� �t�h�e� �n�u�m�b�e�r� �o�f� �l�y�m�p�h�o�c�y�t�e�s� 

�i�n� �t�h�e� �e�p�i�t�h�e�l�i�u�m� �o�f� �t�h�e� �g�r�a�v�i�d� �u�t�e�r�u�s� �1�9�-�2�7� �d�a�y�s� �p�o�s�t�-�c�o�n�c�e�p�t�i�o�n�.� �N�o� 

�f�u�r�t�h�e�r� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �t�h�e�s�e� �c�e�l�l�s� �w�a�s� �c�a�r�r�i�e�d� �o�u�t� �(�V�a�n� �D�e�r� �W�e�i�l�e�n� 

�a�n�d� �K�i�n�g�,� �1�9�8�4�)�.� �<�A� �m�o�r�e� �r�e�c�e�n�t� �s�t�u�d�y� �u�s�i�n�g� �i�m�m�u�n�o�h�i�s�t�o�c�h�e�m�i�c�a�l� �s�t�a�i�n�i�n�g� 

�t�e�c�h�n�i�q�u�e�s� �r�e�p�o�r�t�e�d� �m�a�j�o�r� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �i�m�m�u�n�e� �r�e�s�p�o�n�s�e� �t�o� �t�h�e� �f�e�t�u�s� 

�i�n� �t�h�e� �p�l�a�c�e�n�t�o�m�a�l� �a�n�d� �t�h�e� �i�n�t�e�r�p�l�a�c�e�n�t�o�m�a�l� �r�e�g�i�o�n�s� �o�f� �t�h�e� �u�t�e�r�u�s� �o�f� �t�h�e� 

�s�h�e�e�p� �(�G�o�g�o�l�i�n�-�E�w�e�n�s� �e�t� �a�l�.�,� �1�9�8�9�)�.� �I�n� �t�h�e� �s�h�e�e�p� �a�s� �w�i�t�h� �o�t�h�e�r� �r�u�m�i�n�a�n�t�s�,� 

�t�r�o�p�h�o�b�l�a�s�t� �i�n�v�a�s�i�o�n� �o�f� �m�a�t�e�r�n�a�l� �t�i�s�s�u�e� �o�c�c�u�r�s� �o�n�l�y� �i�n� �t�h�e� �p�l�a�c�e�n�t�o�m�e� 

�(�K�i�n�g� �e�t� �a�l�.�,� �1�9�8�2�)�.� �I�n� �i�n�t�e�r�p�]�a�c�e�n�t�o�m�a�l� �r�e�g�i�o�n�s�,� �i�n�v�a�s�i�o�n� �d�o�e�s� �n�o�t� �o�c�c�u�r� 

�a�n�d� �u�t�e�r�i�n�e� �e�p�i�t�h�e�l�i�u�m� �r�e�m�a�i�n�s� �i�n�t�a�c�t� �t�h�r�o�u�g�h�o�u�t� �m�o�s�t� �o�f� �p�r�e�g�n�a�n�c�y�.� �I�n



�2�3� 

�t�h�e� �n�o�n�-�p�r�e�g�n�a�n�t� �u�t�e�r�u�s�,� �l�y�m�p�h�o�c�y�t�e�s� �w�e�r�e� �u�n�i�f�o�r�m�l�y� �p�r�e�s�e�n�t� �i�n� �b�o�t�h� �t�h�e� 

�c�a�r�u�n�c�u�l�a�r� �a�n�d� �i�n�t�e�r�c�a�r�u�n�c�u�l�a�r� �u�t�e�r�i�n�e� �e�p�i�t�h�e�l�i�u�m� �(�L�e�e� �e�t� �a�l�.�,� �1�9�8�8�)�.� �I�n� 

�t�h�e� �p�l�a�c�e�n�t�o�m�e� �f�e�w�e�r� �l�y�m�p�h�o�c�y�t�e�s� �w�e�r�e� �o�b�s�e�r�v�e�d� �c�o�m�p�a�r�e�d� �t�o� �e�i�t�h�e�r� �t�h�e� 

�n�o�n�-�p�r�e�g�n�a�n�t� �c�a�r�u�n�c�l�e� �o�r� �t�h�e� �p�r�e�g�n�a�n�t� �i�n�t�e�r�p�l�a�c�e�n�t�o�m�a�l� �r�e�g�i�o�n�.� �I�n� �a�d�d�i�t�i�o�n�,� 

�s�u�b�s�e�t�s� �o�f� �l�y�m�p�h�o�c�y�t�e�s� �d�i�f�f�e�r�e�d� �i�n� �t�h�e�s�e� �r�e�g�i�o�n�s� �w�i�t�h� �f�e�w�e�r� �C�D�4�+� �l�y�m�p�h�o�c�y�t�e�s� 

�p�r�e�s�e�n�t� �i�n� �p�l�a�c�e�n�t�o�m�a�l� �r�e�g�i�o�n�s�.� �T�h�e�s�e� �o�b�s�e�r�v�a�t�i�o�n�s� �s�u�g�g�e�s�t� �t�h�a�t� �d�i�f�f�e�r�e�n�t� 

�m�e�c�h�a�n�i�s�m�s� �f�o�r� �p�r�e�v�e�n�t�i�n�g� �i�m�m�u�n�e� �r�e�j�e�c�t�i�o�n� �m�a�y� �o�p�e�r�a�t�e� �w�i�t�h�i�n� �p�l�a�c�e�n�t�o�m�e�s� 

�w�h�e�r�e� �t�r�o�p�h�o�b�l�a�s�t� �i�n�v�a�s�i�o�n� �o�f� �m�a�t�e�r�n�a�l� �t�i�s�s�u�e� �o�c�c�u�r�s� �a�s� �o�p�p�o�s�e�d� �t�o� �t�h�e� 

�i�n�t�e�r�p�l�a�c�e�n�t�o�m�a�l� �r�e�g�i�o�n�s� �w�h�e�r�e� �t�h�e� �m�a�t�e�r�n�a�l�/�f�e�t�a�l� �i�n�t�e�r�f�a�c�e� �i�s� �l�e�s�s� 

�i�n�t�i�m�a�t�e� �(�G�o�g�o�l�i�n�-�E�w�e�n�s� �e�t� �a�l�.�,� �1�9�8�9�)�.� �T�h�i�s� �v�a�r�i�a�b�i�l�i�t�y� �i�n� �t�h�e� �i�m�m�u�n�o�-� 

�m�o�d�u�l�a�t�i�o�n� �o�f� �p�r�e�g�n�a�n�c�y� �m�a�y� �i�n� �t�u�r�n� �h�a�v�e� �i�m�p�l�i�c�a�t�i�o�n�s� �o�n� �s�i�t�e� �s�u�s�c�e�p�t�i�b�i�l�i�t�y� 

�t�o� �p�l�a�c�e�n�t�a�l� �p�a�t�h�o�g�e�n�s� �i�n� �n�o�n�-�d�i�f�f�u�s�e� �p�l�a�c�e�n�t�a�t�i�o�n�.� 

�R�e�d�l�i�n�e� �a�n�d� �L�u� �h�a�v�e� �r�e�c�e�n�t�l�y� �i�n�v�e�s�t�i�g�a�t�e�d� �a�l�l�o�g�r�a�f�t� �t�o�l�e�r�a�n�c�e� �a�n�d� �i�m�m�u�n�o�-� 

�s�u�p�p�r�e�s�s�i�o�n� �w�i�t�h�i�n� �t�h�e� �m�u�r�i�n�e� �p�l�a�c�e�n�t�a� �a�n�d� �i�t�s� �i�m�p�l�i�c�a�t�i�o�n�s� �f�o�r� �t�h�e� 

�l�o�c�a�l� �s�u�s�c�e�p�t�i�b�i�l�i�t�y� �t�o� �i�n�t�r�a�c�e�l�l�u�l�a�r� �p�a�t�h�o�g�e�n�s� �a�n�d� �c�e�l�l�u�l�a�r� �t�r�a�f�f�i�c� 

�w�i�t�h�i�n� �t�h�e� �p�l�a�c�e�n�t�a� �(�R�e�d�l�i�n�e� �a�n�d� �L�u� �1�9�8�7�,� �1�9�8�8�,� �1�9�8�9�;� �R�e�d�l�i�n�e� �e�t� �a�l�.�,� 

�1�9�8�8�)�.� �T�h�e� �b�a�c�t�e�r�i�u�m� �L�i�s�t�e�r�i�a� �m�o�n�o�c�y�t�o�g�e�n�e�s� �w�a�s� �c�h�o�s�e�n� �t�o� �p�r�o�b�e� �t�h�e� 
� � 

�i�m�m�u�n�e� �r�e�s�p�o�n�s�e� �o�f� �t�h�e� �p�l�a�c�e�n�t�a�l� �r�e�g�i�o�n�,� �a�s� �i�t� �i�s� �k�n�o�w�n� �t�h�a�t� �t�h�i�s� �i�n�t�r�a�-� 

�c�e�l�l�u�l�a�r� �p�a�t�h�o�g�e�n� �r�e�s�i�s�t�s� �a�n�t�i�b�o�d�y� �k�i�l�l�i�n�g�.� �T�o�d�e�s�t�r�o�y� �L�i�s�t�e�r�i�a�,� �m�a�c�r�o�p�h�a�g�e�s� 

�a�n�d� �T� �l�y�m�p�h�o�c�y�t�e�s� �m�u�s�t� �e�n�t�e�r� �i�n�f�e�c�t�e�d� �t�i�s�s�u�e�s� �(�H�a�h�n� �a�n�d� �K�a�u�f�m�a�n�,� �1�9�8�1�)�.� 

�S�t�u�d�y� �w�i�t�h� �t�h�i�s� �p�a�t�h�o�g�e�n� �i�n� �t�h�e� �p�r�e�g�n�a�n�t� �m�o�u�s�e� �m�o�d�e�l� �r�e�v�e�a�l�e�d� �t�h�a�t� �w�h�e�n� 

�a� �s�m�a�l�l� �t�h�r�e�s�h�o�l�d� �n�u�m�b�e�r� �o�f� �L�i�s�t�e�r�i�a� �r�e�a�c�h�e�d� �t�h�e� �p�l�a�c�e�n�t�a�,� �o�v�e�r�w�h�e�l�m�i�n�g� 

�b�a�c�t�e�r�i�a�l� �m�u�l�t�i�p�l�i�c�a�t�i�o�n� �a�n�d� �i�n�f�e�c�t�i�o�n� �o�c�c�u�r�r�e�d� �(�R�e�d�l�i�n�e� �a�n�d� �L�u�,� �1�9�8�7�)�,� 

�a� �s�i�t�u�a�t�i�o�n� �s�i�m�i�l�a�r� �t�o� �t�h�a�t� �n�o�t�e�d� �b�y� �B�o�s�s�e�r�a�y� �w�i�t�h� �B�.� �a�b�o�r�t�u�s� �i�n�f�e�c�t�i�o�n� 

�o�f� �t�h�e� �m�o�u�s�e� �p�l�a�c�e�n�t�a� �(�B�o�s�s�e�r�a�y�,� �1�9�8�3�a�)�.� �T�h�e� �l�e�v�e�l� �o�f� �i�n�f�e�c�t�i�o�n� �a�n�d� �t�h�e� 

�n�a�t�u�r�e� �a�n�d� �e�x�t�e�n�t� �o�f� �t�h�e� �a�n�t�i�-�l�i�s�t�e�r�i�a� �r�e�s�p�o�n�s�e� �i�n� �t�h�e� �m�a�t�e�r�n�a�l� �l�i�v�e�r�,



�2�4� 

�l�u�n�g� �a�n�d� �s�p�l�e�e�n� �w�e�r�e� �u�n�a�f�f�e�c�t�e�d� �b�y� �p�r�e�g�n�a�n�c�y�.� �T�h�e�s�e� �f�i�n�d�i�n�g�s� �s�u�g�g�e�s�t�e�d� 

�t�h�a�t� �l�o�c�a�l� �i�m�m�u�n�o�i�n�h�i�b�i�t�o�r�y� �f�a�c�t�o�r�s� �w�e�r�e� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �t�h�e� �u�n�c�h�e�c�k�e�d� 

�b�a�c�t�e�r�i�a�l� �g�r�o�w�t�h� �n�o�t�e�d� �i�n� �t�h�e� �p�l�a�c�e�n�t�a�s� �(�R�e�d�l�i�n�e� �a�n�d� �L�u�,� �1�9�8�7�,� �1�9�8�8�)�.� 

�2�.�5� �T�h�e� �m�u�r�i�n�e� �m�o�d�e�l� �o�f� �l�i�s�t�e�r�i�o�s�i�s� 

�P�r�i�o�r� �t�o� �d�i�s�c�u�s�s�i�n�g� �t�h�e� �h�i�s�t�o�l�o�g�i�c� �f�i�n�d�i�n�g�s� �o�f� �m�u�r�i�n�e� �p�l�a�c�e�n�t�a�l� 

�l�i�s�t�e�r�i�o�s�i�s�,� �a� �b�r�i�e�f� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �t�h�e� �d�i�s�c�o�i�d�,� �h�e�m�o�c�h�o�r�i�a�l� �p�l�a�c�e�n�t�a� �o�f� 

�t�h�e� �m�o�u�s�e� �i�s� �r�e�l�e�v�a�n�t�.� �T�h�e� �m�o�u�s�e� �p�l�a�c�e�n�t�a� �i�s� �c�o�m�p�o�s�e�d� �o�f� �f�o�u�r� �p�r�i�n�c�i�p�a�l� 

�z�o�n�e�s�:� �t�h�e� �c�h�o�r�i�o�n�i�c� �p�l�a�t�e�;� �t�h�e� �l�a�b�y�r�i�n�t�h�;� �t�h�e� �s�p�o�n�g�i�o�t�r�o�p�h�o�b�l�a�s�t� �o�r� 

�j�u�n�c�t�i�o�n�a�l� �z�o�n�e�,� �a�n�d� �t�h�e� �d�e�c�i�d�u�a� �b�a�s�a�l�i�s�.� �T�h�e� �c�h�o�r�i�o�n�i�c� �p�l�a�t�e� �i�s� �t�h�e� 

�r�e�g�i�o�n� �c�l�o�s�e�s�t� �t�o� �t�h�e� �f�e�t�u�s� �a�n�d� �i�s� �t�h�e� �s�i�t�e� �o�f� �i�n�s�e�r�t�i�o�n� �o�f� �t�h�e� �v�i�s�c�e�r�a�l� 

�y�o�l�k� �s�a�c� �a�s� �w�e�l�l� �a�s� �t�h�e� �s�i�t�e� �a�n�d� �t�h�e� �o�r�i�g�i�n� �o�f� �t�h�e� �u�m�b�i�l�i�c�a�l� �v�e�s�s�e�l�s�.� 

�F�r�o�m� �h�e�r�e� �f�e�t�a�l� �c�a�p�i�l�l�a�r�i�e�s� �e�n�t�e�r� �t�h�e� �l�a�b�y�r�i�n�t�h� �r�e�g�i�o�n� �a�n�d� �i�n�t�e�r�l�a�c�e� 

�w�i�t�h� �a� �n�e�t�w�o�r�k� �o�f� �m�a�t�e�r�n�a�l� �b�l�o�o�d� �s�i�n�u�s�e�s� �w�h�i�c�h� �a�r�e� �s�u�r�r�o�u�n�d�e�d� �b�y� �t�h�r�e�e� 

�l�a�y�e�r�s� �o�f� �t�r�o�p�h�o�b�l�a�s�t� �c�e�l�l�s�.� �T�h�e� �j�u�n�c�t�i�o�n�a�l� �z�o�n�e� �o�r� �s�p�o�n�g�i�o�t�r�o�p�h�o�b�l�a�s�t� 

�i�s� �a� �c�o�m�p�a�c�t� �r�e�g�i�o�n� �c�o�m�p�o�s�e�d� �o�f� �f�e�t�a�l�l�y�-�d�e�r�i�v�e�d� �s�p�o�n�g�i�o�t�r�o�p�h�o�b�l�a�s�t� 

�c�e�l�l�s�,� �i�s� �p�e�r�f�u�s�e�d� �o�n�l�y� �b�y� �m�a�t�e�r�n�a�l� �v�e�n�o�u�s� �s�i�n�u�s�e�s� �a�n�d� �t�o�g�e�t�h�e�r� �w�i�t�h� �a�n� 

�i�n�c�o�m�p�l�e�t�e� �l�i�n�i�n�g� �o�f� �t�r�o�p�h�o�b�l�a�s�t� �g�i�a�n�t� �c�e�l�l�s�,� �j�u�x�t�a�p�o�s�e�s� �t�h�e� �d�e�c�i�d�u�a� 

�b�a�s�a�l�i�s�.� �T�h�e� �d�e�c�i�d�u�a� �b�a�s�a�l�i�s� �i�s� �m�a�t�e�r�n�a�l�l�y�-�d�e�r�i�v�e�d� �a�n�d� �u�n�d�e�r�l�i�e�s� �t�h�e� 

�m�e�t�r�i�a�l� �g�l�a�n�d�,� �w�h�i�c�h� �i�s� �a� �t�r�a�n�s�i�e�n�t� �u�t�e�r�i�n�e� �s�t�r�u�c�t�u�r�e� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� 

�p�r�e�g�n�a�n�c�y� �i�n� �t�h�e� �r�o�d�e�n�t� �(�F�i�b�.� �3�b�)� �(�E�n�d�e�r�s�,� �1�9�6�7�;� �R�e�d�l�i�n�e� �a�n�d� �L�u�,� �1�9�8�7�;� 

�T�h�e�i�l�e�r�,� �1�9�7�2�,� �1�9�8�3�;� �Z�u�c�k�e�r�m�a�n� �a�n�d� �H�e�a�d�,� �1�9�8�6�b�)�.� 

�H�i�s�t�o�l�o�g�i�c�a�l� �f�e�a�t�u�r�e�s� �o�f� �m�u�r�i�n�e� �p�l�a�c�e�n�t�a�l� �l�i�s�t�e�r�i�o�s�i�s� �w�e�r�e� �d�i�s�t�i�n�c�t�,� 

�b�e�i�n�g� �p�r�e�d�o�m�i�n�a�n�t�l�y� �s�u�p�p�u�r�a�t�i�v�e� �i�n� �c�o�n�t�r�a�s�t� �t�o� �t�h�e� �t�y�p�i�c�a�l�l�y� �g�r�a�n�u�l�o�m�a�t�o�u�s� 

�r�e�s�p�o�n�s�e� �n�o�t�e�d� �i�n� �o�t�h�e�r� �o�r�g�a�n�s� �s�u�c�h� �a�s� �t�h�e� �l�i�v�e�r�,� �l�u�n�g� �a�n�d� �s�p�l�e�e�n� �o�f� 

�p�r�e�g�n�a�n�t� �m�i�c�e� �(�H�o�f�f�m�a�n�,� �1�9�8�4�)�.� �W�h�i�l�e� �t�h�e� �e�n�d�o�m�e�t�r�i�u�m� �a�n�d� �m�y�o�m�e�t�r�i�u�m



�2�5� 

�c�o�n�t�a�i�n�e�d� �s�u�b�s�t�a�n�t�i�a�l� �n�u�m�b�e�r�s� �o�f� �M�H�C� �c�l�a�s�s� �I�J� �a�n�t�i�g�e�n� �(�I�A�)� �b�e�a�r�i�n�g� 

�m�a�c�r�o�p�h�a�g�e�s� �a�n�d� �m�a�t�u�r�e� �T�-�l�y�m�p�h�o�c�y�t�e�s�,� �t�h�e� �d�e�c�i�d�u�a� �b�a�s�i�l�i�s� �a�n�d� �m�e�t�r�i�a�l� 

�g�l�a�n�d� �w�e�r�e� �a�l�m�o�s�t� �d�e�v�o�i�d� �o�f� �t�h�e�s�e� �c�e�l�l�s�.� �T�h�e� �o�n�l�y� �l�e�u�k�o�c�y�t�e�s� �i�n� �t�h�e� 

�d�e�c�i�d�u�a� �b�a�s�a�l�i�s� �w�e�r�e� �g�r�a�n�u�l�a�t�e�d� �m�e�t�r�i�a�l� �g�l�a�n�d� �c�e�l�l�s� �w�h�i�c�h� �b�o�r�e� �p�h�e�n�o�t�y�p�i�c� 

�s�i�m�i�l�a�r�i�t�i�e�s� �t�o� �n�a�t�u�r�a�l� �s�u�p�p�r�e�s�s�o�r� �c�e�l�l�s�.� �R�e�c�e�n�t� �i�n� �v�i�t�r�o� �s�t�u�d�i�e�s� �h�a�v�e� 

�s�u�g�g�e�s�t�e�d� �t�h�a�t� �g�r�a�n�u�l�a�t�e�d� �m�e�t�r�i�a�l� �g�l�a�n�d� �c�e�l�l�s� �h�a�v�e� �a� �r�o�l�e� �i�n� �n�o�n�-�s�p�e�c�i�f�i�c� 

�i�n�t�r�a�u�t�e�r�i�n�e� �i�m�m�u�n�o�s�u�p�p�r�e�s�s�i�o�n� �(�C�r�o�y� �a�n�d� �K�a�s�s�o�u�f�,� �1�9�8�9�)�.� �T�h�e� �d�e�f�i�c�i�e�n�c�y� 

�o�f� �m�a�c�r�o�p�h�a�g�e�s� �a�n�d� �T�-�l�y�m�p�h�o�c�y�t�e�s� �n�o�t�e�d� �i�n� �i�n�f�e�c�t�e�d� �p�l�a�c�e�n�t�a�s� �s�u�g�g�e�s�t�e�d� 

�t�o� �t�h�e�s�e� �i�n�v�e�s�t�i�g�a�t�o�r�s� �t�h�a�t� �s�p�e�c�i�f�i�c� �d�e�f�e�c�t�s� �i�n� �t�h�e� �a�n�t�i�-�l�i�s�t�e�r�i�a�l� 

�i�m�m�u�n�e� �r�e�s�p�o�n�s�e� �i�n� �t�h�e� �p�r�e�g�n�a�n�t� �u�t�e�r�u�s�,� �p�e�r�h�a�p�s� �r�e�l�a�t�e�d� �t�o� �t�h�e� �p�h�y�s�i�o�l�o�g�i�c� 

�i�m�m�u�n�o�s�u�p�p�r�e�s�s�i�o�n�,� �m�i�g�h�t� �a�c�c�o�u�n�t� �f�o�r� �t�h�e� �e�x�q�u�i�s�i�t�e� �s�e�n�s�i�t�i�v�i�t�y� �o�f� �t�h�e� 

�p�l�a�c�e�n�t�a� �t�o� �t�h�i�s� �i�n�t�r�a�c�e�l�l�u�l�a�r� �p�a�t�h�o�g�e�n� �(�R�e�d�l�i�n�e� �a�n�d� �L�u�,� �1�9�8�9�)�.� 

�T�h�e� �s�t�u�d�i�e�s� �o�f� �R�e�d�l�i�n�e� �a�n�d� �L�u�,� �o�r�i�g�n�i�a�l�l�y� �d�e�s�i�g�n�e�d� �a�s� �a�n� �a�l�t�e�r�n�a�t�i�v�e� 

�m�e�t�h�o�d� �f�o�r� �i�n�v�e�s�t�i�g�a�t�i�n�g� �t�h�e� �e�x�i�s�t�e�n�c�e� �o�f� �l�o�c�a�l� �p�l�a�c�e�n�t�a�l� �i�m�m�u�n�o�i�n�h�i�b�i�t�i�o�n� 

�i�n� �v�i�v�o�,� �a�l�s�o� �g�a�v�e� �n�e�w� �i�n�s�i�g�h�t�s� �i�n�t�o� �t�h�e� �p�o�s�s�i�b�l�e� �p�a�t�h�o�g�e�n�e�s�i�s� �o�f� �i�n�t�r�a�-� 

�c�e�l�l�u�l�a�r� �p�l�a�c�e�n�t�a�l� �p�a�t�h�o�g�e�n�s�.� �T�h�e�s�e� �s�t�u�d�i�e�s� �s�u�p�p�o�r�t� �a� �l�o�c�a�l� �i�m�m�u�n�o�s�u�p�-� 

�p�r�e�s�s�i�o�n�w�i�t�h�i�n� �t�h�e� �g�r�a�v�i�d� �u�t�e�r�u�s� �r�a�t�h�e�r� �t�h�a�n� �a� �g�e�n�e�r�a�l�i�z�e�d� �i�m�m�u�n�o�s�u�p�p�r�e�s�s�i�o�n� 

�d�u�e� �t�o� �t�h�e� �s�y�s�t�e�m�i�c� �e�f�f�e�c�t�s� �o�f� �p�r�e�g�n�a�n�c�y�,� �s�i�n�c�e� �t�h�i�s� �w�o�u�l�d� �b�e� �d�e�t�r�i�m�e�n�t�a�l� 

�t�o� �t�h�e� �s�u�r�v�i�v�a�l� �o�f� �t�h�e� �m�o�t�h�e�r�.� �S�y�s�t�e�m�i�c� �a�l�t�e�r�a�t�i�o�n� �i�n� �t�h�e� �c�e�l�l�-�m�e�d�i�a�t�e�d� 

�r�e�s�p�o�n�s�e� �d�u�r�i�n�g� �p�r�e�g�n�a�n�c�y� �a�n�d� �l�a�c�t�a�t�i�o�n� �i�s� �p�o�s�t�u�l�a�t�e�d� �a�s� �i�n�v�o�l�v�e�d� �i�n� 

�i�n�c�r�e�a�s�e�d� �s�u�s�c�e�p�t�i�b�l�i�l�i�t�y� �t�o� �a� �l�i�m�i�t�e�d� �n�u�m�b�e�r� �o�f� �b�a�c�t�e�r�i�a�l�,� �v�i�r�a�l�,� 

�p�r�o�t�o�z�o�a�l� �a�n�d� �h�e�l�m�i�n�t�h� �p�a�r�a�s�i�t�e�s� �(�L�l�o�y�d�,� �1�9�8�3�)� �a�n�d� �t�h�e� �c�o�n�t�r�i�b�u�t�i�o�n� �o�f� 

�a�l�t�e�r�e�d� �l�o�c�a�l� �v�e�r�s�u�s� �s�y�s�t�e�m�i�c� �i�m�m�u�n�i�t�y� �d�u�r�i�n�g� �p�r�e�g�n�a�n�c�y� �i�s� �s�t�i�l�l� �u�n�d�e�r� 

�i�n�v�e�s�t�i�g�a�t�i�o�n�.� �C�o�n�t�r�a�d�i�c�t�o�r�y� �r�e�p�o�r�t�s� �o�n� �t�h�e� �i�m�m�u�n�e� �f�u�n�c�t�i�o�n� �d�u�r�i�n�g� 

�p�r�e�g�n�a�n�c�y� �a�n�d� �l�a�c�t�a�t�i�o�n� �m�a�y� �b�e� �r�e�l�a�t�e�d� �t�o� �t�h�e� �u�s�e� �o�f� �d�i�f�f�e�r�e�n�t� �s�p�e�c�i�e�s�,� 

�b�r�e�e�d�s� �a�n�d� �s�t�r�a�i�n�s� �o�f� �a�n�i�m�a�l�s� �a�n�d� �p�a�t�h�o�g�e�n�s� �a�s� �w�e�l�l� �a�s� �t�h�e� �u�s�e� �o�f� �d�i�f�f�e�r�e�n�t



�2�6� 

�i�m�m�u�n�o�l�o�g�i�c� �a�s�s�a�y�s� �w�i�t�h� �a�c�c�o�m�p�a�n�y�i�n�g� �t�e�c�h�n�i�c�a�l� �d�i�f�f�i�c�u�l�t�i�e�s�.� �T�h�e� �c�o�m�p�l�e�x�i�t�y� 

�o�f� �f�a�c�t�o�r�s� �a�f�f�e�c�t�i�n�g� �t�h�e� �i�m�m�u�n�e� �r�e�s�p�o�n�s�e� �w�i�t�h�i�n� �a� �s�p�e�c�i�e�s� �t�o� �a� �p�a�r�t�i�c�u�l�a�r� 

�p�a�t�h�o�g�e�n� �m�a�k�e�s� �i�t� �d�i�f�f�i�c�u�l�t� �t�o� �g�e�n�e�r�a�l�i�z�e� �o�n� �t�h�e� �s�u�b�j�e�c�t� �o�f� �i�m�m�u�n�o�m�o�d�u�l�a�t�i�o�n� 

�d�u�r�i�n�g� �p�r�e�g�n�a�n�c�y�.� 

�2�.�6� �L�o�c�a�l� �u�t�e�r�i�n�e� �i�m�m�u�n�i�t�y� �a�n�d� �p�a�t�h�o�g�e�n�e�s�i�s� �o�f� �r�u�m�i�n�a�n�t� �b�r�u�c�e�l�l�o�s�i�s� 

�T�h�e� �s�u�s�c�e�p�t�i�b�i�l�i�t�y� �t�o� �b�r�u�c�e�l�l�o�s�i�s� �d�o�e�s� �i�n�c�r�e�a�s�e� �d�u�r�i�n�g� �p�r�e�g�a�n�c�y� �b�u�t� 

�t�h�e� �m�e�c�h�a�n�i�s�m�s� �o�f� �i�m�m�u�n�e� �s�u�p�p�r�e�s�s�i�o�n� �a�r�e� �u�n�c�l�e�a�r� �a�n�d� �m�a�y� �o�p�e�r�a�t�e� �a�t� �b�o�t�h� 

�t�h�e� �s�y�s�t�e�m�i�c� �a�n�d� �l�o�c�a�l� �l�e�v�e�l�s�.� �T�w�o� �r�e�c�e�n�t� �s�t�u�d�i�e�s� �h�a�v�e� �e�x�a�m�i�n�e�d� �t�h�e� 

�i�m�m�u�n�e� �r�e�s�p�o�n�s�e� �o�f� �p�r�e�g�n�a�n�t� �c�a�t�t�l�e� �t�o� �B�r�u�c�e�l�l�a� �a�n�t�i�g�e�n�s�.� �M�a�n�a�k� �(�1�9�8�2�)� �t�e�s�t�e�d� 

�t�h�e� �b�l�a�s�t�o�g�e�n�i�c� �r�e�s�p�o�n�s�e� �t�o� �t�h�e� �l�e�c�t�i�n�s� �c�o�n�c�a�n�a�v�a�l�i�n� �A� �(�C�o�n� �A�)�,� �p�h�y�t�o�h�e�-� 

�m�a�g�g�l�u�t�i�n�i�n� �(�P�H�A�)� �a�n�d� �p�o�k�e� �w�e�e�d� �m�i�t�o�g�e�n� �a�n�d� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �l�y�m�p�h�o�c�y�t�e� 

�r�e�s�p�o�n�s�e�s� �f�r�o�m� �p�r�e�g�n�a�n�t� �h�e�i�f�e�r�s� �d�u�r�i�n�g� �t�h�e� �l�a�t�t�e�r� �h�a�l�f� �o�f� �p�r�e�g�n�a�n�c�y� �w�e�r�e� 

�g�r�e�a�t�e�r� �t�h�a�n� �t�h�o�s�e� �o�f� �o�v�a�r�i�e�c�t�o�m�i�z�e�d�,� �n�o�n�-�p�r�e�g�n�a�n�t� �a�n�i�m�a�l�s�.� �H�o�w�e�v�e�r�,� 

�s�e�r�a� �f�r�o�m� �3�-�7� �m�o�n�t�h� �p�r�e�g�n�a�n�t� �h�e�i�f�e�r�s� �p�r�o�d�u�c�e�d� �a� �s�u�p�p�r�e�s�s�i�o�n� �o�f� �m�i�t�o�g�e�n�i�c� 

�a�c�t�i�v�i�t�y�.� �A� �l�a�t�e�r� �s�t�u�d�y� �c�o�m�p�a�r�i�n�g� �t�h�e� �l�y�m�p�h�o�c�y�t�e�s� �o�f� �p�r�e�g�n�a�n�t� �a�n�d� 

�n�o�r�m�a�l�,� �r�a�t�h�e�r� �t�h�a�n� �o�v�a�r�i�e�c�t�o�m�i�z�e�d�,� �h�e�i�f�e�r�s� �f�o�u�n�d� �n�o� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� 

�i�n� �t�h�e� �r�e�a�c�t�i�v�i�t�y� �t�o� �P�H�A� �a�n�d� �C�o�n� �A� �d�u�r�i�n�g� �t�h�e� �l�a�s�t� �s�e�v�e�n� �m�o�n�t�h�s� �o�f� 

�g�e�s�t�a�t�i�o�n�.� �T�h�i�s� �s�t�u�d�y� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �t�h�e� �m�a�g�n�i�t�u�d�e�,� �q�u�a�l�i�t�y� �a�n�d� �d�u�r�a�t�i�o�n� 

�o�f� �t�h�e� �h�u�m�o�r�a�l� �a�n�d� �c�e�l�l�-�m�e�d�i�a�t�e�d� �i�m�m�u�n�e� �r�e�s�p�o�n�s�e� �t�o� �B�r�u�c�e�l�l�a� �v�a�c�c�i�n�a�t�i�o�n�,� 

�w�i�t�h� �f�e�w� �e�x�c�e�p�t�i�o�n�s�,� �w�e�r�e� �u�n�i�n�f�l�u�e�n�c�e�d� �b�y� �p�r�e�g�n�a�n�c�y� �(�W�i�n�t�e�r� �e�t� �a�l�.�,� 

�1�9�8�6�)�.� �T�h�e� �e�x�p�l�a�n�a�t�i�o�n� �f�o�r� �t�h�e� �i�n�c�r�e�a�s�e�d� �s�u�s�c�e�p�t�i�b�i�l�i�t�y� �o�f� �p�r�e�g�n�a�n�t� 

�c�a�t�t�l�e� �t�o� �b�r�u�c�e�l�l�o�s�i�s� �t�h�e�r�e�f�o�r�e� �i�s� �f�a�r� �f�r�o�m� �c�o�m�p�l�e�t�e� �a�n�d� �i�s� �n�o�w� �r�e�g�a�r�d�e�d� 

�a�s� �h�a�v�i�n�g� �a� �m�u�l�t�i�f�a�c�t�o�r�i�a�l� �b�a�s�i�s� �(�W�e�i�n�b�e�r�g�,� �1�9�8�4�;� �B�r�a�b�i�n�,� �1�9�8�5�)� �l�i�k�e�l�y� 

�e�n�c�o�m�p�a�s�s�i�n�g� �b�o�t�h� �t�h�e� �s�y�s�t�e�m�i�c� �a�n�d� �l�o�c�a�l� �i�m�m�u�n�e� �r�e�p�o�n�s�e�s� �t�o� �i�n�f�e�c�t�i�o�n�.



�2�7� 

�I�t� �s�e�e�m�s� �l�i�k�e�l�y� �t�h�e�r�e�f�o�r�e�,� �t�h�a�t� �a� �v�a�r�i�e�t�y� �o�f� �i�m�m�u�n�o�m�o�d�u�l�a�t�i�n�g� �f�a�c�t�o�r�s� 

�w�o�r�k� �i�n� �c�o�n�c�e�r�t� �r�e�s�u�l�t�i�n�g� �i�n� �t�h�e� �s�u�c�c�e�s�s�f�u�l� �c�o�l�o�n�i�z�a�t�i�o�n� �o�f� �t�h�e� �r�u�m�i�n�a�n�t� 

�p�l�a�c�e�n�t�a� �b�y� �B�.� �a�b�o�r�t�u�s�.� �R�e�c�e�n�t�:� �s�t�u�d�i�e�s� �u�s�i�n�g� �a� �g�o�a�t� �m�o�d�e�l� �o�f� �B�.� �a�b�o�r�t�u�s� 

�i�n�f�e�c�t�i�o�n� �d�e�t�a�i�l�e�d� �t�h�e� �p�l�a�c�e�n�t�a�l� �l�e�s�i�o�n�s� �a�n�d� �s�u�g�g�e�s�t�e�d� �t�h�e� �r�o�u�t�e� �o�f� �e�n�t�r�y� 

�o�f� �t�h�e� �b�a�c�t�e�r�i�a� �i�n�t�o� �t�h�e� �p�l�a�c�e�n�t�a� �(�A�n�d�e�r�s�o�n� �e�t� �a�l�.�,� �1�9�8�6�b�)�.� �T�h�i�s� �s�t�u�d�y� 

�d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �t�h�e� �i�n�i�t�i�a�l� �s�i�t�e� �o�f� �B�r�u�c�e�l�l�a� �i�n�f�e�c�t�i�o�n� �w�i�t�h�i�n� �t�h�e� �p�l�a�c�e�n�t�a� 

�o�f� �t�h�i�s� �s�p�e�c�i�e�s� �i�s� �t�h�e� �e�r�y�t�h�r�o�p�h�a�g�o�c�y�t�i�c� �t�r�o�p�h�o�b�l�a�s�t� �c�e�l�l�s� �o�f� �t�h�e� �p�l�a�c�e�n�t�o�m�e�.� 

�S�u�b�s�e�q�u�e�n�t�l�y�,� �l�a�r�g�e� �n�u�m�b�e�r�s� �o�f� �b�r�u�c�e�l�l�a�e� �w�e�r�e� �p�r�e�s�e�n�t� �w�i�t�h�i�n� �p�e�r�i�p�l�a�c�e�n�t�o�m�a�l� 

�c�h�o�r�i�o�a�l�l�a�n�t�o�i�c� �t�r�o�p�h�o�b�l�a�s�t�s�.� �T�h�o�u�g�h� �t�h�e� �m�e�c�h�a�n�i�s�m� �o�f� �t�r�o�p�h�o�b�l�a�s�t� �c�e�l�l� 

�e�n�t�r�y� �i�s� �s�t�i�l�l� �i�n� �q�u�e�s�t�i�o�n� �s�e�v�e�r�a�l� �p�o�s�s�i�b�l�e� �r�o�u�t�e�s� �a�r�e� �p�r�o�p�o�s�e�d�.� �T�r�o�p�h�o�-� 

�b�l�a�s�t�s� �a�t� �t�h�e� �i�n�i�t�i�a�l� �s�i�t�e� �o�f� �p�l�a�c�e�n�t�a�l� �i�n�f�e�c�t�i�o�n� �a�r�e� �a�c�t�i�v�e�l�y� �e�n�g�a�g�e�d� 

�i�n� �t�h�e� �u�p�t�a�k�e� �o�f� �m�a�t�e�r�n�a�l� �e�r�y�t�h�r�o�c�y�t�e�s� �(�A�n�d�e�r�s�o�n� �e�t� �a�l�.�,� �1�9�8�6�a�)� �a�n�d� �m�a�y� 

�e�n�g�u�l�f� �b�r�u�c�e�l�l�a�e� �d�u�r�i�n�g� �t�h�e� �b�a�c�t�e�r�e�m�i�c� �s�t�a�t�e� �b�u�t� �t�h�e� �a�c�t�i�v�e� �p�e�n�e�t�r�a�t�i�o�n� 

�b�y� �t�h�e� �b�a�c�t�e�r�i�a� �c�a�n�n�o�t� �b�e� �r�u�l�e�d� �o�u�t� �(�A�n�d�e�r�s�o�n� �e�t� �a�l�.�,� �1�9�8�6�b�)�.� �T�h�o�u�g�h� 

�d�i�s�t�i�n�c�t� �e�r�y�t�h�r�o�p�h�a�g�o�c�y�t�i�c� �a�r�e�a�s� �a�r�e� �n�o�t� �p�r�e�s�e�n�t� �i�n� �t�h�e� �p�l�a�c�e�n�t�a� �o�f� �t�h�e� 

�c�o�w�,� �t�h�e� �b�o�v�i�n�e� �p�l�a�c�e�n�t�o�m�e� �d�o�e�s� �c�o�n�t�a�i�n� �h�e�m�a�t�o�m�a�s� �a�t� �t�h�e� �t�i�p�s� �o�f� �m�a�t�e�r�n�a�l� 

�s�e�p�t�a�.� �N�e�i�g�h�b�o�r�i�n�g� �c�h�o�r�i�o�n�i�c� �t�r�o�p�h�o�b�l�a�s�t�s� �m�a�y� �b�e� �i�n�f�e�c�t�e�d� �b�y� �c�e�l�l� �t�o� 

�c�e�l�l� �t�r�a�n�s�f�e�r� �t�h�r�o�u�g�h� �l�a�t�e�r�a�l� �p�l�a�s�m�a�l�e�m�m�a� �a�s� �w�e�l�l� �a�s� �d�i�r�e�c�t�l�y� �b�y� �e�n�d�o�c�y�t�o�s�i�s� 

�o�f� �b�a�c�t�e�r�i�a� �t�h�a�t� �a�r�e� �f�r�e�e� �w�i�t�h�i�n� �t�h�e� �u�t�e�r�i�n�e� �l�u�m�e�n� �f�o�l�l�o�w�i�n�g� �r�u�p�t�u�r�e� �o�f� 

�i�n�f�e�c�t�e�d� �t�r�o�p�h�o�b�l�a�s�t�s� �(�A�n�d�e�r�s�o�n� �e�t� �a�l�.�,� �1�9�8�6�)�b�)�.� �R�u�m�i�n�a�n�t� �t�r�o�p�h�o�b�l�a�s�t�s� 

�a�r�e� �k�n�o�w�n� �t�o� �e�n�d�o�c�y�t�o�s�e� �e�n�d�o�m�e�t�r�i�a�l� �s�e�c�r�e�t�i�o�n�s� �i�m�p�o�r�t�a�n�t� �i�n� �f�e�t�a�l� �n�u�t�r�i�t�i�o�n� 

�(�B�o�s�h�i�e�r� �a�n�d� �H�o�l�l�o�w�a�y�,� �1�9�7�7�)�.� 

�R�e�c�e�n�t� �e�v�i�d�e�n�c�e� �s�u�p�p�o�r�t�s� �t�h�e� �r�e�c�e�p�t�o�r� �m�e�d�i�a�t�e�d� �u�p�t�a�k�e� �o�f� �b�r�u�c�e�l�l�a�e�.� 

�C�o�a�t�e�d� �p�i�t�s� �w�e�r�e� �n�o�t�e�d� �i�n� �c�l�o�s�e� �p�r�o�x�i�m�i�t�y� �t�o� �b�r�u�c�e�l�l�a�e� �a�t�t�a�c�h�e�d� �t�o� �t�h�e� 

�s�u�r�f�a�c�e� �o�f� �V�e�r�o� �c�e�l�l�s� �i�n� �a�n� �i�n� �v�i�t�r�o� �s�t�u�d�y� �o�f� �c�e�l�l� �e�n�t�r�y� �a�n�d� �l�o�c�a�l�i�z�a�t�i�o�n� 

�(�D�e�t�i�l�l�e�u�x� �e�t� �a�l�.�,� �1�9�9�0�b�)�.� �S�i�m�i�l�a�r� �c�o�a�t�e�d� �p�i�t�s� �a�r�e� �s�e�e�n� �i�n� �a�s�s�o�c�i�a�t�i�o�n



�2�8� 

�w�i�t�h� �a�d�h�e�r�e�n�t� �i�n�v�a�s�i�v�e� �Y�e�r�s�i�n�i�a� �e�n�t�e�r�o�c�o�l�i�t�i�c�a� �(�M�i�l�l�e�r� �a�n�d� �F�a�l�k�o�w�,� �1�9�8�8�)� 

�a�n�d� �S�h�i�g�e�l�l�a� �f�l�e�x�n�e�r�i� �(�H�a�l�e�,� �1�9�8�6�)� �b�u�t� �n�o�t� �w�i�t�h� �n�o�n�-�i�n�v�a�s�i�v�e� �E�s�c�h�e�r�i�c�h�i�a� � � 

�c�o�l�i� �(�M�i�l�l�e�r� �a�n�d� �F�a�l�k�o�w�,� �1�9�8�8�)�.� �I�n� �a�d�d�i�t�i�o�n�,� �m�o�n�o�d�a�n�s�y�l�c�a�d�a�v�e�r�i�n�e�,� �a�n� 

�i�n�h�i�b�i�t�o�r� �o�f� �r�e�c�e�p�t�o�r� �m�e�d�i�a�t�e�d� �e�n�d�o�c�y�t�o�s�i�s�,� �p�r�e�v�e�n�t�e�d� �t�h�e� �i�n�f�e�c�t�i�o�n� �o�f� 

�V�e�r�o� �c�e�l�l�s� �b�y� �B�.� �a�b�o�r�t�u�s� �(�D�e�t�i�l�l�e�u�x� �e�t� �a�l�.�,� �1�9�9�0�b�)�.� 

�A�n� �u�n�u�s�u�a�l� �a�d�a�p�t�a�t�i�o�n� �t�o� �i�n�t�r�a�c�e�l�l�u�l�a�r� �e�x�i�s�t�e�n�c�e� �i�s� �t�h�e� �s�e�l�e�c�t�i�v�e� 

�l�o�c�a�l�i�z�a�t�i�o�n� �o�f� �B�.� �a�b�o�r�t�u�s� �t�o� �t�h�e� �c�i�s�t�e�r�n�a�e� �o�f� �t�h�e� �r�o�u�g�h� �e�n�d�o�p�l�a�s�m�i�c� 

�r�e�t�i�c�u�l�u�m� �(�R�E�R�)� �w�h�e�n� �i�n�f�e�c�t�i�n�g� �c�e�l�l�s� �p�a�r�t�i�c�u�l�a�r�l�y� �p�e�r�m�i�s�s�i�v�e� �t�o� �i�t�s� 

�g�r�o�w�t�h�.� �I�n� �r�u�m�i�n�a�n�t� �t�r�o�p�h�o�b�l�a�s�t� �c�e�l�l�s�,� �B�.� �a�b�o�r�t�u�s� �r�e�p�l�i�c�a�t�e�s� �s�p�e�c�i�f�i�c�a�l�l�y� 

�w�i�t�h�i�n� �t�h�e� �R�E�R� �(�A�n�d�e�r�s�o�n� �e�t� �a�l�.�,� �1�9�8�6�a�)� �a�n�d� �a� �s�i�m�i�l�a�r� �i�n�t�r�a�c�e�l�l�u�l�a�r� �l�o�c�a�t�i�o�n� 

�i�s� �s�e�e�n� �w�i�t�h� �i�t�s� �i�n�f�e�c�t�i�o�n� �o�f� �c�h�i�c�k�e�n� �e�m�b�r�y�o� �m�e�s�e�n�c�h�y�m�a�l� �c�e�l�l�s�,� �y�o�l�k� 

�e�n�d�o�d�e�r�m�a�l� �a�n�d� �h�e�p�a�t�i�c� �c�e�l�l�s� �(�D�e�t�i�l�l�e�u�x� �e�t� �a�l�.�,� �1�9�8�8�)� �a�n�d� �i�n� �v�i�t�r�o� �V�e�r�o� 

�c�e�l�l�s� �(�D�e�t�i�l�l�e�u�x� �e�t� �a�l�.�,� �1�9�9�0�a�,� �1�9�9�0�b�)�.� �W�i�t�h�i�n� �t�h�e� �R�E�R� �o�f� �t�h�e�s�e� �h�o�s�t� 

�c�e�l�l�s� �B�r�u�c�e�l�l�a� �r�e�p�l�i�c�a�t�i�o�n� �j�i�s� �b�r�i�s�k�.� �E�l�e�c�t�r�o�n� �m�i�c�r�o�s�c�o�p�y� �r�e�v�e�a�l�e�d� 

�t�r�o�p�h�o�b�l�a�s�t� �c�e�l�l�s� �i�n�f�e�c�t�e�d� �w�i�t�h� �B�.� �a�b�o�r�t�u�s� �h�a�v�e� �d�i�l�a�t�e�d� �m�e�m�b�r�a�n�e� �b�o�u�n�d� 

�c�i�s�t�e�r�n�a�e� �c�o�n�t�a�i�n�i�n�g� �m�a�s�s�i�v�e� �n�u�m�b�e�r�s� �o�f� �b�a�c�t�e�r�i�a� �(�A�n�d�e�r�s�o�n� �a�n�d� �C�h�e�v�i�l�l�e�,� 

�1�9�8�6�;� �A�n�d�e�r�s�o�n� �e�t� �a�l�.�,� �1�9�8�6�a�)�.� �R�e�p�l�i�c�a�t�i�o�n� �w�i�t�h�i�n� �t�h�e� �R�E�R� �i�s� �a�p�p�a�r�e�n�t�l�y� 

�a� �u�n�i�q�u�e� �m�e�c�h�a�n�i�s�m� �o�f� �e�p�i�t�h�e�l�i�a�l� �c�e�l�l� �i�n�t�r�a�c�e�l�l�u�l�a�r� �p�a�r�a�s�i�t�i�s�m�,� �o�t�h�e�r� 

�i�n�t�r�a�c�e�l�l�u�l�a�r� �p�r�o�t�o�z�o�a�n� �a�n�d� �b�a�c�t�e�r�i�a�l� �p�a�t�h�o�g�e�n�s� �b�e�i�n�g� �e�i�t�h�e�r� �f�r�e�e� �i�n� �t�h�e� 

�c�y�t�o�p�l�a�s�m� �o�r� �w�i�t�h�i�n� �m�e�m�b�r�a�n�e� �b�o�u�n�d� �p�h�a�g�o�s�o�m�e�s� �(�A�n�d�e�r�s�o�n� �e�t� �a�l�.�,� �1�9�8�6�a�)�.� 

�O�n�l�y� �L�e�g�i�o�n�e�l�l�a� �p�n�e�u�m�o�p�h�i�l�a� �m�a�y� �h�a�v�e� �a� �s�i�m�i�l�a�r� �i�n�t�r�a�c�e�l�l�u�l�a�r� �l�o�c�a�t�i�o�n� �s�i�n�c�e� 
� � 

�i�t� �i�n�h�a�b�i�t�s� �o�r�g�a�n�e�l�l�e�s� �i�n�d�i�s�t�i�n�g�u�i�s�h�a�b�l�e� �f�r�o�m� �t�h�e� �R�E�R� �i�n� �m�o�n�o�c�y�t�e�s� �a�n�d� 

�m�a�c�r�o�p�h�a�g�e�s�.� �I�t�s� �e�x�a�c�t� �i�n�t�r�a�c�e�l�l�u�l�a�r� �l�o�c�a�t�i�o�n� �i�s� �s�t�i�l�l� �c�o�n�t�r�o�v�e�r�s�i�a�l� �a�n�d� 

�s�o�m�e� �a�u�t�h�o�r�s� �p�r�e�f�e�r� �t�o� �c�a�l�l� �t�h�i�s� �l�o�c�a�t�i�o�n� �a� �r�i�b�o�s�o�m�e� �s�t�u�d�d�e�d� �p�h�a�g�o�s�o�m�e� 

�(�H�o�r�w�i�t�z�,� �1�9�8�3�)�.
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�T�h�e� �l�a�r�g�e� �n�u�m�b�e�r� �o�f� �b�r�u�c�e�l�l�a�e� �p�r�e�s�e�n�t� �w�i�t�h�i�n� �t�h�e� �R�E�R� �o�f� �r�u�m�i�n�a�n�t� 

�t�r�o�p�h�o�b�l�a�s�t� �a�n�d� �V�e�r�o� �c�e�l�l�s� �s�u�g�g�e�s�t�s� �t�h�a�t� �t�r�a�n�s�f�e�r� �o�f� �t�h�e� �b�a�c�t�e�r�i�a� �t�o� �t�h�e� 

�R�E�R� �i�s� �n�e�c�e�s�s�a�r�y� �f�o�r� �r�a�p�i�d� �b�a�c�t�e�r�i�a�l� �m�u�l�t�i�p�l�i�c�a�t�i�o�n� �(�D�e�t�i�l�l�e�u�x� �e�t� �a�l�.�,� 

�1�9�9�0�a�,� �1�9�9�0�b�)�.� �T�r�a�n�s�f�e�r� �t�o� �t�h�e� �R�E�R�,� �n�o�t� �i�n�t�e�r�n�a�l�i�z�a�t�i�o�n�,� �h�a�s� �b�e�e�n� �s�u�g�g�e�s�t�e�d� 

�a�s� �t�h�e� �l�i�m�i�t�i�n�g� �s�t�e�p� �f�o�r� �r�e�p�l�i�c�a�t�i�o�n� �i�n� �t�h�e� �B�r�u�c�e�l�l�a� �s�p�p�.� �a�n�d� �t�h�e� �d�i�f�f�e�r�e�n�c�e� 

�i�n� �p�a�t�h�o�g�e�n�i�c�i�t�y� �b�e�t�w�e�e�n� �r�o�u�g�h� �a�n�d� �s�m�o�o�t�h� �s�t�r�a�i�n�s� �m�a�y� �c�o�r�r�e�l�a�t�e� �w�i�t�h� �t�h�e�i�r� 

�a�b�i�l�i�t�y� �t�o� �g�a�i�n� �a�c�c�e�s�s� �t�o� �t�h�e� �R�E�R�.� �T�h�e� �m�e�c�h�a�n�i�s�m� �b�y� �w�h�i�c�h� �t�h�e� �b�r�u�c�e�l�l�a�e� 

�g�a�i�n� �a�c�c�e�s�s� �t�o� �t�h�e� �R�E�R� �i�s� �u�n�c�l�e�a�r� �b�u�t� �s�i�n�c�e� �b�r�u�c�e�l�l�a�e� �r�e�s�i�d�e� �i�n� �t�h�e� �R�E�R� 

�o�f� �d�i�f�f�e�r�e�n�t� �c�e�l�l� �t�y�p�e�s� �i�t� �h�a�s� �b�e�e�n� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �t�h�i�s� �p�r�o�c�e�s�s� �i�s� �b�a�c�t�e�r�i�a�-� 

�i�n�d�u�c�e�d� �a�n�d� �m�a�y� �i�n�v�o�l�v�e� �r�e�c�e�p�t�o�r�-�m�e�d�i�a�t�e�d� �v�e�s�i�c�u�l�a�r� �t�r�a�n�f�e�r�.� �B�o�t�h� �r�o�u�g�h� 

�a�n�d� �s�m�o�o�t�h� �b�r�u�c�e�l�l�a�e� �g�a�i�n� �a�c�c�e�s�s� �t�o� �t�h�e� �R�E�R�,� �a�l�b�e�i�t� �i�n� �d�i�f�f�e�r�e�n�t� �p�r�o�p�o�r�t�i�o�n�s�,� 

�s�u�g�g�e�s�t�i�n�g� �t�h�a�t� �t�h�e� �r�e�c�o�g�n�i�t�i�o�n� �s�i�g�n�a�l� �i�s� �n�o�t� �r�e�l�a�t�e�d� �t�o� �t�h�e� �O�-�s�i�d�e�-� 

�c�h�a�i�n� �a�n�t�i�g�e�n� �o�f� �t�h�e� �L�P�S� �m�o�l�e�c�u�l�e� �b�u�t� �m�o�r�e� �l�i�k�e�l�y� �i�n�v�o�l�v�e�s� �o�u�t�e�r� �m�e�m�b�r�a�n�e� 

�p�r�o�t�e�i�n�s� �(�D�e�t�i�l�l�e�u�x� �e�t� �a�l�.�,� �1�9�9�0�a�,� �1�9�9�0�b�)� �w�h�i�c�h� �a�r�e� �s�i�m�i�l�a�r� �a�n�d� �c�o�n�s�e�r�v�e�d� 

�w�i�t�h�i�n� �t�h�e� �g�e�n�u�s� �(�S�a�n�t�o�s� �e�t� �a�l�.�,� �1�9�8�4�)�.� 

�B�a�c�t�e�r�i�a�l� �l�o�c�a�l�i�z�a�t�i�o�n� �a�n�d� �r�e�p�l�i�c�a�t�i�o�n� �w�i�t�h�i�n� �t�h�e� �R�E�R� �i�s� �a�c�c�o�m�p�a�n�i�e�d� 

�b�y� �s�i�g�n�i�f�i�c�a�n�t� �h�y�p�e�r�t�r�o�p�h�y� �o�f� �t�h�i�s� �o�r�g�a�n�e�l�l�e�w�i�t�h�o�u�t� �c�o�n�c�o�m�m�i�t�a�n�t� �h�y�p�e�r�t�r�o�p�h�y� 

�o�f� �t�h�e� �G�o�l�g�i� �a�p�p�a�r�a�t�u�s�.� �T�h�i�s� �s�u�g�g�e�s�t�s� �t�h�a�t� �B�.� �a�b�o�r�t�u�s� �m�a�y� �u�t�i�l�i�z�e� �t�h�e� 

�R�E�R� �o�f� �t�h�e� �t�r�o�p�h�o�b�l�a�s�t� �c�e�l�l� �f�o�r� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �b�a�c�t�e�r�i�a�l� �p�r�o�t�e�i�n�s� �t�o� 

�e�n�h�a�n�c�e� �i�t�s� �g�r�o�w�t�h�.� �A�n�o�t�h�e�r� �p�o�s�s�i�b�l�e� �e�x�p�l�a�n�a�n�t�i�o�n� �o�f� �t�h�i�s� �s�p�e�c�i�f�i�c� 

�l�o�c�a�l�i�z�a�t�i�o�n� �i�s� �t�h�e� �u�p�t�a�k�e� �o�f� �p�r�o�t�e�i�n�s� �f�r�o�m� �t�h�e� �c�i�s�t�e�r�n�a�e� �a�n�d� �t�h�e� �i�n�c�o�r�-� 

�p�o�r�a�t�i�o�n� �o�f� �a�m�i�n�o�a�c�i�d�s� �f�r�o�m� �t�h�e� �b�r�e�a�k�d�o�w�n� �o�f� �t�h�e�s�e� �p�r�o�t�e�i�n�s� �i�n�t�o� �b�a�c�t�e�r�i�a�l� 

�p�r�o�t�e�i�n�s� �(�A�n�d�e�r�s�o�n� �e�t� �a�l�.�,� �1�9�8�6�a�)�.� �M�o�s�t� �s�t�r�a�i�n�s� �o�f� �b�r�u�c�e�l�l�a�e� �r�e�q�u�i�r�e� 

�c�o�m�p�l�e�x� �m�e�d�i�a� �c�o�n�t�a�i�n�i�n�g� �s�e�v�e�r�a�l� �a�m�i�n�o�a�c�i�d�s� �f�o�r� �i�n� �v�i�t�r�o� �g�r�o�w�t�h� �(�C�o�r�b�e�l� 

�a�n�d� �B�r�i�n�l�e�y�-�M�o�r�g�a�n�,� �1�9�8�4�)�.� �L�.� �p�n�e�u�m�o�p�h�i�l�a�,� �w�h�i�c�h� �i�n�h�a�b�i�t�s� �o�r�g�a�n�e�l�l�e�s� �s�i�m�i�l�a�r



�3�0� 

�t�o� �t�h�e� �R�E�R�,� �a�l�s�o� �r�e�q�u�i�r�e�s� �a�m�i�n�o�a�c�i�d�s� �a�s� �a� �s�o�u�r�c�e� �o�f� �c�a�r�b�o�n� �a�n�d� �e�n�e�r�g�y� 

�f�o�r� �g�r�o�w�t�h� �i�n� �c�u�l�t�u�r�e� �(�H�o�f�f�m�a�n�,� �1�9�8�4�)�.� 

�I�n� �c�o�n�t�r�a�s�t� �t�o� �t�h�e� �s�i�t�u�a�t�i�o�n� �i�n� �t�r�o�p�h�o�b�l�a�s�t� �c�e�l�l�s�,� �B�.� �a�b�o�r�t�u�s� �i�s� �n�o�t� 

�s�e�e�n� �w�i�t�h�i�n� �t�h�e� �R�E�R� �o�f� �p�h�a�g�o�c�y�t�e�s� �i�n� �w�h�i�c�h� �t�h�e�i�r� �r�e�p�l�i�c�a�t�i�o�n� �i�s� �m�o�r�e� 

�l�i�m�i�t�e�d�.� �I�n� �m�a�c�r�o�p�h�a�g�e�s� �a�n�d� �n�e�u�t�r�o�p�h�i�l�s� �b�r�u�c�e�l�l�a�e� �a�r�e� �l�o�c�a�t�e�d� �a�n�d� �r�e�p�l�i�c�a�t�e� 

�w�i�t�h�i�n� �p�h�a�g�o�s�o�m�e�s� �a�n�d� �p�h�a�g�o�l�y�s�o�s�o�m�e�s� �(�K�a�r�l�s�b�a�d� �e�t� �a�l�.�,� �1�9�6�4�;� �D�e�t�i�l�l�e�u�x� �e�t� 

�a�l�.�,� �1�9�8�8�;� �H�a�r�m�o�n� �e�t� �a�l�.�,� �1�9�8�8�;� �M�e�a�d�o�r� �a�n�d� �D�e�y�o�e�,� �1�9�8�9�)�.� 

�B�.� �a�b�o�r�t�u�s� �d�o�e�s� �n�o�t� �u�n�i�f�o�r�m�l�y� �i�n�f�e�c�t� �a�l�l� �b�o�v�i�n�e� �t�r�o�p�h�o�b�l�a�s�t� �c�e�l�l�s� �i�n� 

�v�i�v�o�.� �I�n� �t�h�e� �g�o�a�t� �m�o�d�e�l� �o�f� �p�l�a�c�e�n�t�a�l� �i�n�f�e�c�t�i�o�n�,� �c�h�o�r�i�o�a�l�l�a�n�t�o�i�c� �c�y�t�o�t�r�o�-� 

�p�h�o�b�l�a�s�t�s� �h�a�d� �l�a�r�g�e� �n�u�m�b�e�r�s� �o�f� �B�.� �a�b�o�r�t�u�s�,� �w�h�i�l�e� �b�i�n�u�c�l�e�a�t�e� �t�r�o�p�h�o�b�l�a�s�t� 

�c�e�l�l�s� �(�g�i�a�n�t� �c�e�l�l�s�)� �w�e�r�e� �n�o�t� �s�e�e�n� �t�o� �c�o�n�t�a�i�n� �b�r�u�c�e�l�l�a�e�.� �T�h�e�s�e� �b�i�n�u�c�l�e�a�t�e� 

�c�e�l�l�s� �w�e�r�e� �n�e�v�e�r� �i�n�f�e�c�t�e�d� �e�v�e�n� �w�h�e�n� �a�d�j�a�c�e�n�t� �t�o� �h�e�a�v�i�l�y� �i�n�f�e�c�t�e�d� �c�y�t�o�t�r�o�-� 

�p�h�o�b�l�a�s�t�s� �(�A�n�d�e�r�s�o�n� �e�t� �a�l�.�,� �1�9�8�6�a�)�.� �T�h�e� �r�e�a�s�o�n� �f�o�r� �t�h�i�s� �s�e�l�e�c�t�i�v�e� �p�a�r�a�s�i�t�i�s�m� 

�o�f� �t�r�o�p�h�o�b�l�a�s�t� �c�e�l�l� �t�y�p�e�s� �i�s� �u�n�k�n�o�w�n�.� 

�M�a�s�s�i�v�e� �r�e�p�l�i�c�a�t�i�o�n� �o�f� �B�.� �a�b�o�r�t�u�s� �w�i�t�h�i�n� �t�h�e� �t�r�o�p�h�o�b�l�a�s�t� �c�e�l�l�,� �p�e�r�h�a�p�s� 
� � 

�s�t�i�m�u�l�a�t�e�d� �i�n� �s�o�m�e� �c�a�s�e�s� �b�y� �e�r�y�t�h�r�i�t�o�l� �a�n�d� �p�r�o�g�e�s�t�e�r�o�n�e� �a�n�d� �f�o�s�t�e�r�e�d� �b�y� 

�t�h�e� �u�s�e� �o�f� �t�h�e� �h�o�s�t� �R�E�R�,� �e�v�e�n�t�u�a�l�l�y� �l�e�a�d�s� �t�o� �t�r�o�p�h�o�b�l�a�s�t� �c�e�l�l� �d�y�s�f�u�n�c�t�i�o�n� 

�a�n�d� �d�e�a�t�h�.� �I�n� �a�n� �e�l�e�c�t�r�o�n� �m�i�c�r�o�s�c�o�p�i�c� �s�t�u�d�y� �o�f� �t�h�e� �i�n�f�e�c�t�e�d� �c�a�p�r�i�n�e� 

�p�l�a�c�e�n�t�a�,� �t�r�o�p�h�o�b�l�a�s�t�s� �f�i�l�l�e�d� �w�i�t�h� �b�r�u�c�e�l�l�a�e� �o�f�t�e�n� �d�i�s�p�l�a�y�e�d� �f�e�a�t�u�r�e�s� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c� �o�f� �d�e�g�e�n�e�r�a�t�e� �c�e�l�l�s�,� �b�e�i�n�g� �s�w�o�l�l�e�n� �w�i�t�h� �e�l�e�c�t�r�o�n� �l�u�c�e�n�t� 

�c�y�t�o�p�l�a�s�m�,� �l�i�p�i�d� �d�r�o�p�l�e�t�s� �a�n�d� �d�i�l�a�t�e�d� �m�e�m�b�r�a�n�o�u�s� �c�i�s�t�e�r�n�a�e� �d�e�v�o�i�d� �o�f� 

�r�i�b�o�s�o�m�e�s� �(�A�n�d�e�r�s�o�n� �e�t� �a�l�.�,� �1�9�8�6�a�)�.� �T�h�e� �b�r�u�c�e�l�l�a�e� �d�o� �n�o�t� �a�p�p�e�a�r� �t�o� �b�e� 

�h�i�g�h�l�y� �c�y�t�o�p�a�t�h�i�c� �a�s� �m�i�n�i�m�a�l� �c�e�l�l� �d�e�g�e�n�e�r�a�t�i�o�n� �w�a�s� �n�o�t�e�d� �i�n� �s�o�m�e� �h�e�a�v�i�l�y� 

�i�n�f�e�c�t�e�d� �c�e�l�l�s�.� �H�o�w�e�v�e�r�,� �t�r�o�p�h�o�b�l�a�s�t� �c�e�l�l� �n�e�c�r�o�s�i�s� �i�s� �u�n�d�o�u�b�t�e�d�l�y� �l�i�n�k�e�d� 

�w�i�t�h� �i�n�t�r�a�c�e�l�l�u�l�a�r� �b�a�c�t�e�r�i�a�l� �r�e�p�l�i�c�a�t�i�o�n�.� �I�n� �d�e�t�a�c�h�e�d�,� �n�e�c�r�o�t�i�c� �i�n�f�e�c�t�e�d� 

�c�e�l�l�s�,� �B�r�u�c�e�l�l�a�-�f�i�l�l�e�d� �c�i�s�t�e�r�n�a�e� �o�c�c�u�p�i�e�d� �m�o�r�e� �t�h�a�n� �3�6�%� �o�f� �t�h�e� �t�r�o�p�h�o�b�l�a�s�t



�3�1� 

�c�y�t�o�p�l�a�s�m� �w�h�i�l�e� �i�n� �n�o�n�-�d�e�g�e�n�e�r�a�t�e�,� �o�r� �m�i�n�i�m�a�l�l�y� �d�e�g�e�n�e�r�a�t�e� �t�r�o�p�h�o�b�l�a�s�t�s� 

�s�t�i�l�l� �a�t�t�a�c�h�e�d� �t�o� �t�h�e� �c�h�o�r�i�o�a�l�l�a�n�t�o�i�c� �m�e�m�b�r�a�n�e�,� �t�h�e� �B�r�u�c�e�l�l�a�-�f�i�l�l�e�d� 

�c�i�s�t�e�r�n�a�e� �o�c�c�u�p�i�e�d� �o�n�l�y� �2�4�-�3�6�%� �o�f� �t�h�e� �c�y�t�o�p�l�a�s�m� �(�A�n�d�e�r�s�o�n� �a�n�d� �C�h�e�v�i�l�l�e�,� 

�1�9�8�6�)�.� �T�r�o�p�h�o�b�l�a�s�t� �c�e�l�l� �d�e�a�t�h� �m�a�y� �b�e� �r�e�l�a�t�e�d� �t�o� �p�h�y�s�i�o�l�o�g�i�c� �d�i�s�r�u�p�t�i�o�n� 

�d�u�e� �t�o� �t�h�e� �m�a�s�s�i�v�e� �n�u�m�b�e�r�s� �o�f� �b�a�c�t�e�r�i�a� �w�i�t�h�i�n� �t�h�e� �R�E�R� �o�r� �p�e�r�h�a�p�s� �a�l�s�o� �m�a�y� 

�i�n�v�o�l�v�e� �t�h�e� �d�i�r�e�c�t� �a�c�t�i�o�n� �o�f� �b�a�c�t�e�r�i�a�l� �e�n�d�o�t�o�x�i�n� �e�i�t�h�e�r� �w�i�t�h�i�n� �t�h�e� �c�e�l�l� 

�o�r� �p�r�e�s�e�n�t� �i�n� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�.� 

�B�a�c�t�e�r�i�a�l� �e�n�d�o�t�o�x�i�n� �h�a�s� �a� �d�i�v�e�r�s�e� �r�a�n�g�e� �o�f� �b�i�o�l�o�g�i�c�a�l� �p�r�o�p�e�r�t�i�e�s� �w�h�i�c�h� 

�m�a�y� �b�e� �i�m�p�o�r�t�a�n�t� �i�n� �t�h�e� �p�a�t�h�o�g�e�n�e�s�i�s� �o�f� �p�l�a�c�e�n�t�a�l� �d�i�s�e�a�s�e� �d�u�e� �t�o� �G�r�a�m�-� 

�n�e�g�a�t�i�v�e� �b�a�c�t�e�r�i�a�.� �T�h�e� �p�r�o�d�u�c�t�s� �o�f� �L�P�S�-�a�c�t�i�v�a�t�e�d� �m�a�c�r�o�p�h�a�g�e�s� �(�i�n�c�l�u�d�i�n�g� 

�t�u�m�o�r� �n�e�c�r�o�s�i�s� �f�a�c�t�o�r� �a�l�p�h�a� �a�n�d� �t�r�a�n�s�f�o�r�m�i�n�g� �g�r�o�w�t�h� �f�a�c�t�o�r� �b�e�t�a�)� �b�u�t� �n�o�t� 

�L�P�S� �i�t�s�e�l�f� �h�a�v�e� �b�e�e�n� �r�e�p�o�r�t�e�d� �t�o� �m�o�d�i�f�y� �D�N�A� �s�y�n�t�h�e�s�i�s� �b�y� �t�h�e� �r�a�t� �t�r�o�p�h�o�b�l�a�s�t� 

�c�e�l�l� �(�H�u�n�t� �e�t� �a�l�.�,� �1�9�8�9�)�.� �T�h�u�s� �s�o�m�e� �p�r�o�d�u�c�t�s� �o�f� �B�r�u�c�e�l�l�a� �L�P�S�-�a�c�t�i�v�a�t�e�d� 

�m�a�c�r�o�p�h�a�g�e�s� �m�a�y� �h�a�v�e� �a� �d�e�t�r�i�m�e�n�t�a�l� �e�f�f�e�c�t� �o�n� �t�r�o�p�h�o�b�l�a�s�t� �c�e�l�l� �s�u�r�v�i�v�a�l�.� 

�P�l�a�c�e�n�t�a�l� �v�a�s�c�u�l�i�t�i�s�,� �w�h�i�c�h� �i�s� �s�e�e�n� �l�a�t�e�r� �i�n� �t�h�e� �c�o�u�r�s�e� �o�f� �t�h�e� �i�n�f�e�c�t�i�o�n� 

�(�A�n�d�e�r�s�o�n� �e�t� �a�l�.�,� �1�9�8�6�b�)�,� �m�a�y� �a�l�s�o� �p�r�o�d�u�c�e� �a�n�o�x�i�c� �c�o�n�d�i�t�i�o�n�s� �d�a�m�a�g�i�n�g� 

�t�r�o�p�h�o�b�l�a�s�t� �v�i�a�b�i�l�i�t�y�.� 

�T�h�e� �m�o�s�t� �p�r�o�m�i�n�e�n�t� �p�l�a�c�e�n�t�a�l� �J�e�s�i�o�n�s� �p�r�e�s�e�n�t� �i�n� �t�h�e� �B�r�u�c�e�l�l�a�-�i�n�f�e�c�t�e�d� 

�p�l�a�c�e�n�t�a� �a�r�e� �i�n� �t�h�e� �c�h�o�r�i�o�a�l�l�a�n�t�o�i�c� �m�e�m�b�r�a�n�e�s� �a�n�d� �a�r�e� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� 

�t�h�e� �d�i�f�f�u�s�e� �f�i�l�l�i�n�g� �o�f� �c�h�o�r�i�o�a�l�l�a�n�t�o�i�c� �t�r�o�p�h�o�b�l�a�s�t� �c�e�l�l�s� �w�i�t�h� �b�a�c�t�e�r�i�a�,� 

�s�u�b�s�e�q�u�e�n�t� �t�r�o�p�h�o�b�l�a�s�t� �c�e�l�l� �n�e�c�r�o�s�i�s� �a�n�d� �u�l�c�e�r�a�t�i�o�n� �o�f� �t�h�e�s�e� �m�e�m�b�r�a�n�e�s� 

�w�i�t�h� �a�c�c�o�m�p�a�n�y�i�n�g� �n�e�c�r�o�-�s�u�p�p�u�r�a�t�i�v�e� �e�x�u�d�a�t�i�o�n�.� �B�.� �a�b�o�r�t�u�s� �d�o�e�s� �n�o�t� 

�i�n�f�e�c�t� �t�h�e� �e�n�d�o�m�e�t�r�i�a�l� �e�p�i�t�h�e�l�i�u�m� �o�r� �l�a�m�i�n�a� �p�r�o�p�r�i�a� �(�A�n�d�e�r�s�o�n� �e�t� �a�l�.�,� 

�1�9�8�6�b�)�.� �H�o�w�e�v�e�r�,� �t�h�e� �m�a�j�o�r�i�t�y� �o�f� �f�e�t�u�s�e�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �i�n�f�e�c�t�e�d� �p�l�a�c�e�n�t�a�s� 

�a�r�e� �t�h�e�m�s�e�l�v�e�s� �i�n�f�e�c�t�e�d� �a�n�d� �d�i�s�p�l�a�y� �a� �v�a�r�i�e�t�y� �o�f� �h�i�s�t�o�l�o�g�i�c� �l�e�s�i�o�n�s� 

�i�n�c�l�u�d�i�n�g� �s�u�p�p�u�r�a�t�i�v�e� �b�r�o�n�c�h�o�p�n�e�u�m�o�n�i�a�,� �n�o�n�-�s�u�p�p�u�r�a�t�i�v�e� �p�e�r�i�v�a�s�c�u�l�a�r



�3�2� 

�h�e�p�a�t�i�t�i�s� �a�n�d� �m�a�r�k�e�d� �m�a�c�r�o�p�h�a�g�e� �p�r�o�l�i�f�e�r�a�t�i�o�n� �i�n� �t�h�e� �s�p�l�e�e�n� �a�n�d� �l�y�m�p�h� 

�n�o�d�e�s� �(�P�a�y�n�e�,� �1�9�5�9�;� �E�n�r�i�g�h�t� �e�t� �a�l�.�,� �1�9�8�4�;� �J�u�b�b� �e�t� �a�l�.�,� �1�9�8�5�;� �A�n�d�e�r�s�o�n� �e�t� 

�a�l�.�,� �1�9�8�6�b�)�.� �T�h�e� �p�r�o�x�i�m�i�t�y� �o�f� �p�l�a�c�e�n�t�a�l� �c�a�p�i�l�l�a�r�i�e�s� �t�o� �t�h�e� �u�l�c�e�r�a�t�e�d� 

�c�h�o�r�i�o�a�l�l�a�n�t�o�i�c� �m�e�m�b�r�a�n�e� �m�a�y� �a�l�l�o�w� �a�c�c�e�s�s� �o�f� �b�r�u�c�e�l�l�a�e�-�f�i�l�l�e�d� �e�x�u�d�a�t�e� �t�o� 

�t�h�e� �f�e�t�a�l� �c�i�r�c�u�l�a�t�i�o�n� �r�e�s�u�l�t�i�n�g� �i�n� �t�h�e� �h�e�m�a�t�o�g�e�n�o�u�s� �s�p�r�e�a�d� �o�f� �t�h�e� �b�a�c�t�e�r�i�a� 

�t�o� �t�h�e� �f�e�t�u�s� �(�A�n�d�e�r�s�o�n� �e�t� �a�l�.�,� �1�9�8�6�a�)�.� 

�I�n� �t�h�e� �c�o�w� �t�h�e� �i�n�f�l�a�m�m�a�t�o�r�y� �i�n�f�i�l�t�r�a�t�e� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �B�r�u�c�e�l�l�a� 

�i�n�f�e�c�t�i�o�n� �o�f� �t�h�e� �p�l�a�c�e�n�t�a� �i�s� �p�r�i�m�a�r�i�l�y� �s�u�p�p�u�r�a�t�i�v�e�,� �w�i�t�h� �f�e�w�e�r� �m�a�c�r�o�p�h�a�g�e�s� 

�a�n�d� �p�l�a�s�m�a� �c�e�l�l�s� �i�n� �c�o�n�t�r�a�s�t� �t�o� �t�h�e� �p�r�e�d�o�m�i�n�a�n�t�l�y� �m�o�n�o�n�u�c�l�e�a�r� �i�n�f�i�l�t�r�a�t�e� 

�t�h�a�t� �a�c�c�o�m�p�a�n�i�e�s� �i�n�f�e�c�t�i�o�n� �o�f� �n�o�n�-�r�e�p�r�o�d�u�c�t�i�v�e� �t�r�a�c�t� �o�r�g�a�n�s�.� �T�h�i�s� �i�s� �n�o�t� 

�i�n�c�o�n�s�i�s�t�a�n�t� �w�i�t�h� �t�h�e� �p�r�o�p�o�s�e�d� �r�e�s�t�r�i�c�t�i�o�n� �o�f� �c�e�l�l� �t�r�a�f�f�i�c�i�n�g� �r�e�l�a�t�e�d� �t�o� 

�m�e�c�h�a�n�i�s�m�s� �o�f� �l�o�c�a�l� �i�m�m�u�n�o�s�u�p�p�r�e�s�s�i�o�n� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �s�u�r�v�i�v�a�l� �o�f� �t�h�e� 

�f�e�t�u�s�.� �B�o�t�h� �n�e�u�t�r�o�p�h�i�l�s� �a�n�d� �m�a�c�r�o�p�h�a�g�e�s� �m�a�y� �b�e� �a�t�t�r�a�c�t�e�d� �b�y� �n�o�n�-�i�m�m�u�n�e� 

�m�e�c�h�a�n�i�s�m�s� �(�i�.�e�.� �w�i�t�h�o�u�t� �s�p�e�c�i�f�i�c� �l�y�m�p�h�o�c�y�t�e� �d�i�r�e�c�t�i�o�n�)� �t�h�a�t� �i�n�c�l�u�d�e� 

�c�h�e�m�o�-�a�t�t�r�a�c�t�a�n�t� �f�a�c�t�o�r�s� �l�i�b�e�r�a�t�e�d� �b�y� �b�a�c�t�e�r�i�a�l� �o�r�g�a�n�i�s�m�s� �(�F� �M�e�t� �p�e�p�t�i�d�e�s�)� 

�a�n�d� �b�y� �a�c�t�i�v�a�t�e�d� �c�o�m�p�l�e�m�e�n�t� �f�a�c�t�o�r� �C�5�A� �(�S�e�l�l�,� �1�9�8�7�)�.� �B�o�t�h� �s�m�o�o�t�h� �a�n�d� �r�o�u�g�h� 

�B�r�u�c�e�l�l�a� �L�P�S� �i�s� �k�n�o�w�n� �t�o� �b�e� �a�b�l�e� �t�o� �a�c�t�i�v�a�t�e� �t�h�e� �c�o�m�p�l�e�m�e�n�t� �c�a�s�c�a�d�e� 

�(�M�o�r�e�n�o� �e�t� �a�l�.�,� �1�9�8�1�)�.� �N�e�c�r�o�t�i�c� �c�e�l�l�u�l�a�r� �d�e�b�r�i�s� �i�n� �i�t�s�e�l�f� �a�l�s�o� �c�o�n�t�a�i�n�s� 

�f�a�c�t�o�r�s� �a�t�t�r�a�c�t�i�v�e� �t�o� �p�h�a�g�o�c�y�t�i�c� �l�e�u�k�o�c�y�t�e�s�.� �T�h�e� �h�i�s�t�o�l�o�g�i�c� �f�i�n�d�i�n�g�s� �o�f� 

�e�x�p�e�r�i�m�e�n�t�a�l� �a�n�d� �n�a�t�u�r�a�l� �c�a�s�e�s� �o�f� �r�u�m�i�n�a�n�t� �b�r�u�c�e�l�l�o�s�i�s� �d�o� �n�o�t� �c�o�n�f�l�i�c�t� 

�w�i�t�h� �t�h�e� �t�h�e�o�r�y� �t�h�a�t� �l�o�c�a�l� �i�m�m�u�n�o�s�u�p�p�r�e�s�s�i�o�n� �m�a�y� �p�l�a�y� �a� �p�a�r�t� �i�n� �t�h�e� 

�p�a�t�h�o�g�e�n�e�s�i�s� �o�f� �t�h�i�s� �p�l�a�c�e�n�t�a�l� �p�a�t�h�o�g�e�n�.� �D�e�g�e�n�e�r�a�t�e� �p�h�a�g�o�c�t�y�e�s� �c�o�n�t�a�i�n�i�n�g� 

�i�n�t�a�c�t� �b�r�u�c�e�l�l�a�e� �p�r�e�v�a�l�e�n�t� �i�n� �t�h�e� �c�h�o�r�i�o�n�i�c� �v�i�l�l�i� �(�A�n�d�e�r�s�o�n� �e�t� �a�l�.�,� �1�9�8�6�a�)� 

�a�l�s�o� �c�o�n�c�u�r� �w�i�t�h� �r�e�p�o�r�t�s� �t�h�a�t� �n�o�n�-�a�c�t�i�v�a�t�e�d� �m�a�c�r�o�p�h�a�g�e�s� �m�a�y�.� �n�o�t� �b�e� �a�b�l�e� 

�t�o� �a�r�r�e�s�t� �t�h�e� �m�u�l�t�i�p�l�i�c�a�t�i�o�n� �o�f� �f�a�c�u�l�t�a�t�i�v�e� �i�n�t�r�a�c�e�l�l�u�l�a�r� �p�a�t�h�o�g�e�n�s� �s�u�c�h� 

�a�s� �B�r�u�c�e�l�l�a� �(�C�o�l�l�i�n�s� �a�n�d� �C�a�m�p�b�e�l�l�,� �1�9�8�2�)�.� �T�h�e� �h�i�s�t�o�l�o�g�i�c� �l�e�s�i�o�n�s� �a�l�s�o



�3�3� 

�s�u�p�p�o�r�t� �t�h�e� �f�i�n�d�i�n�g� �t�h�a�t� �i�n� �v�i�t�r�o� �B�.� �a�b�o�r�t�u�s� �m�a�y� �i�n�h�i�b�i�t� �t�h�e� �b�a�c�t�e�r�i�o�c�i�d�a�l� 

�m�e�c�h�a�n�i�s�m�s� �o�f� �r�u�m�i�n�a�n�t� �n�e�u�t�r�o�p�h�i�l�s� �(�R�i�l�e�y� �a�n�d� �R�o�b�e�r�t�s�o�n�,� �1�9�8�4�)�.� 

�2�.�7� �P�a�t�h�o�g�e�n�e�s�i�s� �o�f� �B�r�u�c�e�l�l�a�-�i�n�d�u�c�e�d� �a�b�o�r�t�i�o�n� 

�T�h�e� �e�x�a�c�t� �m�e�c�h�a�n�i�s�m� �o�f� �B�r�u�c�e�l�l�a�-�i�n�d�u�c�e�d� �a�b�o�r�t�i�o�n� �i�s� �a�t� �p�r�e�s�e�n�t� 

�c�o�n�t�r�o�v�e�r�s�i�a�l� �b�u�t� �l�i�k�e�l�y� �i�n�v�o�l�v�e�s� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n� �o�f� �s�e�v�e�r�a�l� �f�a�c�t�o�r�s� 

�i�n�c�l�u�d�i�n�g� �f�e�t�a�l� �s�t�r�e�s�s�,� �p�l�a�c�e�n�t�a�l� �i�n�s�u�f�f�i�c�i�e�n�c�y� �a�n�d� �t�h�e� �e�f�f�e�c�t�s� �o�f� 

�e�n�d�o�t�o�x�i�n�.� �T�h�e� �e�x�t�e�n�t� �o�f� �t�h�e� �p�l�a�c�e�n�t�i�t�i�s� �i�s� �v�a�r�i�a�b�l�e�,� �f�r�o�m� �m�i�n�i�m�a�l� 

�f�o�c�a�l� �l�e�s�i�o�n�s� �t�o� �w�i�d�e�s�p�r�e�a�d� �d�e�s�t�r�u�c�t�i�o�n� �o�f� �p�l�a�c�e�n�t�o�m�e�s� �a�n�d� �f�e�t�a�l� �m�e�m�b�r�a�n�e�s�.� 

�A�b�o�r�t�i�o�n� �m�a�y� �o�c�c�u�r� �i�n� �e�i�t�h�e�r� �c�a�s�e� �(�E�n�r�i�g�h�t�,� �1�9�9�0�)�.� �T�h�u�s� �i�t� �i�s� �d�i�f�f�i�c�u�l�t� 

�t�o� �a�c�c�e�p�t� �t�h�e� �t�h�e�o�r�y� �t�h�a�t� �a�b�o�r�t�i�o�n� �i�s� �d�u�e� �s�o�l�e�l�y� �t�o� �p�l�a�c�e�n�t�a�l� �i�n�s�u�f�f�i�c�i�e�n�c�y�,� 

�t�h�a�t� �i�s�,� �i�n�a�d�e�q�u�a�t�e� �t�r�a�n�s�f�e�r� �o�f� �g�a�s�e�s�,� �n�u�t�r�i�e�n�t�s� �a�n�d� �c�l�e�a�r�a�n�c�e� �o�f� �f�e�t�a�l� 

�w�a�s�t�e� �p�r�o�d�u�c�t�s� �(�T�h�o�e�n� �a�n�d� �E�n�r�i�g�h�t�,� �1�9�8�6�)�.� 

�S�e�v�e�r�a�l� �s�t�u�d�i�e�s� �s�u�g�g�e�s�t� �t�h�a�t� �B�r�u�c�e�l�l�a� �e�n�d�o�t�o�x�i�n� �m�a�y� �b�e� �r�e�s�p�o�n�s�i�b�l�e� 

�f�o�r� �a�b�o�r�t�i�o�n� �(�P�a�y�n�e�,� �1�9�5�7�;� �A�n�d�e�r�s�o�n� �e�t� �a�l�.�,� �1�8�8�6�a�)�.� �T�h�e� �e�n�d�o�t�o�x�i�n�s� �o�f� 

�v�a�r�i�o�u�s� �G�r�a�m� �n�e�g�a�t�i�v�e� �b�a�c�t�e�r�i�a� �i�n�c�l�u�d�i�n�g� �B�.� �a�b�o�r�t�u�s� �c�a�n� �i�n�d�u�c�e� �p�l�a�c�e�n�t�a�l� 

�h�e�m�o�r�r�h�a�g�e� �a�n�d� �a�b�o�r�t�i�o�n� �i�n� �l�a�b�o�r�a�t�o�r�y� �m�i�c�e� �(�Z�a�h�l� �a�n�d� �B�j�e�r�k�n�e�s�,� �1�9�4�3�;� 

�M�o�r�e�n�o� �e�t� �a�l�.�,� �1�9�8�1�)�.� �B�.� �a�b�o�r�t�u�s� �c�r�u�d�e� �e�n�d�o�t�o�x�i�n� �c�a�u�s�e�d� �a�b�o�r�t�i�o�n� �i�n� 

�g�u�i�n�e�a� �p�i�g�s� �2�4�-�3�6� �h�o�u�r�s� �a�f�t�e�r� �i�n�o�c�u�l�a�t�i�o�n� �(�P�e�n�n�e�l� �a�n�d� �H�u�d�d�l�e�s�o�n�,� �1�9�3�7�)�.� 

�T�h�e� �s�a�m�e� �m�a�t�e�r�i�a�l� �i�n�o�c�u�l�a�t�e�d� �i�n�t�o� �a� �p�r�e�g�n�a�n�t� �h�e�i�f�e�r� �p�r�o�d�u�c�e�d� �a�b�o�r�t�i�o�n� �3� 

�t�o� �4� �d�a�y�s� �p�o�s�t�-�i�n�o�c�u�l�a�t�i�o�n�.� 

�E�n�d�o�t�o�x�i�n� �i�n�d�u�c�e�s� �c�h�a�n�g�e�s� �i�n� �e�n�d�o�t�h�e�l�i�a�l� �c�e�l�l�s� �a�n�d� �r�e�s�u�l�t�s� �i�n� �v�a�s�c�u�l�a�r� 

�l�e�s�i�o�n�s� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �i�n�c�r�e�a�s�e�d� �p�e�r�m�e�a�b�i�l�i�t�y� �a�n�d�/�o�r� �t�h�r�o�m�b�o�s�i�s� �(�H�a�r�d�i�e� 

�a�n�d� �K�r�u�s�e�-�E�l�l�i�o�t�t�,� �1�9�9�0�)�.� �V�a�s�c�u�l�i�t�i�s� �w�a�s� �a� �p�r�o�m�i�n�e�n�t� �f�e�a�t�u�r�e� �i�n� �t�h�e� 

�p�l�a�c�e�n�t�i�t�i�s� �n�o�t�e�d� �i�n� �t�h�e� �g�o�a�t� �m�o�d�e�l� �o�f� �b�r�u�c�e�l�l�o�s�i�s� �a�n�d� �w�a�s� �f�e�l�t� �t�o� �c�o�n�t�r�i�b�u�t�e� 

�g�r�e�a�t�l�y� �t�o� �t�h�e� �p�l�a�c�e�n�t�o�m�a�l� �l�e�s�i�o�n�s�,� �t�h�e� �s�e�p�a�r�a�t�i�o�n� �o�f� �m�a�t�e�r�n�a�l� �a�n�d� �f�e�t�a�l



�3�4� 

�e�p�i�t�h�e�l�i�u�m� �a�s� �w�e�l�l� �a�s� �t�o� �f�e�t�a�l� �d�e�a�t�h� �(�A�n�d�e�r�s�o�n� �e�t� �a�l�.�,� �1�9�8�6�a�)�.� �E�n�d�o�t�o�x�i�n� 

�i�s� �a�l�s�o� �k�n�o�w�n� �t�o� �i�n�d�u�c�e� �p�l�a�t�e�l�e�t� �a�g�g�r�e�g�a�t�i�o�n� �a�n�d� �f�i�b�r�i�n� �d�e�p�o�s�i�t�i�o�n� �a�n�d� �t�o� 

�a�c�t�i�v�a�t�e� �t�h�e� �c�o�m�p�l�e�m�e�n�t� �c�a�s�c�a�d�e� �(�H�a�r�d�i�e� �a�n�d� �K�r�u�s�e�-�E�l�l�i�o�t�,� �1�9�9�0�)� �w�h�i�c�h� �i�n� 

�c�o�m�b�i�n�a�t�i�o�n� �w�i�t�h� �v�a�s�c�u�l�i�t�i�s� �m�a�y� �h�a�v�e� �r�e�s�u�l�t�e�d� �i�n� �t�r�o�p�h�o�b�l�a�s�t� �i�s�c�h�e�m�i�c� 

�d�a�m�a�g�e�.� �A�s� �p�r�e�v�i�o�u�s�l�y� �m�e�n�t�i�o�n�e�d�,� �e�n�d�o�t�o�x�i�n� �m�a�y� �h�a�v�e� �a� �m�o�r�e� �d�i�r�e�c�t� �e�f�f�e�c�t� 

�o�n� �t�r�o�p�h�o�b�l�a�s�t� �D�N�A� �s�y�n�t�h�e�s�i�s� �t�h�r�o�u�g�h� �a� �m�a�c�r�o�p�h�a�g�e� �i�n�t�e�r�m�e�d�i�a�r�y� �(�H�u�n�t� �e�t� 

�a�l�.�,� �1�9�8�9�)�.� 

�T�h�e� �m�a�i�n�t�e�n�a�n�c�e� �a�n�d� �t�e�r�m�i�n�a�t�i�o�n� �o�f� �p�r�e�g�n�a�n�c�y� �i�n� �r�u�m�i�n�a�n�t�s� �i�s� �d�e�p�e�n�d�e�n�t� 

�o�n� �a� �c�o�m�p�l�e�x� �i�n�t�e�r�p�l�a�y� �o�f� �h�o�r�m�o�n�a�l� �i�n�t�e�r�a�c�t�i�o�n�s� �a�n�d� �p�r�o�m�i�n�e�n�t� �a�m�o�n�g� �t�h�e�s�e� 

�h�o�r�m�o�n�e�s� �i�s� �t�h�e� �s�t�e�r�o�i�d�,� �p�r�o�g�e�s�t�e�r�o�n�e�.� �I�n� �c�a�t�t�l�e� �a�n�d� �s�h�e�e�p�,� �p�r�o�g�e�s�t�e�r�o�n�e� 

�p�r�o�d�u�c�e�d� �b�y� �t�h�e� �p�l�a�c�e�n�t�a� �a�n�d� �f�e�t�u�s� �m�a�i�n�t�a�i�n�s� �p�r�e�g�n�a�n�c�y� �i�n� �t�h�e� �l�a�t�t�e�r� �h�a�l�f� 

�o�f� �g�e�s�t�a�t�i�o�n� �s�o� �t�h�a�t� �d�i�s�e�a�s�e�s� �a�f�f�e�c�t�i�n�g� �e�i�t�h�e�r� �t�h�e� �f�e�t�u�s� �o�r� �t�h�e� �p�l�a�c�e�n�t�a� 

�a�t� �t�h�i�s� �t�i�m�e� �m�a�y� �r�e�s�u�l�t� �i�n� �t�h�e� �t�e�r�m�i�n�a�t�i�o�n� �o�f� �p�r�e�g�n�a�n�c�y�.� �T�h�e� �s�h�i�f�t� �f�r�o�m� 

�p�r�o�d�u�c�t�i�o�n� �o�f� �p�r�o�g�e�s�t�e�r�o�n�e� �t�o� �e�s�t�r�o�g�e�n� �r�e�s�u�l�t�s� �i�n� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �o�f� �P�G�F�2� 

�w�h�i�c�h� �c�a�n� �i�n�i�t�i�a�t�e� �p�a�r�t�u�r�i�t�i�o�n� �(�E�n�r�i�g�h�t�,� �1�9�9�0�)�.� �I�n� �a� �s�t�u�d�y� �i�n�v�e�s�t�i�g�a�t�i�n�g� 

�t�h�e� �h�o�r�m�o�n�a�l� �e�f�f�e�c�t�s� �o�f� �B�r�u�c�e�l�l�a� �i�n�f�e�c�t�i�o�n� �i�n� �t�h�e� �r�u�m�i�n�a�n�t�,� �f�e�t�a�l� �s�t�r�e�s�s� 

�r�e�s�u�l�t�e�d� �i�n� �t�h�e� �e�l�e�v�a�t�i�o�n� �o�f� �f�e�t�a�l� �c�o�r�t�i�s�o�l� �l�e�v�e�l�s� �w�h�i�c�h� �l�e�a�d� �t�o� �d�e�c�r�e�a�s�e�d� 

�p�r�o�g�e�s�t�e�r�o�n�e� �p�r�o�d�u�c�t�i�o�n� �a�n�d� �i�n�c�r�e�a�s�e�d� �e�s�t�r�o�g�e�n� �p�r�o�d�u�c�t�i�o�n� �b�y� �t�h�e� �p�l�a�c�e�n�t�a�.� 

�I�n�c�r�e�a�s�e�d� �l�e�v�e�l�s� �o�f� �m�a�t�e�r�n�a�l� �P�G�I�F�2� �f�o�l�l�o�w�e�d�,� �a�s� �d�i�d� �a�b�o�r�t�i�o�n� �(�L�i�g�g�i�n�s�,� 

�1�9�8�1�)�.� �T�h�i�s� �a�n�d� �o�t�h�e�r� �s�t�u�d�i�e�s� �s�t�r�o�n�g�l�y� �s�u�g�g�e�s�t� �t�h�a�t� �f�e�t�a�l� �i�n�f�e�c�t�i�o�n� �a�n�d� 

�t�h�e� �r�e�s�u�l�t�a�n�t� �f�e�t�a�l� �s�t�r�e�s�s� �m�a�y� �i�n�d�u�c�e� �h�o�r�m�o�n�a�l� �a�l�t�e�r�a�t�i�o�n�s� �t�h�a�t� �a�r�e� 

�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �a�b�o�r�t�i�o�n� �o�r� �p�r�e�m�a�t�u�r�e� �d�e�l�i�v�e�r�y� �(�E�n�r�i�g�h�t� �e�t� �a�l�.�,� �1�9�8�4�)�.� 

�B�r�u�c�e�l�l�a�-�i�n�d�u�c�e�d� �a�b�o�r�t�i�o�n� �t�h�e�r�e�f�o�r�e� �i�s� �J�i�k�e�l�y� �d�u�e� �t�o� �a� �c�o�m�b�i�n�a�t�i�o�n� �o�f� 

�f�a�c�t�o�r�s� �a�f�f�e�c�t�i�n�g� �b�o�t�h� �t�h�e� �f�e�t�u�s� �a�n�d� �t�h�e� �p�l�a�c�e�n�t�a�.� �T�h�e� �r�e�l�a�t�i�v�e� �i�m�p�o�r�t�a�n�c�e� 

�o�f� �s�p�e�c�i�f�i�c� �c�a�u�s�e�s� �o�r� �i�n�d�u�c�e�r�s� �i�s� �p�r�e�s�e�n�t�l�y� �u�n�c�l�e�a�r� �a�n�d� �m�a�y� �v�a�r�y� �w�i�t�h



�3�5� 

�e�a�c�h� �i�n�d�i�v�i�d�u�a�l� �e�v�e�n�t� �a�s� �i�n�f�l�u�e�n�c�e�d� �b�y� �b�o�t�h� �h�o�s�t� �a�n�d� �p�a�t�h�o�g�e�n� �d�e�t�e�r�m�i�n�a�n�t�s�.� 

�2�.�8� �T�h�e� �m�o�u�s�e� �a�s� �a� �m�o�d�e�l� �f�o�r� �b�r�u�c�e�l�l�o�s�i�s� 

�T�h�o�u�g�h� �t�h�e� �a�n�a�t�o�m�y�,� �p�a�t�h�o�l�o�g�y� �a�n�d� �b�a�c�t�e�r�i�o�l�o�g�y� �o�f� �b�r�u�c�e�l�l�o�s�i�s� �h�a�v�e� 

�b�e�e�n� �w�e�l�l� �c�h�a�r�a�c�t�e�r�i�z�e�d� �i�n� �t�h�e� �r�u�m�i�n�a�n�t�,� �l�a�r�g�e� �s�c�a�l�e� �s�t�u�d�i�e�s� �a�r�e� �d�i�f�f�i�c�u�l�t� 

�t�o� �c�o�n�d�u�c�t� �i�n� �t�h�i�s� �s�p�e�c�i�e�s� �d�u�e� �t�o� �p�r�o�h�i�b�i�t�i�v�e� �c�o�s�t� �o�f� �a�n�i�m�a�l� �p�r�o�c�u�r�e�m�e�n�t� 

�a�n�d� �c�a�r�e� �i�n� �i�s�o�l�a�t�i�o�n� �f�a�c�i�l�i�t�i�e�s�.� �H�i�s�t�o�r�i�c�a�l�l�y�,� �t�h�e� �m�o�u�s�e� �h�a�s� �b�e�e�n� �u�s�e�d� 

�t�o� �s�t�u�d�y� �t�h�e� �i�m�m�u�n�o�p�a�t�h�o�l�o�g�y� �i�n� �t�h�e� �n�o�n�-�p�r�e�g�n�a�n�t� �a�n�i�m�a�l� �(�F�a�b�y�a�n�,� �1�9�1�2�;� 

�F�e�l�d�m�a�n� �a�n�d� �O�l�s�e�n�,� �1�9�3�5�;� �Y�o�u�n�g� �e�t� �a�l�.�,� �1�9�7�9�;� �H�o� �a�n�d� �C�h�e�e�r�s�,� �1�9�8�2�;� �P�h�i�l�l�i�p�s� 

�e�t� �a�l�.�,� �1�9�8�9�b�;� �P�u�g�h� �e�t� �a�l�.�,� �1�9�8�9�)�.� �T�h�e� �m�u�r�i�n�e� �m�o�d�e�l� �p�e�r�m�i�t�s� �t�h�e� �e�c�o�n�o�m�i�c�a�l� 

�a�n�d� �c�o�n�v�e�n�i�e�n�t� �a�n�a�l�y�s�i�s� �o�f� �s�e�v�e�r�a�l� �a�s�p�e�c�t�s� �o�f� �b�r�u�c�e�l�l�o�s�i�s�:� �p�a�t�h�o�g�e�n�e�s�i�s�;� 

�i�m�m�u�n�o�l�o�g�y�,� �v�a�c�c�i�n�e� �s�c�r�e�e�n�i�n�g�;� �a�n�d� �t�h�e� �c�o�u�r�s�e� �o�f� �a�c�u�t�e� �a�n�d� �c�h�r�o�n�i�c� 

�i�n�f�e�c�t�i�o�n�.� �T�h�e�r�e� �h�a�s� �b�e�e�n� �r�e�c�e�n�t� �e�x�t�e�n�s�i�v�e� �p�r�o�g�r�e�s�s� �i�n� �t�h�e� �i�m�m�u�n�o�l�o�g�i�c� 

�r�e�s�p�o�n�s�e� �o�f� �t�h�e� �m�o�u�s�e� �(�i�n�c�l�u�d�i�n�g� �t�h�e� �p�r�e�g�n�a�n�t� �m�o�u�s�e�)� �(�B�o�s�s�e�r�a�y�,� �1�9�8�3�b�;� 

�C�h�e�e�r�s� �a�n�d� �Y�o�u�n�g�,� �1�9�8�7�;� �B�o�s�s�e�r�a�y� �a�n�d� �P�l�o�m�m�e�t�,� �1�9�8�8�;� �P�h�i�l�l�i�p�s� �e�t� �a�l�.�,� 

�c�o�n�c�e�r�n�i�n�g� �p�l�a�c�e�n�t�a�l� �c�o�l�o�n�i�z�a�t�i�o�n� �k�i�n�e�t�i�c�s� �a�n�d� �p�r�o�t�e�c�t�i�o�n� �s�t�u�d�i�e�s� �i�n� �t�h�e� 

�p�r�e�g�n�a�n�t� �m�o�u�s�e� �(�B�o�s�s�e�r�a�y�,� �1�9�8�0�,� �1�9�8�3� �a� �&� �b�)� �h�a�v�e� �b�e�e�n� �r�e�p�o�r�t�e�d�.� 

�E�x�p�e�r�i�m�e�n�t�s� �o�n� �t�h�e� �b�a�c�t�e�r�i�o�l�o�g�y� �o�f� �v�i�r�u�l�e�n�t� �s�t�r�a�i�n�s� �o�f� �B�.� �a�b�o�r�t�u�s� �i�n� 

�t�h�e� �n�o�n�-�p�r�e�g�n�a�n�t� �B�A�L�B�/�c� �m�o�u�s�e� �h�a�v�e� �s�h�o�w�n� �t�h�a�t� �t�h�e� �l�i�v�e�r� �a�n�d� �s�p�l�e�e�n� �s�u�p�p�o�r�t� 

�m�o�d�e�r�a�t�e� �b�a�c�t�e�r�i�a�l� �g�r�o�w�t�h� �t�h�a�t�.� �p�e�a�k�s� �i�n� �a�p�p�r�o�x�i�m�a�t�e�l�y� �t�w�o� �w�e�e�k�s�.� �T�h�e� 

�b�a�c�t�e�r�i�a�l� �g�r�o�w�t�h� �d�i�s�p�l�a�y�s� �a� �p�l�a�t�e�a�u� �p�h�a�s�e� �w�h�i�c�h� �l�a�s�t�s� �a�p�p�r�o�x�i�m�a�t�e�l�y� �s�i�x� 

�w�e�e�k�s�.� �T�h�i�s� �i�s� �f�o�l�l�o�w�e�d� �b�y� �t�h�e� �s�l�o�w� �c�l�e�a�r�a�n�c�e� �o�f� �t�h�e� �b�a�c�t�e�r�i�a� �o�v�e�r� �t�h�e� 

�n�e�x�t� �f�o�u�r� �t�o� �f�i�v�e� �m�o�n�t�h�s� �(�H�o� �a�n�d� �C�h�e�e�r�s�,� �1�9�8�2�)�.� �T�h�e� �c�o�u�r�s�e� �o�f� �c�h�r�o�n�i�c� 

�i�n�f�e�c�t�i�o�n� �d�o�e�s� �d�i�f�f�e�r� �h�o�w�e�v�e�r� �b�e�t�w�e�e�n� �s�t�r�a�i�n�s� �o�f� �i�n�b�r�e�d� �m�i�c�e� �(�P�u�g�h� �e�t� 

�a�l�.�,� �1�9�8�9�)�.
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�S�t�u�d�i�e�s� �c�h�a�l�l�e�n�g�i�n�g� �o�u�t�b�r�e�d� �m�i�c�e� �d�u�r�i�n�g� �g�e�s�t�a�t�i�o�n� �w�i�t�h� �a� �v�i�r�u�l�e�n�t� 

�s�t�r�a�i�n� �o�f� �B�.� �a�b�o�r�t�u�s� �(�s�t�r�a�i�n� �5�4�4�)� �f�o�u�n�d� �t�h�a�t� �p�l�a�c�e�n�t�a�l� �i�n�f�e�c�t�i�o�n� �i�n�c�r�e�a�s�e�d� 

�t�o� �h�i�g�h� �l�e�v�e�l�s� �o�v�e�r� �t�h�e� �c�o�u�r�s�e� �o�f� �p�r�e�g�n�a�n�c�y�,� �s�u�g�g�e�s�t�i�n�g� �t�h�a�t� �b�a�c�t�e�r�i�a�l� 

�r�e�p�l�i�c�a�t�i�o�n� �i�s� �p�o�o�r�l�y� �c�o�n�t�r�o�l�l�e�d� �b�y� �t�h�e� �i�m�m�u�n�e� �r�e�s�p�o�n�s�e� �w�i�t�h�i�n� �t�h�i�s� �o�r�g�a�n� 

�(�B�o�s�s�e�r�a�y�,� �1�9�8�0�,� �1�9�8�3�a�)�.� �I�t� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �t�h�a�t� �t�h�e� �s�e�n�s�i�t�i�v�i�t�y� �o�f� �t�h�e� 

�m�o�u�s�e� �p�l�a�c�e�n�t�a� �w�a�s� �n�o�t� �d�u�e� �t�o� �a�n� �e�a�r�l�y� �l�o�c�a�l�i�z�a�t�i�o�n� �o�f� �b�a�c�t�e�r�i�a� �b�u�t� 

�r�a�t�h�e�r� �t�o� �t�h�e� �p�l�a�c�e�n�t�a�'�s� �b�e�c�o�m�i�n�g� �t�h�e� �s�i�t�e� �o�f� �i�n�t�e�n�s�e� �b�a�c�t�e�r�i�a�l� �p�r�o�l�i�f�-� 

�e�r�a�t�i�o�n�.� �S�t�u�d�y� �o�f� �b�a�c�t�e�r�i�a�l� �i�n�f�e�c�t�i�o�n� �i�n� �v�a�r�i�o�u�s� �o�r�g�a�n�s� �o�f� �t�h�e� �p�r�e�g�n�a�n�t� 

�m�o�u�s�e� �r�e�v�e�a�l�e�d� �m�a�r�k�e�d�l�y� �d�i�f�f�e�r�e�n�t� �c�o�l�o�n�i�z�a�t�i�o�n� �k�i�n�e�t�i�c�s� �i�n� �t�h�e� �s�p�l�e�e�n� 

�a�n�d� �p�l�a�c�e�n�t�a�.� �O�n�l�y� �a� �f�e�w� �b�a�c�t�e�r�i�a� �(�l�e�s�s� �t�h�a�n� �1�%� �o�f� �t�h�e� �i�n�o�c�u�l�u�m�)� �i�n�i�t�i�a�l�l�l�y� 

�b�e�c�a�m�e� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �p�l�a�c�e�n�t�a� �b�u�t� �w�i�t�h�i�n� �t�h�i�s� �o�r�g�a�n� �b�a�c�t�e�r�i�a� 

�m�u�l�t�i�p�l�i�e�d� �r�a�p�i�d�l�y� �w�i�t�h� �a�n� �e�s�t�i�m�a�t�e�d� �g�e�n�e�r�a�t�i�o�n� �t�i�m�e� �c�l�o�s�e� �t�o� �p�r�e�v�i�o�u�s� 

�i�n� �v�i�t�r�o� �e�s�t�i�m�a�t�e�s� �(�R�i�c�h�a�r�d�s�o�n� �a�n�d� �H�o�l�t�,� �1�9�6�4�)�.� �I�n� �c�o�n�t�r�a�s�t�,� �t�h�e� �s�p�l�e�e�n�,� 

�w�h�i�c�h� �r�e�t�a�i�n�e�d� �t�h�e� �l�a�r�g�e�s�t� �n�u�m�b�e�r� �o�f� �b�a�c�t�e�r�i�a� �i�m�m�e�d�i�a�t�e�l�y� �p�o�s�t�-�c�h�a�l�l�e�n�g�e�,� 

�h�a�d� �a� �m�u�c�h� �s�l�o�w�e�r� �s�u�b�s�e�q�u�e�n�t� �b�a�c�t�e�r�i�a�l� �g�r�o�w�t�h� �r�a�t�e�.� �T�h�e� �l�e�v�e�l� �o�f� �s�p�l�e�n�i�c� 

�i�n�f�e�c�t�i�o�n� �o�f� �p�r�e�g�n�a�n�t� �m�i�c�e� �w�a�s� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �t�h�a�t� �o�f� 

�n�o�n�-�p�r�e�g�n�a�n�t� �m�i�c�e�,� �s�u�g�g�e�s�t�i�n�g� �t�h�a�t� �p�r�e�g�n�a�n�c�y� �d�i�d�n�o�t� �a�l�t�e�r� �t�h�e� �s�u�s�c�e�p�t�i�b�i�l�i�t�y� 

�o�f� �t�h�e� �p�r�e�g�n�a�n�t� �m�o�u�s�e� �t�o� �s�y�s�t�e�m�i�c� �i�n�f�e�c�t�i�o�n� �b�y� �B�.� �a�b�o�r�t�u�s�.� �B�r�u�c�e�l�l�o�s�i�s� 

�d�i�d� �n�o�t� �a�p�p�e�a�r� �t�o� �m�o�d�i�f�y� �t�h�e� �c�o�u�r�s�e� �o�f� �p�r�e�g�n�a�n�c�y� �i�n� �m�i�c�e�;� �t�h�e� �c�o�n�c�e�p�t�i�o�n� 

�r�a�t�e�s�,� �l�i�t�t�e�r� �s�i�z�e� �a�n�d� �t�h�e� �v�i�a�b�i�l�i�t�y� �o�f� �t�h�e� �f�e�t�u�s�e�s� �d�i�d� �n�o�t� �d�i�f�f�e�r� �f�r�o�m� 

�c�o�n�t�r�o�l� �m�i�c�e� �i�n� �t�h�i�s� �s�t�u�d�y�.� �H�i�s�t�o�l�o�g�i�c� �e�x�a�m�i�n�a�t�i�o�n� �o�f� �i�n�f�e�c�t�e�d� �p�l�a�c�e�n�t�a�s�,� 

�h�o�w�e�v�e�r�,� �w�a�s� �n�o�t� �i�n�c�l�u�d�e�d� �i�n� �r�e�v�i�e�w� �o�f� �m�a�t�e�r�i�a�l�s� �f�r�o�m� �t�h�i�s� �s�t�u�d�y� �(�B�o�s�s�e�r�a�y�,� 

�1�9�8�3�a�)�.� 

�T�h�e� �r�a�t�e� �o�f� �s�p�l�e�n�i�c� �a�n�d� �p�l�a�c�e�n�t�a�l�]� �i�n�f�e�c�t�i�o�n� �i�n� �t�h�e� �p�r�e�g�n�a�n�t� �m�o�u�s�e� 

�c�h�a�l�l�e�n�g�e�d� �w�i�t�h� �B�.� �a�b�o�r�t�u�s� �w�a�s� �r�e�l�a�t�e�d� �t�o� �t�h�e� �d�o�s�e� �a�n�d� �r�o�u�t�e� �o�f� �c�h�a�l�l�e�n�g�e�,� 

�w�i�t�h� �t�h�e� �m�o�s�t� �m�a�r�k�e�d� �c�o�l�o�n�i�z�a�t�i�o�n� �o�c�c�u�r�r�i�n�g� �w�i�t�h� �h�i�g�h� �i�n�t�r�a�v�e�n�e�o�u�s



�3�7� 

�i�n�o�c�u�l�a�t�i�o�n�.� �P�l�a�c�e�n�t�a�s� �w�e�r�e� �s�u�s�c�e�p�t�i�b�l�e� �t�o� �i�n�f�e�c�t�i�o�n� �a�t� �a�l�l� �t�h�e� �t�i�m�e�s� �t�e�s�t�e�d� 

�d�u�r�i�n�g� �g�e�s�t�a�t�i�o�n� �(�d�a�y� �4� �t�o� �d�a�y� �1�5�)� �w�i�t�h� �t�h�e� �h�i�g�h�e�s�t� �l�e�v�e�l�s� �o�f� �p�l�a�c�e�n�t�a�l� 

�i�n�f�e�c�t�i�o�n� �o�c�c�u�r�r�i�n�g� �i�n� �m�i�c�e� �r�e�c�e�i�v�i�n�g� �t�h�e� �c�h�a�l�l�e�n�g�e� �d�o�s�e� �i�n� �m�i�d�-�g�e�s�t�a�t�i�o�n� 

�(�d�a�y�s� �7� �t�o� �1�1�)� �(�B�o�s�s�e�r�a�y�,� �1�9�8�0�,� �1�9�8�3�a�)�.� 

�A� �s�t�u�d�y� �o�f� �t�h�e� �m�o�t�h�e�r�-�t�o�-�y�o�u�n�g� �t�r�a�n�m�i�s�s�i�o�n� �o�f� �m�u�r�i�n�e� �b�r�u�c�e�l�l�o�s�i�s� 

�e�s�t�a�b�l�i�s�h�e�d� �t�h�a�t� �t�r�a�n�s�p�l�a�c�e�n�t�a�l� �i�n�f�e�c�t�i�o�n� �o�c�c�u�r�r�e�d� �f�r�e�q�u�e�n�t�l�y� �i�n� �a�s�s�o�c�i�a�t�i�o�n� 

�w�i�t�h� �h�e�a�v�y� �c�o�l�o�n�i�z�a�t�i�o�n� �o�f� �t�h�e� �m�u�r�i�n�e� �p�l�a�c�e�n�t�a� �w�i�t�h� �B�.� �a�b�o�r�t�u�s� �(�B�o�s�s�e�r�a�y�,� 

�1�9�8�2�)�.� �T�h�e� �m�a�j�o�r�i�t�y� �o�f� �f�e�t�u�s�e�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �h�e�a�v�i�l�y� �i�n�f�e�c�t�e�d� �p�l�a�c�e�n�t�a�s� 

�w�e�r�e� �i�n�f�e�c�t�e�d� �w�h�e�n� �t�h�e� �d�a�m�s� �w�e�r�e� �k�i�l�l�e�d� �j�u�s�t� �p�r�i�o�r� �t�o� �p�a�r�t�u�r�i�t�i�o�n�.� �S�i�x�t�y� 

�p�e�r�c�e�n�t� �o�f� �m�i�c�e� �b�o�r�n� �t�o� �d�a�m�s� �i�n�o�c�u�l�a�t�e�d� �w�i�t�h� �h�i�g�h� �d�o�s�e�s� �o�f� �B�r�u�c�e�l�l�a� �o�n� 

�d�a�y� �7� �o�f� �g�e�s�t�a�t�i�o�n� �w�e�r�e� �i�n�f�e�c�t�e�d� �a�t� �b�i�r�t�h�,� �b�a�c�t�e�r�i�a� �b�e�i�n�g� �i�s�o�l�a�t�e�d� �f�r�o�m� 

�t�h�e� �s�p�l�e�e�n�s�,� �l�i�v�e�r�s� �a�n�d� �l�u�n�g�s� �o�f� �t�h�e� �n�e�o�n�a�t�a�l� �m�i�c�e�.� �C�o�n�g�e�n�i�t�a�l� �i�n�f�e�c�t�i�o�n� 

�p�e�r�s�i�s�t�e�d� �a�t� �l�e�a�s�t� �3�0� �d�a�y�s�.� �B�r�u�c�e�l�l�a�e� �w�e�r�e� �i�s�o�l�a�t�e�d� �f�r�o�m� �t�h�e� �m�a�m�m�a�r�y� 

�g�l�a�n�d�s� �o�f� �8�0�%� �o�f� �i�n�f�e�c�t�e�d� �d�a�m�s� �3� �w�e�e�k�s� �p�o�s�t�-�p�a�r�t�u�m�.� �T�r�a�n�s�m�i�s�s�i�o�n� �o�f� 

�i�n�f�e�c�t�i�o�n� �f�r�o�m� �i�n�f�e�c�t�e�d� �n�u�r�s�e� �m�i�c�e� �t�o� �a�d�o�p�t�e�d� �s�u�c�k�l�i�n�g� �p�u�p�s� �f�r�o�m� �c�o�n�t�r�o�l� 

�m�i�c�e� �w�a�s�,� �h�o�w�e�v�e�r�,� �r�a�r�e�.� 

�T�h�u�s� �d�e�s�p�i�t�e� �t�h�e� �a�n�a�t�o�m�i�c�a�l� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �p�l�a�c�e�n�t�a�t�i�o�n�,� �t�h�e� �p�r�e�g�n�a�n�t� 

�m�o�u�s�e� �m�o�d�e�l� �o�f� �b�r�u�c�e�l�l�o�s�i�s� �o�f�f�e�r�s� �s�i�g�n�i�f�i�c�a�n�t� �s�i�m�i�l�a�r�i�t�i�e�s� �t�o� �i�n�f�e�c�t�i�o�n� 

�i�n� �c�a�t�t�l�e�.� �I�n� �b�o�t�h� �t�h�e� �r�u�m�i�n�a�n�t� �a�n�d� �m�o�u�s�e�,� �u�n�c�h�e�c�k�e�d� �b�a�c�t�e�r�i�a�l� �m�u�l�t�i�p�l�i�-� 

�c�a�t�i�o�n� �o�c�c�u�r�s� �i�n� �t�h�e� �p�l�a�c�e�n�t�a�,� �r�e�s�u�l�t�i�n�g� �i�n� �c�o�n�g�e�n�i�t�a�l� �i�n�f�e�c�t�i�o�n� �o�f� �t�h�e� 

�n�e�w�b�o�r�n�.� �I�n� �t�h�e� �c�o�w�,� �t�h�e� �m�a�m�m�a�r�y� �g�l�a�n�d� �i�s� �a� �f�r�e�q�u�e�n�t� �s�i�t�e� �o�f� �c�h�r�o�n�i�c� 

�i�n�f�e�c�t�i�o�n� �a�n�d� �p�e�r�s�i�s�t�e�n�t� �s�h�e�d�d�i�n�g� �o�f� �b�r�u�c�e�l�l�a�e�.� �S�i�m�i�l�a�r�l�y�,� �p�r�e�g�n�a�n�t� 

�m�i�c�e� �i�n�f�e�c�t�e�d� �w�i�t�h� �B�.� �a�b�o�r�t�u�s� �o�f�t�e�n� �d�e�v�e�l�o�p� �m�a�m�m�a�r�y� �g�l�a�n�d� �i�n�f�e�c�t�i�o�n� 

�w�h�i�c�h� �r�e�s�u�l�t�s� �i�n� �t�h�e� �s�h�e�d�d�i�n�g� �o�f� �b�a�c�t�e�r�i�a� �i�n� �t�h�e� �m�i�l�k�.� �T�h�e� �p�a�t�h�o�l�o�g�y� �o�f� 

�B�r�u�c�e�l�l�a� �i�n�f�e�c�t�i�o�n� �o�f� �t�h�e�s�e� �t�w�o� �o�r�g�a�n�s� �i�n� �t�h�e� �m�o�u�s�e� �h�a�s� �n�o�t� �b�e�e�n� �r�e�p�o�r�t�e�d�.



�3�8� 

�T�h�e� �p�r�e�g�n�a�n�t� �m�o�u�s�e� �h�a�s� �b�e�e�n� �u�s�e�d� �p�r�e�v�i�o�u�s�l�y� �a�s� �a�n� �e�x�p�e�r�i�m�e�n�t�a�l� �m�o�d�e�l� 

�o�f� �a� �n�u�m�b�e�r� �o�f� �b�a�c�t�e�r�i�a�l� �(�B�u�z�o�n�i�-�G�a�t�e�l� �a�n�d� �R�o�d�o�l�a�k�i�s�,� �1�9�8�3�;� �B�o�s�s�e�r�a�y� 

�1�9�8�0�,� �1�9�8�2�,� �1�9�8�3�a�;� �T�u�f�f�e�y� �e�t� �a�l�.�,� �1�9�8�7�;� �R�e�d�l�i�n�e� �a�n�d� �L�u� �1�9�8�7�,� �1�9�8�8�,� �1�9�8�9�)� 

�a�n�d� �v�i�r�a�l� �(�S�p�e�r�t�z�e�l� �e�t� �a�l�.�,� �1�9�7�2�;� �A�a�s�k�o�v� �e�t� �a�l�.�,� �1�9�8�1�;� �M�i�l�n�e�r� �a�n�d� �M�a�r�s�h�a�l�l�,� 

�1�9�8�4�)� �p�a�t�h�o�g�e�n�s� �t�h�a�t� �a�f�f�e�c�t� �t�h�e� �c�o�u�r�s�e� �o�f� �p�r�e�g�n�a�n�c�y�.� �T�h�e� �r�e�c�e�n�t� �r�e�s�e�a�r�c�h� 

�u�t�i�l�i�z�i�n�g� �t�h�e� �h�i�s�t�o�l�o�g�i�c� �e�x�a�m�i�n�a�t�i�o�n� �o�f� �i�n�f�e�c�t�e�d� �p�l�a�c�e�n�t�a�s� �i�n� �t�a�n�d�e�m� 

�w�i�t�h� �b�a�c�t�e�r�i�o�l�o�g�i�c� �c�u�l�t�u�r�e� �i�n� �t�h�e� �p�r�e�g�n�a�n�t� �m�o�u�s�e� �m�o�d�e�l� �o�f� �l�i�s�t�e�r�i�o�s�i�s� 

�d�o�c�u�m�e�n�t�e�d� �t�h�e� �p�r�e�f�e�r�e�n�t�i�a�l� �g�r�o�w�t�h� �o�f� �t�h�e� �o�r�g�a�n�i�s�m� �w�i�t�h�i�n� �t�h�e� �p�l�a�c�e�n�t�a� 

�(�R�e�d�l�i�n�e� �a�n�d� �L�u�,� �1�9�8�7�,� �1�9�8�8�)�.� �T�h�i�s� �s�t�u�d�y�,� �o�r�i�g�i�n�a�l�l�y� �d�e�s�i�g�n�e�d� �t�o� �i�n�v�e�s�t�i�g�a�t�e� 

�t�h�e� �i�m�m�u�n�e� �m�e�c�h�a�n�i�s�m�s� �o�p�e�r�a�t�i�n�g� �a�t� �t�h�e� �f�e�t�o�-�m�a�t�e�r�n�a�l� �i�n�t�e�r�f�a�c�e�,� �a�l�s�o� �l�e�d� 

�t�o� �t�h�e� �d�e�f�i�n�i�t�i�o�n� �o�f� �p�l�a�c�e�n�t�a�l� �p�a�t�h�o�l�o�g�y� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �L�i�s�t�e�r�i�a� �c�o�l�o�n�i�-� 

�z�a�t�i�o�n� �o�f� �t�h�e� �m�u�r�i�n�e� �p�l�a�c�e�n�t�a�.� �L�i�s�t�e�r�i�a� �w�e�r�e� �f�i�r�s�t� �d�e�t�e�c�t�e�d� �e�x�t�r�a�c�e�l�l�u�l�a�r�l�y� 

�a�d�j�a�c�e�n�t� �t�o� �t�h�e� �m�a�t�e�r�n�a�l� �v�e�n�o�u�s� �s�i�n�u�s�e�s� �o�f� �t�h�e� �d�e�c�i�d�u�a� �b�a�s�a�l�i�s� �i�n� �t�h�e� 

�a�b�s�e�n�c�e� �o�f� �a�n� �i�n�f�l�a�m�m�a�t�o�r�y� �r�e�s�p�o�n�s�e�.� �L�a�t�e�r�,� �b�a�c�t�e�r�i�a� �w�e�r�e� �o�b�s�e�r�v�e�d� 

�w�i�t�h�i�n� �t�r�o�p�h�o�b�l�a�s�t� �a�n�d� �o�t�h�e�r� �f�e�t�a�l�l�y�-�d�e�r�i�v�e�d� �t�i�s�s�u�e�s�,� �a�c�c�o�m�p�a�n�i�e�d� �i�n� 

�s�o�m�e� �c�a�s�e�s� �b�y� �a� �d�i�f�f�u�s�e� �n�e�u�t�r�o�p�h�i�l�i�c� �i�n�f�i�l�t�r�a�t�i�o�n� �o�f� �t�h�e� �l�o�w�e�r� �d�e�c�i�d�u�a�.� 

�P�l�a�c�e�n�t�a�l� �i�n�f�e�c�t�i�o�n� �h�a�d� �d�e�v�a�s�t�a�t�i�n�g� �c�o�n�s�e�q�u�e�n�c�e�s� �t�o� �t�h�e� �f�e�t�u�s�,� �r�e�s�u�l�t�i�n�g� 

�f�r�e�q�u�e�n�t�l�y� �i�n� �t�h�e� �i�n�f�e�c�t�i�o�n� �o�f� �v�i�a�b�l�e� �f�e�t�u�s�e�s� �f�o�l�l�o�w�e�d� �b�y� �d�e�a�t�h� �o�f� �t�h�e� 

�f�e�t�u�s�.� �T�h�e� �b�a�c�t�e�r�i�a�l� �c�o�l�o�n�i�z�a�t�i�o�n� �k�i�n�e�t�i�c�s� �i�n� �t�h�i�s� �m�o�d�e�l� �s�h�a�r�e�s� �s�e�v�e�r�a�l� 

�s�i�m�i�l�a�r�i�t�i�e�s� �w�i�t�h� �t�h�e� �p�r�e�v�i�o�u�s�l�y� �r�e�p�o�r�t�e�d� �k�i�n�e�t�i�c�s� �o�f� �b�r�u�c�e�l�l�o�s�i�s� �i�n� �t�h�e� 

�p�r�e�g�n�a�n�t� �m�o�u�s�e� �m�o�d�e�l� �(�B�o�s�s�e�r�a�y�,� �1�9�8�0�,� �1�9�8�2�,� �1�9�8�3�a�)�:� �1�.� �L�.� �m�o�n�o�c�y�t�o�g�e�n�e�s� 

�g�r�e�w� �u�n�c�h�e�c�k�e�d� �w�i�t�h�i�n� �t�h�e� �p�l�a�c�e�n�t�a�s� �o�f� �m�i�c�e�;� �2�.� �f�e�t�a�l� �t�r�a�n�s�p�l�a�c�e�n�t�a�l� 

�i�n�f�e�c�t�i�o�n� �o�c�c�u�r�r�e�d� �s�u�b�s�e�q�u�e�n�t� �t�o� �s�e�v�e�r�e� �p�l�a�c�e�n�t�a�l� �i�n�f�e�c�t�i�o�n�;� �3�.� �s�p�l�e�n�i�c� 

�b�a�c�t�e�r�i�a�l� �m�u�l�t�i�p�l�i�c�a�t�i�o�n� �w�a�s� �c�o�m�p�a�r�a�b�l�y� �m�o�r�e� �m�o�d�e�s�t� �t�h�a�n� �p�l�a�c�e�n�t�a�l� 

�g�r�o�w�t�h� �a�n�d� �4�.� �t�h�e� �s�e�v�e�r�i�t�y� �a�n�d� �d�u�r�a�t�i�o�n� �o�f� �s�p�l�e�n�i�c� �i�n�f�e�c�t�i�o�n� �i�n� �t�h�e



�3�9� 

�p�r�e�g�n�a�n�t� �m�o�u�s�e� �i�n�f�e�c�t�e�d� �w�i�t�h� �L�.� �m�o�n�o�c�y�t�o�g�e�n�e�s� �d�i�d� �n�o�t� �d�i�f�f�e�r� �s�i�g�n�i�f�i�c�a�n�t�l�y� 

�f�r�o�m� �n�o�n�-�p�r�e�g�n�a�n�t� �i�n�f�e�c�t�e�d� �m�i�c�e�.� 

�A�l�t�h�o�u�g�h� �b�r�u�c�e�l�l�o�s�i�s� �i�s� �p�r�i�m�a�r�i�l�y� �a� �r�e�p�r�o�d�u�c�t�i�v�e� �t�r�a�c�t� �d�i�s�e�a�s�e� �i�n� 

�t�h�e� �n�a�t�u�r�a�l� �h�o�s�t�,� �s�t�u�d�i�e�s� �i�n�v�o�l�v�i�n�g� �t�h�e� �h�i�s�t�o�l�o�g�y� �o�f� �m�u�r�i�n�e� �b�r�u�c�e�l�l�o�s�i�s� 

�h�a�v�e� �b�e�e�n� �l�i�m�i�t�e�d� �t�o� �t�h�e� �s�y�s�t�e�m�i�c� �l�e�s�i�o�n�s� �o�f� �t�h�e� �n�o�n�-�p�r�e�g�n�a�n�t� �m�o�u�s�e�.� �A�s� 

�e�a�r�l�y� �a�s� �1�9�1�2�,� �F�a�b�y�a�n� �r�e�p�o�r�t�e�d� �m�a�c�r�o�s�c�o�p�i�c� �l�e�s�i�o�n�s� �i�n� �n�o�n�-�p�r�e�g�n�a�n�t� �m�i�c�e� 

�a�f�t�e�r� �t�h�e� �i�n�o�c�u�l�a�t�i�o�n� �o�f� �B�.� �a�b�o�r�t�u�s�.� �M�i�c�r�o�s�c�o�p�i�c� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �t�h�e� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c� �h�i�s�t�i�o�c�y�t�i�c� �l�e�s�i�o�n�s� �w�e�r�e� �f�i�r�s�t� �r�e�p�o�r�t�e�d� �i�n� �d�e�t�a�i�l� �b�y� 

�F�e�l�d�m�a�n� �a�n�d� �O�l�s�o�n� �i�n� �1�9�3�5�.� �N�o�d�u�l�a�r� �t�o� �d�i�f�f�u�s�e� �g�r�a�n�u�l�o�m�a�t�o�u�s� �l�e�s�i�o�n�s� 

�w�e�r�e� �n�o�t�e�d� �i�n� �t�h�e� �l�u�n�g�,� �l�i�v�e�r�,� �k�i�d�n�e�y�,� �s�p�l�e�e�n� �a�n�d� �t�e�s�t�e�s� �o�f� �m�a�l�e� �m�i�c�e� 

�r�e�c�e�i�v�i�n�g� �a�n� �i�n�t�r�a�p�e�r�i�t�o�n�e�a�l� �i�n�j�e�c�t�i�o�n� �o�f� �a� �s�u�s�p�e�n�s�i�o�n� �o�f� �B�.� �a�b�o�r�t�u�s�.� 

�S�u�b�s�e�q�u�e�n�t� �r�e�p�o�r�t�s� �h�a�v�e� �c�o�n�f�i�r�m�e�d� �t�h�e� �g�r�a�n�u�l�o�m�a�t�o�u�s� �n�a�t�u�r�e� �o�f� �t�h�e� �t�i�s�s�u�e� 

�r�e�s�p�o�n�s�e� �i�n� �t�h�e� �n�o�n�-�p�r�e�g�n�a�n�t� �m�o�u�s�e� �(�Y�o�u�n�g� �e�t� �a�l�.�,� �1�9�7�9�;� �C�h�e�e�r�s�,� �1�9�8�4�;� 

�P�h�i�l�l�i�p�s� �e�t� �a�l�.�,� �1�9�8�9�b�;� �P�u�g�h� �e�t� �a�l�.�,� �1�9�8�9�;� �E�n�r�i�g�h�t� �e�t� �a�l�.�,� �1�9�9�0�a�)�.� 

�P�a�y�n�e� �i�n� �1�9�5�7� �r�e�p�o�r�t�e�d� �c�h�a�n�g�e�s� �i�n� �t�h�e� �r�a�t� �p�l�a�c�e�n�t�a� �a�n�d� �f�e�t�u�s� �s�u�b�s�e�q�u�e�n�t� 

�t�o� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �i�n�f�e�c�t�i�o�n� �o�f� �t�h�e� �p�r�e�g�n�a�n�t� �r�a�t� �w�i�t�h� �B�.� �a�b�o�r�t�u�s� �i�s�o�l�a�t�e�d� 

�f�r�o�m� �a�n� �a�b�o�r�t�e�d� �c�o�w�.� �F�o�l�l�o�w�i�n�g� �t�h�e� �i�n�t�r�a�p�e�r�i�t�o�n�e�a�l� �i�n�j�e�c�t�i�o�n� �o�f� �a�n� 

�u�n�d�e�t�e�r�m�i�n�e�d� �d�o�s�e� �o�f� �B�.� �a�b�o�r�t�u�s� �i�n� �r�a�t�s� �(�0�.�2� �m�l�s� �o�f� �a� �t�w�o� �d�a�y� �g�r�o�w�t�h� 

�s�u�s�p�e�n�d�e�d� �i�n� �s�a�l�i�n�e� �t�o� �f�a�i�n�t� �o�p�a�c�i�t�y�)� �o�n� �d�a�y� �1�2� �o�r� �1�3� �o�f� �g�e�s�t�a�t�i�o�n�,� �b�o�t�h� 

�a�c�u�t�e� �a�n�d� �s�u�b�a�c�u�t�e� �e�f�f�e�c�t�s� �w�e�r�e� �n�o�t�e�d�.� �W�i�t�h�i�n� �2�4� �h�o�u�r�s� �p�o�s�t�-�i�n�o�c�u�l�a�t�i�o�n�,� 

�e�x�t�r�e�m�e� �p�l�a�c�e�n�t�a�l� �c�o�n�g�e�s�t�i�o�n� �a�n�d� �h�e�m�o�r�r�h�a�g�e� �o�c�c�u�r�e�d�,� �a�n� �e�f�f�e�c�t� �w�h�i�c�h� �m�a�y� 

�b�e� �s�i�m�i�l�a�r� �t�o� �t�h�e� �i�n�j�e�c�t�i�o�n� �o�f� �G�r�a�m� �n�e�g�a�t�i�v�e� �e�n�d�o�t�o�x�i�n� �i�n� �t�h�e� �p�r�e�g�n�a�n�t� 

�m�o�u�s�e� �(�Z�a�h�l� �a�n�d� �B�j�e�r�k�n�e�s�,� �1�9�4�3�)�.� �T�h�e� �e�n�d�o�t�o�x�i�n� �o�f� �B�.� �a�b�o�r�t�u�s� �i�s� �k�n�o�w�n� �t�o� 

�b�e� �a�b�o�r�t�i�f�a�c�i�e�n�t� �i�n� �p�r�e�g�n�a�n�t� �m�i�c�e� �(�M�o�r�e�n�o� �e�t� �a�l�.�,� �1�9�8�1�)� �b�u�t� �t�h�e� �h�i�s�t�o�l�o�g�i�c� 

�l�e�s�i�o�n�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�i�s� �p�r�o�c�e�s�s� �w�e�r�e� �n�o�t� �d�e�s�c�r�i�b�e�d�.� �T�h�e� �a�c�u�t�e� 

�r�e�s�p�o�n�s�e� �o�f� �p�r�e�g�n�a�n�t� �r�a�t�s� �t�o� �B�r�u�c�e�l�l�a� �i�n�o�c�u�l�a�t�i�o�n�,� �l�i�k�e�l�y� �a� �r�e�s�u�l�t� �o�f



�4�0� 

�p�r�o�f�o�u�n�d� �v�a�s�c�u�l�a�r� �d�a�m�a�g�e� �f�r�o�m� �m�a�s�s�i�v�e� �e�n�d�o�t�o�x�e�m�i�a�,� �c�a�u�s�e�d� �p�l�a�c�e�n�t�a�l� 

�l�e�s�i�o�n�s� �(�n�e�c�r�o�s�i�s� �o�f� �t�h�e� �s�p�o�n�g�i�o�t�r�o�p�h�o�b�l�a�s�t� �a�n�d� �l�a�b�y�r�i�n�t�h�)� �w�h�i�c�h� �l�e�a�d� �t�o� 

�t�h�e� �d�e�a�t�h� �o�f� �a� �p�e�r�c�e�n�t�a�g�e� �o�f� �t�h�e� �f�e�t�u�s�e�s�.� �T�h�e� �p�l�a�c�e�n�t�a�l� �l�e�s�i�o�n�s� �w�h�i�c�h� 

�o�c�c�u�r�r�e�d� �a�s� �a� �r�e�s�u�l�t� �o�f� �t�h�e� �m�a�s�s�i�v�e� �d�o�s�e�s� �o�f� �e�n�d�o�t�o�x�i�n� �a�d�m�i�n�i�s�t�e�r�e�d� 

�h�i�n�d�e�r�e�d� �t�h�e� �s�u�b�s�e�q�u�e�n�t� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� �o�f� �t�h�e� �s�u�b�a�c�u�t�e� �l�e�s�i�o�n�s� �a�s�s�o�c�i�a�t�e�d� 

�p�r�i�m�a�r�i�l�y� �w�i�t�h� �t�h�e� �l�o�c�a�l�i�z�a�t�i�o�n� �a�n�d� �m�u�l�t�i�p�l�i�c�a�t�i�o�n� �o�f� �B�.� �a�b�o�r�t�u�s� �w�i�t�h�i�n� 

�t�r�o�p�h�o�b�l�a�s�t� �c�e�l�l�s�.� �A�c�u�t�e� �i�n�i�t�i�a�l� �c�h�a�n�g�e�s� �d�i�d� �n�o�t� �a�p�p�e�a�r� �t�o� �b�e� �r�e�l�a�t�e�d� �t�o� 

�l�a�r�g�e� �n�u�m�b�e�r�s� �o�f� �b�a�c�t�e�r�i�a� �i�n� �t�h�e� �p�l�a�c�e�n�t�a�,� �t�h�o�u�g�h� �s�o�m�e� �b�a�c�t�e�r�i�a� �w�e�r�e� 

�d�e�m�o�n�s�t�r�a�t�e�d� �b�o�t�h� �e�x�t�r�a�c�e�l�l�u�l�a�r�l�y� �a�t� �t�h�e� �f�e�t�o�-�m�a�t�e�r�n�a�l� �i�n�t�e�r�f�a�c�e� �a�n�d� 

�i�n�t�r�a�c�e�l�l�u�l�a�r�l�y� �w�i�t�h�i�n� �o�c�c�a�s�i�o�n�a�l� �t�r�o�p�h�o�b�l�a�s�t� �c�e�l�l�s�.� �R�a�t�s� �m�a�i�n�t�a�i�n�i�n�g� 

�p�r�e�g�n�a�n�c�y� �f�o�r� �s�e�v�e�r�a�l� �d�a�y�s� �a�f�t�e�r� �t�h�e� �c�h�a�l�l�e�n�g�e� �d�i�d� �d�e�v�e�l�o�p� �l�e�s�i�o�n�s� 

�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �n�u�m�e�r�o�u�s� �b�a�c�t�e�r�i�a� �i�n� �t�h�e� �m�a�t�e�r�n�a�l� �t�i�s�s�u�e� 

�a�d�j�a�c�e�n�t� �t�o� �t�h�e� �s�p�o�n�g�i�o�t�r�o�p�h�o�b�l�a�s�t�.� �B�.� �a�b�o�r�t�u�s� �w�a�s� �t�h�o�u�g�h�t� �t�o� �m�u�l�t�i�p�l�y� 

�i�n�i�t�i�a�l�l�y� �a�n�d� �p�r�i�m�a�r�i�l�y� �w�i�t�h�i�n� �s�p�o�n�g�i�o�t�r�o�p�h�o�b�l�a�s�t� �c�e�l�l�s�,� �l�e�a�d�i�n�g� �t�o� �c�e�l�l� 

�n�e�c�r�o�s�i�s� �a�n�d� �s�u�b�s�e�q�u�e�n�t� �n�e�u�t�r�o�p�h�i�l� �i�n�f�i�l�t�r�a�t�i�o�n�.� �S�m�a�l�l�,� �s�e�c�o�n�d�a�r�y� 

�"�a�b�s�c�e�s�s�e�s�'� �o�c�c�u�r�r�e�d� �i�n� �t�h�e� �l�a�b�y�r�i�n�t�h� �n�e�a�r� �t�h�e� �i�n�s�e�r�t�i�o�n� �o�f� �t�h�e� �f�e�t�a�l� 

�u�m�b�i�l�i�c�a�l� �v�e�s�s�e�l�s�.� �T�h�i�s� �s�t�u�d�y� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �B�.� �a�b�o�r�t�u�s� �r�e�t�a�i�n�s� �i�t�s� 

�p�r�e�d�i�l�e�c�t�i�o�n� �f�o�r� �m�u�l�t�i�p�l�i�c�a�t�i�o�n� �w�i�t�h�i�n� �t�r�o�p�h�o�b�l�a�s�t� �c�e�l�l�s� �i�n� �t�h�e� �h�e�m�o�c�h�o�r�i�a�l� 

�d�i�s�c�o�i�d� �p�l�a�c�e�n�t�a� �o�f� �t�h�e� �r�o�d�e�n�t� �a�s� �o�c�c�u�r�s� �i�n� �t�h�e� �e�p�i�t�h�e�l�i�o�c�h�o�r�i�a�l�,� �c�o�t�y�l�-� 

�e�d�o�n�a�r�y� �p�l�a�c�e�n�t�a� �o�f� �t�h�e� �r�u�m�i�n�a�n�t�.� �T�h�e� �p�r�e�c�i�s�e� �i�n�t�r�a�c�e�l�l�u�l�a�r� �l�o�c�a�t�i�o�n� �o�f� 

�B�.� �a�b�o�r�t�u�s� �i�n� �t�h�e� �r�a�t�.� �t�r�o�p�h�o�b�l�a�s�t� �w�a�s� �n�o�t� �r�e�p�o�r�t�e�d�.� 

�A�t� �t�h�e� �p�r�e�s�e�n�t� �t�i�m�e�,� �t�h�o�u�g�h� �i�t� �i�s� �w�e�l�l� �e�s�t�a�b�l�i�s�h�e�d� �t�h�a�t� �t�h�e� �p�r�e�g�n�a�n�t� 

�m�o�u�s�e� �i�n�f�e�c�t�e�d� �w�i�t�h� �B�.� �a�b�o�r�t�u�s� �d�i�s�p�l�a�y�s� �b�a�c�t�e�r�i�a�l� �p�r�o�l�i�f�e�r�a�t�i�o�n� �k�i�n�e�t�i�c�s� 

�i�n� �t�h�e� �s�p�l�e�e�n� �a�n�d� �p�l�a�c�e�n�t�a� �s�i�m�i�l�a�r� �t�o� �t�h�e� �p�r�e�g�n�a�n�t� �m�o�u�s�e� �m�o�d�e�l� �o�f� �l�i�s�-� 

�t�e�r�i�o�s�i�s�,� �t�h�e� �d�e�t�a�i�l�s� �o�f� �t�h�e� �p�a�t�h�o�g�e�n�e�s�i�s� �o�f� �p�l�a�c�e�n�t�a�l� �i�n�f�e�c�t�i�o�n� �a�r�e� 

�o�b�s�c�u�r�e�.� �P�a�y�n�e�'�s� �s�t�u�d�y� �o�n� �t�h�e� �c�o�n�s�e�q�u�e�n�c�e�s� �o�f� �B�r�u�c�e�l�l�a� �i�n�f�e�c�t�i�o�n� �i�n� �t�h�e



�4�l� 

�p�r�e�g�n�a�n�t� �r�a�t� �s�u�g�g�e�s�t� �t�h�a�t� �g�r�o�w�t�h� �o�f� �t�h�i�s� �b�a�c�t�e�r�i�u�m� �w�i�t�h�i�n� �t�h�e� �r�o�d�e�n�t� 

�p�l�a�c�e�n�t�a� �i�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �s�i�g�n�i�f�i�c�a�n�t� �p�l�a�c�e�n�t�a�l� �p�a�t�h�o�l�o�g�y�.� �I�t� �w�o�u�l�d� 

�n�o�w� �s�e�e�m� �p�r�u�d�e�n�t� �t�o� �c�o�n�d�u�c�t� �t�h�e� �h�i�s�t�o�l�o�g�i�c� �e�x�a�m�i�n�a�t�i�o�n� �o�f� �t�h�e� �m�u�r�i�n�e� 

�f�e�t�o�-�p�l�a�c�e�n�t�a�l� �u�n�i�t� �d�u�r�i�n�g� �t�h�e� �c�o�u�r�s�e� �o�f� �B�r�u�c�e�l�l�a� �i�n�f�e�c�t�i�o�n� �t�o� �a�i�d� �i�n� �a�n� 

�i�n�c�r�e�a�s�e�d� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �b�o�t�h� �t�h�e� �p�a�t�h�o�g�e�n�e�s�i�s� �a�n�d� �t�h�e� �i�m�m�u�n�o�l�o�g�y� �o�f� 

�b�r�u�c�e�l�l�o�s�i�s� �i�n� �p�r�e�g�n�a�n�t� �a�n�i�m�a�l�s�.� �T�h�e� �f�o�l�l�o�w�i�n�g� �i�n�v�e�s�t�i�g�a�t�i�o�n� �w�a�s� �d�e�s�i�g�n�e�d� 

�t�o� �i�d�e�n�t�i�f�y� �a�n�d� �c�h�a�r�a�c�t�e�r�i�z�e� �l�e�s�i�o�n�s� �o�f� �t�h�e� �p�l�a�c�e�n�t�a� �i�n�d�u�c�e�d� �b�y� �t�h�e� 

�i�n�o�c�u�l�a�t�i�o�n� �o�f� �t�h�e� �p�r�e�g�n�a�n�t� �m�o�u�s�e� �w�i�t�h� �a� �v�i�r�u�l�e�n�t� �s�t�r�a�i�n� �o�f� �B�.� �a�b�o�r�t�u�s� 

�a�n�d� �t�o� �e�x�a�m�i�n�e� �t�h�e� �p�a�t�h�o�g�e�n�e�s�i�s� �o�f� �s�u�c�h� �l�e�s�i�o�n�s�.



�C�H�A�P�T�E�R� �3� 

�P�L�A�C�E�N�T�A�L� �P�A�T�H�O�L�O�G�Y� �O�F� �T�H�E� 

�P�R�E�G�N�A�N�T� �M�O�U�S�E� �I�N�O�C�U�L�A�T�E�D� �W�I�T�H� �B�R�U�C�E�L�L�A� �A�B�O�R�T�U�S� 

�B�r�u�c�e�l�l�a� �a�b�o�r�t�u�s� �i�s� �a� �f�a�c�u�l�t�a�t�i�v�e�,� �i�n�t�r�a�c�e�l�l�u�l�a�r�,� �G�r�a�m�n�e�g�a�t�i�v�e� �b�a�c�t�e�r�i�u�m� 
� � 

�w�i�t�h� �a� �m�a�r�k�e�d� �a�f�f�i�n�i�t�y� �f�o�r� �t�h�e� �p�r�e�g�n�a�n�t� �r�e�p�r�o�d�u�c�t�i�v�e� �t�r�a�c�t� �o�f� �r�u�m�i�n�a�n�t�s�.� 

�T�h�e� �o�r�g�a�n�i�s�m� �p�r�o�d�u�c�e�s� �a� �c�h�r�o�n�i�c� �i�n�f�e�c�t�i�o�n� �i�n� �p�r�e�g�n�a�n�t� �c�a�t�t�l�e�,� �r�e�p�l�i�c�a�t�i�n�g� 

�p�r�e�f�e�r�e�n�t�i�a�l�l�y� �w�i�t�h�i�n� �t�h�e� �c�h�o�r�i�o�a�l�l�a�n�t�o�i�c� �c�e�l�l�s� �o�f� �t�h�e� �p�l�a�c�e�n�t�a� �a�n�d� �r�e�s�u�l�t�i�n�g� 

�i�n� �p�l�a�c�e�n�t�i�t�i�s�,� �f�e�t�a�l� �d�e�a�t�h� �a�n�d� �a�b�o�r�t�i�o�n� �(�T�h�o�e�n� �a�n�d� �E�n�r�i�g�h�t�,� �1�9�8�6�;� �E�n�r�i�g�h�t�,� 

�1�9�9�0�)�.� �T�h�e� �m�u�r�i�n�e� �m�o�d�e�l�,� �p�a�r�t�i�c�u�l�a�r�l�y� �t�h�e� �n�o�n�-�p�r�e�g�n�a�n�t� �m�o�u�s�e�,� �h�a�s� �b�e�e�n� 

�e�m�p�l�o�y�e�d� �e�x�t�e�n�s�i�v�e�l�y� �t�o� �s�t�u�d�y� �s�o�m�e� �a�s�p�e�c�t�s� �o�f� �t�h�e� �p�a�t�h�o�g�e�n�e�s�i�s� �o�f� �b�r�u�c�e�l�l�o�s�i�s� 

�(�B�o�s�s�e�r�a�y�,� �1�9�7�8�;� �C�h�e�e�r�s�,� �1�9�8�4�;� �E�n�r�i�g�h�t� �e�t� �a�l�.�,� �1�9�9�0�a�)�.� �A�l�t�h�o�u�g�h� �b�r�u�c�e�l�l�o�s�i�s� 

�i�s� �p�r�i�m�a�r�i�l�y� �a� �r�e�p�r�o�d�u�c�t�i�v�e� �t�r�a�c�t� �d�i�s�e�a�s�e� �i�n� �t�h�e� �n�a�t�u�r�a�l� �h�o�s�t� �(�c�a�t�t�l�e�)�,� 

�s�t�u�d�i�e�s� �i�n� �t�h�e� �p�r�e�g�n�a�n�t� �m�o�u�s�e� �h�a�v�e� �b�e�e�n� �l�i�m�i�t�e�d� �t�o� �i�n�v�e�s�t�i�g�a�t�i�n�g� �o�n�l�y� 

�t�h�e� �b�a�c�t�e�r�i�o�l�o�g�y� �a�n�d� �i�m�m�u�n�o�l�o�g�y� �o�f� �t�h�e� �i�n�f�e�c�t�i�o�n� �(�B�o�s�s�e�r�a�y�,� �1�9�8�0�,� �1�9�8�2�,� 

�1�9�8�3�a�,� �1�9�8�3�b�;� �B�o�s�s�e�r�a�y� �a�n�d� �P�l�o�m�m�e�t�,� �1�9�8�8�)�.� �T�h�e� �p�l�a�c�e�n�t�a�l� �p�a�t�h�o�l�o�g�y� �o�f� 

�t�h�e� �p�r�e�g�n�a�n�t� �m�o�u�s�e� �i�n�f�e�c�t�e�d� �w�i�t�h� �B�.� �a�b�o�r�t�u�s� �h�a�s� �n�o�t� �b�e�e�n� �r�e�p�o�r�t�e�d�.� 

�I�n� �1�9�5�7� �P�a�y�n�e� �r�e�p�o�r�t�e�d� �p�a�t�h�o�l�o�g�i�c� �c�h�a�n�g�e�s� �i�n� �t�h�e� �r�a�t� �p�l�a�c�e�n�t�a� �a�n�d� �f�e�t�u�s� 

�s�u�b�s�e�q�u�e�n�t� �t�o� �e�x�p�e�r�i�m�e�n�t�a�l� �i�n�t�r�a�p�e�r�i�t�o�n�e�a�l� �i�n�f�e�c�t�i�o�n� �w�i�t�h� �a� �v�i�r�u�l�e�n�t� �s�t�r�a�i�n� 

�o�f� �B�.� �a�b�o�r�t�u�s� �i�s�o�l�a�t�e�d� �f�r�o�m� �a�n� �a�b�o�r�t�e�d� �c�o�w� �(�P�a�y�n�e�,� �1�9�5�7�)�.� �F�o�l�l�o�w�i�n�g� �t�h�e� 

�i�n�j�e�c�t�i�o�n� �o�f� �a�n� �u�n�d�e�t�e�r�m�i�n�e�d� �d�o�s�e� �o�f� �t�h�e� �b�a�c�t�e�r�i�u�m�,� �B�.� �a�b�o�r�t�u�s� �w�a�s� �t�h�o�u�g�h�t� 

�t�o� �l�o�c�a�l�i�z�e� �w�i�t�h�i�n� �t�r�o�p�h�o�b�l�a�s�t� �c�e�l�l�s� �l�e�a�d�i�n�g� �t�o� �n�e�c�r�o�s�i�s� �a�c�o�m�p�a�n�i�e�d� �b�y� 

�n�e�u�t�r�o�p�h�i�l� �i�n�f�i�l�t�r�a�t�i�o�n� �a�n�d�,� �o�c�c�a�s�i�o�n�a�l�l�y�,� �f�e�t�a�l� �d�e�a�t�h�.� �I�n� �a� �l�a�t�e�r� �s�t�u�d�y� 

�b�y� �B�o�s�s�e�r�a�y�,� �p�r�e�g�n�a�n�t� �m�i�c�e� �c�h�a�l�l�e�n�g�e�d� �b�y� �s�e�v�e�r�a�l� �r�o�u�t�e�s� �a�t� �d�i�f�f�e�r�e�n�t� 

�s�t�a�g�e�s� �o�f� �g�e�s�t�a�t�i�o�n� �w�i�t�h� �v�i�r�u�l�e�n�t� �B�.� �a�b�o�r�t�u�s� �s�t�r�a�i�n� �5�4�4� �.�s�u�f�f�e�r�e�d� �n�o� 

�4�2



�4�3� 

�a�b�o�r�t�i�o�n�s� �o�r� �f�e�t�a�l� �d�e�a�t�h� �(�B�o�s�s�e�r�a�y�,� �1�9�8�0�)�.� �I�t� �w�a�s� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �b�r�u�c�e�l�l�o�s�i�s� 

�i�n� �m�i�c�e� �d�i�d� �n�o�t� �m�o�d�i�f�y� �p�r�e�g�n�a�n�c�y� �a�l�t�h�o�u�g�h� �p�r�e�f�e�r�e�n�t�i�a�l� �p�l�a�c�e�n�t�a�l� �c�o�l�o�n�i�z�a�t�i�o�n� 

�o�c�c�u�r�r�e�d�.� �H�i�s�t�o�l�o�g�i�c� �e�x�a�m�i�n�a�t�i�o�n� �o�f� �p�l�a�c�e�n�t�a�s� �w�a�s� �n�o�t� �i�n�c�l�u�d�e�d� �i�n� �t�h�i�s� 

�s�t�u�d�y�.� �O�n�e� �c�o�u�l�d� �s�p�e�c�u�l�a�t�e� �t�h�a�t� �b�r�u�c�e�l�l�a�e� �m�a�y� �i�n�f�e�c�t� �m�o�u�s�e� �t�r�o�p�h�o�b�l�a�s�t� 

�c�e�l�l�s� �s�i�n�c�e� �L�i�s�t�e�r�i�a� �m�o�n�o�c�y�t�o�g�e�n�e�s�,� �a� �p�a�t�h�o�g�e�n� �o�f� �t�r�o�p�h�o�b�l�a�s�t� �c�e�l�l�s� �o�f� 
� � 

�r�u�m�i�n�a�n�t�s� �l�e�a�d�i�n�g� �t�o� �a�b�o�r�t�i�o�n� �i�n� �t�h�i�s� �s�p�e�c�i�e�s�,� �h�a�s� �b�e�e�n� �s�h�o�w�n� �t�o� �i�n�f�e�c�t� 

�m�u�r�i�n�e� �t�r�o�p�h�o�b�l�a�s�t� �c�e�l�l�s� �i�n� �v�i�v�o�.� �O�v�e�r�w�h�e�l�m�i�n�g� �p�l�a�c�e�n�t�a�l� �i�n�f�e�c�t�i�o�n�s� 

�w�i�t�h� �L�i�s�t�e�r�i�a� �o�f�t�e�n� �l�e�a�d� �t�o� �s�e�v�e�r�e�,� �d�i�f�f�u�s�e� �n�e�u�t�r�o�p�h�i�l�i�c� �i�n�f�i�l�t�r�a�t�i�o�n� �o�f� 

�t�h�e� �l�o�w�e�r� �d�e�c�i�d�u�a� �a�n�d� �r�e�s�u�l�t�e�d� �i�n� �f�e�t�a�l� �d�e�a�t�h� �(�R�e�d�l�i�n�e� �a�n�d� �L�u�,� �1�9�8�7�)�.� 

�A� �p�r�e�l�i�m�i�n�a�r�y� �s�t�u�d�y� �i�n� �o�u�r� �l�a�b�o�r�a�t�o�r�y� �h�a�d� �r�e�v�e�a�l�e�d� �t�h�a�t� �d�o�s�e�s� �o�f� �1�0�8� 

�o�r�g�a�n�i�s�m�s� �o�r� �g�r�e�a�t�e�r� �o�f� �B�.� �a�b�o�r�t�u�s� �s�t�r�a�i�n� �2�3�0�8� �o�r�g�a�n�i�s�m�s� �a�d�m�i�n�i�s�t�e�r�e�d� 

�i�n�t�r�a�p�e�r�i�t�o�n�e�a�l�l�y� �t�o� �B�A�L�B�/�c� �m�i�c�e� �i�n� �m�i�d�-�g�e�s�t�a�t�i�o�n� �p�r�o�d�u�c�e�d� �a� �s�e�v�e�r�e�,� 

�n�e�c�r�o�-�s�u�p�p�u�r�a�t�i�v�e� �p�l�a�c�e�n�t�i�t�i�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �f�e�t�a�l� �d�e�a�t�h�.� �T�h�i�s� �s�t�u�d�y� 

�w�a�s� �d�e�s�i�g�n�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �m�i�n�i�m�u�m� �d�o�s�e� �o�f� �t�h�i�s� �v�i�r�u�l�e�n�t� �s�t�r�a�i�n� �o�f� �B�.� 

�a�b�o�r�t�u�s� �a�b�l�e� �t�o� �p�r�o�d�u�c�e� �c�o�n�s�i�s�t�e�n�t� �p�l�a�c�e�n�t�a�l� �l�e�s�i�o�n�s� �i�n� �B�A�L�B�/�c� �m�i�c�e� �a�n�d� 

�t�o� �i�n�v�e�s�t�i�g�a�t�e� �t�h�e� �p�a�t�h�o�g�e�n�e�s�i�s� �o�f� �t�h�e�s�e� �l�e�s�i�o�n�s� �i�n� �o�r�d�e�r� �t�o� �e�v�a�l�u�a�t�e� 

�t�h�e� �p�r�e�g�n�a�n�t� �m�o�u�s�e� �a�s� �a� �m�o�d�e�l� �f�o�r� �t�h�e� �p�l�a�c�e�n�t�a�l� �p�a�t�h�o�l�o�g�y� �o�f� �b�r�u�c�e�l�l�o�s�i�s�.� 

�I�t� �w�a�s� �p�a�r�t� �o�f� �a� �w�i�d�e�r� �e�v�a�l�u�a�t�i�o�n� �o�f� �t�h�e� �e�f�f�i�c�a�c�y� �o�f� �a�t�t�e�n�u�a�t�e�d� �s�t�r�a�i�n�s� 

�o�f� �B�.� �a�b�o�r�t�u�s� �t�o� �i�m�m�u�n�i�z�e� �t�h�e� �p�r�e�g�n�a�n�t� �a�n�i�m�a�l�.� 

�M�A�T�E�R�I�A�L�S� �a�n�d� �M�E�T�H�O�D�S�.� 

�1�.� �A�n�i�m�a�l�s� 

�T�w�o�-� �t�o� �f�o�u�r�-�m�o�n�t�h�-�o�l�d� �B�A�L�B�/�c� �f�e�m�a�l�e� �m�i�c�e�,� �r�e�a�r�e�d� �i�n� �o�u�r� �a�n�i�m�a�l� �h�o�l�d�i�n�g� 

�f�a�c�i�l�i�l�i�t�y� �a�t� �V�i�r�g�i�n�i�a� �T�e�c�h�,� �w�e�r�e� �i�n�d�i�v�i�d�u�a�l�l�y� �m�a�t�e�d� �t�o� �f�o�u�r�-� �t�o� �e�i�g�h�t�-� 

�m�o�n�t�h�-�o�l�d� �B�A�L�B�/�c� �m�a�l�e� �m�i�c�e�.� �P�a�r�e�n�t�s� �o�f� �t�h�e� �f�e�m�a�l�e� �m�i�c�e� �a�n�d� �a�l�l� �m�a�l�e� 

�m�i�c�e� �w�e�r�e� �o�b�t�a�i�n�e�d� �f�r�o�m� �D�o�m�i�n�i�o�n� �L�a�b�o�r�a�t�o�r�i�e�s�,� �D�u�b�l�i�n�,� �V�.�A�.�.� �D�a�y� �1� �o�f
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�g�e�s�t�a�t�i�o�n� �w�a�s� �t�h�e� �d�a�y� �t�h�e� �v�a�g�i�n�a�l� �p�l�u�g� �w�a�s� �o�b�s�e�r�v�e�d�.� �T�h�e� �n�o�r�m�a�l� �g�e�s�t�a�t�-� 

�i�o�n�a�l� �t�i�m�e� �f�o�r� �t�h�e�s�e� �m�i�c�e� �w�a�s� �1�9� �d�a�y�s�.� �A�l�l� �u�n�i�n�f�e�c�t�e�d� �a�n�d� �i�n�f�e�c�t�e�d� �n�o�n�-� 

�p�r�e�g�n�a�n�t� �f�e�m�a�l�e� �m�i�c�e� �w�e�r�e� �h�o�u�s�e�d� �c�o�n�v�e�n�t�i�o�n�a�l�l�y�,� �f�i�v�e� �m�i�c�e� �p�e�r� �c�a�g�e�.� 

�I�n�f�e�c�t�e�d� �p�r�e�g�n�a�n�t� �m�i�c�e� �w�e�r�e� �h�o�u�s�e�d� �i�n�d�i�v�i�d�u�a�l�l�y� �i�n� �m�i�c�r�o�i�s�o�l�a�t�o�r� �c�a�g�e�s�.� 

�M�a�l�e� �m�i�c�e� �w�e�r�e� �a�l�s�o� �h�o�u�s�e�d� �i�n�d�i�v�i�d�u�a�l�l�y� �b�u�t� �i�n� �s�t�a�n�d�a�r�d� �c�a�g�e�s�.� �A�l�l� �m�i�c�e� 

�r�e�c�e�i�v�e�d� �f�o�o�d� �a�n�d� �w�a�t�e�r� �a�d� �l�i�b�i�t�u�m� �u�n�t�i�l� �k�i�l�l�e�d� �b�y� �C�O�y� �i�n�h�a�l�a�t�i�o�n� �a�t� �t�h�e� 

�t�i�m�e�s� �i�n�d�i�c�a�t�e�d� �i�n� �t�h�e� �p�r�o�t�o�c�o�l�.� �S�e�n�t�i�n�e�l� �m�i�c�e� �k�i�l�l�e�d� �a�t� �t�h�e� �c�o�n�c�l�u�s�i�o�n� 

�o�f� �t�h�e� �e�x�p�e�r�i�m�e�n�t� �w�e�r�e� �f�o�u�n�d� �f�r�e�e� �o�f� �a�n�t�i�b�o�d�i�e�s� �t�o� �s�i�x� �m�a�j�o�r� �m�u�r�i�n�e� 

�b�a�c�t�e�r�i�a�l� �a�n�d� �v�i�r�a�l� �p�a�t�h�o�g�e�n�s� �(�M�y�c�o�p�l�a�s�m�a� �p�u�l�m�o�n�i�s�,� �M�o�u�s�e� �H�e�p�a�t�i�t�i�s� 

�V�i�r�u�s�,� �S�e�n�d�a�i� �V�i�r�u�s�,� �M�i�n�u�t�e� �V�i�r�u�s� �o�f� �M�i�c�e�,� �P�n�e�u�m�o�n�i�a� �V�i�r�u�s� �o�f� �M�i�c�e� �a�n�d� 

�M�u�r�i�n�e� �E�n�c�e�p�h�a�l�o�m�y�e�l�i�t�i�s� �V�i�r�u�s�)�.� 

�2�.� �B�a�c�t�e�r�i�a�l� �C�u�l�t�u�r�e�s� 

�B�.� �a�b�o�r�t�u�s� �s�t�r�a�i�n� �2�3�0�8� �o�r�g�a�n�i�s�m�s� �u�s�e�d� �f�o�r� �m�o�u�s�e� �i�n�o�c�u�l�a�t�i�o�n�s� �o�r�i�g�i�n�a�t�e�d� 

�f�r�o�m� �s�t�o�c�k� �c�u�l�t�u�r�e�s� �h�e�l�d� �i�n� �t�h�e� �P�3� �f�a�c�i�l�i�t�y� �a�t� �V�i�r�g�i�n�i�a� �T�e�c�h�.� �T�r�y�p�t�i�c�a�s�e� 

�s�o�y� �p�l�a�t�e�s� �w�e�r�e� �s�t�r�e�a�k�e�d� �w�i�t�h� �o�r�g�a�n�i�s�m�s� �f�r�o�m� �a� �s�t�o�c�k� �s�l�a�n�t� �a�n�d� �i�n�c�u�b�a�t�e�d� 

�f�o�r� �4�8� �h�o�u�r�s� �i�n� �a�i�r� �a�t�m�o�s�p�h�e�r�e� �s�u�p�p�l�e�m�e�n�t�e�d� �w�i�t�h� �5�%� �C�O�»� �a�t� �3�7�°�C�.� �B�a�c�t�e�r�i�a� 

�w�e�r�e� �h�a�r�v�e�s�t�e�d� �f�r�o�m� �p�l�a�t�e�s� �i�n� �t�r�y�p�t�i�c�a�s�e� �s�o�y� �b�r�o�t�h�,� �b�r�o�u�g�h�t� �t�o� �1�0�%� 

�t�r�a�n�s�m�i�t�t�a�n�c�e� �a�t� �5�2�5� �n�m� �i�n� �a� �B�a�u�s�c�h� �a�n�d� �L�o�m�b� �S�p�e�c�t�r�o�n�i�c� �2�0� �s�p�e�c�t�r�o�p�h�o�t�o�m�e�t�e�r� 

�a�n�d� �h�e�l�d� �a�t� �-�7�0�°� �i�n� �0�.�5� �m�l� �a�l�i�q�u�o�t�s� �u�n�t�i�l� �u�s�e�d�.� �V�i�a�b�l�e� �c�o�u�n�t�s� �w�e�r�e� 

�p�e�r�f�o�r�m�e�d� �p�r�i�o�r� �t�o� �i�n�o�c�u�l�a�t�i�o�n� �i�n� �o�r�d�e�r� �t�o� �e�s�t�a�b�l�i�s�h� �t�h�e� �n�u�m�b�e�r�s� �o�f� 

�o�r�g�a�n�i�s�m�s� �i�n� �t�h�e� �f�r�o�z�e�n� �a�l�i�q�u�o�t�s�.� �T�h�r�e�e� �f�r�o�z�e�n� �a�l�i�q�u�o�t�s� �w�e�r�e� �t�h�a�w�e�d� �a�n�d� 

�a� �s�e�r�i�e�s� �o�f� �t�e�n� �f�o�l�d� �d�i�l�u�t�i�o�n�s� �i�n� �s�t�e�r�i�l�e� �s�a�l�i�n�e� �c�a�r�r�i�e�d� �o�u�t�.� �F�i�f�t�y� 

�m�i�c�r�o�l�i�t�e�r�s� �o�f� �e�a�c�h� �d�i�l�u�t�i�o�n� �w�e�r�e� �p�l�a�t�e�d� �o�n� �t�r�y�p�t�i�c�a�s�e� �s�o�y� �p�l�a�t�e�s� �i�n� �1�0� 

�m�i�c�r�o�l�i�t�e�r� �d�r�o�p�s� �a�n�d� �p�l�a�t�e�s� �w�e�r�e� �i�n�c�u�b�a�t�e�d� �f�o�r� �7�2� �h�o�u�r�s� �u�n�d�e�r� �t�h�e� �c�o�n�d�i�t�i�o�n�s� 

�p�r�e�v�i�o�u�s�l�y� �d�e�s�c�r�i�b�e�d�.� �C�o�l�o�n�y� �f�o�r�m�i�n�g� �u�n�i�t�s� �(�c�f�u�)� �w�e�r�e� �t�h�e�n� �c�o�u�n�t�e�d� �a�n�d
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�t�h�e� �m�e�a�n� �n�u�m�b�e�r� �o�f� �t�h�e� �t�h�r�e�e� �p�l�a�t�e�s� �w�a�s� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �n�u�m�b�e�r� �o�f� 

�v�i�a�b�l�e� �b�a�c�t�e�r�i�a� �p�e�r� �m�i�l�l�i�l�i�t�e�r� �o�f� �f�r�o�z�e�n� �b�r�o�t�h�.� �T�h�i�s� �a�l�l�o�w�e�d� �p�r�e�c�i�s�e� 

�a�d�m�i�n�i�s�t�r�a�t�i�o�n� �o�f� �k�n�o�w�n� �d�o�s�e�s� �o�f� �B�.� �a�b�o�r�t�u�s� �t�o� �m�i�c�e�.� 

�3�.� �E�x�p�e�r�i�m�e�n�t�a�l� �D�e�s�i�g�n� 

�T�h�r�e�e� �g�r�o�u�p�s� �o�f� �m�o�u�s�e� �i�n�o�c�u�l�a�t�i�o�n� �e�x�p�e�r�i�m�e�n�t�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d�.� �A�l�l� 

�i�n�o�c�u�l�a�t�i�o�n�s� �w�e�r�e� �a�d�m�i�n�i�s�t�e�r�e�d� �i�n�t�r�a�p�e�r�i�t�o�n�e�a�l�l�y� �w�i�t�h� �a� �t�u�b�e�r�c�u�l�i�n� 

�s�y�r�i�n�g�e� �a�n�d� �a� �2�7� �g�a�u�g�e� �n�e�e�d�l�e�.� �D�o�s�e�s� �o�f� �l�i�v�e� �o�r�g�a�n�i�s�m�s� �w�e�r�e� �c�o�n�f�i�r�m�e�d� 

�a�f�t�e�r� �i�n�o�c�u�l�a�t�i�o�n� �b�y� �v�i�a�b�l�e� �c�o�u�n�t�s� �o�f� �t�h�e� �r�e�s�i�d�u�e� �o�f� �e�a�c�h� �i�n�o�c�u�l�u�m�.� 

�G�r�o�u�p� �1� �m�i�n�i�m�u�m� �d�o�s�e� �e�x�p�e�r�i�m�e�n�t�s�.� �D�e�t�e�r�m�i�n�a�t�i�o�n� �w�a�s� �m�a�d�e� �o�f� �a� �m�i�n�i�m�u�m� 

�d�o�s�e� �o�f� �B�.� �a�b�o�r�t�u�s� �s�t�r�a�i�n� �2�3�0�8� �p�r�o�d�u�c�i�n�g� �c�o�n�s�i�s�t�e�n�t�l�y� �s�e�v�e�r�e� �p�l�a�c�e�n�t�a�l� 

�l�e�s�i�o�n�s�.� �G�r�o�u�p�s� �o�f� �f�i�v�e�,� �t�i�m�e�d�-�p�r�e�g�n�a�n�t� �m�i�c�e� �r�e�c�e�i�v�e�d� �e�i�t�h�e�r� �1�0�4�-�7�:� 

�1�0�2�°�?� �o�r� �1�0�° �� �c�f�u� �o�f� �B�.� �a�b�o�r�t�u�s� �s�t�r�a�i�n� �2�3�0�8� �o�n� �d�a�y� �9� �o�f� �g�e�s�t�a�t�i�o�n�.� 

�D�o�s�e�s� �w�e�r�e� �v�a�r�i�e�d� �b�y� �l�o�g�j�g� �i�n�c�r�e�m�e�n�t�s� �t�o� �d�e�t�e�r�m�i�n�e� �a� �m�i�n�i�m�u�m� �i�n�o�c�u�l�u�m� 

�p�r�o�d�u�c�i�n�g� �p�l�a�c�e�n�t�a�l� �l�e�s�i�o�n�s� �w�i�t�h� �a� �h�i�s�t�o�l�o�g�i�c� �s�c�o�r�e� �o�f� �2�.�0� �o�r� �g�r�e�a�t�e�r� 

�(�s�e�e� �L�i�g�h�t� �M�i�c�r�o�s�c�o�p�y�)� �w�h�e�n� �p�l�a�c�e�n�t�a�s� �w�e�r�e� �e�x�a�m�i�n�e�d� �n�i�n�e� �d�a�y�s� �p�o�s�t�-� 

�i�n�o�c�u�l�a�t�i�o�n� �(�d�a�y� �1�8� �o�f� �p�r�e�g�n�a�n�c�y�)�.� 

�G�r�o�u�p� �2� �m�i�n�i�m�a�l� �d�o�s�e� �f�o�l�l�o�w�-�u�p� �e�x�p�e�r�i�m�e�n�t�s�.� �O�n�c�e� �a� �m�i�n�i�m�u�m� �d�o�s�e� �p�r�o�d�u�c�i�n�g� 

�s�e�v�e�r�e� �p�l�a�c�e�n�t�a�l� �l�e�s�i�o�n�s� �w�a�s� �d�e�t�e�r�m�i�n�e�d�,� �t�e�n� �p�r�e�g�n�a�n�t� �m�i�c�e� �w�e�r�e� �i�n�o�c�u�l�a�t�e�d� 

�w�i�t�h� �t�h�i�s� �s�a�m�e� �d�o�s�e� �o�n� �d�a�y� �9� �o�f� �g�e�s�t�a�t�i�o�n� �a�n�d� �k�i�l�l�e�d� �o�n� �d�a�y� �1�8� �o�f� �g�e�s�t�a�t�i�o�n�.� 

�T�e�n� �n�o�n�-�p�r�e�g�n�a�n�t� �m�i�c�e� �w�e�r�e� �i�n�o�c�u�l�a�t�e�d� �w�i�t�h� �t�h�i�s� �d�o�s�e� �a�n�d� �w�e�r�e� �k�i�l�l�e�d� 

�n�i�n�e� �d�a�y�s� �l�a�t�e�r�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �f�i�v�e� �p�r�e�g�n�a�n�t� �m�i�c�e� �r�e�c�e�i�v�e�d� �a�n� �e�q�u�a�l� 

�d�o�s�e� �o�f� �h�e�a�t�-�k�i�l�l�e�d� �B�.� �a�b�o�r�t�u�s� �b�a�c�t�e�r�i�a� �o�n� �d�a�y� �9� �o�f� �g�e�s�t�a�t�i�o�n� �a�n�d� �w�e�r�e� 

�k�i�l�l�e�d� �o�n� �t�h�e� �s�a�m�e� �s�c�h�e�d�u�l�e�.� 

�G�r�o�u�p� �3� �p�a�t�h�o�g�e�n�e�s�i�s� �e�x�p�e�r�i�m�e�n�t�s�.� �S�e�r�i�a�l� �p�a�t�h�o�g�e�n�e�s�i�s�.� �T�o� �s�t�u�d�y� �t�h�e� 

�p�a�t�h�o�g�e�n�e�s�i�s� �o�f� �b�a�c�t�e�r�i�a�l� �c�o�l�o�n�i�z�a�t�i�o�n� �a�n�d� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �p�l�a�c�e�n�t�a�l
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�l�e�s�i�o�n�s�,� �f�o�u�r� �g�r�o�u�p�s� �o�f� �f�i�v�e�,� �t�i�m�e�d�-�p�r�e�g�n�a�n�t� �m�i�c�e� �r�e�c�e�i�v�e�d� �1�0�-�7� �c�f�u� �o�f� 

�B�.� �a�b�o�r�t�u�s� �s�t�r�a�i�n� �2�3�0�8� �o�r�g�a�n�i�s�m�s� �o�n� �d�a�y� �9� �o�f� �g�e�s�t�a�t�i�o�n� �a�n�d� �w�e�r�e� �k�i�l�l�e�d� 

�s�e�q�u�e�n�t�i�a�l�l�y� �o�n� �d�a�y�s� �1�2�,� �1�4�,� �1�6� �a�n�d� �1�8� �o�f� �g�e�s�t�a�t�i�o�n�.� �T�h�i�s� �d�o�s�e� �w�a�s� 

�c�h�o�s�e�n� �t�o� �e�n�s�u�r�e� �e�a�r�l�y� �i�n�f�e�c�t�i�o�n� �w�i�t�h� �a� �n�u�m�b�e�r� �o�f� �b�r�u�c�e�l�l�a�e� �s�u�f�f�i�c�i�e�n�t� 

�t�o� �a�l�l�o�w� �e�a�r�l�y� �d�e�t�e�c�t�i�o�n� �o�f� �t�h�e� �b�a�c�t�e�r�i�a� �b�y� �a�v�i�d�i�n�-�b�i�o�t�i�n� �i�m�m�u�n�o�h�i�s�t�o�c�h�e�m�i�c�a�l� 

�s�t�a�i�n�s�.� �I�t� �h�a�s� �b�e�e�n� �r�e�p�o�r�t�e�d� �t�h�a�t� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1�0�®� �o�r�g�a�n�i�s�m�s� �p�e�r� �g�r�a�m� 

�o�f� �t�i�s�s�u�e� �i�s� �t�h�e� �l�i�m�i�t� �o�f� �s�e�n�s�i�t�i�v�i�t�y� �f�o�r� �t�h�i�s� �d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �b�a�c�t�e�r�i�a�l� 

�l�o�c�a�l�i�z�a�t�i�o�n� �(�M�e�a�d�o�r� �e�t� �a�l�.�,� �1�9�8�6�)�.� �T�w�e�n�t�y� �p�r�e�g�n�a�n�t� �m�i�c�e� �r�e�c�e�i�v�e�d� 

�s�t�e�r�i�l�e� �s�a�l�i�n�e� �I�P� �i�n� �m�i�d�g�e�s�t�a�t�i�o�n� �a�n�d� �w�e�r�e� �k�i�l�l�e�d� �o�n� �t�h�e� �s�a�m�e� �s�c�h�e�d�u�l�e�.� 

�4�.� �N�e�c�r�o�p�s�y� 

�A�l�l� �m�i�c�e� �w�e�r�e� �s�u�b�j�e�c�t�e�d� �t�o� �a� �c�o�m�p�l�e�t�e� �n�e�c�r�o�p�s�y�.� �B�l�o�o�d� �w�a�s� �c�o�l�l�e�c�t�e�d� 

�i�m�m�e�d�i�a�t�e�l�y� �p�o�s�t�-�m�o�r�t�e�m� �f�r�o�m� �t�h�e� �h�e�a�r�t� �w�i�t�h� �a� �s�t�e�r�i�l�e� �g�l�a�s�s� �p�i�p�e�t�t�e� �a�n�d� 

�a�l�l�o�w�e�d� �t�o� �c�l�o�t� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �f�o�r� �o�n�e� �h�o�u�r�.� �S�e�r�a� �w�e�r�e� �s�e�p�a�r�a�t�e�d� �b�y� 

�c�e�n�t�r�i�f�u�g�a�t�i�o�n� �a�n�d� �s�t�o�r�e�d� �a�t� �4�°�C� �u�n�t�i�l� �n�e�e�d�e�d�.� �S�p�l�e�e�n�s� �a�n�d� �t�w�o� �p�l�a�c�e�n�t�a�s� 

�p�e�r� �m�o�u�s�e� �(�p�r�e�g�n�a�n�t� �m�i�c�e�)� �o�r� �t�h�e� �u�t�e�r�u�s� �(�n�o�n�-�p�r�e�g�n�a�n�t� �m�i�c�e�)� �w�e�r�e� �r�e�m�o�v�e�d� 

�a�s�e�p�t�i�c�a�l�l�y� �f�o�r� �B�r�u�c�e�l�l�a� �c�u�l�t�u�r�e�.� 

�5�.� �B�a�c�t�e�r�i�a�l� �C�u�l�t�u�r�e� 

�S�p�l�e�e�n�s�,� �p�l�a�c�e�n�t�a�s� �a�n�d� �u�t�e�r�i� �w�e�r�e� �w�e�i�g�h�e�d� �a�n�d� �p�l�a�c�e�d� �i�n� �s�t�e�r�i�l�e� �g�l�a�s�s� 

�t�u�b�e�s� �w�i�t�h� �2� �m�l�s� �s�t�e�r�i�l�e� �s�a�l�i�n�e�,� �h�o�m�o�g�e�n�i�z�e�d� �w�i�t�h� �s�t�e�r�i�l�e� �s�a�n�d� �a�n�d� �s�e�r�i�a�l�l�y� 

�d�i�l�u�t�e�d�.� �D�i�l�u�t�i�o�n�s� �w�e�r�e� �p�l�a�t�e�d� �o�n� �t�r�y�p�t�i�c�a�s�e� �s�o�y� �p�l�a�t�e�s� �a�n�d� �c�f�u� �p�e�r� �o�r�g�a�n� 

�o�r� �g�r�a�m� �o�f� �t�i�s�s�u�e� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d�.� �T�h�e� �m�i�n�i�m�u�m� �n�u�m�b�e�r� �o�f� �b�a�c�t�e�r�i�a� �d�e�t�e�c�t�a�b�l�e� 

�b�y� �t�h�i�s� �m�e�t�h�o�d� �w�a�s� �4�0� �p�e�r� �o�r�g�a�n�.� �B�.� �a�b�o�r�t�u�s� �c�o�l�o�n�i�e�s� �w�e�r�e� �i�d�e�n�t�i�f�i�e�d� �b�y� 

�c�o�l�o�n�y� �m�o�r�p�h�o�l�o�g�y�,� �g�r�o�w�t�h� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �a�n�d� �c�o�l�o�n�y� �b�l�o�t� �E�L�I�S�A� �(�R�o�o�p� �e�t
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�a�l�.�,� �1�9�8�7�;� �A�p�p�e�n�d�i�x�)� �u�s�i�n�g� �m�o�n�o�c�l�o�n�a�l� �a�n�t�i�b�o�d�i�e�s� �s�p�e�c�i�f�i�c� �f�o�r� �t�h�e� �0�O�-� 

�s�i�d�e�-�c�h�a�i�n� �o�f� �B�.� �a�b�o�r�t�u�s� �(�S�c�h�u�r�i�g� �e�t� �a�l�.�,� �1�9�8�4�)�.� 

�6�.� �H�i�s�t�o�l�o�g�y� 

�P�l�a�c�e�n�t�a�s� �n�o�t� �u�s�e�d� �f�o�r� �b�a�c�t�e�r�i�a�l� �c�u�l�t�u�r�e� �w�e�r�e� �f�i�x�e�d� �i�n� �s�i�t�u� �w�i�t�h�i�n� 

�u�t�e�r�i� �i�n� �1�0�%� �n�e�u�t�r�a�l� �b�u�f�f�e�r�e�d� �f�o�r�m�a�l�i�n�,� �a�n�d� �p�r�o�c�e�s�s�e�d� �r�o�u�t�i�n�e�l�y� �f�o�r� 

�h�i�s�t�o�l�o�g�i�c� �e�x�a�m�i�n�a�t�i�o�n� �a�n�d� �s�c�o�r�i�n�g� �u�s�i�n�g� �h�e�m�a�t�o�x�y�l�i�n� �a�n�d� �e�o�s�i�n� �o�r� �G�i�e�m�s�a� 

�s�t�a�i�n�s�.� �O�n�e� �m�i�d�-�s�a�g�i�t�t�a�l� �s�e�c�t�i�o�n� �w�a�s� �p�r�o�c�e�s�s�e�d� �f�o�r� �e�a�c�h� �p�l�a�c�e�n�t�a�.� 

�P�l�a�c�e�n�t�a�l� �s�e�c�t�i�o�n�s� �w�e�r�e� �c�o�d�e�d� �a�n�d� �e�x�a�m�i�n�e�d� �a�s� �u�n�k�n�o�w�n�s� �a�n�d� �s�c�o�r�e�d� �o�n� �a� 

�s�c�a�l�e� �o�f� �0� �t�o� �3� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �s�e�v�e�r�i�t�y� �o�f� �t�h�e� �l�e�s�i�o�n� �(�0� �=� �n�o� �c�h�a�n�g�e�,� 

�1� �=� �p�e�r�i�p�h�e�r�a�l� �p�l�a�c�e�n�t�a�l� �i�n�f�l�a�m�m�a�t�i�o�n� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �R�e�i�c�h�e�r�t�'�s� �m�e�m�b�r�a�n�e�,� 

�=� �g�r�a�d�e� �1� �p�l�u�s� �i�n�f�l�a�m�m�a�t�i�o�n�/�n�e�c�r�o�s�i�s� �o�f� �t�h�e� �s�p�o�n�g�i�o�t�r�o�p�h�o�b�l�a�s�t�,� �3� �=� �g�r�a�d�e� 

�2� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �f�e�t�a�l� �d�e�a�t�h�;� �s�e�e� �a�l�s�o� �F�i�g�.� �3�)�.� �E�x�a�m�i�n�a�t�i�o�n� �o�f� �g�e�s�t�a�t�i�o�n�a�l�-� 

�a�g�e� �m�a�t�c�h�e�d� �p�l�a�c�e�n�t�a�s� �f�r�o�m� �u�n�i�n�f�e�c�t�e�d� �m�i�c�e� �a�l�l�o�w�e�d� �t�h�e� �e�s�t�a�b�l�i�s�h�m�e�n�t� �o�f� 

�b�a�s�e�l�i�n�e� �s�c�o�r�e�s�.� �T�h�e� �m�e�a�n� �p�l�a�c�e�n�t�a�l� �s�c�o�r�e� �f�o�r� �e�a�c�h� �m�o�u�s�e� �w�a�s� �d�e�t�e�r�m�i�n�e�d� 

�t�h�e�n� �a� �m�e�a�n� �s�c�o�r�e� �f�o�r� �t�h�e� �e�n�t�i�r�e� �g�r�o�u�p� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �t�o� �m�i�n�i�m�i�z�e� �t�h�e� 

�e�f�f�e�c�t� �o�f� �J�i�t�t�e�r� �s�i�z�e� �(�p�l�a�c�e�n�t�a�s� �w�i�t�h�i�n� �l�i�t�t�e�r�s� �t�e�n�d�e�d� �t�o� �r�e�c�e�i�v�e� �s�i�m�i�l�a�r� 

�g�r�a�d�e�s�)�.� �T�h�e� �h�i�s�t�o�p�a�t�h�o�l�o�g�y� �o�f� �s�p�l�e�e�n�s�,� �l�i�v�e�r�s� �a�n�d� �p�l�a�c�e�n�t�a�s� �w�a�s� �c�h�a�r�a�c�-� 

�t�e�r�i�z�e�d� �i�n� �1�0� �p�r�e�g�n�a�n�t� �m�i�c�e� �t�h�a�t� �r�e�c�e�i�v�e�d� �1�0�°�: �� �b�r�u�c�e�l�l�a�e� �o�n� �d�a�y� �9� �o�f� 

�g�e�s�t�a�t�i�o�n�.� �U�t�e�r�i� �o�f� �f�i�v�e� �n�o�n�-�p�r�e�g�n�a�n�t� �m�i�c�e� �i�n�f�e�c�t�e�d� �w�i�t�h� �1�0�° �� �b�r�u�c�e�l�l�a�e� 

�w�e�r�e� �c�o�l�l�e�c�t�e�d� �f�o�r� �h�i�s�t�o�l�o�g�i�c� �e�x�a�m�i�n�a�t�i�o�n�.� 

�S�p�e�c�i�f�i�c� �l�a�b�e�l�i�n�g� �o�f� �B�.� �a�b�o�r�t�u�s� �i�n� �p�l�a�c�e�n�t�a�l� �s�e�c�t�i�o�n�s� �w�a�s� �p�e�r�f�o�r�m�e�d� 

�b�y� �s�t�a�n�d�a�r�d� �i�m�m�u�n�o�p�e�r�o�x�i�d�a�s�e� �t�e�c�h�n�i�q�u�e�s� �u�t�i�l�i�z�i�n�g� �b�i�o�t�i�n�y�l�a�t�e�d� �s�e�c�o�n�d�a�r�y� 

�a�n�t�i�b�o�d�y� �a�n�d� �a�v�i�d�i�n�-�b�i�o�t�i�n�-�p�e�r�o�x�i�d�a�s�e� �c�o�m�p�l�e�x� �(�A�B�C�)� �t�e�c�h�n�i�q�u�e�s� �(�M�e�a�d�o�r� �e�t� 

�a�l�.�,� �1�9�8�6�;� �A�p�p�e�n�d�i�x�)�.� �S�e�r�u�m� �o�b�t�a�i�n�e�d� �f�r�o�m� �a� �r�a�b�b�i�t� �h�y�p�e�r�-�i�m�m�u�n�i�z�e�d� �w�i�t�h� 

�m�u�l�t�i�p�l�e� �i�n�j�e�c�t�i�o�n�s� �o�f� �k�i�l�l�e�d�,� �w�h�o�l�e� �B�.� �a�b�o�r�t�u�s� �s�t�r�a�i�n� �2�3�0�8� �o�r�g�a�n�i�s�m�s
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�s�e�r�v�e�d� �a�s� �t�h�e� �p�r�i�m�a�r�y� �p�o�l�y�c�l�o�n�a�l� �a�n�t�i�b�o�d�y� �(�A�p�p�e�n�d�i�x�)�.� �B�i�o�t�i�n�y�l�a�t�e�d� 

�a�n�t�i�-�r�a�b�b�i�t� �I�g�G� �a�n�d� �t�h�e� �a�v�i�d�i�n�-�p�e�r�o�x�i�d�a�s�e�-�c�o�m�p�l�e�x� �w�e�r�e� �o�b�t�a�i�n�e�d� �f�r�o�m� 

�V�e�c�t�o�r� �L�a�b�o�r�a�t�o�r�i�e�s�,� �I�n�c�.�,� �B�u�r�l�i�n�g�a�m�e�,� �C�A�.� �D�e�p�a�r�a�f�f�i�n�i�z�e�d�,� �e�n�d�o�g�e�n�o�u�s� 

�p�e�r�o�x�i�d�a�s�e� �b�l�o�c�k�e�d�,� �t�r�y�p�s�i�n�i�z�e�d� �p�l�a�c�e�n�t�a�l� �s�e�c�t�i�o�n�s� �w�e�r�e� �i�m�m�u�n�o�s�t�a�i�n�e�d� �b�y� 

�f�o�l�l�o�w�i�n�g� �t�h�e� �m�a�n�u�f�a�c�t�u�r�e�r�'�s� �d�i�r�e�c�t�i�o�n�s� �e�x�c�e�p�t� �t�h�a�t� �3�%� �s�o�d�i�u�m� �c�l�o�r�i�d�e� 

�w�a�s� �a�d�d�e�d� �t�o� �t�h�e� �T�R�I�S� �b�u�f�f�e�r� �u�s�e�d� �t�o� �p�r�e�p�a�r�e� �t�h�e� �A�B�C� �r�e�a�g�e�n�t� �t�o� �r�e�d�u�c�e� 

�n�o�n�-�s�p�e�c�i�f�i�c� �b�a�c�k�g�r�o�u�n�d� �s�t�a�i�n�i�n�g�.� �C�o�n�t�r�o�l�s� �w�e�r�e� �u�s�e�d� �t�o� �a�s�s�e�s�s� �s�p�e�c�i�f�i�c�i�t�y� 

�o�f� �t�h�e� �a�n�t�i�-�B�.� �a�b�o�r�t�u�s� �p�r�i�m�a�r�y� �a�n�t�i�b�o�d�y�.� �F�o�r� �e�a�c�h� �i�n�f�e�c�t�e�d� �t�i�s�s�u�e�,� �o�n�e� 

�s�l�i�d�e� �w�a�s� �p�r�o�c�e�s�s�e�d� �u�s�i�n�g� �p�r�e�-�i�m�m�u�n�i�z�a�t�i�o�n� �r�a�b�b�i�t� �s�e�r�u�m� �a�s� �t�h�e� �p�r�i�m�a�r�y� 

�a�n�t�i�b�o�d�y�.� �A�s� �a�n�o�t�h�e�r� �c�o�n�t�r�o�l�,� �n�o�n�-�i�n�f�e�c�t�e�d� �m�u�r�i�n�e� �p�l�a�c�e�n�t�a�l� �s�e�c�t�i�o�n�s� 

�a�n�d� �t�i�s�s�u�e� �c�o�n�t�a�i�n�i�n�g� �o�t�h�e�r� �b�a�c�t�e�r�i�a� �w�e�r�e� �p�r�o�c�e�s�s�e�d� �w�i�t�h� �t�h�e� �A�B�C� �t�e�c�h�n�i�q�u�e� 

�u�s�i�n�g� �p�o�s�t�-�i�m�m�u�n�i�z�a�t�i�o�n� �r�a�b�b�i�t� �s�e�r�a�.� �P�a�r�a�f�f�i�n� �e�m�b�e�d�d�e�d� �s�e�c�t�i�o�n�s� �o�f� 

�o�v�i�n�e� �l�u�n�g� �c�o�n�t�a�i�n�i�n�g� �v�i�s�i�b�l�e� �c�o�l�o�n�i�e�s� �o�f� �A�c�t�i�n�o�m�y�c�e�s� �p�y�o�g�e�n�e�s� �a�n�d� 

�P�a�s�t�e�u�r�e�l�l�a� �h�e�m�o�l�y�t�i�c�a� �w�h�i�c�h� �h�a�d� �b�e�e�n� �i�d�e�n�t�i�f�i�e�d� �b�y� �c�u�l�t�u�r�e� �s�e�r�v�e�d� �a�s� 
� � 

�t�h�e� �b�a�c�t�e�r�i�a�l� �c�o�n�t�r�o�l�s�.� 

�7�.� �E�l�e�c�t�r�o�n� �M�i�c�r�o�s�c�o�p�y� 

�T�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �u�l�t�r�a�s�t�r�u�c�t�u�r�a�l� �l�o�c�a�l�i�z�a�t�i�o�n� �o�f� �b�a�c�t�e�r�i�a�,� �p�l�a�c�e�n�t�a�l� 

�s�a�m�p�l�e�s� �w�e�r�e� �o�b�t�a�i�n�e�d� �f�r�o�m� �m�i�c�e� �i�n�f�e�c�t�e�d� �w�i�t�h� �1�0�©�-�7� �c�f�u� �o�f� �B�r�u�c�e�l�l�a� �a�n�d� 

�n�o�n�-�i�n�f�e�c�t�e�d� �c�o�n�t�r�o�l� �p�r�e�g�n�a�n�t� �m�i�c�e� �k�i�l�l�e�d� �o�n� �d�a�y� �1�8� �o�f� �g�e�s�t�a�t�i�o�n�.� 

�P�l�a�c�e�n�t�a�l� �d�i�s�k�s� �w�e�r�e� �c�u�t� �i�n� �h�a�l�f� �a�n�d�,� �t�o� �f�a�c�i�l�i�t�a�t�e� �s�e�c�t�i�o�n�i�n�g� �o�f� �t�h�e� 

�f�r�a�g�i�l�e� �t�i�s�s�u�e�,� �c�h�i�l�l�e�d� �3�0� �m�i�n�u�t�e�s� �a�t� �2�°�C� �b�y� �i�m�m�e�r�s�i�o�n� �i�n� �a� �s�o�l�u�t�i�o�n� �o�f� 

�5�%� �g�l�u�t�a�r�a�l�d�e�h�y�d�e� �a�n�d� �3�%� �f�o�r�m�a�l�i�n� �i�n� �a� �0�.�0�5�M� �N�a� �c�a�c�o�d�y�l�a�t�e� �b�u�f�f�e�r� �w�i�t�h� 

�2�.�5�%� �p�i�c�r�i�c� �a�c�i�d�.� �A� �1� �m�i�l�l�i�m�e�t�e�r� �t�h�i�c�k� �s�a�g�i�t�t�a�l� �s�e�c�t�i�o�n� �w�a�s� �t�h�e�n� �c�u�t� 

�f�r�o�m� �t�h�e� �p�l�a�c�e�n�t�a�l� �h�e�m�i�-�d�i�s�k� �a�n�d� �f�i�x�e�d� �i�n� �t�h�e� �s�a�m�e� �s�o�l�u�t�i�o�n�,� �r�e�f�r�i�d�g�e�r�a�t�e�d�,� 

�f�o�r� �4�8� �h�o�u�r�s�.� �S�a�m�p�l�e�s� �w�e�r�e� �p�o�s�t�-�f�i�x�e�d� �i�n� �1�%� �o�s�m�i�u�m� �t�e�t�r�o�x�i�d�e�,� �e�m�b�e�d�d�e�d



�4�9� 

�i�n� �e�p�o�x�y� �r�e�s�i�n� �(�P�O�L�Y�/�B�E�D� �8�1�2�,� �P�o�l�y�s�c�i�e�n�c�e�s�,� �I�n�c�.�,� �W�a�r�r�i�n�g�t�o�n�,� �P�A�)�,� 

�s�e�c�t�i�o�n�e�d� �a�t� �1� �m�i�c�r�o�n� �a�n�d� �s�t�a�i�n�e�d� �w�i�t�h� �t�o�l�u�i�d�i�n�e� �b�l�u�e� �a�n�d� �s�a�f�f�a�r�i�n�.� 

�U�l�t�r�a�t�h�i�n� �s�e�c�t�i�o�n�s� �o�f� �a�p�p�r�o�p�r�i�a�t�e� �a�r�e�a�s� �w�e�r�e� �t�h�e�n� �c�u�t� �a�n�d� �r�o�u�t�i�n�e�l�y� 

�s�t�a�i�n�e�d� �w�i�t�h� �u�r�a�n�y�l� �a�c�e�t�a�t�e� �a�n�d� �l�e�a�d� �c�i�t�r�a�t�e� �o�r� �p�r�o�c�e�s�s�e�d� �f�o�r� �i�m�m�u�n�o�g�o�l�d� 

�l�a�b�e�l�i�n�g� �(�c�o�u�r�t�e�s�e�y� �o�f� �N�.� �F�.� �C�h�e�v�i�l�l�e�,� �N�a�t�i�o�n�a�l� �A�n�i�m�a�l� �D�i�s�e�a�s�e� �C�e�n�t�e�r�,� 

�A�m�e�s�,� �I�A�;� �A�p�p�e�n�d�i�x�)�.� �S�t�a�i�n�e�d� �s�e�c�t�i�o�n�s� �w�e�r�e� �e�x�a�m�i�n�e�d� �o�n� �a� �J�E�O�L� �1�0�0� �c�x�-� 

�I�I�I� �S�T�E�M�.� 

�8�.� �S�e�r�o�l�o�g�y� 

�T�h�e� �s�t�a�n�d�a�r�d� �t�u�b�e� �a�g�g�l�u�t�i�n�a�t�i�o�n� �t�e�s�t� �w�i�t�h� �B�.� �a�b�o�r�t�u�s� �s�t�r�a�i�n� �1�9� 

�D�i�a�g�n�o�s�t�i�c� �A�n�t�i�g�e�n� �f�r�o�m� �t�h�e� �U�S�D�A�,� �w�a�s� �p�e�r�f�o�r�m�e�d� �o�n� �a�l�l� �i�n�f�e�c�t�e�d� �a�n�d� 

�s�e�l�e�c�t�e�d� �c�o�n�t�r�o�l� �s�e�r�u�m� �s�a�m�p�l�e�s�,� �s�t�a�r�t�i�n�g� �a�t� �1�:�2�5� �d�i�l�u�t�i�o�n� �(�A�l�t�o�n� �e�t� �a�l�.�,� 

�1�9�7�5�)�.� �T�i�t�e�r�s� �a�r�e� �e�x�p�r�e�s�s�e�d� �a�s� �t�h�e� �l�o�g�)�,� �v�a�l�u�e� �o�f� �t�h�e� �r�e�c�i�p�r�o�c�a�l� �(�A�p�p�e�n�d�i�x�)�.� 

�9�.� �S�t�a�t�i�s�t�i�c�a�l� �A�n�a�l�y�s�i�s� 

�A�n�a�l�y�s�i�s� �o�f� �v�a�r�i�a�n�c�e� �w�a�s� �u�s�e�d� �t�o� �c�o�m�p�a�r�e� �t�h�e� �l�e�v�e�l� �o�f� �s�p�l�e�n�i�c� �i�n�f�e�c�t�i�o�n� 

�i�n� �p�r�e�g�n�a�n�t� �v�e�r�s�u�s� �n�o�n�-�p�r�e�g�n�a�n�t� �m�i�c�e� �r�e�c�e�i�v�i�n�g� �1�0�2�°�7� �B�.� �a�b�o�r�t�u�s� �s�t�r�a�i�n� 

�2�3�0�8� �o�r�g�a�n�i�s�m�s� �(�S�n�e�d�e�c�o�r�,� �1�9�5�6�)�.� �A�l�l� �d�a�t�a� �w�a�s� �e�x�p�r�e�s�s�e�d� �a�s� �m�e�a�n� �+�/�-� 

�s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n� �a�n�d� �s�t�a�t�i�s�t�i�c�a�l� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �g�r�o�u�p�s� �w�i�t�h� 

�p�<�0�.�0�5� �w�e�r�e� �c�o�n�s�i�d�e�r�e�d� �s�i�g�n�i�f�i�c�a�n�t�.� 

�R�E�S�U�L�T�S� 

�A�l�l� �m�i�c�e� �r�e�m�a�i�n�e�d� �c�l�i�n�i�c�a�l�l�y� �n�o�r�m�a�l� �b�y� �v�i�s�u�a�l� �a�s�s�e�s�s�m�e�n�t� �f�o�r� �t�h�e� �d�u�r�a�t�i�o�n� 

�o�f� �t�h�e� �e�x�p�e�r�i�m�e�n�t�s� �a�n�d� �n�o� �a�b�o�r�t�i�o�n�s� �w�e�r�e� �o�b�s�e�r�v�e�d�.� �A�t� �n�e�c�r�o�p�s�y�,� �p�l�a�c�e�n�t�a�s� 

�o�f� �n�o�n�-�i�n�f�e�c�t�e�d� �m�i�c�e� �w�e�r�e� �d�a�r�k� �r�e�d�,� �f�i�r�m�,� �o�f� �a� �u�n�i�f�o�r�m� �s�i�z�e� �w�i�t�h�i�n� �a� �l�i�t�t�e�r� 

�a�n�d� �s�u�p�p�o�r�t�e�d� �a� �l�i�v�e� �f�e�t�u�s�.� �I�n� �B�r�u�c�e�l�l�a�-�i�n�f�e�c�t�e�d� �m�i�c�e�,� �g�r�o�s�s� �l�e�s�i�o�n�s� �o�f



�5�0� 

�t�h�e� �p�l�a�c�e�n�t�a� �w�e�r�e� �s�e�e�n� �o�n�l�y� �i�n� �m�i�c�e� �r�e�c�e�i�v�i�n�g� �1�0�2�°�?� �c�f�u� �o�r� �g�r�e�a�t�e�r� �i�n� �t�h�e� 

�m�i�m�i�m�u�m� �d�o�s�e� �s�t�u�d�y�,� �a�n�d� �o�n� �d�a�y�s� �1�6� �a�n�d� �1�8� �o�f� �g�e�s�t�a�t�i�o�n� �i�n� �t�h�e� �p�a�t�h�o�g�e�n�e�s�i�s� 

�s�t�u�d�y�.� �T�h�e�s�e� �p�l�a�c�e�n�t�a�s� �v�a�r�i�e�d� �i�n� �s�i�z�e� �a�n�d� �c�o�l�o�r�.� �M�o�s�t� �w�e�r�e� �d�a�r�k� �r�e�d� �a�n�d� 

�f�i�r�m� �a�n�d� �s�u�p�p�o�r�t�e�d� �v�i�a�b�l�e� �f�e�t�u�s�e�s�;� �s�o�m�e� �w�e�r�e� �p�a�l�e�,� �s�h�r�u�n�k�e�n� �a�n�d� �a�s�s�o�c�i�a�t�e�d� 

�w�i�t�h� �a�n� �e�d�e�m�a�t�o�u�s� �o�r� �a�u�t�o�l�y�s�e�d� �f�e�t�u�s�.� �M�i�l�d�l�y� �a�f�f�e�c�t�e�d� �p�l�a�c�e�n�t�a�s� �w�i�t�h� �v�i�a�b�l�e� 

�f�e�t�u�s�e�s� �h�a�d� �a� �y�e�l�l�o�w� �r�i�m� �o�f� �m�a�t�e�r�i�a�l� �a�t� �t�h�e� �p�e�r�i�p�h�e�r�y�.� �T�h�e� �w�e�i�g�h�t� �o�f� 

�i�n�f�e�c�t�e�d� �p�l�a�c�e�n�t�a�s� �w�a�s� �c�o�n�s�i�d�e�r�a�b�l�y� �l�e�s�s� �t�h�a�n� �n�o�n�-�i�n�f�e�c�t�e�d� �p�l�a�c�e�n�t�a�s� �b�u�t� 

�t�h�i�s� �d�e�c�r�e�a�s�e� �w�a�s� �n�o�t� �n�o�t�i�c�a�b�l�y� �a�l�t�e�r�e�d� �b�y� �d�o�s�e� �i�n� �t�h�e� �r�a�n�g�e� �t�e�s�t�e�d� 

�(�T�a�b�l�e� �1�)�.� �I�n� �t�h�e� �s�e�r�i�a�l� �p�a�t�h�o�g�e�n�e�s�i�s� �s�t�u�d�y�,� �p�l�a�c�e�n�t�a�l� �w�e�i�g�h�t�s� �o�f� 

�c�o�n�t�r�o�]� �m�i�c�e� �w�e�r�e� �s�i�m�i�l�a�r� �t�o� �m�i�c�e� �r�e�c�e�i�v�i�n�g� �1�0�6�-�7� �o�r�g�a�n�i�s�m�s� �u�n�t�i�l� �d�a�y� �1�4� 

�o�f� �g�e�s�t�a�t�i�o�n�.� �A�f�t�e�r� �t�h�a�t� �t�i�m�e�,� �t�h�e� �w�e�i�g�h�t� �g�a�i�n� �o�f� �i�n�f�e�c�t�e�d� �p�l�a�c�e�n�t�a�s� 

�d�e�c�l�i�n�e�d� �s�h�a�r�p�l�y� �i�n� �c�o�n�t�r�a�s�t� �t�o� �t�h�e� �w�e�i�g�h�t� �o�f� �n�o�n�-�i�n�f�e�c�t�e�d� �p�l�a�c�e�n�t�a�s� 

�w�h�i�c�h� �c�o�n�t�i�n�u�e�d� �t�o� �i�n�c�r�e�a�s�e� �s�t�e�a�d�i�l�y� �a�n�d� �i�n� �c�o�n�t�r�a�s�t� �t�o� �t�h�e� �w�e�i�g�h�t�s� �u�p� 

�t�o� �d�a�y� �1�2� �(�F�i�g�.� �4� �&� �T�a�b�l�e� �2�)�.� �M�a�r�k�e�d� �s�p�l�e�n�o�m�e�g�a�l�y� �w�a�s� �p�r�e�s�e�n�t� �i�n� �a�l�l� 

�i�n�f�e�c�t�e�d� �m�i�c�e� �w�i�t�h� �t�h�e� �l�a�r�g�e�s�t� �s�p�l�e�e�n�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �d�o�s�e�s� �e�q�u�a�l� �t�o� �o�r� 

�g�r�e�a�t�e�r� �t�h�a�n� �1�0�°�: �� �p�b�r�u�c�e�l�l�a�e� �(�T�a�b�l�e� �1�)�.� �I�n� �t�h�e� �s�e�r�i�a�l� �p�a�t�h�o�g�e�n�e�s�i�s� 

�s�t�u�d�y�,� �s�p�l�e�n�i�c� �w�e�i�g�h�t� �o�f� �c�o�n�t�r�o�l� �m�i�c�e� �r�e�m�a�i�n�e�d� �f�a�i�r�l�y� �s�t�a�b�l�e� �t�h�r�o�u�g�h�o�u�t� 

�g�e�s�t�a�t�i�o�n� �i�n� �c�o�n�t�r�a�s�t� �t�o� �t�h�e� �s�p�l�e�n�i�c� �w�e�i�g�h�t� �o�f� �m�i�c�e� �i�n�f�e�c�t�e�d� �w�i�t�h� �1�0�6�-�7� 

�o�r�g�a�n�i�s�m�s� �w�h�i�c�h� �r�o�s�e� �s�h�a�r�p�l�y� �i�n� �t�h�e� �l�a�t�t�e�r� �p�a�r�t� �o�f� �p�r�e�g�n�a�n�c�y� �(�F�i�g�.� �4� �&� 

�T�a�b�l�e� �2�)�.� �L�i�v�e�r�s� �o�f� �p�r�e�g�n�a�n�t� �m�i�c�e� �w�e�r�e� �o�f�t�e�n� �p�a�l�e� �a�n�d� �s�l�i�g�h�t�l�y� �y�e�l�l�o�w�.� 

�A�l�l� �o�t�h�e�r� �o�r�g�a�n�s� �e�x�a�m�i�n�e�d� �(�n�o�n�-�g�r�a�v�i�d� �u�t�e�r�u�s�,� �l�u�n�g�s�,� �h�e�a�r�t�,� �k�i�d�n�e�y�s�,� 

�g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� �t�r�a�c�t�)� �w�e�r�e� �g�r�o�s�s�l�y� �n�o�r�m�a�l�.� 

�H�i�s�t�o�l�o�g�y� �o�f� �d�a�y� �1�2� �p�l�a�c�e�n�t�a�s� �(�t�h�a�t� �i�s�,� �t�h�r�e�e� �d�a�y�s� �p�o�s�t�-�i�n�f�e�c�t�i�o�n� 

�w�i�t�h� �1�0�6�-�7� �o�r�g�a�n�i�s�m�s�)�,� �r�e�v�e�a�l�e�d� �m�i�n�i�m�a�l� �e�v�i�d�e�n�c�e� �o�f� �B�r�u�c�e�l�l�a� �i�n�f�e�c�t�i�o�n� 

�(�F�i�g�.� �5� �a� �&� �b�)�.� �O�c�c�a�s�i�o�n�a�l� �t�r�o�p�h�o�b�l�a�s�t� �g�i�a�n�t� �c�e�l�l�s� �(�T�G�C�s�)� �i�n� �a�l�l� �t�h�r�e�e� 

�a�r�e�a�s� �o�f� �t�h�e� �d�e�c�i�d�u�a�-�(�c�a�p�s�u�l�a�r�i�s�,� �b�a�s�a�l�i�s� �a�n�d� �p�a�r�i�e�t�a�l�i�s�)� �h�a�d� �s�l�i�g�h�t�l�y
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�h�y�p�e�r�c�h�r�o�m�a�t�i�c�,� �g�r�a�n�u�l�a�r� �c�y�t�o�p�l�a�s�m� �s�u�g�g�e�s�t�i�v�e� �o�f� �i�n�t�r�a�c�e�l�l�u�l�a�r� �b�a�c�t�e�r�i�a�.� 

�I�n�f�l�a�m�m�a�t�o�r�y� �c�e�l�l�s� �w�e�r�e� �n�o�t� �n�o�t�e�d� �i�n� �a�s�s�o�c�i�a�t�i�o�n� �w�i�t�h� �t�h�e�s�e� �i�n�f�e�c�t�e�d� 

�c�e�l�l�s�.� �I�m�m�u�n�o�s�t�a�i�n�e�d� �s�e�c�t�i�o�n�s� �(�F�i�g�.� �6� �a�-�d�)� �c�o�n�f�i�r�m�e�d� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� 

�b�a�c�t�e�r�i�a� �w�i�t�h�i�n� �n�u�m�e�r�o�u�s� �T�G�C�s� �a�l�o�n�g� �t�h�e� �e�n�t�i�r�e� �p�e�r�i�p�h�e�r�y� �o�f� �t�h�e� �p�l�a�c�e�n�t�a�.� 

�B�a�c�t�e�r�i�a� �w�e�r�e� �a�l�s�o� �l�o�c�a�t�e�d� �w�i�t�h�i�n� �n�e�u�t�r�o�p�h�i�l�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �r�e�g�r�e�s�s�i�n�g� 

�d�e�c�i�d�u�a� �c�a�p�s�u�l�a�r�i�s� �o�r� �f�r�e�e� �w�i�t�h�i�n� �t�h�e� �n�e�w�l�y� �f�o�r�m�e�d� �u�t�e�r�i�n�e� �l�u�m�e�n� �a�d�j�a�c�e�n�t� 

�t�o� �t�h�i�s� �r�e�g�i�o�n� �o�f� �t�h�e� �p�l�a�c�e�n�t�a�.� 

�I�n� �d�a�y� �1�4� �p�l�a�c�e�n�t�a�s� �(�f�i�v�e� �d�a�y�s� �p�o�s�t�-�i�n�f�e�c�t�i�o�n�)� �t�h�e�r�e� �w�e�r�e� �f�e�w� �s�m�a�l�l� 

�f�o�c�i� �o�f� �n�e�c�r�o�s�i�s� �w�i�t�h�i�n� �t�h�e� �s�p�o�n�g�i�o�t�r�o�p�h�o�b�l�a�s�t� �z�o�n�e� �(�F�i�g�.� �7�a�&�b�)�.� �I�n�f�e�c�t�e�d� 

�T�G�C�s� �w�e�r�e� �f�r�e�q�u�e�n�t� �i�n� �t�h�i�s� �r�e�g�i�o�n� �a�n�d� �A�B�C� �s�t�a�i�n�i�n�g� �r�e�v�e�a�l�e�d� �t�h�e� �p�r�e�s�e�n�c�e� 

�o�f� �B�r�u�c�e�l�l�a� �a�n�t�i�g�e�n�s� �a�s� �a�n� �a�l�m�o�s�t� �u�n�b�r�o�k�e�n� �r�i�n�g� �a�d�j�a�c�e�n�t� �t�o� �t�h�e� �e�n�t�i�r�e� 

�d�e�c�i�d�u�a� �(�F�i�g�.� �8� �a�-�d�)�.� �A�t� �t�h�i�s� �s�t�a�g�e� �o�f� �i�n�f�e�c�t�i�o�n�,� �b�a�c�t�e�r�i�a� �w�e�r�e� �l�o�c�a�l�i�z�e�d� 

�e�x�c�l�u�s�i�v�e�l�y� �w�i�t�h�i�n� �T�G�C�s� �o�r� �m�a�t�e�r�n�a�l� �p�h�a�g�o�c�y�t�i�c� �c�e�l�l�s�,� �p�r�i�m�a�r�i�l�y� �n�e�u�t�r�o�p�h�i�l�s�,� 

�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �r�e�g�r�e�s�s�i�n�g� �d�e�c�i�d�u�a�.� �W�h�e�r�e� �b�a�c�t�e�r�i�a� �w�e�r�e� �l�o�c�a�t�e�d� 

�s�o�l�e�l�y� �w�i�t�h�i�n� �T�G�C�s�,� �t�h�e�r�e� �w�a�s� �a�n� �a�b�s�e�n�c�e� �o�f� �i�n�f�l�a�m�m�a�t�o�r�y� �r�e�s�p�o�n�s�e�.� 

�B�y� �d�a�y� �1�6� �o�f� �g�e�s�t�a�t�i�o�n� �(�s�e�v�e�n� �d�a�y�s� �p�o�s�t�-�i�n�f�e�c�t�i�o�n� �a�n�d� �3� �d�a�y�s� �f�r�o�m� 

�t�e�r�m�)�,� �t�h�e�r�e� �w�a�s� �a� �m�o�d�e�r�a�t�e� �t�o� �s�e�v�e�r�e�,� �m�u�l�t�i�f�o�c�a�l� �t�o� �c�o�a�l�e�s�c�i�n�g� �n�e�c�r�o�s�i�s� 

�o�f� �t�h�e� �s�p�o�n�g�i�o�t�r�o�p�h�o�b�l�a�s�t� �z�o�n�e� �o�f� �t�h�e� �p�l�a�c�e�n�t�a�.� �M�i�n�i�m�a�l� �t�o� �m�o�d�e�r�a�t�e� 

�n�e�u�t�r�o�p�h�i�l�i�c� �i�n�f�i�l�t�r�a�t�i�o�n� �w�a�s� �n�o�t�e�d� �i�n� �a�s�s�o�c�i�a�t�i�o�n� �w�i�t�h� �t�h�e� �n�e�c�r�o�t�i�c� 

�d�e�b�r�i�s� �(�F�i�g�.� �9� �a� �&� �b�)�.� �P�r�o�m�i�n�e�n�t� �e�x�t�r�a�c�e�l�l�u�l�a�r� �b�a�c�t�e�r�i�a�l� �c�o�l�o�n�i�e�s� �a�s� 

�w�e�l�l� �a�s� �o�c�c�a�s�i�o�n�a�l� �i�n�f�e�c�t�e�d� �T�G�C�s� �w�e�r�e� �p�r�e�s�e�n�t� �i�n� �t�h�i�s� �r�e�g�i�o�n�,� �w�h�i�c�h� 

�e�x�t�e�n�d�e�d� �f�r�o�m� �R�e�i�c�h�e�r�t�'�s� �m�e�m�b�r�a�n�e� �a�t� �t�h�e� �p�e�r�i�p�h�e�r�y� �o�f� �t�h�e� �d�i�s�k� �t�o� �t�h�e� 

�i�n�t�e�r�i�o�r�.� �T�h�r�o�u�g�h�o�u�t� �t�h�e� �n�e�c�r�o�t�i�c� �r�e�g�i�o�n�s�,� �A�B�C� �(�F�i�g�.� �1�0� �a�-�d�)� �a�n�d� �G�i�e�m�s�a� 

�s�t�a�i�n�s� �(�F�i�g�.� �1�1�)� �r�e�v�e�a�l�e�d� �m�a�s�s�i�v�e� �b�a�c�t�e�r�i�a�l� �c�o�l�o�n�i�z�a�t�i�o�n� �a�n�d� �p�h�a�g�o�c�y�t�o�s�i�s� 

�o�f� �b�r�u�c�e�l�l�a�e� �b�y� �n�e�u�t�r�o�p�h�i�l�s�.� �O�c�c�a�s�i�o�n�a�l�l�y�,� �t�h�e�r�e� �w�a�s� �a�l�s�o� �p�o�s�i�t�i�v�e
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�s�t�a�i�n�i�n�g� �o�f� �e�n�d�o�d�e�r�m� �c�e�l�l�s� �o�f� �t�h�e� �l�o�n�g� �f�r�o�n�d�s� �o�f� �t�h�e� �v�i�s�c�e�r�a�l� �y�o�l�k� �s�a�c� 

�a�d�j�a�c�e�n�t� �t�o� �t�h�e� �r�e�m�n�a�n�t�s� �o�f� �R�e�i�c�h�e�r�t�'�s� �m�e�m�b�r�a�n�e�.� 

�L�e�s�i�o�n�s� �n�o�t�e�d� �i�n� �d�a�y� �1�8� �p�l�a�c�e�n�t�a�s� �(�9� �d�a�y�s� �p�o�s�t�-�i�n�f�e�c�t�i�o�n�)� �f�r�o�m� �m�i�c�e� 

�r�e�c�e�i�v�i�n�g� �a�t� �l�e�a�s�t� �1�0�°�: �� �b�r�u�c�e�l�l�a�e� �w�e�r�e� �s�i�m�i�l�a�r� �t�o� �t�h�o�s�e� �n�o�t�e�d� �i�n� �d�a�y� �1�6� 

�p�l�a�c�e�n�t�a�s� �e�x�c�e�p�t� �f�o�r� �i�n�c�r�e�a�s�e�d� �t�o� �n�e�a�r� �t�o�t�a�l� �i�n�v�o�l�v�e�m�e�n�t� �o�f� �t�h�e� �s�p�o�n�-� 

�g�i�o�t�r�o�p�h�o�b�l�a�s�t� �z�o�n�e�,� �s�o�m�e� �e�x�t�e�n�s�i�o�n� �o�f� �i�n�f�e�c�t�i�o�n� �u�p� �i�n�t�o� �t�h�e� �d�e�c�i�d�u�a�l� 

�b�a�s�a�l�i�s� �a�n�d� �m�o�r�e� �e�x�t�e�n�s�i�v�e� �n�e�u�t�r�o�p�h�i�l�i�c� �i�n�f�l�a�m�m�a�t�i�o�n� �(�F�i�g�s�.� �3�a�,� �1�2� �a� �&� 

�b�,� �1�3�,� �2�4� �b�)�.� �A�B�C� �s�t�a�i�n�s� �r�e�v�e�a�l�e�d� �m�a�r�k�e�d� �i�n�v�o�l�v�e�m�e�n�t� �o�f� �t�h�e� �s�p�o�n�g�i�o�t�r�o�-� 

�p�h�o�b�l�a�s�t� �z�o�n�e� �(�F�i�g�.� �1�4� �a�-�d�)�,� �R�e�i�c�h�e�r�t�'�s� �m�e�m�b�r�a�n�e� �(�F�i�g�s�.� �1�5� �&� �1�6�a�)� �a�n�d� 

�t�h�e� �v�i�s�c�e�r�a�l� �y�o�l�k� �s�a�c� �e�n�d�o�d�e�r�m� �(�F�i�g�.� �1�6� �a� �&� �b�)�.� �T�h�e�r�e� �w�a�s� �a� �p�a�u�c�i�t�y� �o�f� 

�T�G�C�s� �i�n� �s�e�v�e�r�e�l�y� �a�f�f�e�c�t�e�d� �p�l�a�c�e�n�t�a�s�.� �I�n� �s�o�m�e� �p�l�a�c�e�n�t�a�s�,� �t�h�r�o�m�b�o�s�i�s� �o�f� 

�t�h�e� �u�t�e�r�i�n�e� �v�e�s�s�e�l�s� �i�n� �t�h�e� �j�u�n�c�t�i�o�n�a�l� �z�o�n�e� �r�e�s�u�l�t�e�d� �i�n� �i�n�f�a�r�c�t�i�o�n� �o�f� �t�h�e� 

�l�a�b�y�r�i�n�t�h� �z�o�n�e� �(�F�i�g�.� �1�7� �a� �&� �b�)�.� �F�e�t�u�s�e�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �s�u�c�h� �p�l�a�c�e�n�t�a�s� 

�w�e�r�e� �a�u�t�o�l�y�z�e�d� �(�F�i�g�.� �1�7�b�)�.� �E�x�c�e�p�t� �f�o�r� �o�c�c�a�s�i�o�n�a�l� �i�n�f�a�r�c�t�i�o�n� �h�o�w�e�v�e�r�,� 

�t�h�e� �l�a�b�y�r�i�n�t�h� �r�e�g�i�o�n� �o�f� �t�h�e� �p�l�a�c�e�n�t�a� �d�i�d� �n�o�t� �b�e�c�o�m�e� �i�n�v�o�l�v�e�d� �i�n� �t�h�e� 

�c�o�u�r�s�e� �o�f� �i�n�f�e�c�t�i�o�n�.� �V�i�a�b�l�e� �f�e�t�u�s�e�s� �a�p�p�e�a�r�e�d� �h�i�s�t�o�l�o�g�i�c�a�l�l�y� �n�o�r�m�a�l�.� 

�A� �d�o�s�e� �o�f� �1�0�°�°�7� �c�f�u� �o�f� �b�r�u�c�e�l�l�a�e� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �t�o� �b�e� �t�h�e� �m�i�n�i�m�u�m� 

�i�n�o�c�u�l�u�m� �u�s�e�d� �t�h�a�t� �p�r�o�d�u�c�e�d� �c�o�n�s�i�s�t�e�n�t�,� �s�e�v�e�r�e� �p�l�a�c�e�n�t�a�l� �l�e�s�i�o�n�s� �(�h�i�s�t�o�l�o�g�i�c� 

�s�c�o�r�e� �o�f� �2�.�0� �o�r� �g�r�e�a�t�e�r�,� �T�a�b�l�e� �1�)�.� �D�a�y� �1�8� �p�l�a�c�e�n�t�a�s� �f�r�o�m� �m�i�c�e� �i�n�o�c�u�l�a�t�e�d� 

�w�i�t�h� �1�0�4�-�7� �c�f�u� �o�f� �b�r�u�c�e�l�l�a�e� �h�a�d� �o�n�l�y� �o�c�c�a�s�i�o�n�a�l� �p�e�r�i�p�h�e�r�a�l� �o�r� �j�u�n�c�t�i�o�n�a�l� 

�i�n�f�l�a�m�m�a�t�i�o�n� �a�n�d� �w�e�r�e� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �v�i�a�b�l�e� �f�e�t�u�s�e�s� �(�T�a�b�l�e� �1�)�.� 

�T�h�e� �g�r�a�n�u�l�o�m�a�t�o�u�s� �i�n�f�l�a�m�m�a�t�i�o�n� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �b�r�u�c�e�l�l�o�s�i�s� �o�f� �n�o�n�-� 

�r�e�p�r�o�d�u�c�t�i�v�e� �t�r�a�c�t� �o�r�g�a�n�s� �h�a�s� �b�e�e�n� �w�e�l�l� �d�e�s�c�r�i�b�e�d� �(�Y�o�u�n�g� �e�t� �a�l�.�,� �1�9�7�9�;� �P�u�g�h� 

�e�t� �a�l�.�,� �1�9�8�9�;� �E�n�r�i�g�h�t� �e�t� �a�l�.�,� �1�9�9�0�a�)�.� �T�h�e�s�e� �t�y�p�i�c�a�l� �f�i�n�d�i�n�g�s� �w�e�r�e� �p�r�e�s�e�n�t� 

�i�n� �t�h�e� �l�i�v�e�r� �a�n�d� �s�p�l�e�e�n� �s�e�c�t�i�o�n�s� �o�f� �a�l�l� �i�n�f�e�c�t�e�d� �m�i�c�e�.� �A� �m�i�l�d� �d�e�g�r�e�e� �o�f� 

�h�e�p�a�t�i�c� �l�i�p�i�d�o�s�i�s� �w�a�s� �o�f�t�e�n� �p�r�e�s�e�n�t� �i�n� �t�h�e� �l�i�v�e�r�s� �o�f� �b�o�t�h� �i�n�f�e�c�t�e�d� �a�n�d� �n�o�n�-



�5�3� 

�i�n�f�e�c�t�e�d� �p�r�e�g�n�a�n�t� �m�i�c�e�.� �S�e�c�t�i�o�n�s� �o�f� �n�o�n�-�g�r�a�v�i�d� �u�t�e�r�i� �f�r�o�m� �i�n�f�e�c�t�e�d� �m�i�c�e� 

�a�n�d� �s�e�c�t�i�o�n�s� �o�f� �s�p�l�e�e�n�s� �a�n�d� �p�l�a�c�e�n�t�a�s� �f�r�o�m� �m�i�c�e� �r�e�c�e�i�v�i�n�g� �k�i�l�l�e�d� �B�.� 

�a�b�o�r�t�u�s� �o�r� �s�a�l�i�n�e� �w�e�r�e� �h�i�s�t�o�l�o�g�i�c�a�l�l�y� �n�o�r�m�a�l�.� 

�U�l�t�r�a�s�t�r�u�c�t�u�r�a�l� �e�x�a�m�i�n�a�t�i�o�n� �o�f� �s�e�l�e�c�t�e�d� �j�u�n�c�t�i�o�n�a�l� �z�o�n�e�s� �o�f� �d�a�y� �1�8� 

�p�l�a�c�e�n�t�a�s� �c�o�n�f�i�r�m�e�d� �t�h�e� �i�n�t�r�a�c�e�l�l�u�l�a�r� �i�n�f�e�c�t�i�o�n� �o�f� �t�r�o�p�h�o�b�l�a�s�t� �g�i�a�n�t� �c�e�l�l�s� 

�w�i�t�h� �B�.� �a�b�o�r�t�u�s� �(�F�i�g�.� �1�8� �a�-�d�)�.� �M�e�m�b�r�a�n�e� �b�o�u�n�d� �c�i�s�t�e�r�n�a�e� �l�i�n�e�d� �d�i�s�c�o�n�-� 

�t�i�n�u�o�u�s�l�y� �o�n� �t�h�e� �c�y�t�o�p�l�a�s�m�i�c� �s�i�d�e� �w�i�t�h� �r�i�b�o�s�o�m�e�s� �c�o�n�t�a�i�n�e�d� �n�u�m�e�r�o�u�s� 

�b�a�c�t�e�r�i�a� �w�h�i�c�h� �s�t�a�i�n�e�d� �p�o�s�i�t�i�v�e�l�y� �w�i�t�h� �i�m�m�u�n�o�g�o�l�d� �l�a�b�e�l�i�n�g� �f�o�r� �b�r�u�c�e�l�l�a�e� 

�(�F�i�g�.� �1�9�)�.� �T�h�e�s�e� �c�i�s�t�e�r�n�a�e� �w�e�r�e� �c�o�n�t�i�n�u�o�u�s� �w�i�t�h� �n�o�r�m�a�l� �r�o�u�g�h� �e�n�d�o�p�l�a�s�m�i�c� 

�r�e�t�i�c�u�l�u�m� �(�R�E�R�)� �a�n�d� �t�h�e� �p�e�r�i�n�u�c�l�e�a�r� �e�n�v�e�l�o�p�e�.� �I�n�f�e�c�t�e�d� �t�r�o�p�h�o�b�l�a�s�t� 

�c�e�l�l�s� �w�e�r�e� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �f�o�c�a�l� �a�r�e�a�s� �o�f� �p�l�a�c�e�n�t�a�l� �n�e�c�r�o�s�i�s� �h�e�a�v�i�l�y� 

�i�n�f�i�l�t�r�a�t�e�d� �b�y� �n�e�u�t�r�o�p�h�i�l�s�.� �I�n� �n�e�u�t�r�o�p�h�i�l�s� �b�r�u�c�e�]�l�a�e� �w�e�r�e� �p�r�e�s�e�n�t� 

�w�i�t�h�i�n� �p�h�a�g�o�s�o�m�e�s� �r�a�t�h�e�r� �t�h�a�n� �t�h�e� �c�i�s�t�e�r�n�a�e� �o�f� �t�h�e� �R�E�R� �(�F�i�g�.� �2�0�)�.� 

�E�x�t�r�a�c�e�l�l�u�l�a�r� �b�a�c�t�e�r�i�a� �w�e�r�e� �a�b�u�n�d�a�n�t� �w�i�t�h�i�n� �n�e�c�r�o�t�i�c� �f�o�c�i� �a�n�d� �i�n� �m�a�t�e�r�n�a�l� 

�v�a�s�c�u�l�a�r� �c�h�a�n�n�e�l�s� �(�F�i�g�s�.� �2�0� �&� �2�1�)�.� �O�c�c�a�s�i�o�n�a�l�l�y�,� �c�o�l�o�n�i�e�s� �o�f� �b�a�c�t�e�r�i�a� �w�e�r�e� 

�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �R�e�i�c�h�e�r�t�'�s� �m�e�m�b�r�a�n�e� �o�n� �t�h�e� �p�e�r�i�p�h�e�r�y� �o�f� �t�h�e� �p�l�a�c�e�n�t�a�l� 

�d�i�s�k� �(�F�i�g�.� �2�2�)�.� 

�C�u�l�t�u�r�e� �o�f� �i�n�f�e�c�t�e�d� �s�p�l�e�e�n�s� �c�o�n�s�i�s�t�e�n�t�l�y� �y�i�e�l�d�e�d� �m�o�d�e�r�a�t�e�l�y� �h�e�a�v�y� �g�r�o�w�t�h�s� 

�o�f� �B�.� �a�b�o�r�t�u�s�,� �t�h�e� �l�e�v�e�l�s� �o�f� �w�h�i�c�h� �w�e�r�e� �i�n�d�e�p�e�n�d�e�n�t� �o�f� �i�n�o�c�u�l�a�t�i�o�n� �d�o�s�e�s� 

�i�n� �t�h�e� �r�a�n�g�e� �t�e�s�t�e�d� �(�T�a�b�l�e� �1�)�.� �T�h�e�r�e� �w�a�s� �n�o� �s�t�a�t�i�s�t�i�c�a�l�l�y� �s�i�g�n�i�f�i�c�a�n�t� 

�d�i�f�f�e�r�e�n�c�e� �i�n� �t�h�e� �d�e�g�r�e�e� �o�f� �s�p�l�e�n�i�c� �i�n�f�e�c�t�i�o�n� �b�e�t�w�e�e�n� �p�r�e�g�n�a�n�t� �a�n�d� �n�o�n�-� 

�p�r�e�g�n�a�n�t� �m�i�c�e� �r�e�c�e�i�v�i�n�g� �1�0�°�: �� �s�t�r�a�i�n� �2�3�0�8� �o�r�g�a�n�i�s�m�s� �(�T�a�b�l�e� �3�)�.� �T�h�e� 

�l�e�v�e�l� �o�f� �p�l�a�c�e�n�t�a�l� �i�n�f�e�c�t�i�o�n� �a�n�d� �t�h�e� �f�r�e�q�u�e�n�c�y� �a�n�d� �s�e�v�e�r�i�t�y� �o�f� �p�l�a�c�e�n�t�a�l� 

�l�e�s�i�o�n�s� �i�n�c�r�e�a�s�e�d� �w�i�t�h� �d�o�s�e� �(�T�a�b�l�e� �1�)�.� �A�t� �a�l�l� �d�o�s�e�s� �t�e�s�t�e�d�,� �p�l�a�c�e�n�t�a�l� 

�i�n�f�e�c�t�i�o�n� �w�a�s� �a�p�p�r�o�x�i�m�a�t�e�l�y� �t�h�r�e�e� �l�o�g�s� �g�r�e�a�t�e�r� �p�e�r� �g�r�a�m� �o�f� �t�i�s�s�u�e� �t�h�a�n� 

�i�n� �s�p�l�e�e�n�s�.� �D�u�r�i�n�g� �t�h�e� �c�o�u�r�s�e� �o�f� �i�n�f�e�c�t�i�o�n� �t�h�e� �l�e�v�e�l� �o�f� �s�p�l�e�n�i�c� �c�o�l�o�n�i�z�a�t�i�o�n
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�r�e�m�a�i�n�e�d� �c�o�n�s�t�a�n�t� �i�n� �c�o�n�t�r�a�s�t� �t�o� �t�h�e� �p�l�a�c�e�n�t�a�l� �i�n�f�e�c�t�i�o�n� �w�h�i�c�h� �h�a�d� �i�n�c�r�e�a�s�e�d� 

�t�e�n�f�o�l�d� �a�s� �p�r�e�g�n�a�n�c�y� �p�r�o�g�r�e�s�s�e�d� �(�F�i�g�.� �2�3� �&� �T�a�b�l�e� �2�)�.� �C�u�l�t�u�r�e� �o�f� �n�o�n�-� 

�g�r�a�v�i�d� �u�t�e�r�i� �y�i�e�l�d�e�d� �m�a�r�k�e�d�l�y� �l�o�w�e�r� �n�u�m�b�e�r�s� �o�f� �B�.� �a�b�o�r�t�u�s� �o�r�g�a�n�i�s�m�s� �p�e�r� 

�g�r�a�m� �(�1�0�2�-�2�)� �a�s� �c�o�m�p�a�r�e�d� �t�o� �p�l�a�c�e�n�t�a�s� �(�1�0�2�-�6�)�,� �C�u�l�t�u�r�e� �o�f� �s�p�l�e�e�n�s� �a�n�d� 

�p�l�a�c�e�n�t�a�s� �f�r�o�m� �m�i�c�e� �r�e�c�e�i�v�i�n�g� �k�i�l�l�e�d� �B�.� �a�b�o�r�t�u�s� �w�e�r�e� �n�e�g�a�t�i�v�e�.� 

�C�i�r�c�u�l�a�t�i�n�g� �a�n�t�i�b�o�d�y� �t�i�t�e�r�s� �t�o� �B�.� �a�b�o�r�t�u�s�,� �a�s� �m�e�a�s�u�r�e�d� �b�y� �t�h�e� �S�t�a�n�d�a�r�d� 

�T�u�b�e� �A�g�g�l�u�t�i�n�a�t�i�o�n� �t�e�s�t�,� �w�e�r�e� �d�e�t�e�c�t�e�d� �o�n�l�y� �i�n� �m�i�c�e� �i�n�f�e�c�t�e�d� �w�i�t�h� �l�i�v�e� 

�b�r�u�c�e�l�l�a�e� �a�t� �n�i�n�e� �d�a�y�s� �p�o�s�t�-�i�n�f�e�c�t�i�o�n� �(�a�t� �a�l�l� �d�o�s�e�s� �t�e�s�t�e�d�)�.� �T�i�t�e�r�s� �o�f� 

�i�n�f�e�c�t�e�d� �p�r�e�g�n�a�n�t� �(�2�.�3�0�)� �a�n�d� �i�n�f�e�c�t�e�d� �n�o�n�-�p�r�e�g�n�a�n�t� �m�i�c�e� �(�2�.�2�5�)� �r�e�c�e�i�v�i�n�g� 

�1�0�°�:�7� �s�t�r�a�i�n� �2�3�0�8� �o�r�g�a�n�i�s�m�s� �w�e�r�e� �s�i�m�i�l�a�r�.� 

�D�I�S�C�U�S�S�I�O�N� 

�T�h�i�s� �w�o�r�k� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �t�h�e�r�e� �i�s� �p�r�e�f�e�r�e�n�t�i�a�l� �g�r�o�w�t�h� �o�f� �B�.� �a�b�o�r�t�u�s� 

�i�n� �t�h�e� �g�r�a�v�i�d� �u�t�e�r�u�s�,� �s�p�e�c�i�f�i�c�a�l�l�y� �w�i�t�h�i�n� �t�h�e� �r�o�u�g�h� �e�n�d�o�p�l�a�s�m�i�c� �r�e�t�i�c�u�l�u�m� 

�o�f� �t�h�e� �t�r�o�p�h�o�b�l�a�s�t� �c�e�l�l� �i�n� �t�h�e� �m�o�u�s�e�,� �c�o�n�f�i�r�m�i�n�g� �p�r�e�v�i�o�u�s� �w�o�r�k� �t�h�a�t� 

�i�n�d�i�c�a�t�e�d� �t�h�i�s� �w�a�s� �t�r�u�e� �i�n� �t�h�e� �c�o�w� �(�B�o�s�s�e�r�a�y�,� �1�9�8�0�;� �M�e�a�d�o�r� �a�n�d� �D�e�y�o�e�,� 

�1�9�8�9�)�.� �T�h�o�u�g�h� �f�a�c�t�o�r�s� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �t�h�i�s� �p�r�e�f�e�r�e�n�t�i�a�l� �g�r�o�w�t�h� �h�a�v�e� �n�o�t� 

�b�e�e�n� �d�e�t�e�r�m�i�n�e�d�,� �e�r�i�t�h�r�y�t�o�l�,� �a� �s�u�g�a�r� �a�l�c�o�h�o�l� �s�y�n�t�h�e�s�i�z�e�d� �i�n� �t�h�e� �u�n�g�u�l�a�t�e� 

�p�l�a�c�e�n�t�a� �a�n�d� �k�n�o�w�n� �t�o� �s�t�i�m�u�l�a�t�e� �t�h�e� �g�r�o�w�t�h� �o�f� �v�i�r�u�l�e�n�t� �s�t�r�a�i�n�s� �o�f� �B�.� 

�a�b�o�r�t�u�s�,� �h�a�s� �l�o�n�g� �b�e�e�n� �g�i�v�e�n� �c�r�e�d�i�t� �f�o�r� �t�h�e� �p�r�e�f�e�r�e�n�t�i�a�l� �l�o�c�a�l�i�z�a�t�i�o�n� �o�f� 

�t�h�i�s� �b�a�c�t�e�r�i�u�m� �w�i�t�h�i�n� �t�h�e� �p�l�a�c�e�n�t�a� �o�f� �r�u�m�i�n�a�n�t�s� �(�S�m�i�t�h� �e�t� �a�l�.�,� �1�9�6�2�;� 

�K�e�p�p�i�e� �e�t� �a�l�.�,� �1�9�6�5�)�.� �H�o�w�e�v�e�r� �B�.� �a�b�o�r�t�u�s� �s�t�r�a�i�n� �1�9�,� �t�h�e� �c�u�r�r�e�n�t� �v�a�c�c�i�n�e� 

�s�t�r�a�i�n� �a�n�d� �B�.� �o�v�i�s�,� �a� �c�l�o�s�e�l�y� �r�e�l�a�t�e�d� �p�a�t�h�o�g�e�n�,� �d�o� �n�o�t� �m�e�t�a�b�o�l�i�z�e� �t�h�i�s� 

�c�o�m�p�o�u�n�d� �(�a�n�d� �a�r�e� �i�n� �f�a�c�t� �i�n�h�i�b�i�t�e�d� �b�y� �i�t�)�,� �b�u�t� �s�t�i�l�l� �l�o�c�a�l�i�z�e� �a�n�d� �g�r�o�w� 

�p�r�e�f�e�r�e�n�t�i�a�l�l�y� �i�n� �t�h�e� �r�u�m�i�n�a�n�t� �p�l�a�c�e�n�t�a� �(�K�e�p�p�i�e� �e�t� �a�l�.�,� �1�9�6�5�)�.� �A�l�t�h�o�u�g�h� 

�l�o�w� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �e�r�y�t�h�r�i�t�o�l� �a�r�e� �f�o�u�n�d� �i�n� �t�h�e� �p�l�a�c�e�n�t�a�s� �o�f� �r�o�d�e�n�t�s
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�(�S�m�i�t�h� �e�t� �a�l�.�,� �1�9�6�2�)�,� �B�.� �a�b�o�r�t�u�s� �w�i�l�l� �l�o�c�a�l�i�z�e� �a�n�d� �p�r�o�l�i�f�e�r�a�t�e� �p�r�e�f�e�r�e�n�t�i�a�l�l�y� 

�i�n� �t�h�e� �p�l�a�c�e�n�t�a�s� �o�f� �r�a�t�s� �a�n�d� �m�i�c�e� �a�s� �d�e�s�c�r�i�b�e�d� �b�y� �o�t�h�e�r�s� �(�P�a�y�n�e�,� �1�9�5�7�;� 

�B�o�s�s�e�r�a�y�,� �1�9�8�0�,� �1�9�8�3�a�)� �a�n�d� �c�o�r�r�a�b�o�r�a�t�e�d� �i�n� �t�h�i�s� �s�t�u�d�y�.� �T�h�e�r�e�f�o�r�e� �i�t� 

�s�e�e�m�s� �u�n�l�i�k�e�l�y� �t�h�a�t� �a� �s�i�n�g�l�e� �g�r�o�w�t�h� �f�a�c�t�o�r� �i�s� �t�h�e� �c�a�u�s�e� �o�f� �p�l�a�c�e�n�t�a�l� 

�l�o�c�a�l�i�z�a�t�i�o�n� �o�f� �B�r�u�c�e�l�l�a� �s�p�e�c�i�e�s� �i�n� �b�o�t�h� �t�h�e� �b�o�v�i�n�e� �a�n�d� �m�u�r�i�n�e� �s�p�e�c�i�e�s�.� 

�T�h�e� �i�n�t�e�r�a�c�t�i�o�n�s� �t�h�a�t� �r�e�s�u�l�t� �i�n� �B�r�u�c�e�l�l�a�-�i�n�d�u�c�e�d� �a�b�o�r�t�i�o�n� �a�r�e� �c�o�m�p�l�e�x� 

�a�n�d� �p�o�o�r�l�y� �u�n�d�e�r�s�t�o�o�d�.� �F�u�n�c�t�i�o�n�a�l� �i�n�s�u�f�f�i�c�i�e�n�c�y� �o�f� �t�h�e� �p�l�a�c�e�n�t�a� �r�e�s�u�l�t�i�n�g� 

�f�r�o�m� �c�h�o�r�i�o�a�l�l�a�n�t�o�i�c� �n�e�c�r�o�s�i�s� �a�n�d� �v�a�s�c�u�l�i�t�i�s� �h�a�v�e� �b�e�e�n� �s�u�g�g�e�s�t�e�d� �a�s� �a� 

�c�a�u�s�e� �o�f� �f�e�t�a�l� �d�e�a�t�h� �i�n� �t�h�e� �r�u�m�i�n�a�n�t� �i�n�f�e�c�t�e�d� �w�i�t�h� �B�.� �a�b�o�r�t�u�s� �(�P�a�y�n�e�,� 

�1�9�5�9�)�.� �P�l�a�c�e�n�t�a�l� �v�a�s�c�u�l�i�t�i�s� �a�s� �w�e�l�l� �a�s� �c�h�o�r�i�o�a�l�l�a�n�t�o�i�c� �n�e�c�r�o�s�i�s� �w�a�s� �a� 

�p�r�o�m�i�n�e�n�t� �f�e�a�t�u�r�e� �i�n� �t�h�e� �g�o�a�t� �m�o�d�e�l� �o�f� �b�r�u�c�e�l�l�o�s�i�s� �(�A�n�d�e�r�s�o�n� �e�t� �a�l�.�,� 

�1�9�8�6�b�)�.� �I�n� �t�h�i�s� �s�t�u�d�y� �i�m�p�a�i�r�m�e�n�t� �o�f� �f�e�t�a�l� �c�i�r�c�u�l�a�t�i�o�n� �m�a�y� �h�a�v�e� �o�c�c�u�r�r�e�d� 

�a�s� �a� �d�i�r�e�c�t� �r�e�s�u�l�t� �o�f� �p�l�a�c�e�n�t�a�l� �v�a�s�c�u�l�a�r� �d�a�m�a�g�e� �a�n�d� �i�n�f�l�a�m�m�a�t�i�o�n� �o�r� �m�a�y� 

�h�a�v�e� �b�e�e�n� �d�u�e� �t�o� �t�h�e� �e�f�f�e�c�t� �o�f� �B�r�u�c�e�l�l�a� �e�n�d�o�t�o�x�i�n� �s�i�n�c�e� �e�n�d�o�t�o�x�i�n� �f�r�o�m� 

�o�t�h�e�r� �G�r�a�m�-�n�e�g�a�t�i�v�e� �b�a�c�t�e�r�i�a� �i�s� �k�n�o�w�n� �t�o� �i�n�d�u�c�e� �a�l�t�e�r�a�t�i�o�n�s� �i�n� �e�n�d�o�t�h�e�l�i�a�l� 

�f�u�n�c�t�i�o�n� �a�n�d� �c�o�a�g�u�l�a�t�i�o�n� �(�S�t�e�r�n� �e�t� �a�l�.�,� �1�9�8�8�;� �S�c�h�l�e�s�s�i�n�g�e�r� �a�n�d� �S�c�h�a�e�c�h�t�e�r�,� 

�1�9�8�9�)�.� �B�r�u�c�e�l�l�a� �l�i�p�o�p�o�l�y�s�a�c�c�h�a�r�i�d�e� �h�a�s� �i�n�d�u�c�e�d� �a�b�o�r�t�i�o�n� �i�n� �a� �v�a�r�i�e�t�y� �o�f� 

�s�p�e�c�i�e�s�,� �i�n�c�l�u�d�i�n�g� �c�a�t�t�l�e� �(�P�e�n�n�e�l� �a�n�d� �H�u�d�d�l�e�s�o�n�,� �1�9�3�7�)� �a�n�d� �m�i�c�e� �(�M�o�r�e�n�o� 

�e�t� �a�l�.�,� �1�9�8�1�)�.� �F�e�t�a�l� �i�n�f�e�c�t�i�o�n� �a�n�d� �r�e�s�u�l�t�a�n�t� �f�e�t�a�l� �s�t�r�e�s�s�-�i�n�d�u�c�e�d� 

�m�a�t�e�r�n�a�l� �h�o�r�m�o�n�a�l� �c�h�a�n�g�e�s� �h�a�v�e� �a�l�s�o� �b�e�e�n� �s�u�g�g�e�s�t�e�d� �a�s� �a� �c�a�u�s�e� �o�f� �a�b�o�r�t�i�o�n� 

�(�K�e�n�n�e�d�y�,� �1�9�7�1�;� �E�n�r�i�g�h�t� �e�t� �a�l�.�,� �1�9�8�4�;� �E�n�r�i�g�h�t�,� �1�9�9�0�)�.� �T�h�e� �m�a�j�o�r�i�t�y� �o�f� 

�a�b�o�r�t�e�d� �b�o�v�i�n�e� �f�e�t�u�s�e�s� �a�r�e� �i�n�f�e�c�t�e�d� �a�n�d� �h�a�v�e� �a� �v�a�r�i�e�t�y� �o�f� �g�r�o�s�s� �a�n�d� 

�h�i�s�t�o�l�o�g�i�c�a�l� �l�e�s�i�o�n�s� �(�E�n�r�i�g�h�t� �e�t� �a�l�.�,� �1�9�8�4�;� �J�u�b�b� �e�t� �a�l�.�,� �1�9�8�5�;� �T�h�o�e�n� �a�n�d� 

�E�n�r�i�g�h�t�,� �1�9�8�6�)�.� 

�T�h�e� �e�x�t�e�n�t� �a�n�d� �s�e�v�e�r�i�t�y� �o�f� �p�l�a�c�e�n�t�i�t�i�s� �c�a�u�s�e�d� �b�y� �B�.� �a�b�o�r�t�u�s� �i�n� �b�o�t�h� �t�h�e� 

�r�u�m�i�n�a�n�t� �a�n�d� �i�n� �e�x�p�e�r�i�m�e�n�t�a�l�]� �m�u�r�i�n�e� �b�r�u�c�e�l�l�o�s�i�s� �i�s� �h�i�g�h�l�y� �v�a�r�i�a�b�l�e� �(�P�a�y�n�e�,



�5�6� 

�1�9�5�9�;� �A�n�d�e�r�s�o�n� �e�t� �a�l�.�,� �1�9�8�6�b�;� �E�n�r�i�g�h�t�,� �1�9�9�0�)�.� �B�r�u�c�e�l�l�a� �i�n�f�e�c�t�i�o�n� �i�n� 

�r�u�m�i�n�a�n�t�s� �o�f�t�e�n� �r�e�s�u�l�t�s� �i�n� �e�x�t�e�n�s�i�v�e�,� �w�i�d�e�s�p�r�e�a�d� �d�a�m�a�g�e� �t�o� �p�l�a�c�e�n�t�a�l� 

�t�i�s�s�u�e�s� �b�u�t� �a�b�o�r�t�i�o�n� �m�a�y� �a�l�s�o� �o�c�c�u�r� �w�h�e�r�e� �o�n�l�y� �m�i�n�i�m�a�l�,� �f�o�c�a�l� �p�l�a�c�e�n�t�a�l� 

�i�n�f�l�a�m�m�a�t�i�o�n� �a�n�d� �d�a�m�a�g�e� �i�s� �n�o�t�e�d� �(�E�n�r�i�g�h�t�,� �1�9�9�0�)�.� �I�t� �i�s� �t�h�e�r�e�f�o�r�e� 

�u�n�l�i�k�e�l�y� �t�h�a�t� �p�l�a�c�e�n�t�a�l� �d�a�m�a�g�e� �a�l�o�n�e� �i�s� �t�h�e� �s�o�l�e� �c�a�u�s�e� �o�f� �a�b�o�r�t�i�o�n� �i�n� 

�t�h�e� �r�u�m�i�n�a�n�t�.� �W�e� �f�o�u�n�d� �t�h�a�t� �i�n� �t�h�e� �m�o�u�s�e� �m�o�d�e�l� �h�o�w�e�v�e�r�,� �d�e�a�d� �f�e�t�u�s�e�s� 

�w�e�r�e� �a�l�w�a�y�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �e�x�t�e�n�s�i�v�e� �p�l�a�c�e�n�t�a�l� �d�a�m�a�g�e�,� �s�u�g�g�e�s�t�i�n�g� �t�h�a�t� 

�p�l�a�c�e�n�t�a�l� �i�n�s�u�f�f�i�c�i�e�n�c�y� �w�a�s� �a�n� �i�m�p�o�r�t�a�n�t� �c�a�u�s�e� �o�f� �f�e�t�a�]� �d�e�a�t�h� �i�n� �t�h�i�s� 

�s�p�e�c�i�e�s�.� �A�u�t�o�l�y�z�e�d� �f�e�t�u�s�e�s� �w�e�r�e� �m�o�s�t� �o�f�t�e�n� �p�a�i�r�e�d� �w�i�t�h� �e�x�t�e�n�s�i�v�e� �n�e�c�r�o�s�i�s� 

�o�f� �b�o�t�h� �t�h�e� �s�p�o�n�g�i�o�t�r�o�p�h�o�b�l�a�s�t� �a�n�d� �l�a�b�y�r�i�n�t�h�,� �i�n�t�e�r�p�r�e�t�e�d� �a�s� �p�l�a�c�e�n�t�a�l� 

�i�n�f�a�r�c�t�i�o�n� �a�s� �a� �r�e�s�u�l�t� �o�f� �t�h�r�o�m�b�u�s� �f�o�r�m�a�t�i�o�n�.� �O�c�c�a�s�i�o�n�a�l�l�y�,� �t�h�r�o�m�b�i� 

�w�e�r�e� �o�b�s�e�r�v�e�d� �w�i�t�h�i�n� �t�h�e� �u�t�e�r�i�n�e� �s�p�i�r�a�l� �a�r�t�e�r�y� �a�n�d� �m�a�t�e�r�n�a�l� �s�i�n�u�s�e�s� �o�f� 

�t�h�e� �d�e�c�i�d�u�a� �b�a�s�a�l�i�s� �a�n�d� �s�p�o�n�g�i�o�t�r�o�p�h�o�b�l�a�s�t�.� �L�a�r�g�e� �b�a�c�t�e�r�i�a�l� �c�o�l�o�n�i�e�s� 

�w�e�r�e� �f�r�e�q�u�e�n�t�l�y� �o�b�s�e�r�v�e�d� �i�n� �c�l�o�s�e� �p�r�o�x�i�m�i�t�y� �t�o� �t�h�e�s�e� �v�a�s�c�u�l�a�r� �c�h�a�n�n�e�l�s�,� 

�s�u�g�g�e�s�t�i�n�g� �a� �r�o�l�e� �f�o�r� �e�n�d�o�t�o�x�i�n� �i�n�d�u�c�e�d� �e�n�d�o�t�h�e�l�i�a�l� �d�a�m�a�g�e�,� �p�l�a�t�e�l�e�t� 

�a�c�t�i�v�a�t�i�o�n� �a�n�d� �r�e�s�u�l�t�a�n�t� �t�h�r�o�m�b�u�s� �f�o�r�m�a�t�i�o�n� �i�n� �t�h�e� �p�a�t�h�o�g�e�n�e�s�i�s� �o�f� �t�h�i�s� 

�l�e�s�i�o�n�.� �T�r�a�n�s�p�l�a�c�e�n�t�a�l� �i�n�f�e�c�t�i�o�n� �i�s� �k�n�o�w�n� �t�o� �o�c�c�u�r� �f�r�e�q�u�e�n�t�l�y� �i�n� �h�e�a�v�i�l�y� 

�c�o�l�o�n�i�z�e�d� �p�l�a�c�e�n�t�a�s� �o�f� �t�h�e� �m�o�u�s�e� �b�u�t� �t�h�e� �l�e�v�e�l� �o�f� �f�e�t�a�l� �i�n�f�e�c�t�i�o�n� �i�s� �l�o�w� 

�(�B�o�s�s�e�r�a�y�,� �1�9�8�2�)� �a�n�d� �f�e�t�a�l� �m�i�c�r�o�s�c�o�p�i�c� �l�e�s�i�o�n�s� �w�e�r�e� �n�o�t� �a�p�p�a�r�e�n�t�,� �s�u�g�g�e�s�t�i�n�g� 

�t�h�a�t� �p�l�a�c�e�n�t�a�l� �d�a�m�a�g�e� �r�a�t�h�e�r� �t�h�a�n� �f�e�t�a�l� �i�n�f�e�c�t�i�o�n� �w�i�t�h� �B�.� �a�b�o�r�t�u�s� �w�a�s� �m�o�r�e� 

�i�m�p�o�r�t�a�n�t� �i�n� �d�e�t�e�r�m�i�n�i�n�g� �f�e�t�a�l� �d�e�a�t�h� �i�n� �t�h�e� �p�r�e�g�n�a�n�t� �m�o�u�s�e�.� �I�n� �t�h�i�s� �s�t�u�d�y� 

�a�b�o�r�t�i�o�n� �d�i�d� �n�o�t� �o�c�c�u�r� �i�n� �t�h�e� �m�o�u�s�e�,� �p�e�r�h�a�p�s� �d�u�e� �t�o� �t�h�e� �s�h�o�r�t� �d�u�r�a�t�i�o�n� �o�f� 

�i�n�f�e�c�t�i�o�n� �o�r� �b�e�c�a�u�s�e� �p�l�a�c�e�n�t�a�s� �i�n� �a� �u�t�e�r�u�s� �w�e�r�e� �n�o�t� �u�n�i�f�o�r�m�a�l�l�y� �a�f�f�e�c�t�e�d� 

�l�e�a�v�i�n�g� �s�o�m�e� �v�i�a�b�l�e� �f�e�t�u�s�e�s� �i�n� �e�a�c�h� �l�i�t�t�e�r� �t�o� �s�u�p�p�o�r�t� �t�h�e� �p�r�e�g�n�a�n�c�y� �a�n�d� 

�p�r�e�v�e�n�t� �a�b�o�r�t�i�o�n� �o�f� �m�o�r�e� �s�e�v�e�r�e�l�y� �a�f�f�e�c�t�e�d� �o�n�e�s�.
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�M�i�c�e� �t�h�a�t� �r�e�c�e�i�v�e�d� �k�i�l�l�e�d� �B�.� �a�b�o�r�t�u�s� �d�i�d� �n�o�t� �s�u�f�f�e�r� �p�l�a�c�e�n�t�a�l� �d�a�m�a�g�e�.� 

�T�h�i�s� �s�u�g�g�e�s�t�s� �t�h�a�t� �l�o�c�a�l� �b�a�c�t�e�r�i�a�l� �r�e�p�l�i�c�a�t�i�o�n� �i�s� �n�e�c�e�s�s�a�r�y� �t�o� �i�n�d�u�c�e� �t�h�e� 

�p�l�a�c�e�n�t�a�l� �l�e�s�i�o�n�s� �n�o�t�e�d� �i�n� �t�h�i�s� �s�t�u�d�y�.� �T�h�e� �c�o�n�s�e�q�u�e�n�t� �b�u�i�l�d�-�u�p� �o�f� �e�n�d�o�t�o�x�i�n� 

�m�a�y� �o�r� �m�a�y� �n�o�t� �p�l�a�y� �a� �r�o�l�e� �i�n� �t�h�e� �p�a�t�h�o�g�e�n�e�s�i�s� �o�f� �t�h�e� �l�e�s�i�o�n�s�.� 

�I�n� �b�o�t�h� �t�h�e� �r�u�m�i�n�a�n�t� �a�n�d� �t�h�e� �r�o�d�e�n�t� �p�l�a�c�e�n�t�a�,� �s�e�l�e�c�t�e�d� �p�o�p�u�l�a�t�i�o�n�s� �o�f� 

�t�r�o�p�h�o�b�l�a�s�t� �c�e�l�l�s� �a�r�e� �a�c�t�i�v�e�l�y� �p�h�a�g�o�c�y�t�i�c� �d�u�r�i�n�g� �g�e�s�t�a�t�i�o�n� �(�W�i�m�s�a�t�t�,� 

�1�9�5�0�;� �P�a�r�k�s�,� �1�9�5�2�;� �M�o�s�k�a�l�e�w�s�k�i� �e�t� �a�l�.�,� �1�9�7�4�;� �M�y�a�g�k�a�y�a� �a�n�d� �V�r�e�e�l�i�n�g�-� 

�S�i�n�d�e�l�a�r�o�v�a�,� �1�9�7�6�;� �J�o�l�l�i�e�,� �1�9�8�1�)�.� �I�n�r�u�m�i�n�a�n�t�s�,� �e�r�y�t�h�o�p�h�a�g�o�c�y�t�i�c� �t�r�o�p�h�o�b�l�a�s�t� 

�c�e�l�l�s� �a�r�e� �i�n�f�e�c�t�e�d� �e�a�r�l�y� �i�n� �t�h�e� �c�o�u�r�s�e� �o�f� �B�r�u�c�e�l�l�a� �i�n�f�e�c�t�i�o�n� �(�M�o�l�e�l�l�o� �e�t� 

�a�l�.�,� �1�9�6�3�a�,� �1�9�6�3�b�,� �A�n�d�e�r�s�o�n� �e�t� �a�l�.�,� �1�9�8�6�b�,� �M�e�a�d�o�r� �a�n�d� �D�e�y�o�e�,� �1�9�8�9�)�.� �I�n� 

�t�h�e� �m�o�u�s�e� �t�h�e� �t�r�o�p�h�o�b�l�a�s�t� �g�i�a�n�t� �c�e�l�l� �(�T�G�C�)�,� �k�n�o�w�n� �t�o� �b�e� �a�c�t�i�v�e�l�y� �p�h�a�g�o�c�y�t�i�c� 

�f�o�r� �a� �s�i�g�n�i�f�i�c�a�n�t� �p�o�r�t�i�o�n� �o�f� �g�e�s�t�a�t�i�o�n� �i�n� �t�h�e� �r�o�d�e�n�t� �(�J�o�l�l�i�e�,� �1�9�6�5�,� 

�1�9�8�1�)� �w�a�s� �m�o�s�t� �s�u�s�c�e�p�t�i�b�l�e� �t�o� �B�r�u�c�e�l�l�a� �i�n�f�e�c�t�i�o�n�.� �T�h�e� �t�r�o�p�h�o�b�l�a�s�t� �c�e�l�l�s� 

�i�n� �b�o�t�h� �s�p�e�c�i�e�s� �a�r�e� �e�x�t�r�e�m�e�l�y� �a�c�t�i�v�e� �p�h�y�s�i�o�l�o�g�i�c�a�l�l�y� �a�n�d� �s�y�n�t�h�e�s�i�z�e� �a� �w�i�d�e� 

�v�a�r�i�e�t�y� �o�f� �f�a�c�t�o�r�s�,� �i�n�c�l�u�d�i�n�g� �p�r�o�g�e�s�t�e�r�o�n�e� �(�A�l�l�e�n�,� �1�9�7�5�;� �H�e�a�p� �e�t� �a�l�.�,� 

�1�9�8�3�;� �S�h�e�r�m�a�n�,� �1�9�8�3�)� �w�h�i�c�h� �i�s� �k�n�o�w�n� �t�o� �s�t�i�m�u�l�a�t�e� �B�r�u�c�e�l�l�a� �g�r�o�w�t�h� �i�n� 

�v�i�t�r�o� �(�M�i�s�r�a� �e�t� �a�l�.�,� �1�9�7�6�)�.� �I�n� �t�h�i�s� �s�t�u�d�y�,� �t�h�e� �T�G�C�s� �a�r�o�u�n�d� �t�h�e� �e�n�t�i�r�e� 

�p�e�r�i�p�h�e�r�y� �o�f� �t�h�e� �m�o�u�s�e� �p�l�a�c�e�n�t�a� �w�e�r�e� �e�a�r�l�y� �s�i�t�e�s� �o�f� �b�a�c�t�e�r�i�a�l� �l�o�c�a�l�i�z�a�t�i�o�n� 

�a�n�d� �r�e�p�l�i�c�a�t�i�o�n�,� �p�e�r�h�a�p�s� �d�u�e� �t�o� �t�h�e� �p�h�o�g�o�c�y�t�i�c� �c�a�p�a�b�i�l�i�t�i�e�s� �o�f� �t�h�i�s� �c�e�l�l� 

�p�o�p�u�l�a�t�i�o�n�.� �P�h�y�s�i�o�l�o�g�i�c� �d�e�g�e�n�e�r�a�t�i�o�n� �o�f� �t�h�e� �d�e�c�i�d�u�a� �c�a�p�s�u�l�a�r�i�s� �a�n�d� 

�p�a�r�i�e�t�a�l�i�s� �a�n�d� �a�s�s�o�c�i�a�t�e�d� �T�G�C�s� �r�e�s�u�l�t�e�d� �i�n� �t�h�e� �l�o�c�a�l�i�z�a�t�i�o�n� �o�f� �t�h�e� 

�i�n�f�e�c�t�i�o�n� �t�o� �t�h�e� �r�e�m�a�i�n�i�n�g� �T�G�C�s� �i�n� �t�h�e� �j�u�n�c�t�i�o�n�a�l� �z�o�n�e� �o�f� �t�h�e� �p�l�a�c�e�n�t�a�l� 

�d�i�s�k�.� �T�h�e� �l�y�s�i�s� �o�f� �i�n�f�e�c�t�e�d� �T�G�C�s� �r�e�s�u�l�t�e�d� �i�n� �t�h�e� �r�e�l�e�a�s�e� �o�f� �m�a�s�s�i�v�e� 

�n�u�m�b�e�r�s� �o�f� �b�r�u�c�e�l�l�a�e� �i�n�t�o� �t�h�e� �p�l�a�c�e�n�t�a� �a�n�d� �l�a�t�e�r�,� �t�h�e� �u�t�e�r�i�n�e� �l�u�m�e�n� �a�s� 

�i�t� �r�e�f�o�r�m�e�d� �b�e�l�o�w� �t�h�e� �f�e�t�u�s�.� �T�h�i�s� �s�h�e�d�d�i�n�g� �o�f� �b�a�c�t�e�r�i�a� �i�n�t�o� �t�h�e� �l�o�c�a�l� 

�e�n�v�i�r�o�n�m�e�n�t� �w�i�t�h� �c�o�n�c�o�m�i�t�a�n�t� �r�e�p�l�i�c�a�t�i�o�n� �l�i�k�e�l�y� �r�e�s�u�l�t�e�d� �i�n� �t�h�e� �s�p�r�e�a�d
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�o�f� �i�n�f�e�c�t�i�o�n� �t�o� �o�t�h�e�r� �t�r�o�p�h�o�b�l�a�s�t� �c�e�l�l�s�,� �t�h�e� �f�e�t�u�s� �a�n�d� �e�v�e�n�t�u�a�l�l�y� �t�o� �t�h�e� 

�y�o�l�k� �s�a�c� �e�n�d�o�d�e�r�m� �c�e�l�l�s�.� 

�A�s� �i�n� �a�v�i�a�n� �p�l�a�c�e�n�t�a�t�i�o�n�,� �t�h�e� �y�o�l�k� �s�a�c� �p�l�a�c�e�n�t�a� �i�s� �a�n� �i�m�p�o�r�t�a�n�t� �c�o�m�p�o�n�e�n�t� 

�o�f� �t�h�e� �m�u�r�i�n�e� �p�l�a�c�e�n�t�a�.� �T�h�e� �r�o�d�e�n�t� �y�o�l�k� �s�a�c� �i�s� �a�c�t�i�v�e� �i�n� �t�h�e� �u�p�t�a�k�e� �a�n�d� 

�t�r�a�n�s�p�o�r�t� �o�f� �a� �v�a�r�i�e�t�y� �o�f� �m�a�c�r�o�m�o�l�e�c�u�l�e�s� �s�u�c�h� �a�s� �m�a�t�e�r�n�a�l� �a�n�t�i�b�o�d�i�e�s�,� �B� 

�v�i�t�a�m�i�n�s� �a�n�d� �i�r�o�n� �t�o� �t�h�e� �f�e�t�u�s� �(�P�a�d�y�k�u�l�a� �e�t� �a�l�.�,� �1�9�6�6�;� �L�a�m�b�s�o�n�,� �1�9�6�8�;� 

�B�e�a�u�d�i�n�,� �1�9�8�0�)�.� �I�n� �t�h�e� �c�h�i�c�k�e�n� �e�m�b�r�y�o� �i�n�f�e�c�t�e�d� �w�i�t�h� �B�.� �a�b�o�r�t�u�s�,� �i�n�t�r�a�-� 

�c�e�l�l�u�l�a�r� �r�e�p�l�i�c�a�t�i�o�n� �o�f� �t�h�e� �b�a�c�t�e�r�i�a� �c�l�o�s�e�l�y� �r�e�s�e�m�b�l�e�s� �t�h�a�t� �i�n� �e�x�p�e�r�i�m�e�n�t�a�l� 

�i�n�f�e�c�t�i�o�n� �o�f� �t�h�e� �r�u�m�i�n�a�n�t� �t�r�o�p�h�o�b�l�a�s�t� �c�e�l�l�s� �a�n�d� �o�c�c�u�r�s� �w�i�t�h�i�n� �t�h�e� �R�E�R� �o�f� 

�t�h�e� �y�o�l�k� �s�a�c� �e�n�d�o�d�e�r�m� �c�e�l�l�s� �(�D�e�t�i�l�l�e�u�x� �e�t� �a�l�.�,� �1�9�8�8�)�.� �T�h�e� �m�o�r�p�h�o�l�o�g�i�c� 

�a�p�p�e�a�r�a�n�c�e� �o�f� �t�h�e� �f�r�e�e� �s�u�r�f�a�c�e� �o�f� �t�h�e� �y�o�l�k� �e�n�d�o�d�e�r�m� �c�e�l�l�s� �o�f� �t�h�e� �r�o�d�e�n�t� 

�s�u�g�g�e�s�t� �m�o�t�i�l�i�t�y� �a�n�d� �i�t� �i�s� �l�i�k�e�l�y� �t�h�a�t� �t�h�e� �l�o�n�g� �m�i�c�r�o�v�i�l�l�i� �p�r�e�s�e�n�t� 

�a�s�s�i�s�t� �i�n� �t�h�e� �a�c�t�i�v�e� �u�p�t�a�k�e� �o�f� �m�a�t�e�r�i�a�l� �(�P�a�d�y�k�u�l�a� �e�t� �a�l�.�,� �1�9�6�6�)� �a�n�d� 

�p�e�r�h�a�p�s� �a�r�e� �s�i�t�e�s� �o�f� �a�t�t�a�c�h�m�e�n�t� �a�n�d� �e�n�t�r�y� �o�f� �b�r�u�c�e�l�l�a�e�.� �I�n� �m�i�d�g�e�s�t�a�t�i�o�n�,� 

�w�i�t�h� �t�h�e� �d�e�g�e�n�e�r�a�t�i�o�n� �o�f� �t�h�e� �p�a�r�i�e�t�a�l� �w�a�l�l� �o�f� �t�h�e� �y�o�l�k� �s�a�c�,� �t�h�e� �v�i�s�c�e�r�a�l� 

�e�n�d�o�d�e�r�m� �i�s� �d�i�r�e�c�t�l�y� �e�x�p�o�s�e�d� �t�o� �t�h�e� �c�o�n�t�e�n�t�s� �o�f� �t�h�e� �u�t�e�r�i�n�e� �c�a�v�i�t�y� 

�(�T�h�e�i�l�e�r�,� �1�9�7�2�,� �1�9�8�3�)�,� �a�n�d� �t�h�u�s� �m�a�y� �h�a�v�e� �b�e�e�n� �i�n�f�e�c�t�e�d� �i�n� �t�h�i�s� �s�t�u�d�y� �t�h�r�o�u�g�h� 

�d�i�r�e�c�t� �c�o�n�t�a�c�t� �w�i�t�h� �u�t�e�r�i�n�e� �f�l�u�i�d�s� �o�r� �v�i�a� �t�h�e� �b�l�o�o�d� �s�t�r�e�a�m� �d�u�r�i�n�g� �b�a�c�t�e�r�e�m�i�a�,� 

�t�h�i�s� �b�e�i�n�g� �a� �h�i�g�h�l�y� �v�a�s�c�u�l�a�r� �m�e�m�b�r�a�n�e�.� 

�T�h�e� �n�a�t�u�r�e�,� �c�o�u�r�s�e� �a�n�d� �e�x�t�e�n�t� �o�f� �t�h�e� �i�n�f�l�a�m�m�a�t�o�r�y� �r�e�a�c�t�i�o�n� �o�f� �m�u�r�i�n�e� 

�b�r�u�c�e�l�l�o�s�i�s� �i�n� �t�h�i�s� �s�t�u�d�y� �r�e�s�e�m�b�l�e�s� �t�h�e� �i�n�f�e�c�t�i�o�n� �o�f� �t�h�e� �p�r�e�g�n�a�n�t� �m�o�u�s�e� 

�w�i�t�h� �L�i�s�t�e�r�i�a� �m�o�n�o�c�y�t�o�g�e�n�e�s� �(�R�e�d�l�i�n�e� �a�n�d� �L�u�,� �1�9�8�7�)�.� �I�n�t�h�e� �n�o�n�-�r�e�p�r�o�d�u�c�t�i�v�e� 

�o�r�g�a�n�s� �o�f� �t�h�e� �m�o�u�s�e�,� �b�o�t�h� �b�a�c�t�e�r�i�a� �e�l�i�c�i�t� �a� �p�r�e�d�o�m�i�n�a�n�t�l�y� �g�r�a�n�u�l�o�m�a�t�o�u�s� 

�r�e�a�c�t�i�o�n�,� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �m�u�l�t�i�f�o�c�a�l� �m�i�c�r�o�a�g�g�r�e�g�a�t�e�s� �o�f� �m�o�n�o�n�u�c�l�e�a�r� �c�e�l�l�s� 

�p�r�e�d�o�m�i�n�a�n�t�l�y� �o�c�c�u�r�r�i�n�g� �i�n� �t�h�e� �s�p�l�e�e�n�,� �l�i�v�e�r� �a�n�d� �k�i�d�n�e�y�.� �E�a�r�l�y� �i�n� �t�h�e� 

�c�o�u�r�s�e� �o�f� �t�h�e� �p�l�a�c�e�n�t�a�l� �i�n�f�e�c�t�i�o�n� �w�i�t�h� �e�i�t�h�e�r� �o�r�g�a�n�i�s�m�,� �t�h�e� �i�n�f�l�a�m�m�a�t�o�r�y
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�r�e�a�c�t�i�o�n� �i�s� �q�u�i�t�e� �m�e�a�g�e�r� �d�e�s�p�i�t�e� �f�a�i�r�l�y� �h�e�a�v�y� �i�n�t�r�a�c�e�l�l�u�l�a�r� �i�n�f�e�c�t�i�o�n� �o�f� 

�t�h�e� �t�r�o�p�h�o�b�l�a�s�t� �c�e�l�l�s�.� �O�n�c�e� �t�r�o�p�h�o�b�l�a�s�t� �c�e�l�l� �n�e�c�r�o�s�i�s� �o�c�c�u�r�s�,� �n�e�u�t�r�o�p�h�i�l�i�c� 

�i�n�f�i�l�t�r�a�t�i�o�n� �i�s� �i�n�t�e�n�s�e�.� �T�h�e�s�e� �m�o�d�e�l�s� �s�u�p�p�o�r�t� �t�h�e� �t�h�e�o�r�y� �t�h�a�t� �l�o�c�a�l� �i�m�m�u�n�e� 

�r�e�g�u�l�a�t�i�o�n� �r�e�q�u�i�r�e�d� �a�t� �t�h�e� �f�e�t�a�l�/�m�a�t�e�r�n�a�l� �i�n�t�e�r�f�a�c�e� �t�o� �p�r�e�v�e�n�t� �f�e�t�a�l� 

�r�e�j�e�c�t�i�o�n� �m�a�y� �i�n�f�l�u�e�n�c�e� �t�h�e� �n�a�t�u�r�e� �o�f� �t�h�e� �l�o�c�a�l� �i�n�f�l�a�m�m�a�t�o�r�y� �r�e�a�c�t�i�o�n� �t�o� 

�b�a�c�t�e�r�i�a�l� �i�n�f�e�c�t�i�o�n� �(�R�e�d�l�i�n�e� �a�n�d� �L�u�,� �1�9�8�8�;� �R�e�d�l�i�n�e� �e�t� �a�l�.�,� �1�9�8�8�)�.� �B�o�t�h� 

�L�i�s�t�e�r�i�a� �a�n�d� �B�r�u�c�e�l�l�a� �a�r�e� �i�n�t�r�a�c�e�l�l�u�l�a�r� �p�a�t�h�o�g�e�n�s�,� �w�h�i�c�h� �t�y�p�i�c�a�l�l�y� 

�r�e�q�u�i�r�e� �m�a�c�r�o�p�h�a�g�e�s� �a�n�d� �l�y�m�p�h�o�c�y�t�e�s� �t�o� �e�n�t�e�r� �a�n� �i�n�f�e�c�t�e�d� �o�r�g�a�n� �f�o�r� 

�e�f�f�e�c�t�i�v�e� �b�a�c�t�e�r�i�a�l� �e�l�i�m�i�n�a�t�i�o�n� �(�H�a�h�n� �a�n�d� �K�a�u�f�m�a�n�,� �1�9�8�1�;� �C�o�l�l�i�n�s� �a�n�d� 

�C�a�m�p�b�e�l�l�,� �1�9�8�2�)�.� �T�h�e� �u�n�c�o�n�t�r�o�l�l�e�d� �g�r�o�w�t�h� �o�f� �L�i�s�t�e�r�i�a� �a�n�d� �B�r�u�c�e�l�l�a� �i�n� 

�t�h�e� �p�l�a�c�e�n�t�a� �m�a�y� �b�e� �d�u�e� �t�o� �a�n� �i�m�p�a�i�r�m�e�n�t� �o�f� �f�u�n�c�t�i�o�n� �o�f� �t�h�e�s�e� �i�n�f�l�a�m�m�a�t�o�r�y� 

�c�e�l�l�s� �d�u�e� �t�o� �l�o�c�a�l� �i�m�m�u�n�e� �s�u�p�p�r�e�s�s�i�o�n� �w�h�i�c�h� �o�c�c�u�r�s� �d�u�r�i�n�g� �p�r�e�g�n�a�n�c�y� 

�(�R�e�d�l�i�n�e� �a�n�d� �L�u�,� �1�9�8�8�;� �R�e�d�l�i�n�e� �e�t� �a�l�.�,� �1�9�8�8�)�.� �T�r�o�p�h�o�b�l�a�s�t� �c�e�l�l�s� �p�r�o�d�u�c�e� 

�a� �v�a�r�i�e�t�y� �o�f� �s�u�b�s�t�a�n�c�e�s� �k�n�o�w�n� �t�o� �i�n�h�i�b�i�t� �l�y�m�p�h�o�c�y�t�e� �a�n�d� �m�a�c�r�o�p�h�a�g�e� 

�f�u�n�c�t�i�o�n�,� �i�n�c�l�u�d�i�n�g� �a�l�p�h�a� �f�e�t�o�-�p�r�o�t�e�i�n� �(�L�u� �e�t� �a�l�.�,� �1�9�8�4�)� �a�n�d� �p�r�o�g�e�s�t�e�r�o�n�e� 

�(�S�i�t�e�r�i� �e�t� �a�l�.�,� �1�9�7�7�;� �L�l�o�y�d�,� �1�9�8�3�)�.� �T�h�e�s�e� �a�r�e� �i�n� �h�i�g�h� �c�o�n�c�e�n�t�r�a�t�i�o�n� 

�l�o�c�a�l�l�y� �a�n�d� �m�a�y� �i�n�h�i�b�i�t� �m�a�c�r�o�p�h�a�g�e� �i�n�f�i�l�t�r�a�t�i�o�n� �a�n�d� �k�i�l�l�i�n�g� �o�f� �t�h�e�s�e� 

�p�a�t�h�o�g�e�n�s�.� �D�e�c�i�d�u�a�l� �c�e�l�l�s� �a�l�s�o� �h�a�v�e� �b�e�e�n� �d�e�m�o�n�s�t�r�a�t�e�d� �a�s� �i�n�h�i�b�i�t�i�n�g� 

�l�y�m�p�h�o�c�y�t�e� �a�c�t�i�v�a�t�i�o�n� �b�y� �s�e�c�r�e�t�i�n�g� �s�u�b�s�t�a�n�c�e�s� �t�h�a�t� �i�n�h�i�b�i�t� �r�e�s�p�o�n�s�e� �t�o� 

�I�l�-�2� �(�C�l�a�r�k� �e�t� �a�l�.�,� �1�9�8�5�)� �o�r� �b�y� �s�e�c�r�e�t�i�n�g� �P�G�E�2�,� �a� �k�n�o�w�n� �i�n�h�i�b�i�t�o�r� �o�f� 

�l�y�p�m�h�o�c�y�t�e� �s�t�i�m�u�l�a�t�i�o�n� �a�n�d� �m�i�t�o�g�e�n�e�s�i�s� �(�S�y�n�d�e�r� �e�t� �a�l�.�,� �1�9�8�2�)�.� �M�u�r�i�n�e� 

�t�r�o�p�h�o�b�l�a�s�t� �c�e�l�l�s� �a�l�s�o� �h�a�v�e� �b�e�e�n� �s�h�o�w�n� �t�o� �i�n�h�i�b�i�t� �t�h�e� �e�f�f�e�c�t�o�r� �f�u�n�c�t�i�o�n� 

�o�f� �n�a�t�u�r�a�l� �k�i�l�l�e�r� �c�e�l�l�s� �(�C�h�a�o�u�a�t� �a�n�d� �K�o�l�b�,� �1�9�8�5�)�.� �T�h�e�r�e� �d�o�e�s� �n�o�t� �a�p�p�e�a�r� 

�t�o� �b�e� �p�r�e�f�e�r�e�n�t�i�a�l� �l�o�c�a�l�i�z�a�t�i�o�n� �o�f� �e�i�t�h�e�r� �o�r�g�a�n�i�s�m� �i�n� �t�h�e� �m�u�r�i�n�e� �p�l�a�c�e�n�t�a� 

�b�u�t� �r�a�t�h�e�r� �t�h�e� �p�r�e�f�e�r�e�n�t�i�a�l� �g�r�o�w�t�h� �o�f� �t�h�e�s�e� �i�n�t�r�a�c�e�l�l�u�l�a�r� �b�a�c�t�e�r�i�a� �o�n�c�e� 

�l�o�c�a�l�i�z�e�d� �w�i�t�h�i�n� �t�h�e� �a�r�e�a� �(�B�o�s�s�e�r�a�y�,� �1�9�8�3�a�;� �R�e�d�l�i�n�e� �a�n�d� �L�u�,� �1�9�8�7�)�.� �I�n
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�t�h�i�s� �s�t�u�d�y�,� �p�r�e�f�e�r�e�n�t�i�a�l� �l�o�c�a�l�i�z�a�t�i�o�n� �a�n�d� �g�r�o�w�t�h� �o�f� �B�.� �a�b�o�r�t�u�s� �w�a�s� �n�o�t�e�d� 

�s�o�l�e�l�y� �w�i�t�h�i�n� �t�h�e� �R�E�R� �o�f� �T�G�C�s�.� �L�o�c�a�l�i�z�a�t�i�o�n� �s�p�e�c�i�f�i�c�a�l�l�y� �w�i�t�h�i�n� �t�h�e� �R�E�R� 

�o�f� �t�h�e� �t�r�o�p�h�o�b�l�a�s�t� �c�e�l�l� �m�a�y� �b�e� �n�e�c�e�s�s�a�r�y� �f�o�r� �e�f�f�e�c�t�i�v�e� �r�e�p�l�i�c�a�t�i�o�n� �o�f� �B�.� 

�a�b�o�r�t�u�s�,� �a�s� �h�a�s� �b�e�e�n� �s�u�g�g�e�s�t�e�d� �b�y� �t�h�e� �i�n�t�r�a�c�e�l�l�u�l�a�r� �g�r�o�w�t�h� �o�f� �t�h�i�s� 

�b�a�c�t�e�r�i�u�m� �w�i�t�h�i�n� �t�h�e� �R�E�R� �o�f� �V�e�r�o� �c�e�l�l�s� �(�D�e�t�i�l�l�e�u�x� �e�t� �a�l�.�,� �1�9�9�0�a�,� �1�9�9�0�b�)�.� 

�D�a�t�a� �f�r�o�m� �t�h�i�s� �a�n�d� �o�t�h�e�r� �s�t�u�d�i�e�s� �(�K�e�n�n�y� �a�n�d� �D�i�a�m�o�n�d�,� �1�9�7�7�;� �W�a�r�d� �e�t� �a�l�.�,� 

�1�9�7�8�;� �W�i�n�t�e�r� �e�t� �a�l�.�,� �1�9�8�6�)� �s�u�g�g�e�s�t� �t�h�a�t� �p�r�e�g�n�a�n�c�y� �d�o�e�s� �n�o�t� �c�a�u�s�e� �w�i�d�e�s�p�r�e�d� 

�g�e�n�e�r�a�l�i�z�e�d� �s�u�p�p�r�e�s�s�i�o�n� �o�f� �t�h�e� �i�m�m�u�n�e� �r�e�s�p�o�n�s�e� �t�o� �t�h�e� �o�r�g�a�n�i�s�m�.� �T�h�e� 

�l�e�v�e�l� �o�f� �B�r�u�c�e�l�l�a� �i�n�f�e�c�t�i�o�n� �i�n� �t�h�e� �s�p�l�e�e�n� �o�f� �p�r�e�g�n�a�n�t� �a�n�d� �n�o�n�-�p�r�e�g�n�a�n�t� 

�m�i�c�e� �g�i�v�e�n� �t�h�e� �s�a�m�e� �c�h�a�l�l�e�g�e� �d�o�s�e� �i�s� �a�p�p�r�o�x�i�m�a�t�e�l�y� �e�q�u�i�v�a�l�e�n�t�.� �P�r�e�g�n�a�n�t� 

�m�i�c�e� �w�i�t�h�o�u�t� �o�v�e�r�w�h�e�l�m�i�n�g� �L�i�s�t�e�r�i�a� �i�n�f�e�c�t�i�o�n� �a�l�s�o� �c�o�n�t�r�o�l�l�e�d� �L�i�s�t�e�r�i�a� 

�g�r�o�w�t�h� �i�n� �t�h�e�i�r� �s�p�l�e�e�n�s� �a�n�d� �l�i�v�e�r�s� �e�q�u�a�l�l�y� �a�s� �w�e�l�l� �a�s� �n�o�n�-�p�r�e�g�n�a�n�t� �c�o�n�t�r�o�l�s� 

�(�R�e�l�i�n�e� �a�n�d� �L�u�,� �1�9�8�7�)�.� �P�r�e�g�n�a�n�t� �m�i�c�e� �i�n� �t�h�i�s� �s�t�u�d�y� �d�e�v�e�l�o�p�e�d� �t�h�e� �s�a�m�e� 

�l�e�v�e�l� �o�f� �c�i�r�c�u�l�a�t�i�n�g� �a�n�t�i�b�o�d�i�e�s� �a�s� �n�o�n�-�p�r�e�g�n�a�n�t� �m�i�c�e� �a�s� �a�s�s�e�s�s�e�d� �b�y� �t�h�e� 

�S�t�a�n�d�a�r�d� �T�u�b�e� �A�g�g�l�u�t�i�n�a�t�i�o�n� �t�e�s�t�.� �A� �s�t�u�d�y� �u�t�i�l�i�z�i�n�g� �h�e�i�f�e�r�s� �c�o�n�c�l�u�d�e�d� 

�t�h�a�t� �t�h�e� �m�a�g�n�i�t�u�d�e� �a�n�d� �d�u�r�a�t�i�o�n� �o�f� �t�h�e� �h�u�m�o�r�a�l� �a�n�d� �C�M�I� �r�e�s�p�o�n�s�e� �t�o� 

�b�r�u�c�e�l�l�o�s�i�s� �v�a�c�c�i�n�a�t�i�o�n� �w�e�r�e�,� �w�i�t�h� �f�e�w� �e�x�c�e�p�t�i�o�n�s�,� �u�n�a�f�f�e�c�t�e�d� �b�y� �p�r�e�g�n�a�n�c�y� 

�(�W�i�n�t�e�r� �e�t� �a�l�.�,� �1�9�8�6�)�.� �I�t� �i�s� �l�i�k�e�l�y�,� �t�h�e�r�e�f�o�r�e�,� �t�h�a�t� �t�h�e� �e�x�q�u�i�s�i�t�e� 

�s�e�n�s�i�t�i�v�i�t�y� �o�f� �t�h�e� �p�r�e�g�n�a�n�t� �a�n�i�m�a�l� �t�o� �b�r�u�c�e�l�l�o�s�i�s� �i�s� �n�o�t� �d�u�e� �t�o� �a� �g�e�n�e�r�a�l�i�z�e�d� 

�s�u�p�p�r�e�s�s�i�o�n� �o�f� �i�m�m�u�n�i�t�y� �b�u�t� �r�a�t�h�e�r� �i�n�v�o�l�v�e�s� �t�h�e� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �l�o�c�a�l� 

�s�u�p�p�r�e�s�s�i�o�n� �o�f� �t�h�e� �i�m�m�u�n�e� �r�e�s�p�o�n�s�e� �w�i�t�h� �a� �s�u�s�c�e�p�t�i�b�l�e� �c�e�l�l� �p�o�p�u�l�a�t�i�o�n� 

�p�e�r�h�a�p�s� �u�n�i�q�u�e�l�y� �s�u�i�t�a�b�l�e� �f�o�r� �B�r�u�c�e�l�l�a� �c�o�l�o�n�i�z�a�t�i�o�n� �a�n�d� �r�e�p�l�i�c�a�t�i�o�n�.� 

�A�s� �o�c�c�u�r�s� �i�n� �c�a�t�t�l�e�,� �s�o� �i�n� �m�u�r�i�n�e� �l�i�s�t�e�r�i�o�s�i�s� �(�R�e�d�l�i�n�e� �a�n�d� �L�u�,� �1�9�8�7�)� 

�a�n�d� �m�u�r�i�n�e� �b�r�u�c�e�l�l�o�s�i�s� �(�B�o�s�s�e�r�a�y�,� �1�9�8�2�)� �t�h�e� �p�l�a�c�e�n�t�a� �d�o�e�s� �n�o�t� �c�o�n�s�t�i�t�u�t�e� 

�a�n� �e�f�f�e�c�t�i�v�e� �b�a�r�r�i�e�r� �p�r�o�t�e�c�t�i�n�g� �t�h�e� �f�e�t�u�s� �f�r�o�m� �i�n�f�e�c�t�i�o�n�.� �I�n� �m�u�r�i�n�e� 

�b�r�u�c�e�l�l�o�s�i�s�,� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �i�n�f�e�c�t�e�d� �f�e�t�u�s�e�s� �l�a�g�s� �b�e�h�i�n�d� �t�h�a�t� �o�f� �t�h�e
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�p�l�a�c�e�n�t�a�s� �a�n�d� �f�e�t�u�s�e�s� �a�r�e� �n�e�v�e�r� �i�n�f�e�c�t�e�d� �i�n� �t�h�e� �a�b�s�e�n�c�e� �o�f� �p�l�a�c�e�n�t�a�l� 

�i�n�f�e�c�t�i�o�n� �(�B�o�s�s�e�r�a�y�,� �1�9�8�2�)�,� �t�h�u�s� �i�t� �i�s� �u�n�l�i�k�e�l�y� �t�h�a�t� �b�a�c�t�e�r�i�a� �f�i�r�s�t� 

�i�n�f�e�c�t� �t�h�e� �f�e�t�u�s� �a�n�d� �l�a�t�e�r� �t�h�e� �p�l�a�c�e�n�t�a�.� 

�I�t� �i�s� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �d�e�s�p�i�t�e� �a�n�a�t�o�m�i�c�a�l� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �p�l�a�c�e�n�t�a�t�i�o�n� 

�b�e�t�w�e�e�n� �t�h�e� �r�u�m�i�n�a�n�t� �a�n�d� �t�h�e� �r�o�d�e�n�t� �(�e�p�i�t�h�e�l�i�a�l� �v�s�.� �h�e�m�o�c�h�o�r�i�a�l�)�,� �t�h�a�t� 

�t�h�e�r�e� �a�r�e� �s�i�g�n�i�f�i�c�a�n�t� �s�i�m�i�l�a�r�i�t�i�e�s� �i�n� �t�h�e� �p�a�t�h�o�g�e�n�e�s�i�s� �o�f� �p�l�a�c�e�n�t�a�l� 

�i�n�f�e�c�t�i�o�n� �o�f� �b�o�t�h� �g�r�o�u�p�s� �w�i�t�h� �B�r�u�c�e�l�l�a� �a�b�o�r�t�u�s�.� �I�n� �t�h�e� �c�o�w� �a�n�d� �t�h�e� 

�m�o�u�s�e�,� �i�n�f�e�c�t�i�o�n� �w�i�t�h� �b�r�u�c�e�l�l�a�e� �d�u�r�i�n�g� �g�e�s�t�a�t�i�o�n� �r�e�s�u�l�t�s� �i�n� �t�h�e� �p�r�e�f�e�r�e�n�t�i�a�l� 

�g�r�o�w�t�h� �o�f� �t�h�e� �o�r�g�a�n�i�s�m� �s�p�e�c�i�f�i�c�a�l�l�y� �w�i�t�h�i�n� �t�h�e� �R�E�R� �o�f� �t�h�e� �t�r�o�p�h�o�b�l�a�s�t� 

�c�e�l�l� �o�f� �t�h�e� �p�l�a�c�e�n�t�a�.� �I�n�t�r�a�t�r�o�p�h�o�b�l�a�s�t�i�c� �a�n�d� �p�r�o�b�a�b�l�y� �s�o�m�e� �e�x�t�r�a�c�e�l�l�u�l�a�r� 

�r�e�p�l�i�c�a�t�i�o�n� �o�f� �b�r�u�c�e�l�l�a�e� �r�e�s�u�l�t�s� �i�n� �p�l�a�c�e�n�t�a�l� �d�a�m�a�g�e�,� �f�e�t�a�l� �i�n�f�e�c�t�i�o�n� 

�a�n�d� �f�e�t�a�l� �l�o�s�s� �i�n� �b�o�t�h� �s�p�e�c�i�e�s�.� �T�h�e� �p�r�e�g�n�a�n�t� �m�o�u�s�e�,� �t�h�e�r�e�f�o�r�e�,� �i�s� �a� 

�c�o�n�v�e�n�i�e�n�t� �m�o�d�e�l� �f�o�r� �t�h�e� �s�t�u�d�y� �o�f� �t�h�e� �p�a�t�h�o�g�e�n�e�s�i�s� �o�f� �r�u�m�i�n�a�n�t� �p�l�a�c�e�n�t�a�l� 

�i�n�f�e�c�t�i�o�n� �w�i�t�h� �B�r�u�c�e�l�l�a� �a�b�o�r�t�u�s�.� �T�h�i�s� �s�t�u�d�y� �a�l�s�o� �s�u�g�g�e�s�t�s� �t�h�a�t� �e�v�e�n�t�s� 
� � 

�w�i�t�h�i�n� �t�h�e� �p�l�a�c�e�n�t�a�l� �m�i�c�r�o�e�n�v�i�r�o�n�m�e�n�t� �m�a�y� �s�t�r�o�n�g�l�y� �i�n�f�l�u�e�n�c�e� �a�n�d� �p�e�r�h�a�p�s� 

�h�i�n�d�e�r� �t�h�e� �l�o�c�a�l� �i�m�m�u�n�e� �r�e�s�p�o�n�s�e�,� �r�e�s�u�l�t�i�n�g� �i�n� �a� �p�r�e�d�o�m�i�n�a�n�t�l�y� �n�e�u�t�r�o�p�h�i�l�i�c� 

�i�n�f�l�a�m�m�a�t�o�r�y� �c�e�l�l� �r�e�p�o�n�s�e�.� �T�h�u�s� �p�h�y�s�i�o�l�o�g�i�c� �i�m�p�a�i�r�m�e�n�t� �o�f� �c�e�l�l�-�m�e�d�i�a�t�e�d� 

�i�m�m�u�n�i�t�y� �m�a�y� �l�e�a�d� �t�o� �u�n�c�o�n�t�r�o�l�l�e�d� �l�o�c�a�l� �b�a�c�t�e�r�i�a�l� �r�e�p�l�i�c�a�t�i�o�n� �a�n�d� �f�e�t�a�l� 

�w�a�s�t�e�a�g�e�.� �F�u�r�t�h�e�r� �u�s�e� �o�f� �t�h�e� �p�r�e�g�n�a�n�t� �m�o�u�s�e� �m�o�d�e�l� �f�o�r� �i�n�t�r�a�c�e�l�l�u�l�a�r� 

�b�a�c�t�e�r�i�a�l� �p�l�a�c�e�n�t�a�l� �p�a�t�h�o�g�e�n�e�s�i�s� �a�p�p�e�a�r�s� �w�a�r�r�a�n�t�e�d� �a�n�d� �p�r�o�t�e�c�t�i�o�n� �s�t�u�d�i�e�s� 

�e�m�p�l�o�y�i�n�g� �t�h�i�s� �m�o�d�e�l� �m�a�y� �p�r�o�v�e� �t�o� �m�i�m�i�c� �t�h�e� �s�i�t�u�a�t�i�o�n� �i�n� �c�a�t�t�l�e�.



�C�H�A�P�T�E�R� �4� 

�A� �R�E�V�I�E�W� �O�F� �T�H�E� 

�I�M�M�U�N�O�L�O�G�Y� �O�F� �B�R�U�C�E�L�L�O�S�I�S� 

�A�s� �w�i�t�h� �m�o�s�t� �o�t�h�e�r� �b�a�c�t�e�r�i�a�l� �p�a�t�h�o�g�e�n�s�,� �i�n�f�e�c�t�i�o�n� �w�i�t�h� �B�.� �a�b�o�r�t�u�s� 

�r�e�s�u�l�t�s� �i�n� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �o�f� �s�p�e�c�i�f�i�c� �a�n�t�i�b�o�d�i�e�s� �a�s� �w�e�l�l� �a�s� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� 

�o�f� �c�e�l�l�-�m�e�d�i�a�t�e�d� �i�m�m�u�n�i�t�y�.� �T�h�e� �p�r�e�c�i�s�e� �c�o�n�t�r�i�b�u�t�i�o�n� �o�f� �e�i�t�h�e�r� �r�e�s�p�o�n�s�e� 

�t�o�w�a�r�d�s� �i�m�m�u�n�i�t�y� �a�g�a�i�n�s�t� �b�r�u�c�e�l�l�o�s�i�s� �r�e�m�a�i�n�s� �i�n�c�o�n�c�l�u�s�i�v�e�.� �F�a�c�u�l�t�a�t�i�v�e� 

�i�n�t�r�a�c�e�l�l�u�l�a�r� �b�a�c�t�e�r�i�a� �a�r�e� �c�a�p�a�b�l�e� �o�f� �m�u�l�t�i�p�l�y�i�n�g� �w�i�t�h�i�n� �p�h�a�g�o�c�y�t�i�c� �c�e�l�l�s�,� 

�b�e�i�n�g� �p�r�o�t�e�c�t�e�d� �f�r�o�m� �e�x�t�r�a�c�e�l�l�u�l�a�r� �f�a�c�t�o�r�s� �s�u�c�h� �a�s� �c�o�m�p�l�e�m�e�n�t�,� �s�p�e�c�i�f�i�c� 

�a�n�t�i�b�o�d�i�e�s� �a�n�d� �a�n�t�i�b�i�o�t�i�c�s�.� �B�y� �r�e�s�i�s�t�i�n�g� �t�h�e� �b�a�c�t�e�r�i�o�c�i�d�a�l� �a�c�t�i�v�i�t�i�e�s� �o�f� 

�p�h�a�g�o�c�y�t�e�s�,� �e�l�i�m�i�n�a�t�i�o�n� �o�f� �v�i�r�u�l�e�n�t� �s�t�r�a�i�n�s� �o�f� �B�r�u�c�e�l�l�a� �d�e�p�e�n�d�s� �o�n� �a� 

�c�e�l�l�-�m�e�d�i�a�t�e�d� �r�e�s�p�o�n�s�e� �i�n�v�o�l�v�i�n�g� �b�o�t�h� �T�-�l�y�m�p�h�o�c�y�t�e�s� �a�n�d� �m�a�c�r�o�p�h�a�g�e�s�.� �A� 

�b�e�t�t�e�r� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �a�n�d� �i�n�t�e�r�a�c�t�i�o�n� �o�f� �t�h�e�s�e� �t�w�o� �a�r�m�s� 

�o�f� �t�h�e� �i�m�m�u�n�e� �r�e�s�p�o�n�s�e� �i�n� �p�r�o�t�e�c�t�i�o�n� �a�g�a�i�n�s�t� �B�r�u�c�e�l�l�a� �i�n�f�e�c�t�i�o�n� �w�o�u�l�d� �b�e� 

�h�e�l�p�f�u�l� �i�n� �d�e�v�e�l�o�p�i�n�g� �a� �m�o�r�e� �e�f�f�e�c�t�i�v�e� �v�a�c�c�i�n�e�.� 

�4�.�1� �H�u�m�o�r�a�l� �r�e�s�p�o�n�s�e� 

�C�o�n�t�r�o�l� �p�r�o�g�r�a�m�s� �f�o�r� �b�r�u�c�e�l�l�o�s�i�s� �a�r�e� �b�a�s�e�d� �p�r�i�m�a�r�i�l�y� �o�n� �t�h�e� �i�m�m�u�n�i�z�a�t�i�o�n� 

�o�f� �c�a�t�t�l�e� �a�n�d� �t�h�e� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �a�n�d� �s�l�a�u�g�h�t�e�r� �o�f� �n�a�t�u�r�a�l�l�y� �i�n�f�e�c�t�e�d� 

�c�a�t�t�l�e�.� �A�l�t�h�o�u�g�h� �t�h�e� �i�m�m�u�n�e� �r�e�s�p�o�n�s�e� �i�s� �m�o�s�t� �o�f�t�e�n� �m�e�a�s�u�r�e�d� �b�y� �s�e�r�u�m� 

�a�n�t�i�b�o�d�y� �t�i�t�e�r�,� �t�h�e� �r�o�l�e� �o�f� �a�n�t�i�b�o�d�y� �i�n� �p�r�o�t�e�c�t�i�o�n� �a�g�a�i�n�s�t� �b�r�u�c�e�l�l�o�s�i�s� 

�i�s� �u�n�c�l�e�a�r�.� �A�n�t�i�b�o�d�y� �m�a�y� �b�e� �i�n�v�o�l�v�e�d� �i�n� �t�h�e� �c�o�m�p�l�e�m�e�n�t�-�m�e�d�i�a�t�e�d� �k�i�l�l�i�n�g� 

�o�f� �t�h�e� �o�r�g�a�n�i�s�m� �d�u�r�i�n�g� �t�h�e� �e�x�t�r�a�c�e�l�l�u�l�a�r� �p�h�a�s�e� �o�f� �i�n�f�e�c�t�i�o�n� �(�M�c�C�u�l�l�o�u�g�h�,� 

�1�9�7�0�)� �a�n�d�/�o�r� �m�a�y� �p�l�a�y� �a� �r�o�l�e� �i�n� �t�h�e� �o�p�s�o�n�i�z�a�t�i�o�n� �a�n�d� �i�n�t�r�a�c�e�l�l�u�l�a�r� 

�6�2



�6�3� 

�k�i�l�l�i�n�g� �o�f� �t�h�e� �b�a�c�t�e�r�i�a� �b�y� �p�h�a�g�o�c�y�t�e�s� �(�C�h�e�e�r�s� �a�n�d� �H�o�,� �1�9�8�3�;� �C�a�n�n�i�n�g� �e�t� 

�a�l�.�,� �1�9�8�8�)�.� �N�u�m�e�r�o�u�s� �i�n�v�e�s�t�i�g�a�t�o�r�s� �h�a�v�e� �s�h�o�w�n� �t�h�a�t� �p�a�s�s�i�v�e� �i�m�m�u�n�i�z�a�t�i�o�n� 

�o�f� �m�i�c�e� �w�i�t�h� �i�m�m�u�n�e� �s�e�r�a� �(�P�l�o�m�m�e�t� �a�n�d� �P�l�o�m�m�e�t�,� �1�9�8�3�;� �M�o�n�t�a�r�a�z� �a�n�d� �W�i�n�t�e�r�,� 

�1�9�8�4�;� �B�o�s�s�e�r�a�y� �a�n�d� �P�l�o�m�m�e�t�,� �1�9�8�8�;� �A�r�a�y�a� �e�t� �a�l�.�,� �1�9�8�9�)� �o�r� �m�o�n�o�c�l�o�n�a�l� 

�a�n�t�i�b�o�d�i�e�s� �(�M�o�n�t�a�r�a�z� �e�t� �a�l�.�,� �1�9�8�6�;� �L�i�m�e�t� �e�t� �a�l�.�,� �1�9�8�7�;� �P�h�i�l�l�i�p�s� �e�t� �a�l�.�,� 

�1�9�8�9�a�;� �W�i�n�t�e�r� �e�t� �a�l�.�,� �1�9�8�9�)� �d�i�r�e�c�t�e�d� �a�g�a�i�n�s�t� �t�h�e� �O�-�s�i�d�e�-�c�h�a�i�n� �o�f� �t�h�e� �L�P�S� 

�m�o�l�e�c�u�l�e� �a�f�f�o�r�d�s� �a� �d�e�g�r�e�e� �o�f� �p�r�o�t�e�c�t�i�o�n� �a�g�a�i�n�s�t� �s�u�b�s�e�q�u�e�n�t� �c�h�a�l�l�e�n�g�e� 

�w�i�t�h� �a� �v�i�r�u�l�e�n�t� �s�t�r�a�i�n� �o�f� �B�.� �a�b�o�r�t�u�s�.� �T�h�e�r�e� �i�s� �e�v�i�d�e�n�c�e� �t�h�a�t� �t�h�e� �h�u�m�o�r�a�l� 

�r�e�s�p�o�n�s�e� �i�s� �p�a�r�t�i�c�u�l�a�r�l�y� �e�f�f�e�c�t�i�v�e� �e�a�r�l�y� �i�n� �t�h�e� �c�o�u�r�s�e� �o�f� �i�n�f�e�c�t�i�o�n�,� 

�m�o�s�t� �l�i�k�e�l�y� �d�u�e� �t�o� �t�h�e� �e�x�t�r�a�c�e�l�l�u�l�a�r� �h�a�b�i�t�a�t� �o�f� �o�r�g�a�n�i�s�m�s� �a�t� �t�h�a�t� �t�i�m�e� 

�e�x�p�o�s�i�n�g� �t�h�e� �b�a�c�t�e�r�i�a� �t�o� �c�i�r�c�u�l�a�t�i�n�g� �a�n�t�i�b�o�d�i�e�s�,� �b�u�t� �t�h�a�t� �o�t�h�e�r� �i�m�m�u�n�e� 

�m�e�c�h�a�n�i�s�m�s� �a�r�e� �n�e�c�e�s�s�a�r�y� �d�u�r�i�n�g� �t�h�e� �l�a�t�e�r� �s�t�a�g�e�s� �o�f� �i�n�f�e�c�t�i�o�n� �(�A�r�a�y�a� �e�t� 

�a�l�.�,� �1�9�8�9�;� �P�h�i�l�i�p�s� �e�t� �a�l�.�,� �1�9�8�9�a�)�.� 

�T�h�e� �r�o�l�e� �o�f� �a�n�t�i�b�o�d�i�e�s� �i�n� �e�x�t�r�a�c�e�l�l�u�l�a�r� �k�i�l�l�i�n�g� �i�s� �s�t�i�l�l� �c�o�n�t�r�o�v�e�r�s�i�a�l�.� 

�S�e�r�a� �f�r�o�m� �a�g�a�m�m�a�g�l�o�b�u�l�i�n�e�m�i�c� �c�a�l�v�e�s�,� �o�r� �u�n�e�x�p�o�s�e�d� �a�d�u�l�t� �c�a�t�t�l�e� �o�r� �f�r�o�m� �a�d�u�l�t� 

�c�a�t�t�l�e� �i�n� �t�h�e� �e�a�r�l�y� �p�h�a�s�e�s� �o�f� �i�n�f�e�c�t�i�o�n� �h�a�v�e� �e�q�u�a�l� �a�b�i�l�i�t�i�e�s� �t�o� �k�i�l�l� �B�.� 

�a�b�o�r�t�u�s� �i�n� �v�i�v�o�,� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �c�o�m�p�l�e�m�e�n�t�-�m�e�d�i�a�t�e�d� �k�i�l�l�i�n�g� �c�a�n� �o�c�c�u�r� �i�n� 

�t�h�e� �a�b�s�e�n�c�e� �o�f� �e�i�t�h�e�r� �n�a�t�u�r�a�l� �o�r� �a�c�q�u�i�r�e�d� �a�n�t�i�b�o�d�i�e�s�.� �S�i�n�c�e� �v�i�r�t�u�a�l�l�y� �n�o� 

�k�i�l�l�i�n�g� �a�c�t�i�v�i�t�y� �r�e�m�a�i�n�e�d� �a�f�t�e�r� �t�r�e�a�t�m�e�n�t� �w�i�t�h� �e�t�h�y�l�e�n�e� �g�l�y�c�o�l�-�t�e�t�r�a�a�c�e�t�i�c� 

�a�c�i�d� �a�n�d� �m�a�g�n�e�s�i�u�m� �c�h�l�o�r�i�d�e� �(�E�G�T�A�-�M�g�C�l�4� �c�h�e�l�a�t�e�s� �c�a�l�c�i�u�m�,� �i�n�a�c�t�i�v�a�t�i�n�g� 

�C�1�,� �t�o� �i�n�h�i�b�i�t� �t�h�e� �c�l�a�s�s�i�c�a�l� �b�u�t� �p�r�e�s�e�r�v�e� �t�h�e� �a�l�t�e�r�n�a�t�i�v�e� �c�o�m�p�l�e�m�e�n�t� 

�p�a�t�h�w�a�y�)�,� �i�t� �i�s� �l�i�k�e�l�y� �t�h�a�t� �c�l�a�s�s�i�c�a�l� �c�o�m�p�l�e�m�e�n�t� �p�a�t�h�w�a�y� �a�c�t�i�v�a�t�i�o�n� 

�o�c�c�u�r�s� �(�C�o�r�b�e�i�l� �e�t� �a�l�.�,� �1�9�8�8�)�.� �T�h�i�s� �i�s� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �d�a�t�a� �s�h�o�w�i�n�g� 

�t�h�a�t� �B�.� �a�b�o�r�t�u�s� �L�P�S� �d�o�e�s� �n�o�t� �a�c�t�i�v�a�t�e� �t�h�e� �a�l�t�e�r�n�a�t�e� �p�a�t�h�w�a�y� �o�f� �c�o�m�p�l�e�m�e�n�t� 

�(�H�o�f�f�m�a�n� �a�n�d� �H�o�u�l�s�,� �1�9�8�3�)�.� �I�t� �h�a�s� �b�e�e�n� �r�e�p�o�r�t�e�d� �t�h�a�t� �l�i�p�i�d� �A� �f�r�o�m� �B�.� 

�a�b�o�r�t�u�s� �c�a�n� �a�c�t�i�v�a�t�e� �t�h�e� �c�o�m�p�l�e�m�e�n�t� �c�a�s�c�a�d�e� �(�M�o�r�e�n�o� �e�t� �a�l�.�,� �1�9�8�1�)� �a�n�d



�6�4� 

�t�h�a�t� �l�i�p�i�d� �A� �o�f� �o�t�h�e�r� �G�r�a�m� �n�e�g�a�t�i�v�e� �b�a�c�t�e�r�i�a� �b�i�n�d�s� �a�n�d� �a�c�t�i�v�a�t�e�s� �C�,� �t�o� 

�i�n�i�t�i�a�t�e� �t�h�e� �c�l�a�s�s�i�c�a�l� �p�a�t�h�w�a�y� �o�f� �c�o�m�p�l�e�m�e�n�t� �(�B�e�t�z� �a�n�d� �I�s�l�i�k�e�r�,� �1�9�8�1�)�.� 

�S�e�r�u�m� �f�r�o�m� �c�a�t�t�l�e� �e�a�r�l�y� �i�n� �i�n�f�e�c�t�i�o�n� �d�i�d� �n�o�t� �i�n�h�i�b�i�t� �o�r� �i�n�c�r�e�a�s�e� �c�o�m�p�l�e�m�e�n�t�-� 

�m�e�d�i�a�t�e�d� �k�i�l�l�i�n�g� �o�f� �b�a�c�t�e�r�i�a� �w�h�e�r�e�a�s� �k�i�l�l�i�n�g� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�e�c�r�e�a�s�e�d� 

�i�n� �s�e�r�u�m� �f�r�o�m� �i�n�f�e�c�t�e�d� �c�a�t�t�l�e� �l�a�t�e�r� �i�n� �i�n�f�e�c�t�i�o�n�.� �T�h�e� �f�i�r�s�t� �s�a�m�p�l�e�s� 

�t�a�k�e�n� �a�f�t�e�r� �i�n�f�e�c�t�i�o�n� �c�o�n�t�a�i�n�e�d� �i�n�c�r�e�a�s�e�d� �l�e�v�e�l�s� �o�f� �I�g�M� �b�u�t� �b�y� �t�h�e� �t�i�m�e� 

�k�i�l�l�i�n�g� �d�e�c�r�e�a�s�e�d�,� �I�g�M� �h�a�d� �i�n�c�r�e�a�s�e�d� �a�l�o�n�g� �w�i�t�h� �I�g�G�l� �&� �I�g�G�2�.� �I�n� �l�a�t�e�r� 

�s�a�m�p�l�e�s� �w�h�e�n� �I�g�G� �a�n�t�i�b�o�d�i�e�s� �p�r�e�d�o�m�i�n�a�t�e�d�,� �b�a�c�t�e�r�i�a�l� �k�i�l�l�i�n�g� �w�a�s� �n�e�g�l�i�g�i�b�l�e� 

�a�n�d� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �p�u�r�i�f�i�e�d� �I�g�M� �t�o� �n�o�r�m�a�l� �b�o�v�i�n�e� �s�e�r�u�m� �p�r�o�d�u�c�e�d� �n�o� 

�s�i�g�n�i�f�i�c�a�n�t� �c�h�a�n�g�e� �i�n� �k�i�l�l�i�n�g�.� �I�n� �c�o�n�t�r�a�s�t�,� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �I�g�G� �1� �&� �2� 

�a�n�t�i�-�s�m�o�o�t�h� �L�P�S� �a�n�t�i�b�o�d�i�e�s� �b�l�o�c�k�e�d� �s�e�r�u�m� �b�a�c�t�e�r�i�o�c�i�d�a�l� �a�c�t�i�v�i�t�y�.� �T�h�e� 

�l�a�c�k� �o�f� �e�n�h�a�n�c�e�d� �k�i�l�l�i�n�g� �w�h�e�n� �I�g�M� �w�a�s� �a�d�d�e�d� �i�s� �n�o�t� �c�l�e�a�r� �a�n�d� �m�a�y� �b�e� �r�e�l�a�t�e�d� 

�t�o� �t�h�e� �c�a�p�a�c�i�t�y� �o�f� �B�.� �a�b�o�r�t�u�s� �t�o� �b�i�n�d� �t�o� �t�h�e� �F�c� �p�o�r�t�i�o�n� �o�f� �a� �s�u�b�p�o�p�u�l�a�t�i�o�n� 

�o�f� �I�g�M� �(�C�o�r�b�e�i�l� �e�t� �a�l�.�,� �1�9�8�8�)�.� �T�h�e� �c�a�u�s�e� �o�f� �t�h�e� �b�l�o�c�k�i�n�g� �a�c�t�i�o�n� �o�f� �t�h�e� 

�I�g�G� �i�s�o�t�y�p�e�s� �i�s� �a�l�s�o� �u�n�k�n�o�w�n� �a�s� �b�o�t�h� �h�a�v�e� �b�e�e�n� �r�e�p�o�r�t�e�d� �t�o� �f�i�x� �b�o�v�i�n�e� 

�c�o�m�p�l�e�m�e�n�t� �(�M�c�G�u�i�r�e� �a�n�d� �M�u�s�o�k�e�,� �1�9�8�1�)�.� �T�h�u�s� �c�o�m�p�l�e�m�e�n�t�-�m�e�d�i�a�t�e�d� �k�i�l�l�i�n�g� 

�m�a�y� �o�c�c�u�r� �p�r�i�n�c�i�p�a�l�l�y� �e�a�r�l�y� �i�n� �i�n�f�e�c�t�i�o�n� �a�n�d� �t�h�e� �r�o�l�e� �o�f� �a�n�t�i�b�o�d�y� �m�a�y� �b�e� 

�p�r�i�n�c�i�p�a�l�l�y� �d�i�r�e�c�t�e�d� �a�t� �o�p�s�o�n�i�z�a�t�i�o�n�.� �L�a�t�e�r� �i�n� �i�n�f�e�c�t�i�o�n�,� �I�g�G� �a�n�t�i�b�o�d�i�e�s� 

�w�h�i�c�h� �b�l�o�c�k� �s�e�r�u�m� �k�i�l�l�i�n�g� �m�a�y� �a�l�s�o� �p�r�o�t�e�c�t� �t�h�e� �h�o�s�t� �a�g�a�i�n�s�t� �t�h�e� �r�e�l�e�a�s�e� 

�o�f� �e�x�c�e�s�s�i�v�e� �q�u�a�n�t�i�t�i�e�s� �o�f� �e�n�d�o�t�o�x�i�n� �(�C�o�r�b�e�i�l� �e�t� �a�l�.�,� �1�9�8�8�)�.� 

�F�u�r�t�h�e�r� �o�b�s�c�u�r�i�n�g� �t�h�e� �r�o�l�e� �o�f� �a�n�t�i�b�o�d�y� �i�n� �p�r�o�t�e�c�t�i�v�e� �i�m�m�u�n�i�t�y� �i�s� �t�h�e� 

�l�a�c�k� �o�f� �e�v�i�d�e�n�c�e� �c�o�r�r�e�l�a�t�i�n�g� �t�h�e� �l�e�v�e�l� �o�f� �a�g�g�l�u�t�i�n�a�t�i�n�g� �a�n�t�i�b�o�d�i�e�s� �w�i�t�h� 

�p�r�o�t�e�c�t�i�o�n� �a�g�a�i�n�i�s�t� �b�r�u�c�e�l�l�o�s�i�s� �(�R�a�s�o�o�l�y� �e�t� �a�l�.�,� �1�9�6�8�)�.� �I�n� �a�d�d�i�t�i�o�n�,� 

�a�n�o�t�h�e�r� �s�t�u�d�y� �c�o�m�p�a�r�i�n�g� �i�n�h�e�r�e�n�t� �r�e�s�i�s�t�a�n�c�e� �a�n�d� �s�u�s�c�e�p�t�i�b�i�l�i�t�y� �t�o� �b�r�u�c�e�l�l�o�s�i�s� 

�r�e�v�e�a�l�e�d� �t�h�a�t� �s�u�s�c�e�p�t�i�b�l�e� �v�a�c�c�i�n�a�t�e�d� �c�a�t�t�l�e� �w�e�r�e� �f�o�u�n�d� �t�o� �h�a�v�e� �i�n�i�t�i�a�l�l�y� 

�h�i�g�h�e�r� �a�n�d� �m�o�r�e� �p�r�o�l�o�n�g�e�d� �t�o�t�a�l� �a�n�t�i�b�o�d�y� �r�e�s�p�o�n�s�e�,� �s�i�g�n�i�f�i�c�a�n�t�l�y� �h�i�g�h�e�r
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�I�g�G�l� �r�e�s�p�o�n�s�e�s� �a�n�d� �p�r�e�f�e�r�e�n�t�i�a�l� �e�x�p�r�e�s�s�i�o�n� �o�f� �I�g�G�2�a� �a�l�l�o�t�y�p�e�s� �(�B�u�t�l�e�r� �e�t� 

�a�l�.�,� �1�9�8�6�)� �u�p�o�n� �c�h�a�l�l�e�n�g�e� �t�h�a�n� �r�e�s�i�s�t�a�n�t� �v�a�c�c�i�n�a�t�e�d� �c�a�t�t�l�e�.� �A� �r�e�c�e�n�t� 

�i�n�v�e�s�t�i�g�a�t�i�o�n� �o�f� �n�a�t�u�r�a�l� �r�e�s�i�s�t�a�n�c�e� �t�o� �B�r�u�c�e�l�l�a� �i�n�f�e�c�t�i�o�n� �i�n� �c�a�t�t�l�e� 

�f�o�u�n�d� �t�h�a�t� �n�a�t�u�r�a�l�l�y� �r�e�s�i�s�t�a�n�t� �c�a�t�t�l�e� �d�e�v�e�l�o�p�e�d� �l�o�w� �c�i�r�c�u�l�a�t�i�n�g� �a�n�t�i�b�o�d�y� 

�t�i�t�e�r�s� �a�n�d� �d�i�d� �n�o�t� �a�b�o�r�t�,� �i�n� �c�o�n�t�r�a�s�t� �t�o� �n�a�t�u�r�a�l�l�y� �s�u�s�c�e�p�t�i�b�l�e� �c�a�t�t�l�e� 

�w�h�i�c�h� �d�e�v�e�l�o�p�e�d� �h�i�g�h� �t�i�t�e�r�s� �a�n�d� �a�b�o�r�t�e�d� �t�h�e�i�r� �f�e�t�u�s�e�s�.� �(�P�r�i�c�e� �e�t� �a�l�.�,� �1�9�9�0�)�.� 

�I�n� �a� �m�u�r�i�n�e� �s�t�u�d�y� �o�f� �p�r�o�t�e�c�t�i�o�n� �i�n�d�u�c�e�d� �b�y� �s�u�b�c�e�l�l�u�l�a�r� �v�a�c�c�i�n�e�s�,� 

�t�h�e�r�e� �w�a�s� �a� �p�r�o�p�o�r�t�i�o�n�a�l� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �t�h�e� �a�b�i�l�i�t�y� �o�f� �a� �v�a�c�c�i�n�e� 

�t�o� �i�n�d�u�c�e� �a�n�t�i�b�o�d�i�e�s� �a�g�a�i�n�s�t� �t�h�e� �O�-�s�i�d�e�-�c�h�a�i�n� �a�n�t�i�g�e�n� �a�n�d� �i�t�s� �a�b�i�l�i�t�y� �t�o� 

�i�n�d�u�c�e� �p�r�o�t�e�c�t�i�v�e� �i�m�m�u�n�i�t�y� �a�g�a�i�n�s�t� �s�p�l�e�n�i�c� �i�n�f�e�c�t�i�o�n� �u�p�o�n� �c�h�a�l�l�e�n�g�e� �w�i�t�h� 

�v�i�r�u�l�e�n�t� �s�t�r�a�i�n� �2�3�0�8�.� �H�o�w�e�v�e�r�,� �t�h�i�s� �r�e�l�a�t�i�o�n�s�h�i�p� �d�i�d� �n�o�t� �h�o�l�d� �i�n� �a�l�l� 

�c�a�s�e�s� �a�n�d� �e�x�a�m�p�l�e�s� �o�f� �m�i�c�e� �w�i�t�h� �a� �h�i�g�h� �l�e�v�e�l� �o�f� �p�r�o�t�e�c�t�i�o�n� �i�n� �t�h�e� �a�b�s�e�n�c�e� 

�o�f� �a�n�t�i�-�O�-�a�n�t�i�b�o�d�y� �a�n�d� �o�t�h�e�r�s� �i�n� �w�h�i�c�h� �p�r�o�t�e�c�t�i�o�n� �w�a�s� �m�a�r�g�i�n�a�l� �o�r� �a�b�s�e�n�t� 

�d�e�s�p�i�t�e� �r�a�i�s�e�d� �l�e�v�e�l�s� �o�f� �a�n�t�i�-�O�-�a�n�t�i�b�o�d�y� �m�a�k�e�s� �i�t� �u�n�c�l�e�a�r� �a�s� �t�o� �t�h�e� 

�i�m�p�o�r�t�a�n�c�e� �o�f� �O�-�s�i�d�e�-�c�h�a�i�n� �a�n�t�i�g�e�n� �i�n� �p�r�o�t�e�c�t�i�v�e� �i�m�m�u�n�i�t�y� �(�W�i�n�t�e�r� �e�t� 

�a�l�.�,� �1�9�8�8�)�.� 

�4�.�2� �C�e�l�l�-�m�e�d�i�a�t�e�d� �r�e�s�p�o�n�s�e� 

�A�l�t�h�o�u�g�h� �a�n�t�i�b�o�d�i�e�s� �m�a�y� �p�l�a�y� �a� �r�o�l�e� �i�n� �p�r�o�t�e�c�t�i�v�e� �i�m�m�u�n�i�t�y� �a�g�a�i�n�s�t� 

�b�r�u�c�e�l�l�o�s�i�s�,� �t�h�e� �b�a�c�t�e�r�i�o�c�i�d�a�l� �p�h�a�s�e� �i�n� �m�u�r�i�n�e� �b�r�u�c�e�l�l�o�s�i�s� �i�s� �c�o�r�r�e�l�a�t�e�d� 

�w�i�t�h� �t�h�e� �o�n�s�e�t� �o�f� �s�p�e�c�i�f�i�c� �c�e�l�l�-�m�e�d�i�a�t�e�d� �i�m�m�u�n�i�t�y�.� �(�H�o� �a�n�d� �C�h�e�e�r�s�,� 

�1�9�8�2�)�.� �A� �r�e�c�e�n�t� �s�t�u�d�y� �i�n� �m�i�c�e� �o�n� �t�h�e� �t�e�m�p�o�r�a�l� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �p�r�o�t�e�c�t�i�v�e� 

�c�e�l�l�-�m�e�d�i�a�t�e�d� �a�n�d� �h�u�m�o�r�a�l� �i�m�m�u�n�i�t�y� �t�o� �B�r�u�c�e�l�l�a� �i�n�f�e�c�t�i�o�n� �f�o�u�n�d� �t�h�a�t� 

�s�e�r�u�m� �a�n�t�i�b�o�d�i�e�s� �c�o�n�f�e�r�r�e�d� �s�i�g�n�i�f�i�c�a�n�t� �p�r�o�t�e�c�t�i�o�n� �a�t� �3� �w�e�e�k�s� �p�o�s�t�-�i�n�f�e�c�t�i�o�n� 

�w�h�e�r�e�a�s� �p�r�o�t�e�c�t�i�o�n� �b�y� �T�-�l�y�m�p�h�o�c�y�t�e�s� �w�a�s� �n�o�t� �e�v�i�d�e�n�t� �u�n�t�i�l� �4� �w�e�e�k�s� �p�o�s�t�-� 

�i�n�f�e�c�t�i�o�n� �(�A�r�a�y�a� �e�t� �a�l�.�,� �1�9�8�9�)�.� �T�h�e� �c�o�m�b�i�n�e�d� �t�r�a�n�s�f�e�r� �o�f� �i�m�m�u�n�e� �s�e�r�u�m
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�a�n�d� �T�-�l�y�m�p�h�o�c�y�t�e�s� �e�n�h�a�n�c�e�d� �p�r�o�t�e�c�t�i�o�n� �o�v�e�r� �t�h�a�t� �p�r�o�v�i�d�e�d� �b�y� �e�i�t�h�e�r� �c�e�l�l�s� 

�o�r� �s�e�r�u�m� �a�l�o�n�e�.� �T�h�i�s� �s�t�u�d�y� �a�l�s�o� �e�x�a�m�i�n�e�d� �t�h�e� �s�p�e�c�i�f�i�c� �T�-�l�y�m�p�h�o�c�y�t�e� �l�i�n�e�a�g�e�s� 

�i�n�v�o�l�v�e�d� �i�n� �p�r�o�t�e�c�t�i�v�e� �i�m�m�u�n�i�t�y� �a�n�d� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� 

�r�e�s�i�s�t�a�n�c�e� �t�o� �B�.� �a�b�o�r�t�u�s� �i�n� �m�i�c�e� �i�s� �t�h�e� �r�e�s�u�l�t� �o�f� �i�n�d�e�p�e�n�d�e�n�t� �a�n�d� �p�r�o�b�a�b�l�y� 

�i�n�t�e�r�a�c�t�i�v�e� �e�f�f�e�c�t�s� �o�f� �a�n�t�i�b�o�d�y� �a�n�d� �T�-�e�f�f�e�c�t�o�r�-�l�y�m�p�h�o�c�y�t�e�s� �o�f� �b�o�t�h� �t�h�e� 

�C�D�4� �a�n�d� �t�h�e� �C�D�8� �p�h�e�n�o�t�y�p�e�s�.� �T�h�e� �i�n�i�t�i�a�l� �d�e�c�l�i�n�e� �i�n� �b�a�c�t�e�r�i�a�l� �n�u�m�b�e�r�s� 

�w�h�i�c�h� �o�c�c�u�r�r�e�d� �i�n� �t�h�e� �a�b�s�e�n�c�e� �o�f� �d�e�t�e�c�t�a�b�l�e� �c�e�l�l�-�m�e�d�i�a�t�e�d� �i�m�m�u�n�i�t�y� �w�a�s� 

�a�s�c�r�i�b�e�d� �t�o� �t�h�e� �e�f�f�e�c�t�s� �o�f� �a�n�t�i�b�o�d�y� �a�n�d� �n�o�n�-�i�m�m�u�n�e� �s�t�i�m�u�l�i� �r�e�s�p�o�n�s�i�b�l�e� 

�f�o�r� �t�h�e� �i�n�c�r�e�a�s�e�d� �f�o�r�m�a�t�i�o�n�,� �a�t�t�r�a�c�t�i�o�n� �a�n�d� �a�c�t�i�v�a�t�i�o�n� �o�f� �m�a�c�r�o�p�h�a�g�e�s�.� 

�T�h�e� �k�i�n�d�s� �a�n�d� �r�e�l�a�t�i�v�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �e�f�f�e�c�t�o�r� �f�u�n�c�t�i�o�n�s� �m�e�d�i�a�t�e�d� �b�y� �C�D�4� 

�a�n�d� �C�D�8� �c�e�l�l�s�,� �i�n�c�l�u�d�i�n�g� �t�h�e� �a�c�t�i�v�a�t�i�o�n� �o�f� �m�a�c�r�o�p�h�a�g�e�s� �a�n�d� �d�i�r�e�c�t� �c�y�t�o�l�y�t�i�c� 

�e�f�f�e�c�t�s�,� �r�e�m�a�i�n�s� �t�o� �b�e� �e�s�t�a�b�l�i�s�h�e�d� �a�s� �d�o� �t�h�e� �i�n�t�e�r�a�c�t�i�v�e� �e�f�f�e�c�t�s� �b�e�t�w�e�e�n� 

�a�n�t�i�b�o�d�i�e�s� �a�n�d� �i�m�m�u�n�e� �T�-�l�y�m�p�h�o�c�y�t�e�s�.� �I�t� �i�s� �l�i�k�e�l�y� �t�h�a�t� �o�p�s�o�n�i�z�a�t�i�o�n� 

�c�o�u�p�l�e�d� �w�i�t�h� �e�n�h�a�n�c�e�d� �i�n�t�r�a�c�e�l�l�u�l�a�r� �k�i�l�l�i�n�g� �(�H�a�r�m�o�n� �e�t� �a�l�.�,� �1�9�8�9�)� �c�o�n�s�t�i�t�u�t�e� 

�t�h�e� �p�r�i�n�c�i�p�l�e� �p�r�o�t�e�c�t�i�v�e� �r�o�l�e� �o�f� �a�n�t�i�b�o�d�y� �a�g�a�i�n�s�t� �B�.� �a�b�o�r�t�u�s� �e�f�f�e�c�t�i�v�e� 

�e�a�r�l�y� �i�n� �t�h�e� �e�x�t�r�a�c�e�l�l�u�l�a�r� �p�h�a�s�e� �o�f� �i�n�f�e�c�t�i�o�n� �b�u�t� �t�h�a�t� �e�v�e�n�t�u�a�l� �r�e�s�i�s�t�a�n�c�e� 

�d�e�p�e�n�d�s� �o�n� �t�h�e� �s�u�c�c�e�s�s�f�u�l� �c�o�l�l�a�b�o�r�a�t�i�o�n� �b�e�t�w�e�e�n� �s�p�e�c�i�f�i�c�a�l�l�y� �s�e�n�s�i�t�i�z�e�d� 

�T�-�l�y�m�p�h�o�c�y�t�e�s� �a�n�d� �m�a�c�r�o�p�h�a�g�e�s� �(�S�p�l�i�t�t�e�r� �a�n�d� �E�v�e�r�l�i�t�h�,� �1�9�8�6�)�.� 

�4�.�3�.� �B�.� �a�b�o�r�t�u�s� �s�t�r�a�i�n� �1�9� 

�A� �b�e�t�t�e�r� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �t�h�e� �c�r�i�t�i�c�a�l� �c�o�m�p�o�n�e�n�t�s� �o�f� �p�a�t�h�o�g�e�n� �a�n�t�i�-� 

�g�e�n�i�c�i�t�y� �a�n�d� �h�o�s�t� �r�e�s�p�o�n�s�e� �w�o�u�l�d� �a�l�l�o�w� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �a� �m�o�r�e� �e�f�f�e�c�t�i�v�e� 

�v�a�c�c�i�n�e� �f�o�r� �b�o�v�i�n�e� �b�r�u�c�e�l�l�o�s�i�s�.� �B�.� �a�b�o�r�t�u�s� �s�t�r�a�i�n� �1�9�,� �a�n� �a�t�t�e�n�u�a�t�e�d� 

�s�m�o�o�t�h� �s�t�r�a�i�n�,� �i�s� �t�h�e� �o�r�g�a�n�i�s�m� �u�s�e�d� �w�i�d�e�l�y� �a�s� �a� �l�i�v�e� �v�a�c�c�i�n�e� �i�n� �c�o�n�t�r�o�l� 

�p�r�o�g�r�a�m�s�.� �T�h�i�s� �s�t�r�a�i�n� �h�a�s� �s�e�v�e�r�a�l� �d�i�s�a�d�v�a�n�t�a�g�e�s� �a�s� �a� �v�a�c�c�i�n�e�:� �i�t� �i�s� 

�k�n�o�w�n� �t�o� �p�r�o�t�e�c�t� �o�n�l�y� �6�5�-�7�5� �p�e�r�c�e�n�t� �o�f� �r�e�c�i�p�i�e�n�t�s� �(�M�a�n�t�h�e�i�,� �1�9�5�9�)�;� �i�t
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�m�a�y� �c�a�u�s�e� �a�b�o�r�t�i�o�n� �i�f� �a�d�m�i�n�i�s�t�e�r�e�d� �t�o� �p�r�e�g�n�a�n�t� �c�a�t�t�l�e� �(�C�o�r�n�e�r� �a�n�d� �A�l�t�o�n�,� 

�1�9�8�1�)�;� �i�t� �r�e�m�a�i�n�s� �a� �h�e�a�l�t�h� �h�a�z�a�r�d� �t�o� �t�h�o�s�e� �w�h�o� �a�d�m�i�n�i�s�t�e�r� �i�t� �(�R�e�v�i�a�h� �e�t� 

�a�l�.�,� �1�9�6�1�)� �a�n�d� �a� �p�r�o�p�o�r�t�i�o�n� �o�f� �c�a�t�t�l�e� �v�a�c�c�i�n�a�t�e�d� �w�i�t�h� �t�h�i�s� �s�t�r�a�i�n� �m�a�i�n�t�a�i�n� 

�a�g�g�l�u�t�i�n�a�t�i�n�g� �a�n�t�i�b�o�d�y� �t�i�t�e�r�s� �w�h�i�c�h� �i�m�p�e�d�e� �c�l�e�a�r� �d�i�s�t�i�n�c�t�i�o�n� �b�e�t�w�e�e�n� 

�n�a�t�u�r�a�l�l�y� �e�x�p�o�s�e�d� �a�n�d� �v�a�c�c�i�n�a�t�e�d� �a�n�i�m�a�l�s� �o�n� �s�e�r�o�l�o�g�i�c�a�l� �e�x�a�m�i�n�a�t�i�o�n� 

�(�N�i�c�o�l�e�t�t�i�,� �1�9�8�1�)�.� �A�s� �t�h�e� �a�g�g�l�u�t�i�n�a�t�i�n�g� �a�n�t�i�b�o�d�i�e�s� �d�e�t�e�c�t�e�d� �i�n� �s�t�a�n�d�a�r�d� 

�s�e�r�o�l�o�g�i�c�a�l� �t�e�s�t�s� �f�o�r� �b�r�u�c�e�l�l�o�s�i�s� �a�r�e� �a�l�m�o�s�t� �e�x�c�l�u�s�i�v�e� �f�o�r� �t�h�e� �O�-�s�i�d�e�-� 

�c�h�a�i�n� �o�f� �t�h�e� �L�P�S� �m�o�l�e�c�u�l�e�,� �(�D�i�a�z� �e�t� �a�l�.�,� �1�9�6�8�;� �S�c�h�u�r�i�g� �e�t� �a�l�.�,� �1�9�8�1�)� �t�h�e� 

�u�s�e� �o�f� �a� �s�t�a�b�l�e� �r�o�u�g�h� �v�a�r�i�a�n�t� �w�h�i�c�h� �l�a�c�k�s� �t�h�e� �O�-�s�i�d�e�-�c�h�a�i�n� �p�o�t�e�n�t�i�a�l�l�y� �c�o�u�l�d� 

�o�v�e�r�c�o�m�e� �t�h�e� �s�e�r�o�l�o�g�i�c� �d�i�a�g�n�o�s�t�i�c� �p�r�o�b�l�e�m�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �v�a�c�c�i�n�a�t�i�o�n�.� 

�U�s�e� �o�f� �s�u�c�h� �a� �v�a�c�c�i�n�e� �s�t�r�a�i�n� �w�o�u�l�d� �b�e� �a�n� �i�m�p�r�o�v�e�m�e�n�t� �o�v�e�r� �t�h�e� �c�u�r�r�e�n�t� 

�v�a�c�c�i�n�e� �s�t�r�a�t�e�g�i�e�s� �i�f� �i�t� �w�e�r�e� �a�b�l�e� �t�o� �i�n�d�u�c�e� �p�r�o�t�e�c�t�i�v�e� �i�m�m�u�n�i�t�y� �i�n� �t�h�e� 

�h�o�s�t� �w�h�i�l�e� �o�n�l�y� �r�e�p�l�i�c�a�t�i�n�g� �f�o�r� �a� �l�i�m�i�t�e�d� �a�m�o�u�n�t� �o�f� �t�i�m�e�.� �W�h�e�t�h�e�r� �o�r� 

�n�o�t� �i�m�m�u�n�o�l�o�g�i�c� �r�e�s�p�o�n�s�e� �t�o� �t�h�e� �O�-�s�i�d�e�-�c�h�a�i�n� �i�s� �a�n� �e�s�s�e�n�t�i�a�l� �e�l�e�m�e�n�t� �i�n� 

�p�r�o�t�e�c�t�i�v�e� �i�m�m�u�n�i�t�y� �i�s� �p�r�e�s�e�n�t�l�y� �u�n�c�l�e�a�r�.� 

�I�n� �m�a�n�y� �G�r�a�m� �n�e�g�a�t�i�v�e� �o�r�g�a�n�i�s�m�s�,� �v�i�r�u�l�e�n�t� �s�t�r�a�i�n�s� �t�e�n�d� �t�o� �f�o�r�m� �s�u�r�f�a�c�e� 

�c�o�m�p�o�n�e�n�t�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �a� �s�m�o�o�t�h� �c�o�l�o�n�y� �m�o�r�p�h�o�l�o�g�y�.� �T�h�i�s� �a�p�p�e�a�r�s� �t�o� 

�b�e� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �p�o�l�y�s�a�c�c�h�a�r�i�d�e� �c�h�a�i�n�s� �o�n� �t�h�e� �o�u�t�e�r� �m�e�m�b�r�a�n�e�s� �o�f� 

�t�h�e� �E�n�t�e�r�o�b�a�c�t�e�r�i�a�c�e�a�e� �a�n�d� �b�r�u�c�e�l�l�a�e� �(�D�a�v�i�s�,� �1�9�8�0�)�.� �I�n� �v�i�t�r�o� �s�t�u�d�i�e�s� 

�e�x�a�m�i�n�i�n�g� �t�h�e� �p�a�t�h�o�g�e�n�e�c�i�t�y� �o�f� �v�a�r�i�o�u�s� �s�t�r�a�i�n� �o�f� �B�.� �a�b�o�r�t�u�s� �i�n�d�i�c�a�t�e� �t�h�a�t� 

�r�o�u�g�h� �s�t�r�a�i�n�s� �a�r�e� �m�o�r�e� �s�u�s�c�e�p�t�i�b�l�e� �t�o� �h�o�s�t� �b�a�c�t�e�r�i�o�c�i�d�a�l� �m�e�c�h�a�n�i�s�m�s� �t�h�a�n� 

�a�r�e� �s�m�o�o�t�h� �s�t�r�a�i�n�s�.� �T�h�e� �l�a�c�k� �o�f� �t�h�e� �O�-�s�i�d�e�-�c�h�a�i�n� �w�a�s� �c�o�r�r�e�l�a�t�e�d� �w�i�t�h� 

�i�n�c�r�e�a�s�e�d� �k�i�l�l�i�n�g� �o�f� �r�o�u�g�h� �s�t�r�a�i�n�s� �o�f� �B�.� �a�b�o�r�t�u�s� �a�s� �c�o�m�p�a�r�e�d� �t�o� �s�m�o�o�t�h� 

�s�t�r�a�i�n�s� �b�y� �b�o�v�i�n�e� �s�e�r�u�m� �(�C�o�r�b�e�i�l� �e�t� �a�l�.�,� �1�9�8�8�)� �a�n�d� �i�s� �c�o�n�s�i�s�t�a�n�t� �w�i�t�h� 

�d�a�t�a� �o�n� �t�h�e� �s�e�r�u�m� �r�e�s�i�s�t�a�n�c�e� �o�f� �o�t�h�e�r� �r�o�u�g�h� �a�n�d� �s�m�o�o�t�h� �G�r�a�m�-�n�e�g�a�t�i�v�e� 

�b�a�c�t�e�r�i�a� �i�n�c�l�u�d�i�n�g� �t�h�e� �E�n�t�e�r�o�b�a�c�t�e�r�i�a� �(�T�a�y�l�o�r�,� �1�9�8�3�)�.� �R�e�d�u�c�e�d� �s�u�r�v�i�v�a�b�i�l�t�i�y
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�o�f� �r�o�u�g�h� �s�t�r�a�i�n�s� �o�f� �B�.� �a�b�o�r�t�u�s� �w�a�s� �a�l�s�o� �d�o�c�u�m�e�n�t�e�d� �b�o�t�h� �w�i�t�h�i�n� �b�o�v�i�n�e� 

�p�o�l�y�m�o�r�p�h�o�n�u�c�l�e�a�r� �l�e�u�k�o�c�y�t�e�s� �(�R�i�l�e�y� �a�n�d� �R�o�b�e�r�t�s�o�n�,� �1�9�8�4�)� �a�n�d� �m�a�c�r�o�p�h�a�g�e�s� 

�(�H�a�r�m�o�n� �e�t� �a�l�.�,� �1�9�8�8�)�.� �T�h�i�s� �d�e�c�r�e�a�s�e� �i�n� �s�u�r�v�i�v�a�l� �w�a�s� �p�r�o�p�o�s�e�d� �t�o� �r�e�l�a�t�e� 

�t�o� �c�e�l�l� �s�u�r�f�a�c�e� �c�o�m�p�o�n�e�n�t�s�.� �S�m�o�o�t�h� �s�t�r�a�i�n�s� �o�f� �B�.� �a�b�o�r�t�u�s� �a�l�s�o� �r�e�p�l�i�c�a�t�e� 

�m�o�r�e� �r�a�p�i�d�l�y� �i�n� �g�u�i�n�e�a� �p�i�g� �m�o�n�o�c�y�t�e�s� �t�h�a�n� �d�o� �l�e�s�s� �v�i�r�u�l�e�n�t� �r�o�u�g�h� �s�t�r�a�i�n�s� 

�(�B�r�a�u�n� �e�t� �a�l�.�,� �1�9�5�8�)�.� �T�h�e�s�e� �f�i�n�d�i�n�g�s� �a�r�e� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �a� �s�t�u�d�y� �w�h�i�c�h� 

�r�e�v�e�a�l�e�d� �t�h�a�t� �s�m�o�o�t�h� �B�r�u�c�e�l�l�a� �c�e�l�l� �w�a�l�l� �c�o�m�p�o�n�e�n�t�s� �a�r�e� �m�o�r�e� �r�e�s�i�s�t�e�n�t� �t�o� 

�d�i�g�e�s�t�i�o�n� �b�y� �h�y�d�r�o�l�y�t�i�c� �e�n�z�y�m�e�s� �t�h�a�n� �r�o�u�g�h� �s�t�r�a�i�n�s� �(�K�r�e�u�t�z�e�r� �e�t� �a�l�.�,� 

�1�9�7�9�)�.� �T�h�u�s� �u�s�e� �o�f� �a� �r�o�u�g�h� �s�t�r�a�i�n� �o�f� �B�r�u�c�e�l�l�a� �a�s� �a� �v�a�c�c�i�n�e� �m�i�g�h�t� �o�f�f�e�r� 

�b�o�t�h� �d�e�c�r�e�a�s�e�d� �v�i�r�u�l�e�n�c�e� �a�n�d� �f�r�e�e�d�o�m� �f�r�o�m� �s�e�r�o�l�o�g�i�c� �c�o�n�f�u�s�i�o�n� �b�e�t�w�e�e�n� 

�v�a�c�c�i�n�a�t�e�s� �a�n�d� �f�i�e�l�d� �i�n�f�e�c�t�i�o�n�s�.� 

�4�.�4� �B�.� �a�b�o�r�t�u�s� �s�t�r�a�i�n� �4�5�/�2�0� 

�B�.� �a�b�o�r�t�u�s� �s�t�r�a�i�n� �4�5�/�2�0� �i�s� �a� �r�o�u�g�h� �v�a�r�i�a�n�t� �t�h�a�t� �w�a�s� �f�i�r�s�t� �i�s�o�l�a�t�e�d� 

�f�r�o�m� �a� �c�o�w� �i�n� �1�9�2�2� �(�M�c�E�w�e�n� �a�n�d� �P�r�i�e�s�t�l�y�,� �1�9�3�8�)� �a�n�d� �l�a�t�e�r� �s�t�u�d�i�e�d� �e�x�t�e�n�s�i�v�e�l�y� 

�a�s� �a� �p�o�t�e�n�t�i�a�l� �v�a�c�c�i�n�e�.� �T�h�i�s� �s�t�r�a�i�n� �a�p�p�e�a�r�e�d� �p�r�o�m�i�s�i�n�g� �s�i�n�c�e� �i�t� �w�a�s� 

�r�o�u�g�h� �a�s� �j�u�d�g�e�d� �b�y� �c�o�l�o�n�y� �m�o�r�p�h�o�l�o�g�y�,� �a�n�d� �r�e�a�c�t�i�v�i�t�y� �w�i�t�h� �c�r�y�s�t�a�l� �v�i�o�l�e�t� 

�a�n�d� �a�c�r�i�f�l�a�v�i�n�e� �a�n�d� �w�a�s� �s�h�o�w�n� �t�o� �h�a�v�e� �g�o�o�d� �i�m�m�u�n�i�z�i�n�g� �p�r�o�p�e�r�t�i�e�s� �i�n� 

�c�a�t�t�l�e� �a�n�d� �g�u�i�n�e�a� �p�i�g�s� �(�M�c�E�w�e�n�,� �1�9�4�0�)�.� �V�a�r�i�o�u�s� �s�t�u�d�i�e�s� �h�a�v�e� �n�o�w� �c�o�n�c�l�u�d�e�d� 

�t�h�a�t� �r�o�u�g�h� �s�t�r�a�i�n� �4�5�/�2�0� �i�s� �u�n�s�t�a�b�l�e� �s�i�n�c�e� �i�t� �r�e�v�e�r�t�s� �t�o� �a� �s�m�o�o�t�h� �v�i�r�u�l�e�n�t� 

�m�u�t�a�n�t� �(�E�d�w�a�r�d�s� �e�t� �a�l�.�,� �1�9�4�5�;� �W�i�l�s�o�n� �T�a�y�l�o�r� �a�n�d� �M�c�D�i�a�r�m�i�d�,� �1�9�4�9�)� �a�n�d� �i�s� 

�n�o�t� �t�o�t�a�l�l�y� �d�e�v�o�i�d� �o�f� �t�h�e� �O�-�s�i�d�e�-�c�h�a�i�n� �o�f� �t�h�e� �L�P�S� �m�o�l�e�c�u�l�e� �(�C�o�r�b�e�l� �a�n�d� 

�B�r�a�c�e�w�e�l�l�,� �1�9�7�6�;� �S�c�h�u�r�i�g� �e�t� �a�l�.�,� �1�9�8�4�,� �1�9�9�1�)�.� �T�h�e� �s�t�r�a�i�n� �w�a�s� �u�s�e�d� �f�o�r� 

�s�o�m�e� �y�e�a�r�s� �a�s� �a� �k�i�l�l�e�d� �v�a�c�c�i�n�e� �b�u�t� �t�h�e� �l�i�m�i�t�e�d� �i�m�m�u�n�o�g�e�n�i�c�i�t�y� �o�f� �t�h�e� �n�o�n�-� 

�r�e�p�l�i�c�a�t�i�n�g� �b�a�c�t�e�r�i�a� �r�e�q�u�i�r�e�d� �m�u�l�t�i�p�l�e� �i�n�j�e�c�t�i�o�n�s� �t�o� �p�r�o�v�i�d�e� �m�a�x�i�m�u�m� 

�p�r�o�t�e�c�t�i�o�n� �a�n�d� �t�h�e� �4�5�/�2�0� �a�d�j�u�v�a�n�t� �b�a�c�t�e�r�i�n�s� �o�f�t�e�n� �c�a�u�s�e�d� �a� �m�a�r�k�e�d� �l�o�c�a�l
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�r�e�a�c�t�i�o�n� �a�t� �t�h�e� �s�i�t�e� �o�f� �i�n�j�e�c�t�i�o�n�.� �W�i�t�h� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� �r�e�d�u�c�e�d� 

�d�o�s�a�g�e� �s�t�r�a�i�n� �1�9� �v�a�c�c�i�n�e� �w�h�i�c�h� �d�e�c�r�e�a�s�e�d� �t�h�e� �p�r�o�b�l�e�m� �o�f� �t�h�e� �s�e�r�o�c�o�n�v�e�r�s�i�o�n� 

�o�f� �v�a�c�c�i�n�a�t�e�s�,� �u�s�e� �o�f� �s�t�r�a�i�n� �4�5�/�2�0� �h�a�s� �d�e�c�l�i�n�e�d� �(�N�i�c�o�l�e�t�t�i�,� �1�9�9�0�)�.� 

�4�.�5� �B�.� �a�b�o�r�t�u�s� �s�t�r�a�i�n� �R�B�5�1� 

�B�.� �a�b�o�r�t�u�s� �s�t�r�a�i�n� �R�B�5�1� �w�a�s� �d�e�v�e�l�o�p�e�d� �b�y� �t�h�e� �i�n� �v�i�t�r�o� �p�a�s�s�a�g�e� �o�f� 

�v�i�r�u�l�e�n�t� �f�i�e�l�d� �s�t�r�a�i�n� �2�3�0�8� �o�n� �r�i�f�a�m�p�i�n� �(�S�c�h�u�r�i�g� �e�t� �a�l�.�,� �1�9�9�1�)�.� �T�h�i�s� 

�r�i�f�a�m�p�i�n� �r�e�s�i�s�t�a�n�t� �r�o�u�g�h� �m�u�t�a�n�t� �h�a�s� �b�e�e�n� �f�o�u�n�d� �t�o� �b�e� �s�t�a�b�l�e� �i�n� �v�i�v�o� �a�n�d� 

�i�n� �v�i�t�r�o� �a�n�d� �i�s� �h�i�g�h�l�y� �d�e�f�i�c�i�e�n�t� �i�n� �t�h�e� �O�-�s�i�d�e�-�c�h�a�i�n� �o�f� �t�h�e� �L�P�S� �m�o�l�e�c�u�l�e�.� 

�R�a�b�b�i�t�s�,� �m�i�c�e�,� �g�o�a�t�s� �a�n�d� �c�a�t�t�l�e� �h�y�p�e�r�i�m�m�u�n�i�z�e�d� �w�i�t�h� �s�o�n�i�c�a�t�e�s� �o�r� �l�i�v�e� 

�s�u�s�p�e�n�s�i�o�n�s� �o�f� �s�t�r�a�i�n� �R�B�5�1� �d�e�v�e�l�o�p� �a�n�t�i�b�o�d�i�e�s� �t�o� �B�.� �a�b�o�r�t�u�s� �s�p�e�c�i�f�i�c� 

�a�n�t�i�g�e�n�s� �b�u�t� �d�o� �n�o�t� �d�e�v�e�l�o�p� �a�n�t�i�b�o�d�i�e�s� �s�p�e�c�i�f�i�c� �f�o�r� �t�h�e� �O�-�s�i�d�e�-�c�h�a�i�n�.� 

�R�e�c�e�n�t� �s�t�u�d�i�e�s� �w�i�t�h� �s�t�r�a�i�n� �R�B�5�1� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�i�s� �s�t�r�a�i�n� �h�a�s� �r�e�d�u�c�e�d� 

�v�i�r�u�l�e�n�c�e� �i�n� �t�h�e� �n�o�n�-�p�r�e�g�n�a�n�t� �m�o�u�s�e� �m�o�d�e�l� �a�s� �w�e�l�l� �a�s� �i�n� �p�r�e�l�i�m�i�n�a�r�y� �i�n� 

�v�i�v�o� �a�n�d� �i�n� �v�i�t�r�o� �s�t�u�d�i�e�s� �i�n� �t�h�e� �r�u�m�i�n�a�n�t�.� �B�A�L�B�/�c� �m�i�c�e� �i�n�f�e�c�t�e�d� �w�i�t�h� 

�s�t�r�a�i�n� �R�B�5�1� �b�y� �t�h�e� �i�n�t�r�a�p�e�r�i�t�o�n�e�a�l� �r�o�u�t�e� �c�l�e�a�r� �t�h�e� �o�r�g�a�n�i�s�m� �w�i�t�h�i�n� �f�o�u�r� 

�w�e�e�k�s� �(�S�c�h�u�r�i�g� �e�t� �a�l�.�,� �1�9�9�1�)�.� �T�h�i�s� �i�s� �i�n� �c�o�n�t�r�a�s�t� �t�o� �a�t�t�e�n�u�a�t�e�d� �s�t�r�a�i�n� 

�1�9� �a�n�d� �v�i�r�u�l�e�n�t� �s�t�r�a�i�n� �2�3�0�8� �w�h�i�c�h� �m�a�y� �b�e� �i�s�o�l�a�t�e�d� �a�t� �s�i�x� �a�n�d� �2�4� �w�e�e�k�s� �p�o�s�t�-� 

�i�n�f�e�c�t�i�o�n� �r�e�s�p�e�c�t�i�v�e�l�y� �(�M�o�n�t�a�r�a�z� �a�n�d� �W�i�n�t�e�r�,� �1�9�8�6�)�.� �A� �s�t�u�d�y� �e�x�a�m�i�n�i�n�g� �t�h�e� 

�p�a�t�h�o�g�e�n�i�c�i�t�y� �o�f� �s�t�r�a�i�n�s� �1�9� �a�n�d� �R�B�5�1� �i�n� �f�e�t�a�l� �g�o�a�t�s� �r�e�v�e�a�l�e�d� �t�h�a�t� �f�e�t�u�s�e�s� 

�i�n�o�c�u�l�a�t�e�d� �w�i�t�h� �s�t�r�a�i�n� �1�9� �w�e�r�e� �a�b�o�r�t�e�d� �1�1� �d�a�y�s� �p�o�s�t�-�i�n�f�e�c�t�i�o�n� �w�h�i�l�e� 

�f�e�t�u�s�e�s� �r�e�c�e�i�v�i�n�g� �s�t�r�a�i�n� �R�B�5�1� �w�e�r�e� �c�a�r�r�i�e�d� �t�o� �t�e�r�m� �a�n�d� �b�o�r�n� �a�l�i�v�e�.� �W�h�i�l�e� 

�f�e�t�a�l� �i�n�f�e�c�t�i�o�n� �o�c�c�u�r�r�e�d� �w�i�t�h� �b�o�t�h� �s�t�r�a�i�n�s� �r�e�s�u�l�t�i�n�g� �i�n� �g�r�o�s�s� �a�n�d� �h�i�s�t�o�l�o�g�i�c� 

�l�e�s�i�o�n�s�,� �t�h�i�s� �s�t�u�d�y� �s�u�g�g�e�s�t�s� �t�h�a�t� �s�t�r�a�i�n� �R�B�5�1� �m�a�y� �b�e� �l�e�s�s� �p�a�t�h�o�g�e�n�i�c� �t�o� 

�t�h�e� �f�e�t�o�-�m�a�t�e�r�n�a�l� �u�n�i�t�.� �T�o� �e�x�p�l�o�r�e� �f�u�r�t�h�e�r� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �p�a�t�h�o�g�e�n�i�c�i�t�y� 

�o�f� �v�a�r�i�o�u�s� �s�t�r�a�i�n�s� �o�f� �B�.� �a�b�o�r�t�u�s� �t�o� �t�h�e� �r�u�m�i�n�a�n�t�,� �m�i�d�-�g�e�s�t�a�t�i�o�n�a�l� �b�o�v�i�n�e
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�c�h�o�r�i�o�n�i�c� �m�e�m�b�r�a�n�e� �e�x�p�l�a�n�t�s� �w�e�r�e� �a�l�s�o� �i�n�f�e�c�t�e�d� �w�i�t�h� �e�i�t�h�e�r� �s�t�r�a�i�n� �2�3�0�8�,� 

�1�9� �o�r� �R�B�5�1�.� �A�l�l� �e�x�p�l�a�n�t�s� �w�e�r�e� �i�n�o�c�u�l�a�t�e�d� �w�i�t�h� �e�q�u�a�l� �n�u�m�b�e�r�s� �o�f� �o�n�e� �o�f� 

�t�h�e�s�e� �s�t�r�a�i�n�s�.� �H�i�s�t�o�l�o�g�i�c� �e�x�a�m�i�n�a�t�i�o�n� �o�f� �t�i�s�s�u�e� �h�a�r�v�e�s�t�e�d� �1�2� �h�o�u�r�s� �p�o�s�t�-� 

�i�n�o�c�u�l�a�t�i�o�n� �w�i�t�h� �s�t�r�a�i�n� �2�3�0�8� �r�e�v�e�a�l�e�d� �n�e�a�r� �t�o�t�a�l� �d�e�s�t�r�u�c�t�i�o�n� �o�f� �c�h�o�r�i�o�n�i�c� 

�t�r�o�p�h�o�b�l�a�s�t� �c�e�l�l�s�.� �I�n� �c�o�n�t�r�a�s�t�,� �b�o�t�h� �s�t�r�a�i�n�s� �1�9� �a�n�d� �R�B�5�1� �c�a�u�s�e�d� �o�n�l�y� 

�s�l�i�g�h�t� �n�e�c�r�o�s�i�s� �o�f� �t�r�o�p�h�o�b�l�a�s�t� �c�e�l�l�s�,� �d�e�s�p�i�t�e� �t�h�e� �f�a�c�t� �t�h�a�t� �t�h�e�s�e� �t�w�o� 

�s�t�r�a�i�n�s� �w�e�r�e� �c�u�l�t�u�r�e�d� �i�n� �h�i�g�h�e�r� �n�u�m�b�e�r�s� �f�r�o�m� �t�h�e� �e�x�p�l�a�n�t� �t�i�s�s�u�e� �t�h�a�n� �t�h�e� 

�v�i�r�u�l�e�n�t� �s�t�r�a�i�n� �(�E�n�r�i�g�h�t�,� �1�9�9�1�)�.� 

�P�r�e�l�i�m�i�n�a�r�y� �e�x�p�e�r�i�m�e�n�t�s� �w�i�t�h� �s�t�r�a�i�n� �R�B�5�1� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�i�s� �s�t�r�a�i�n� 

�c�o�n�f�e�r�s� �s�i�g�n�i�f�i�c�a�n�t� �p�r�o�t�e�c�t�i�o�n� �t�o� �n�o�n�-�p�r�e�g�n�a�n�t� �m�i�c�e� �a�g�a�i�n�s�t� �c�h�a�l�l�e�n�g�e� 

�w�i�t�h� �v�i�r�u�l�e�n�t� �B�.� �a�b�o�r�t�u�s� �s�t�r�a�i�n� �2�3�0�8� �a�s� �a�s�s�e�s�s�e�d� �b�y� �s�p�l�e�n�i�c� �b�a�c�t�e�r�i�a�l� 

�c�o�l�o�n�i�z�a�t�i�o�n� �(�S�c�h�u�r�i�g� �e�t� �a�l�.�,� �1�9�9�1�)�.� �A�d�o�p�t�i�v�e� �t�r�a�n�s�f�e�r� �e�x�p�e�r�i�m�e�n�t�s� �w�i�t�h� 

�n�y�l�o�n� �w�o�o�l� �p�u�r�i�f�i�e�d� �s�p�l�e�n�i�c� �l�y�m�p�h�o�c�y�t�e�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �R�B�5�1� �i�m�m�u�n�i�z�e�d� 

�m�i�c�e� �d�e�m�o�n�s�t�r�a�t�e�d� �p�r�o�t�e�c�t�i�o�n� �(�B�a�g�c�h�i� �a�n�d� �S�c�h�u�r�i�g�,� �1�9�9�0�)� �a�t� �a� �l�e�v�e�l� 

�c�o�m�p�a�r�a�b�l�e� �t�o� �t�h�a�t� �o�b�t�a�i�n�e�d� �w�i�t�h� �l�y�m�p�h�o�c�y�t�e�s� �f�r�o�m� �s�t�r�a�i�n� �1�9� �i�m�m�u�n�i�z�e�d� 

�m�i�c�e�.� �P�r�e�l�i�m�i�n�a�r�y� �e�x�p�e�r�i�m�e�n�t�s� �w�i�t�h� �a�d�u�l�t� �c�a�t�t�l�e� �h�a�v�e� �i�n�d�i�c�a�t�e�d� �t�h�a�t� 

�s�t�r�a�i�n� �R�B�5�1� �i�m�m�u�n�i�z�a�t�i�o�n� �c�a�n� �p�r�o�t�e�c�t� �t�h�i�s� �s�p�e�c�i�e�s� �a�g�a�i�n�s�t� �c�h�a�l�l�e�n�g�e� �w�i�t�h� 

�s�t�r�a�i�n� �2�3�0�8� �a�n�d� �t�h�a�t� �t�h�i�s� �p�r�o�t�e�c�t�i�o�n� �i�s� �s�u�p�e�r�i�o�r� �t�o� �t�h�a�t� �i�n�d�u�c�e�d� �b�y� 

�s�t�r�a�i�n� �1�9� �(�E�n�r�i�g�h�t� �e�t� �a�l�.�,� �1�9�9�0�b�)�.� 

�T�h�u�s� �l�i�m�i�t�e�d� �t�r�i�a�l�s� �w�i�t�h� �t�h�i�s� �o�r�g�a�n�i�s�m� �s�u�g�g�e�s�t� �t�h�a�t� �s�t�r�a�i�n� �R�B�5�1� �h�a�s� 

�t�h�e� �p�o�t�e�n�t�i�a�l� �o�f� �b�e�i�n�g� �u�s�e�d� �a�s� �a� �p�r�o�t�e�c�t�i�v�e�,� �l�i�v�e�,� �a�t�t�e�n�u�a�t�e�d� �v�a�c�c�i�n�e� �w�h�i�c�h� 

�w�o�u�l�d� �n�o�t� �e�l�i�c�i�t� �t�h�e� �O�-�s�i�d�e�-�c�h�a�i�n� �s�p�e�c�i�f�i�c� �h�u�m�o�r�a�l� �i�m�m�u�n�e� �r�e�s�p�o�n�s�e� �t�h�a�t� 

�i�n�t�e�r�f�e�r�e�s� �w�i�t�h� �s�t�a�n�d�a�r�d� �s�e�r�o�l�o�g�i�c� �t�e�s�t�s� �f�o�r� �b�r�u�c�e�l�l�o�s�i�s�.� �I�f� �t�h�e�s�e� 

�l�i�m�i�t�e�d� �t�r�i�a�l�s� �a�r�e� �p�r�e�d�i�c�t�i�v�e� �o�f� �t�h�e� �b�e�h�a�v�i�o�r� �o�f� �s�t�r�a�i�n� �R�B�5�1� �w�h�e�n� �u�s�e�d� �t�o� 

�i�m�m�u�n�i�z�e� �c�a�t�t�l�e� �h�e�r�d�s� �a�g�a�i�n�s�t� �b�o�v�i�n�e� �b�r�u�c�e�l�l�o�s�i�s�,� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�i�s
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�s�t�r�a�i�n� �a�s� �a� �v�a�c�c�i�n�e� �w�o�u�l�d� �b�e� �a� �s�i�g�n�i�f�i�c�a�n�t� �c�o�n�t�r�i�b�u�t�i�o�n� �t�o�w�a�r�d�s� �t�h�e� 

�c�o�n�t�r�o�l� �o�f� �b�r�u�c�e�l�l�o�s�i�s� �w�o�r�l�d�-�w�i�d�e�.� 

�T�o� �f�u�r�t�h�e�r� �e�v�a�l�u�a�t�e� �t�h�e� �p�o�t�e�n�t�i�a�l� �o�f� �s�t�r�a�i�n� �R�B�5�1� �a�s� �a� �v�a�c�c�i�n�e�,� �t�h�e� 

�f�o�l�l�o�w�i�n�g� �i�n�v�e�s�t�i�g�a�t�i�o�n� �w�a�s� �c�a�r�r�i�e�d� �o�u�t� �u�t�i�l�i�z�i�n�g� �t�h�e� �p�r�e�g�n�a�n�t� �m�o�u�s�e� 

�m�o�d�e�l� �o�f� �b�r�u�c�e�l�l�o�s�i�s�.� �T�h�e� �p�a�t�h�o�g�e�n�i�c�i�t�y� �o�f� �s�t�r�a�i�n�s� �1�9� �a�n�d� �R�B�5�1� �w�e�r�e� 

�c�o�m�p�a�r�e�d� �t�o� �t�h�e� �p�r�e�v�i�o�u�s�l�y� �e�x�a�m�i�n�e�d� �v�i�r�u�l�e�n�t� �s�t�r�a�i�n�,� �B�.� �a�b�o�r�t�u�s� �2�3�0�8�,� �t�o� 

�d�e�t�e�r�m�i�n�e� �i�f� �t�h�e� �a�t�t�e�n�u�a�t�i�o�n� �o�f� �v�i�r�u�l�e�n�c�e� �n�o�t�e�d� �i�n� �t�h�e� �n�o�n�-�p�r�e�g�n�a�n�t� �m�o�u�s�e� 

�m�o�d�e�l� �a�n�d� �i�n� �b�o�v�i�n�e� �t�r�i�a�l�s� �w�o�u�l�d� �b�e� �r�e�f�l�e�c�t�e�d� �i�n� �t�h�e� �p�r�e�g�n�a�n�t� �m�o�u�s�e� 

�m�o�d�e�l�.� �H�i�s�t�o�l�o�g�y� �o�f� �p�l�a�c�e�n�t�a�s� �i�n�f�e�c�t�e�d� �w�i�t�h� �e�a�c�h� �s�t�r�a�i�n� �w�a�s� �i�n�c�l�u�d�e�d� �t�o� 

�c�o�m�p�a�r�e� �a�n�d� �c�o�n�t�r�a�s�t� �t�h�e� �p�a�t�h�o�g�e�n�e�c�i�t�y� �o�f� �v�a�r�i�o�u�s� �s�t�r�a�i�n�s� �o�f� �B�.� �a�b�o�r�t�u�s� 

�f�o�r� �t�h�e� �m�u�r�i�n�e� �p�l�a�c�e�n�t�a� �a�n�d� �t�o� �e�x�a�m�i�n�e� �t�h�e� �i�n�f�l�a�m�m�a�t�o�r�y� �r�e�p�o�n�s�e� �t�o� 

�i�n�f�e�c�t�i�o�n�.� �T�h�e� �s�e�r�o�l�o�g�i�c� �r�e�s�p�o�n�s�e� �o�f� �t�h�e� �p�r�e�g�n�a�n�t� �m�o�u�s�e� �t�o� �i�n�f�e�c�t�i�o�n� 

�w�a�s� �e�x�a�m�i�n�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �i�f�,� �a�s� �p�r�e�v�i�o�u�s�l�y� �r�e�p�o�r�t�e�d� �i�n� �t�h�e� �n�o�n�-�p�r�e�g�n�a�n�t� 

�m�o�u�s�e�,� �i�n�f�e�c�t�i�o�n� �w�i�t�h� �s�t�r�a�i�n� �R�B�5�1� �d�i�d� �n�o�t� �r�e�s�u�l�t� �i�n� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �o�f� 

�a�n�t�i�-�O�-�s�i�d�e�-�c�h�a�i�n� �a�n�t�i�b�o�d�i�e�s� �s�u�f�f�i�c�i�e�n�t� �t�o� �i�n�t�e�r�f�e�r�e� �w�i�t�h� �s�t�a�n�d�a�r�d� 

�a�g�g�l�u�t�i�n�a�t�i�o�n� �t�e�s�t�s� �u�s�e�d� �t�o� �m�o�n�i�t�o�r� �c�a�t�t�l�e� �h�e�r�d�s� �f�o�r� �b�r�u�c�e�l�l�o�s�i�s�.



�C�H�A�P�T�E�R� �5� 

�C�O�M�P�A�R�A�T�I�V�E� �B�E�H�A�V�I�O�R� �O�F� �B�R�U�C�E�L�L�A� �A�B�O�R�T�U�S� 

�S�T�R�A�I�N�S� �1�9� �A�N�D� �R�B�5�1� �I�N� �T�H�E� �P�R�E�G�N�A�N�T� �M�O�U�S�E� 

�I�n� �c�a�t�t�l�e�,� �b�r�u�c�e�l�l�o�s�i�s� �i�s� �a�n� �i�m�p�o�r�t�a�n�t� �c�a�u�s�e� �o�f� �r�e�p�r�o�d�u�c�t�i�v�e� �f�a�i�l�u�r�e� 

�c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �a�b�o�r�t�i�o�n� �a�n�d� �d�e�c�r�e�a�s�e�d� �f�e�r�t�i�l�i�t�y� �(�E�n�r�i�g�h�t�,� �1�9�9�0�)�.� 

�B�r�u�c�e�l�l�a� �a�b�o�r�t�u�s�,� �t�h�e� �p�r�i�n�c�i�p�a�l� �c�a�u�s�a�t�i�v�e� �a�g�e�n�t� �o�f� �b�o�v�i�n�e� �b�r�u�c�e�l�l�o�s�i�s�,� 
� � 

�m�a�y� �a�l�s�o� �c�a�u�s�e� �a� �s�e�r�i�o�u�s� �h�u�m�a�n� �i�l�l�n�e�s�s� �c�o�m�m�o�n�l�y� �k�n�o�w�n� �a�s� �u�n�d�u�l�a�n�t� �f�e�v�e�r� 

�(�A�c�h�a� �a�n�d� �S�z�y�f�r�e�s�,� �1�9�8�0�)�.� �F�i�e�l�d� �s�t�r�a�i�n�s� �a�n�d� �v�i�r�u�l�e�n�t� �l�a�b�o�r�a�t�o�r�y� �a�d�a�p�t�e�d� 

�s�t�r�a�i�n�s� �o�f� �B�.� �a�b�o�r�t�u�s� �o�c�c�u�r� �i�n� �t�h�e� �s�m�o�o�t�h� �p�h�a�s�e� �a�n�d� �c�o�n�t�a�i�n� �a� �h�o�m�o�p�o�l�y�m�e�r� 

�o�f� �p�e�r�o�s�a�m�i�n�e� �a�s� �t�h�e� �O�-�s�i�d�e�-�c�h�a�i�n� �o�f� �t�h�e� �l�i�p�o�p�o�l�y�s�a�c�c�a�h�a�r�i�d�e� �(�L�P�S�)� �m�o�l�e�c�u�l�e� 

�(�B�u�n�d�l�e� �e�t� �a�l�.�,� �1�9�8�5�)�.� �A� �m�a�j�o�r� �p�o�r�t�i�o�n� �o�f� �t�h�e� �h�u�m�o�r�a�l� �i�m�m�u�n�e� �r�e�s�p�o�n�s�e� �i�s� 

�d�i�r�e�c�t�e�d� �a�g�a�i�n�s�t� �t�h�i�s� �a�n�t�i�g�e�n� �a�n�d� �c�o�n�v�e�n�t�i�o�n�a�l� �t�e�s�t�s� �u�s�e�d� �f�o�r� �t�h�e� �s�e�r�o�l�o�g�i�c� 

�d�i�a�g�n�o�s�i�s� �o�f� �b�r�u�c�e�l�l�o�s�i�s� �a�r�e� �a�l�m�o�s�t� �e�x�c�l�u�s�i�v�e�l�y� �b�a�s�e�d� �o�n� �t�h�e� �d�e�t�e�c�t�i�o�n� 

�o�f� �a�n�t�i�b�o�d�i�e�s� �s�p�e�c�i�f�i�c� �f�o�r� �t�h�i�s� �O�-�s�i�d�e�-�c�h�a�i�n� �(�D�i�a�z� �e�t� �a�l�.�,� �1�9�6�8�;� �C�h�e�r�o�-� 

�w�o�n�o�g�r�o�d�s�k�y� �e�t� �a�l�.�,� �1�9�9�0�)�.� �S�t�r�a�i�n� �1�9� �i�s� �t�h�e� �c�u�r�r�e�n�t� �v�a�c�c�i�n�e� �s�t�r�a�i�n� �u�s�e�d� 

�w�i�d�e�l�y� �i�n� �b�r�u�c�e�l�l�o�s�i�s� �c�o�n�t�r�o�l� �a�n�d� �e�r�a�d�i�c�a�t�i�o�n� �p�r�o�g�r�a�m�s�.� �T�h�i�s� �s�t�r�a�i�n� �i�s� 

�a�n� �a�t�t�e�n�u�a�t�e�d� �s�m�o�o�t�h� �o�r�g�a�n�i�s�m� �a�n�d� �w�i�l�l� �c�a�u�s�e� �a� �p�r�o�p�o�r�t�i�o�n� �o�f� �v�a�c�c�i�n�a�t�e�s� 

�t�o� �d�e�v�e�l�o�p� �a�n�d� �m�a�i�n�t�a�i�n� �a�g�g�l�u�t�i�n�a�t�i�n�g� �t�i�t�e�r�s� �w�h�i�c�h� �c�o�n�f�o�u�n�d� �s�e�r�o�d�i�a�g�n�o�s�i�s� 

�o�f� �f�i�e�l�d� �c�a�s�e�s� �(�S�u�b�c�o�m�m�i�t�t�e�e� �o�n� �B�r�u�c�e�l�l�o�s�i�s� �R�e�s�e�a�r�c�h�,� �1�9�7�7�)�.� �T�h�i�s� �p�r�o�b�l�e�m� 

�b�e�c�o�m�e�s� �p�a�r�t�i�c�u�l�a�r�l�y� �s�e�r�i�o�u�s� �i�f� �c�a�t�t�l�e� �o�v�e�r� �o�n�e� �y�e�a�r� �o�f� �a�g�e� �a�r�e� �v�a�c�c�i�n�a�t�e�d� 

�(�K�i�n�g� �a�n�d� �F�r�a�n�k�,� �1�9�6�1�)�.� �S�t�r�a�i�n� �1�9� �m�a�y� �a�l�s�o� �c�a�u�s�e� �a�b�o�r�t�i�o�n� �i�n� �p�r�e�g�n�a�n�t� 

�c�a�t�t�l�e� �(�C�o�r�n�e�r� �a�n�d� �A�l�t�o�n�,� �1�9�8�1�;� �B�e�c�k�e�t� �a�n�d� �M�c�D�i�a�r�m�i�d�,� �1�9�8�5�)�,� �w�i�l�l� �p�r�o�t�e�c�t� 

�o�n�l�y� �6�5�-�7�5�%� �o�f� �v�a�c�c�i�n�a�t�e�s� �(�M�a�n�t�h�e�i�,� �1�9�5�9�;� �C�o�n�f�e�r� �e�t� �a�l�.�,� �1�9�8�5�)� �a�n�d� �i�s� �a� 

�h�e�a�l�t�h� �h�a�z�a�r�d� �t�o� �p�e�o�p�l�e� �w�h�o� �a�d�m�i�n�i�s�t�e�r� �i�t� �(�R�e�v�i�a�h� �e�t� �a�l�.�,� �1�9�6�1�)�.� �B�.� 

�7�2



�7�3� 

�a�b�o�r�t�u�s� �s�t�r�a�i�n� �R�B�5�1� �i�s� �a� �s�t�a�b�l�e� �r�o�u�g�h� �o�r�g�a�n�i�s�m� �t�h�a�t� �l�a�c�k�s� �o�r� �c�o�n�t�a�i�n�s� 

�o�n�l�y� �m�i�n�i�m�a�l� �a�m�o�u�n�t�s� �o�f� �O�-�s�i�d�e�-�c�h�a�i�n� �a�n�d� �t�h�e�r�e�f�o�r�e� �d�o�e�s� �n�o�t� �i�n�d�u�c�e� �a� �h�u�m�o�r�a�l� 

�i�m�m�u�n�e� �r�e�s�p�o�n�s�e� �t�o� �t�h�i�s� �a�n�t�i�g�e�n� �w�h�e�n� �u�s�e�d� �a�s� �a� �l�i�v�e� �v�a�c�c�i�n�e� �(�S�c�h�u�r�i�g� �e�t� 

�a�l�.�,� �1�9�9�1�)�.� �S�t�r�a�i�n� �R�B�5�1� �i�s� �l�e�s�s� �v�i�r�u�l�e�n�t� �t�h�a�n� �s�t�r�a�i�n� �1�9� �i�n� �t�h�e� �n�o�n�-�p�r�e�g�n�a�n�t� 

�m�o�u�s�e� �m�o�d�e�l� �a�s� �a�s�s�e�s�s�e�d� �b�y� �l�e�v�e�l� �a�n�d� �d�u�r�a�t�i�o�n� �o�f� �s�p�l�e�n�i�c� �i�n�f�e�c�t�i�o�n� �a�n�d� 

�h�a�s� �b�e�e�n� �f�o�u�n�d� �t�o� �p�r�o�t�e�c�t� �n�o�n�-�p�r�e�g�n�a�n�t� �m�i�c�e� �a�g�a�i�n�s�t� �c�h�a�l�l�e�n�g�e� �w�i�t�h� �s�t�r�a�i�n� 

�2�3�0�8� �(�S�c�h�u�r�i�g� �e�t� �a�l�.�,� �1�9�9�1�)�,� �a� �v�i�r�u�l�e�n�t� �s�t�r�a�i�n� �u�s�e�d� �w�i�d�e�l�y� �i�n� �b�r�u�c�e�l�l�o�s�i�s� 

�r�e�s�e�a�r�c�h�.� �A�n� �i�n� �v�i�t�r�o� �s�t�u�d�y� �a�s�s�e�s�s�i�n�g� �t�h�e� �p�a�t�h�o�g�e�n�i�c� �p�o�t�e�n�t�i�a�l� �o�f� �B�.� 

�a�b�o�r�t�u�s� �s�t�r�a�i�n�s� �2�3�0�8�,� �1�9� �a�n�d� �R�B�5�1� �f�o�r� �t�h�e� �b�o�v�i�n�e� �p�l�a�c�e�n�t�a� �c�o�n�f�i�r�m�e�d� �t�h�e� 

�r�e�d�u�c�e�d� �v�i�r�u�l�e�n�c�e� �o�f� �s�t�r�a�i�n� �R�B�5�1�.� �H�i�s�t�o�l�o�g�i�c� �e�x�a�m�i�n�a�t�i�o�n� �o�f� �s�t�r�a�i�n� �2�3�0�8� 

�i�n�f�e�c�t�e�d� �u�t�e�r�i�n�e� �e�x�p�l�a�n�t�s� �r�e�v�e�a�l�e�d� �n�e�a�r� �t�o�t�a�l� �d�e�s�t�r�u�c�t�i�o�n� �o�f� �t�h�e� �c�h�o�r�i�o�n�i�c� 

�t�r�o�p�h�o�b�l�a�s�t�s� �w�h�i�l�e� �i�n�f�e�c�t�i�o�n� �w�i�t�h� �s�t�r�a�i�n� �1�9� �o�r� �R�B�5�1� �r�e�s�u�l�t�e�d� �i�n� �m�i�n�i�m�a�l� 

�d�a�m�a�g�e� �t�o� �t�r�o�p�h�o�b�l�a�s�t� �c�e�l�l�s� �(�E�n�r�i�g�h�t�,� �1�9�9�0�)�.� 

�T�h�e� �p�r�e�s�e�n�t� �s�t�u�d�y� �d�e�s�c�r�i�b�e�s� �t�h�e� �u�s�e� �o�f� �t�h�e� �p�r�e�g�n�a�n�t� �m�o�u�s�e� �f�o�r� �c�o�m�p�a�r�i�n�g� 

�t�h�e� �p�a�t�h�o�g�e�n�e�c�i�t�y� �o�f� �B�.� �a�b�o�r�t�u�s� �s�t�r�a�i�n�s� �1�9� �a�n�d� �R�B�5�1� �t�o� �s�t�r�a�i�n� �2�3�0�8�.� �T�h�e� 

�p�a�t�h�o�l�o�g�y� �o�f� �t�h�e� �p�r�e�g�n�a�n�t� �m�o�u�s�e� �i�n�o�c�u�l�a�t�e�d� �w�i�t�h� �s�t�r�a�i�n� �2�3�0�8� �h�a�s� �b�e�e�n� �r�e�c�e�n�t�l�y� 

�d�e�s�c�r�i�b�e�d� �a�s� �h�a�v�i�n�g� �s�i�g�n�i�f�i�c�a�n�t� �s�i�m�i�l�a�r�i�t�i�e�s� �t�o� �t�h�e� �d�i�s�e�a�s�e� �i�n� �p�r�e�g�n�a�n�t� 

�c�a�t�t�l�e� �(�C�h�a�p�t�e�r� �3�)�.� �I�n� �t�h�e� �c�o�w� �a�n�d� �t�h�e� �m�o�u�s�e�,� �B�.� �a�b�o�r�t�u�s� �l�o�c�a�l�i�z�e�s� �a�n�d� 

�p�r�e�f�e�r�e�n�t�i�a�l�l�y� �m�u�l�t�i�p�l�i�e�s� �w�i�t�h�i�n� �t�h�e� �r�o�u�g�h� �e�n�d�o�p�l�a�s�m�i�c� �r�e�t�i�c�u�l�u�m� �o�f� �t�h�e� 

�t�r�o�p�h�o�b�l�a�s�t� �c�e�l�l� �(�M�e�a�d�o�r� �a�n�d� �D�e�y�o�e�,� �1�9�8�9�;� �C�h�a�p�t�e�r� �3�)�.� �I�n� �b�o�t�h� �h�o�s�t�s� 

�B�r�u�c�e�l�l�a� �c�o�l�o�n�i�z�a�t�i�o�n� �o�f� �t�h�e� �g�r�a�v�i�d� �r�e�p�r�o�d�u�c�t�i�v�e� �t�r�a�c�t� �c�a�n� �l�e�a�d� �t�o� 

�s�e�v�e�r�e� �p�l�a�c�e�n�t�a�l� �d�a�m�a�g�e�,� �f�e�t�a�l� �i�n�f�e�c�t�i�o�n� �a�n�d� �f�e�t�a�l� �d�e�a�t�h� �(�P�a�y�n�e�,� �1�9�5�9�;� 

�B�o�s�s�e�r�a�y�,� �1�9�8�2�;� �C�h�a�p�t�e�r� �3�)�.� �A� �d�o�s�e� �o�f� �1�0�°�°�/� �B�.� �a�b�o�r�t�u�s� �s�t�r�a�i�n� �2�3�0�8� 

�g�i�v�e�n� �i�n�t�r�a�p�e�r�i�t�o�n�e�a�l�l�y� �(�I�P�)� �t�o� �B�A�L�B�/�c� �m�i�c�e� �o�n� �d�a�y� �9� �o�f� �g�e�s�t�a�t�i�o�n� �o�f� �t�h�e� 

�1�9� �d�a�y� �g�e�s�t�a�t�i�o�n�a�l� �i�n�t�e�r�v�a�l� �(�d�a�y� �1� �=� �d�a�y� �v�a�g�i�n�a�l� �p�l�u�g� �o�b�s�e�r�v�e�d�)� �c�o�n�s�i�s�t�e�n�t�l�y� 

�p�r�o�d�u�c�e�d� �a� �s�e�v�e�r�e�,� �n�e�c�r�o�-�s�u�p�p�u�r�a�t�i�v�e� �p�l�a�c�e�n�t�i�t�i�s� �o�f�t�e�n� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h
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�f�e�t�a�l� �d�e�a�t�h� �w�h�e�n� �t�h�e� �m�i�c�e� �w�e�r�e� �k�i�l�l�e�d� �a�n�d� �e�x�a�m�i�n�e�d� �o�n� �d�a�y� �1�8� �o�f� �g�e�s�t�a�t�i�o�n�.� 

�(�C�h�a�p�t�e�r� �3�)�.� 

�M�a�t�e�r�i�a�l� �a�n�d� �M�e�t�h�o�d�s� 

�G�r�o�u�p�s� �o�f� �6� �t�o� �1�0�,� �t�i�m�e�d�-�p�r�e�g�n�a�n�t� �B�A�L�B�/�c� �m�i�c�e� �r�e�c�e�i�v�e�d� �v�a�r�y�i�n�g� �d�o�s�e�s� 

�o�f� �e�i�t�h�e�r� �s�t�r�a�i�n� �1�9� �o�r� �R�B�5�1� �o�n� �d�a�y� �9� �o�f� �p�r�e�g�n�a�n�c�y� �a�n�d� �w�e�r�e� �k�i�l�l�e�d� �9� �d�a�y�s� 

�t�h�e�r�e�a�f�t�e�r� �(�d�a�y� �1�8� �o�f� �p�r�e�g�n�a�n�c�y�)�.� �B�l�o�o�d� �w�a�s� �c�o�l�l�e�c�t�e�d� �b�y� �c�a�r�d�i�a�c� �p�u�n�c�t�u�r�e� 

�i�m�m�e�d�i�a�t�e�l�y� �p�o�s�t�-�m�o�r�t�e�m� �f�o�r� �s�e�r�o�l�o�g�i�c� �e�x�a�m�i�n�a�t�i�o�n�.� �T�h�e� �S�t�a�n�d�a�r�d� �T�u�b�e� 

�A�g�g�l�u�t�i�n�a�t�i�o�n� �t�e�s�t� �(�S�T�A�)� �w�a�s� �p�e�r�f�o�r�m�e�d� �o�n� �a�l�l� �s�e�r�a� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� 

�m�e�t�h�o�d�s� �d�e�s�c�r�i�b�e�d� �b�y� �A�l�t�o�n� �e�t� �a�l�.� �(�1�9�7�5�;� �A�p�p�e�n�d�i�x�)�.� �N�o�n�-�a�g�g�l�u�t�i�n�a�t�i�n�g� 

�t�i�t�e�r�s� �o�f� �s�t�r�a�i�n� �R�B�5�1�-�i�n�f�e�c�t�e�d� �m�i�c�e� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �b�y� �B�i�o�D�o�t� �E�L�I�S�A� �(�e�n�z�y�m�e� 

�l�i�n�k�e�d� �i�m�m�u�n�o�s�o�r�b�a�n�t� �a�s�s�a�y�)� �(�B�u�r�h�m�a�n�,� �1�9�8�9�;� �A�p�p�e�n�d�i�x�)�.� �T�i�t�e�r�s� �a�r�e� 

�e�x�p�r�e�s�s�e�d� �a�s� �t�h�e� �l�o�g�j�g� �v�a�l�u�e� �o�f� �t�h�e� �r�e�c�i�p�r�o�c�a�l�.� �S�e�l�e�c�t�e�d� �s�e�r�a� �u�n�d�e�r�w�e�n�t� 

�w�e�s�t�e�r�n� �b�l�o�t� �a�n�a�l�y�s�i�s� �f�o�r� �d�e�t�e�c�t�i�o�n� �o�f� �a�n�t�i�b�o�d�i�e�s� �a�g�a�i�n�s�t� �O�-�s�i�d�e�-�c�h�a�i�n� 

�o�f� �L�P�S� �a�n�d� �o�t�h�e�r� �B�r�u�c�e�l�l�a� �a�n�t�i�g�e�n�s� �(�S�c�h�u�r�i�g� �e�t� �a�l�.�,� �1�9�9�1�;� �A�p�p�e�n�d�i�x�)�.� 

�S�p�l�e�e�n�s� �a�n�d� �t�w�o� �p�l�a�c�e�n�t�a�s� �p�e�r� �m�o�u�s�e� �w�e�r�e� �r�e�m�o�v�e�d� �a�s�e�p�t�i�c�a�l�l�y� �a�n�d� �c�u�l�t�u�r�e�d� 

�f�o�r� �t�h�e� �d�e�t�e�c�t�i�o�n� �o�f� �B�r�u�c�e�l�l�a� �b�y� �h�o�m�o�g�e�n�a�t�i�o�n� �i�n� �s�t�e�r�i�l�e� �s�a�l�i�n�e�,� �s�e�r�i�a�l� 

�d�i�l�u�t�i�o�n� �a�n�d� �p�l�a�t�i�n�g� �o�n� �t�r�y�p�t�i�c�a�s�e�-�s�o�y� �p�l�a�t�e�s� �(�S�c�h�u�r�i�g�,� �e�t� �a�l�.�,� �1�9�9�1�)�.� 

�T�h�e� �r�e�m�a�i�n�i�n�g� �p�l�a�c�e�n�t�a�s� �w�e�r�e� �f�i�x�e�d� �i�n� �s�i�t�u� �w�i�t�h�i�n� �u�t�e�r�i� �i�n� �1�0�%� �n�e�u�t�r�a�l� 

�b�u�f�f�e�r�e�d� �f�o�r�m�a�l�i�n� �f�o�r� �l�i�g�h�t� �m�i�c�r�o�s�c�o�p�y�.� �A�f�t�e�r� �r�o�u�t�i�n�e� �h�i�s�t�o�l�o�g�i�c� �p�r�o�c�e�s�s�i�n�g�,� 

�p�l�a�c�e�n�t�a�l� �s�e�c�t�i�o�n�s� �w�e�r�e� �s�t�a�i�n�e�d� �e�i�t�h�e�r� �w�i�t�h� �h�e�m�a�t�o�x�y�l�i�n� �a�n�d� �e�o�s�i�n� �(�H� �&� 

�E�)� �o�r�,� �f�o�r� �m�o�r�e� �s�e�n�s�i�t�i�v�e� �l�o�c�a�l�i�z�a�t�i�o�n� �o�f� �b�a�c�t�e�r�i�a�l� �c�o�l�o�n�i�z�a�t�i�o�n�,� �r�e�c�e�i�v�e�d� 

�a� �s�t�a�n�d�a�r�d� �a�v�i�d�i�n�-�b�i�o�t�i�n� �i�m�m�u�n�o�h�i�s�t�o�c�h�e�m�i�c�a�l� �s�t�a�i�n� �(�A�B�C�-�A�p�p�e�n�d�i�x�)�.� 

�P�r�i�m�a�r�y� �a�n�t�i�b�o�d�y� �f�o�r� �t�h�e� �A�B�C� �s�t�a�i�n� �c�o�n�s�i�s�t�e�d� �o�f� �r�a�b�b�i�t� �p�o�l�y�c�l�o�n�a�l� �s�e�r�u�m� 

�a�g�a�i�n�s�t� �e�i�t�h�e�r� �s�t�r�a�i�n� �1�9� �o�r� �s�t�r�a�i�n� �R�B�5�1� �a�s� �a�p�p�r�o�p�r�i�a�t�e� �(�A�p�p�e�n�d�i�x�)�.� �H� �&� 

�E� �s�t�a�i�n�e�d� �s�e�c�t�i�o�n�s� �o�f� �p�l�a�c�e�n�t�a�s� �w�e�r�e� �c�o�d�e�d� �a�n�d� �e�x�a�m�i�n�e�d� �a�s� �u�n�k�n�o�w�n�s� �a�n�d
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�s�c�o�r�e�d� �o�n� �a� �s�c�a�l�e� �o�f� �0� �t�o� �3� �(�0� �=� �n�o� �c�h�a�n�g�e�,� �1� �=� �p�e�r�i�p�h�e�r�a�l� �i�n�f�l�a�m�m�a�t�i�o�n�,� 

�2� �=� �l�e�s�i�o�n�s� �o�f� �g�r�a�d�e� �1� �p�l�u�s� �s�p�o�n�g�i�o�t�r�o�p�h�o�b�l�a�s�t� �n�e�c�r�o�s�i�s�,� �3� �=� �l�e�s�i�o�n�s� �o�f� 

�g�r�a�d�e� �2� �p�l�u�s� �f�e�t�a�l� �d�e�a�t�h�,� �C�h�a�p�t�e�r� �3�)�.� �E�x�a�m�i�n�a�t�i�o�n� �o�f� �g�e�s�t�a�t�i�o�n�a�l� �a�g�e�-� 

�m�a�t�c�h�e�d� �p�l�a�c�e�n�t�a�s� �f�r�o�m� �n�o�n�-�i�n�f�e�c�t�e�d� �m�i�c�e� �a�l�l�o�w�e�d� �t�h�e� �e�s�t�a�b�l�i�s�h�m�e�n�t� �o�f� 

�b�a�s�e�l�i�n�e� �s�c�o�r�e�s�.� �I�n�f�e�c�t�i�v�e� �d�o�s�e�s� �o�f� �s�t�r�a�i�n�s� �1�9� �a�n�d� �R�B�5�1� �w�e�r�e� �a�d�j�u�s�t�e�d� 

�b�y� �l�o�g�i�g� �i�n�c�r�e�m�e�n�t�s� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �m�i�n�i�m�u�m� �i�n�o�c�u�l�u�m� �n�e�c�e�s�s�a�r�y� �t�o� 

�p�r�o�d�u�c�e� �a� �m�e�a�n� �p�l�a�c�e�n�t�a�l� �s�c�o�r�e� �o�f� �2�.�0�,� �s�i�m�i�l�a�r� �t�o� �t�h�a�t� �c�a�u�s�e�d� �b�y� �a�n� �I�P� 

�i�n�j�e�c�t�i�o�n� �o�f� �1�0�2�°�?� �s�t�r�a�i�n� �2�3�0�8� �o�r�g�a�n�i�s�m�s� �(�2�.�2� �+�/�-� �0�.�4�,� �C�h�a�p�t�e�r� �3�,�)�.� 

�W�h�e�n� �t�h�i�s� �m�i�n�i�m�u�m� �d�o�s�e� �f�o�r� �b�o�t�h� �s�t�r�a�i�n�s� �w�a�s� �d�e�t�e�r�m�i�n�e�d�,� �t�e�n� �n�o�n�-�p�r�e�g�n�a�n�t� 

�m�i�c�e� �r�e�c�e�i�v�e�d� �t�h�a�t� �d�o�s�e� �I�P� �a�n�d� �w�e�r�e� �k�i�l�l�e�d� �9� �d�a�y�s� �l�a�t�e�r�.� �B�l�o�o�d� �w�a�s� 

�c�o�l�l�e�c�t�e�d� �f�o�r� �s�e�r�o�l�o�g�y� �a�n�d� �s�p�l�e�e�n�s� �c�u�l�t�u�r�e�d� �f�o�r� �B�r�u�c�e�l�l�a�.� 

�R�e�s�u�l�t�s� �a�n�d� �D�i�s�c�u�s�s�i�o�n� 

�A� �m�i�n�i�m�u�m� �d�o�s�e� �o�f� �1�0�7�:� �B�.� �a�b�o�r�t�u�s� �s�t�r�a�i�n� �1�9� �w�a�s� �r�e�q�u�i�r�e�d� �t�o� �p�r�o�d�u�c�e� 

�l�e�s�i�o�n�s� �c�o�n�s�i�s�t�e�n�t�l�y� �s�i�m�i�l�a�r� �t�o� �t�h�o�s�e� �c�a�u�s�e�d� �b�y� �1�0�2�-�7� �s�t�r�a�i�n� �2�3�0�8� �o�r�g�a�n�i�s�m�s�,� 

�a�s� �m�e�a�s�u�r�e�d� �b�y� �a� �h�i�s�t�o�l�o�g�i�c�a�l� �s�c�o�r�e� �o�f� �2�.�3� �+�/�-� �0�.�3� �(�F�i�g�s�.� �2�4� �a�-�c�.�,� �2�5� �a� 

�&� �b�,� �T�a�b�l�e�s� �4� �&� �6�)�.� �A� �d�o�s�e� �a�s� �h�i�g�h� �a�s� �1�0�?�-�>� �s�t�r�a�i�n� �R�B�5�1� �o�r�g�a�n�i�s�m�s� 

�f�a�i�l�e�d� �t�o� �p�r�o�d�u�c�e� �c�o�m�p�a�r�a�b�l�e� �l�e�s�i�o�n�s� �a�n�d� �r�e�s�u�l�t�e�d� �i�n� �o�n�l�y� �m�i�n�i�m�a�l� �b�a�c�t�e�r�i�a�l� 

�c�o�l�o�n�i�z�a�t�i�o�n�,� �t�r�o�p�h�o�b�l�a�s�t� �n�e�c�r�o�s�i�s� �a�n�d� �i�n�f�l�a�m�m�a�t�i�o�n� �w�i�t�h�i�n� �t�h�e� �s�p�o�n�-� 

�g�i�o�t�r�o�p�h�o�b�l�a�s�t� �(�F�i�g�s�.� �2�6� �a�-�d� �&� �2�7� �d�)� �o�r� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �r�e�c�o�i�l�e�d� 

�R�e�i�c�h�e�r�t�'�s� �m�e�m�b�r�a�n�e� �(�F�i�g�.� �2�7� �a�-�c�,� �T�a�b�l�e�s� �5� �&� �6�,� �s�c�o�r�e�d� �0�.�8� �+�/�-� �0�.�6�)�.� 

�B�o�t�h� �s�t�r�a�i�n�s� �1�9� �a�n�d� �R�B�5�1� �l�o�c�a�l�i�z�e�d� �p�r�i�m�a�r�i�l�y� �w�i�t�h�i�n� �t�h�e� �g�i�a�n�t� �t�r�o�v�h�o�b�l�a�s�t� 

�c�e�l�l�s� �(�F�i�g�s�.� �2�4� �c�,� �2�7� �c� �&� �d�)� �l�o�c�a�t�e�d� �a�t� �t�h�e� �p�l�a�c�e�n�t�a�l� �m�a�t�e�r�n�a�l�/�f�e�t�a�l� 

�i�n�t�e�r�f�a�c�e� �a�s� �d�i�d� �v�i�r�u�l�e�n�t� �s�t�r�a�i�n� �2�3�0�8� �(�F�i�g�.� �2�4� �a�)�.� �P�l�a�c�e�n�t�a�l� �d�a�m�a�g�e� �a�n�d� 

�c�o�l�o�n�i�z�a�t�i�o�n� �b�y� �s�t�r�a�i�n� �R�B�5�1� �w�a�s� �m�a�r�k�e�d�l�y� �l�e�s�s� �t�h�a�n� �w�i�t�h� �e�i�t�h�e�r� �s�t�r�a�i�n� �1�9� 

�o�r� �s�t�r�a�i�n� �2�3�0�8� �e�v�e�n� �a�t� �t�h�e� �h�i�g�h� �d�o�s�e� �g�i�v�e�n� �(�T�a�b�l�e� �6�)�.� �H�i�g�h�e�r� �d�o�s�e�s� �o�f
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�s�t�r�a�i�n� �R�B�5�1� �w�e�r�e� �n�o�t� �a�d�m�i�n�i�s�t�e�r�e�d� �i�n� �a�n� �a�t�t�e�m�p�t� �t�o� �p�r�o�d�u�c�e� �a� �m�o�r�e� �s�e�v�e�r�e� 

�p�l�a�c�e�n�t�a�l� �l�e�s�i�o�n� �a�s� �i�t� �w�a�s� �f�e�l�t� �t�h�a�t� �g�r�e�a�t�e�r� �c�h�a�l�l�e�n�g�e� �w�o�u�l�d� �i�n�c�r�e�a�s�e� 

�t�h�e� �a�m�o�u�n�t� �o�f� �e�n�d�o�t�o�x�i�n� �t�o� �l�e�v�e�l�s� �w�h�i�c�h� �b�y� �t�h�e�m�s�e�l�v�e�s� �w�o�u�l�d� �b�e� �d�e�t�r�i�m�e�n�t�a�l� 

�(�M�o�r�e�n�o� �e�t� �a�l�.�,� �1�9�8�1�)� �a�n�d� �t�h�a�t� �r�e�d�u�c�e�d� �v�i�r�u�l�e�n�c�e� �o�f� �s�t�r�a�i�n� �R�B�5�1� �a�s� 

�c�o�m�p�a�r�e�d� �t�o� �s�t�r�a�i�n� �1�9� �h�a�d� �a�l�r�e�a�d�y� �b�e�e�n� �d�e�m�o�n�s�t�r�a�t�e�d� �w�i�t�h� �t�h�e� �d�o�s�e�s� �u�s�e�d�.� 

�B�r�u�c�e�l�l�a� �c�u�l�t�u�r�e�d� �f�r�o�m� �t�h�e� �p�l�a�c�e�n�t�a�s� �w�e�r�e� �c�h�a�r�a�c�t�e�r�i�z�e�d� �a�c�c�o�r�d�i�n�g� �t�o� 

�c�o�l�o�n�y� �t�y�p�e� �b�y�:� �v�i�s�u�a�l� �i�n�s�p�e�c�t�i�o�n�;� �a�u�t�o�a�g�g�l�u�t�i�n�a�t�i�n�g� �c�a�p�a�c�i�t�y� �(�B�r�a�u�n� �a�n�d� 

�B�o�n�e�s�t�a�l�l�,� �1�9�4�7�;� �A�p�p�e�n�d�i�x�)�;� �a�b�s�o�r�p�t�i�o�n� �o�f� �c�r�y�s�t�a�l� �v�i�o�l�e�t� �(�W�h�i�t�e� �a�n�d� 

�W�i�l�s�o�n�,� �1�9�5�1�;� �A�p�p�e�n�d�i�x�)� �a�n�d� �r�e�a�c�t�i�v�i�t�y� �i�n� �a� �c�o�l�o�n�y� �b�l�o�t� �E�L�I�S�A� �u�s�i�n�g� �t�h�e� 

�m�o�n�o�c�l�o�n�a�l� �a�n�t�i�b�o�d�y�,� �B�R�U� �3�8�,� �w�h�i�c�h� �r�e�c�o�g�n�i�z�e�s� �t�h�e� �O�-�s�i�d�e�-�c�h�a�i�n� �o�f� �t�h�e� �B�.� 

�a�b�o�r�t�u�s� �l�i�p�o�p�o�l�y�s�a�c�c�h�a�r�i�d�e� �(�R�o�o�p� �e�t� �a�l�.�,� �1�9�8�7�;� �A�p�p�e�n�d�i�x�)�.� �C�o�l�o�n�i�e�s� 

�r�e�c�o�v�e�r�e�d� �f�r�o�m� �m�i�c�e� �r�e�c�e�i�v�i�n�g� �s�t�r�a�i�n� �R�B�5�1� �a�b�s�o�r�b�e�d� �t�h�e� �c�r�y�s�t�a�l� �v�i�o�l�e�t� 

�s�t�a�i�n�,� �a� �s�u�s�p�e�n�s�i�o�n� �o�f� �t�h�e�s�e� �o�r�g�a�n�i�s�m�s� �a�u�t�o�a�g�g�l�u�t�i�n�a�t�e�d� �a�n�d� �c�o�l�o�n�i�e�s� 

�f�a�i�l�e�d� �t�o� �r�e�a�c�t� �w�i�t�h� �B�R�U� �3�8�,� �c�o�n�f�i�r�m�i�n�g� �s�t�a�b�i�l�i�t�y� �o�f� �r�o�u�g�h� �c�o�l�o�n�y� �m�o�r�p�h�o�l�o�g�y�.� 

�I�n� �c�o�n�t�r�a�s�t�,� �b�a�c�t�e�r�i�a�l� �c�o�l�o�n�i�e�s� �r�e�c�o�v�e�r�e�d� �f�r�o�m� �p�l�a�c�e�n�t�a�s� �o�f� �m�i�c�e� �i�n�o�c�u�l�a�t�e�d� 

�w�i�t�h� �s�t�r�a�i�n� �1�9� �d�i�d� �n�o�t� �t�a�k�e� �u�p� �c�r�y�s�t�a�l� �v�i�o�l�e�t� �s�t�a�i�n� �n�o�r� �d�i�d� �t�h�e�s�e� �b�a�c�t�e�r�i�a� 

�a�u�t�o�a�g�g�l�u�t�i�n�a�t�e� �a�n�d� �t�h�e�y� �r�e�a�c�t�e�d� �s�t�r�o�n�g�l�y� �w�i�t�h� �t�h�e� �m�o�n�o�c�l�o�n�a�l� �a�n�t�i�b�o�d�y� 

�f�o�r� �t�h�e� �O�-�s�i�d�e�-�c�h�a�i�n� �o�f� �t�h�e� �L�P�S� �a�s� �i�s� �e�x�p�e�c�t�e�d� �f�r�o�m� �a� �s�m�o�o�t�h� �t�y�p�e� �B�r�u�c�e�l�l�a� 

�s�t�r�a�i�n�.� 

�B�a�s�e�d� �o�n� �c�o�l�o�n�y� �c�o�u�n�t�s�,� �t�h�e� �l�e�v�e�l� �o�f� �s�p�l�e�n�i�c� �i�n�f�e�c�t�i�o�n� �r�e�s�u�l�t�i�n�g� �f�r�o�m� 

�9�7�-�5� �0�5�-�7� �i�n�o�c�u�l�a�t�i�o�n� �o�f� �1� �s�t�r�a�i�n� �1�9� �o�r� �l� �s�t�r�a�i�n� �2�3�0�8� �o�r�g�a�n�i�s�m�s� �w�a�s� �s�i�m�i�l�a�r� 

�w�h�i�l�e� �a� �d�o�s�e� �o�f� �1�0�7�°�>� �s�t�r�a�i�n� �R�B�5�1� �o�r�g�a�n�i�s�m�s� �p�r�o�d�u�c�e�d� �a�p�p�r�o�x�i�m�a�t�e�l�y� �o�n�e� 

�l�o�g�y�g� �l�e�s�s� �s�p�l�e�n�i�c� �c�o�l�o�n�i�z�a�t�i�o�n� �(�T�a�b�l�e� �6�)�.� �T�h�i�s� �p�a�t�t�e�r�n� �o�f� �r�e�l�a�t�i�v�e� 

�v�i�r�u�l�e�n�c�e� �f�o�r� �t�h�e� �t�h�r�e�e� �s�t�r�a�i�n�s� �i�n� �t�h�e� �p�l�a�c�e�n�t�a� �o�f� �t�h�e� �p�r�e�g�n�a�n�t� �m�o�u�s�e� �i�s� 

�c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �p�r�e�v�i�o�u�s� �s�p�l�e�n�i�c� �c�o�l�o�n�i�z�a�t�i�o�n� �f�i�n�d�i�n�g�s� �i�n� �t�h�e� �n�o�n�-�p�r�e�g�n�a�n�t� 

�m�o�u�s�e� �a�t� �c�o�m�p�a�r�a�b�l�e� �t�i�m�e�s� �p�o�s�t�-�i�n�f�e�c�t�i�o�n� �(�M�o�n�t�a�r�a�z� �a�n�d� �W�i�n�t�e�r�,� �1�9�8�6�;� �S�c�h�u�r�i�g�,
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�1�9�9�1�)�.� �T�h�e� �v�i�r�u�l�e�n�c�e� �o�f� �s�t�r�a�i�n�s� �1�9� �a�n�d� �R�B�5�1� �i�n� �t�h�e� �n�o�n�-�p�r�e�g�n�a�n�t� �B�A�L�B�/�c� 

�m�o�u�s�e� �h�a�v�e� �b�e�e�n� �f�o�u�n�d� �t�o� �r�e�f�l�e�c�t� �t�h�e�i�r� �p�a�t�h�o�g�e�n�i�c�i�t�y� �i�n� �c�a�t�t�l�e� �(�E�n�r�i�g�h�t�,� 

�1�9�9�0�;� �E�n�r�i�g�h�t� �e�t� �a�l�.�,� �1�9�9�0�;� �S�c�h�u�r�i�g� �e�t� �a�l�.�,� �1�9�9�1�)�.� 

�S�t�r�a�i�n� �1�9� �i�n�f�e�c�t�e�d� �m�i�c�e� �s�h�o�w�e�d� �s�t�r�o�n�g� �s�e�r�o�c�o�n�v�e�r�s�i�o�n� �i�n� �t�h�e� �S�t�a�n�d�a�r�d� 

�T�u�b�e� �A�g�g�l�u�t�i�n�a�t�i�o�n� �t�e�s�t�.� �I�n� �c�o�n�t�r�a�s�t�,� �t�h�e� �t�i�t�e�r� �o�f� �t�h�e� �s�e�r�a� �f�r�o�m� �s�t�r�a�i�n� 

�R�B�5�1� �i�n�f�e�c�t�e�d� �m�i�c�e� �d�i�d� �n�o�t� �d�i�f�f�e�r� �f�r�o�m� �t�h�e� �t�i�t�e�r� �o�f� �s�e�r�a� �o�b�t�a�i�n�e�d� �f�r�o�m� 

�c�o�n�t�r�o�l� �s�e�r�o�n�e�g�a�t�i�v�e� �m�i�c�e� �(�T�a�b�l�e� �6�)�.� �S�e�r�a� �f�r�o�m� �s�t�r�a�i�n� �R�B�5�1�-�i�n�f�e�c�t�e�d� �m�i�c�e� 

�d�i�d� �n�o�t� �r�e�a�c�t� �a�g�a�i�n�s�t� �t�h�e� �O�-�s�i�d�e�-�c�h�a�i�n� �a�s� �d�e�m�o�n�s�t�r�a�t�e�d� �b�y� �a� �n�e�g�a�t�i�v�e� �r�e�a�c�t�i�o�n� 

�a�g�a�i�n�s�t� �Y�e�r�s�i�n�i�a� �e�n�t�e�r�o�c�o�l�i�t�i�c�a� �0�:�9� �L�P�S�,� �w�h�i�c�h� �h�a�s� �a�n� �e�s�s�e�n�t�i�a�l�l�y� �i�d�e�n�t�i�c�a�l� 
� � 

�O�-�s�i�d�e�-�c�h�a�i�n� �s�t�r�u�c�t�u�r�e� �B�.� �a�b�o�r�t�u�s� �(�C�a�r�o�f�f� �e�t� �a�l�.�,� �1�9�8�4�a�;� �C�h�e�r�o�w�o�n�o�g�r�o�d�s�k�y� 

�e�t� �a�l�.�,� �1�9�9�0�)� �o�r� �L�P�S� �f�r�o�m� �B�.� �a�b�o�r�t�u�s� �s�t�r�a�i�n� �2�3�0�8� �b�y� �w�e�s�t�e�r�n� �b�l�o�t� �a�n�a�l�y�s�i�s�.� 

�T�h�e�s�e� �s�e�r�a� �d�i�d� �r�e�a�c�t� �w�e�a�k�l�y� �a�g�a�i�n�s�t� �a� �v�a�r�i�e�t�y� �o�f� �a�n�t�i�g�e�n�s� �d�i�s�t�i�n�c�t� �f�r�o�m� 

�t�h�e� �O�-�s�i�d�e�-�c�h�a�i�n� �p�r�e�s�e�n�t� �i�n� �s�t�r�a�i�n� �R�B�5�1� �(�F�i�g�.� �2�8�)� �a�n�d� �h�a�d� �n�o�n�-�a�g�g�l�u�t�i�n�a�t�i�n�g� 

�t�i�t�e�r�s� �o�f� �2�.�6� �+�/�-� �0�.�2� �i�n� �a� �B�i�o�D�o�t� �E�L�I�S�A�,� �d�e�m�o�n�s�t�r�a�t�i�n�g� �t�h�a�t� �R�B�5�1� �w�i�l�l� 

�i�n�d�u�c�e� �a� �h�u�m�o�r�a�l� �i�m�m�u�n�e� �r�e�s�p�o�n�s�e� �i�n� �t�h�e� �p�r�e�g�n�a�n�t� �m�o�u�s�e�.� �S�e�r�a� �f�r�o�m� 

�s�t�r�a�i�n� �1�9�-�i�n�f�e�c�t�e�d� �m�i�c�e� �r�e�a�c�t�e�d� �w�i�t�h� �t�h�e� �L�P�S� �o�f� �b�o�t�h� �t�h�e� �a�b�o�v�e� �b�a�c�t�e�r�i�a� 

�a�n�d� �s�h�o�w�e�d� �s�o�m�e� �r�e�a�c�t�i�o�n� �t�o� �n�o�n�-�O�-�s�i�d�e�-�c�h�a�i�n� �r�e�l�a�t�e�d� �s�t�r�a�i�n� �R�B�5�1� �a�n�t�i�g�e�n�s� 

�(�F�i�g� �2�8�)�.� �T�h�u�s�,� �s�t�r�a�i�n� �R�B�5�1� �r�e�t�a�i�n�e�d� �b�o�t�h� �a�n�t�i�g�e�n�i�c� �a�n�d� �m�o�r�p�h�o�l�o�g�i�c� 

�s�t�a�b�i�l�i�t�y� �w�i�t�h� �i�n� �v�i�v�o� �p�a�s�s�a�g�e� �i�n� �t�h�e� �p�r�e�g�n�a�n�t� �m�o�u�s�e� �a�s� �h�a�d� �b�e�e�n� �d�e�m�o�n�s�t�r�a�t�e�d� 

�p�r�e�v�i�o�u�s�l�y� �i�n� �t�h�e� �n�o�n�-�p�r�e�g�n�a�n�t� �m�o�u�s�e� �(�S�c�h�u�r�i�g� �e�t� �a�l�,� �1�9�9�1�)�.� 

�T�e�n� �n�o�n�-�p�r�e�g�n�a�n�t� �m�i�c�e� �r�e�c�e�i�v�e�d� �e�i�t�h�e�r� �1�0�7�:�>� �s�t�r�a�i�n� �1�9� �o�r� �1�0�9�°�>� �s�t�r�a�i�n� 

�R�B�5�1� �I�P� �a�n�d� �w�e�r�e� �k�i�l�l�e�d� �n�i�n�e� �d�a�y�s� �l�a�t�e�r�.� �S�p�l�e�n�i�c� �c�o�l�o�n�i�z�a�t�i�o�n� �a�n�d� �s�e�r�u�m� 

�a�g�g�l�u�t�i�n�a�t�i�n�g� �t�i�t�e�r�s� �d�i�d� �n�o�t� �d�i�f�f�e�r� �s�i�g�n�i�f�i�c�a�n�t�l�y� �f�r�o�m� �t�h�o�s�e� �o�f� �p�r�e�g�n�a�n�t� 

�m�i�c�e� �(�A�N�O�V�A� �p�<�0�.�0�5�,� �T�a�b�l�e� �3�)�.� �T�h�e�s�e� �f�i�n�d�i�n�g�s� �a�r�e� �i�n� �a�g�g�r�e�e�m�e�n�t� �w�i�t�h� 

�o�t�h�e�r� �s�t�u�d�i�e�s� �w�h�i�c�h� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �r�e�p�r�o�d�u�c�t�i�v�e� �s�t�a�t�u�s� �d�o�e�s� �n�o�t� �a�l�t�e�r� 

�t�h�e� �h�u�m�o�r�a�l� �r�e�s�p�o�n�s�e� �t�o� �t�h�i�s� �o�r�g�a�n�i�s�m� �i�n� �m�i�c�e� �(�C�h�a�p�t�e�r� �3�)� �o�r� �c�a�t�t�l�e
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�(�W�i�n�t�e�r� �e�t� �a�l�.�,� �1�9�8�6�)� �o�r� �s�u�s�c�e�p�t�i�b�i�l�i�t�y� �t�o� �s�y�s�t�e�m�i�c� �b�a�c�t�e�r�i�a�l� �i�n�f�e�c�t�i�o�n� 

�i�n� �m�i�c�e� �(�T�o�b�i�a�s� �e�t� �a�l�.�,� �1�9�9�1�a�;� �W�a�r�d� �e�t� �a�l�.�,� �1�9�7�8�)�.� 

�T�h�i�s� �s�t�u�d�y�,� �t�o�g�e�t�h�e�r� �w�i�t�h� �t�h�e� �p�r�e�v�i�o�u�s�l�y� �d�e�m�o�n�s�t�r�a�t�e�d� �p�r�o�t�e�c�t�i�v�e� 

�a�b�i�l�i�t�i�e�s� �o�f� �s�t�r�a�i�n� �R�B�5�1� �i�n� �n�o�n�-�p�r�e�g�n�a�n�t� �m�i�c�e� �(�S�c�h�u�r�i�g� �e�t� �a�l�.�,� �1�9�9�1�)� �a�n�d� 

�c�a�t�t�l�e� �(�E�n�r�i�g�h�t� �e�t� �a�l�.�,� �1�9�9�0�b�)�,� �s�u�p�p�o�r�t�s� �t�h�e� �o�n�g�o�i�n�g� �e�f�f�o�r�t�s� �i�n� �d�e�v�e�l�o�p�i�n�g� 

�s�t�r�a�i�n� �R�B�5�1� �a�s� �a� �l�i�v�e� �v�a�c�c�i�n�e� �f�o�r� �b�o�v�i�n�e� �b�r�u�c�e�l�l�o�s�i�s�.� �I�t� �c�o�n�f�i�r�m�s� �t�h�e� 

�d�e�c�r�e�a�s�e�d� �p�a�t�h�o�g�e�n�i�c�i�t�y� �a�n�d� �v�i�r�u�l�e�n�c�e� �o�f� �t�h�i�s� �s�t�r�a�i�n� �a�s� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� 

�c�u�r�r�e�n�t� �s�t�r�a�i�n� �1�9� �v�a�c�c�i�n�e�.� �T�h�e� �l�a�c�k� �o�f� �s�e�r�o�c�o�n�v�e�r�s�i�o�n� �o�f� �s�t�r�a�i�n� �R�B�5�1�-� 

�i�n�o�c�u�l�a�t�e�d� �m�i�c�e� �a�s� �a�s�s�e�s�s�e�d� �h�e�r�e� �b�y� �t�h�e� �S�T�A� �t�e�s�t� �a�n�d� �a�b�s�e�n�c�e� �o�f� �O�-�s�i�d�e�-� 

�c�h�a�i�n� �a�n�t�i�b�o�d�i�e�s� �c�o�n�f�i�r�m�e�d� �b�y� �w�e�s�t�e�r�n� �b�l�o�t� �a�n�a�l�y�s�i�s� �d�e�m�o�n�s�t�r�a�t�e�s� �t�h�a�t� 

�t�h�i�s� �s�t�r�a�i�n� �w�i�l�l� �n�o�t� �i�n�d�u�c�e� �s�i�g�n�i�f�i�c�a�n�t� �l�e�v�e�l�s� �o�f� �a�g�g�l�u�t�i�n�a�t�i�n�g� �a�n�t�i�b�o�d�i�e�s� 

�i�n� �p�r�e�g�n�a�n�t� �a�s� �w�e�l�l� �a�s� �n�o�n�-�p�r�e�g�n�a�n�t� �a�n�i�m�a�l�s�.� �S�t�u�d�i�e�s� �e�x�a�m�i�n�i�n�g� �t�h�e� 

�p�r�o�t�e�c�t�i�v�e� �a�b�i�l�i�t�i�e�s� �o�f� �b�o�t�h� �s�t�r�a�i�n� �R�B�5�1� �a�n�d� �s�t�r�a�i�n� �1�9� �i�n� �t�h�e� �p�r�e�g�n�a�n�t� 

�m�o�u�s�e� �s�y�s�t�e�m� �a�r�e� �t�o� �b�e� �r�e�p�o�r�t�e�d�.



�C�H�A�P�T�E�R� �6� 

�A� �R�E�V�I�E�W� �O�F� �T�H�E� �U�S�E� �O�F� �T�H�E� �P�R�E�G�N�A�N�T� 

�M�O�U�S�E� �M�O�D�E�L� �I�N� �B�R�U�C�E�L�L�O�S�I�S� �P�R�O�T�E�C�T�I�O�N� �S�T�U�D�I�E�S� 

�T�h�e� �n�o�n�-�p�r�e�g�n�a�n�t� �m�o�u�s�e� �h�a�s� �b�e�e�n� �u�s�e�d� �e�x�t�e�n�s�i�v�e�l�y� �a�s� �a� �m�o�d�e�l� �t�o� 

�e�x�a�m�i�n�e� �t�h�e� �c�o�m�p�o�n�e�n�t�s� �o�f� �p�r�o�t�e�c�t�i�v�e� �i�m�m�u�n�i�t�y� �i�n� �b�r�u�c�e�l�l�o�s�i�s� �(�C�h�e�e�r�s�,� 

�1�9�8�4�;� �P�h�i�l�l�i�p�s� �e�t� �a�l�.�,� �1�9�8�9�4�;� �W�i�n�t�e�r� �e�t� �a�l�.�,� �1�9�8�9�;� �A�r�a�y�a� �e�t� �a�l�.�,� �1�9�9�0�)� 

�a�n�d� �t�o� �a�i�d� �i�n� �v�a�c�c�i�n�e� �d�e�v�e�l�o�p�m�e�n�t� �(�B�o�s�s�e�r�a�y� �1�9�7�8�,� �M�o�n�t�a�r�a�z� �a�n�d� �W�i�n�t�e�r� 

�1�9�8�4�,� �W�i�n�t�e�r� �e�t� �a�l�.�,� �1�9�8�8�,� �B�e�u�c�l�a�i�r� �a�n�d� �K�h�a�n�s�a�r�,� �1�9�9�0�)�.� �R�e�c�e�n�t� �r�e�s�e�a�r�c�h� 

�c�a�r�r�i�e�d� �o�u�t� �w�i�t�h� �t�h�i�s� �m�o�d�e�l�,� �r�e�v�i�e�w�e�d� �i�n� �C�h�a�p�t�e�r� �4�,� �h�a�s� �n�o�t� �y�e�t� �e�s�t�a�b�l�i�s�h�e�d� 

�t�h�e� �r�e�s�p�e�c�t�i�v�e� �r�o�l�e�s� �o�f� �h�u�m�o�r�a�l� �a�n�d� �c�e�l�l�-�m�e�d�i�a�t�e�d� �m�e�c�h�a�n�i�s�m�s� �i�n�t�e�r�v�e�n�i�n�g� 

�i�n� �t�h�e� �r�e�s�i�s�i�t�a�n�c�e� �t�o� �s�y�s�t�e�m�i�c� �i�n�f�e�c�t�i�o�n�,� �t�h�o�u�g�h� �i�t� �a�p�p�e�a�r�s� �t�h�a�t� �b�o�t�h� 

�a�r�m�s� �o�f� �t�h�e� �i�m�m�u�n�e� �r�e�s�p�o�n�s�e� �p�a�r�t�i�c�i�p�a�t�e� �i�n� �p�r�o�t�e�c�t�i�v�e� �i�m�m�u�n�i�t�y�,� �l�i�k�e�l�y� 

�i�n� �a� �t�e�m�p�o�r�a�l� �f�a�s�h�i�o�n�.� �T�h�e� �m�e�c�h�a�n�i�s�m�s� �i�n�v�o�l�v�e�d� �i�n� �p�r�o�t�e�c�t�i�o�n� �o�f� �t�h�e� �g�r�a�v�i�d� 

�r�e�p�r�o�d�u�c�t�i�v�e� �t�r�a�c�t� �a�r�e� �c�u�r�r�e�n�t�l�y� �u�n�k�n�o�w�n�.� �I�n�c�r�e�a�s�e�d� �s�u�s�c�e�p�t�i�b�i�l�i�t�y� �o�f� �t�h�e� 

�p�r�e�g�n�a�n�t� �a�n�i�m�a�l� �t�o� �b�r�u�c�e�l�l�o�s�i�s� �m�a�y� �b�e� �l�i�n�k�e�d� �t�o� �t�h�e� �h�i�g�h� �s�u�s�c�e�p�t�i�b�i�l�i�t�y� 

�o�f� �t�h�e� �p�l�a�c�e�n�t�a� �t�o� �i�n�f�e�c�t�i�o�n� �b�y� �t�h�i�s� �p�a�t�h�o�g�e�n�.� �T�h�e� �m�e�c�h�a�n�i�s�m�s� �i�n�v�o�l�v�e�d� 

�i�n� �p�l�a�c�e�n�t�a�l� �a�n�d� �i�n� �s�y�s�t�e�m�i�c� �i�m�m�u�n�i�t�y� �m�a�y� �b�e� �d�i�f�f�e�r�e�n�t� �i�n� �n�a�t�u�r�e� �o�r� 

�e�f�f�i�c�a�c�y� �a�n�d� �t�h�e�s�e� �d�i�f�f�e�r�e�n�c�e�s� �m�a�y� �b�e� �p�e�r�t�i�n�e�n�t� �t�o� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� 

�e�f�f�e�c�t�i�v�e� �v�a�c�c�i�n�e�s� �f�o�r� �b�o�v�i�n�e� �b�r�u�c�e�l�l�o�s�i�s�.� 

�B�r�u�c�e�l�l�a� �r�e�s�e�a�r�c�h� �e�m�p�l�o�y�i�n�g� �t�h�e� �p�r�e�g�n�a�n�t� �m�o�u�s�e� �m�o�d�e�l� �t�o� �e�x�a�m�i�n�e� �t�h�e� 

�i�m�m�u�n�e� �m�e�c�h�a�n�i�s�m�s� �o�f� �b�r�u�c�e�l�l�o�s�i�s� �h�a�s� �b�e�e�n� �l�i�m�i�t�e�d� �a�n�d� �h�a�s� �n�o�t� �i�n�v�o�l�v�e�d� 

�t�h�e� �h�i�s�t�o�p�a�t�h�o�l�o�g�y� �o�f� �p�l�a�c�e�n�t�a�]� �i�n�f�e�c�t�i�o�n�.� �B�a�c�t�e�r�i�o�l�o�g�i�c� �e�x�a�m�i�n�a�t�i�o�n� �o�f� 

�t�h�e� �s�p�l�e�e�n�,� �p�l�a�c�e�n�t�a� �a�n�d� �f�e�t�u�s� �w�a�s� �e�m�p�l�o�y�e�d� �t�o� �a�s�s�e�s�s� �p�r�o�t�e�c�t�i�o�n� �o�f�f�e�r�e�d� 

�b�y� �v�a�c�c�i�n�a�t�i�o�n� �p�r�i�o�r� �t�o� �p�r�e�g�n�a�n�c�y� �o�r� �b�y� �t�h�e� �t�r�a�n�s�f�e�r� �o�f� �i�m�m�u�n�e� �s�e�r�a� �o�r� 

�7�9
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�s�p�l�e�n�i�c� �l�y�m�p�h�o�i�d� �c�e�l�l�s�.� �M�o�u�s�e� �s�e�r�u�m� �r�a�i�s�e�d� �a�g�a�i�n�s�t� �B�r�u�c�e�l�l�a� �p�e�p�t�i�d�o�g�l�y�c�a�n� 

�(�P�G�)� �o�r� �L�P�S� �f�r�a�c�t�i�o�n�s� �a�n�d� �s�p�l�e�n�i�c� �l�y�m�p�h�o�i�d� �c�e�l�l�s� �f�r�o�m� �p�e�p�t�i�d�o�g�l�y�c�a�n� 

�f�r�a�c�t�i�o�n� �v�a�c�c�i�n�a�t�e�d� �m�i�c�e� �w�h�e�n� �g�i�v�e�n� �p�r�i�o�r� �t�o� �c�h�a�l�l�e�n�g�e� �t�r�a�n�s�f�e�r�r�e�d� �p�a�s�s�i�v�e� 

�o�r� �a�d�a�p�t�i�v�e� �i�m�m�u�n�i�t�y� �a�g�a�i�n�s�t� �B�r�u�c�e�l�l�a� �i�n�f�e�c�t�i�o�n� �t�o� �p�r�e�g�n�a�n�t� �m�i�c�e�.� �I�m�m�u�n�i�t�y� 

�w�a�s� �e�x�p�r�e�s�s�e�d� �b�y� �l�o�w�e�r� �f�r�e�q�u�e�n�c�y� �a�n�d�/�o�r� �l�e�v�e�l� �o�f� �i�n�f�e�c�t�i�o�n� �i�n� �s�p�l�e�e�n�s�,� 

�p�l�a�c�e�n�t�a�s� �a�n�d� �f�e�t�u�s�e�s� �(�B�o�s�s�e�r�a�y� �a�n�d� �P�l�o�m�m�e�t�,� �1�9�8�8�)�.� 

�V�a�c�c�i�n�a�t�i�o�n� �o�n�e� �m�o�n�t�h� �p�r�i�o�r� �t�o� �p�r�e�g�n�a�n�c�y� �d�e�c�r�e�a�s�e�d� �t�h�e� �f�r�e�q�u�e�n�c�y� �o�f� 

�p�l�a�c�e�n�t�a�l� �c�o�l�o�n�i�z�a�t�i�o�n� �a�n�d� �t�h�e� �n�u�m�b�e�r� �o�f� �b�r�u�c�e�l�l�a�e� �p�e�r� �p�l�a�c�e�n�t�a� �a�n�d� 

�s�p�l�e�e�n�.� �V�a�c�c�i�n�a�t�i�o�n� �w�i�t�h� �p�r�o�t�e�i�n�-�b�o�u�n�d� �c�e�l�l� �w�a�l�l� �P�G� �f�r�a�c�t�i�o�n�s� �e�x�t�r�a�c�t�e�d� 

�f�r�o�m� �s�m�o�o�t�h� �b�r�u�c�e�l�l�a�e� �p�r�o�t�e�c�t�e�d� �p�r�e�g�n�a�n�t� �m�i�c�e� �a�s� �w�e�l�l� �a�s� �d�i�d� �v�a�c�c�i�n�a�t�i�o�n� 

�w�i�t�h� �k�i�l�l�e�d� �v�i�r�u�l�e�n�t� �B�.� �a�b�o�r�t�u�s� �s�t�r�a�i�n� �H�3�8� �o�r� �l�i�v�i�n�g� �a�t�t�e�n�u�a�t�e�d� �B�.� 

�a�b�o�r�t�u�s� �s�t�r�a�i�n� �B�1�9�.� �T�h�e� �L�P�S� �f�r�a�c�t�i�o�n� �o�f� �t�h�e� �c�e�l�l� �w�a�l�l� �w�a�s� �c�o�m�p�a�r�a�t�i�v�e�l�y� 

�l�e�s�s� �p�r�o�t�e�c�t�i�v�e� �w�h�e�n� �u�s�e�d� �a�s� �a� �v�a�c�c�i�n�e�.� �I�n�t�e�r�e�s�t�i�n�g�l�y�,� �a�n�t�i�-�L�P�S�,� �a�n�t�i�-� 

�P�G� �o�r� �a�n�t�i�-�k�i�l�l�e�d� �s�m�o�o�t�h� �B�r�u�c�e�l�l�a� �s�e�r�a� �p�r�o�t�e�c�t�e�d� �p�r�e�g�n�a�n�t� �m�i�c�e� �a�s� �w�e�l�l� 

�a�s� �d�i�d� �v�a�c�c�i�n�a�t�i�o�n�,� �a�s� �e�v�a�l�u�a�t�e�d� �b�y� �c�u�l�t�u�r�e� �o�f� �t�h�e� �s�p�l�e�e�n�s� �a�n�d� �p�l�a�c�e�n�t�a�s� 

�(�B�o�s�s�e�r�a�y�,� �1�9�8�3�b�)�.� 

�T�h�u�s� �h�u�m�o�r�a�l� �i�m�m�u�n�i�t�y� �a�p�p�e�a�r�s� �t�o� �a�c�t� �e�f�f�i�c�i�e�n�t�l�y� �a�g�a�i�n�s�t� �p�l�a�c�e�n�t�a�l� 

�b�r�u�c�e�l�l�o�s�i�s� �i�n� �t�h�e� �p�r�e�g�n�a�n�t� �m�o�u�s�e� �m�o�d�e�l�.� �S�l�i�g�h�t� �d�e�c�r�e�a�s�e�s� �i�n� �t�h�e� �i�n�t�e�n�s�i�t�y� 

�o�r� �d�u�r�a�t�i�o�n� �o�f� �t�h�e� �b�a�c�t�e�r�e�m�i�a� �m�a�y� �d�e�c�r�e�a�s�e� �t�h�e� �p�r�o�b�a�b�i�l�i�t�y� �o�f� �b�l�o�o�d� 

�b�o�r�n�e�-�b�r�u�c�e�l�l�a�e� �r�e�a�c�h�i�n�g� �t�h�e� �p�l�a�c�e�n�t�a� �a�n�d� �t�h�e� �f�e�t�u�s�.� �S�u�p�p�o�r�t�i�n�g� �t�h�i�s� 

�h�y�p�o�t�h�e�s�i�s�,� �d�e�c�r�e�a�s�e�d� �p�r�o�t�e�c�t�i�o�n� �w�a�s� �o�b�s�e�r�v�e�d� �w�h�e�n� �s�e�r�u�m� �w�a�s� �t�r�a�n�s�f�e�r�r�e�d� 

�a�f�t�e�r� �c�h�a�l�l�e�n�g�e� �(�B�o�s�s�e�r�a�y�,� �1�9�8�3�b�)�.� �M�a�c�r�o�p�h�a�g�e�s� �a�r�e� �p�r�e�s�e�n�t� �w�i�t�h�i�n� �t�h�e� 

�m�u�r�i�n�e� �p�l�a�c�e�n�t�a� �(�M�o�s�k�a�l�e�w�a�s�k�i� �e�t� �a�l�.�,� �1�9�7�4�)� �b�u�t� �t�h�e� �a�b�i�l�i�t�y� �o�f� �t�h�e�s�e� 

�c�e�l�l�s� �t�o� �r�e�s�t�r�i�c�t� �B�r�u�c�e�l�l�a� �m�u�l�t�i�p�l�i�c�a�t�i�o�n�,� �e�s�p�e�c�i�a�l�l�y� �o�n�c�e� �t�h�e� �p�a�t�h�o�g�e�n� 

�l�o�c�a�l�i�z�e�s� �w�i�t�h�i�n� �t�h�e� �t�r�o�p�h�o�b�l�a�s�t� �c�e�l�l�s� �i�n� �t�h�e� �u�n�i�q�u�e� �i�m�m�u�n�e� �s�e�t�t�i�n�g� �o�f� 

�t�h�e� �f�e�t�o�p�l�a�c�e�n�t�a�l� �i�n�t�e�r�f�a�c�e�,� �i�s� �u�n�k�n�o�w�n�.



�8�1� 

�H�i�s�t�o�l�o�g�i�c� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �t�h�e� �l�e�s�i�o�n�s� �o�f� �m�u�r�i�n�e� �p�l�a�c�e�n�t�a�l� 

�b�r�u�c�e�l�l�o�s�i�s� �w�i�l�l� �a�l�l�o�w� �r�e�f�i�n�e�m�e�n�t� �o�f� �t�h�e� �u�s�e� �o�f� �t�h�i�s� �m�o�d�e�l� �t�o� �s�t�u�d�y� 

�v�a�r�i�o�u�s� �a�s�p�e�c�t�s� �o�f� �i�m�m�u�n�i�t�y� �a�s� �t�h�e�y� �r�e�l�a�t�e� �t�o� �t�h�e� �p�r�e�g�n�a�n�t� �a�n�i�m�a�l�.� �T�h�e� 

�d�e�g�r�e�e� �o�f� �p�r�o�t�e�c�t�i�o�n� �a�f�f�o�r�d�e�d� �t�h�e� �p�r�e�g�n�a�n�t� �m�o�u�s�e� �b�y� �p�a�s�s�i�v�e� �o�r� �a�c�t�i�v�e� 

�i�m�m�u�n�i�z�a�t�i�o�n� �m�a�y� �n�o�w� �b�e� �a�s�s�e�s�s�e�d� �b�y� �t�h�e� �l�e�v�e�l� �a�n�d� �f�r�e�q�u�e�n�c�y� �o�f� �s�p�l�e�n�i�c� 

�a�n�d� �p�l�a�c�e�n�t�a�l� �i�n�f�e�c�t�i�o�n�,� �t�h�e� �d�e�g�r�e�e� �o�f� �l�e�s�i�o�n� �d�e�v�e�l�o�p�m�e�n�t� �i�n� �t�h�e� �p�l�a�c�e�n�t�a� 

�a�n�d� �t�h�e� �f�r�e�q�u�e�n�c�y� �o�f� �f�e�t�a�l� �d�e�a�t�h�.� 

�T�h�e� �f�o�l�l�o�w�i�n�g� �i�n�v�e�s�t�i�g�a�t�i�o�n� �c�o�m�b�i�n�e�d� �t�h�e� �u�s�e� �o�f� �b�a�c�t�e�r�i�o�l�o�g�y�,� �s�e�r�o�l�o�g�y� 

�a�n�d� �h�i�s�t�o�l�o�g�y� �t�o� �e�v�a�l�u�a�t�e� �p�r�o�t�e�c�t�i�o�n� �a�f�f�o�r�d�e�d� �b�y� �c�i�r�c�u�l�a�t�i�n�g� �a�n�t�i�b�o�d�i�e�s� 

�o�r� �b�y� �v�a�c�c�i�n�a�t�i�o�n� �i�n� �t�h�e� �p�r�e�g�n�a�n�t� �m�o�u�s�e�.� �T�o� �c�o�n�t�i�n�u�e� �e�x�p�l�o�r�i�n�g� �t�h�e� �u�s�e� 

�o�f� �s�t�r�a�i�n� �R�B�5�1� �a�s� �a�n� �e�f�f�e�c�t�i�v�e� �v�a�c�c�i�n�e�,� �m�i�c�e� �w�e�r�e� �i�m�m�u�n�i�z�e�d� �w�i�t�h� �e�i�t�h�e�r� 

�s�t�r�a�i�n� �1�9� �o�r� �s�t�r�a�i�n� �R�B�5�1� �b�e�f�o�r�e� �c�h�a�l�l�e�n�g�e� �i�n� �m�i�d�-�g�e�s�t�a�t�i�o�n� �w�i�t�h� �v�i�r�u�l�e�n�t� 

�s�t�r�a�i�n� �2�3�0�8�.� �I�n� �a�d�d�i�t�i�o�n�,� �i�m�m�u�n�e� �s�e�r�a� �r�a�i�s�e�d� �i�n� �m�i�c�e� �a�g�a�i�n�s�t� �e�i�t�h�e�r� 

�s�t�r�a�i�n�s� �1�9� �o�r� �R�B�5�1� �o�r� �a� �m�o�n�o�c�l�o�n�a�l� �a�n�t�i�b�o�d�y� �s�p�e�c�i�f�i�c� �f�o�r� �t�h�e� �O�-�s�i�d�e�-�c�h�a�i�n� 

�o�f� �t�h�e� �L�P�S� �m�o�l�e�c�u�l�e� �w�a�s� �a�d�m�i�n�i�s�t�e�r�e�d� �i�m�m�e�d�i�a�t�e�l�y� �b�e�f�o�r�e� �m�i�d�-�g�e�s�t�a�t�i�o�n� 

�c�h�a�l�l�e�n�g�e� �t�o� �e�v�a�l�u�a�t�e� �t�h�e� �r�o�l�e� �o�f� �h�u�m�o�r�a�l� �i�m�m�u�n�i�t�y� �i�n� �p�r�o�t�e�c�t�i�o�n� �p�r�o�v�i�d�e�d� 

�t�h�e� �p�r�e�g�n�a�n�t� �m�o�u�s�e� �b�y� �t�h�e�s�e� �t�w�o� �s�t�r�a�i�n�s�.



�C�H�A�P�T�E�R� �7� 

�B�R�U�C�E�L�L�A� �A�B�O�R�T�U�S� �S�T�R�A�I�N�S� �1�9� �A�N�D� �R�B�5�1�;� 

�C�O�M�P�A�R�A�T�I�V�E� �P�R�O�T�E�C�T�I�O�N� �I�N� �T�H�E� �P�R�E�G�N�A�N�T� �M�O�U�S�E� �M�O�D�E�L� 

�B�r�u�c�e�l�l�o�s�i�s� �r�e�m�a�i�n�s� �a�n� �i�m�p�o�r�t�a�n�t� �c�a�u�s�e� �o�f� �a�b�o�r�t�i�o�n� �i�n� �c�a�t�t�l�e� �(�T�h�o�e�n� 

�a�n�d� �E�n�r�i�g�h�t�,� �1�9�8�1�)� �a�n�d� �a� �s�e�r�i�o�u�s� �h�u�m�a�n� �d�i�s�e�a�s�e� �w�o�r�l�d�w�i�d�e� �(�C�o�r�b�e�l�,� �1�9�8�9�)�.� 

�A�t�t�e�n�u�a�t�e�d� �B�r�u�c�e�l�l�a� �a�b�o�r�t�u�s� �s�t�r�a�i�n� �1�9�,� �t�h�e� �c�u�r�r�e�n�t�l�y� �u�s�e�d� �v�a�c�c�i�n�e� �s�t�r�a�i�n�,� 

�c�a�n� �c�a�u�s�e� �a�b�o�r�t�i�o�n�s� �i�n� �p�r�e�g�n�a�n�t� �c�o�w�s� �(�C�o�r�n�e�r� �a�n�d� �A�l�t�o�n�,� �1�9�8�1�;� �B�e�c�k�e�t� �a�n�d� 

�M�c�d�i�a�r�m�i�d�,� �1�9�8�5�)�,� �i�n�d�u�c�e�s� �a�g�g�l�u�t�i�n�a�t�i�n�g� �a�n�d� �c�o�m�p�l�e�m�e�n�t� �f�i�x�i�n�g� �a�n�t�i�b�o�d�i�e�s� 

�t�o� �l�i�p�o�p�o�l�y�s�a�c�c�h�a�r�i�d�e� �O�-�s�i�d�e�-�c�h�a�i�n� �(�S�u�b�c�o�m�m�i�t�t�e�e� �o�n� �B�r�u�c�e�l�l�o�s�i�s�,� �1�9�7�7�)�,� 

�p�r�o�t�e�c�t�s� �o�n�l�y� �6�5�-�7�5�%� �o�f� �v�a�c�c�i�n�a�t�e�s� �(�C�o�n�f�e�r� �e�t� �a�l�.�,� �1�9�8�5�;� �M�a�n�t�h�e�i�,� �1�9�5�9�)� 

�a�n�d� �r�e�m�a�i�n�s� �a� �h�e�a�l�t�h� �h�a�z�a�r�d� �t�o� �t�h�o�s�e� �w�h�o� �h�a�n�d�l�e� �i�t� �(�R�e�v�i�a�h� �e�t� �a�l�.�,� 

�1�9�6�1�)�.� �B�.� �a�b�o�r�t�u�s� �s�t�r�a�i�n� �R�B�5�1�,� �a� �s�t�a�b�l�e� �r�o�u�g�h� �m�u�t�a�n�t� �d�e�r�i�v�e�d� �f�r�o�m� 

�v�i�r�u�l�e�n�t� �s�t�r�a�i�n� �2�3�0�8�,� �a�p�p�e�a�r�s� �t�o� �h�a�v�e� �v�a�c�c�i�n�e� �p�o�t�e�n�t�i�a�l� �(�S�c�h�u�r�i�g� �e�t� �a�l�.�,� 

�1�9�9�1�)�.� �I�n� �t�h�e� �n�o�n�-�p�r�e�g�n�a�n�t� �m�o�u�s�e�,� �s�t�r�a�i�n� �R�B�5�1� �i�s� �o�f� �l�o�w� �v�i�r�u�l�e�n�c�e�,� 

�p�r�o�t�e�c�t�s� �a�g�a�i�n�s�t� �c�h�a�l�l�e�n�g�e� �b�y� �v�i�r�u�l�e�n�t� �s�t�r�a�i�n� �2�3�0�8� �a�s� �a�s�s�e�s�s�e�d� �b�y� �s�p�l�e�n�i�c� 

�b�a�c�t�e�r�i�a�l� �c�o�l�o�n�i�z�a�t�i�o�n�,� �a�n�d� �d�o�e�s� �n�o�t� �e�l�i�c�i�t� �a�n�t�i�b�o�d�i�e�s� �d�e�t�e�c�t�a�b�l�e� �b�y� 

�s�t�a�n�d�a�r�d� �a�g�g�l�u�t�i�n�a�t�i�n�g� �t�e�s�t�s� �u�s�e�d� �t�o� �m�o�n�i�t�o�r� �c�a�t�t�l�e� �h�e�r�d�s� �f�o�r� �b�r�u�c�e�l�l�o�s�i�s�.� 

�T�h�i�s� �i�s� �d�u�e� �t�o� �i�t�s� �i�n�a�b�i�l�i�t�y� �t�o� �i�n�d�u�c�e� �a�n�t�i�-�O�-�s�i�d�e�-�c�h�a�i�n� �a�n�t�i�b�o�d�i�e�s�.� �A�n� 

�i�n� �v�i�t�r�o� �s�t�u�d�y� �e�x�a�m�i�n�i�n�g� �t�h�e� �p�a�t�h�o�g�e�n�i�c� �p�o�t�e�n�t�i�a�l� �o�f� �B�.� �a�b�o�r�t�u�s� �s�t�r�a�i�n�s� 

�2�3�0�8�,� �1�9� �a�n�d� �R�B�5�1� �f�o�r� �t�h�e� �b�o�v�i�n�e� �p�l�a�c�e�n�t�a� �c�o�n�f�i�r�m�e�d� �t�h�e� �r�e�d�u�c�e�d� �v�i�r�u�l�e�n�c�e� 

�o�f� �s�t�r�a�i�n� �R�B�5�1� �b�y� �h�i�s�t�o�l�o�g�i�c� �e�v�a�l�u�a�t�i�o�n� �o�f� �u�t�e�r�i�n�e� �e�x�p�l�a�n�t�s� �i�n�f�e�c�t�e�d� 

�w�i�t�h� �t�h�e�s�e� �s�t�r�a�i�n�s�.� �S�t�r�a�i�n� �2�3�0�8� �i�n�f�e�c�t�i�o�n� �r�e�s�u�l�t�e�d� �i�n� �n�e�a�r� �t�o�t�a�l� �d�e�s�t�r�u�c�t�i�o�n� 

�o�f� �c�h�o�r�i�o�n�i�c� �t�r�o�p�h�o�b�l�a�s�t� �c�e�l�l�s� �w�h�i�l�e� �i�n�f�e�c�t�i�o�n� �w�i�t�h� �e�i�t�h�e�r� �s�t�r�a�i�n� �1�9� �o�r� 

�R�B�5�1� �p�r�o�d�u�c�e� �o�n�l�y� �m�i�n�i�m�a�l� �d�a�m�a�g�e� �t�o� �t�h�e�s�e� �c�e�l�l�s� �(�E�n�r�i�g�h�t�,� �1�9�9�0�)�.� 

�8�2



�8�3� 

�T�h�e� �m�u�r�i�n�e� �m�o�d�e�l� �o�f� �b�r�u�c�e�l�l�o�s�i�s� �h�a�s� �b�e�e�n� �u�s�e�d� �e�x�t�e�n�s�i�v�e�l�y� �t�o� �s�t�u�d�y� 

�t�h�e� �i�m�m�u�n�o�l�o�g�y�,� �b�a�c�t�e�r�i�o�l�o�g�y� �a�n�d� �p�a�t�h�o�g�e�n�e�s�i�s� �o�f� �t�h�e� �d�i�s�e�a�s�e�,� �t�h�o�u�g�h� �t�h�e� 

�v�a�s�t� �m�a�j�o�r�i�t�y� �o�f� �s�t�u�d�i�e�s� �h�a�v�e� �u�s�e�d� �t�h�e� �n�o�n�-�p�r�e�g�n�a�n�t� �m�o�u�s�e� �(�F�e�l�d�m�a�n�,� 

�1�9�3�5�;� �Y�o�u�n�g� �e�t� �a�l�.�,� �1�9�7�9�;� �H�o� �a�n�d� �C�h�e�e�r�s�,� �1�9�8�2�;� �P�h�i�l�l�i�p�s� �e�t� �a�l�.�,� �1�9�8�9�b�;� 

�E�n�r�i�g�h�t� �e�t� �a�l�.�,� �1�9�9�0�a�)�.� �T�h�e� �p�r�e�g�n�a�n�t� �m�o�u�s�e� �m�o�d�e�l� �h�a�s� �b�e�e�n� �l�a�r�g�e�l�y� 

�i�g�n�o�r�e�d� �d�e�s�p�i�t�e� �t�h�e� �f�a�c�t� �t�h�a�t� �b�r�u�c�e�l�l�o�s�i�s� �i�s� �m�o�s�t� �i�m�p�o�r�t�a�n�t�l�y� �a� �r�e�p�r�o�d�u�c�t�i�v�e� 

�t�r�a�c�t� �d�i�s�e�a�s�e�.� �W�e� �h�a�v�e� �f�o�u�n�d� �t�h�a�t� �a�n� �i�n�t�r�a�p�e�r�i�t�o�n�e�a�l� �i�n�j�e�c�t�i�o�n� �o�f� �1�0�°�:� 

�B�.� �a�b�o�r�t�u�s� �s�t�r�a�i�n� �2�3�0�8� �g�i�v�e�n� �i�n� �m�i�d�g�e�s�t�a�t�i�o�n� �t�o� �B�A�L�B�/�c� �m�i�c�e� �c�o�n�s�i�s�t�e�n�t�l�y� 

�p�r�o�d�u�c�e�s� �a� �s�e�v�e�r�e�,� �n�e�c�r�o�-�s�u�p�p�u�r�a�t�i�v�e� �p�l�a�c�e�n�t�i�t�i�s� �o�f�t�e�n� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� 

�f�e�t�a�l� �d�e�a�t�h� �(�C�h�a�p�t�e�r� �3�)�.� �A�s� �i�n� �c�a�t�t�l�e� �(�M�e�a�d�o�r� �a�n�d� �D�e�y�o�e�,� �1�9�8�9�)�,� �m�u�r�i�n�e� 

�p�l�a�c�e�n�t�a�l� �i�n�f�e�c�t�i�o�n� �i�n�v�o�l�v�e�s� �t�h�e� �l�o�c�a�l�i�z�a�t�i�o�n� �a�n�d� �r�e�p�l�i�c�a�t�i�o�n� �o�f� �B�.� 

�a�b�o�r�t�u�s� �w�i�t�h�i�n� �t�h�e� �r�o�u�g�h� �e�n�d�o�p�l�a�s�m�i�c� �r�e�t�i�c�u�l�u�m� �o�f� �t�h�e� �t�r�o�p�h�o�b�l�a�s�t� �c�e�l�l�,� 

�r�e�s�u�l�t�i�n�g� �i�n� �p�l�a�c�e�n�t�a�l� �d�a�m�a�g�e�,� �t�r�a�n�s�p�l�a�c�e�n�t�a�l� �i�n�f�e�c�t�i�o�n� �a�n�d� �f�e�t�a�l� �d�e�a�t�h� 

�(�B�o�s�s�e�r�a�y�,� �1�9�8�2�;� �C�h�a�p�t�e�r� �3�)�.� �S�t�r�a�i�n� �R�B�5�1�,� �a�s� �c�o�m�p�a�r�e�d� �t�o� �s�t�r�a�i�n�s� �1�9� �a�n�d� 

�2�3�0�8�,� �h�a�s� �r�e�d�u�c�e�d� �v�i�r�u�l�e�n�c�e� �i�n� �t�h�e� �p�r�e�g�n�a�n�t� �(�C�h�a�p�t�e�r� �5�)� �a�n�d� �n�o�n�-�p�r�e�g�n�a�n�t� 

�m�o�u�s�e� �(�S�c�h�u�r�i�g� �e�t� �a�l�.�,� �1�9�9�1�)�,� �a�s� �a�s�s�e�s�s�e�d� �b�y� �s�p�l�e�n�i�c� �a�n�d� �p�l�a�c�e�n�t�a�l� 

�i�n�f�e�c�t�i�o�n� �a�n�d� �p�l�a�c�e�n�t�a�l� �l�e�s�i�o�n�s�.� �C�o�n�f�i�r�m�i�n�g� �s�t�u�d�i�e�s� �i�n� �t�h�e� �n�o�n�-�p�r�e�g�n�a�n�t� 

�m�o�u�s�e� �(�S�c�h�u�r�i�g� �e�t� �a�l�.�,� �1�9�9�1�)�,� �s�t�r�a�i�n� �R�B�5�1� �r�e�m�a�i�n�s� �s�t�a�b�l�e� �a�f�t�e�r� �i�n� �v�i�v�o� 

�p�a�s�s�a�g�e� �a�n�d� �d�o�e�s� �n�o�t� �i�n�d�u�c�e� �a�g�g�l�u�t�i�n�a�t�i�n�g� �a�n�t�i�b�o�d�i�e�s� �i�n� �t�h�e� �p�r�e�g�n�a�n�t� 

�m�o�u�s�e� �(�C�h�a�p�t�e�r� �5�)�.� �T�h�e� �p�u�r�p�o�s�e� �o�f� �t�h�e� �s�t�u�d�y� �r�e�p�o�r�t�e�d� �h�e�r�e� �w�a�s� �t�o� �e�x�a�m�i�n�e� 

�t�h�e� �p�r�o�t�e�c�t�i�v�e� �a�b�i�l�i�t�i�e�s� �o�f� �s�t�r�a�i�n�s� �1�9� �a�n�d� �R�B�5�1� �i�n� �t�h�e� �p�r�e�g�n�a�n�t� �m�o�u�s�e� 

�a�g�a�i�n�s�t� �c�h�a�l�l�e�n�g�e� �w�i�t�h� �v�i�r�u�l�e�n�t� �s�t�r�a�i�n� �2�3�0�8�.� �B�o�t�h� �a�c�t�i�v�e� �i�m�m�u�n�i�t�y� 

�i�n�d�u�c�e�d� �b�y� �l�i�v�i�n�g� �v�a�c�c�i�n�e�s� �a�n�d� �p�a�s�s�i�v�e� �i�m�m�u�n�i�t�y� �o�b�t�a�i�n�e�d� �b�y� �t�h�e� �t�r�a�n�s�f�e�r� 

�o�f� �i�m�m�u�n�e� �s�e�r�a� �a�g�a�i�n�s�t� �t�h�e� �t�w�o� �s�t�r�a�i�n�s� �w�e�r�e� �t�e�s�t�e�d� �f�o�r� �e�f�f�i�c�a�c�y�.
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�M�a�t�e�r�i�a�l� �a�n�d� �M�e�t�h�o�d�s� 

�1�.� �A�n�i�m�a�l�s�:� �T�w�o�-� �t�o� �s�i�x�-�m�o�n�t�h�-�o�l�d� �B�A�L�B�/�c� �f�e�m�a�l�e� �m�i�c�e� �r�a�i�s�e�d� �a�t� �t�h�e� 

�a�n�i�m�a�l� �h�o�l�d�i�n�g� �f�a�c�i�l�i�t�y� �a�t� �t�h�e� �V�e�t�e�r�i�n�a�r�y� �M�e�d�i�c�a�l� �R�e�s�e�a�r�c�h� �C�e�n�t�e�r� �a�t� 

�V�i�r�g�i�n�i�a� �T�e�c�h� �w�e�r�e� �m�a�t�e�d� �i�n�d�i�v�i�d�u�a�l�l�y� �t�o� �f�o�u�r�-� �t�o� �t�e�n�-�m�o�n�t�h�-�o�l�d� �m�a�l�e� 

�B�A�L�B�/�c� �m�i�c�e�.� �M�a�l�e� �m�i�c�e� �a�n�d� �t�h�e� �p�a�r�e�n�t�s� �o�f� �t�h�e� �f�e�m�a�l�e� �m�i�c�e� �w�e�r�e� �o�b�t�a�i�n�e�d� 

�f�r�o�m� �D�o�m�i�n�i�o�n� �L�a�b�o�r�a�t�o�r�i�e�s�,� �D�u�b�l�i�n�,� �V�.�A�.�.� �S�e�n�t�i�n�e�l� �m�i�c�e� �k�i�l�l�e�d� �a�t� �t�h�e� 

�c�o�n�c�l�u�s�i�o�n� �o�f� �t�h�e� �e�x�p�e�r�i�m�e�n�t� �w�e�r�e� �f�o�u�n�d� �f�r�e�e� �o�f� �a�n�t�i�b�o�d�i�e�s� �t�o� �m�a�j�o�r� 

�m�u�r�i�n�e� �p�a�t�h�o�g�e�n�s� �(�T�o�b�i�a�s� �e�t� �a�l�.�,� �1�9�9�1�8�)�.� �T�h�e� �B�A�L�B�/�c� �s�t�r�a�i�n� �w�a�s� �c�h�o�s�e�n� 

�f�o�r� �t�h�i�s� �s�t�u�d�y� �d�u�e� �t�o� �i�t�s� �w�i�d�e�s�p�r�e�a�d� �u�s�e� �i�n� �b�r�u�c�e�l�l�o�s�i�s� �r�e�s�e�a�r�c�h� �(�M�o�n�t�a�r�a�z� 

�a�n�d� �W�i�n�t�e�r�,� �1�9�8�6�;� �P�h�i�l�l�i�p�s� �e�t� �a�l�.�,� �1�9�8�9�b�;� �P�u�g�h� �e�t� �a�l�.�,� �1�9�8�9�;� �A�r�a�y�a� �e�t� 

�a�l�.�,� �1�9�9�0�;� �P�h�i�l�l�i�p�s� �e�t� �a�l�.�,� �1�9�9�0�a�;� �E�n�r�i�g�h�t� �e�t� �a�l�.�,� �1�9�9�0�a�)�,� �i�n�c�l�u�d�i�n�g� 

�p�r�e�v�i�o�u�s� �w�o�r�k� �i�n� �o�u�r� �l�a�b�o�r�a�t�o�r�y� �w�i�t�h� �t�h�e� �p�r�e�g�n�a�n�t� �m�o�u�s�e� �m�o�d�e�l� �(�T�o�b�i�a�s� �e�t� 

�a�l� �1�9�9�1�l�a�,� �1�9�9�1�b�)�.� �C�l�e�a�r�a�n�c�e� �o�f� �B�.� �a�b�o�r�t�u�s� �s�t�r�a�i�n�s� �2�3�0�8� �(�P�h�i�l�l�i�p�s� �e�t� 

�a�l�.�,� �1�9�8�9�b�;� �E�n�r�i�g�h�t� �e�t� �a�l�.�,� �1�9�9�0�a�)�,� �1�9� �(�M�o�n�t�a�r�a�z� �a�n�d� �W�i�n�t�e�r�,� �1�9�8�6�;� 

�A�r�a�y�a� �e�t� �a�l�.�,� �1�9�8�9�)� �a�n�d� �R�B�5�1� �(�S�c�h�u�r�i�g� �e�t� �a�l�.�,� �1�9�9�1�)� �i�n� �B�A�L�B�/�c� �m�i�c�e� 

�c�o�r�r�e�s�p�o�n�d�s� �c�l�o�s�e�l�y� �t�o� �t�h�e�i�r� �r�e�s�p�e�c�t�i�v�e� �v�i�r�u�l�e�n�c�e� �i�n� �c�a�t�t�l�e� �(�N�i�c�o�l�e�t�t�i� �a�n�d� 

�M�i�l�w�a�r�d�,� �1�9�8�3�;� �N�i�c�o�l�e�t�t�i�,� �1�9�9�0�;� �S�c�h�u�r�i�g� �e�t� �a�l�.�,� �1�9�9�1�)�,� �s�u�g�g�e�s�t�i�n�g� �t�h�a�t� �t�h�i�s� 

�i�n�b�r�e�d� �s�t�r�a�i�n� �o�f� �m�o�u�s�e� �i�s� �a�n� �a�p�p�r�o�p�r�i�a�t�e� �c�h�o�i�c�e� �f�o�r� �i�n�i�t�i�a�l� �v�a�c�c�i�n�e� �t�r�i�a�l�s�.� 

�2�.� �B�a�c�t�e�r�i�a�l� �c�u�l�t�u�r�e�s�:� �B�.� �a�b�o�r�t�u�s� �s�t�r�a�i�n�s� �1�9� �a�n�d� �R�B�5�1� �g�r�o�w�n� �o�n� �t�r�y�p�t�i�c�a�s�e� 

�s�o�y� �p�l�a�t�e�s� �f�o�r� �4�8� �h�o�u�r�s� �a�t� �3�7�°�C� �i�n� �5�%� �C�0�5�,� �b�o�t�h� �f�r�o�m� �s�t�o�c�k� �c�u�l�t�u�r�e�s� �h�e�l�d� 

�a�t� �t�h�e� �P�3� �f�a�c�i�l�i�t�y� �o�f� �t�h�e� �V�e�t�e�r�i�n�a�r�y� �M�i�c�r�o�b�i�o�l�o�g�y� �R�e�s�e�a�r�c�h� �L�a�b�o�r�a�t�o�r�i�e�s�,� 

�w�e�r�e� �u�s�e�d� �a�s� �l�i�v�e� �v�a�c�c�i�n�e� �s�t�r�a�i�n�s� �a�n�d� �f�o�r� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �o�f� �a�n�t�i�s�e�r�a� �f�o�r� 

�p�a�s�s�i�v�e� �i�m�m�u�n�e� �t�r�a�n�s�f�e�r�.� �T�h�e� �v�a�c�c�i�n�e� �d�o�s�e� �f�o�r� �s�t�r�a�i�n� �R�B�5�1� �w�a�s� �1�0�8� 

�b�a�c�t�e�r�i�a� �s�i�n�c�e� �f�e�w�e�r� �o�r�g�a�n�i�s�m�s� �p�r�o�d�u�c�e� �i�n�c�o�n�s�i�s�t�e�n�t� �i�n�f�e�c�t�i�o�n�s� �i�n� �m�i�c�e� 

�(�p�e�r�s�o�n�a�l� �c�o�m�m�u�n�i�c�a�t�i�o�n�,� �G�.� �G�.� �S�c�h�u�r�i�g�)�.� �S�t�r�a�i�n� �1�9� �v�a�c�c�i�n�a�t�e�s� �r�e�c�e�i�v�e�d
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�1�0�°� �o�r�g�a�n�i�s�m�s�,� �a� �d�o�s�e� �u�s�e�d� �i�n� �a� �p�r�e�v�i�o�u�s� �p�r�o�t�e�c�t�i�o�n� �s�t�u�d�y� �i�n�v�o�l�v�i�n�g� 

�p�r�e�g�n�a�n�t� �m�i�c�e� �(�B�o�s�s�e�r�a�y�,� �1�9�8�3�b�)�.� �V�i�r�u�l�e�n�t� �B�.� �a�b�o�r�t�u�s� �s�t�r�a�i�n� �2�3�0�8�,� �a�l�s�o� 

�f�r�o�m� �s�t�o�c�k� �c�u�l�t�u�r�e�s�,� �w�a�s� �u�s�e�d� �f�o�r� �a�l�l� �c�h�a�l�l�e�n�g�e� �i�n�f�e�c�t�i�o�n�s� �a�t� �a� �d�o�s�e� �o�f� 

�1�0�>�:� �o�r�g�a�n�i�s�m�s� �p�e�r� �m�o�u�s�e�,� �a�n� �i�n�o�c�u�l�u�m� �t�h�a�t� �c�o�n�s�i�s�t�e�n�t�l�y� �c�a�u�s�e�s� �s�e�v�e�r�e� 

�p�l�a�c�e�n�t�a�l� �l�e�s�i�o�n�s� �i�n� �n�a�i�v�e� �B�A�L�B�/�c� �m�i�c�e� �(�C�h�a�p�t�e�r� �3�)�.� �F�o�r� �v�a�c�c�i�n�a�t�i�o�n� �a�n�d� 

�c�h�a�l�l�e�n�g�e�,� �c�u�l�t�u�r�e�s� �o�f� �p�r�e�d�e�t�e�r�m�i�n�e�d� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �v�i�a�b�l�e� �b�a�c�t�e�r�i�a� 

�w�e�r�e� �h�e�l�d� �s�u�s�p�e�n�d�e�d� �i�n� �a� �t�r�y�p�t�i�c�a�s�e�-�s�o�y� �b�r�o�t�h� �a�t� �-�7�0�°�C� �u�n�t�i�l� �u�s�e�d�.� �T�h�e�y� 

�w�e�r�e� �t�h�a�w�e�d�,� �d�i�l�u�t�e�d� �i�n� �s�t�e�r�i�l�e� �s�a�l�i�n�e� �t�o� �t�h�e� �d�e�s�i�r�e�d� �c�o�n�c�e�n�t�r�a�t�i�o�n� �a�t� 

�t�h�e� �t�i�m�e� �o�f� �i�n�o�c�u�l�a�t�i�o�n� �a�n�d� �a�d�m�i�n�i�s�t�e�r�e�d� �i�n�t�r�a�p�e�r�i�t�o�n�e�a�l�l�y�.� �E�x�a�c�t� �d�o�s�e�s� 

�d�e�l�i�v�e�r�e�d� �w�e�r�e� �c�o�n�f�i�r�m�e�d� �r�e�t�r�o�s�p�e�c�t�i�v�e�l�y� �b�y� �d�e�t�e�r�m�i�n�i�n�g� �c�o�l�o�n�y� �f�o�r�m�i�n�g� 

�u�n�i�t�s� �(�c�f�u�)� �a�s� �d�e�s�c�r�i�b�e�d� �e�l�s�e�w�h�e�r�e� �(�C�h�a�p�t�e�r� �3�)�.� 

�3�.� �S�e�r�o�l�o�g�y�:� �T�h�e� �S�t�a�n�d�a�r�d� �T�u�b�e� �A�g�g�l�u�t�i�n�a�t�i�o�n� �(�S�T�A�)� �t�e�s�t� �w�a�s� �p�e�r�f�o�r�m�e�d� 

�a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �m�e�t�h�o�d� �o�f� �A�l�t�o�n� �e�t� �a�l�.� �(�1�9�7�5�)� �o�n� �a�l�l� �s�a�m�p�l�e�s� �(�A�p�p�e�n�d�i�x�)�.� 

�N�o�n�-�a�g�g�l�u�t�i�n�a�t�i�n�g� �t�i�t�e�r�s� �o�f� �s�t�r�a�i�n� �R�B�5�1� �i�m�m�u�n�i�z�e�d� �m�i�c�e� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� 

�b�y� �B�i�o�D�o�t� �e�n�z�y�m�e�-�l�i�n�k�e�d� �i�m�m�u�n�o�s�o�r�b�a�n�t� �a�s�s�a�y�s� �(�E�L�I�S�A�s�)� �u�s�i�n�g� �w�h�o�l�e� �R�B�5�1� 

�b�a�c�t�e�r�i�a� �a�s� �a�n�t�i�g�e�n� �(�B�u�r�h�m�a�n�,� �1�9�8�9�;� �A�p�p�e�n�d�i�x�)� �a�n�d� �s�e�l�e�c�t�e�d� �s�a�m�p�l�e�s� �w�e�r�e� 

�a�n�a�l�y�z�e�d� �b�y� �w�e�s�t�e�r�n� �b�l�o�t� �f�o�r� �a�n�t�i�b�o�d�i�e�s� �t�o� �t�h�e� �O�-�s�i�d�e�-�c�h�a�i�n� �o�f� �t�h�e� �L�P�S� 

�(�S�c�h�u�r�i�g� �e�t� �a�l�.�,� �1�9�9�1�;� �A�p�p�e�n�d�i�x�)�.� �T�i�t�e�r�s� �a�r�e� �e�x�p�r�e�s�s�e�d� �a�s� �t�h�e� �l�o�g�j�g� �v�a�l�u�e� 

�o�f� �t�h�e� �r�e�c�i�p�r�o�c�a�l�.� 

�4�.� �A�n�t�i�b�o�d�i�e�s� �f�o�r� �p�a�s�s�i�v�e� �t�r�a�n�s�f�e�r�:� �S�e�r�a� �w�e�r�e� �o�b�t�a�i�n�e�d� �f�r�o�m� �m�i�c�e� 

�a�c�t�i�v�e�l�y� �i�m�m�u�n�i�z�e�d� �w�i�t�h� �t�h�e� �a�b�o�v�e� �d�o�s�e�s� �o�f� �s�t�r�a�i�n� �1�9� �o�r� �R�B�5�1�.� �T�h�e�s�e� 

�m�i�c�e� �w�e�r�e� �b�l�e�d� �f�r�o�m� �t�h�e� �r�e�t�r�o�-�o�r�b�i�t�a�l� �s�p�a�c�e� �f�o�u�r� �w�e�e�k�s� �p�o�s�t�-�v�a�c�c�i�n�a�t�i�o�n� 

�a�n�d� �t�h�e� �s�e�r�a� �o�f� �e�a�c�h� �g�r�o�u�p� �p�o�o�l�e�d� �f�o�r� �p�a�s�s�i�v�e� �t�r�a�n�s�f�e�r�.� �S�e�r�a� �f�r�o�m� 

�s�t�r�a�i�n� �1�9� �v�a�c�c�i�n�a�t�e�s� �h�a�d� �a� �t�i�t�e�r� �o�f� �2�.�6�0� �b�y� �S�T�A� �t�e�s�t� �a�n�d� �a� �t�i�t�e�r� �o�f� �2�.�5�1
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�b�y� �B�i�o�d�o�t� �E�L�I�S�A� �w�h�i�l�e� �s�t�r�a�i�n� �R�B�5�1� �v�a�c�c�i�n�a�t�e�s� �h�a�d� �n�o� �d�e�t�e�c�t�a�b�l�e� �t�i�t�e�r� �i�n� 

�t�h�e� �S�T�A� �t�e�s�t� �(�<�1�.�3�9�)� �b�u�t� �h�a�d� �a� �t�i�t�e�r� �o�f� �a�p�p�r�o�x�i�m�a�t�e�l�y� �3�.�4�1� �t�o� �s�t�r�a�i�n� 

�R�B�5�1� �a�n�t�i�g�e�n�s� �a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �B�i�o�d�o�t� �E�L�I�S�A� �(�T�a�b�l�e� �9�)�.� �S�e�r�a� �f�r�o�m� �u�n�v�a�c�-� 

�c�i�n�a�t�e�d� �m�i�c�e� �s�e�r�v�e�d� �a�s� �a� �c�o�n�t�r�o�l� �f�o�r� �b�o�t�h� �s�e�r�o�l�o�g�y� �a�n�d� �p�a�s�s�i�v�e� �t�r�a�n�f�e�r�.� 

�B�R�U� �3�8�,� �a� �m�o�n�o�c�l�o�n�a�l� �a�n�t�i�b�o�d�y� �r�e�c�o�g�n�i�z�i�n�g� �t�h�e� �O�-�s�i�d�e�-�c�h�a�i�n� �o�f� �B�.� �a�b�o�r�t�u�s� 

�l�i�p�o�p�o�l�y�s�a�c�c�h�a�r�i�d�e� �(�L�P�S�)�,� �w�a�s� �a�l�s�o� �u�s�e�d� �i�n� �t�h�e� �p�a�s�s�i�v�e� �t�r�a�n�f�e�r� �s�t�u�d�y�.� 

�B�R�U� �3�8� �i�s� �a� �r�a�t� �I�g�G�2�a� �s�e�c�r�e�t�e�d� �b�y� �a� �h�y�b�r�i�d�o�m�a� �r�e�s�u�l�t�i�n�g� �f�r�o�m� �t�h�e� �f�u�s�i�o�n� 

�o�f� �a� �m�o�u�s�e� �S�P�2�/�0� �m�y�e�l�o�m�a� �c�e�l�l� �a�n�d� �a� �r�a�t� �B� �c�e�l�l� �(�S�c�h�u�r�i�g� �e�t� �a�l�.�,� �1�9�8�4�;� 

�A�p�p�e�n�d�i�x�)�.� �S�u�p�e�r�n�a�t�a�n�t�s� �f�r�o�m� �B�R�U� �3�8� �h�y�b�r�i�d�o�m�a� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �a�n�d� �a�p�p�l�i�e�d� 

�t�o� �a� �c�o�l�u�m�n� �f�i�l�l�e�d� �w�i�t�h� �b�e�a�d�s� �c�o�u�p�l�e�d� �t�o� �g�o�a�t� �a�n�t�i�b�o�d�i�e�s� �a�g�a�i�n�s�t� �r�a�t� �I�g�G� 

�(�#�4�6�5�4�2�,� �S�i�g�m�a� �C�h�e�m�i�c�a�l� �C�o�.�,� �S�t�.� �L�o�u�i�s�,� �M�O�)�.� �B�e�a�d�s� �w�e�r�e� �w�a�s�h�e�d� �a�n�d� 

�m�o�n�o�c�l�o�n�a�l� �a�n�t�i�b�o�d�i�e�s� �d�e�s�o�r�b�e�d� �w�i�t�h� �g�l�y�c�i�n�e� �b�u�f�f�e�r� �(�p�H� �2�.�2�)� �f�o�l�l�o�w�i�n�g� 

�t�h�e� �i�n�s�t�r�u�c�t�i�o�n�s� �o�f� �t�h�e� �m�a�n�u�f�a�c�t�u�r�e�r�.� �T�h�e� �d�e�s�o�r�b�e�d� �m�o�n�o�c�l�o�n�a�l� �a�n�t�i�b�o�d�i�e�s� 

�w�e�r�e� �h�e�l�d� �a�t� �4�°�C� �a�n�d� �c�o�n�c�e�n�t�r�a�t�e�d� �(�A�m�i�c�o�n� �M�i�n�i�c�o�n� �c�o�n�c�e�n�t�r�a�t�o�r�,� �A�m�i�c�o�n� 

�C�o�r�p�o�r�a�t�i�o�n�,� �L�e�x�i�n�g�t�o�n�,� �M�A�)� �t�o� �1�1�5� �m�i�c�r�o�g�r�a�m�s� �p�r�o�t�e�i�n� �p�e�r� �m�i�l�l�i�l�i�t�e�r� 

�p�h�o�s�p�h�a�t�e� �b�u�f�f�e�r�e�d� �s�a�l�i�n�e� �(�B�I�O�-�R�A�D� �p�r�o�t�e�i�n� �d�e�t�e�r�m�i�n�a�t�i�o�n� �a�s�s�a�y�,� �B�I�O�-�R�A�D�,� 

�R�i�c�h�m�o�n�d�,� �C�A�:� �A�p�p�e�n�d�i�x�)�.� 

�5�.� �A�c�t�i�v�e� �I�m�m�u�n�i�z�a�t�i�o�n�:� �G�r�o�u�p�s� �o�f� �f�o�r�t�y�,� �e�i�g�h�t�-�w�e�e�k�-�o�l�d� �f�e�m�a�l�e� �m�i�c�e� 

�r�e�c�e�i�v�e�d� �1�0�°� �s�t�r�a�i�n� �1�9�,� �1�0�8� �s�t�r�a�i�n� �R�B�5�1� �o�r� �s�t�e�r�i�l�e� �s�a�l�i�n�e� �i�n�t�r�a�p�e�r�i�t�o�n�e�a�l�l�y� 

�a�n�d� �w�e�r�e� �m�a�t�e�d� �t�e�n� �w�e�e�k�s� �l�a�t�e�r�.� �T�w�e�n�t�y� �b�r�e�d� �m�i�c�e� �f�r�o�m� �e�a�c�h� �g�r�o�u�p� �w�e�r�e� 

�c�h�a�l�l�e�n�g�e�d� �I�P� �o�n� �d�a�y� �9� �o�f� �g�e�s�t�a�t�i�o�n� �(�d�a�y� �1� �b�e�i�n�g� �t�h�e� �d�a�y� �t�h�e� �v�a�g�i�n�a�l� 

�p�l�u�g� �w�a�s� �o�b�s�e�r�v�e�d�)� �w�i�t�h� �1�0�°�:�/� �B�.� �a�b�o�r�t�u�s� �s�t�r�a�i�n� �2�3�0�8�.� �R�e�m�a�i�n�i�n�g� �b�r�e�d� �m�i�c�e� 

�f�r�o�m� �e�a�c�h� �g�r�o�u�p� �r�e�c�e�i�v�e�d� �s�t�e�r�i�l�e� �s�a�l�i�n�e� �I�P� �o�n� �d�a�y� �9� �o�f� �g�e�s�t�a�t�i�o�n�.� 

�P�r�e�v�i�o�u�s� �s�t�u�d�i�e�s� �h�a�v�e� �d�e�t�e�r�m�i�n�e�d� �t�h�a�t� �t�h�e� �d�o�s�e�s� �o�f� �s�t�r�a�i�n�s� �R�B�5�1� �a�n�d� �1�9� 

�e�m�p�l�o�y�e�d� �i�n� �t�h�i�s� �s�t�u�d�y� �a�r�e� �c�l�e�a�r�e�d� �s�y�s�t�e�m�i�c�a�l�l�y� �f�o�u�r� �w�e�e�k�s� �(�S�c�h�u�r�i�g� �e�t
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�a�l�.�,� �1�9�9�1�)� �a�n�d� �e�i�g�h�t� �w�e�e�k�s� �(�M�o�n�t�a�r�a�z� �a�n�d� �W�i�n�t�e�r�,� �1�9�8�6�)� �p�o�s�t�-�i�n�o�c�u�l�a�t�i�o�n� 

�r�e�s�p�e�c�t�i�v�e�l�y�,� �t�h�e�r�e�f�o�r�e� �a�n� �e�l�e�v�e�n�-�w�e�e�k� �p�e�r�i�o�d� �b�e�t�w�e�e�n� �v�a�c�c�i�n�a�t�i�o�n� �a�n�d� 

�c�h�a�l�l�e�n�g�e� �w�a�s� �d�e�e�m�e�d� �s�u�f�f�i�c�i�e�n�t� �t�o� �p�r�e�v�e�n�t� �v�a�c�c�i�n�a�l� �r�e�c�r�u�d�e�s�e�n�c�e� �a�t� 

�p�r�e�g�n�a�n�c�y�.� �A� �f�o�u�r�t�h� �g�r�o�u�p� �o�f� �t�w�e�n�t�y� �m�i�c�e� �w�e�r�e� �v�a�c�c�i�n�a�t�e�d� �t�w�i�c�e� �w�i�t�h� �1�0�8� 

�S�t�r�a�i�n� �R�B�5�1�,� �f�i�r�s�t� �a�t� �e�i�g�h�t� �w�e�e�k�s� �o�f� �a�g�e� �a�n�d� �a�g�a�i�n� �s�i�x� �w�e�e�k�s� �l�a�t�e�r�.� 

�P�r�e�v�i�o�u�s�l�y� �u�n�r�e�p�o�r�t�e�d� �s�t�u�d�i�e�s� �d�e�t�e�r�m�i�n�e�d� �t�h�a�t� �t�h�i�s� �d�o�s�e� �o�f� �s�t�r�a�i�n� �R�B�5�1� 

�g�i�v�e�n� �t�w�i�c�e� �w�i�l�l� �b�e� �c�l�e�a�r�e�d� �b�y� �t�e�n� �d�a�y�s� �a�f�t�e�r� �t�h�e� �s�e�c�o�n�d� �i�n�o�c�u�l�a�t�i�o�n� 

�(�p�e�r�s�o�n�a�l� �c�o�m�m�u�n�i�c�a�t�i�o�n�,� �G�.� �G�.� �S�c�h�u�r�i�g�)�.� �T�h�e�s�e� �m�i�c�e� �w�e�r�e� �b�r�e�d� �t�e�n� �w�e�e�k�s� 

�a�f�t�e�r� �t�h�e� �s�e�c�o�n�d� �v�a�c�c�i�n�a�t�i�o�n� �a�n�d� �c�h�a�l�l�e�n�g�e�d� �w�i�t�h� �s�t�r�a�i�n� �2�3�0�8� �n�i�n�e� �d�a�y�s� �l�a�t�e�r�.� 

�6�.� �P�a�s�s�i�v�e� �T�r�a�n�s�f�e�r� �o�f� �I�m�m�u�n�i�t�y�:� �G�r�o�u�p�s� �o�f� �f�i�v�e� �t�i�m�e�d�-�p�r�e�g�n�a�n�t� �m�i�c�e�,� 

�2�-� �t�o� �4�-�m�o�n�t�h�s�-�o�l�d�,� �r�e�c�e�i�v�e�d� �0�.�1� �m�i�l�l�i�l�i�t�e�r� �o�f� �i�m�m�u�n�e� �s�e�r�u�m� �f�r�o�m� �s�t�r�a�i�n� 

�R�B�5�1� �o�r� �s�t�r�a�i�n� �1�9� �v�a�c�c�i�n�a�t�e�d� �m�i�c�e�,� �n�o�r�m�a�l� �m�o�u�s�e� �s�e�r�u�m� �o�r� �m�o�n�o�c�l�o�n�a�l� �a�n�t�i�b�o�d�y� 

�(�B�R�U� �3�8�)� �i�n�t�r�a�v�e�n�e�o�u�s�l�y� �v�i�a� �t�h�e� �t�a�i�l� �v�e�i�n� �o�n� �d�a�y� �9� �o�f� �g�e�s�t�a�t�i�o�n�,� �o�n�e� 

�h�o�u�r� �b�e�f�o�r�e� �c�h�a�l�l�e�n�g�e� �w�i�t�h� �s�t�r�a�i�n� �2�3�0�8�.� 

� � 

�7�.� �C�o�l�l�e�c�t�i�o�n� �a�n�d� �H�a�n�d�l�i�n�g� �o�f� �S�a�m�p�l�e�s�:� �U�n�c�h�a�l�l�e�n�g�e�d� �p�r�e�g�n�a�n�t� �m�i�c�e� 

�w�e�r�e� �h�o�u�s�e�d� �c�o�n�v�e�n�t�i�o�n�a�l�l�y�,� �f�i�v�e� �t�o� �a� �c�a�g�e�.� �P�r�e�g�n�a�n�t� �m�i�c�e� �c�h�a�l�l�e�n�g�e�d� 

�w�i�t�h� �s�t�r�a�i�n� �2�3�0�8� �w�e�r�e� �h�o�u�s�e�d� �i�n�d�i�v�i�d�u�a�l�l�y� �i�n� �m�i�c�r�o�-�i�s�o�l�a�t�o�r� �c�a�g�e�s�.� �A�l�l� 

�m�i�c�e� �w�e�r�e� �k�i�l�l�e�d� �o�n� �d�a�y� �1�8� �o�f� �g�e�s�t�a�t�i�o�n�.� �B�l�o�o�d� �f�o�r� �s�e�r�o�l�o�g�y� �w�a�s� �c�o�l�l�e�c�t�e�d� 

�b�y� �r�e�t�r�o�o�r�b�i�t�a�l� �b�l�e�e�d�i�n�g� �o�f� �v�a�c�c�i�n�a�t�e�d� �m�i�c�e� �f�o�u�r� �w�e�e�k�s� �p�o�s�t�-�i�n�o�c�u�l�a�t�i�o�n� 

�f�o�r� �t�i�t�e�r� �d�e�t�e�r�m�i�n�a�t�i�o�n� �a�n�d� �u�s�e� �i�n� �t�h�e� �p�a�s�s�i�v�e� �t�r�a�n�s�f�e�r� �s�t�u�d�y�.� �A�t� 

�n�e�c�r�o�p�s�y�,� �b�l�o�o�d� �w�a�s� �c�o�l�l�e�c�t�e�d� �a�g�a�i�n� �i�m�m�e�d�i�a�t�e�l�y� �p�o�s�t�-�m�o�r�t�e�m� �b�y� �c�a�r�d�i�a�c� 

�p�u�n�c�t�u�r�e� �a�n�d� �s�e�r�a� �w�e�r�e� �s�t�o�r�e�d� �a�t� �4�°�C� �u�n�t�i�l� �n�e�e�d�e�d�.� 

�T�h�e� �s�p�l�e�e�n� �a�n�d� �t�w�o� �p�l�a�c�e�n�t�a�s� �w�e�r�e� �r�e�m�o�v�e�d� �a�s�e�p�t�i�c�a�l�l�y� �f�r�o�m� �e�a�c�h� 

�m�o�u�s�e�.� �T�h�e�s�e� �t�i�s�s�u�e�s� �w�e�r�e� �w�e�i�g�h�e�d� �a�n�d� �h�o�m�o�g�e�n�i�z�e�d� �i�n� �2�m�l�s� �o�f� �s�t�e�r�i�l�e
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�s�a�l�i�n�e�.� �T�e�n�-�f�o�l�d� �d�i�l�u�t�i�o�n�s� �o�f� �t�h�e� �h�o�m�o�g�e�n�a�t�e� �w�e�r�e� �p�l�a�t�e�d� �o�n�t�o� �t�r�y�p�t�i�c�a�s�e�-� 

�s�o�y� �p�l�a�t�e�s� �i�n� �f�i�v�e� �1�0�u�l� �d�r�o�p�s�.� �P�l�a�t�e�s� �w�e�r�e� �i�n�c�u�b�a�t�e�d� �f�o�r� �7�2� �h�o�u�r�s� �a�t� 

�3�7�°�C� �w�i�t�h� �5�%� �C�O�,� �a�t� �w�h�i�c�h� �t�i�m�e� �c�o�l�o�n�y� �f�o�r�m�i�n�g� �u�n�i�t�s� �(�c�f�u�s�)� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d�.� 

�T�h�e� �m�i�n�i�m�u�m� �n�u�m�b�e�r� �o�f� �b�a�c�t�e�r�i�a� �d�e�t�e�c�t�a�b�l�e� �b�y� �t�h�i�s� �m�e�t�h�o�d� �w�a�s� �4�0� �c�f�u� �p�e�r� 

�o�r�g�a�n�.� �B�a�c�t�e�r�i�a� �r�e�c�o�v�e�r�e�d� �f�r�o�m� �s�t�r�a�i�n� �1�9� �v�a�c�c�i�n�a�t�e�s� �w�e�r�e� �a�l�s�o� �c�u�l�t�u�r�e�d� 

�i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �1�%� �e�r�y�t�h�r�i�t�o�l� �t�o� �e�n�s�u�r�e� �t�h�e� �i�s�o�l�a�t�e�s� �w�e�r�e� �s�t�r�a�i�n� 

�2�3�0�8�.� �G�r�o�w�t�h� �o�f� �s�t�r�a�i�n� �1�9� �o�n� �m�e�d�i�a� �w�i�t�h� �e�r�y�t�h�r�i�t�o�l� �i�s� �i�n�h�i�b�i�t�e�d� �d�u�e� �t�o� 

�t�h�i�s� �s�t�r�a�i�n�'�s� �i�n�a�b�i�l�i�t�y� �t�o� �u�t�i�l�i�z�e� �e�r�y�t�h�i�t�o�l� �a�s� �a�n� �e�n�e�r�g�y� �s�o�u�r�c�e� �(�N�i�c�o�l�e�t�t�i�,� 

�1�9�9�0�)� �w�h�i�l�e� �s�t�r�a�i�n� �2�3�0�8� �g�r�o�w�s� �v�i�g�o�r�o�u�s�l�y�.� �R�o�u�g�h�n�e�s�s� �o�f� �b�a�c�t�e�r�i�a� �r�e�c�o�v�e�r�e�d� 

�f�r�o�m� �s�t�r�a�i�n� �R�B�5�1� �v�a�c�c�i�n�a�t�e�s� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �a�u�t�o�a�g�e�l�u�t�i�n�a�t�i�o�n� �(�B�r�a�u�n� 

�a�n�d� �B�o�n�e�s�t�a�l�l�,� �1�9�4�7�;� �A�p�p�e�n�d�i�x�)�,� �u�p�t�a�k�e� �o�f� �c�r�y�s�t�a�l� �v�i�o�l�e�t� �(�W�h�i�t�e� �a�n�d� 

�W�i�l�s�o�n�,� �1�9�5�1�;� �A�p�p�e�n�d�i�x�)� �a�n�d� �c�o�n�f�i�r�m�e�d� �b�y� �c�o�l�o�n�y� �b�l�o�t� �E�L�I�S�A� �(�R�o�o�p� �e�t� �a�l�.�,� 

�1�9�8�7�;� �A�p�p�e�n�d�i�x�)�.� 

�P�l�a�c�e�n�t�a�s� �n�o�t� �u�s�e�d� �f�o�r� �b�a�c�t�e�r�i�o�l�o�g�y� �w�e�r�e� �f�i�x�e�d� �i�n� �s�i�t�u� �w�i�t�h�i�n� �u�t�e�r�i� 

�i�n� �1�0�%� �n�e�u�t�r�a�l� �b�u�f�f�e�r�e�d� �f�o�r�m�a�l�i�n� �a�n�d� �p�r�o�c�e�s�s�e�d� �r�o�u�t�i�n�e�l�y� �f�o�r� �h�i�s�t�o�l�o�g�i�c� 

�e�x�a�m�i�n�a�t�i�o�n� �u�t�i�l�i�z�i�n�g� �h�e�m�a�t�o�x�y�l�i�n� �&� �e�o�s�i�n� �s�t�a�i�n�.� �A�l�l� �p�l�a�c�e�n�t�a�s� �s�a�m�p�l�e�d� 

�w�e�r�e� �c�o�d�e�d� �a�n�d� �e�x�a�m�i�n�e�d� �a�s� �u�n�k�n�o�w�n�s� �b�y� �l�i�g�h�t� �m�i�c�r�o�s�c�o�p�y� �a�n�d� �s�c�o�r�e�d� �o�n� �a� 

�s�c�a�l�e� �o�f� �0� �t�o� �3� �b�a�s�e�d� �o�n� �l�e�s�i�o�n� �d�e�v�e�l�o�p�m�e�n�t�:� �0� �=� �n�o� �c�h�a�n�g�e�,� �1� �=� �p�e�r�i�p�h�e�r�a�l� 

�i�n�f�l�a�m�m�a�t�i�o�n�,� �2� �=� �g�r�a�d�e� �1� �l�e�s�i�o�n�s� �p�l�u�s� �j�u�n�c�t�i�o�n�a�l� �(�s�p�o�n�g�i�o�t�r�o�p�h�o�b�l�a�s�t�)� 

�i�n�f�l�a�m�m�a�t�i�o�n�,� �3� �=� �g�r�a�d�e� �2� �l�e�s�i�o�n�s� �p�l�u�s� �f�e�t�a�l� �d�e�a�t�h� �(�C�h�a�p�t�e�r� �3�)�.� �E�x�a�m�i�n�a�t�i�o�n� 

�o�f� �g�e�s�t�a�t�i�o�n�a�l� �a�g�e�-�m�a�t�c�h�e�d� �p�l�a�c�e�n�t�a�s� �f�r�o�m� �n�o�n�-�i�n�f�e�c�t�e�d� �m�i�c�e� �a�l�l�o�w�e�d� �t�h�e� 

�e�s�t�a�b�l�i�s�h�m�e�n�t� �o�f� �b�a�s�e�l�i�n�e� �s�c�o�r�e�s�.� �P�l�a�c�e�n�t�a�l� �s�c�o�r�e�s� �f�o�r� �e�a�c�h� �m�o�u�s�e� �w�e�r�e� 

�a�v�e�r�a�g�e�d� �t�h�e�n� �a� �g�r�a�d�e� �f�o�r� �t�h�e� �e�n�t�i�r�e� �e�x�p�e�r�i�m�e�n�t�a�l� �g�r�o�u�p� �w�a�s� �d�e�t�e�r�m�i�n�e�d� 

�a�s� �a�n� �a�v�e�r�a�g�e� �o�f� �a�l�l� �m�i�c�e�.� �I�n� �t�h�i�s� �m�a�n�n�e�r�,� �a�l�l� �m�i�c�e�,� �r�e�g�a�r�d�l�e�s�s� �o�f� �t�h�e� 

�n�u�m�b�e�r� �o�f� �f�e�t�u�s�e�s� �c�a�r�r�i�e�d�,� �w�e�r�e� �g�i�v�e�n� �e�q�u�a�l� �w�e�i�g�h�t�,� �a�s� �t�h�e� �f�e�t�u�s�e�s� �f�r�o�m



�8�9� 

�o�n�e� �i�n�d�i�v�i�d�u�a�l� �t�e�n�d�e�d� �t�o� �s�e�c�u�r�e� �a� �s�i�m�i�l�a�r� �s�c�o�r�e� �b�u�t� �n�u�m�b�e�r� �o�f� �f�e�t�u�s�e�s� 

�p�e�r� �m�o�u�s�e� �v�a�r�i�e�d� �f�r�o�m� �o�n�e� �t�o� �f�o�u�r�t�e�e�n�.� 

�8�.� �S�t�a�t�i�s�t�i�c�a�l� �A�n�a�l�y�s�i�s�:� �A�l�l� �d�a�t�a� �i�s� �e�x�p�r�e�s�s�e�d� �a�s� �m�e�a�n� �+�/�-� �s�t�a�n�d�a�r�d� 

�d�e�v�i�a�t�i�o�n�.� �W�h�e�n� �b�a�c�t�e�r�i�a� �w�e�r�e� �n�o�t� �d�e�t�e�c�t�e�d� �i�n� �p�l�a�c�e�n�t�a�l� �t�i�s�s�u�e�s�,� �o�n�e� 

�l�e�s�s� �t�h�a�n� �t�h�e� �m�i�n�i�m�u�m� �v�a�l�u�e� �d�e�t�e�c�t�a�b�l�e� �(�3�9� �c�f�u�)� �w�a�s� �u�s�e�d� �f�o�r� �s�t�a�t�i�s�t�i�c�a�l� 

�a�n�a�l�y�s�i�s� �(�W�i�n�t�e�r� �e�t� �a�l�.�,� �1�9�8�9�)�.� �A�n�a�l�y�s�i�s� �o�f� �v�a�r�i�a�n�c�e� �w�a�s� �u�s�e�d� �t�o� �c�o�m�p�a�r�e� 

�s�p�l�e�n�i�c� �a�n�d� �p�l�a�c�e�n�t�a�l� �i�n�f�e�c�t�i�o�n�s� �a�n�d� �l�e�s�i�o�n� �g�r�a�d�e�s� �o�f� �p�l�a�c�e�n�t�a�s� �(�S�n�e�d�e�c�o�r�,� 

�1�9�5�6�)�.� �S�t�a�t�i�s�t�i�c�a�l� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �g�r�o�u�p�s� �w�i�t�h� �p�<� �0�.�0�5� �w�e�r�e� �c�o�n�s�i�d�e�r�e�d� 

�s�i�g�n�i�f�i�c�a�n�t�.� �R�e�s�u�l�t�s� �o�f� �a�c�t�i�v�e� �a�n�d� �p�a�s�s�i�v�e� �t�r�a�n�s�f�e�r� �e�x�p�e�r�i�m�e�n�t�s� �w�e�r�e� 

�e�x�p�r�e�s�s�e�d� �a�s� �l�o�g�s� �o�f� �p�r�o�t�e�c�t�i�o�n� �(�m�e�a�n� �l�o�g�y�;�g� �n�u�m�b�e�r� �o�f� �o�r�g�a�n�i�s�m�s� �o�f� �t�h�e� 

�p�r�i�n�c�i�p�a�l� �g�r�o�u�p� �m�i�n�u�s� �t�h�e� �m�e�a�n� �l�o�g�,�,� �n�u�m�b�e�r� �o�f� �o�r�g�a�n�i�s�m�s� �i�n� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� 

�c�o�n�t�r�o�l� �g�r�o�u�p�)�.� 

�R�e�s�u�l�t�s� 

�1�.� �P�r�o�t�e�c�t�i�o�n�-�A�c�t�i�v�e� �I�m�m�u�n�i�z�a�t�i�o�n�:� 

�N�o� �b�a�c�t�e�r�i�a� �w�e�r�e� �c�u�l�t�u�r�e�d� �f�r�o�m� �u�n�c�h�a�l�l�e�n�g�e�d� �m�i�c�e� �i�m�m�u�n�i�z�e�d� �w�i�t�h� 

�s�t�r�a�i�n� �1�9� �o�r� �s�t�r�a�i�n� �R�B�5�1�.� �B�a�c�t�e�r�i�a� �r�e�c�o�v�e�r�e�d� �f�r�o�m� �a�l�l� �m�i�c�e� �e�i�t�h�e�r� �v�a�c�c�i�n�a�t�e�d� 

�o�r� �c�o�n�t�r�o�l�s� �c�h�a�l�l�e�n�g�e�d� �w�i�t�h� �s�t�r�a�i�n� �2�3�0�8� �w�e�r�e� �s�t�r�a�i�n� �2�3�0�8�.� �O�n�e� �i�n�t�r�a�p�e�r�-� 

�i�t�o�n�e�a�l� �i�n�o�c�u�l�a�t�i�o�n� �o�f� �1�0�°� �v�i�a�b�l�e� �s�t�r�a�i�n� �1�9� �o�r�g�a�n�i�s�m�s� �g�i�v�e�n� �e�l�e�v�e�n� �w�e�e�k�s� 

�p�r�i�o�r� �t�o� �c�h�a�l�l�e�n�g�e� �i�n� �m�i�d�-�g�e�s�t�a�t�i�o�n� �w�i�t�h� �1�0�°�?� �s�t�r�a�i�n� �2�3�0�8� �o�r�g�a�n�i�s�m�s� 

�p�r�o�v�i�d�e�d� �3�.�6� �l�o�g�s� �o�f� �p�r�o�t�e�c�t�i�o�n� �t�o� �s�p�l�e�n�i�c� �i�n�f�e�c�t�i�o�n� �a�n�d� �6�.�9� �l�o�g�s� �o�f� 

�p�r�o�t�e�c�t�i�o�n� �t�o� �p�l�a�c�e�n�t�a�l� �i�n�f�e�c�t�i�o�n� �(�T�a�b�l�e� �7�)�.� �S�t�r�a�i�n� �2�3�0�8� �w�a�s� �d�e�t�e�c�t�e�d� 

�i�n� �l�e�s�s� �t�h�a�n� �3�%� �o�f� �p�l�a�c�e�n�t�a�s� �f�r�o�m� �t�h�e�s�e� �m�i�c�e�.� �O�n�e� �i�n�o�c�u�l�a�t�i�o�n� �o�f� �1�0�8� 

�v�i�a�b�l�e� �s�t�r�a�i�n� �R�B�5�1� �o�r�g�a�n�i�s�m�s� �g�i�v�e�n� �a�s� �a�b�o�v�e� �p�r�o�v�i�d�e�d� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1�.�5



�9�0� 

�l�o�g�s� �o�f� �p�r�o�t�e�c�t�i�o�n� �t�o� �s�p�l�e�n�i�c� �i�n�f�e�c�t�i�o�n� �a�n�d� �1�.�7� �l�o�g�s� �o�f� �p�r�o�t�e�c�t�i�o�n� �t�o� 

�p�l�a�c�e�n�t�a�l� �i�n�f�e�c�t�i�o�n�.� �M�i�c�e� �i�n�o�c�u�l�a�t�e�d� �t�w�i�c�e� �w�i�t�h� �t�h�e� �s�a�m�e� �d�o�s�e� �o�f� �s�t�r�a�i�n� 

�R�B�5�1� �a�d�m�i�n�i�s�t�e�r�e�d� �s�i�x� �w�e�e�k�s� �a�p�a�r�t� �a�n�d� �c�h�a�l�l�e�n�g�e�d� �e�l�e�v�e�n� �w�e�e�k�s� �a�f�t�e�r� �t�h�e� 

�s�e�c�o�n�d� �v�a�c�c�i�n�a�t�i�o�n� �w�e�r�e� �p�r�o�v�i�d�e�d� �w�i�t�h� �a�p�p�r�o�x�i�m�a�t�e�l�y� �2�.�7� �l�o�g�s� �o�f� �s�p�l�e�n�i�c� 

�p�r�o�t�e�c�t�i�o�n� �a�n�d� �3�.�2� �l�o�g�s� �o�f� �p�l�a�c�e�n�t�a�l� �p�r�o�t�e�c�t�i�o�n�.� �S�t�r�a�i�n� �2�3�0�8� �w�a�s� �d�e�t�e�c�t�e�d� 

�i�n� �8�8�.�2�%� �o�f� �p�l�a�c�e�n�t�a�s� �f�r�o�m� �m�i�c�e� �v�a�c�c�i�n�a�t�e�d� �o�n�c�e� �w�i�t�h� �s�t�r�a�i�n� �R�B�5�1� �a�n�d� �i�n� 

�7�0�.�0�%� �o�f� �p�l�a�c�e�n�t�a�s� �f�r�o�m� �m�i�c�e� �r�e�c�e�i�v�i�n�g� �t�w�o� �v�a�c�c�i�n�a�t�i�o�n�s�.� �S�t�r�a�i�n� �2�3�0�8� 

�w�a�s� �d�e�t�e�c�t�e�d� �i�n� �1�0�0�%� �o�f� �p�l�a�c�e�n�t�a�s� �f�r�o�m� �c�h�a�l�l�e�n�g�e�d� �n�o�n�-�i�m�m�u�n�i�z�e�d� �m�i�c�e�.� 

�T�h�o�u�g�h� �s�u�p�e�r�i�o�r� �p�r�o�t�e�c�t�i�o�n�,� �a�s� �a�s�s�e�s�s�e�d� �b�y� �c�f�u� �r�e�c�o�v�e�r�e�d� �a�n�d� �h�i�s�t�o�l�o�g�i�c� 

�s�c�o�r�i�n�g� �o�f� �p�l�a�c�e�n�t�a�s�,� �w�a�s� �p�r�o�v�i�d�e�d� �b�y� �s�t�r�a�i�n� �1�9� �v�e�r�s�u�s� �o�n�e� �o�r� �t�w�o� �i�n�o�c�u�-� 

�l�a�t�i�o�n�s� �o�f� �s�t�r�a�i�n� �R�B�5�1�,� �a�l�l� �t�h�r�e�e� �g�r�o�u�p�s� �o�f� �i�m�m�u�n�i�z�e�d� �m�i�c�e� �w�e�r�e� �a�f�f�o�r�d�e�d� 

�a� �s�i�g�n�i�f�i�c�a�n�t� �d�e�g�r�e�e� �o�f� �p�r�o�t�e�c�t�i�o�n� �a�g�a�i�n�s�t� �s�p�l�e�n�i�c� �a�n�d� �p�l�a�c�e�n�t�a�l� �c�o�l�o�n�i�z�a�t�i�o�n� 

�a�n�d� �l�e�s�i�o�n� �d�e�v�e�l�o�p�m�e�n�t� �a�s� �c�o�m�p�a�r�e�d� �t�o� �n�o�n�-�v�a�c�c�i�n�a�t�e�d� �m�i�c�e�.� �I�t� �i�s� �i�m�p�o�r�t�a�n�t� 

�t�o� �n�o�t�e� �t�h�a�t� �i�n� �a�l�l� �c�a�s�e�s� �p�r�o�t�e�c�t�i�o�n� �p�r�o�v�i�d�e�d� �b�y� �s�t�r�a�i�n�s� �1�9� �a�n�d� �R�B�5�1� �w�a�s� 

�s�u�f�f�i�c�i�e�n�t� �t�o� �p�r�e�v�e�n�t� �f�e�t�a�l� �d�e�a�t�h� �(�T�a�b�l�e� �7�)�.� �A� �s�e�c�o�n�d� �d�o�s�e� �o�f� �s�t�r�a�i�n� 

�R�B�5�1� �d�i�d� �p�r�o�v�i�d�e� �a�d�d�i�t�i�o�n�a�l� �s�t�a�t�i�s�t�i�c�a�l�l�y� �s�i�g�n�i�f�i�c�a�n�t� �p�r�o�t�e�c�t�i�o�n� �a�g�a�i�n�s�t� 

�b�a�c�t�e�r�i�a�l� �c�o�l�o�n�i�z�a�t�i�o�n� �o�f� �t�h�e� �p�l�a�c�e�n�t�a� �o�v�e�r� �t�h�a�t� �a�f�f�o�r�d�e�d� �b�y� �o�n�e� �d�o�s�e� �o�f� 

�t�h�e� �v�a�c�c�i�n�e�.� �S�p�l�e�n�i�c� �b�a�c�t�e�r�i�a�l� �c�o�l�o�n�i�z�a�t�i�o�n� �p�o�s�t�-�c�h�a�l�l�e�n�g�e� �d�i�d� �n�o�t� 

�d�i�f�f�e�r� �s�i�g�n�i�f�i�c�a�n�t�l�y� �b�e�t�w�e�e�n� �m�i�c�e� �v�a�c�c�i�n�a�t�e�d� �o�n�c�e� �o�r� �t�w�i�c�e� �w�i�t�h� �s�t�r�a�i�n� �R�B�5�1�.� 

�2�.� �P�r�o�t�e�c�t�i�o�n�-�P�a�s�s�i�v�e� �T�r�a�n�f�e�r�:� 

�T�r�a�n�s�f�e�r� �o�f� �0�.�1� �m�l� �o�f� �s�t�r�a�i�n� �1�9� �i�m�m�u�n�e� �s�e�r�u�m� �i�n�t�r�a�v�e�n�e�o�u�s�l�y� �o�n�e� �h�o�u�r� 

�b�e�f�o�r�e� �c�h�a�l�l�e�n�g�e� �w�i�t�h� �1�0�°�°�7� �s�t�r�a�i�n� �2�3�0�8� �p�r�o�v�i�d�e�d� �p�r�e�g�n�a�n�t� �m�i�c�e� �i�n� �m�i�d�-� 

�g�e�s�t�a�t�i�o�n� �w�i�t�h� �a�p�p�r�o�x�i�m�a�t�e�l�y� �2�.�8� �l�o�g�s� �o�f� �p�r�o�t�e�c�t�i�o�n� �t�o� �s�p�l�e�n�i�c� �i�n�f�e�c�t�i�o�n� 

�a�n�d� �6�.�7� �l�o�g�s� �o�f� �p�r�o�t�e�c�t�i�o�n� �t�o� �p�l�a�c�e�n�t�a�l� �i�n�f�e�c�t�i�o�n� �(�T�a�b�l�e� �8�)�.� �T�r�a�n�s�f�e�r� 

�o�f� �0�.�1� �m�l� �o�f� �1�1�5� �u�g� �p�r�o�t�e�i�n�/�m�l� �B�r�u� �3�8� �m�o�n�o�c�l�o�n�a�l� �a�n�t�i�b�o�d�y� �p�r�o�v�i�d�e�d� �2�.�3



�9�1� 

�l�o�g�s� �o�f� �s�p�l�e�n�i�c� �p�r�o�t�e�c�t�i�o�n� �a�n�d� �5�.�6� �l�o�g�s� �o�f� �p�l�a�c�e�n�t�a�l� �i�n�f�e�c�t�i�o�n�.� �S�t�r�a�i�n� 

�2�3�0�8� �w�a�s� �d�e�t�e�c�t�e�d� �i�n� �3�0�%� �o�f� �p�l�a�c�e�n�t�a�s� �f�r�o�m� �s�t�r�a�i�n� �1�9� �a�n�t�i�s�e�r�u�m� �r�e�c�i�p�i�e�n�t�s� 

�a�s� �c�o�m�p�a�r�e�d� �t�o� �6�0�%� �p�l�a�c�e�n�t�a�s� �f�r�o�m� �B�r�u� �3�8� �r�e�c�i�p�i�e�n�t�s�.� �T�r�a�n�s�f�e�r� �o�f� �s�e�r�u�m� 

�f�r�o�m� �e�i�t�h�e�r� �n�o�n�-�i�m�m�u�n�i�z�e�d� �o�r� �s�t�r�a�i�n� �R�B�5�1�-�i�m�m�u�n�i�z�e�d� �m�i�c�e� �d�i�d� �n�o�t� �p�r�o�v�i�d�e� 

�S�i�g�n�i�f�i�c�a�n�t� �p�r�o�t�e�c�t�i�o�n� �a�g�a�i�n�s�t� �s�p�l�e�n�i�c� �o�r� �p�l�a�c�e�n�t�a�l� �i�n�f�e�c�t�i�o�n� �w�i�t�h� 

�s�t�r�a�i�n� �2�3�0�8� �w�h�e�n� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �c�h�a�l�l�e�n�g�e�d�,� �n�o�n�-�i�m�m�u�n�i�z�e�d� �m�i�c�e�.� �A�l�l� 

�p�l�a�c�e�n�t�a�s� �c�u�l�t�u�r�e�d� �f�r�o�m� �m�i�c�e� �r�e�c�e�i�v�i�n�g� �s�t�r�a�i�n� �R�B�5�1� �i�m�m�u�n�e� �s�e�r�u�m� �o�r� 

�n�o�r�m�a�l� �m�o�u�s�e� �s�e�r�u�m� �w�e�r�e� �i�n�f�e�c�t�e�d� �p�o�s�t�-�c�h�a�l�l�e�n�g�e�.� 

�A�n�t�i�s�e�r�a� �f�r�o�m� �b�o�t�h� �s�t�r�a�i�n� �1�9� �v�a�c�c�i�n�a�t�e�s� �a�n�d� �B�r�u� �3�8� �p�r�o�v�i�d�e�d� �c�o�m�p�l�e�t�e� 

�p�r�o�t�e�c�t�i�o�n� �a�g�a�i�n�s�t� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �p�l�a�c�e�n�t�a�l� �l�e�s�i�o�n�s� �(�T�a�b�l�e� �8�)�.� 

�P�l�a�c�e�n�t�a�s� �f�r�o�m� �c�h�a�l�l�e�n�g�e�d� �m�i�c�e� �t�h�a�t� �h�a�d� �r�e�c�e�i�v�e�d� �e�i�t�h�e�r� �n�o�r�m�a�l� �m�o�u�s�e� �o�r� 

�s�t�r�a�i�n� �R�B�5�1� �i�m�m�u�n�e� �s�e�r�u�m� �w�e�r�e� �s�e�v�e�r�e�l�y� �d�a�m�a�g�e�d� �a�n�d� �r�e�c�e�i�v�e�d� �g�r�a�d�e�s� 

�s�i�m�i�l�a�r� �t�o� �c�h�a�l�l�e�n�g�e�d� �c�o�n�t�r�o�l� �m�i�c�e�.� 

�3�.� �S�p�l�e�n�i�c� �W�e�i�g�h�t�s�:� 

�I�n� �g�e�n�e�r�a�l�,� �t�h�e� �g�r�e�a�t�e�s�t� �d�e�g�r�e�e� �o�f� �s�p�l�e�n�o�m�e�g�a�l�y� �w�a�s� �n�o�t�e�d� �i�n� �t�h�e� 

�m�o�s�t� �h�e�a�v�i�l�y� �i�n�f�e�c�t�e�d� �s�p�l�e�e�n�s�.� �T�h�e� �h�e�a�v�i�e�s�t� �s�p�l�e�e�n�s� �w�e�r�e� �n�o�t�e�d� �i�n� 

�s�t�r�a�i�n� �2�3�0�8� �c�h�a�l�l�e�n�g�e�d� �m�i�c�e� �t�h�a�t� �h�a�d� �n�o�t� �b�e�e�n� �a�c�t�i�v�e�l�y� �i�m�m�u�n�i�z�e�d� �o�r� �h�a�d� 

�r�e�c�e�i�v�e�d� �e�i�t�h�e�r� �n�o�r�m�a�l� �m�o�u�s�e� �s�e�r�u�m� �o�r� �a�n�t�i�-�s�e�r�u�m� �t�o� �s�t�r�a�i�n� �R�B�5�1� �(�T�a�b�l�e�s� 

�7� �&� �8�)�.� 

�4�.� �S�e�r�o�l�o�g�y�:� 

�A�c�t�i�v�e� �I�m�m�u�n�i�z�a�t�i�o�n�:� �M�i�c�e� �i�m�m�u�n�i�z�e�d� �w�i�t�h� �s�t�r�a�i�n� �1�9� �d�i�s�p�l�a�y�e�d� �a� 

�s�t�r�o�n�g� �a�g�g�l�u�t�i�n�a�t�i�o�n� �t�i�t�e�r� �o�f� �2�.�6�0� �o�n�e� �m�o�n�t�h� �p�o�s�t�-�i�m�m�u�n�i�z�a�t�i�o�n� �w�h�i�c�h� 

�d�e�c�l�i�n�e�d� �t�o� �2�.�0�0� �i�n� �n�o�n�-�c�h�a�l�l�e�n�g�e�d� �v�a�c�c�i�n�a�t�e�s� �a�t� �n�e�c�r�o�p�s�y� �(�T�a�b�l�e� �9�)�.� 

�A�f�t�e�r� �c�h�a�l�l�e�n�g�e� �w�i�t�h� �s�t�r�a�i�n� �2�3�0�8�,� �s�t�r�a�i�n� �1�9� �v�a�c�c�i�n�a�t�e�d�-�m�i�c�e� �d�i�s�p�l�a�y�e�d� �a�n



�9�2� 

�a�n�a�m�n�e�s�t�i�c� �r�e�s�p�o�n�s�e�,� �w�i�t�h� �t�h�e� �t�i�t�e�r� �r�i�s�i�n�g� �a�g�a�i�n� �t�o� �2�.�6�0� �n�i�n�e� �d�a�y�s� �p�o�s�t�-� 

�c�h�a�l�l�e�n�g�e�.� �I�n� �c�o�n�t�r�a�s�t�,� �m�i�c�e� �i�m�m�u�n�i�z�e�d� �o�n�c�e� �w�i�t�h� �s�t�r�a�i�n� �R�B�5�1� �d�i�d� �n�o�t� 

�d�e�v�e�l�o�p� �a�n� �a�g�g�l�u�t�i�n�a�t�i�n�g� �t�i�t�e�r� �(�<�1�.�3�9�)� �u�n�t�i�l� �c�h�a�l�l�e�n�g�e�d� �w�i�t�h� �s�t�r�a�i�n� 

�2�3�0�8�.� �M�i�c�e� �i�m�m�u�n�i�z�e�d� �o�n�c�e� �o�r� �t�w�i�c�e� �w�i�t�h� �s�t�r�a�i�n� �R�B�5�1� �d�e�v�e�l�o�p�e�d� �a�n� �a�g�g�l�u�-� 

�t�i�n�a�t�i�n�g� �t�i�t�e�r� �o�f� �2�.�3�0� �o�n�l�y� �a�f�t�e�r� �c�h�a�l�l�e�n�g�e�.� �T�h�i�s� �t�i�t�e�r� �w�a�s� �l�o�w�e�r� �t�h�a�n� 

�t�h�e� �t�i�t�e�r� �o�f� �s�t�r�a�i�n� �1�9� �i�m�m�u�n�i�z�e�d� �m�i�c�e� �a�f�t�e�r� �c�h�a�l�l�e�n�g�e� �a�n�d� �s�i�m�i�l�a�r� �t�o� 

�t�h�a�t� �o�f� �s�t�r�a�i�n� �2�3�0�8� �c�h�a�l�l�e�n�g�e�d� �c�o�n�t�r�o�l� �m�i�c�e�.� �O�n�e� �m�o�n�t�h� �p�o�s�t�-�v�a�c�c�i�n�a�t�i�o�n� 

�w�i�t�h� �s�t�r�a�i�n� �R�B�5�1�,� �m�i�c�e� �s�h�o�w�e�d� �a� �s�t�r�o�n�g� �a�n�t�i�b�o�d�y� �r�e�s�p�o�n�s�e� �o�f� �3�.�4�1� �a�g�a�i�n�s�t� 

�R�B�5�1� �o�r�g�a�n�i�s�m�s� �a�s� �m�e�a�s�u�r�e�d� �b�y� �B�i�o�d�o�t� �E�L�I�S�A�.� �B�y� �t�h�e� �t�i�m�e� �t�h�e�y� �w�e�r�e� 

�n�e�c�r�o�p�s�i�e�d� �t�h�i�s� �t�i�t�e�r� �d�e�c�l�i�n�e�d� �t�o� �2�.�6�0� �i�n� �u�n�c�h�a�l�l�e�n�g�e�d� �m�i�c�e�,� �w�h�i�l�e� �t�h�e� 

�t�i�t�e�r� �i�n� �m�i�c�e� �c�h�a�l�l�e�n�g�e�d� �w�i�t�h� �s�t�r�a�i�n� �2�3�0�8� �r�o�s�e� �t�o� �4�.�1�1�.� �T�h�e� �t�i�t�e�r� �o�f� 

�m�i�c�e� �t�o� �R�B�5�1� �o�r�g�a�n�i�s�m�s� �t�h�a�t� �h�a�d� �r�e�c�e�i�v�e�d� �t�w�o� �s�t�r�a�i�n� �R�B�5�1� �v�a�c�c�i�n�a�t�i�o�n�s� �t�o� 

�R�B�5�1� �o�r�g�a�n�i�s�m�s� �w�a�s� �4�.�2�0� �p�o�s�t�-�c�h�a�l�l�e�n�g�e� �w�i�t�h� �s�t�r�a�i�n� �2�3�0�8�.� �B�i�o�d�o�t� �E�L�I�S�A�s� 

�p�e�r�f�o�r�m�e�d� �o�n� �u�n�c�h�a�l�l�e�n�g�e�d�,� �s�t�r�a�i�n� �1�9� �i�m�m�u�n�i�z�e�d� �m�i�c�e� �s�h�o�w�e�d� �a� �l�o�w� �r�e�s�p�o�n�s�e� 

�(�2�.�5�0�)�,� �w�h�i�c�h� �d�i�d� �n�o�t� �i�n�c�r�e�a�s�e� �w�i�t�h� �s�u�b�s�e�q�u�e�n�t� �c�h�a�l�l�e�n�g�e�.� �U�n�c�h�a�l�l�e�n�g�e�d� 

�c�o�n�t�r�o�l� �m�i�c�e� �d�i�d� �n�o�t� �d�i�s�p�l�a�y� �a�n� �a�n�t�i�b�o�d�y� �r�e�s�p�o�n�s�e� �t�o� �s�t�r�a�i�n� �R�B�5�1� �a�n�t�i�g�e�n�s� 

�(�<�1�.�0�0�)� �w�h�i�l�e� �c�h�a�l�l�e�n�g�e�d�,� �n�o�n�-�i�m�m�u�n�i�z�e�d� �m�i�c�e� �h�a�d� �o�n�l�y� �a� �m�e�a�g�e�r� �r�e�s�p�o�n�s�e� 

�(�1�.�0�0�)� �i�n� �t�h�e� �B�i�o�d�o�t� �E�L�I�S�A�.� 

�W�e�s�t�e�r�n� �b�l�o�t� �a�n�a�l�y�s�i�s� �o�f� �p�o�o�l�e�d� �s�e�r�a� �o�b�t�a�i�n�e�d� �f�o�u�r� �w�e�e�k�s� �p�o�s�t�-�R�B�5�1� 

�i�m�m�u�n�i�z�a�t�i�o�n� �d�i�d� �n�o�t� �r�e�v�e�a�l� �a�n�t�i�b�o�d�i�e�s� �a�g�a�i�n�s�t� �t�h�e� �O�-�s�i�d�e�-�c�h�a�i�n� �a�s� 

�d�e�m�o�n�s�t�r�a�t�e�d� �b�y� �a� �n�e�g�a�t�i�v�e� �r�e�a�c�t�i�o�n� �t�o� �Y�e�r�s�i�n�i�a� �e�n�t�e�r�o�c�o�l�i�t�i�c�a� �0�:�9� �L�P�S� 

�o�r� �B�.� �a�b�o�r�t�u�s� �s�t�r�a�i�n� �2�3�0�8� �o�r�g�a�n�i�s�m�s�.� �T�h�i�s� �s�e�r�u�m� �d�i�d� �r�e�a�c�t� �a�g�a�i�n�s�t� �a� 

�v�a�r�i�e�t�y� �o�f� �a�n�t�i�g�e�n�s� �p�r�e�s�e�n�t� �i�n� �s�t�r�a�i�n� �R�B�5�1� �a�n�d� �n�o�n�-�O�-�s�i�d�e�-�c�h�a�i�n� �r�e�l�a�t�e�d� 

�a�n�t�i�g�e�n�s� �o�f� �s�t�r�a�i�n� �2�3�0�8� �(�F�i�g�.� �2�9�)�.� �S�e�r�a� �f�r�o�m� �s�t�r�a�i�n� �1�9� �v�a�c�c�i�n�a�t�e�s� �r�e�a�c�t�e�d� 

�s�t�r�o�n�g�l�y� �t�o� �b�o�t�h� �Y�.� �e�n�t�e�r�c�o�l�i�t�i�c�a� �L�P�S� �a�n�d� �s�t�r�a�i�n� �2�3�0�8� �o�r�g�a�n�i�s�m�s� �w�i�t�h� 

�m�i�n�o�r� �r�e�a�c�t�i�o�n�s� �t�o� �s�t�r�a�i�n� �R�B�5�1� �a�n�t�i�g�e�n�s�.
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�S�e�r�a� �o�b�t�a�i�n�e�d� �a�t� �n�e�c�r�o�p�s�y� �f�r�o�m� �s�t�r�a�i�n� �2�3�0�8� �c�h�a�l�l�e�n�g�e�d� �c�o�n�t�r�o�l� �m�i�c�e� 

�p�r�i�m�a�r�i�l�y� �r�e�a�c�t�e�d� �a�g�a�i�n�s�t� �t�h�e� �L�P�S� �o�f� �Y�.� �e�n�t�e�r�o�c�o�l�i�t�i�c�a� �a�n�d� �s�t�r�a�i�n� �2�3�0�8� 

�o�r�g�a�n�i�s�m�s� �w�i�t�h� �o�n�l�y� �a� �w�e�a�k� �r�e�a�c�t�i�o�n� �t�o� �a�n�t�i�g�e�n�s� �o�f� �s�t�r�a�i�n� �R�B�5�1� �(�F�i�g�.� 

�3�0�)�.� �S�e�r�a� �f�r�o�m� �m�i�c�e� �v�a�c�c�i�n�a�t�e�d� �o�n�c�e� �w�i�t�h� �s�t�r�a�i�n� �R�B�5�1� �a�n�d� �c�h�a�l�l�e�n�g�e�d� 

�w�i�t�h� �s�t�r�a�i�n� �2�3�0�8� �r�e�a�c�t�e�d� �s�t�r�o�n�g�l�y� �t�o� �b�o�t�h� �s�t�r�a�i�n� �R�B�5�1� �a�n�t�i�g�e�n�s� �a�n�d� �t�h�e� 

�O�-�s�i�d�e�-�c�h�a�i�n� �a�s� �d�e�m�o�n�s�t�r�a�t�e�d� �b�y� �a� �p�o�s�i�t�i�v�e� �r�e�a�c�t�i�o�n� �a�g�a�i�n�s�t� �s�t�r�a�i�n� �R�B�5�1� 

�o�r�g�a�n�i�s�m�s�,� �Y�.� �e�n�t�e�r�c�o�l�i�t�i�c�a� �L�P�S� �a�n�d� �s�t�r�a�i�n� �2�3�0�8� �o�r�g�a�n�i�s�m�s� �(�F�i�g�.� �3�1�)�.� �A�n� 

�a�n�a�m�n�e�s�t�i�c� �r�e�s�p�o�n�s�e� �a�g�a�i�n�s�t� �n�o�n�-�O�-�s�i�d�e�-�c�h�a�i�n� �B�.� �a�b�o�r�t�u�s� �a�n�t�i�g�e�n�s� �w�a�s� 

�a�g�a�i�n� �d�e�m�o�n�s�t�r�a�t�e�d� �b�y� �a� �r�e�l�a�t�i�v�e�l�y� �s�t�r�o�n�g�e�r� �r�e�a�c�t�i�o�n� �o�f� �t�h�e� �s�e�r�u�m� �f�r�o�m� 

�c�h�a�l�l�e�n�g�e�d� �s�t�r�a�i�n� �R�B�5�1� �v�a�c�c�i�n�a�t�e�s� �t�o� �s�t�r�a�i�n� �R�B�5�1� �o�r�g�a�n�i�s�m�s� �w�h�e�n� �c�o�m�p�a�r�e�d� 

�t�o� �t�h�e� �r�e�a�c�t�i�o�n� �o�f� �s�e�r�a� �f�r�o�m� �u�n�c�h�a�l�l�e�n�g�e�d� �s�t�r�a�i�n� �R�B�5�1� �v�a�c�c�i�n�a�t�e�s� �o�r� 

�c�h�a�l�l�e�n�g�e�d� �c�o�n�t�r�o�l� �m�i�c�e� �t�o� �R�B�5�1� �a�n�t�i�g�e�n�s�.� �A� �w�e�s�t�e�r�n� �b�l�o�t� �a�n�a�l�y�s�i�s� �o�f� 

�t�h�e� �s�e�r�a� �f�r�o�m� �m�i�c�e� �i�m�m�u�n�i�z�e�d� �t�w�i�c�e� �s�t�r�a�i�n� �R�B�5�1� �p�o�s�t�-�c�h�a�l�l�e�n�g�e� �r�e�s�e�m�b�l�e�d� 

�t�h�a�t� �o�f� �t�h�e� �s�e�r�a� �f�r�o�m� �m�i�c�e� �o�n�c�e� �v�a�c�c�i�n�a�t�e�d� �w�i�t�h� �s�t�r�a�i�n� �R�B�5�1� �a�n�d� �c�h�a�l�l�e�n�g�e�d� 

�w�i�t�h� �s�t�r�a�i�n� �2�3�0�8� �(�F�i�g�.� �3�1�)�.� �T�h�e� �s�e�r�a� �f�r�o�m� �m�i�c�e� �v�a�c�c�i�n�a�t�e�d� �w�i�t�h� �s�t�r�a�i�n� 

�1�9� �a�n�d� �c�h�a�l�l�e�n�g�e�d� �w�i�t�h� �s�t�r�a�i�n� �2�3�0�8� �r�e�a�c�t�e�d� �w�e�a�k�l�y� �t�o� �s�o�m�e� �n�o�n�-�O�-�s�i�d�e�-� 

�c�h�a�i�n� �a�n�t�i�g�e�n�s� �o�f� �s�t�r�a�i�n� �R�B�5�1� �w�h�i�l�e� �r�e�a�c�t�i�n�g� �s�t�r�o�n�g�l�y� �t�o� �b�o�t�h� �Y�.� �e�n�t�e�r�-� 

�o�c�o�l�i�t�i�c�a� �L�P�S� �a�n�d� �s�t�r�a�i�n� �2�3�0�8�,� �d�e�m�o�n�s�t�r�a�t�i�n�g� �a�n� �a�n�a�m�n�e�s�t�i�c� �r�e�s�p�o�n�s�e� 

�p�r�i�m�a�r�i�l�y� �d�i�r�e�c�t�e�d� �a�g�a�i�n�s�t� �t�h�e� �O�-�s�i�d�e�-�c�h�a�i�n� �o�f� �L�P�S� �(�F�i�g�.� �3�2�)�.� 

�I�n� �s�u�m�m�a�r�y�,� �v�a�c�c�i�n�a�t�i�o�n� �o�f� �t�h�e� �n�o�n�-�p�r�e�g�n�a�n�t� �m�o�u�s�e� �w�i�t�h� �s�t�r�a�i�n� �R�B�5�1� �d�i�d� 

�n�o�t� �i�n�d�u�c�e� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �a�g�g�l�u�t�i�n�a�t�i�n�g� �a�n�t�i�b�o�d�i�e�s� �d�u�r�i�n�g� �s�u�b�s�e�q�u�e�n�t� 

�g�e�s�t�a�t�i�o�n� �b�u�t� �d�i�d� �i�n�d�u�c�e� �a� �s�t�r�o�n�g� �a�n�t�i�b�o�d�y� �r�e�p�o�n�s�e� �t�o� �n�o�n�-�O�-�s�i�d�e�-�c�h�a�i�n� 

�a�n�t�i�g�e�n�s�.� �R�B�5�1� �v�a�c�c�i�n�a�t�e�s� �s�h�o�w�e�d� �a�n� �a�n�a�m�n�e�s�t�i�c� �r�e�s�p�o�n�s�e� �t�o� �t�h�e�s�e� �n�o�n�-�0�O�-� 

�s�i�d�e�-�c�h�a�i�n� �a�n�t�i�g�e�n�s� �w�h�e�n� �e�x�p�o�s�e�d� �t�o� �a� �v�i�r�u�l�e�n�t� �s�m�o�o�t�h� �s�t�r�a�i�n� �d�u�r�i�n�g� 

�p�r�e�g�n�a�n�c�y� �a�n�d� �t�h�i�s� �r�e�s�p�o�n�s�e� �d�i�d� �n�o�t� �i�n�h�i�b�i�t� �a� �r�e�s�p�o�n�s�e� �t�o� �O�-�s�i�d�e�-�c�h�a�i�n� 

�a�n�t�i�g�e�n�s� �p�r�e�s�e�n�t� �o�n� �t�h�e� �c�h�a�l�l�e�n�g�e� �s�t�r�a�i�n�.� �V�a�c�c�i�n�a�t�i�o�n� �o�f� �t�h�e� �n�o�n�-�p�r�e�g�n�a�n�t



�9�4� 

�m�o�u�s�e� �w�i�t�h� �s�t�r�a�i�n� �1�9� �i�n�d�u�c�e�d� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �o�f� �a�n�t�i�b�o�d�i�e�s� �a�g�a�i�n�s�t� �s�o�m�e� 

�n�o�n�-�O�-�s�i�d�e�-�c�h�a�i�n� �a�n�t�i�g�e�n�s� �a�s� �w�e�l�l� �a�s� �a�g�a�i�n�s�t� �O�-�s�i�d�e�-�c�h�a�i�n� �a�n�t�i�g�e�n�s�.� 

�A�f�t�e�r� �c�h�a�l�l�e�n�g�e� �w�i�t�h� �a� �v�i�r�u�l�e�n�t� �s�m�o�o�t�h� �s�t�r�a�i�n� �d�u�r�i�n�g� �p�r�e�g�n�a�n�c�y�,� �t�h�e� 

�a�n�a�m�n�e�s�t�i�c� �r�e�s�p�o�n�s�e� �o�f� �s�t�r�a�i�n� �1�9� �v�a�c�c�i�n�a�t�e�s� �w�a�s� �d�i�r�e�c�t�e�d� �p�r�i�m�a�r�i�l�y� 

�a�g�a�i�n�s�t� �t�h�e� �O�-�s�i�d�e�-�c�h�a�i�n� �o�f� �t�h�e� �L�P�S� �m�o�l�e�c�u�l�e�.� 

�P�a�s�s�i�v�e� �T�r�a�n�s�f�e�r�:� �T�w�o� �m�i�c�e� �r�e�c�e�i�v�i�n�g� �0�.�1� �m�l� �o�f� �s�t�r�a�i�n� �1�9� �s�e�r�u�m� �h�a�d� 

�a� �t�u�b�e� �a�g�g�l�u�t�i�n�a�t�i�o�n� �t�i�t�e�r� �o�f� �1�.�4�0� �a�n�d� �1�.�7�0� �r�e�s�p�e�c�t�i�v�e�l�y� �o�n�e� �h�o�u�r� �p�o�s�t�-� 

�t�r�a�n�s�f�e�r�.� �T�w�o� �m�i�c�e� �r�e�c�e�i�v�i�n�g� �0�.�1�]� �m�l� �o�f� �s�t�r�a�i�n� �R�B�5�1� �i�m�m�u�n�e� �s�e�r�u�m� �e�a�c�h� 

�h�a�d� �a�n� �a�n�t�i�-�R�B�5�1� �t�i�t�e�r� �o�f� �1�.�9�0� �o�n�e� �h�o�u�r� �p�o�s�t�-�t�r�a�n�s�f�e�r�.� �A�t� �n�e�c�r�o�p�s�y�,� 

�b�o�t�h� �s�t�r�a�i�n� �1�9� �i�m�m�u�n�e� �s�e�r�a� �a�n�d� �B�r�u� �3�8� �r�e�c�i�p�i�e�n�t�s� �h�a�d� �a�n� �a�v�e�r�a�g�e� �a�g�g�l�u�t�i�n�a�t�i�n�g� 

�t�i�t�e�r� �o�f� �l�e�s�s� �t�h�a�n� �1�.�3�9� �w�h�i�l�e� �s�t�r�a�i�n� �R�B�5�1� �a�n�d� �c�o�n�t�r�o�l� �s�e�r�u�m� �r�e�c�i�p�i�e�n�t�s� �h�a�d� 

�a�v�e�r�a�g�e� �a�g�g�l�u�t�i�n�a�t�i�n�g� �t�i�t�e�r�s� �o�f� �2�.�0� �a�n�d� �2�.�1�5�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�D�i�s�c�u�s�s�i�o�n� 

�R�e�c�e�n�t� �r�e�s�e�a�r�c�h� �u�s�i�n�g� �t�h�e� �m�u�r�i�n�e� �m�o�d�e�l� �h�a�s� �e�s�t�a�b�l�i�s�h�e�d� �t�h�a�t� �s�y�s�t�e�m�i�c� 

�i�m�m�u�n�i�t�y� �t�o� �B�.� �a�b�o�r�t�u�s�,� �l�i�k�e� �o�t�h�e�r� �i�n�t�r�a�c�e�l�l�u�l�a�r� �p�a�t�h�o�g�e�n�s�,� �i�n�v�o�l�v�e�s� 

�t�h�e� �p�a�r�t�i�c�i�p�a�t�i�o�n� �o�f� �b�o�t�h� �h�u�m�o�r�a�l� �(�M�o�n�t�a�r�a�z� �a�n�d� �W�i�n�t�e�r�,� �1�9�8�6�;� �A�r�a�y�a� �e�t� 

�a�l�.�,� �1�9�8�9�,� �1�9�9�0�;� �W�i�n�t�e�r� �e�t� �a�l�.�,� �1�9�8�9�;� �P�h�i�l�l�i�p�s� �e�t� �a�l�.�,� �1�9�8�9�a�)� �a�n�d� �c�e�l�l�-� 

�m�e�d�i�a�t�e�d� �(�C�h�e�e�r�s�,� �1�9�8�4�;� �A�r�a�y�a� �e�t� �a�l�.�,� �1�9�8�9�,� �1�9�9�0�)� �i�m�m�u�n�e� �r�e�s�p�o�n�s�e�s�.� 

�N�e�i�t�h�e�r� �t�h�e� �n�a�t�u�r�e� �o�f� �t�h�e� �p�r�o�t�e�c�t�i�v�e� �i�m�m�u�n�i�t�y� �n�o�r� �t�h�e� �m�e�c�h�a�n�i�s�m�s� �i�n�v�o�l�v�e�d� 

�i�n� �p�r�o�t�e�c�t�i�o�n� �o�f� �t�h�e� �g�r�a�v�i�d� �r�e�p�r�o�d�u�c�t�i�v�e� �t�r�a�c�t� �a�g�a�i�n�s�t� �t�h�e�s�e� �p�a�t�h�o�g�e�n�s� 

�i�s� �u�n�d�e�r�s�t�o�o�d�.� �I�n� �n�o�n�-�p�r�e�g�n�a�n�t� �a�n�d� �p�r�e�g�n�a�n�t� �m�i�c�e�,� �e�i�t�h�e�r� �a�c�t�i�v�e� �i�m�m�u�n�i�z�a�t�i�o�n� 

�(�M�o�n�t�a�r�a�z� �a�n�d� �W�i�n�t�e�r�,� �1�9�8�6�;� �B�o�s�s�e�r�a�y�,� �1�9�8�3�b�)� �o�r� �p�a�s�s�i�v�e�l�y� �t�r�a�n�s�f�e�r�r�e�d� 

�i�m�m�u�n�e� �s�e�r�u�m� �(�B�o�s�s�e�r�a�y�,� �1�9�8�3�b�;� �B�o�s�s�e�r�a�y� �a�n�d� �P�l�o�m�m�e�t�,� �1�9�8�8�;� �P�h�i�l�l�i�p�s� �e�t� 

�a�l�.�,� �1�9�8�9�a�;� �W�i�n�t�e�r� �e�t� �a�l�.�,� �1�9�8�9�;� �A�r�a�y�a� �e�t� �a�l�.�,� �1�9�9�0�)� �o�r� �i�m�m�u�n�e� �T�-�l�y�m�p�h�o�c�y�t�e�s


