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George T, Dimopoullos 1

This study was undertaken to ascertain any possibdle
correlations between electrophoretic and serum neutralization
analyses of sera from chickens exposed to infectious bronchitis
virus (IBV). _

Adult Single Comb White Leghorn cockerels were
divided into four groups as follows:

Group I - Controls=bled at weekly and monthly

intervals,

Group II - Birds inoculated with IBV and bled

~immediately prior to inoculation and then
at one, two, three, four, six, eight, ten,
12, 16, and 20 weeks,

Group TIII -« Birds treated as those in Group II but
challenged at the twelfth week and bled
one, three, five, and seven weeks after
challenge.

Group IVa - Birds inoculated with a normal lung and
tracheal suspension and bled immediately
prior to inoculation and then at one,
two, and three weeks,

Group IVb - Birds subJected to scarification of the
trachea and bled immediately prior to
scarification and then at one, two, and

three weeks,
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George T, Dimopoullos | 2

Sera were diluted to a final protein concentration
of two per cent (5), dialyzed (4), and analyzed electrophoretically
in veronal buffer (2) at pH 8.6, 0.1l ionic strength using a
potential gradient of 6.5 volts/cm? for 7,600 seconds, The
results are expressed as relative per cent serum protein
component,

For the serum neutralization test (1) equal portions
of ten=fold dilutions of IBV and undiluted serum were mixed,
incubated and inoculated into embryonating chicken eggse.
Results are expressed as the Lethal Dosesé Neutralization
Indices (LD50 Nis) (3). |

Sera from normal birds bled at weekly intervals
showed an increase of approximtely 0,20 from the initial
albumin/glébulin ratio of 0.85 during the first and second
weeks., After this period the ratios decreased 0,40 to 0,60
of the initial value. | |

Sera from normal birds bled at four-~week intervals
showed no significant changes in the relative per cent
distribution of serum protein compbnents.

Birds exposed to IBV showed marked decreases in the
albumin/globulin ratios to an average value of 0,45 during
the first and second weeks. The ratios steadlly increased
after this period and returned to normal at the twelfth
week., The normal values of 0,85 persisted for eight additional

weeks .
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The EDSO NIs increased slowly at the first and second
weeks after expoéure. After this period a marked increase
occurred. Maximum LD56 NIs values of 10° were reached.between
the sixth and eighth weeks and deecreased after this period
to approximately 10° at the twentieth week,

No correlation was observed in the changes of
electrophoretic patterns and changes in the LD50 NIs. When
electrophoretic patterns had returned to normal the IDgq NIs
were at their maximum values of 10°.

Birds challeng.da at the twelfth week did not show
any significant changes in their electrophoretic patterns
but ghowed increases in thé IDgq NIs to maximum values of 107.

The changes in electrophoretic patterns were not
considered specific for IBV since normal birds bled at weekly
intervals showed similar changes.'

Sera obtained from birds inoculated with.a normal
lung and tracheal suspension and birds subJected to a
scarification of the trachea showed varyling results in the
changes of albumin/globulin ratios. Results obtained did not
give evidence that these treatments alone were responsible for

the changes observed. There were no changes in the LD5O NIse.
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I
INTRODUCT ION

The moving boundary method of electrophoresis has, in
recent years, contributed greatly to a better understanding
of the characteristic properties of plasma and serum and of
their respective components. It has become a valuable tool
in the study of the change and distribution of plasma and serum
components in disease and experimental immunology. The method
has been applied in the study of‘bacterial diseases and to a
lesser degree to viral diseases. Xnowledge of antiviral sera
has been limited due to their comparative poverty in quantity,
and in many cases, to their distinguishing characteristic of
exhibifing littie or no definite change even though the anti-
viral sera are drawn from subjects with demonstrable increased
antibody activity. Results obtained in the study of the relative
percentage distribution of plasma and serum components in anti-
viral sera have also been subjects of controversy as compared
to results obtained with most antibacterial sera, |

For the above reasons it was decided to conduct #
vhysical and biological study of iInfectious bronchitis of
chickens. This disease, which is of wvirus etiology, is of
great importance in the poultry industry, causing great losses
and morbidity in infected flocks, It was also thought that
possibly a contribution to the differential diagnosis of the

disease and to fundamental virus research could be given through

'%ﬁ.‘
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the combination of these studies. Therefore, the investigation
was directed toward the study of the change in serum electro-
phoretic patterns and the change in Lethal Dosegy Neutrali-
zation Indices (I.iD50 NIs) after primary exposure and challenge
to avtissue susﬁension of é chicken-propagated strain of in-
fectious bronchitis virus. Results obtained early in the study

prompted further investigations on the effects of normal tissue

e inoculations and tracheal injuries on the serum electrophoretic

patterns and LD50 NIs,
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I1
HISTORICAL REVIEW

A, Electrophoresis
_Varioua substances in the colloidal state, when suse
pended in an aqueocus medium, have a characteristic electric
charge, the sign of which depends upon the nature of the
particle and the suspending medium. Similarly, protein mole=-
cules possess charged groups on their surfaces when in the
colloidal state suspended in an aqueous medium, The number of
these charged groups determines the net charge density of the
prbtein molecules. The net charge density of the protein mole-
cules defermines their mobilities in an applied electric field.,
Mobility, which is independent of size and shape, may be changed
by varying the ionic atmosphere of the charged particles
through change of the pH or ionic strength. This migration of
an electrically charged particle in an applied electric field
is termed electrophoresis,

The application of electrophoresis in the study and
analysis of plasma’aﬁd sefﬁm.prdteina has become a #aluable
tool during the past 15 years. The development by Tiselius (155)
of a standard electrophoresis apparatus and its modificatiohs
and improvements (103) have directed investigators in the
field of protein chemistry to a2 more comprehensive knowledge
of plasma and serum and their respective components. It has
been applied in the study of the changes of plasma and serum

componente in bacterial diseases and experimental immunology
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(, 13, 15, 35, 43, 45, 58, 66, 80, 91, 102, 109, 112, 114,
117, 143, 146, 147, 148, 157, 158, 161, 162, 163), in viral
diseases (14, 29, 67, 69, 70, 83, 95, 116, 128, 140, 142, 144,
153, 165, 172), in rickettsial diseases (4€), to nutritional
deficiency in relation to antibody production (4, 11, 12, 22,
A8, 50, 97, 117, 159}, in the study of normal and immune
plasma and serum proteins and other body fluids and tissue
proteirns (2, 17, 19, 21, 27, 28, 31, 41, 42, 44, 58, 60, 62,
63, 64, 68, 81, 82, &8, 90, 992, 1C0, 1¢2, 104, 106, 107, 108,
109, 120, 121, 122, 126, 129, 134, 144; 150,»151, 152, 155,
156, 157, 158, 160, 167, 175), in the study of the effects of
injury and traﬁmatig shock (22, 62, 63, 64, 124, 125), in the
study of nutritional deficiency in relaticn to serum and
plasma protein depletion and regeneration (21, 23, 24, 25, 26,
49, 51, 52, 96, 141, 166, 173, 174), and ir. non~-specific
diceases ( 59, 66, 111, 112, 114, 140, 148, 149, 151),

| In general, results obtained in the above studies
show definite qualitative and quentitative changes in plasma
‘and serum.componente. There are instences where little or no
change is cbserved in the serum electrophoretic patterns in
Western equine encephalomyelitis (95, 128), influenzs (172),
and Japanese B encephalitis, and Venezuelan equine encephalo=-
myelitis (95). The slterations observed are not considered
to be specific for any one disease since these changes only
measure the current status of the subject under studye. The

outstanding changes of the serum and plasma proteins are a
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reduction in albumin, &n increase in gamma-globulin, and a
moderate increase in alpha-glcbulins and beta-globulin (114).

In 1937 Tiselius (155) made his first attempt to
analyze blood serum using his improved technique and apparatus
wnich utilized the principle of the Foucalt-Toepler schlieren
optical method. The new, flat, narrow, multiple-compartment
electrophoresis cell had the advantages that higher potential
gradients could be utilized. Since the cell contained more
'surface area, more efficient cocling in the ice-bath could
also be odbtained during the passage 0of current. Isclation of
various componente after separation could also be accomplished
in this cell, Fis first analysis demonstrated that serum was
composed of four componentis, or boundaries, which migrated at
different and characteristiec mobilities under specified cenditior
of pH, ionic strength, and potential gradient. This unigue
feature of characteristic mobility for a specific component
Thas aided in the identification of various fractioms. The four
components were designated by Tiselius as albumin, two globulins,
and the remaining component was unnamed,

During the same period (156, 157), vhile experimenting
with purified horse serum globulin in the electrophoresis
apparatus, Tiselius named the components of the glcbulin
mixture alpha-, beta-, and gamma-, These notations are in
general use today.

Tiselius?' method of analysis, although enabling one

to observe visuslly and record photographieally the number
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and the migration of the boundaries, did not yield itself

to the interpretation of quantitative data on the relative
concentration and homogeneity of these boundaries. It was
not until Longsworth's (103) modifications and adaptation of
the Foucalt=Toepler schlieren method and the development of
the schlieren technique that quéntitative data could be
obtained. The thecretical basis as explained by Longsworth
(103) 1is as follows:

| The angular deviation of & pencil of light in a

boundary present in the glass electrophoresis cell is pro-
porﬁiqn&l to the refractive index gradient and the hori-
_zontal breadth of the‘boundary. The displacemenﬁ of the_
schlieren diaﬁhragm reduired tco intercept the pencil of light
deflected downward by the boundarxy is also proportional to
the distance between the cell center and the disphragm, Upon
rajising the horizontsl schlieren diaphragm the first light
beame to be intercepted will naturally be those which are due
to the steepest refractive index gradients in the cell, i.e.,
the center of the boundary. When a series of photographic
exposures are made while raising the diaphragm before each
exposure the resulting photographic record gilves an iIndi-
cation of the variation of the refractive index throughout
the electrophoresis cell, These adjustnents are accomplished
mechanically ir 2 continuous fashicn in the schlieren scan-
ning methed énd the resulting diagfam is recorded photograpli~
jcally. Longsworth's excellent paper should be consulted for

2 more detailed description (103).
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The Longsworth scanning modification of the schlieren
technique is unexcelled for obtaining permanent records of
electrophoretic patterns dbut does not allow for direct visual
observation of the patterns. If a visual inspection of the
entire pattern is desired, use is made of the diagonal
sdhliefen diaphragm method of Thovert in ohe of.its'modifi-
cations, incorporating the cylindrical lens, For a detailed
description of this method Longsworth's papers (104, 105)
should be consulted, | |

In a study of various buffers for use in electrophop-
esis Longsworth (194) obserfed that an additional component
in human plasma could be resolved from the albumin when employ=-
ing sodium diethylbarbiturate buffer (veronal buffer) at
PH 8,6 and 0.1 ioniec etrength; This compohent, a globulin,
was present between the original alpha-globulin and albumin
and was designated as alpha l=globulin. The originalvglobulin
was named alpha 2~globulin. This buffer also had the advantages
of causing more efficient separation of the gamma-globulin
et salt-protein boundaries and also giving better symmetry
between the patterns obtained in the ascending limb and those
of the descending limb. The components of horse plasma do not
separate as well in Longsworth's buffer as they db in phosphate
buffer at pH 7.7 suggesting that the proper buffer for the
analysis of a given type of plasma or serum varies with the
species and should be determined experimentally.

In additional studies (72) on the effects of various

buffers on the resolution of human serum components it has been
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shown that phosphate buffer at pH 8.8 and 0;15 ioﬁic strength is
as good as Longsworth's buffer (104) in the resclution of the
serum components, In veronal buffer, 0,1 ioniec strength, at

pH values between 8.2 and 8,8, there is little change in
relative percentage composition of human serum {(99).

A comparison of results obtained with boviné serum
and plasma in verénal, veronal-socdium chloride, and veronal=
citrate buffers (79) showed unsatisfactory resolution of the
gamma-globulins and fibrinogen. Phosphate buffer was superior
for the-séparation of beta=-globulin from fibrinogen. Veronzl
and veronal-citrate buffers resolved two beta=-globulins.

- Veronal-sodium chloride buffer was found more efficient for
the separation of total alpha-globulins from albumin. The
most satisfactory resolution of alpha 1= and alpha 2=globulins
wasg found in veronal and veronal-citrate buffers,

Resolution of the beta-globulin, fibrinogen, and
gamma-globulin of swine plasma in phosphate buffer, 0.2 ioniec
strength was superior to veronal buffer. The resolution of the
alpha-glpbulins and albumin was csuperior in veronal buffer,-
Also, in veronal buffer, two alpha=globulins and two beta-
globulins were resolved in comparison to one alpha-globulin
and one beta=-globulin in phosphate buffer (92).

N It is evident that the connposition of the buffer (79,
92, 104), its pH (2, 92, 104), and ionizc strength (2, 92, 104)
affect the relative percentage distribution and resolution of

the individual components under study. In addition, the degree
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of hemolysis (126, 149), storage conditions (126), the
method of area measurement (73, 126), and the period of
dialysis of the diluted sample (126) also affect the rela=-
tive percentage distribution of the serum and plasma com-
ponents,

Mobility walues of the individual components are
also affected by the length of dialysis (59), the concen-
tration of protein (34, 101, 132), the pH (34, 59, 99), the
ioniec strength (34, 93, 136), and the composition of the buf-
fer (59). |

‘Chicken serum and plasma and their respective
fractions have been extensively studied (17, 27, 41, 43, 100,
115, 121, 122, 129, 143, l44).

In a2 study of the effect of age on the electrophor-
etic patterns of chicken serum and plasma it was shown that
there is a relative decrease in albumin and an increase in
globulins as the bird matures (17, 122). Prior to sexual
maturity chickens were shown to possess low gamma-globulin
levels and total serum proteins (17, 144). As the birds
matured gamma-globulin levels and total serum proteins in-
creased with no significant changes in the beta~glo§ulins |

(17, 144). The explanation given by the authors (17) is that
this decrease in albumin/globulin ratio may have been the
result of a normal development as the bird matured., An
additional explanation (43) states that this change may have

possibly been due to foreign antigen contacts which stimulated
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the produétion of antitody globulins which in turn was ob-‘
served as an increase in total gamma-globulin as measured by
electrophoresis.

Antibodies (43, 129, 143) and possibly antibody-
related substonces (144) have been shown tc be associated with
serum gamma-globulin in chickens. Antibodies have also been
shown toc be associated with gamma-globulins ir other studies
(47, 180, 153, 157, 161, 162, 163). All gamma-globulin is not
antfbo&y (87, 91) neithervare all antibodies contained exclu~

gively in the gamma-globulin fraction (35, 53, 128, 158, 162).
The electirophoretic ircrease or decrease ir antibody in chickens
immanized with human serum gamma-globulin parallels the increase
or decrease in gamma-globuiin (43). This parallelism has also
been confirmed in other studies (1, 13, 15, 45, 83, 163, 172).
Still other studies have shown that this is not necessarily '
the case (97, 117, 172),

Very characteristic sex differences have been shown to
‘appear in the electrophoretic patferns of chicken serum aftex
gexual maturity at about the fourth or fifth month of life
(121, 122). Prior to this time sex differences as observed
elzsetrophoretically are insignificant,

One cése is cited in which normal, adult male and fe-
male Thite Lezhorn chieckens only showed significant changes in
the alpha~-globulin and gamma-globulin (41). Neither the exact
age nor the state of egg production of the blrds was mentioned.
It has been shown that layinz hens possess a greater quantity
of garma-globulin than non-laying hens (17, 100, 122) and adult

males (17, 122).
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..The“effect of contra-sex hormones in chickens and
the resulting electrophoretic patterns have been studied
(27, 122), It has been found that electropnoretic patterns
of sera change into patterns typical of the opposite sex upon
administration of these hormones.

From the abofe data it may be seen that many féctors
will affect the relative composition and mobilities of chicken
and other animal sera and plasma and thelr respective compo-
nents, depending upon the sex and age of the animal and the
general composition and properties of the buffer used as the
solvent,

Normal electrophoretic values for chicken serum and
plasma studied under a variety of conditions have also been
reported. Using phosphate buffer at pd 7.7, 0.2 ionic strength,
San Clemente (143) demonstrated that normal chicken serum
had the following relative percentage composition: albumin -
35 per cent, alpha-globulin - 15 per cent, beta-globulin -
five per cent, and gamma-globulin = 45 per cent. The average
albumin/globulin ratio was 0.54, A beta-globulin anomaly was
present in the pattern of the descending limb. The presence
of this anomaly has also been reported elsewhere by Deutsch
and Goodloe (41)., Sex or age of the birds were not mentioned.
Electrophoretic mobilities (cm/sec/volt/em x 10=5) of the
components were calculated as follows: albunin - 5,3, alpha-
globulin - 3.9, beta=-globulin - 3,0, and gamma-globulin -

2.0. These values agreed essentially with the results obtained

by Moore (122).
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The electrophoretic analysis of mature, male
chicken serum in phosphate buffer at pH 7.4 by Moore (122)
showed an average relative percentage composition as follows:
a2lbumin « 43 per cent, alpha-globulin - 21 per cent, beta-
globulin - 7.1 per cent, and gamma-globulin - 28,9 per cent
in contraét to San Clemente's study (143).

Veronal-citrate buffef at pH 8.6Ihas been used for
the analysis of the plasma of male chiickens of undetermined
age. The average relative percentage composition of the
plasma samples was as follows: albumin - 38.2 + 1.3 per cént;
alpha l=globulin - 15,8 4+ 0.6 per cent, alpha 2~-globulin =
77 # 0,5 per cent, beta-globulin + fibrinogen + samma-globulin 4
3745 *+ 1e3 per cent, Separation of the three components of
lowest mobility was incomplete. Electrophoretic mobilities
were also extremely hich in this buffer (41).

In the analysis of sera from chickens of undetermined
sex and age, in veronal buffer at pHd 8,6, 0,1 ionic strength,
the average relative percentage composition was as follows:
albumin - 46 per cent, alpha=globuling = 22 per cent, beta-
globulin - 8 per cemt, and gamma-globulin - 24 per cent (43).

An excellent study of the electrophoretic distribution
of normal serum and plasma components. of 15 to 18 week old
Single Comb White Leghorn chickens of unknown sex was conducted
by Sanders, et al (144) during a study of leucosis. Veronal
buffer at pH 8,6, 0.1 ionic strength was used with a potential
gradient of 6 to 7 volts/bm?. These conditions gave excellent
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resolution of the serum and rlasms components, The following
average values for mobilities (em/sec/wolt/em x 10~°, cal-

culated from the descending limb) were found:

Component Average Range
albumin 5.9 5.7=6,0
alpha-globulins 4.7 4,5=5,0
beta=globulin e - 3eD= 3.6
fibrinogen 25 265
gama=-globulin 2.0 1.9=2,1

Average relative percentage composition values, cal-.
culated from the descending limb were as follows:

Component Average Range (ascending
‘ (per cent) :
1imb, uncorrected)
- (per cent)

alpha-globulins 17.9 9.0=16.3
beta-globulin 11.3 10.9-~14,8
fibrinogen 13,5 14,1
gamma-globulin 19.4 13,7=32.5
albumin/globulin :
1000 0.72"1.34
ratio

Total normal serum protein values were found by Sanders;
et al (144) to vary from 2.19 to 3.74 gm/100 ml of serum in
these 15 to 18 week cld tirds, Brandt, et al (17) have shown
values of 4,63 4 0.2¢ for four month old cockerels and 4.49 ¢ C.37
for four month old pullets., In general, total serum protein

values ircrease with maturity.
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B. Infectious Bronchitie of Chickens

Infectious bronchitis of chickens was first deserited
by Schalk and Hawn (145) in 1931 as an acute respiratory
dicease cf chicks prevalent ir the Midwestern States. Since
that time the disease has heen reported throughout the United
Stateab(ﬁ, 8, ¢, 18, 61) and has also been obrerved in England
(z, 9), Holland (154), 2nd Canada (8, 9).

The virus etioclogy of the disease has been established
by filtration experiments (7, 106, 18, 39, 145) and electron
microscopy (136, 137). | |

The disease was origirally thought to be confined
solely to chicks (18, 145) but it has been reported and is
recognized in chickens of 211 ages (5, 10, 32, 55, 86),

"The morbilédity and mbrtality rates may be as high as
90 per cent in infected chicks (18, 39, 145). In mature chick-
ens the mortality rate is negligitle (1€4), although the mor-
bidity rate may be high (1€64). In laying flocks there may be
a temporary cessation of egg production (39, 164), After
production returns the first few eggs are abnormal in guality.
(€5, 164).

Symptoms in chickens of all ages are similar but in
adult chickens the symptoms are less severe than those observed
in chiecks (164). Characteristic symptoms of sneezing, gasping,
tracheal rales, 2nd anorexia are cbeerved (7, 18, 145, 164),

The incubation period varies from 24 to 48 hours

(8, 9, 164), although in some cases symptoms have not been
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observad for as long as six days aftér exposure flﬁé). The
symptoms persist for approximately one week (164).

The histopathologic alterations resulting from
infectious bronchitis in chickens have heen deseribed (74),
These alterations consist of leucocytic infiltration and edema
of the mucous membranes and submucosa of the traches. The liver,
spieen, and kidneys do not show any significant lesions which
can be ascribed to the disease (74).

Gross lesions ineclude aceumulation of mucus in the

'~ trachea and bronchi, a congestion of the lungs, and clouding
of the air sac membranes (5, 8, 9, 36, 37, 47, 61, 74, 145,
164). - |
o The virus ie found most abundantly in tfécheal ex-
udates an& in the lungs (94, 164) an? can be transmitted by
infeéted fissue suspensions to chickens by the intrénasal and
intratracheal routes (7) and by the subcutaneous and intra-

peritoneal routes (39),

The carrier problem has also been extensively studied.
Chickens recovered ffom the disease may continue to discharge
virus from the upper respiratory tract and serve as potential
reservoirs of infection (73, 77, 94).

Birds recovered from the disease develop a specific
immunity to subsequent infection with the virus (7, 10, 36,
39, 78, 86). Birds that have become infected naturally or
experimentally are capable of producing neutralizing antibodles
(7, 57, 130)., Waturally acquired, passive immunity in chicks

has also been demonstrated (78, 86).
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The serum neutralizastion test has beén the only.
satisfactory serological test used to demonstrate the pre-
sence of neutralizing antibodies to infecticus bronchitis
virus (32, 57, 130, 1€4), The virus is incapable of agglu-
tinating red blood cells as is characteristic with Newcastie
disease virus (63 .16, 54, 76, 113) and fowl plague virus
(113). Clinieal history, lesions, symptoms, and isolation of
the virus with the production of characteristic pathelogic
alterations of embryonating chicken eggs may also be used as
a methoed of diagnosis (5, 7, 18, 36, 39, 56, 74, 164),

The cultivation of infectious bronchitis virus on the
chdrio-allantoic menmbranes of embryonating chicken eggs was
first reported by Beaudette and Hudson (10). Early passages
of the virus produded no noticeable changes in the embryo,
although succeeding virus transfers produced definite mortal-
ity (10, 39, 40). The virus became increasingly virulent for
the embryo and less virulent for the chicken., After the nine-
tieth passage the virus had lost all its virulence for the
chicken and became incapable of inciting the production of
antibodies, while beecoming fatal for 2l1ll inoculated embrvos
(10, 40). This egg-adapted virus is in general use today as
the antigen in the serum neutralization test (33, 57, 130).

The virus produces definite alterations in embry-
orn~ting chicken eggs (110), a2lthough Hitchner, et al (71)
have shown similar changes in embryos inoculated with the

‘B 1 strain of Newcastle disease virus. The changes produced
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by infectious bronchitis virus inoculated via the chorio-
allantoic cavity of embryonating chicken eggs have been dis-
cussed by Delaplane (40), Fabricant (55), and Loomis, et al
(110).

Jones (85) observed that the highest chicken embryo
mbrtality could be procduced by ammiotic inoculation followed
in decreasing order by chorio-allantoic cavity and chorio-

| allantoic mgmbrane inoculations. TLow mortality followed yolk
inoculations. Chorio-allantoic cavity inoculations were the

most desirable because of their great convenience and simpli-

city.
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IIX
MATETTALS AND EXPERIMENTAL PROCEDURES

Incomplete knowledge of certain physical and biologi~-
cal prorerties of antivirgl sera prompted this investigation.
The study was directed toward an analysis of the changes in
serum electroyhofetic patterns and the changes in LDSO NIs in
chickens after exposure to infectious bronchitis-vifus.

A. Experimental Birds |

Twenty-four Single Comb White Leghorn cockerels
ranging in age frdm five months, se#en days to Seven months,
twenty=four days were obtained from the U, S. Regional Poultry
- Research ILaboratory, Tast Lansing, Michigan on November 15,
1951, These birds were originally used for genetic studies
and were from healthy flocks of lines, some resistant and some
susceptible to lymphomatosis, They were maintained in batteries
under striet sanitéxy and guarantine conditions in previously
unused isolation quarters,

The susceptibility and resistance of the various
lines to lymphomatosis were as follows:

Line 7 e« susceptible to lymphomatosis

Line 9 « susceptible to lymphomatosis

Line 10 = resistant to lymphomatosis

Line 14 -~ resistant to lymphomatosis

Iine 15 = susceptible to lymphomatosis

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



19

The birds were divided into four groups as follows:
The letter and number designations of the bhirds are those which
were given to each bhird by the U,S. Regional Poultry Research
Taboratory. The number following the hyphen was given to each
bhird for convenience in ﬁonducting the experiment., _ ‘
Group I - Control birds
w7278 -1 Line 15
M541B2 -2 Line 10
M400D2 -4* Line 9
M362V =5 Line 7
U347B2 =6% Line 7

Group II = Birds receiving a primary inoculation
of infectious bronchitis virus

M716G2 =7 Line 15

M347C2 =8 Line 7

M735R =9 Line 15

M349T -10 Line 7

M538H =11 Tine 10

M4320 ~-12 Line ©

Group III =~ Birds receiving a primary inoculation of
irfectious bronchitis virus and challenged
in the twelfth week after primary inoculation

¥* Inoculated with a normal tissue suspension during the seven-

teenth week of this study.

p
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m4;4§ -13 TLine 9
M400U =14 Tine 9
¥M5390 ~15 Iine 10
M727B2 -16 Line 15
M3610 =17 Line 7
M369N =13 TLine 7
M541C2 ~19 TLine 10

Group IVa = Birds inoculated with a normal lung and
tracheal suspension

M346B =21 Line 7

M673V -22’ Liné'l4

M645H =23 Line 14

Group IVb ~ Birds subjected to a tracheal injury,
virus not introduced

M542A -24 Line 10

M333H =25 ILine 7

V673U =26 Line 14

The birds were maintained on a commercial growing mash¥
containing not less than 20 per cent protein, not less than 3,50
per cent fat, and not more than 5.50 per cent fiber, The mash

wag top-dressed two or three times weekly with a commercial

* Michigan State Growing Mash, manufactured by A. X. Zinn & 8o,,

Battle Creek, Michigan
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scratch feed¥® containing not less than 9 rer cent protein, not
less than 2 per cent fat, and not more than 5 per cent fiber.

Water was allowed ad libitum.

B. Virus Antigens

Two different strains of infectious bronchitis virus
ﬁere used. Sfrain V114D**, a chicken-embryo-adapted strain, was
capable of killing all embryos inoculated via the allantoiec
cavity within 48 hours and was used as the antigen in the serum
neutralization tests. This strain is éapable of entering into
specific combination with antibodies againstvinfectious bron-
chitis virus (32, 33, 57, 130). It is prepared by inoculating
niné-to 11l-day-o0ld emﬁryonating cﬁicken eggé with undiluted,
virus-infected allantoic fluid via the allantoic cavity, in-
cubating for 24 to 30 hours, and harvesting the allantoie
fluid of living embryos (32).

Strain VR (Lot 285)%%*% was a chicken-propagated strain
Which was supplied as lyophilized, infected tracheal washings.
This strain was used for all inoculations of the experimentally-
infected groups, | |

In ordexr to have a large volume of inoculum and to
check the virulence of the virus for chickens this preparation

was resuspended to volume with Difco nutrient broth.

* Zinn's Climax Scratch Feed, manufactured by A. X. Z2inn &
Co., Battle Creek, Michigan

* Strain V114D has been maintained in the laboratory for at
least 150 passages in embryonating chicken eggs.

#%#% Supplied by Dr. Henry Van Roekel, Department of Veterinary
Science, University of Massachusettis

1
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The resulting suspension was instilled in 0.2 mi émbﬁnté‘
intratracheally and 0,05 ml amounts intranasally in three
normal six-week-0ld chickens.

Six-week~0cld chickens were used because it has been
shown (78, 86) that naturally acquired, passive antitodies
against infectiocus bronchitis virus are at é low or negligible

" level at this age and are incapable of protecting young birds
against a subsequent inoculation with the virus,

The tracheas were scraped with sterile cotton-tipped
applicator sticks to facilitate more intimate contact of the
virus with the tracheal epithelium (32). Characteristic symp-
toms of infectious bronchitis (164) were observed in these
birds 24 hours after inoculation. The birds were killed 72
noure after inoculation at a period in which symptoms were at
their greatest. The tracheas and lungs were harvested, pooled,
ground with sand using a mortar and pestle, and made up to a
20 per cent suspension with Difco nutrient broth. The suspension
wae then treated with 106, 000 units each of penicillin and strepto-
myein per ml (32, 38) and centrifuged to sediment sand and tis-
suevdebris. The'supérnatant fluid was stored at =40 C for |
further use, |

This process of inoculating seix-week~0ld chickens
with the éhicken-prbpagatéd strain of infectious bronchitis
virus was repeated and the resulting highly potent virus was
used as the antigen for the experimentally-infected groups,

One~tenth ml of this suspension was inoculated into
five nine-day=0ld embryonating chicken eggs via the allantoic
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cavity. The inoculum produced characteristie gross lesions of
dwarfing and curling of the embryos (110) by the third and
fourth post-inoculation days. Hitchner, et al (71) showed
that the B 1 strain of Newcastle disease wvirus also may
produce lesions, dwarfing, and curling which are similar

+o0 those produced by infectious bronchitis virus in the
chicken embryo. Therefore, an hemagglutination test was
conducted on the harvested allantoic fluid to determine the
presence or absence of Newcastle disease virus. Lack of agglu-
tination of red blood cells indicated the absence of Newcastle
diseace virus. Abnormal embryos were not observed,

c. Serum:Neut:alization Test (32)

Nine-day-0ld embryonating chicken eggs were used in the
serum neutralization tests. The eggs were maintained in an
electric, forced-draft incubator* at 99.5 F (88 F wet=bulb
thermometer). The site for inoculation via the allantoic
cavity was determined by trans-illumination of the egg. An
area devoid of large blood vessels, approximmtely two mm
below the base of the air cell, and at a side opposite to
the embryo was‘selected.A sﬁall hole.was drilled through the
shell without piercing the shell membrane by means of an
electrically-driven drill. An additional hole was drilied
directly above the air cell to serve as an air vent in
equilizing the pressure produced by the injection of the
inoculum into the egg. Both holes were painted with tincture
of metaphen and the shell membrane above the air cell was

pierced with a sterile teasing needle,

¥Model 252, manufactured by Jamesway Manufacturing Company
Fort Atkinson, Wisconsin
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Serial ten=fold dilutions of V114D virus-~infected
allantoic fluid were prepared with Difeo nutrient broth in
the proportions of 0,5 ml of virus-infected allantoic fluid
to 4.5 ml of diluent. Serum-=virus mixtures were prepared

; - separately by mixing equal vortions of each virusg dilution
and test serun. The sera were usually used undiluted, al=- |
though occasslionally it was necessary to dilute sera 1l:10

or more with Difco nutrient broth to give sufficient volume

e S

for the tegt and for the eleetrophoretic analysis. In some
instances the éera completely neutralized undilufed virus
} and in order to estaklish an endpoint for calculation of the
£D56 NIQ it was necessary to dilute the sera 1:10 Or moree
The virus dilutions were mixed with equal portions of Difcb‘
nmutrient broth to obtain a quantitative estimation of the
virus titer, Three-~tenths ml of the wvirus dilutions were
mixed with 0,2 ml of the serum preparations. All mixtures
were incubated in an ice-=bath at 4 C for 30 minutes. Dilution
of sera in the‘serum.neutralization test for inféctious
bronchitis does not significantly affect the IDgy NIs (131).
Five eggs were used per dilution and each egg re-
ceived an iroculum of 0.1 ml using a one-ml B=D Yale tuber-~
culin syringe fitted with a 2? gauge, one=half inch needle,
The eggs for the quantitative virus titrations were inoculated
lagt to make provisions for any possible deleterious effect
of incubation of virus. Page (131) showed that the infectious
bronchitis virus Lnsé titer does not significantly change

up to‘ls hours of incubation af 4 C, After inoculation

—
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the holes were sealed with melted paraffin and the eggs were
reincubated and candled daily for five days. Death of the
embryos durirng the first 18 hours was attributed to traum
cr other non-specific causes and these eggs were not in-
cluded in the calculations of the final results. The results
of the serum and virus titrations were evaluated according
to the 50 per cent endpoint formula of Reed and Muench (138)
and expressged ag the LDSO‘

The difference between the reciprocal of the virus
titer and the reciprocal of the serum titer was designated
~as the IDgqy NI. The antilog of the IDgy NI represented the
numbers of serum neutralizing doses. In cases where the sera
were diluted the LD5O NI was calculated by multiplying the
difference between the virus titer and the serum titer by
the dilution factor.

The procedure for the neutralizstion test for infect-
ious bronchitis has been thoroughly described by Cunningham
(32) and should be consulted for further details,

D. Electrophoresis

Al) sera obtained were analyzed for protein nitrogen
content using the macro-Kjeldahl technigque (conversion factor,
6.25) previous to dilution for dialysis., A two per cent final
serum protein concentration was used in all electrophoretic
analyses. It hes been shown that the protein concentration
greatly affects the mobility (34, 101, 136) and relative
percentage distribution of serum protein components (132).

A high protein concentration may also produce boundary
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diéturbances (123)., Sanders, et al (144) used a final two
per cent concentraticn of serum protein and obtaired excellent
results in the resolution of chicken serum and plasma compo-
nents,

A standard veronal buffer (104) of 0.1 ionic strength
and PH 8.6 as measured with the glass electrode ( Beckman;

. Nodel G pH meter) at 25 C was used ir all dialyses and dilutions
of serum samples, It was composed of 0,0152 M diethylbarbi-
turic acid (2.797 gm/liter) and 0.1 ¥ monosodium salt of
diethylbarbituric acid (20,6 gm/liter). This buffer has been
shown to be excellent for use in the electrophoretic analysis
of chicken serum (43, 144). |

Diaxysis‘of serum samples previcus to electrophoretic
analyeis is necessary to equilibrate the sample and buffer
with respect to electrolytic conductivity,

The stirring dialysis method of Reiner and Fenichel
(139) was used for each serum sample. The diluted serum sample
was placed in a bag made of seamless cellulose tubing¥* which
was previously tested for lezks, It was dialyzed against a
one~hundred-fold volume of buffer for two houré at room‘temyer-
ature. These conditions gave excellent equilibration when
electrolytic conductivities of both buffer and sample were

measured at 0,5 C using a conductivity cell especially designed

¥ Nojax-Visking Cellulose Sausage Casing (unknown pore size),
manufactured by the Visking Corporation, Chicago, Iliinois
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for use with tﬁe Model 38,;?§rkin-E1mer Tiselius Electrophor-
eslis Apparatus¥* and an electrolytic conductivity dbridge¥x,

Conductivity measurements are necessary to determine
equilibration in electrolytic conductivity since inadequate
equilibration may result in boundary disturbances (104, 107;
133). The’specific conductance of the dialyzed‘sample also is
"needed to determine potential gradients across the cell and
mobilities of the individuml serum components (104)

The specific conductance (Ksp) of each sample was

calculated as followes

Ks = Ko (1)
? R

where Xc¢ is the conductivity cell constant and R is the meas-
~ ured resistance.

The Ke must be determined for each cell since the
value varies with the distancé between the electrodes. This
was determined as follows: Using standard 6.01 N XKCl, C.P.
(0.7455 gm/1000 gm double-distilled, CO5 -free water) the
measured resistance of this solution in the conductivity cell

- was 1080 ohms (R) at O C.'The Bpecific conductance of this
solution at 0 C is 0,0007728 mhos (J) (98). Substituting in
the formla, '

Ke=. DfR (1),

a value of 0.8346 was obtained., Substituting the value for Ke

* Manufactured by the Perkin-Elmer Corporation, Norwalk, Conn,
*%* JTeeds and Northrup #4960 Electrolytic Conductivity Bridge,
manufactured by lLeeds and Northrup Company, Philadelphia, Pa,.
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in formula (I), and measuring the resistance (R) of the
dialyzed sample the specific conductance (Kep) can be determined.

From previous studies in this laboratory equilibration
of diluted serum samples and buffer can be attained in one
and one-half hours at room temperature. Therefore, in order
not to disturd the electrophoretic experiments, the samples
were dialyzed for two hours at room temperature and placed
at 4 C overnight. In this way the samples can be kept cold for
use the following day. It was also observed that cold samples
and cold electiophdresis cells minimize the formation of air |
bubbles in the cells during the cell-filling process, Air
bubblés greatly disturd the boundaries formed in the cell
during the experiments, Conductivities were then measured at
the end of the day after all'electrophoretic'analysee were
completed.

The Model 38, Tiselius Eletrophoresis Apparatus was
used for the electrophoretic apalyses of all serum samples.
The apparatus has been described by Moore and White (127)
put for a more detailed description and operational procedure
the reader should consult the instruction manual (133),

The Toepler schlieren method has been adopted with
certain improvements such as the schlieren lens system.being
replaced by twe separate lenses in conjunction with a smaller
aperture allowing for a greater reduction in the length of the
optical path. A scanning modification (103) of the schlieren
system is also employed but with a two-knife-edge diaphragm

which gives two similar patterns,
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A two-ml capacity electrophoresis cell having a cross-

2

cectional area of about 0.20 em™ is used with the apparatus

(28, 127, 133),

A resum@ of the operation of the instrument is given
as follows:

Both sides of the ice ccmpartment of the water-bath
are filled with ice. The water-bath is filled with cold water
and the stirrer is turned on until the water-bath reaches a
ﬁniform temperature of 0,5 C by the time the cell is filled.

The circulating air pump is started to remove water
condensate from the internal windows and lena surfaces by
rassing air through a calcium sulphate drying tower, Theré are'
also two'75 watt heating eleméﬁts#héar”the external 1ens |
surfaces which heat the lenses and prevent moisture from cole-
lecting on them,

The cell is greased and assembled according to instruc-
tions and kept at 4 C for 12 to 183 hours in order to have it
cold for the following day‘s experiments,

The cell is placed in position in the cell holder,
filled, disaligned, and the two buffer bottles are connected.
The electrodes are inserted and buffer is added up to the level
of the side arms of the assembly, This is done as rapidly as
possible to prevent the samples and cell from becoming warme.
The complete assembly is placed in the water-bath, clamped into
position and the level-equilizing gate is raised. The electrodes
are eonnected to the leads and 15 ml of cold, one-third satu-

rated KCi, C.P. is layered beneath the buffer in each buffer
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bottle through the electrode capillaries by means‘of a
syrirge fitted with a four-inch needle,

The cover of the water-bath is replaced and more
ice is added through the ice-chimmey. When temperature equi-
11ibrium is reached (ten to 15 minutes) the level equilizing
gate is lowered gently and the cell channels are aligned by
meane of the shifting road. '

Buffer is gently flowed into the left-hand buffer
bottle to bring the boundaries into view (approximately three
mm) by means of a mechanically~cperated compensator*. The
boundaries are originally behind the flange plates of the
cell. By advancing the boundaries no more than three mm the
current can be applied for a longer period of time and opti-

mum resolution of the serum components is usually obtained,
The compensator is stopped and the beginning boundaries of
the ascending and descending limbs are photographed. Either
Kodak M or Kodak Process Panchromatic 31 x 4} inch plates
are used and are exposed for five seconés. ‘

The current is adjuated to six mi;liamperes and
the voltage is maintained at approximtely 107 volts, giving
0,65 watt heat dissipation,

During the electrophoretic run the separation and

migration of the serum components are observed by means of the

* Manufactured by the Perkin-Flmer Corporation, Norwalk, Conn,
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cylindrical lens and diagonal schlieren diaphragm attachment
of Thovert (104, 105)., When the fastest component has migrated
approximately two-thirds of the distance across the cell

(%600 seconds) the current is stopped and scanning photographs
of the ascending and descending limbs are taken. These photo-
graphs are déveloped in total darimess in Kodak D-19 devel-
oper for five minutes and fixed in Kodak Aeid Fixer for 15
minutes, After fixing the photographs are washed in running

| watér.fbr 30 minﬁtes and allowed to drye.

| The pattern from the descending limb {104, 106, 107)
is projected with a vyhotographic enlarger and traced on paper
.at 2 linear enlargement of double'size. The areas attributable
to the various serum components are defined by the method of
Tigelius and Kabat (158) in which ordinates are drawn from the
lowest point between two components to the base line.

Rach area is measured with a precision disc, compen-
sating polar planimeter¥* in arbitrary units and the relative
concentrations in per cent are determined by dividing the area
of each component by the area of the entire pattern, excluding
the area of the epsilon-boundary. The epsiloh-boundér& ié a |
buffer salt-protein interaction complex.,

Mobilities are calculated on the descending patterns
as advocated by Longsworth and MacInnes (107). The distance

between the beginning boundary and the ordinate dividing the

* Model 4236, manufactured by Keuffel & Esser Company, New York
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"réspedtive area in half is used as a measure of the distance
migrated by each component,
The formula of Longsworth (108) is used in the calcu-

lation of mobilities and is used as follows:

2 (em/sec/volt/em x 10™°) - d ﬁbp

q
i ¢t

where 4 is the distance migrated in cm, q 'is the cross-
seétional area of the descending l1limb in cm?, Ksp is the
specific conductance of the sample, t is the time of migration
in seconds, 1 is the current in amperes, and m is the en-
largement factor. -

The potential gradient (F) in volts/cm? , which

averaged 6.5 volts/cm~ is determined as follows:

1
F = v —————n i
a Xsp

where 1 is the current in amperes, q is the crossesectional
area of the descending limb in cm?, and Ksp 1is the epeclfio
conductance of the sample,
E, Experimental Exposure

All birds were bled by cardiac puncture one week after
they were obtained., The sera collected were analyzed for anti-
bodies specific for Newcastle disease virus by means of the
hemagglutination-inhibition test (54) and for antibodies specific

for infectious bronchitis virus by means of the serum neutral-

ization test (32). Infectious bronchitis virus is incapable of
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of agglutinating red blood cells and the serum neutralization
test is the only method available at the present time for the
detection of antibodies specific for infectious bronchitis
virus. All sers tested were considered to be negative according
tc established standards (33, 54, 57),

| On January 19, 1952 the investigation was begun. All
birds were fasgted for 18 to 24 hours prior to bleeding to dee~
crease the quantity of serum lipids (134, 144). Zeldis, et al
(175) showed that lipids become aﬁditive ih ﬁhé beta-glbbnlin
of human plasma and in the alpha-globulin in dog plasma.
Rirds in Groups I, II, and IIYI were bled by cardiac puncture,
Birds in Groups II and III were inoculated withh the chicken-
propagated strain of infectious 5ronchitis firus by depositing
with 2 syringe, 0.2 ml in the upper trachea and 0,05 mi into
+the nares. A cotton-tivped applicater stick was used to
scarify the lumen of the trachea tou ensure more intimate
contact of the virus with the epithelium.

| Characteristic symptbms of infectious bronchitis (164)
appeared in all inoculated birds within 24 to 36 hours after
incculation. The symptoms ﬁersisted for eight days and consisted
of dyspneza, sneezing, tracheal rales, nasal discharge, and a
slight andrexia. | |
Birds in Group II were bled immediately prior to in-

oculation and then at one, two, three, four, six, eight, ten,
12, 16, and 20 week intervals, Birds in Group III were alsq
bled immediately prior to inoculation and then at one,‘two,

three, four, six, eight, ten, and 12 week intervals. At the
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twelfth week the birds in Group IIT were challenged with.the.
ch:icken=propagated strain of infectious bronchitis virus and
bled again at one, three, five, and seven weeks after chale
lenge.
The control birds in Group I were bled according to
the schedule of Group II, but unfortunately many of them died
due to internal hemorrhage caused bty the experimental bleedings.
Bird M727S =1 was bled at four, eight, 12, and 17 week intervals.
Birds'm54132 -2 and M365V «5 were bled at the first bleeding
peried as birds in Groups II and III and then at one, two, and
three week intervals, Pird M400D2=4 was also bled at the first
_experimental bleeding period as birds in Groups IX and IXII and
tren a2t one, two, three, four, eight, 12, and 1% week intervals,
In order to determine if inoculations of normal tissue
suspensions could cause changes in serum electirophoretic patterns
or changes in LDg, NIs bird M400D2 -4 was inoculated with & normal
lung and tracheal suspension via the intratracheal and intra-
nasel routes during the seventeenth week and bled one and two
weeks after inoculation. |
Pird M347B2 -6 was z2lso0 bled at the first experimental
pvericd as birde in Groups II and IITI and then at one, two,
three, four, wight, and 17 week intervels, At the seventeenth
week this bird was also inoculated with a normal lung and
tracheal suspension znd btled at one, two, and three weeks
after inoéulation. |
Birds of Group IVa were bled on June 14, 19852 and

inoculated with a norral lung and tracheal suspension followed
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by a scafification of the tfachea ueing a cotton-tipped
apprlicator stick., The birds were bpled at one, two, and three
week intervals after inoculation. It has been shown that
normal romologous tissue inoculstions in rabbits produce
microscopic manifestations of inflammation (118, 119).
Inflammation caused by intradermal 1njections of turﬁentine»
or other irritants can alter the serum électrophoretic ratterns
(63, 64). It was thought that possikly a relationship existed
between inflammation, inoculations of normal tissues, and
changes in serum electrophoretic pattemms,

‘ Traumatic injury has also been shown to alter the.
serum electrophoretic patterm (22, 62, 124, 125), Therefore,

birds in Group IVb were btled and subjected to a tracheal injury

. by searification ﬁsing a cotton-tipped applicator sticke These

birds were then bled one, two, and three weeks after injurye.
The presence of Newcastle disease virus or infectious
bronchitis virus in the normal tissue suspension was eliminated
by inoculating 0.1l ml into nine-~day-old embryonating chicken
eggs via the allantoic cavity. The embryos were candled daily
for five days and the allantoic fluid was harvested. This was
repeated for four passages. No alterations in the embryos

were observed, The zllantoic fluid also did not agglutinate

red blocod cellse
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Iv
RESULTS

A, Group I
le Flectrophoretic Analyses

Electrophoretic analyses of sera from tbis control
group showed varied results, Pird M7/27S =1 was bled at the
four, eight, 12, and 17 week interval, Neither the relative
vercentage distribution of the serum components nor the al-
bumin/globulin ratic changed signifiéantly during this period,
(Table 1, Figure I)

Bird ¥M541B2 -2 was bled at the first experimental
period and then at the one, two, and three week interval.
Unfortunately the bird died at the third week because of
internal hemorrhage due to cardiac puncture. An increase in
the relative percentage of albumin was observed at the first
and second weeks, There was a definite decrease in albumin
at the third week. Gamma-globulin levels decrezased at the
first week interval and increased steadily up to and including
the third week. Albumin/globulin ratios followed the same
general trend as the aibumin values, Alpha l=globulin values
changed slightly as did the beta-globulin values. Alpha 2-
globulin values decreased at the first week interval and
steadlly increased up to and including the third week,
(Table 2)

Bird M362V =5 was bled at the first experimental

period and then at the one, two, three, and four week interval.
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Table 1
Bird 7278 -1
Group I=-Control

Electrophoretic Analyses

Period ___Relative Per Ceni Serum Component A/G Per Cent

Weeks ‘ Globulins : - Serum
Albumiﬁ“élfha 1~ Alpha 2= DBeta= Garma-=- - Protein

4 T0e% P Gal 10.5 2648 1,03 3643
8 © B51.6 6.1 542 11,7 25,4 1,07 Te43
12 . 48,9 869 5.3 11,4 24,0 0.96 ZeAd
17 5048 CebB Se7 10.8 2342 1.03 3460

A/G  Albumin/Globulin Ratio
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Figure I (cont,)
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Table 2
Bird M541B2 =2
Group I-Control

RKlectrophoretiec Analyses

e - o - -

Period Relative Per Cent 3erum Component A/G Per Cen

Weeks Globulins Serum
- ' L '
Albumin Alpha )1- Alpha 2- Beta- Gamma- Protein
O¥* 42,3 10.6 9.0 8.5 29,6 0.73 Be73
1 ‘ A7.2 . 12.4 . 4.7 10,3 25,4 0.89 3,73
46,7 9.6 Sed 9.6 28,8 0.86 4,04

3 39,2 12,5 6.0 10.1 3242 0.65 3478

¥ TFirst bleeding period corresponding to pre-exposure bleeding
period of infected bird
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|
This bird died at the fourfh ﬁeek reriod because of internal
hemorrhage due to cardiac puncture. A slight increase in the
relative percentage of albumin was observed at the second
week interval. Altumin decreased after this period ur to
l and including the fourth week. The gamma-globulin levels de-
creaged at the first week but steadily inereased up to and
| jncluding the fourth week. The albumin/globulin ratios followed
[' the same general trend as the albumin values. Alpha l-globulin
T values increased at the first week, decreased at the second
} week,.and increased again at the third and fourth weeks, Alpha
2«globulin did not change significantly during the experi-
: mental period. Beta=globulin levels showed a slight increase
; 2+ the end of the experiment, (Table 3, Figure II)
L | Equai portione of sera from birds M400D2 -4 and
' M347B2 -6 were pooled and analyzed electrcphoretically as one
sample at the first experimental period and then at the one,
two, three, four, and 12 week interval, A slight increase
in the relative percentage of albumin was observed at the
first week interval, After this period there was a general
decrease in 2lbumin up to and including the twelfth week.
Gamms-globulin values decreased at the first week but generally
increased after this period up to and including the twelfth
ﬁeek. Aipha l=globulin levels did not significantly change
up to the fourth week but decreased greatly at the twelfth
weeke Aléha 2=globulin levels steadily increased while beta-
globulin values did not change appreciably. Albumin/globulin
ratios varied slightly except that there was a significant
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Table 3
Bird M362V -5
Group I=Control

Electropvhoretic Analyses

} Period Relative Per Cent Serum Component A/G Per Cent
% Weeks } Globulins _ Serum
L," ' Albumin Alpha 1= Alpha'z- Beta- Gamma- Protein
»
: 0% 45.6 77 5.5 8.8  32.4 0,84 3.91
}' 1 45,7 12.6 6.0 7e5 28,2 0.84 3660
L 2  47,5 4.4 6.8 97 31l.6 0.91 3.51
E 3 40,5 Q.6 5.4 104,90 34.5 0658 4,04
4 39.9 95 563 10.1 - 35.2 0,66 3.86

¥ PFirst bleeding period corresponding to pre-exposure bleeding

veriod of infected bird
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Figure II
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increase at the first week interval following the change in
albumin. (Table 4)
At the eighth and seventeenth weeks sera from the

above birds were analyzed individually. Bird MA00D2 -4 showed

a low albumin value and a high gamma-globulin value. The

other globulins were apparently unchanged. (Table 5)

| Bird M34?B2 -6 showed a signrnificant incfease in al-
bumin and a decrease in garma-globulin at the seventeenth
week interval as compared with results obtained at the eighth
weekes The other serum globulins did not change appreciably.
(Table 6, Figure IIT) | . o |

In order to determine if normal tissue suspensions
could alter the serum'electrophoretic patterns or the LDgq NIs,
these two birds were inoculated with 2 normal lung and tracheal
suspension at the seventeenth week, Bird M400D2 =4 and bird
M347B2 =6 were bled one and two weeks after inoculation.

(Table 5) Bird M347B2 -6 was 2180 bled three weeks afier
inoculation. (Table €, Figure III)

Bird M400D2 -4 showed 2 slight decrease in aibumin
and a2 rise in gamma-globulin, Alvha l-globulin values inereased
appreciadbly., Alpha Z2-globulin and beta-globulin levels did not
change significantly. (Table 5) |

Bird M347B2 ~6 showed 2 great reduction in zalbumin one
week after inoculiatione There was also a slight increase in
gamma-globulin which decreased slightly up to and including
the third week after inoculation. The relative percentage of

alpha l-globulin increased slightly throughout this periodes
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Table 4
Pool of Birds M400D2 -4 and M347B2 -6
Group I~-Control
Electrophoretic Analyses

Period ___Relative Per Cent Serum Component  A/G Per Cent
Weeks Globulins Serum
| Albumin Alvha 1- Alpha 2« Beta~- G - Protein
0% 40.7 10,6 3.7 11.2 33,8 0,69 | 3,78
43,5 11,1 4,7 93 31l.4 0,77 3,91
2 ~ 39.5 9.6 540 10,0 35,6 0,66 4,13
3 38,9 8e2 77 / 06 35,6 0.64 4,21
4 41,1 9.6 6e9 9.6 32,8 0.70 3486
12 38,2 5.8 S.0 12,2 34.8 0.62 4,13

¥ First bleeding period corresponding to pre~exposure bleeding

period of infected bird
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Table 5
Bird M400D2 -4

Group I-Control

Eleotrophoretic Analyses

Period Relative Per Cent Serum Component A/G Per Cent
Weeks Globulins Serum
Albumin Alpha 1- Alpha 2~ Beta- Gamma- Protein
8 35,9 11.5 4.8 13.4 34.4 0.54 4.21
17% 31.9 14,7 78 10.8 34,8 6.42 4,65
1l 29.1 16,8 - Be2 10.2 35,7 - 0.41 4430
O 9;7 3841 0.40 4,65

2 2849 13,6

¥ TInoculated with normmnl tissue suspension
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Alpha'?-globuiin increésed and beta-globulin remsined aﬁprox-
imately at the same level as the pre-=inoculation value,.
(Table 8, Figure IIT)
There was wide variation between different birds in
thie relative percentage distribution of the individual serum
Adomponents>even at the first bleéding period, Sanders; et al

(144), Deutsch, et a2l (43), and Moore (122) found the same to

P

D

|

L, be the case in sera of normal chickens,

t The sera obtained at the first experimehtal period |
from the birds in this control group showed fTair correlation

} with the values obtained by Sanders, et al (144). Gamma- |

{ globulin levels Were‘iower in Sénders' study since 15; to 18-

t week-01ld chickens were used. It has been shown that gamma-

globulin levels in chickens increase with maturity (17, 46,

144).

The electrophoretic mobility values of the individual
serum components of this group apd of the other grdups closeiy'
approximate the values odbtained ﬁ# Sanders, et al (144), when
veronal buffer at pH 8.6, 0el ionic strength (104) was used.
The following average values were found (cm/éeé/#olt/cm x 10™2 )

which were calculated from the patterns of the descending limb:

albumnin 6.0
alpha l=globulin De2
alpha 2~globulin 4.4
beta=globulin 36
gamma=globulin 20
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Table 6
Bird M347B2 =6
Group I=Control
Blectrophoretic Analyses

Period Relative Per Cent Serum Component A/G Per Cent
Weeks ' o Glo‘bulins | Serum |
Albumin Alpha 1l- Alpha 2- Beta~ Gamma- Protein
8 39.0 10.5 6.9 8ed 3543 0.64 3651
17 % 43,1 9.0 7e6 10,0 3063 0,76 351
1 33.8 11.3 10.8  10.8 33.3 0.51 3.95
2 41,5 9e3 8.2 9.8 31le2 0.71 4,13
3 41,5 11,0 8,5 - 10,0 29.0 0.71 " 3.95

¥* Tnoculated with norml tissue suspension
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A‘sighificant difference in mobilify values of serum compo-
nente of inoculated birds and control birds was not observed.

The results obtained in this group clearly demonstrate
that freguent bleeding changes the serum electrophoretic pate-
tern by reversing the albtumin/globulin ratio. Bird M727S -1,
which.was_bied'at four or more wéekly intexvalis did not shcw
this change (Table 1, Figure I) while the other birds in the
control group showed a marked change and a decrease in the
albumin/globulin ratic when they Weré bled aﬁ weekly intervals.

The change in per cent serum protein did not aﬁpear_
.to be sign;ficantly important during the expeximent.

2o Lethal Dose 56 Neutralization Indices

The serum IDgqg NIs of the birde in this group showed
variations between periocds but remained below thelacceptéd
normal values (33, 57). (Tables 7, 8, 9, 10, 11, 12, 13,
Figures IV, V, VI, VII, VIII, IX) Page has also observed this
type of variation (130).

Hemagglutination=-inhibition titexrs for Newcastle
disease were negative at each period.

Tpon examinatiop at necropsy all birds were found to
be normal except bird M400D2 -4 which showed 2 non-specific
enteritis. Observations for coccidia and attempts at bacterial
isolation proved to be negative,

Be Group II
l, Electrophoretic Analyses
Electrophoretic analyses of sera from birds of this

group showed the same general trend as the birds in Group I
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Table 7
Bird M727S =1
Group I-Control

L Serum Neutralizzation Tests

Period Virus# Virus Dilutions ~_ Serum
3 Weeks  Titer %%72 1072 1074 10™° 1076 10”7  Titer# NI
f 4 5450 5 4 O 4,38 1.12
} 8 6.32% 4 5 5 1 0 4.52 1.80
12 . 6.50% s, 5 4 3 0 5.00 1.50
17 6,32% 5 5 5 3 1 5432 1.00

These footnotes apply to serum neutralization test tables for

Groups I, II, and III:
* Serum diluted 1:10
Serum diluted 1:100

Reciprocal of negative exponent log base 10

§§ dok =k. i

Death due to virus.

NI Neutralization index
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One embryvo out of five inoculated died due to trauma

Number of embrvos dead out of five inoculated per dilution.
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Table 8
Birc 1T41B2 =2
Group I=Control

Serum Neutralization Tests

Period Virus# : Virus Dilutions SerTum

Weeks  Titer 10°° 10™° 10™% 10”° 10”° 107’  Titer# NI
' i
0¥ 654 5 5 5 5 0 5.50  1.04
1 6450 5 5 4 3 0 5400 1.50
2 5.3 5 5 5 3 1 5032 0431
3 6.38% 5 5 4 2 4,68 1.70

* First bleeding period corresvonding to pre-exposure bleeding

period of infected bird
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Table ©
Bird 1M362V =5
Group I-Control

Serum Neutralization Tests

Period Virus# - | Virus Dilutions Serum
Weeks Titer 1072 1070 1074 10™° 10~6 107 Titer# NI
#r
0% 6.54 4% 5 5 4 2 5.68  0.86
1 6450 5 5 5 4 0 538  1.12
2 5.63 5 a 3 0 0 4,00 1,63
3 6 o 3% 5 5 4 1 £,50 1.88
a 5e50% 5 5 4 3 0 5,00 0450

x First bleeding veriod corresponding to pre~exposure bleeding

of infected bird
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Table 10
FPool of Rirde 17400D2 =4 and 1347R2 =06
Group I-Control

Serum Yeutralization Tests

s

Pericd Tirus# Virus Dilutions Serum

Teeks  Titer 1077 1073 1074 107° 10~ 107  Titer# NI
1 6.50 5 5 5 1 0 4,63 1,87
2 5463 5 5 4 1 0 4,50 1,13
3 6, 70% 5 5 5 1 4,63 1,75
4 5o B0* 5 5 2 0 2,83  1.87
12 6 ¢ BO* 5 5 4 3 1 5,16 1,34
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Table 11
Bird MAOQ0DZ -4
Group I-Control

Serum Neutralization Tests

Period Virus# Virus Dilutions Serum

Weeks Titer 1072 10-% 10-4 10~% 10-6 10~7 Titer# XTI

##
8 G e 32% 5 5 4 3 o 5,00 1.32
17% 6 ¢ 32% 5 5 5 5 1 5463 0.69
1 £ 33% 5 5 5 4 2 5.68 1.15
5 5 5 4 2 5.68 1,49

2 7el7¥

* Tnoculated with normml tissue susvpension
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Table 12
Bird M347B2 =6
Group I-Control

Serum Weutralization Tests

-

Period Virus# Virus Dilutions ' Serum
Teeks Titer 1072 1073 10-4 10-5 10~% 10-7 Titer# NI
8 6 o 32X 5 5 5 4 - 2 5.68 0.64
17% Go32% 5 5 3 2 0 4.50 1.82
1 6. BZ* 5 5 4 3 2 5.33 1.50
2 7e17* s 5 3 3 0 5.78 1.39
3 616 5 5 3 2 1 5467 0449

* Inoculated with normal tissue suspension
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Table 13
Summation of LD50 NIs

Groupv I~Control

Period _ LD5O NI
Weeks
Pool
M4A00D2 ~4

7278 -1 WH41B2- 2 MA00D2 =4 M362V -5 M347B2 -6 WM347B2 =6

OX# 1.04 0.86 0.91
1 1.50 1.12 ‘ 1.8%
2 031 1,63 ‘ 1.13
3 1.70  1.88 1.75
4 1.12 0.50 1,67
6
8 1.80 1.32 0.64
10
12 1.50 1,34
16
17 1,00 0469 1.82
1 1.15 1.50
2 1.49 1.39
3 049

¥*# Tirst bleeding period corresponding to pre-exposure
bleeding of infected bird

* Inoculated with normal Tissue suspension
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which were bied at weekly intervals. The change varied de-
pending upon the pre-exposure levels of the individual serum
components .,

Bird M347C2 =8 was bled immediately prior to inoc-

' ulation'and then at the one, two, three, four, six, eight,
ten, 12, 16, and 20 week interval. The rélative percentage
of albumin decreased greatly one week after inoculétion with
infeectious bronchitis virus while the gamma-globulin level
increased. From this'point on, and up to and including the
twentieth week, the albumin generally increased and the gamma-
globulin decrecased. There were varying changes in the other
globuline with a slight decrease in the alpha l-globuline.
The albumin/globulin ratio followed the same general trend
as the change in albumin. (Tab1e~14, Figure X) |

Bird M349T -10 was bled according to the schedule
of bpird M347CZ -8 with essentially the same results although
the 2a1lbumin level was lower at the pre=-exposure period. The
final albumin level was higher than the pre-exposure level

- while the gamma=-globulin level was slightly lower than the
pre-exvosure value. (Table 15).

Bird M538H =11 was bled immediately prior to inoe-
ulation and then at the one, two, three, four, and six week
interval., It died at the six week period from intermnal hemor-
rhage due to cardiac puncture. Electrophoretic analysis of pre-
exposure serum samples from this bird showed an extremely low
albumin level and a high gamma-globulin level. This trend

increased even more following the period after inoculation with

virus. (Table 16)
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Table 14
Bird M347C2 =8
Group II-Primary Exposure

Electrophoretic Analyses

Period ___Relative Per Cent Serum Component A/G Per Cent
Teeks Globulins Serum

Albumin Alpha l= Alpha 2- Beta- Gamma- Protein
0% 43,3 11.2 4,8 9.1 31,6 0.77 4,17
1 32.4 13.0 8.5 9,7 36.4 0.48 3.86

2 3646 9.5 4,7 10.4 38,8 0.58 4.83
3 36,7 10.3 6.4 9.4 37.2  0.58 4,65
4 40.1 10.3 4.8 9¢5 3543 0,67 4,21
6 3649 9.3 4,4 8.9 40,5 0459 4,48
8 39,9 10.8 3.9 10,8 34,6 0.66 4,21
10 4044 12,2 509 10.1 31,24 0.68 4,39
12 42,0 9.3 6e5 10.5 321.5 0,73 4,21
16 42,5 9.9 6.4 11.0 30.2 0.74 5400
20 42,1 9.5 648 10,0 31.6  0.73 4,21

¥ Pre=exposure bleeding, inoculated with virus
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Table 15
Bird M349T

-10

Group ITI-Primary Exposure

Electrophoretic Analyses

Relative Per Cent‘Serum Component

Period A/G Per Cent
Weeks Globulins Serum

Albumin Alpha 1-_Alpha 2- Beta=~ Gamma- Protein
0% 38.2 10,9 8.1 8.1 34,7 0,62 4,30
1 26,7 12,3 77 11.8 41,5 0.36 4.83
2 32,6 10,9 7.5 9.0  40.0 6.48 5.00
3 34,1 12,6 543 8.1 39,9 0.52 4,65
4 39,5 7e5 - 5.8 9.8 37.4 0.65 4,39
6 37.1 9.7 7.8 8e3  37.1 0.59 3.86
8 39.4 10.5 7¢5 11.0 31,6 0.65 4,04

10 40,6 10,8 5.4 11.3 31,9 0.68 4.13
12 41,3 18,0 9.0 31,7 0.71 3.86
16 43,4 7ol 10.8 8e4 30,0 0.77 4.13
20 42,2 18.2 8.6 31,0 0473 3,16

¥ Primary bleeding, pre-exposure, inoculated with virus
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Table 16
Bird M538H -1l
Group II-Primary Exposure
Electrophoretic Analyses

Period Relative Per Cent Serum Component A/G Per Cent
Weeks , Globulins Serum
Albumin Alphs 1= Alpha 2~ Beta- Gamma- Protein
o* | 31,4 10.5 8e7 11,6 37,8 0446 5.08
1 31e3 8.6 0.6 14,7 3548 Ce4d6 4,83
2 18,1 14,4 €649 13.4 47,2  0.22 5435
3 23.8 13.6 Te7 11.1 43,8 0431 4456€
4 25.8 14,4 €.1 11.8 41,9 0.35 5400
6 25,6 11.6 5.8 11.6 45,4 0.24 4,65

¥ Pre-exposure bleeding, inoculated with virus
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Bqual portions of sera from birds M716GR2 =7, M735R -9,
and MA320 =12 were pooled and analyzed as an individual sample
immedistely prior to inoculation and then at the one, two,
and three week interval, (Table 17) At the third week period
bird M716G2 =7 died because of hemorrhage due to cardiae
puncture, Therefore, samples from birds MV35R -9 and M4320 -12
were pooled and énalyzed at the four, six eight, ten; 12,

16, and 20 week interval, (Table 18) Individusl samples
comprising this pool weie aléo analyzed sepérately as followss
bird M735R -9 - six, eight, ten, 16, and 20 week intervalj
(Table 19) bird MA320 =12 =~ ten, 16, and 20 week interval.
(Table 20).

There was o decrease in the relative percentage of
aloumin at the first and second weeks after inoculation with
the virus. After this pericd a general increzee irn the albumin
followed until the end of the experimental period when a
general maximum was reached. Gamna-globulin levels reached a
maximum at the second week after exposure and decreased gen-
erally unt il 2 mirnimum was reached at the end of the experiment,
The othef globuline showed varying changes although alpha 1=
globulin increased at the first week and remained at an ele-
vated level throughout the experiment.

The values obtained in pre-exposure serum electro=-
vhoretic analyses closely approximated the results obtained
by Sanders, et al (144), although the gamma-globulin values
were lower in Sanders! study. Birds M349T -10 (Table 15) and
¥538H -11 (Tablé 16) showed low pre-exposure albumin values,
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Table 17 |
Pool of Birds M716G2 =7, M7I5R =9, and 14320 =12
Group II-~Primary Exposure
Electrophoretic Analyses

Period Relative Per Cent Serum Component A/G Per Cent
Weeks Globulins Serum
Albumin Alpha 1~ Alpha 2~ Beta~ Gamma- Protein

o%* 4543 9.5 79 Be? 28,4 0,83 Se 4%

1 34,0 16,7 7e¢l1 13,2 29.0 0,52 395

2 7.7 10.8 6e4 10.3 34,8 0,61 4,04

3 40,0 9,8 5.6 11.2  33.4 0.67 4,04

% Pre=exposure bleeding, inoculated with virus
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Table 18
Pool of Birds M735R =© and M4A320 =12
Group II-Primary Exposure
Electropnoretic Analyses

Period ‘Relative Per Cent Serum Component A/G Per Cent |
Weeks ' Globulins : ' Serum
Albumin Alpha 1~ Alpha 2~ Beta- Gamma- Protein
4 40,0 12,2 646 9.6 31,6 6.67 3¢ 69
43,6 7.3 645  11.6 31.0 0,77 3451
8 41,2 14,0 51 1l.7 28,0 0,70 3.69
10 42,0 13,0 8.0 11,0 26,0 0.72 3443
12 44,5 9.3 67 2.9 29,6 0.80 3478
16 42,4 11.9 4.2 10,1 31.4 0.74 4,39
20 44,4 12,3 6.6 9.2 27 .6 0.80 3495
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Table 19
Bird M735R =9
Group II-Primary Exposure
Electrophoretic Analyses

Period Relative Per Cent Sefum Component A/G Per Cent
Weeks | Globulins ' Serum
Albumin Alpha 1- Alpha 2= Beta- Gamma- Protein
6 43,2 1.7 5¢4 Qe? 305 0.76. 3607
8 44,7 78 €65 12,9 28.1 0.81 3407
10 49,6 12.4 5e2 11l.4 21.4 0.98 2.89
16 50.6 10.0 €e3 11.2 21.9 ~ 1,04 378
20 5248 0.6 6o5 10,5 20.6 1.12 3e34
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Table 20
Bird 14320 -12
Group II=-Primary Exposure
Electrophoretic Analyses

Period Relative Per Cent Serum Component A/G Per Cent
Weeks | Globulins - Serum
Albumin Alpha 1l- Alpha 2= Beta- Gamma- - Protein
10 378 24,2 7e6 3064 0,61 3486
16 3867 14,1 665 8¢5 3262 0,63 4,13
20 42,9 21.2 746 2843  0.75 4.13
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Results obtained on the relative percentage distri-
bution of serum componente of pooled serum samples and samples
comprising the pools were favorably comparadble. In some in-
stances there were slight differences which were not signif-
icant.

A study of the changes of per cent serum protein did
not reveal any significant findings. |

2e Lethal Doséso Nevtralization Indices

The serum xnso NIs of this group showed a genefal
vattern as follows: There was a slight increase in the IDgq NIs
of all sera betweeﬁ one and two weeks after iroculation, After
this period a marked increase occurred. The ma;imum LD56 NIs
Weré reached between the sixth and tenth Weeks; decreasing
after this period until the end of the experiment, (Tables 21,
22; 23; 24, 25, 26, 27, 28, Figures XI, XII, XITII, X1V, XV,
XVI, XVII) Variations in individual neutralizing antibody
responses were 21@o observed (130, 131).

Pre~exposure LDso‘NIs were considered normal according
to accepted standards (33, 57).

Upon examination at necropsy, all birdé were normal
except birds M349T -lb, and MB38H ~11 which showed wvisceral
1ymphométosis ané neural lymphomatosis, respectively.

Sanders, et al (144) observed a new component, which
wae designated as the L component, in sera from chickens
jnoculated with leucosis~containing tissue suspensions. The
1 component was not observed in the serum electrophoretic

patterns of birds showing manifestations of lymphomatosis in
this studye.
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Table 21
Bird M347C2 -8
Group II-FPrimary Exposure

Serum Neutralization Tests

Period Virus# , Virus Dilutions  Seyum

Weeks Titer ;;0 101 10-2 1073 10~% 10-5 10-6 Titer# NI

0x  6.54 4% 5 5 4 2 5468 0.86
1 650 5 5 5 1 0 4,63 1.87
2 6oB2% 5 4 4 1 0 3.37 295
3 643 2% 5 4 2 0 2,68 3,64
4 54 50% 5 4 0 0 oX 1.38 4,12
6 6e72% 5 4 2 0 1 1.84 4,88
8 6432 5 3 1 0 0 1432 5,00
10 6J17% 5 3 2 0 o0 0 0,50 5o 67
12 6450% 5 5 3 0 0 2417 4,53
16 6468% 5 5 1 0 0 2.63 4,05
20 6483% 5 5 3 3 0 0 2,78 4,05

¥ Pre-exposure bleeding, inoculated with virus
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Table 22
Bird 349T =10
Group II-Primary Exposure

Serum ¥Neutralization Tests

Period Virus# Virus Dilutions Serum

Weeks Titer #%0 10”1 1072 10~ 104 10~5 106 Titer# NI

0% 6454 5 5 4 5 1 5452 1.02
1 6450 5 5 5 4 1 5.50 1.00
2 64 32% 5 5 5 1 0 3.63 2469
3 6.32% 5 5 3 1% 3433 2,99
4 7e32% 5 5 5 4 3 0  4.00 3432
6 6472% s 5 3 1 0 2,16 4,56
8 6432% 5 5 0 2  Of 1.70 4,62
10 6.17% 5 5 2 1 0f O 1,00 5,17
12 6 e50% 5 5 3 0 2,32 4,18
16 6.68% 5 5 1 1 0 2475 3,93
20 6.68% 5 5 5 4 2 Be33 3435

¥  Pre-exposure bleeding, inoculated with virus
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Table 23
Bird M538H -~11
Group II-Primary Exposure

Serum Neutralization Tests

Period = Virus# Virus Dilutionms Serum

Weeks  Titer 1071 10~2 107° 104 10-5 106  Titer# NT
#H#

0% 6454 5 5 5 3 0 5417 1437
1 6450 5 5 4 2 4.68  1.82
2 5463 5 3 o0 1 0 0 2,31 3,32
3 6 o 32% 5 3 1 0 2,32 4,00
4 7.32% 5 4% 5 2 0 0 2.83 4,49
6 6,72« 5 5 2 1 0 1,00 5.72

* Pre=exposure bleeding, inoculated with virus
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Group II-Primary fxposurs

Serum Neutralization Tests

Table 24

Pool of Birds M716G2 -7, M735R =9, and M4320 =12

Period Virus# Virus Dilutions Se rum
Weeks Titer 1072 10~° 10-4 10~5 10-6 Titer# NI
##
0* 6454 5 5 5 4 5438 1,16
1 6450 5 5 4 1 4,50 2,00
2 6,32% 5 5 5 1 3463 2,69
3 6 ¢ 32% 5 65 5 2467 2465

¥ Pre=-exposure bleeding, inoculated with wvirus
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Table 25
Pool of Birds M735R -9 and M4320 =-12
Group II-Primary Exposure

Serum NWeutralization Tests

Period Virus# ~ Virus Dilutions Serum
Weeks riter 100 1071 1072 1073 1074 10-5 106 Titer# NT
##
4 7o 32% 5 5 4% 5 4 1% 4,53 2,79
6 6, 72% 5 5 5 3 0 3,17 3,55
8 6 4 32% 5 5 2 1 1 1.20 5,12
10 6.17% 5 4 3 0 O 2,00 4,17
12 64 50% 5 5 5 1 0 2,63 3,87
16 6 o 68% 5 4 2 1 0 2,84 3,84
20 6,68% 5 5 5 4 3 0 3,00 3,68
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Table 26
Bird M735R =9
Group IIi-Primery Exposure

Serum Neutralization Tests

Period Virus# ~ Virus Dilutions Serum

Weeks Titer 10~1 10™2 10~2 102 10-% 10-6 10-7 Titer# NI

i

3450 3e22

6 6472% 5 5 5 3 2
8 | 6432% 5 5 5 5 0 3.50 2,82
10 6o17% 5 5 5 4 1 3450 2,67
16 6 o 68% 5 4 3 0 0 4,00 2,68
20 | 6.68% 5 5 A 2 1 | 416 2.52
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Table 2%
Bird V4320 =12
Group II-Primary Exposure

Serum Neutralization Tests

Period Virus# Virus Dilutions Serum

Weeks Titer 10° 10~1 10=2 10™3 104 10-5 Titer# NI
10 Ee17¥ 5 5 3 1 0 2,32 3,85
16  6,68% 5 3 3 0 2,78 3,90
20 £.68% 5 5 5 5 1 0 2.63 4,05
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Table 28

Surmation of LD50 Nis

Group TI~Primary Exposure

Period 50 NI
Weeks Pools _
. M716G2="7 M735R-
V347C2-8 M735R-9 M3A9T-10 MB538H~11 M4320~12 ﬁggg_’:ig MAS20~.
ox 0.86 1,02  1.37 1.16
1 1.87 1,00 1.82 2,00
2 2,95 | 2469 3432 2,69
3 3e64 '2.99 44,00 2;65
4 4,12 | 3432 4,49 2,79
6 4,88 3e22 4,56 S.72 S5«95
8 5.00 2.82 4,62 5412
10 5467 267 517 3485 4,17
12 4,33 | 4,18 3.87
16 4,05 2.68 393 3.90 3.84
20 4,05 253 3435 4,05 368
* Pre-exposure bleeding, inoculated with virus

l
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The LD50 NIs of the pooled sera wvaried approximaﬁély
0.4 to 1.0 log unit fram the ID50 NIg of the average of the
individual serum samples comprising the pooled sampies,

Hemagglutination-inhibition titers for Newcastle
disease were negative at each period.

C. Group III |
le. Electrophoretic Analyses |

This group of birds was challenged with infectious
bronchitis virus at the twelfth week after initial inoculation.
The birds were bled at the following time schedules birds
M414Q -13 anmd M400U =14 = one, three, five, and seven weeks
after challenges M539U «15 = immediately prior to primary
inoculation, one, two, and three weeks (died at third week
due to intermal hemorrhage); M727B2 -16 = four, six, eight,
ten, and 12 weeks after primary inoculation (challenged but
not tested); pool of sera from birds M3610 «17 and M36ON =18 =
immediately prior to primary inoculation, one two, three,
four, six, eight, and ten weeks; M361C =17 = six; ten, and
12 weekss then at one, three, five, and seven weeks after
challenge; M369N =18 « six and ten weekss M541C2 =19 =
immediately prior to primary inoculation, one, two, three,
four, six, eight, ten, and 12 weeks; then at one, three; five,
and seven weeks after challengee.

The relative percentage of albumin decreased slightly
one and three weeks after challenge in bird M414Q -13. Gamma-~-
globulin levels increased slightly and then decreased. The
other globﬁlins varied slightly during the experiment. (Table 29)

y
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 Table 29
Bird M4l1l4Q =13
Group III = Challenge
Electrophorétic Analyses

Period  Relative Per Cent Serum Component A/G Per Cent

Weeks Globulins ' ‘ Sexrum
Albumin Alpha 1- Alpha 2« Beta- Gamma- Protein

12% 47 .8 12,2 5,8 Q.7 24,5 0.92 378

1 44,5 14,6 5.6 8,5 26,8 0.80 3469

3 43.4 13.2 Teld - 6.9 29,1 0,77 386

5 42,8 12,8 8.4 8.9 27;1 0,75 4,13

v 48..1 12.1 Ded = 73 2762 0.23 3686

¥* Challenge with virus
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Sera from bird M400U =14 showed a slight decrease in
albumin at the first week after challenge but increased again
after this interval. Gamma-globulin increased slightly during
the experimental period. Other globulines did not change sig-
nificantly. (Table 30)

Sera from bird M539U =15 showed a marked decrease in
albumin one week after primary inoculation and began to increase
at'the second week, The gamma-gldbulin level increased greatly
at the first week and began to decrease after this period.
(Table 31) ‘

Sera from bird M727B2 -16 showed a definite increase
in albumin during the experimental period.. There was a slight
decrease in the gamma-globulin level, Alpha l=globulin de-
ereased greatly at the twelfth week, while alpha 2-globulin
and beta=globulin remained relatively unchanged. (Table 32)

Sers from birds M3610 -17 and M369N -18 were pooled
and tested as one sample immediately prior to primary inocf
ulation and then at the one, two, three, four, six, eight, and
ten week interval. (Table 33) The sera of these birds were
aiso tested individually as follows: bird M3610 -17 -~ s8ix,
ten; and 12 weeks, and then at one, three, five, and seven
week intervals after challenge; (Table 34) bird M369N -18 -
six and ten weeks. (Table 35)

The electrophoretic analyses of pooled serum samplesv
from birds M3610 =17 and M369N -18 showed the characteristic
pattern as before, A sharp decrease in albumin and an increase

in the relative percentage of gamma-globulin was observed one
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Table 30
Bird M400U =14
Group III - Challenge
BElectrophoretic Analyses

Period - Relative Per Cent Serum Component - A/G Per Cent

Weeks « Globulins | Serum
Albumin Alpha l- Alpha 2= Beta- Gamma- Protein

12% 45,3 = 8,2 8e2 ‘ 10,7 27 .6 0.83 " 3486

1 43,0 10.2 7¢8 11,2 27.8 0,75 3643

3 45,4 Q.6 6,0 11,0 28,0 0.84 3469

5 43,4 9.8 el 9.8 29,6  0.77 3486

7 47,0 50 845 9.0 30e5 0.89 378

% Challenge with virus

w
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Table 31
Bird M539U =15
Group III -~ Challenge
Electrophoretic Analyses

Period Relative Per Cent Serum Component A/G Per Cent
Weeks Globulins Serum
Albumin Alpha 1- Alpha 2= Beta= Gamma-~ Protein

o* 48,0 Te2 762 10.4 27.2 0,92 4,13

303 9«5 79 11.8 40.5 0.44 4,56

35,0 6.0 12,5 10.8 35.7 0.54 4,48

37.8  10.8 749 10.3 33.2 0.61  4.30

¥ Pre=-exposure bleeding, primary inoculation with virus
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Table 32
Bird M727B2 =16
Group III -~ Challenge
Electrophoretic Analyses

Period’ Relative Per Cent Serum Component A/G Per Cent
Weeks Globulins Serum
Albumin Alpha 1= Alpha 2~ Beta= Gamma- Protein
4 46,7 8,0 6.2 10,7 28.4 0.88 3.69
42,5 11.9 6.0 Q.4 30.2 0.74 3451

8 46,4 9.9 - Be4 11,3 27,0 0.87 3660 -
10 48,3 10.2 7.8 93 24,4 0,93 3451
12% 51l.1 5.1 6.5 11.3 26,0 1.05 3.60

¥ Challenge with virus
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Table 32
Bird M727B2 =16
Group IIT - Challenge
Electrophoretic Analyses

Period Relative Per Cent Serum Component A/G Pser Cent
Weeks - Globulins Serum
Albumin Alpha 1=~ Alpha 2= Beta= Gamma- _I?rot\e in
46,7 8.0 6e2 10,7 28.4 0.88 3469
42,5 11.9 640 9.4 30.2 0.74 3.51
8 46 .4 2.9 5.4 11,3 27.0 0.87 3460
10 48,3 10,2 ~ 7.8 Qe3 24,4 0.93 351
12% 5le1 5.l 6.5 11,3 26,0  1.05 3.60

¥ Challenge with virus

a
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Table 33
Pool of Birds M3610 ~17 and M369N -18
Group IITI = Challenge
Mlectrophoretic Analyses

Period . Relative Per Cent Serum Component A/G - Per Cent
Weeks ' Globulina Serum
- Albumin Alpha 1= Alpha 2- Beta~ Gamma- Protein
O% 40,8 10,9 4,8 10,5 3360 0.69 3.73
1 34,9 11,5 = 9.2 9.6 34.8 0.54 3473
2 332 12.4 6.0 . Q.7 38,7 0.51 4,04
3 39,0 = 7.5 6.1 10,1 3743 0.64 4,39
4 3865 9.5 6e3 9.5 3€.2 0,63 3.78
6 38,9 8,8 669 9.3 36.1 D.64 4,13
8 35644 11.7 6,0 10,4 35,5 0.57 3.86
16 41,3 12,3 646 10.7 29,1 0,70 4,04

* Pre-exposure bleeding, primary inoculation with virus

‘
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Table 34
Bird M3610 =17
Group IITI <« Challenge
Blectrophoretic Analyses

Period Relative Per Cent Serum Component A/G Per Cent
Weeks Globulins _ Serum
Albumin Alvha l- Alpha 2~ Beta- Gamma- Protein
-6 3846 12,4 6.4 Bed - 34,6 0,65 4,04
10 41.4 11,7 6.1  11.2 29,6 0.71 3.95
12% 3849 10,7 79 9.7 328 0.64 378
1 40.9 7e9 Bed  11le3 33,5 0,69 4,13
3 35,6 8.6 6.7  11.0 38,1 0455 4,21
5 38;3 8e3 8.7 Q7 3540 | 0.62. 4,48
7 3842 11.8 8.2 8.2 34,6 0.62 3478

* Challenge with virus
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Table 35
Bird M369N -18
Group IITI - Challenge
Electrophoretic Analyses

Period Relative Per Cent Serum Component A/G  Per Cent
Weeks Globulins Serum
Albumin Alpha l- Alpha 2=~ Beta~ Gamma- Protein
6% 3546 10.4 74 10,0 3646 0.55 3695
10 43,1 e 7 e6 8e6 31,0 0,76 4,04

¥ After Primary Inoculation
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and two wecks after primary'exposure. An inerease in albumin
occurred at the third week and at the same time garma-globulin
levels began to decrease. This continued until the end of the
experimental perliod of ten weeks. Beta~globulin levels did not
change significantly during the experiment. Alpha l-globulin
decreased early during the experiment but increased again at the
tenth week, Alpha 2-globulin changed at the first week but re-
mained constant during the iest of the experimént. (Table 33)

The electrophoretic analysee of sera from bird
mzélo =17 showed a decrease in albumin and an increase in
gamma=globulin during the third week after challenge,This
‘condition was reversed after this perlod up to and including
the seventh week., Alpha 2=globulin levels did not change
significantly during the experimental period. Alpha 1l-glob- |
ulin decreased one week after challenge but increased steadily
to 2 final high value, Beta-globulin decreased during the chala
lenge period, (Table 34)

The anzalyses of sera from bird M369N =18 during the
sixth and tenth weeks showed a great inerease in albumin and
a decrease in gamma-globulin, Values for the other globu-
1lins were relatively unchanged, (Table 35)

The same general trend followed in the electrophoretic
analyses of sera from bird M541C2 -19, There was a sharp de=
crease in the relative percentage of albumin at the first
week after primary exposure., Gamma-globulin levels increased

at this period, decreased at the fourth week and were at a
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 minimum value at the twelfth week. There was & general in-

erease in alpha l-globulin at the first and second weeks with
a decrease in this fraction up to and ineluding the twelfth
week. Alpha 2=globulin decreased slightly during the twelve
weeks, while beta-globulin remained relatively unchanged
except that a rise was observed at the first week which re=-
mained at this level for twelve weeks,

| During the challenge period there was liftle change
in the relative percentage distribution of the serum compo-
nents, (Table 36, Figure XVIII)

The changes in serum elesctrophoretic patterns after
challenge with infectious bronchitis virus was not as marked
a5 the changes observed in the electrophoretic patterns
after primary exposure, |

The same general trend in the change of serum electro-
phoretic patterns in Group II was observed in Group III prior
to challenge. After challenge there was relatively little
change in the relative percentage distribution of the serum
components,

A comparison of results obtained*with pooled serum
samples and individual serum samples of the pool showed very
close correlation in the relative percentage distribution of
the serum components,

The changes in percent serum protein were not con-

sidered significante.
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Table 36
Bira M54102 =19
Group III -~ Challenge

Electrophoretic Analyses

Period Relative Per Cent Serum Component - A/G Per Cent
Weeks Globulins Serum

Albumin Alpha 1l- Alpha 2~ Beta- Gamma- Protein
0# 39,6 8.4 9.0 Bed 34,6 0.66 3499
1 o7.8 12,1 6.6 13,6 39,9 0¢39 4.04
2 34.0 11,5 5.0 11.9 37.6 0.52 4.30
3 40.9 7.4 6.1 10,0 35,6 0,69 4,04
4 39,8 9.5 4.1 11.8 34,8 0,66 4,13
6 38,0 9,8 6.1 11.0 35,1 0,61 5469
8 41,8 6.8 7e3 10s5 3346 0.72 3495
10 42,0 10,5 640 12,0 28,5 0.75 3.69
12% 44,0 8,0 6.7 11.7  29.6 0479 3469
1 43,2 8.3 6.8 11.5 30.5 0,76 3.86
3 46,4 7.8 546 11.2 29.0  0.87 3.34
5 44.0 8,9 73 10.5 293 0.79 3,95
7 43,0 10,7 7e3 9.8 29,2 0,76 3,51

# 7Pre~exposure Bleeding, Inoculation with Virus

* Challenged with virus
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Figure XVIII
Bird ¥541C2 =19
Group IIX-Challenge
Electrophoretic Patterns
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Figure XVIII (cont.)
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2, Lethal Dose Weutralization Indices

50

The serum LD50 NIs of this group followed a general
pattern ae in Group II., There was a slight increase in LD50
NIs between the first and second weeks after primary exposure,
After the seeond week a marked rise occurred and a maximum
was reached between the third and eighth weeks. The maximum
vﬂDso NIs that were reached varied with the individual birds
ag follows: bird MV27B2 =16 =« fourth week; bird M3610 <17 =
sixth week; bird IB69N =18 =« gixth week; bird M541C2 =19 -
eighth week, After challenge the 1Dz NIs were higher than the
maximum values reached after primary iﬁoculation. The max-
imum.nDso NIs after dhallenge were reached between the third
and fifth weeks, (Tables 37, 38, 39, 40, 41, 42, 43, 44, 45,
Figures XIX, XX, XXT, XXII, XXIII, XXIV, XXV, XXVI)

Pre-exposure LDSO NIs were considered to be normal
(33, 57).

Necropsy examination failed to reveal any abnormal-
ities in birds of this group.

Hemagglutination=inhibition titers for Wewcastle
disease were negative at all times, |
D, Group IVa

l. Electrophoretic Analyses

In order to determine if inoculations of a normal
lung and tracheal suspension could affect the serum electro-
vhoretic patterns or LD50 NIs birds M346B ~21 and M673V =22

were bled immediately prior to inocculation and then at the

one, two, and ﬁhree week interval, Sera from bird M645H -23
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Table 3%
Bird M414g =13
Group III-Challenge

Serum NWeutralizetion Tests

Period  Virus# - Virus Dilutions Serum
Weeks Titer 10° 1071 1072 1073 10~4 10-5 Titerd NI
; \ g |
12% 6450% 5 5 3 2 1 3 2,67 3,83
1 6 ¢ 38% 5 5 5 4 0 2,38 4,00
3 6.00 5 4 1 0 0 0,50  5.50
5 6o32% 5 3 3 1 0 1 1.14 5,18
7 6 o 5O% 5 4 3 2 0 1.33  5,1%

¥ Challenge with virus

; 4
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Table 38
Biré M400U =14
Group III-Challenge

Serum Neutralization Tests

?eriod Virus# Virus Dilutions Serum
Teeks  Titer 10° 10”1 1072 107% 1074 1075  Titer# NI
T
12% 6450% 5 5 3 0 1 2,17 4,33
1 6438% 5 5 3 0 1 1,31 5,07
3 004 5 4 2 0 0 0468 6.32
5 €.32 5 3 0 0 0 0417 6415
" 6,50 5 3 2 0 0 0450 6400

Challenge with virus

*
# Endpoint not reached when serum was diluted 1:100, Virus

titer arbitrarily fixed at 106 to calculate LD

50 NI

A
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Table 39
Bird MS39U =15
Group IYI-Challenge

Serum Neutralization Tests

Period Virus# Virus Dilutions Serum
Teek Titer 1072 1073 10™4 107% 10-6 Titer# NI
#H
0% €e54 5 5 5 3 2 5450 1,04
1 6450 5 5 4 1 0 4,50 2,00
2 | 5,63 5 3 0 0 0 3417 2,46
3 64 32% 5 5 5 0 3450 2482

* Pre-exposure bleeding, inoculated with virus
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Table 40
Bird M727B2-16
Group III-Challenge

Serum Neutralization Tests

Period Virus# Virus Dilutions Serum

Weeks Titer 10T 107° 102 1072 107° 10-€ Titer# NI
7t
4 7.32% 5 5 4 5 0 1 3,50 3,82
6 6.72% 5 5 5 4 1 3.50 3,22
8 6324 5 5 5 5 0 3,50 £.82
10 6.17% 5 5 5 3 2 3,50 2,67
12% 6,50¥ 5 5 3 3 . 0 3.78 2,72

* Challenge with virus
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Table 41
Pool of Birds M3610 ~17 and M369N =18
Group III-Challenge

Seryum Neutralization Tests

Period Virus# Virus Dilutions . Serum

Weeks Titer iﬁo 10~1 10”2 10~3 10”4 105 106 Titer# NI
. o/

0* 6454 5 5 5 3 5432 1.22
1 6450 5 5 2 1 3.20 3430
2 6e32% 5 4 2 0 0 2.68 3e64
3 6¢32% 5 5 1 1 2,75 3457
4 7e32% 2¥ 5 4 1 0 0 2,50 4.82
6 6o72% 5 5 1 0 ) 1.63 5409
8 6o 32% 5 5 1 0 0 1.63 4469
10 6,17% 5 4 4 2 1 o 1.69 4448

¥ Three embryvos died out of five inoculated due to trauma

* Pre=-exposure bleeding, inoculated with virus

__
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Table 42
Bird M5610 =17
Group III-Challenge

Serum Neutralization Tests

Period  Virus# Virus Dilutions Serum
Weeks Titer 100 10-1 10-2 10-0 10% 10~° 106  Titer# NI
i
6 6472% 5 4 1 0 o0 0 1.50 5e22
10 Eel7¥ 5 4 0 0 o 0 1.38 4,79
12% 6450% 5 5 3 0o 0 2,17 4,33
1 6.,328% 5 5 1 0 o 0.63 5475
3 7.00%f 5 2 1 0 0,00 7400
5 6432% 5 3 1 1 0.56 5476
i 6,50% 5 5 3 0 1 1.34 5.16

% Challenge with virus

# PEndpoint not reached when serum was diluted 1:10. Virus

titer arbitrarily fixed at 1.0% to caleculate the IDgn NI
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Table 43
Bird M3E69N =18
Group III=-Challenge

Serum Neutralization Tests

La |

Tt g

Period Virus# Virus Dilutions Serum
Weeks Titer 100 1071 10°% 10™% 10~4 105 Titer# NI
v |
6% 6472% 5 5 2 1 0 0 0.00 6,72
10 6o17% 5 4 1 0 0 0 0.50 5,67

% After primary inoculation
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Table 44
Bird ¥H541C2 -~19
Group III=-Challenge

Serum Meutralization Tests

s

TP

Period Virus# ' Virus Dilutions

" Serum

weeks Titer 10° 1071 1072 1073 10-4 10~5 1076 10~7

1

Titer# NI

e e e, s

Of* 6.54 5 5 5 5 3 0
1 6450 5 65 4 3 0
) 5463 5 1 0 0 0
3 7o 32% 5 5 5 5 3 0
2 7o 32% 5 5 5 4 3 0
6 6.,72% 4 5 4 3 1
8 6432% 5 5 2 1 0
10 5417 5 5 1 1 0
12% 6450% 5 5 4 0 0
1 6,38 5 5 3 1 0
3 6,006 5 4 0 0 O
5 6,32 5 4 1 0 O 0
7 6,50« 5 5 4 1 0

#* Pre-exposure bleeding, inoculated with virus

* Challenge with virus

6417 0637
5.00 1.50
- 2463 300
4,17 3615
4,00 3432
300 3.72

1,00 5e32
1.75 4e42
2e38 4,12
1e32 5606
0.38 5462
0.50 5482
1.50 5,00
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Table 45

Summation of LD50 NIs

Group III-Challenge

R

Period

Weeks

50

NI

Pool

M3610-17
W3E6ON=-18 M4A00U=14 ME39U=~15 M727B2~16 M3610-17 M369N=-18 M541C2~]

o

® o s O M

10
12%

1l
3
5
7

3664
3¢ 57
4,82
5,09
4,69

4,48

M4149-13

3. 3 4.53

4,00
5.50
5.18
517

5,07
6e32
6415
6,00

1,04
2,00
2046
2682

3.82
3.22
2.82
2467
2,72

5422

4,79
4,33
575
7400
5476
5416

#* Pre-exposure bleeding, inoculated with virus

¥ Challenge with virus
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were obtained immediately prior to inocuiation and then at the
one and two week interval since this bird died because of
internal hemorrhage at the second week interval,

The results obtained in this stud¥y are shown in Tables
46, 47, 48, and Figures XXVII, XVIII,

The relative pefcentage distribution of serum Pro=
tein components of bird M346 =21 showed a greét decrease in
the albumin fraction one week after the normal tissue inoc-
ulation, Gama-globhulin increased ﬁhroughout the experiﬁental
périod up to and including the third week. Albumin values be~
gan to increase after the second wgek. Alpha l=globulin
increased during the first week but returned to an essentially
normal value after this period. Alpha 2=globulin varied in=-
consistently, while beta-globulin values remained approxi-
mately constant. (Table 46, Figure XXVII)

The electrophoretic analyses of sera from bird
ME73V =22 showed a rise in the albumin fraction and a general
decrease in the gamma-globulin throughout the experimental
period. Total alpha=-globulins and beta-globulin did not change
significantly. (Table 47, Figure XXVIII)

Sera from bird M645H -23 showed little change in the
relative vercentage didtribution of serum protein components
during the experimental period. (Table 48)

The results ohtained in this study varied with the
individual birds. There was little change in the serﬁ of bird
M6A5H -23 during the experiment. The analyses of sera from
bird M346B2 =81 showed a sharp decrease in the albumin/globulin

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Table 46
Bird M346 =21
Group IVa=Normal Tissue Suspension

Electrophoretio Analyses

Period Relative Per Cent Serum Component A/G Per Cent
Weeks Globulins | Serum
Albumin Alpha l1l- Alpha 2« Beta- Gamma- Protein
o* 39.4 9.8 7.1 10.4  33.3 0,65 4.91
1 29,6 13,0 5.1 12,5 39,8 0,42 4,56
30.1 8.2 7.7 11,7  42.3  0.43 5,69
3 3242 845 4,8 11.1 43,4 b.48

- 3.78

¥ Pre-inoculation bleeding, inoculated with normal tissue

suspension

_____ 4

—
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Figure XXVII
Bird M346B -21
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Table 47
Bird M673V =22
Group IVa=-Normal Tissue Suspension

Electrophoretic Analyses

Period Relative Per Cent Serum Component A/G Per Cent
Weeks Globulins Serum
Albumin Alpha 1- Alpha 2- Beta~- Gamma- Protein
o* 36,8 12,1 V7.4 9,0 34,7 0.58 4,21
1 37 4 11.1 645 846 3644 0,60 3.86
2 41,0 17, 043 3246 0.70 3486
3 40,8 19.4 8.0 31.8 0.69 4,00

% Pre-inoculation bleeding, inoculated with normal tissue

suspension
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Figure XXVIII
Bird M673V -22
Group IVa-Normal Tissue Suspension

Electrophoretic Patterns
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Figure XXVIII (cont,)
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Table 48
Bird M645H -23
Group IVa~Normal Tissue Suspension

Tlectrophoretic Analyses

Period Relative Per Cent Serum Component A/G Per Cent

Weekse Globulins Serum
Albumin Alpha 1- Alpha 2- Beta~- Gamma- Protein
o* 44,0 18,6 8¢5 29,2 0,79 4,13
1 42,3 17.2 8.9 31.6 0,73 3,78
2 43,6 18.8 845 29,1 0,77 3,78

¥* Pre-inoculation bleeding, inoculated with normal tissue

suspension

-
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ratio one week after inoculation such as was observed in sera
of bird M347B2 =6 in Group I which was also inoculated with

a normal tissue suspension, The same trend followed in the
sera of bird 1M400D2 =4 in Group I which was inoculated in the
same manner,

Sera from bird M673V =22 showed a steady increase
in thé albumin/globulin ratio after a normal tissue inoculation.
Upon examination at necropsy a non-specific enteritis was
observed which was not of demonstrable bacterial or parasitic
origin, ‘

Electrophoretic analyses of pre-inoculation sera
from birds of this group closely approximate the results
obtained by Sanders, et al (144) although gamma~-globulin
levels were elevated. In one case (ME73V -22) the albumin/
globulin ratio was low,

There was no significancz in the change of per cent
serum protein during the studye.

2. Lethal Doseg, Neutralization Indices

There wag no significant response in ID NIs after

5
inoculation with a normal tissue suspension. All gDso Nis
were normal (33, 57). (Tables 49, 50, 51, 52, Figures XXIX,
XXX, XXXI)
Birds M346B -21 and LEA4ADH =23 were normal at necropsye.
Hemagglutination-inhibition titers for Newcastle

disease were negative at all times,
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Table 49
Bird M346B =21
Group IVa-Normal Tissue Suspension

Serum Neutrzalization Tests

Period  Virus# Virus Dilutions Serum
Weeks  Titer 1072 10™° 104 105 1076 Titer# NI
0X 5484 5 5 5 2 1 5,00 0,84
1 6432 5 5 s 2 1 4.84 1,48
650 5 5 5 5 0 5,50 1,00
3 6438 5 5 4 3 2 5.33 1,05

¥ Pre-inoculation bleeding, inoculated with normal tissue

suspension
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Table 50
Bird M673V =22
Group IVa=Normal Tissue Suspension

Serum Weutralization Tests

- Period Virus# Virus Dilutions Serum
Weeks Titer 1072 10~3 1074 1075 10-6 Titer# NI
0¥ 5484 5 5 4 2 0 4,83 1,01
1 6432 5 5 5 11 4,75 1,57
2 6450 5 5 4 3 2 5e33 1,17
3 6438 5 5 A 4 2 5,54 0e84

¥ Pre-inoculation bleeding, inoculated with normal tissue

suspension
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Table 51
Bird M645H =23
Group IVa=Normal Tissue Suspension

Serum Neutralization Tests

Period Virus# Virus Dilutions Serum
Weeks riter 10° 1071 107 1073 10-4 107° 1076  Titer# NI
0 584 5 5 5 5 5 2 1 5400 6,84
1 €e32 5 5 5 2 0 4483 1,49
6450 5 5 5 4 0 5438 1,12

* Pre-inoculation bleeding, Inoculated with normal tissue

gsusvension
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Table 52

Surmation of LD5O MIs

Grouy IVa=YNormal Tissue Susvpension

B - ot oo

Period IDgy NI
eeks
13468 =-21 Me73V -22 MEAGH =23
o Ce84 1,01 Cel4
1 l.48 1e5%7 1.49
2 1.CO 1.1% 1.12
2 1.05 D.R4

¥* Pre-inoculation bleeding,

susrveneion

inceculated with norm=l tissue
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Be. Group IVb
1. Blectrophoretic Analyses

In order to determine if an injury such as a tracheal
scarification with a cotton-tipped ayplicator stick could alter
the serum elecirovhoretic patiernz or change the LD50 Nis
significanfly,.birds MB42A =24, 1B33H -25, and ME73U ~26 were
injured in this manner. The birds were bled immedlately prior
to0 injury and then at the one, two, and three week interval,
The results obtained on the relative percentage distribution
of the serum proteins are shown in Tables 53, 54, 55, and
Figure XXXII,.

The serum sample obtaiﬁed from bird M542A =24
immediately prior to trachezl injury shioved a very low ale-
bvumin/glctulin retic which increased markedly until the end
of the experiment. Although low zalbumin values and high gammae
glebuliin vaiues were found, this biréd waes normal al gross
necropsy examinaticn. {Table £3, Figure XXII)

The electrophoretic analyees c¢f sera from bird
VZ33E =25 ghowed no significant changes although a trend
of increasing albumin/glcobulin ratics was evident. {Table 54)

Serse. from bird ME73U -26 showed a slight decrease
in the relative percentage distribution of albumin durirg the
first week and a slight increazse in the gamma-globulin
fraction durirng the first and second weeks afler tracheal
injury. The other zlobulins did not change significantly
during the experimental period, z2lthough durirg the second

veek total zlpha-globulins decreased., (Table 55)
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Table 53
Bird MS542A -24
Group IVb-Tracheal Injury
Electrophoretic Analyses

Period Relative Per Cent Serum Component A/G Per Cent
Weeks Gldbulinsﬁ&“ Serum
aal Albumin Alpha 1l- Alpha 2- Beta=- Gamma- Prptein
0¥ 20.5 11,9 7 e5 14,4 45,7 C.26 4,91
1 2l.8 845 7«5 15,2 4740 0.28 4.56
2 25.6 12.5 52 13.6 43,7 0.33 4,39
3 1i.2 64" 1i.2 40,8 0.43 4,21

e T T i

% Pre-injury bleeding, subjected to trachesl injury
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Figure XXXII
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Figure XXXI1 (cont,)
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Table 54
Bird M333H =25
Grour IVb-Tracheal Injury

Blectrophoretiec Analyses

Period Relative Per Cent Serum Component A/G FPer Cent
Veeks Globulins Serum
) Albumin Zigﬁgwi:_klpha S= Beta=- Garma- Protein
o* 20,4 10.8 669 9.9' 22,0 0,68 4,04
1 3R 0 2l Ce2 317 0.€E1 4465
2 41,4 ~ 17.1 Ca.6 31.9 Ce71 D460
3 41.9 20.0 8.1 500 0,72 378

- —

* Pre-injurv bleeding, subjected to tracheal injury
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Table 585
Bird V673U -26
Group IVb=-Tracheal Injury

RElectrophoretic Analycses

Perioa Relative Per Cent Serum Component A/G Per Cent
Weeks Globulins Serum
| Albumin Alpba 1- Alphs 5- Reta- Gamma- Protein
o* 4044 l10.1 7e5 96 32,4 D.€8 4,74
1 372 19.1 D¢ 34,4 C.59 3,95
2 40,9 6.8 77 1048 - 34,1 0.E9 = 3.€9
3 39,3 17,9 9.4 33e4 0.65 34€9

¥ Pre-injury bleeding, subjected to tracheal injury
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The values ottained in the elecircerphioretic analyses

of pre-~injury serum samples from hirds of this group were found

Lo approximate the values obtained by Sanders, et sl (144)
irds MA3Z3IH =25 and M673U =26 but not in bird LE42A =24
as stated ghove., Camma=-glokulin levels were also higher
then in Sanderst' studye.
There were no significant findinge in the changes
of per cent serum proleir,
Ze Lethal Doseso Feutralization Indices
There were no clranges in LDSO Nile which cculd be
stlirituted to the effects cof trackezal injury. All LDSO Nie
were normal (33, 57). (Tables E6, 57, 58, 59, Figures JUXIII,
XXXIV, XXXV)
Birds M333H =25 znd N6T73U =2¢€ were found to be
normal al necropsy.
Hemzgglutination-inhitition titers for Yewcastle

disease were negative at all tinmes,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




Table 66

Bird 17H542A -24

Group IVb-Trachkesal Injury

Serum Neutralization Tests

Period Viruss# Virus Dilutions Serum
o Veeks Titer iz’z 10-% 10=4 10-5 10-6 Titer# NI
T
0% 5483 5 44 5 3% OF 5433 0450
1 6032 5 5 5 1 0 4,63  1.69
2 £e50 5 4 4 2 4.54 1,96
3 638 5 5 5 4 0 5.38  1.00

)

X Pre-injury ble

£ One embryo oub

eding, subjected to tracheal injury

of five inoculated died due to traum
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Table 5%
Bird ¥333% =25
Grour IVb~Tracheal Injury

Serum Neutralization Testg

Period Virus# | Virus Dilutions Serum
Teeks Titer 10~2 10~% 104 10-5 10-5 Titer# NI
i
0x 5 o 84 5 5 4 0 0 4,38 146
1 £ ¢ 32 5 5 5 3 2 5.50 0,82
2 6 ¢ 50 5 5 5 3 2 5450 1.00
3 €438 5 5 4 o 1 4.24 1.54

¥ Pre-injury bleeding, subjected to tracheal injury
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Table 58
Bird M673U =26
Group IVb=Tracheal Injury

Serum Neutralization Teats

————-

Period Virus# Virus Dilutions Serum
Weeks Titer 10"2 1072 10=4 1075 107° Titer# NI
wr
0% 5¢83 5 5 5 5 1 5,63 0420
1 Coe32 5 5 5 5 2 B5e83 0,49
2 €50 5 5 3 1 5632 1.18
3 €38 5 5 5 5 0 5.50 0.88

¥ Pre-injury bleeding, subjected to tracheal injury
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FIGURE XXXY
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Table 59
Surmation of LD5O NIs

Group IVb-Tracheal Injury

Period LDSO NI

VTeeks ‘
M542A -24  M333H =25 ME73U =26

0% 050 1.46 0.20
o 1.96 1.00 1.18

3 1.00 1.54 0.88

¥ Pre-injury tleeding, subjec.ted(fbo trachezl injury
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v

DISCUSSION

The effect of frequent vleedings snd the subsequent
serum protein depletidn is evident in the electrecphoretie
ratterns obtained in Group I. Eird W/727S =1, vhich was bled
at monthly intervals, did not show the decrease in the z2lbu~
min/globulin ratio as A&id the other birds which were bled
at weekly intervais, The serum electrophoretic patterns of
bird ¥7/27S -1 did not change to any significant extent
during the experimental periocd, Serum protein depletion
produced by either feeding low protein diets or by plasma-
“heresis has been showm tco change the serum electrophoretic
patterns by decreasing the altumin/globulin ratio (12, 21,
2%, 24, 26, 117, 174). Vany investigators have observed that
antitody fabricating mechanisms are impaired (11,20, 22,
117, 159, 1€8, 169, 170, 171) while others (4, 12) have
demonstrated that there is no difference in antibody fabri-
cating mechanisms of ncermal and hypoproteinemic subjects.
One must consider that in the present study one=third of the
tctal bloed volume was removed from each bird at each bleed-
ing periode.

Birds N¥H541B2 =2, 1M400D2 =4, N362V =5, and M347B2 -6,
which were bled at weekly intervals, showed an increase in
the z2ltumin/globulin ratio during the first or second weeks
of the experiment. A decrease in tre ratio occurred after this

period which persisted to the end of thre experiment. The
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increase seems to be the result of a stimﬁlation in the pro=-
duction of albumin earliy in the study. The stimulation of
albumin may vossibly be due te a mechanism activated in the
birds to compensate for the mechanical loss of albumin during
the first Tleeding period. This compensatory mechanism may

be necessary for maintenance of a constant serum osmotic
pressure which is dependent upon albumin (30). After the
2lbumin is cdecreased following the second week interval the
globuline increase. It is possible that the increase in
~globuling is necessary for maintenznce of the normal phys-
iological osmotic pressure after the decrease in zlbumin.,
Since osmotic pressure depends upon the number of particles
and not upon their size it may be nossible that the globulin
melecules must increase tc a quantity sufficient to compen-~
gate for the loss in albtumin molecules. The globulin molecules
are larger in size than albumin molecules a2nd therefore, a
greater number of globulin molecules may be needed to make

up for the decrease inr the osmotic pressure,

Bird N400D2 -4 was bled and tested as an individuzal
sample at the eighth and seventeenth weeks. It was also bled
at the twelfth week but the sample was used ase part of a
vocled serum sample. There was & marked decrease in the
elbumin/globulin ratio during these periods. At necropsy this
bird showed a non-specifie enteritis, This ccondition may, in
part, be responsible for the decrease in the albumin/globu=-
1in ratio in that a modification of the normal physiology
of the bird occurred whieh was reflected in a éhange of the
relative percentage distribution of the serum protein com=-

ponients,.
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Bird M4A00DZ2 -4 was inéculated with a normal lung
and tracheal suspension at the seventeenth week and bled
weekly. The albumin/globulin ratio continued to decreese.
This may have possibly been due to a ccmbination of the

\ ‘ effects of the weekly bleedinge resulting in serum protein
denletion and a low albumin level and as a result of the
non-specific enteritis,

[‘ ‘ Bird M347B2 =6 alsc showed an inc¢rease in the al-

bumin/globulin ratio prior to inoculation with a normal

tissue suspension ét the seventeenth week. This bird was
bled five weeks previously. It also showed a2 sharp decrease
in the 2lbumin/globulin ratio one week aftér inoculation
with normal tissue but an increase after this period. The

| decrease in albumin/globulin ratic was possibly due to the
? effects of the weekly bleedings after inoculation. Further
investigations into the yossibility of changes being pro-
duced in serum electrovhoretic patternse as a result of
normal tissue inoculations are needed,

Antibodies against infectious bronchitis virus were
not produced following inoculations of normal tissue, The
ID50 NIe of sera from birds of this group were considered
to be negative for infectious bronchitis (33, 57)e

Birds in Group II showed the same general type of
change in their electrophcretic ratterns., There was a sharp
decrease in the albumin/globulin ratioc early in the experi-
ment and arn increase during the latter portion of the ex-

periment., These changes in the albumin/globulin ratios were
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more marked in the sera of these birds than in séra of birds
in Group I. It seems vrobable that the changes in serum
electrophoretiec patterns of birds in Group II were due to a
combination of the effects of the frequent weelly bleedings
and to the zction of the virus, The decrease in the albumin/
glohulin ratio was most marked one and two weeks after inocu-

lation when the IDg, NIs were low, This faect is contrary to

L other studies (15, 80, 172) vhich demonstrated that increases

in globuling were zssociated with increases In antibody
titers,

A compensatory stimalation in the production of al-
bunin was not observed in the serum electrophoretic patterns
of birds in Group II.

Rirds M3E49T =10 and MB38H ~11 showed visecerzl and
neural lymphomatcesis, respectively, at necrcpsy. The 1L com=-
ponent, as described by Sanders, et al (144) was not observed
in the electrophicretic patterns of these birds. There is a
posgibility thet the L component may be an artifact as observed
in the patterns of the ascending limb since it seeme to e
comparable with the gamma-anomly of the pattexrn of the
descending 1inb. The L componant has been observed in the
ascending natterns of sera from hirds that 4id not show
manifestations of lymphomatosis,

Karzon and Bang (89) have hypothesized thst Newcasble
disease virus antibodies in chickens are not demonstrable
prior to the sizxth day after inoculation because antibodies

formed may have been hound to the antigen still present.
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aAntibodies detected after the sixth day m=ay have been indic-
ative of an excess of antibodies, The same may be true of
infectious bronchitis virus antibodies even thiouzh they can-
ot be detected as early after inoculation as antibodies
against Newecastle disease virus,

The serum LDSO NWIs of virds in Group 1I began to
inerease slowly during the first and second wveeks after inog=
ilation with the viruse After this period a marked increase
was observed. The maximum ILDgp NIs were reached between the
osixth and eighth weeks and decreased after this period. The
results compare favorably with those obiained by Page (130).

It is interesting to note that sera possessing
high IDgn NIs show normal electrophoretic patterus,

The changes in the LDBO NIs of the pooled serum
samples varied approximately 0.4 to 1.0 log unit from the
average of the LDBO IIs of the individualvserum samples
comprising the pooled samples, Additional work on this
provlem is needed to explain this Phenomerion,

Bifrnboe (13) has shown that upon immunization of
animales with various bacteria there is a definite change in
the serum electrophoretic mttern, represented by an increase
in gama-globulin and sometimes an increase and a marked
change in the alpha- and beta-globulins, Albumin is usually
decreased. Many investigators have_shown a direct correlation
tetween the rise in garma-globulin and increase in the anti-
Yvody titer (1, 13, 15, 43, 45, 83, 163), while others bhave not

shown anv correlation (80, 97, 117, 172). It seems possible
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that viruses do not behave in the same manner as bacteria do
in the formation of antibodies, Animals immunized with West-
ern and Venezuelan equine encephalomyelitis (95, 128), Jap-
anese B encephalitis (95), and influenza viruses (172) have
shown no definite changes in serun electrophoretic vatterns,
This phenomenon has also bheen observed in this investigation.
Sera from the birds with high LDSO NIs have shown normal
electrophoretic patterns, A chemical fractionation of sera
from birds exposed to infectious bronchitis virus would
vossibly be of aid in determining the neutralizing antibbdy'
content of each fractiomn. It is possible that in virus dise
eases there may be no change in the relative percentage of
serum components but there may bYe a modification of normal
globulin which functions as antibody without reflection

in the totzal globulin,

The serum electrophoretic patterns obtained in this
study did not seem to be specific for infectious bronchitis
since normal birds that were bled at weekly intervals also
showed the same general type of pattern. _ |

Many investigators (11, 12, 22, 159, 169, 170, 171)
have shown that serum protein depletion produced as a result
of feeding low protein diets or of plasmapheresis inhibit
the production of bacterial antibodies. Apparently the anti-
body response was not inhibited in the birds used in the
present study although serum protein depletion occurred due
to the frequent bleedings. It is possible that a threshold
was reached where antibody fabrication was not inhibited but

serum electrophoretic patterns could bhe altered.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




A'stu&y of the change in antibody resﬁonse and change
in serum electrophoretic patterns of birds bled at monthly
intervals is needed since it is evident that protein derletion
does not occur in birds that are bled at monthly intervals,

Birds in Group III were challenged at the twelfth
week, Very little change occurred in the serum electropho-
retic patterns although the sera possessed high IDg, NIs,

Antibodies have been shown to be produced in greater
quantities upon secondary inoculations (103). This was
confirmed with the birds of Gruop III vhich were challenged.
There was a marked increase in the LD50 NIs followinzg inoc=
ulation with the challenge virus. The EDSO NIs reached max-
cimum values between the third and fifth weeks after challenge
and were above those values obtained as a result of the pri-
mry inoculatione.

A further explanation for the fact that serum electro-
phoretic patterns are normal when LDBO ¥Is are at their peak
may be that the electrophoretic technique is not capadble
of detecting neutralizing antibodies to infectious bronchitis
Tirus vhich mzy be present in extremely minute quantities,

The Yodel 385, Perkin-Elmer Tiselius Hlectrophoresis Apparatus
used in this ctudy is not able to resolve protein concentra-
tions much helow 0,002 per cent in the presence of and relative
+0 another protein irn a concentration of approximately two perx
sent . However, it is vossikle to measure concentrations of
0.01 per cent protein in the presence of and relative to an-

other protein irn a concentration of approximately two per cent,
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Therefore, it is Lypothesized that the infectious bronechitis

virus neutralizing antibodies may have been present in such
low quantities as not to be detected by electropkoresis but

could be determined by the serum neutralization test,.

The fact that serum =zlectrophoretic patterns appear
rnormal when the LD50 HIs are high may point to the pathogenic
processes concerning viruses in general, Viruses are intra-
cellular parasites and viral antitodies may be produced differ-
ently from bacterial antibodies. Possitly during the production
of neutralizing arntibodies tolal globulins do rot change or
ircrease but there may be o modification of the existing
norral glotulins into antite ¥ glchulinse. This may, in part,
aceount for the fact that tlhere is no increase in any of the
seruim cormponents in hyperirrmune serum. This hypothesis can be
explored further by serum fractionation studies and the analysis
of each fraction for antitody content.

Birds in Greup IVa whick were inoculated with o normal
tissue suspenslon showed varicble results. Rird M34€6B =21
shhowed a decrease in the sltumin/gicbtulin ratio one week after
inoculations The ratié slowly Tegan to increase afﬁer this
vericd. It seems poscsible that in this instance also, serum
proteir depletion is responsible Tor the decreases in the alﬁumin/
globulin retios,

Pird ME7IV -22‘did not show the same type ol change as
bird 1346 -S1l. A steady increase in the albumin/slobulin
ratic occurred throughout the experimental period. This bird

showed s non=specific enteritis at necrocpsy as 4id bird l400D2 =4

g"

in Group I which was also irnoculated with 2 normal tissue
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suspension, An explanstion for this difference is difficult

3

‘k o] &

Y

ive at the present time. Further work is needed on the
effects of comblinations of serum pfotein depletion and norm=l
tissue iroculations upcn the serum electrophoretic patterns
in chickens. There is a poessibility that the different genetic
lines are responsible for the different serum electrorhoretic
patterns cbtained during the experiments., Another possibility
may be that bird MET3V =22 possessed 2 larger blood volume
and é1d not show the decrease in albumin/globulin ratio up

to the third week post-incculation. It may be poscible that
the albumin/globulin ratio would have changed after this
reriod but experimental data are not avaiiable due to the
termination of the investigation st the third week after
inoculation.

Bird NE4S5H -22 showed approximately the same changes
in serum electrophoretic patterns as did bird ME73IV =22,
Poseitly the same explanstions may be used for bird ME45H -23
as those given for bird ME73V =22,

IDen ¥Is did not inerease in sera from birds of this
gr OUD.

Birds in Group IVb, vwhich were subjected to & tracheal
injury using a cotton=tipped applicator stick also showed
variatle results,

Bird M542A -24 showed an extremely low albumin/zlobu=-
1in ratio at the first bleeding period. The ratio increased
steadily after this veriod. Although this bird possessed

quantities of serum protein components far telow accepted
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standards (144) it was normal at necropsy. A compensatory
timulation in the prcduction of albumin seems responsible
for the increase in the =zlbumin/globulin ratic in this bird
even though it was bled at weekly intervals. A continued
increase in the ratio may have cccurred as with birds in
Group I. Fossibly the original osmotic pressure present was
reduced to a2 point where additiomml globulins could not be
procduced to increase the osmotic pressure, Therefore, more
sl1bunin was produced to ccmpensate for this deficiency. Sera
from birds M333H =25 and N673U =26 showed no significant
chianges in the relative percentage Jdistribution of serum
vrotein compconernits., Serum protein cepletion did not seem to
be evident in these two birds. It may Te possible that marked
changes in the serﬁm electrophoretic patterns could occur
after the third week post=-injury. This is not known since
experimental data are not available due to termination of the
experiment a2t this period. A stimulatory effect in the pro-

duction of albumin was not observede.
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SUMMARY
1. Normal, adult Single Comb White Leghorm cockerels

were exposged tc a chicken-propagated strain of infectious
bronchitis virus, Sera were collected at certain time in-
tervals after exvosure and were anzlyzed by electrophoresis
and by the serum rneutralization test, Results are expressed
as relstive percentages of serum ecomponents and as the ILethal
Doseg Weutralization Indices (1350 TIs).

2 e ~ Selected birds were challenged with virus at *the
twelfth week, Post-challenge sera were analyzed by electro-
pheresis and by the serum neutralization testi,

3e The effeets of normal tissue inoculztions and trachealb
injuries upon the serum electrophoretic patterns and LDSO NIs
were also studiede.

4, Sera from normal birds that were bled at intervals

of four weeks or more did not show any significant changes in
tne relative percentage distribution of serum protein compo=-
nents, In some cases there was ar increase in the albumin/
globulin ratioe

Se Sera from normal birds that were bled at weekly ine
tervals showed an increase in the albumin/globulin ratios

early in the experimnt. After this period the ratios decreased,
These charges were possibly due to sserum protein depletion

czused by fregquent bleeding. A possible explanzation of this

prenomencn is Jdiscussed.
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Z e Birds that vevre éxposed to infecticus bronechitis
virus shewed marked decreases in the aldbumin/globulin ratios
durineg the first and second weeks, The ratios steadily ine
creased after this period and had returned to normal or

L were higher than pre~exposure levels at the twelfth week,

These values persisted for eight additional weeks,

7o ' The JD%O HIs increased slowly beginning at the first
[ and seeond weeks after exposure., After this period a marked
S .

) inerease wasg observed, Thne maximum ID NMis were reached

50
ebtween the sixth and eighth weeks and decreased after this

1] lla

o]

. Le o correlation was observed in the changes of serum

electrophioretic patterns and increase in the LDSO WIse When

1 serun elsctrophioretic patterns had returned to normal the
r LDRO ¥Is were at thelr maximuwn values,
Se Birds that were challenged at the twelfth week after

primary inoculation with virus did not show significant changes
in their serum electrophoretic patterns but there was an in-
crease in the LDSO NIs., A possible hypothesis for the results
obtained in this study is given.

10, The changes in serum electrophoretic patterns were

not specific for infectious bronchitis virus,

11, Sera obtained from birds that were inozculated with a
normal tissue suspension and that were subjected to a tracheal
injury showed varying resulte in the changes of albumin/globulin

ratios. Factors possibly resronsible for these changes are

dlscussed. Results obtained in this study do not give substantial
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evidence that these treatments alone were responsible for
the changes observed as they were possibly associated with
patterns of serum protein depletion or with patterns of
albumin stimmlation.

b 1z2. No increase in IDg, NIs wae observed in the sera of
birds inoculated with a normal tissue suspension or subjected

to a traocheal injurye.

——
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