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ABSTRACT The effects of a prelay 6/85-strain Myco-
plasma gallisepticum (6/85MG) inoculation alone or in con-
junction with subsequent F-strain M. gallisepticum (FMG)
inoculations during lay on the internal egg characteristics
of commercial egg-laying hens were investigated. In the
first 2 treatment groups, birds were sham inoculated or
were inoculated with 6/85MG at 10 wk of age. In a third
treatment group, birds were inoculated with 6/85MG at
10 wk in conjunction with a subsequent inoculation of
FMG at 22 wk, and in a fourth treatment group, birds
were inoculated with 6/85MG at 10 wk in conjunction
with a subsequent inoculation of FMG at 45 wk. Percent-
age yolk weight, albumen weight, yolk moisture, and
yolk lipid were determined at 24, 32, 43, 47, and 58 wk
of hen age. The data from wk 24, 32, and 43 were analyzed
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INTRODUCTION

Vaccination programs are currently used to help pro-
tect commercial egg-laying flocks from field strains of
Mycoplasma gallisepticum (MG). The F (FMG), ts11, and
6/85 (6/85MG) strains of MG are commonly available for
use as live vaccines in the United States. Continuous use
of FMG vaccines for replacement flocks in multiage com-
mercial layer operations has been shown to protect flocks
from field strain infections (Kleven et al., 1990). However,
although vaccines are commercially available to help
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separately from those at wk 47 and 58. Furthermore, yolk
fatty acid profiles were determined at wk 58. The applied
treatments affected yolk moisture and fatty acid profiles.
Across wk 24, 32, and 43, yolk moisture content was
higher in birds inoculated with 6/85MG at 10 wk and
FMG at 22 wk when compared with control birds and
those inoculated with 6/85MG at 10 wk alone. In addition,
at wk 58, yolk palmitic, oleic, and linolenic acid concentra-
tions were affected differently by treatment. A 22-wk
FMG inoculation in birds previously inoculated with 6/
85MG at 10 wk may increase yolk moisture content, and
alterations in yolk palmitic, oleic, and linolenic acid levels
with treatment may be manifested by disturbances in
fatty acid synthesis.

lower egg production (EP) losses in commercial layers,
the vaccines themselves can cause drops in EP. The FMG
strain is known to depress the EP of layers when inocula
are administered at 12 or 22 wk (Peebles et al., 2008).
Studies using 6/85MG vaccines have noted that they ex-
hibit minimal virulence, rare to no transmissibility, and
resistance to challenges by virulent MG strains (Evans
and Hafez, 1992; Evans et al., 1992). Nevertheless, al-
though 6/85MG is less pathogenic and disruptive to EP
than FMG when administered prelay, FMG provides the
layer with more protection against virulent field-strain
MG infections than does 6/85MG (Kleven, 1998; Branton
et al., 2002; Burnham et al., 2002).

Because layer operators may acquire flocks already in-
oculated with 6/85MG, but desire to continue using the
FMG inoculation program familiar to them, vaccination
regimens involving the subsequent inoculation of FMG
during lay on a prelay 6/85MG inoculation may have
importance for commercial application. In a companion
article that examined the effects of 6/85MG inoculation
alone at 10 wk of age or in conjunction with subsequent
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FMG inoculations at 22 or 45 wk of age on the perfor-
mance of commercial egg-laying hens, Viscione et al.
(2008) suggested that prelay 6/85MG inoculations may
be a suitable substitute for prelay FMG inoculations, and
subsequent FMG inoculations during lay on prelay 6/
85MG inoculations may provide continual protection
without eliciting any subsequent suppressive effects on
performance. Branton et al. (2002) also concluded that
vaccination of commercial layer chickens at 10 wk of age
with 6/85MG does not detrimentally affect EP, egg size
distribution, or ovary and oviduct function. Nevertheless,
Burnham et al. (2003) noted that egg yolk composition
in commercial layers changed in response to an FMG
inoculation at 12 wk of age, and Peebles et al. (2006b)
found that postpeak yolk total lipid and fatty acid con-
tents were altered variably by the timing (10, 22, 45 wk
of age) of an S6-strain MG inoculation. These noted effects
of the above MG strains on yolk composition suggest
that 6/85MG might also affect yolk composition. Because
possible changes in internal egg content, including yolk
composition, may influence egg nutritional value and
consumer acceptance (Leeson and Caston, 1997; Herber-
McNeill and Van Elswyk, 1998), the possible effects of
6/85MG on the internal characteristics of eggs would be
of concern to the table egg industry. Therefore, the goal
of this study was to investigate the effects of a prelay
6/85MG inoculation given in conjunction with an FMG
inoculation during lay on the internal egg characteristics,
particularly those of the yolk, of commercial layers.

MATERIALS AND METHODS

Pullet Housing and Management

Two individual consecutive trials were conducted for
this study. In each of the 2 trials, 1,000 Hy-Line W-36
Single Comb White Leghorn pullets were obtained at 1
d of age from a commercial source that was monitored
and certified free of MG and Mycoplasma synoviae (USDA-
Animal and Plant Health Inspection Service-Veterinary
Services, 2003). Both trials were conducted under an ap-
proved USDA Animal Care and Use protocol. In the pre-
treatment pullet period, chickens were raised on clean,
dry litter in a 5.5 × 6.1 m section of a conventional poultry
house with an initial flock density of 0.034 m2/bird.
Chicks were vaccinated at 10 d of age for infectious bursal
disease via the drinking water. At 12 d and again at 4
wk of age, chicks were vaccinated for Newcastle disease
and infectious bronchitis by the same route. At 9 wk of
age in trial 1 and at 6 wk of age in trial 2, blood and
choanal cleft swabs were collected from 10 randomly se-
lected pullets to test for the presence of MG and M. synov-
iae. Further details of pretreatment pullet rearing and of
blood and swab sample testing procedures are described
by Peebles et al. (2006a).

At 10 wk of age in each trial, 11 pullets were randomly
assigned to each of 16 negative pressure fiberglass biologi-
cal isolation units (1.16 m2/unit; total of 176 pullets). The
temperatures inside each biological unit were maintained

at 25°C. The units were located in a USDA poultry disease
isolation facility described previously at the same USDA
research laboratory (Branton and Simmons, 1992). All
birds were wing-banded for purposes of identification
and individual data collection.

Layer Housing and Management

At initiation of lay (18 wk of age), the number of birds
in each treatment unit was reduced to 10 (total of 160
pullets), resulting in a bird density of 0.116 m2/bird for
the duration of each trial. In each trial, 4 negative-pressure
isolation units were assigned to each of 4 treatments, and
each treatment was represented by one row of the 4 units.
In trial 2, the location of treatments within the isolation
facility was different from that in trial 1 to ensure environ-
mental randomization between trials. Beginning at 18 wk
of age, the duration of the artificial lighting schedule was
increased by 15 min/d until a cycle of 16 h 15 min of
light per 7 h 45 min of dark was achieved in trial 1, and
a cycle of 17 h 15 min of light per 6 h 45 min of dark was
achieved in trial 2. These artificial lighting programs were
maintained through the end of both trials.

Pullet and Layer Diets

For the duration of each trial, chickens had ad libitum
access to feed and water. Diets in both trials were formu-
lated according to the age of the birds and included the
following: starter (0 to 6 wk), grower (7 to 12 wk), devel-
oper (13 to 18 wk), prelay (18 to 19 wk), and layer (20 to
60 wk). All diets were formulated to meet or exceed NRC
(1994) recommendations. Ingredient percentages, and cal-
culated and determined analyses of these diets were pro-
vided by Burnham et al. (2002). In both trials, CP and
Lys percentages in the layer diet were adjusted according
to the percentage of feed consumed per bird every 28 d
until trial termination. No medication was administered
during either trial.

6/85MG and FMG Inoculation

Four replicate isolation units were assigned to one of
the following treatment groups on administration of treat-
ment inocula: control birds received sham inoculations
in the right eye with 0.04 mL of sterile Frey’s broth me-
dium (Frey et al., 1968) at 10 wk of age. A second treat-
ment group of birds was inoculated with a 24-h broth
culture of 6/85MG at 10 wk of age (6/85MG-10). In a
third treatment group, birds were inoculated with 6/
85MG at 10 wk and subsequently received an inoculation
of FMG at 22 wk (6/85MG-10, FMG-22); and in a fourth
treatment group, birds that were inoculated with 6/85MG
at 10 wk received a subsequent inoculation of FMG at 45
wk (6/85MG-10, FMG-45). Of the 16 total units, 4 replicate
units served as sham-inoculated controls throughout the
study. Until wk 22, the replicate units ultimately assigned
to the third and fourth treatment groups were included
among those replicate units that had been assigned to the
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second treatment (12 replicates in treatment 2), and until
wk 45, the replicate units that were eventually assigned
to the fourth treatment group were included among those
replicate units that had been assigned to the second treat-
ment (8 replicates in treatment 2). Beginning on wk 45, 4
replicate units belonged to each of the 4 treatment groups.
Mycoplasma gallisepticum organisms were advanced after
being received from S. H. Kleven (University of Georgia,
Athens, GA) at the 212th passage. Titers of the inocula
in each trial were as described by Viscione et al. (2008).

Mycoplasma Detection

At 58 wk of age in both trials, 3 randomly selected hens
from each replicate unit in each of the 4 treatment groups
(sham inoculated, inoculated with 6/85MG alone, or 6/
85MG with subsequent FMG inoculations at 22 or 45 wk
of age during lay) were bled from a wing vein and were
swabbed to test for the presence of MG. Testing proce-
dures at this time were the same as those for pullets.

Data Collection

Percentages of yolk weight (PY), albumen weight (PA),
yolk moisture (YM), and yolk lipid (YL) were determined
at wk 24, 32, 43, 47, and 58. Furthermore, yolk fatty acid
profiles were determined at wk 58. Fatty acid profiles
included determination of myristic, palmitic, palmitoleic,
stearic, oleic, linoleic, linolenic, and arachidonic acid con-
centrations. For determination of the above-mentioned
internal egg quality parameters, a total of at least 10 eggs
were collected from each replicate unit for an accurate
estimate of each parameter (Buss, 1984). If less than 10
eggs were collected on a given day, the rest were collected
the following day of the same week. Nevertheless, deter-
minations were made on the same day that eggs were
collected. Relative egg yolk and albumen weights were
expressed as percentages of total egg weight.

Quantification of Yolk Moisture
and Lipid Content

For the determination of YM, fresh yolk samples (2 g)
were dried according to the procedure of Peebles et al.
(1999). Yolk moisture was calculated as the difference
between the fresh and dry weight of the sample and was
expressed as a percentage of fresh sample weight. For
analysis of YL, lipid was extracted from a 3-g sample of
fresh yolk according to the procedure described by Bligh
and Dryer (1959), and as modified by Latour et al. (1998).
Yolk lipid concentration was expressed in terms of dry
lipid sample weight as a percentage of total fresh yolk
sample weight.

Methyl Esterification of Yolk Lipids
and Chromatographic Analysis
of Yolk Contents

Duplicate lipid samples were methylated according to
the procedure described by Morrison and Smith (1964).

A Multi-Block system (Lab-Line Instruments Inc., Melrose
Park, IL) was used to boil each sample in a test tube at
80 ± 0.5°C for 30 min. A 200-�L aliquot of the solution
was placed in a 2-mL gas chromatography vial along with
400 �L of isooctane and sealed with a rubber-lined cap
for further fatty acid analyses by gas chromatography.
Fatty acid profiles of duplicate yolk lipid samples were
determined with a 5890 A Series I gas chromatograph
(Hewlett-Packard Co., Boise, ID) according to the proce-
dure by Latour et al. (1998). Fatty acids were identified by
comparing peak retention times against polyunsaturated
fatty acids and rapeseed oil. The standards were injected
periodically to ensure accurate measurement by the gas
chromatograph. The individual fatty acids retained by
the gas chromatograph were expressed as a percentage
of the total fatty acid content of the fresh yolk sample.

Statistical Analysis

A completely randomized experimental design, with
trial as a block, was used. Data from wk 22 through 44
(age interval 1) and from wk 45 through 58 (age interval
2) were analyzed separately. The data from both trials
were pooled and analyzed together. Therefore, the results
from both trials were not reported independently but
were reported over both trials. Trial was considered as a
random effect. Because all parameters were examined at
multiple age periods in each age interval, all data within
each age interval were subjected to a repeated measures
analysis. In the first age interval, control birds and those
having had 6/85MG-10 and 6/85MG-10, FMG-22 inocula-
tions were compared. In the second age interval, the con-
trol; 6/85MG-10; 6/85MG-10, FMG-22; and 6/85MG-10,
FMG-45 groups were compared. Individual sample data
within each of these replicate units were averaged before
analysis. Least squares means were compared in the event
of significant global effects (Steel and Torrie, 1980). Global
effects and differences among least squares means were
considered significant at P ≤ 0.05. All data were analyzed
by using the MIXED procedure of SAS software (SAS
Institute, 2003).

RESULTS AND DISCUSSION

All initial test results obtained from pullets were nega-
tive for MG and MS, and at the end of each trial (58 wk
of age), tests verified systemic infections in 6/85MG- and
FMG-inoculated hens. Conversely, sham-inoculated
birds remained free of MG throughout the study. The 6/
85MG- and FMG-inoculated hens exhibited no outward
pathological symptoms.

There was no significant treatment main effect or age
× treatment interaction for PY in interval 1 (wk 22 through
44). Nevertheless, there was a significant (P ≤ 0.005) age
main effect on PY in interval 1. Percentage egg yolk
weight at wk 24, 32, and 43 was 24.3, 26.1, and 27.7%,
respectively (pooled SEM = 0.52). Percentage yolk weight
was significantly higher at wk 43 than that at wk 32, and
PY at wk 32 was also higher than that at wk 24. There



6/85- AND F-STRAIN MYCOPLASMA GALLISEPTICUM AND EGG CHARACTERISTICS 1123

Table 1. Summary of significant main effects for all affected parameters
within age intervals 1 (wk 22 through 44) and 2 (wk 45 through 58)1

Age interval

Parameter 1 2

Yolk weight (%) Age (P ≤ 0.005) —
Yolk moisture (%) Treatment (P ≤ 0.009) —
Yolk palmitic acid (%) — Treatment (P ≤ 0.02)
Yolk oleic acid (%) — Treatment (P ≤ 0.03)
Yolk linolenic acid (%) — Treatment (P ≤ 0.04)

1No significant age × treatment interactions were found for any of
the parameters in either age interval.

were no noted significant effects on PY in interval 2 (wk
45 through 58), percentage of albumen weight, or YL in
age intervals 1 and 2, or on YM in interval 2. However,
there was a significant treatment main effect (P ≤ 0.009)
on YM in interval 1. Egg yolk moisture concentration in
the control; 6/85MG-10; and 6/85MG-10, FMG-22 treat-
ment groups in age interval 1 (across wk 24, 32, and 43)
was 48.2, 48.8, and 49.7%, respectively (pooled SEM =
0.46). Yolk moisture content was higher in birds from the
6/85MG-10, FMG-22 treatment group when compared
with control birds and those inoculated with 6/85MG at
10 wk alone. No significant age main effect or age ×
treatment interaction was found for YM in interval 1. A
summary of the significant effects noted for the above
parameters is provided in Table 1.

Unlike the results of Burnham et al. (2003), who found
no effect of a 12-wk FMG inoculation on YM, in this study
YM was found to be significantly higher in the 6/85MG-
10, FMG-22 treatment group compared with both the
control and 6/85MG-10 treatment groups in interval 2.
It is suggested that associated changes in YM reflect
changes in the hydration status of the birds exposed to
the inoculation regimens in this study. These data also
indicate that the inoculation treatments used influenced
the hydration status of the layers without affecting over-
all performance.

Significant treatment main effects at wk 58 (interval 2)
were found only for yolk palmitic (P ≤ 0.02), oleic (P ≤
0.03), and linolenic (P ≤ 0.04) acid concentrations (Table
2). Palmitic acid concentrations were higher in the 6/
85MG-10, FMG-22 inoculation group compared with the
6/85MG-10 and 6/5MG-10, FMG-45 treatment groups,
with the control group intermediate. However, oleic acid
concentrations were higher in the 6/85MG-10 group com-
pared with the 6/85MG-10, FMG-22 and control groups,
with the 6/85MG-10, FMG-45 treatment group intermedi-
ate. Linolenic acid concentrations in control birds were
higher than those in the 6/85MG-10 birds, with the 6/
85MG-10, FMG-45 group intermediate. Furthermore, the
6/85MG-10, FMG-45 birds had a higher yolk linolenic
acid concentration than did the 6/85MG-10, FMG-22
group, with the 6/85MG-10 group intermediate. A sum-
mary of the significant effects noted for the above parame-
ters is provided in Table 1.

In a report by Burnham et al. (2003), in which egg yolk
composition was altered by 12-wk FMG inoculations, it

Table 2. Yolk palmitic, oleic, and linolenic acid concentrations (% of
total yolk fatty acids) in control, 6/85-strain Mycoplasma gallisepticum
(6/85MG) at 10 wk (6/85MG-10), 6/85MG at 10 wk and F-strain M.
gallisepticum (FMG) at 22 wk (6/85MG-10, FMG-22), and 6/85MG at 10
wk and FMG at 45 wk (6/85MG-10, FMG-45) treatment groups at 58
wk of age (age interval 2)1

Palmitic Oleic Linolenic
Treatment acid acid acid

(%)
Control 31.7ab 31.2b 0.150a

6/85MG-10 31.3b 32.2a 0.113bc

6/85MG-10, FMG-22 32.1a 31.0b 0.097c

6/85MG-10, FMG-45 31.4b 31.6ab 0.138ab

SEM 0.28 0.43 0.0226

a–cMeans among column with no common superscript differ (P ≤
0.05).

1n = 4 replicate units used for calculation of means within each treat-
ment group.

was concluded that the alterations in EP were associated
with colonization of the liver by FMG, with subsequent
functional disturbances in the metabolism of liver lipids
and the deposition of circulating lipids in the ovarian
follicles. Furthermore, Burnham et al. (2003) more spe-
cifically reported that yolk total lipid and cholesterol were
decreased; linoleic, stearic, and arachidonic acid concen-
trations were increased; and yolk myristic, palmitoleic,
and oleic acid concentrations were decreased by 12-wk
FMG inoculations.

Similar to the results of Burnham et al. (2003), treatment
effects on the yolk fatty acid profile were found in this
study. However, specific changes in the fatty acid profile
of the yolk were different in response to treatment. The
yolk concentrations of palmitic, oleic, and linolenic acids
were affected by the 10-wk 6/85MG inoculation and the
subsequent FMG inoculations during lay. Taken together,
these results suggest that the inoculation regimen used
in this study may have affected fatty acid elongation and
desaturation processes in the liver endoplasmic reticula
of the hens. Included in fatty acid synthesis, palmitic acid
is elongated and desaturated to form oleic acid. Oleic acid
then undergoes further desaturation to form linolenic acid
(Lehninger, 1975). Palmitic acid concentrations were sig-
nificantly higher in 6/85MG-10, FMG-22 birds compared
with 6/85MG-10 and 6/85MG-10, FMG-45 birds, with
control birds intermediate. Oleic acid concentrations were
significantly lower for the 6/85MG-10, FMG-22 and con-
trol birds when compared with the 6/85MG-10 birds,
with the 6/85MG-10, FMG-45 birds intermediate. Linole-
nic acid concentrations were higher in control birds when
compared with the 6/85MG-10 and 6/85MG-10, FMG-
22 treatment groups, with the 6/85MG-10, FMG-45 group
being intermediate.

In general, the 6/85MG-10 inoculation may have
blocked or interfered with the desaturation of oleic acid
to linolenic acid. A depression in the desaturation process
without a concomitant increase in oleic acid may have
likewise occurred when the 6/85MG-10 inoculation was
given in conjunction with the subsequent FMG inocula-
tion at 22 wk. In addition, the subsequent FMG inocula-
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tion at 22 wk in birds given a prelay 6/85MG inoculation
at 10 wk may have interfered with the elongation of pal-
mitic to oleic acid, leading to an associated increase in
palmitic acid in the 6/85MG-10, FMG-22-treated birds.
Using the same birds under the same inoculation regi-
mens as in this study, Viscione et al. (2008) noted no
treatment effects on layer performance. Therefore, as for
YM, these fatty acid differences were unrelated to per-
formance.

In conclusion, changes in layer yolk fatty acid profiles
in response to prelay 6/85MG inoculation alone or in
conjunction with FMG inoculations during lay may be
manifested by disturbances in fatty acid synthesis, and a
22-wk FMG inoculation in hens previously inoculated
with 6/85MG at 10 wk may increase their YM content.
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