
QUANTIFICATION OF BOVINE SECRETORY
IMMUNOGLOBULIN-A ANTIBODIES TO CLOSTRIDIUM
PERFRINGENS B-TOXIN BY ENZYME IMMUNOASSAY:

EFFECTS OF SYSTEMIC IMMUNIZATION OF DAM AND POST
PARTUM CALVES ON SECRETORY IMMUNOGLOBULIN-A

Item Type text; Thesis-Reproduction (electronic)

Authors Ireland, Timothy John

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 16/05/2023 14:14:49

Link to Item http://hdl.handle.net/10150/291947

http://hdl.handle.net/10150/291947


INFORMATION TO USERS 

This reproduction was made from a copy of a document sent to us for microfilming. 
While the most advanced technology has been used to photograph and reproduce 
this document, the quality of the reproduction is heavily dependent upon the 
quality of the material submitted. 

The following explanation of techniques is provided to help clarify markings or 
notations which may appear on this reproduction. 

1.The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. This 
may have necessitated cutting through an image and duplicating adjacent pages 
to assure complete continuity. 

2. When an image on the film is obliterated with a round black mark, it is an 
indication of either blurred copy because of movement during exposure, 
duplicate copy, or copyrighted materials that should not have been filmed. For 
blurred pages, a good image of the page can be found in the adjacent frame. If 
copyrighted materials were deleted, a target note will appear listing the pages in 
the adjacent frame. 

3. When a map, drawing or chart, etc., is part of the material being photographed, 
a definite method of "sectioning" the material has been followed. It is 
customary to begin filming at the upper left hand corner of a large sheet and to 
continue from left to right in equal sections with small overlaps. If necessary, 
sectioning is continued again—beginning below the first row and continuing on 
until complete. 

4. For illustrations that cannot be satisfactorily reproduced by xerographic 
means, photographic prints can be purchased at additional cost and inserted 
into your xerographic copy. These prints are available upon request from the 
Dissertations Customer Services Department. 

5. Some pages in any document may have indistinct print. In all cases the best 
available copy has been filmed. 

University 
Microfilms 

International 
300 N. Zeeb Road 
Ann Arbor, Ml 48106 





1319458 

IRELAND, TIMOTHY JOHN 

QUANTIFICATION OF BOVINE SECRETORY IMMUNOGLOBULIN-A 
ANTIBODIES TO CLOSTRIDIUM PERFRINGENS B-TOXIN BY ENZYME 
IMMUNOASSAY: EFFECTS OF SYSTEMIC IMMUNIZATION OF DAM AND 
POST PARTUM CALVES ON SECRETORY IMMUNOGLOBULIN-A 

University of Arizona M.S. 1982 

University 
Microfilms 

International 300 N. Zeeb Road, Ann Arbor, MI 48106 

Copyright i982 

by 

IRELAND, TIMOTHY JOHN 

All Rights Reserved 





QUANTIFICATION OF BOVINE S-lgA ANTIBODIES TO 

CLOSTRIDIUM PERFRINGENS B-TOXIN BY ENZYME IMMUNOASSAY: 

EFFECTS OF SYSTEMIC IMMUNIZATION OF DAM AND POSTPARTUM 

CALVES ON SECRETORY IgA 

by 

Timothy John Ireland 

A Thesis Submitted to the Faculty of the 

COMMITTEE ON ANIMAL PHYSIOLOGY (GRADUATE) 

In Partial Fulfillment of the Requirements 
For the Degree of 

MASTER OF SCIENCE 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

1 9  8  2  

(&) Copyright 1982 Timothy John Ireland 



STATEMENT BY AUTHOR 

This thesis has been submitted in partial fulfillment of re
quirements for an advanced degree at The University of Arizona and is 
deposited in the University Library to be made available to borrowers 
under rules of the Library. 

Brief quotations from this thesis are allowable without special 
permission, provided that accurate acknowledgment of source is made. 
Requests for permission for extended quotation from or reproduction of 
this manuscript in whole or in part may be granted by the copyright 
holder. 

APPROVAL BY THESIS DIRECTOR 

This thesis has been approved on the date shown below: 

A  J  

Professor of Animal Sciences 



ACKNOWLEDGMENTS 

I would Uke to extend my appreciation to Dr. G. H. Stott 

for his continued encouragement, guidance and the privilege of working 

with his research group. 

To Dr. W. A. Fleenor and his wife, Janine, whose technical 

assistance was invaluable, I owe a debt of gratitude. 

For the provision of animals used in this project and 

cooperation, I would like to thank Shamrock Dairy and its employees. 



TABLE OF CONTENTS 

Page 

LIST OF ILLUSTRATIONS v 

LIST OF TABLES * vi 

ABSTRACT vii 

1. INTRODUCTION 1 

2. REVIEW OF LITERATURE 3  

3. MATERIAL AND METHODS 10 

Vaccine 10 
Experimental Design 10 
Sample Collection 11 
Antisera Preparation 12 
Method of Assay 12 
Determination of Total S-lgA 13 
Determination of Pathogen Specific S-lgA 15 
Statistical Analysis 1 7  

k. RESULTS 18 

Data Distribution 18 
Dam Vaccination 18 
Neonate Vaccination 23 

5. DISCUSSION 26 

Dam Serum and Colostrum 26 
Calves Precolostral through Day 2 27 
Calves Day 3 through Day 84 3 0  

6 .  CONCLUSIONS 3 3  

APPENDIX A: MEANS, MEDIANS AND COEFFICIENTS OF 
VARIATION FOR PATHOGEN SPECIFIC (PS-lgA)* 
AND TOTAL S-lgA (TS-lgA)* IN NEONATAL 
CALF SALIVA 36 

< 

LIST OF REFERENCES 38 

iv 



LIST OF ILLUSTRATIONS 

Figure Page 

1. Pathogen Specific S-lgA Response to Neonate 
Vaccination 19 

2. Total S-lgA Response to Neonate Vaccination 20 

v 



LIST OF TABLES 

Table Page 

1. Means, Medians and Coefficients of Variation for 
Pathogen Specific and Total S-lgA in Neonatal 
Calf Saliva on Selected Days 21 

2. Effects of Dam Vaccination on Total and Pathogen 
Specific S-lgA and IgG In Colostrum, IgA and IgG 
in Serum of Dams and S-lgA in Neonatal Saliva .... 22 

3. Differences Between Salivary S-lgA Concentrations 
of Treatment Groups 1, 2 and k on Days kS 
and 56 25 

vi 



ABSTRACT 

Secretory Immunoglobulin A (S-lgA) concentrations in 

neonatal calf saliva was studied to determine responses to colostral 

feeding and intramuscular vaccination with an eight-component vaccine 

containing Clostridium perfringens B-toxoid at various ages postpartum. 

An enzyme-linked immunoassay was developed to quantitate pathogen 

specific S-lgA (PS—IgA) and total S-lgA (TS-lgA) antibody in saliva. 

Traces of TS-lgA and PS-lgA were detected in all precolostral 

calves' saliva, probably a maternal contaminant from birth. The 

pattern of secretion of salivary IgA for the first 7 days postpartum 

indicated that IgA, absorbed from colostrum, may appear in saliva. 

Active production of S-lgA by the calf appeared to begin between days 

7 and 12 postpartum. Calves vaccinated on days 3» 12 or 21 reached 

adult levels of TS-lgA 10 to 14 days before non-vaccinated control 

calves. No positive effect on PS-lgA secretion in saliva due to 

neonatal vaccination could be demonstrated. Primary vaccination of 

calves on day 63 postpartum produced an immediate increase in TS-lgA 

concentrations in saliva but elicited a depression in PS-lgA levels. 

Secondary vaccination of calves on day 63 produced a general depression 

of TS-lgA and PS-lgA concentrations in saliva. 

Intramuscular vaccination of dams of the experimental 

calves given twice prepartum did not induce an IgA concentration in 

serum or colostrum detectably different from IgA levels found in 

serum and colostrum of non-vaccinated dams. 

vi i 



CHAPTER 1 

INTRODUCTION 

Neonatal mortality is a major concern to the animal 

industry where livestock are confined in a concentrated area. Bovine 

neonate resistance to infection is associated with many facets of 

husbandry practice. A vaccination schedule and early colostral feed

ings are two areas crucial to the survival of the calf and have been 

under intense study (5, 8, 11, 20, 21). Information is available on 

the transfer of passive specific immunity via colostrum from immunized 

dams to the newborn calf (k, 17)• Information has also been presented 

on serologic responses by the neonate to immunization (7, 14). 

It is becoming more popular to acknowledge the role that 

secretory immunoglobulin A (S-lgA) plays in the first-line defense of 

epithelial surfaces against invasion by pathogen (5, 20, 25)• 

Research is increasing in the area of systemically induced antibody 

and passively acquired antibody appearing in secretions of the body. 

It is possible that, serum IgA, acquired by absorbtion of colostral 

IgA, may be secreted in the saliva of the neonate and thereby impart 

immunologic protection. If a secretory immune response is elicited 

by an intramuscular vaccination at a young age, this could be an 

effective means of neonatal immunologic protection at the epithelial 

surface. This study will concentrate on pathogen specific and total 

1 
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IgA in saliva of neonatal calves and how it is affected by ingestion 

of colostrum and intramuscular vaccination. 

An enzyme-1inked immunoassay was developed to quantitate 

pathogen specific and total S-lgA concentrations in saliva. This 

assay method provided sensitive detection (ug) of pathogen specific 

immunoglobulin and avoided the use of radioisotopes (as in the radio

immunoassay) . 



CHAPTER 2 

REVIEW OF LITERATURE 

Immunoglobulin alpha (IgA) is one of the three major 

classes of the gamma globulin fraction of bovine serum. Its 

structure is similar to IgG and IgM in that its basic monomeric unit 

contains four protein chains. One pair, containing identical amino 

acids, is twice as long and weighs twice as much as the other identical 

pair. They are designated heavy chain (M.W. 55,OOOd) and light chain 

(M.W. 23,000d), respectively. The light chain is the same for all 

classes of immunoglobulin (Ig) produced by a given cell line. The 

heavy chain differs between Ig classes and subclasses in its amino 

acid composition and its binding to the light chain. The antigenic 

specificity is conveyed through a region in the F(ab) portion of the 

Ig moiety called the variable region. This variable region is coded 

for as a series of DNA and RNA expressions after contact with an 

antigen. The F(ab)*2 portion contains the two light chains, each 

bound to one half of the heavy chains which are also bound covalently. 

The F(c) portion of IgG and IgM is responsible for complement fixation 

and subsequent cell lysis. IgA does not fix complement by the classic 

pathway, but may promote bacterial lysis through complement fixed in 

an alternate pathway. IgA in serum may exist as a monomer or as a 

dimer, joined by a glycoprotein produced In the plasma cell called 

3 



the J-chain (M.W. 15,000d). The J-chain has a high cystine content 

and covalently binds the protein molecules with disulfide bonds. The 

other polymeric immunoglobulin is also associated with the J-chain, 

i.e. IgM which forms a pentamerlc structure that circulates and is 

secreted (8, 14, 19). 

Secretory immunoglobulin alpha (S-lgA) is the dimeric form 

of IgA and is a major Ig in bovine external secretions with the notable 

exceptions of colostrum and milk (8, 19). Secretory IgA represents 92% 

of immunoglobulin in parotid saliva (18). It is produced by plasma 

cells in the connective tissue base of epithelial cells (lamina propria 

in the gut) and by plasma cells localized near acini of secretory 

glands, i.e. mammary and parotid glands. The maturation of the pre

cursor cell (B-cell) to an ig secreting plasma cell is in response to 

contact with an antigen which has adhered to or penetrated the epithe

lial lining (25). Some B-cells, on first contact with an antigen, do 

not produce antibody but retain the genetic ability to produce Ig 

against that antigen. On subsequent contact with the antigen, the 

number of B-cells maturing to plasma cells will be amplified (14). 

The origin of the B-cell (or plasma cell) that is responsible for 

S-lgA secretion is not fully understood, however, three possibilities 

exi st: 

1. The B-cell precursors are of gut (epithelial) origin as 

are the thymus and bursa of Fabricus (in the avian) which 

were seeded by stem cells migrating from the embryonic 



liver and yolk sac. The B-cel1, which resides in the 

matured epithelial organs, is able to be stimulated by 

antigenic contact. 

2. The bone marrow stem cells seed the epithelial layers 

and gut associated lymph tissue with B-cells able to 

differentiate to plasma cells. 

3. The Peyer's patches serve as the source for the plasma 

cell precursor which migrates to other epithelial surfaces 

and secretory organs 

No single hypothesis seems to explain the responses seen in S-lgA 

titers elicited in secretions by various routes of immunization, i.e. 

intranasal aerosol, oral, intramammary, subcutaneous, intramuscular, 

etc. No route seems to be totally effective in eliciting a S-lgA 

response (25)• 

A factor which makes S-lgA unique among immunoglobulins 

is its association with another glycoprotein, larger than the J-chain 

and of epithelial cell origin (non-immunologic), called secretory com

ponent (SC) (M.W. 70,000d). Free secretory component appears to 

localize on the lateral and basal exterior membrane of the epithelial 

cells and may act as a receptor for the dimer IgA, secreted by ad

jacent plasma cells, to facilitate its passage between epithelial cells, 

into the lumen. IgA, bound to free secretory component, is pinocytized 

and transported through the cell to be secreted by reverse pinocytosis 

on the luminal (apical) s(ide of the cell (1A, 19, 25). Free secretory 
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component Is also found in the secretions not combined with IgA. 

Secretory component bound to S-lgA inhibits proteolytic degradation 

in the harsh environment of the gut, lung and skin (11). 

The main function of S-lgA appears to be to prevent 

adsorption of microorganisms and possibly macromolecules to the 

epithelial surfaces where entrance to the body might occur (23', 26). 

The S-lgA is hypothesized to project into the lumen from the secretory 

component imbedded in the mucous layer with its antigen binding sites 

exposed to contact a passing antigen. Whether the antibody immobilizes 

the particular antigen to be phagocytized by macrophages or simply 

coats the antigen allowing the particle to pass through the lumen with

out adhering is not completely understood. In serum, IgA does not have 

the same immunologic functions as IgG or IgM, such as promoting phago

cytosis by macrophages through opsinization, fixing complement by the 

classical pathway or initiating a hypersensitive reaction (inflammation 

response). The absence of complement in the external secretions would 

render this system useless for S-lgA and the lack of a hypersensitive 

response is fortunate in an organ that may be contacted by the same 

antigen repeatedly (20). 

The immune system of the calf is developed during the 

fetal period to the extent of secreting non-specific IgG and IgM into 

the blood and is capable of a local IgA immune response if infected in 

utero (21, 27). However, IgA and S-lgA have not previously been 

detected in any of the bodily fluids of the unstimulated fetal calf 
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and hence at birth the calf is virtually unprotected by a secretory 

immunoglobulin from enivronmental pathogens that would colonize or 

enter through epithelial surfaces. The exact time of the initiation 

of secretory Ig production is not known but is indicated in the liter

ature around 10 days after birth (2, 3). This fact seems to put more 

emphasis on the ig received in colostral feedings and the quantity of 

Ig absorbed across the gut. in the first 2k to 48 hours of life. The 

gut epithelium of the neonatal calf is specialized to absorb Ig and 

other macromolecules but is not selective to the point of excluding 

microorganisms. It has been shown that a challenge with an enteric 

pathogen is highly invasive when fed to precolostral calves but chal

lenge with the same organism, fed after or with colostrum, did not 

cause adherence to or penetration of the epithelium by the pathogen 

(10). 

The colostrum of the dam contains nutrients and a high 

concentration of IgG, IgM and IgA. It appears that 50% of the IgA in 

colostrum comes from serum and 50% is synthesized locally in the mam

mary gland (8, 18, 19). Serum IgA declines in relation to increasing 

colostral S-lgA in the prepartum dam. After parturition, the serum 

IgA concentration rises to normal and the local mammary production 

remains constant so milk S-lgA concentration drops only by half. IgG 

and IgM are also produced locally in the mammary gland but the major

ity of the IgG and IgM secreted in colostrum is from serum. After 

parturition, the concentrations of IgG and IgM in colostrum will fall 
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to one-fifth and one-third of the precolostral levels, respectively. 

IgGj still remains as the predominant Ig in bovine milk as it was in 

colostrum (8, 18, 19)• The massive quantities of IgG in colostrum 

are presumably a compensation for the lack of Ig passage across the 

placenta and is intended to be absorbed by the neonatal calf. The 

effectiveness at the gut level of IgG as a protective deterent to 

colonization by microorganisms is questionable because it is suscep

tible to proteolysis. If the pathogen specific immunoglobulin is high 

in a dam's colostrum, the calf can be protected from the pathogens 

that the cow has been exposed to and are presumably in the calf's 

environment also. It has been demonstrated that piglets and calves 

fed colostrum from sows and dams immunized with a specific pathogen 

(E. coli), prepartum, did not show clinical signs of enteritis when 

challenged with the same strain of E. coli. Control animals fed 

colostrum from non-immunized dams developed severe enteritis after 

challenge with £. col i (*», 2k, 17). 

The purpose of this investigation is to: 

1. Quantitate changes in pathogen specific S-lgA activity in 

colostrum due to intramuscular vaccination with an eight-

way bacterin including Clostridium perfringens B-toxoid 

given twice prepartum to pregnant cows. 

2. Quantitate pathogen specific and total S-lgA responses in 

saliva of calves with respect to: 

A. The dam's prepartum treatment (or non-treatment) 
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B. An Intramuscular vaccination with an eight-component 

bacterin including Clostridium perfrlngens B-toxoid 

given to the calf on day 3» 12 or 21 postpartum as 

compared to non-vaccinated control calves. 

3. Profile the total and pathogen specific S-lgA in salivary 

secretions of the neonatal calf for an 84 day period. 

In order to accomplish these objectives, data pertaining to the dam 

colostrum S-igA and serum IgA were obtained in cooperation with a 

project which examined these parameters in the dams from which calves 

were taken for this study. 



CHAPTER 3 

MATERIALS AND METHODS 

Vaccine 

A commercially-prepared vaccineVwas used for inoculation 

of experimental calves and preparturient dams. The vaccine consisted 

of an eight-component bacterin that is immunogenic for the following 

organisms or toxins: Clostridium chauvoei, Clostridium septicum, 

Clostridium novyi i types B and D, and Clostridium perfringens types 

B, C and D. 

Experimental Design 

Holstein-Freisian dams were initially immunized by intra

muscular inoculation of 5 ml of MLG vaccine 5-6 weeks prepartum and 

again 2-3 weeks prepartum. Forty-eight female calves were randomly 

assigned at birth to 1 of k treatment groups. Six calves in each 

treatment group were from vaccinated dams and 6 calves were from non-

vaccinated dams. Neonatal treatment groups were as follows: 

Treatment 1 - Control - no vaccination until postpartum day 63. 

2 - Vaccinated on postpartum days 3 and 63. 

3 - Vaccinated on postpartum days 12 and 63. 

U - Vaccinated on postpartum days 21 and 63. 

TM ' 
1. Siteguard MLG red,. Jensen-Salsbery Laboratories, 200 

South 11th Street, Kansas City, Kansas 66103. 

10 
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Sample Collection 

Venous blood, taken by jugular venipucture and two liters 

of colostrum were drawn at parturition from each dam. The blood was 

allowed to clot and then was centrifuged to separate serum from cell

ular components. The serum was frozen in vials at -18°C. One liter 

of colostrum was fed to the respective calf within 1 hour of birth and 

again at 12 hours postpartum. A salivary sample from each calf was 

taken at birth (pre-colostral) and at 2 k  hour intervals for 3 days 
- i 

postpartum and thereafter on days 7, 12, 16, 21, 25, 28, 35, k Z ,  k d ,  

56, 63, 64, 6 5 ,  66, 70, 77 and 84 irrespective of treatment. In 

addition, calves that were vaccinated on day 3, 12 or 21 where sampled 

for 3 days following vaccination. 

Saliva was collected in a plastic test tube arranged as 

a "safety catch" between a vacuum pump and a collection hose. The 

hoses used in the calves' mouths were washed and disinfected with 

2 
Roccal-D and allowed to dry between samples. Approximately 1-3 ml 

of saliva were collected per sample and immediately placed in an ice-

water bath. No preservatives were added to the samples. Samples were 

centrifuged at 2500 RPM for 30 minutes to remove debris (mucous, soil 

and hair) and the aqueous portion used for analysis. Samples were 

frozen at -18°C within 3 hours of collection. 

2. Winthrop Laboratories, Dvision of Sterling Drug Inc., 
New York, N.Y. 10016. 
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Antisera Preparation 

S-lgA was purified from concentrated bovine nasal secretions 

by ion exchange chromatography on a column of DEAE-cellulose, eluted 

with 0.06M PBS pH at 7*0 (18). The S-lgA fraction was filtered on 

Sephadex G-200 and gave a symmetrical peak of light absorbance of 

immunologically pure S-lgA. 

Antisera to bovine S-lgA were prepared in rabbits and 

goats by methods similar to those described by Campbell et al. (9). 

Antisera were partially purified by octanoic acid precipitation (9% 

v/v) of the albumen fraction followed by dialysis against 0.05M PBS 

3  
for 48 hours. The antisera were then concentrated using an Ami con 

(100,000 M.W.) filter. Cross-reactivity to IgG and IgM was removed by 

immunoadsorption of the antisera against bovine IgG insolubi1ized on 

sepharose beads (1). For the total S-lgA assay, liquid adsorption of 

the marking antibody (goat anti-bovine IgA) with rabbit IgG was per

formed to remove cross-reactivity with the coating antibody (rabbit 

anti-bovine IgA). Specificity of all antisera was confirmed by 

Ouchterlony, immunoelectrophoresis and enzyme-immunoassay. 

Method of Assay 

The enzyme-linked immunosorbent assay (ELISA) was used 

for the detection of immunoglobulins in this study, it is a specific 

and sensitive assay used for immunologic studies of human and animal 

serum and saliva (6, 7» 13)* 

3. Amicon Corporation, Lexington, Mass. 02173* 
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4 
A Gilford PR-50 with automated aspirator, wash solution 

dispenser and spectrophotometer was used to process polystyrene plates 

containing 50 wells per plate in which samples were analysed in trip

licate. Optimal dilutions of reagents and incubation times and temper

atures were determined by checkerboard titration. Times and temper

atures of incubation reported in the literature were used as reference 

points and then altered to give optimum reproducibility for this assay 

(6, 7, 13, 1*0. 

Determination of Total S-lgA 

The procedure used to process all samples for total 

S-lgA was as follows: 

1. Wells were coated with rabbit anti-bovine S-lgA diluted 

1/1000 in 0.125M borate buffer (pH 8.2), 0.3 ml/well, 

incubate 2k hr at 4°C, sealed with a plastic cover in a 

humidifier. 

2. Wells were washed with tween-saline 3 times with 10 second 

soak. 

3. Bovine saliva 1:6 in 0.05M PBS with tween 0.05% (pH 7.2) 

was added 0.3 ml/well, incubated 2k hr at k°C sealed, in 

a humidifier. 

k .  Wells were washed with tween-saline 3 times with 10 second 

soak. 

k .  Gilford Instruments Laboratories, Inc. Oberlin, Ohio 

AW*. 



5. Goat anti-bovine S-lgA 1/1000 in 0.05M PBS-tween was 

added 0.3 ml/well, incubated 1 hr at 25°C in humidifier. 

6. Washed with tween-saline 3 times with 10 second soak. 

7. Added rabbit ant I-goat IgG conjugated to alkaline 

phosphatase (Sigma'^) 1/1000 in PBS-tween, 0.3 ml/well, 

incubated 1 hr at 25°C in a humidifier. 

8. Washed with tween-saline as above. 

9. Added p-nitrophenylphosphate 1 mg/ml in AMP buffer"* 

(as substate for alkaline phosphatase) 0.3 ml/well, 

incubated 30 minutes at 25°C in a humidifier. 

10. Absorbance of yellow color produced in well was read at 

405 nm wavelength. 

Monospecific!ty for S-lgA was confirmed by substitution of purified 

IgG and IgM in step 3* Absence of absorbances over "backround" 

readings of a negative control were taken as absence of cross-

reactivity. Another method used was coating wells with 2ug/ml IgG, 

IgM or IgA in step 1. The IgA acted as a positive and absence of 

"specific" absorbances in the IgG and IgM wells meant no cross-

reactivity. PBS-tween 0.05M was used to replace each reagent in a 

given step which tested for cross-reactivity between reagents. 

A standard curve was established by measuring the 

absorbance of dilutions of bovine colostrum in PBS-tween (pH7>2) as 

compared to absorbances measured for 10ug/ml and 1ug/ml S-lgA, 

5. Sigma Chemical Co., P.O. Box 13508, St. Louis, Missouri 

63178. 
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quantitated by Lowery protein determination. The same EL ISA procedure 

listed above was employed to generate the standard absorbances. High, 

medium and low controls were run daily with standards. 

Determination of Pathogen Specific S-lgA 

The procedure used to quantitate S-lgA specific for 

Clostridium perfringens B-toxin was as follows: 

1. Wells were coated with Aug/ml toxin in 0.5M carbonate 

buffer (pH 9.6), 0.3 ml/well, incubate 2k hr at k°C in 

a humidifier. 

2. Wells were washed with tween-saline 3 times with 10 second 

soak. 

3. Added bovine saliva 1:3 in 0.05M PBS-tween 0.05% v/v 

(pH7-2), 0.3 ml/well, incubated 2k hr at 4°C, sealed in 

a humidifier. 

k .  Wells were washed with tween-saline 3 times with 10 second 

soak. 

5. Added rabbit anti-bovine S-lgA 1/625 in 0.05M PBS-tween 

(pH7*2), 0.3 ml/well, incubated 2 hr at 25°C, sealed in 

a humidifier. 

6. Wells washed as above. 

7. Added goat anti-rabbit IgG conjugated to alkaline 

phosphatase (Sigma^) 1/1000 in 0.05M PBS-tween (pH7.2), 

0.3 ml/well, incubated 1 hr at 25°C, sealed in a humidifier. 

6. Sigma Chemical Co., P.O. Box 13508, St. Louis, Missouri 

63178 
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8. Wells were washed as above. 

9. Added p-nitrophenylphosphate 1 mg/ml in AMP buffer 

(1:3 in HjO), 0.3 ml/well, Incubated 30-40 minutes or 

until optimum absorbance was reached. 

10. Absorbance of yellow color measured at 405nm wavelength. 

Honospecificity and cross-reactivity between reagents were tested 

again by substitution of IgG and IgM for IgA in step 3 and PBS-tween 

for each reagent in all other steps. Low "non-specific" absorbances 

confirmed the absence of cross-react ion. 

Colostrum, serially diluted in PBS-tween 0.05M, was used 

as the assay standard. Quantification was accomplished by a modifi

cation of the procedure listed above to a competitive-binding assay 

as described (14). 

In brief, 0.15 ml of a known concentration of purified 

IgA was added in step 7 along with 0.15 ml of the goat anti-rabbit 

IgG- alkaline phosphatase conjugate. The IgA in solution (not bound 

to the antigen coating) competed with bound IgA for the conjugate. 

By varying the known concentration of free IgA an equilibrium point 

was reached at which half the conjugate remained in the well and half 

was washed out in the following step. Daily controls; high, medium 

and low were run along with standards 
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Statistical Analysis 

A four parameter logistic transformation compiled by 

Kuehl (16) for competitive ligand assays and modified by Fleenor (13) 

for the enzyme-linked immunoassay was used to fit all standard curves. 

Standards and samples were performed in triplicate and outlying absor-

bances tested for significance (P = .05) using the Grubs test (15). 

Daily controls were within two standard deviations for 

the pathogen specific assays and varied to three standard deviations 

for the total S-lgA assays. Data were analysed by a statistical 

computer package (22). 



CHAPTER A 

RESULTS 

Data Distribution 

Data for total S-lgA and pathogen specific S-lgA sail Vary 

concentrations were first placed in histograms for observation. Con

centrations were highly skewed for samples within treatment groups on 

a given day. Treatment group means were consistently higher than 

medians and had large coefficients of variation (Table 1). Normality 

was established by applying a natural log transformation (1n) of the 

data for use in computations. Median values were used on represent

ative graphs (Figures 1 and 2). 

Dam Vaccination 

Intramuscular vaccination of dams at 6 weeks and again 

at 2 weeks prepartum elicited a significant response in the pathogen 

specific IgG fraction of serum and colostrum compared to non-vaccinated 

dams at parturition (Table 2). Extremely high levels of pathogen 

specific IgA were present in serum and colostrum of both vaccinated 

and non-vaecinated dams. No effects from vaccination on total or 

pathogen specific IgA concentrations in dams' sera or colostra could 

be demonstrated (Table 2). No significant correlation could be made 

between an individual dam's serum IgA or colostral S-lgA concentrations 

and its calf's salivary S-lgA concentration on day 0 through day 7. 
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Table 1. Means, medians and coefficients of variation for pathogen 
specific (PS-lgA)* and total S-lgA (TS-lgA)* in neonatal calf 
saliva on selected days. 

0 7 16 25 42 63 66 84 

Treatment Group 1 
PS-lgA Mean 1.94 1.39 2.95 3.24 4.18 9.7 3.42 6.26 

Median 1.80 0.95 2.73 1.33 4.04 6.8 3.13 4.56 
% c.v. 78 69 50 138 58 131 71 65 

TS-lgA Mean 292 279 432 537 621 914 2722 698 
Median 117 70 90 144 177 261 949 397 
% C.V. 138 178 181 159 149 118 128 86 

Treatment Group 2 
PS-lgA Mean 1.43 .91 4.61 3.20 6.64 5.39 5.81 9.88 

Median 1.05 • 73 3.55 2.11 5.25 3.64 3.74 9.03 
% C.V. 78 92 66 100 94 83  141 83 

TS-lgA Mean 500 181 181. 410 1178 772 1511 2138 
Median 87 61 88 149 221 273 178 370 
% C.V. 176 191 124 112 221 174 159 138 

Treatment Group 3 
PS-lgA Mean .61 • 32 2.11 2.28 3-73 4.01 2.36 10.69 

Median .31 .12 1.91 1.83 1.74 3.07 1.92 3.31 
% C.V. 99 154 50 85 89 111 95 135 

TS-lgA Mean 236 118 151 217 2424 750 1029 1015 
Med i an 165 94 118 225 299 575 388 549 
% C.V. 86 45 65 47 296 51 121 103 

Treatment Group 4 
PS-lgA Mean 1.8 1.05 5.83 3.50 11.14 4.95 3.27 7.16 

Median 1.95 .92 2.32 2.53 6.82 3.99 2.24 4.45 
% C.V. 49 52 104 92 110 83 91 92 

TS-lgA Mean 2208 76 416 389 3037 4706 5488 6093 
Med i an 105 74 104 220 423 2829 714 1978 
% C.V. 328 42 169 111 244 168 179 158 

Data for remaining days is in Appendix A. 
*ug/ml 
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Table 2. Effects of dam vaccination on total and pathogen specific 
S-lgA and IgG in colostrum, IgA and IgG in serum of dams 
and S-lgA in neonatal saliva. 

^Sample 
(Day) 

Dam 
Vaccination 

Total 
(ug/ml) 

Pathogen Specific 
(ug/ml) 

Dam Serum IgA + 
250 
230 

38.91 
26.49 

Dam Serum IgG + 
30850 
31440 

1.64 
5.05* * 

Dams Colostral S-lgA 
+ 

6750 
6608 

819.17 
811.35 

Dams Colostral IgG ' + 
65190 
76310 

0.41 
5.18* * 

Calf Salivary S-lgA 
(Day 0) 

+ 
302 
1316 

1.60 
1.29 

Calf Salivary S-lgA 
(Day 1) 

+ 
99 
124 

1.01 
0.94 

Calf Salivary S-lgA 
(Day 2) 

+ 
147 
347 

0.28 
0.54 

Calf Salivary S-lgA 
(Day 3) 

+ 
308 
1354 

2.26 
2.43 

Calf Salivary S-lgA 
(Day 42) 

+ 
1818 
1839 

5.895 
6.213 

Calf Salivary S-lgA 
(Day 84) 

+ 
1396 
3976 

8.94 
8.18 

* All treatment groups combined. 

* * Colostrum means statistically different by student T-test. 
(P .001) 



Mean values for dam serum IgA and colostra! S-lgA and neonatal 

salivary S-lgA concentrations are shown in table 2. 

Neonate Vaccination 

Pathogen Specific S-lgA (PS-IgA) 

Salivary secretion of PS-lgA varied widely among calves 

in each treatment group and among treatment groups on a given day 

(Figure 1). No statistical correlation could be found between calf 

immunization on days 3> 12, 21 or 63 and secretion of PS-lgA in 

saliva. An apparent response is seen in the 3 days following each 

vaccination (Figure 1). After vaccination of treatment group 2 on 

day 3 postpartum, PS-lgA secretion decreased to almost 0 by day 5» 

then resumed normal levels by day 6. Following vaccination of treat

ment group 3 on day 12, PS-lgA secretion increased for 1 day then 

decreased until day 15- Normal levels of PS-lgA secretion in treat

ment group 3 resumed by day 16. Secretion of PS-lgA in saliva of 

treatment group 4 was depressed 1 day after vaccination on day 21, 

then increased to normal on days 23 and 2 k .  The control group 

(vaccinated on day 63 only) appeared to secrete PS-lgA at approximately 

the same levels as treatment groups 2, 3 and 4 through day 63. All 

calves were vaccinated on day 63, the control group (not previously 

vaccinated) decreased PS-lgA secretion immediately, reaching the 

lowest concentration 3 days after vaccination. Treatment groups 2, 3 

and 4 had increased PS-lgA secretion 1 to 2 days after the secondary 
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vaccination on day 63 .  Secretion then decreased and reached its 

lowest concentration on day 66. All 4 treatment groups resumed 

normal secretion of PS-lgA by day 70 and maintained this level 

through day 84. 

Total Secretory IgA (TS-lgA) 

A general positive slope for all treatment groups' 

secretion of S-lgA begins between days 7 and 12, continuing through 

day 84 (Figure 2). 

Vaccination of calves on day 3> 12 and 21 with the 

eight-way bacterin elicited small salivary responses 2-3 days after 

inoculation (Figure 2). These responses could not be verfied signifi

cantly different from control calves' secretion of total S-lgA. 

Total S-lgA in the saliva of vaccinated calves reached adult levels 

(560ug/ml)(21) of secretion 10 to 14 days before the control 

(vaccinated day 63) calves. Group 4 total S-lgA levels were signifi

cantly (P .004) higher on days 49 and 56 compared to controls (Table 

3). Group 2 secretion of total S-lgA was significantly (P .05) 

higher than the controls on day 56 (Table 3). On day 63, all calves 

were vaccinated and a variety of responses was noted (Figure 2). 

The control (not previously vaccinated) calves responded within one 

day after inoculation, reaching adult levels, which were maintained 

through day 84 (Figure 2). Vaccination of calves in treatment groups 

2, 3 and 4, on day 63, elicited a general depression in the total 

S-lgA secretion. This depression was followed by a return to adult 

levels of secretion by day 70. 



25 

Table 3* Differences between salivary S-lgA concentrations of 
treatment groups 1, 2 and 4 on days 49 and 56. 

Day 49 Day 56 
Treatment Group 1n (S-lgA) probability In (S-lgA) probability 

6.65 5.89 

7.27 .05 

8.66 .004 7.69 .002 



CHAPTER 5 

DISCUSSION 

Dam Serum and Colostrum 

Immunoglobulin A, specific for Clostridium perfrlngens 

B-toxin, was detected in extremely high levels In colostrum and serum 

samples from both vaccinated and non-vaccinated dams. This could be 

attributed to the dams' contact with Clostridium perfringens in the 

environment although this was not studied. A "gut-mammary axis" 

previously described in the literature (19) suggests that an immunogen 

encountered by gut-associated lymph tissue induces IgA antibody pro

duction and B-cell sensitization. The sensitized B-cells circulate 

in the blood and are trapped by the supramammary lymph nodes or 

sequestered in the mammary secretory tissue. Upon secondary stimu

lation of the B-cell by the immunogen via the teat canal, the B-cells 

mature to plasma cells. The plasma cells in the mammary tissue produce 

secretory IgA and it is secreted in the milk or colostrum. A systemic 

IgA response to the intramuscular inoculation given to prepartum dams 

would be overshadowed by the high levels of pathogen specific IgA 

already present in serum. The pathogen specific IgG concentrations in 

sera of vaccinated dams, compared to levels in sera from non-vaccinated 

dams, confirms the immunogenicity of the vaccine. Immunoglobulin G is 

the major immunoglobulin found in serum after a secondary systemic 



challenge with an immunogen. The presence of pathogen specific IgG 

in colostrum of systemically immunized dams indicates that immuno

globulin is selected from serum for secretion in colostrum. 

Calves Precolostral through Day 2 

Total and pathogen specific S-lgA were detected in all 

precolostral salivary samples. Antisera used both assays (goat anti-

bovine IgA and rabbit anti-bovine IgA) were prepared to whole-molecule 

S-lgA containing secretory component and would contain anti-secretory 

component antibody. Free secretory component is produced in utero by 

the fetus and would be present in the neonatal calf saliva. Detection 

of the free secretory component in the total S-lgA (TS-lgA) could 

account for part of the high concentrations of TS-lgA found in pre

colostral samples. However, in the pathogen specific S-lgA (PS-IgA) 

assay, the secretory component would not bind to the Clostridium 

perfringens B-toxin coating the well and would not be detected by the 

marking antibody. 

To verify the specificity of the antisera for the detection 

of IgA, antisera were tested on Ouchterlony plates against precolostral 

saliva samples, day 1, 2 and 3 saliva samples, a pooled adult bovine 

saliva sample, purfied bovine IgA and Clostridium perfHngens B-toxin. 

A precipitin line was indicative of specific binding with IgA. All 

samples tested positive for IgA except the Clostridium perfringens 

B-toxin. A precipitin line was indicative of specific binding with IgA. 
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All samples tested positive for IgA except the Clostridium perfringens 

B-toxin which showed no reaction. 

To test for non-specific binding of a salivary component 

to the polystyrene well, pre-colostral saliva diluted 1:6 in PBS-

tween was incubated in wells for 12 hrs at 4°C. After washing out the 

saliva, the marking antibody and conjugate were incubated in the same 

manner as in the assay. No color change was observed upon addition 

of the substrate, indicating the absence of non-specific binding of 

IgA or other salivary components to the well. The results of the 

tests on antisera for IgA specificity and tests for non-specific 

binding of salivary components to the polystyrene wells indicated 

that S-lgA is present in the precolostral samples. 

The difference in magnitude and time of response over the 

84 day period between total S-lgA concentrations and S-lgA specific 

for Clostridium perfringens B-toxin in saliva can be attributed to 

the presence of S-lgA specific for antigens other than those examined. 

The summation of a variety of pathogen specific immunoglobulins and 

free secretory component detected, added to the total S-lgA concen

trations. On a day-to-day basis, the PS-lgA concentrations in saliva 

can vary without a corresponding change in total S-lgA concentration. 

This homeostatic variation in PS-lgA would allow a wider range of 

S-lgA, specific for various antigens, to be secreted at the same time 

maintain the total S-lgA concentration in saliva. 

The origin of S-lgA in precolostral salivary samples 

is uncertain. On day 1 and day 2, the levels of PS-lgA declined to 



near zero concentrations. This indicated that the S-lgA was of a 

transient nature, not produced by the calf, probably of maternal origin. 

It has been determined that S-lgA is not normally secreted by the fetal 

calf in utero and that maternal IgA does not pass the 6 tissue layers 

of the bovine placenta. However, S-lgA is secreted into the uterus 

by the dam and may pass across the 4 tissue layers of the fetal mem

branes (chorion, amnion and the respective connective tissues), to 

protect the calf in the uterus and during parturition. This mechanism 

has not been studied. Another possible source of S-lgA detected in 

the precolostral calves' saliva would be the vaginal secretions and 

placental membranes that the calves pass through during parturition. 

The vaginal canal and placemental membranes are coated by secretions 

that are rich in S-lgA and could be ingested by the calf during or 

after birth. 

The TS-lgA content of the saliva reached its lowest 

concentration by day 1 postpartum but does,not reach zero concen

tration. The contribution of free secretory component to the TS-lgA 

concentration would be most apparent at the lowest point of TS-lgA 

secretion, on day 1. The TS-lgA concentration increased slightly on 

day 2. The increase on day 2 could be due to colostral S-lgA which 

had been absorbed after feeding and then secreted in the saliva of 

the neonate. 
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Calves Day 3 through Day 84 

On day 3 postpartum, pathogen specific S-lgA con

centrations in saliva increased to levels above the precolostral con

centrations, then decreased markedly by day 7- Total S-lgA concen

trations in saliva also rose on day 3 but declined more gradually than 

the PS-lgA concentrations by day 7. The concurrent changes ih total 

and pathogen specific S-lgA concentrations indicates that the IgA 

secreted is not from endogenous production but could be maternal IgA, 

absorbed by the calf from colostrum fed at birth and 12 hours postpar

tum and secreted in the saliva on day 2 or day 3 postpartum. After 

day 7 postpartum, all k treatment groups gradually increased total 

S-lgA secretion in saliva. Pathogen specific S-lgA levels in saliva 

began increasing after day 12 postpartum. The control calves (vac

cinated only on day 63 postpartum) began the same gradual increase in 

PS-lgA secretion as calves vaccinated on days 3 and 12 postpartum 

(treatment groups 2 and 3 respectively). The control group continued 

secretion of PS-lgA at levels as high or higher than the vaccinated 

treatment groups (2, 3 and k) through day 63* This can be attributed 

to environmental contact with Clostridturn perfringens B-toxin, 

inducing a S-lgA response, although the presence of Clostridium 

prefringens was not studied. 

The small responses seen in total S-lgA secretion after 

intramuscular inoculation with the 8-component vaccine on days 3» 12 

or 21 is probably due to the calves' active S-lgA production. Calves 



vaccinated on days 3, 12 or 21 reached adult levels of total S-lgA 

production 10 to 14 days before non-vaccinated control calves. Intra

muscular vaccination with the multiple-component vaccine would be 

expected to induce antibody production and B-cell stimulation in the 

systemic lymph nodes to most, if no all, of the 8 antigens present in 

the vaccine (15)* The antibodies would be secreted into the blood 

and the senitized B-cells would migrate to peripheral tissue (14), 

presumably including the salivary glands. Serum IgA could be secreted 

in the saliva to a minor extent but effective IgA secretion would not 

occur until the sensitized B-cells became localized in the salivary 

tissue and began secretion of S-lgA. 

The 63 day intramuscular vaccination of the control 

group (not previously vaccinated) was followed by a depression of the 

PS-lgA level in saliva with concurrent increase in total S-lgA secre

tion. These responses demonstrate that the total S-lgA concentration 

is determined by more than one of the pathogen specific S-lgA antibody 

fractions of saliva. The immediate increase in total S-lgA concen

tration in saliva from calves in the control group indicates that 

systemic immunization induced a secretory immunity at this age (63 

days postpartum), either from circulating antibody secreted in saliva 

or presentation of the antigen(s) in the vaccine by phagocytic cells 

to the B-cells in the salivary glands. The depression of total S-lgA 

in saliva after secondary immunization of treatment groups 2, 3 and k 

could be due to suppression of the systemic response to intramuscular 



inoculation by the presence of oral antigenic stimulation. Oral 

tolerance is the suppression of a systemic immune response by T-

suppressor cells induced when the secretory immune system is activated 

by oral immunization (14). Calves in treatment groups 1, 2, 3 and k 

were apparently responding to an oral antigenic stimulation with 

Clostridium perfringens B-toxin by secreting PS-lgA in saliva irre

spective of vaccination schedule (Figure 1). The large quantities of 

total S-lgA in saliva from calves in groups 2, 3 and k would indicate 

the presence of oral stimulation by antigens other than the Clostridium 

perfringens B-toxin, possibly antigens present in the vaccine. The 

oral tolerance mechanism of immune suppression would explain the 

depression of TS-lgA and PS-lgA secretion following secondary immun

ization of calves in treatment groups 2, 3 and k. 

Calves in all k'treatment groups resumed apparently normal 

levels of TS-lgA and PS-lgA secretion between days 66 and 70 postpartum 

and continued at those levels through day 84. 



CHAPTER 6 

CONCLUSIONS 

A profile was established for the concentrations of 

total S-lgA and secretory IgA specific for Clostridium perfringens 

B-toxin in samples taken from dairy calves prior to colostral feeding 

and after colostral ingestion starting Zk hours postpartum through 

day 8k. From the results of this study, it can be concluded that: 

1. Secretory IgA was present in the saliva of the neonatal 

dairy calf prior to colostral feeding. The immunoglobulin 

was probably a contamination of maternal origin but could 

have been a source of passively acquired immunologic 

protection at birth. 

2. Pathogen specific S-lgA was secreted in saliva as early as 

2-3 days postpartum. This is possibly of colostral origin, 

the PS-IgA having been absorbed by the calf after colostral 

feedings at birth and at 12 hours postpartum, followed by 

secretion in saliva at 2-3 days postpartum. 

3. Active production and secretion of S-lgA in the saliva of 

neonatal calves appeared to begin between days 7 and 16 

postpartum. The total S-lgA levels increased between days 

7 and 12, the pathogen specific S-lgA levels increased 

between days 12 and 16. 



k. Intramuscular vaccination of calves as early as 3 days 

postpartum induced adult levels of total S-lgA in saliva 

at an earlier age (10 to 14 days) then non-vaccinated 

calves. 

5. Primary intramuscular vaccination of calves on day 63 

postpartum produced an immediate positive response in the 

secretion of total S-lgA in saliva but caused a depression 

in the PS-lgA antibodies specific for Clostridium 

perfrigens B-toxin. 

6. Primary intramuscular vaccination of calves with eight-

component vaccine, elicited an inverse response between 

TS-lgA secretion and IgA secreted that was specific for 

Clostridium perfrlngens B-toxin. This indicated that the 

vaccine induced secretion of IgA specific for one or more 

of the antigens presented system!cally. This homeostatic 

mechanism would provide for the secretion of a wide variety 

of specific antibodies while maintaining a relatively 

constant total IgA concentration in saliva. 

Intramuscular vaccination with an eight-component vaccine 

including Clostridium perfringens B-toxoid, given to preparturient 

cows and neonatal calves, could not be verified to stimulate an 

immediate secretory immune response due to high levels of pathogen 

specific S-lgA present in colostrum of non-vaccinated dams and saliva 

of non-vaccinated control calves. The vaccine was confirmed immuno

genic by the serum PS-IgG response of dams vaccinated twice prepartum. 



The appearance of high concentrations of pathogen specific IgG in 

the colostrum of vaccinated dams confirmed that the serum IgG was 

selectively transferred into the mammary secretions prior to 

parturition. 

The intramuscular vaccination with the eight-component 

bacterin elicited small increases in total S-lgA secretion when given 

3, 12 or 21 days postpartum to calves. Vaccination of 63-day old 

calves elicited a large (5 fold) increase in the total S-lgA concen

tration of saliva. These responses were presumably due to a systemic 

response to multiple antigens present in the vaccine, with serum IgA 

appearing in saliva in proportion to the quantities produced in 

systemic lymph nodes. 



APPENDIX A 

MEANS, MEDIANS AND COEFFICIENTS 
OF VARIATION FOR PATHOGEN SPECIFIC 
(PS-lgA)* AND TOTAL S-lgA (TS-lgA)* 

IN NEONATAL CALF SALIVA 
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1 2 3 12 2k 1 28! 35 49 56 64 65 70 77 

Treatment Group 1 
PS-lgA Mean 1.30 0.94 3.44 2.16 8.74 6.36 6.41 8.76 7.40 7.77 5.73 5.90 6.33 

Hedlan 1.23 0.63 2.77 1.09 2.92 6.07 4.39 7.73 5.19 5.96 5.78 5.55 5.68 
% C.V. 67 140 126 162 192 44 71 33 68 63 55 54 45 

TS-lgA Hean 123 457 349 417 474 295 891 773 1254 4212 966 2978 1501 
Hedlan 62 81 83 110 130 177 161 215 146 948 972 408 491 
% C.V. 116 194 163 144 124 111 113 148 169 204 86 144 195 

1 2 3 4 5 6 12 21 28 35 49 56 64 65 70 77 

Treatment Group 2 
PS-lgA Hean .81 .18 1.77 .89 .10 1.52 .66 4.05 5.02 6.64 10.21 9.23 4.14 6.54 6.01 5.83 

Hedlan .68 .03 1.36 .66 .01 1.22 .11 1.97 4.48 5.25 8.66 7.99 4.18 4.26 4.91 4.42 
* C.V. 103 159 90 108 188 76 132 105 42 93 68 81 42 100 57 61 

TS-lgA Hean 113 164 388 407 226 544 380 362 631 773 651 3694 1062 675 2349 1213 
Hedlan 40 63 71 61 101 59 85 218 438 266 216 2011 325 237 511 422 
% C.V. 200 150 275 164 132 260 228 128 106 187 159 121 214 161 129 143 

1 2 3 12 13 14 15 21 28 35 49 56 64 65 70 77 

Treatment Group 3 
PS-lgA Hean .54 .17 2.41 .45 1.91 • 93 .77 2.75 4.19 6.82 9.13 4,88 4.57 3-53 6.50 8.54 

Hedlan .20 .01 • 57 .08 1.31 .63 .04 2.20 3.38 4.51 4.5 0 5.56 4.26 3-97 5-58 6.67 
% C.V. 128 240 187 164 72 120 209 67 46 70 105 46 72 74 74 90 

TS-lgA Mean 114 189 2215 I7« 183 157 261 154 224 391 2503 1502 940 475 2935 638 
HeJlan 104 136 131 J 22 12? 150 127 150 189 323 380 631 441 344 396 356 
t C.V. 52 77 299 65 113 50 115 20. 50 51 286 136 127 54 266 116 

1 2 3 12 21 22 23 24 28 35 49 56 64 65 70 77 

Treatment Group S 
PS-lgA Hean 1.22 .40 1.76 4.14 6.4o 1-97 4.82 8.67 6.66 6.61 7.41 5.00 6.00 4.11 8.61 4.99 

Hedlan .98 .02 2.20 1.85 4.95 1.50 4.61 3-97 6.84 4.52 5.99 3.09 6.00 2.96 8.94 4.90 
% C.V. 82 142 67 193 83 95 47 134 41 67 53 90 40 64 54 63 

TS-lgA Hean 94 189 169 978 484 314 880 367 644 629 5746 4502 1351 1115 3628 1102 
Median 6Z 75 118 93 134 154 194 231 195 333 964 2073 455 367 863 348 
% C.V. 106 117 113 271 166 89 211 124 123 101 169 164 102 103 224 117 

*ug/m! 

U) 
•̂ 4 
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