
567

2009 Poultry Science 88:567–570
doi:10.3382/ps.2008-00394

Key words: digestive organ, F-strain Mycoplasma gallisepticum, inoculation, reproductive organ,  
6/85-strain Mycoplasma gallisepticum

ABSTRACT Two trials were conducted to determine 
the effects of a prelay 6/85-strain Mycoplasma gallisep-
ticum (6/85MG) vaccination alone or in conjunction 
with time-specific F-strain M. gallisepticum (FMG) 
inoculation overlays on the gross reproductive and di-
gestive organ characteristics of commercial egg-laying 
hens. In each trial, the following 4 treatments were ap-
plied: 1) sham vaccination at 10 wk of age; 2) vaccina-
tion of 6/85MG at 10 wk; 3) 6/85MG at 10 wk overlaid 
by FMG inoculation at 22 wk; and 4) 6/85MG at 10 
wk overlaid by FMG at 45 wk. Two birds per isolation 
pen (experimental replicate unit) were necropsied at 
the end of both trials to observe the effects of treatment 
on liver weight, liver lipid and moisture concentrations, 
incidence of fatty liver hemorrhagic syndrome, ovary 

weight, mature ovarian follicle numbers, and the total 
and segmental weights, lengths, and histologies of the 
oviduct and small intestine. The applied treatments af-
fected only liver moisture. Liver moisture content was 
greater in birds vaccinated with 6/85MG at 10 wk alone 
or in conjunction with FMG at 45 wk in comparison 
with sham vaccinated controls and birds that received 
a 6/85MG vaccination at 10 wk overlaid by an FMG 
inoculation at 22 wk. Prelay 6/85MG vaccinations may 
be a suitable substitute for prelay FMG inoculations, 
and FMG overlays during lay on prelay 6/85MG vac-
cinations may also provide continual protection against 
field-strain MG infections without eliciting any subse-
quent suppressive effects on performance, as noted in 
an earlier study.

Effects of 6/85-strain Mycoplasma gallisepticum vaccination alone at ten 
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inoculation overlays at twenty-two or forty-five weeks of age  
on the reproductive and digestive organs of commercial egg-laying hens1,2
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INTRODUCTION
Vaccination programs have been used on multi-age 

layer facilities to prevent production losses due to My-
coplasma gallisepticum (MG) infections (Carpenter 
et al., 1981; Mohammed et al., 1987). The F-strain of 
MG (FMG) has predominately been used because it 
can protect layers by its displacement of more virulent 
strains of MG (Levisohn and Kleven, 1981). Neverthe-
less, the prelay inoculation of pullets with FMG at 12 
wk of age has been shown to decrease total egg produc-
tion (EP) and to delay the onset of lay by as much 

as 1 wk (Burnham et al., 2002b). The 6/85 vaccine 
strain of MG (6/85MG) is apathogenic and is consid-
ered to be safer than FMG with negligible bird-to-bird 
transmission (Levisohn and Kleven, 1981; Kleven et al., 
1990). Although the prelay administration of 6/85MG 
is known to disrupt layer EP less than FMG, FMG bet-
ter protects flocks from the more virulent strains of MG 
(Kleven, 1998; Branton et al., 2002). Therefore, there 
are possible benefits of using a prelay 6/85MG vaccina-
tion in conjunction with FMG inoculations during lay.

The prelay vaccination of pullets with 6/85MG has 
recently been demonstrated to exert no suppressive ef-
fects on layer performance (Viscione et al., 2008b), but 
to elevate plasma protein levels during lay (Peebles et 
al., 2008), which was suggestive of a dehydration effect. 
Also, when prelay 6/85MG vaccinations were used in 
conjunction with FMG overlay inoculations at 45 wk, 
they resulted in increased serum calcium concentra-
tions during lay (Peebles et al., 2008), and when used 
in conjunction with FMG overlay inoculations at 22 
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wk, they resulted in reduced yolk/albumen ratios (Vis-
cione et al., 2008b), increased yolk moisture contents 
(Viscione et al., 2008a), and decreased yolk linolenic 
acid concentrations (Viscione et al., 2008a). However, 
no information is available concerning the associated 
effects of these treatment regimens on the digestive and 
reproductive organ characteristics of layers. Therefore, 
the goal of this study was to investigate the effects of 
a prelay 6/85MG vaccination alone or in conjunction 
with FMG inoculations during lay (22 or 45 wk of age) 
on the reproductive and digestive organ characteristics 
of commercial layers.

MATERIALS AND METHODS

Bird Management and Treatment
One-day-old Hy-Line W-36 Leghorn pullets used in 

each of 2 trials were obtained from a commercial hatch-
ery certified free of MG and Mycoplasma synoviae (MS; 
USDA-Animal and Plant Health Inspection Service-
Veterinary Services, 2003), and both trials were sub-
sequently conducted under an approved USDA Animal 
Care and Use protocol. Bird management and housing 
during the pullet and layer periods were as described 
by Viscione et al. (2008b). Nutrient levels in pullet and 
layer diets met or exceeded National Research Council 
(1994) recommendations. The ingredient percentages 
and the calculated and determined analyses of the diets 
were as described by Burnham et al. (2002b). In each 
trial, there were 10 hens assigned to each of 16 negative 
pressure isolation units, with 4 units assigned to each 
of 4 treatment groups.

Control birds received sham eye drop vaccinations 
in the right eye with 0.04 mL of sterile Frey’s broth 
media (Frey et al., 1968) at 10 wk of age. A second 
treated group of birds was administered 0.04 mL of 
6/85MG vaccine (Noblis MG 6/85, Intervet Inc., Mills-
boro, DE), via eye drop in the right eye, at 10 wk of age 
(6/85MG-10). In a third treatment group, birds vac-
cinated with 6/85MG at 10 wk received a 0.04-mL eye 
drop overlay inoculation of FMG (99th passage above 
the unknown level) in the left eye at 22 wk (6/85MG-
10, FMG-22), and a fourth treatment group was vac-
cinated with 6/85MG at 10 wk followed by a 45-wk 
overlay inoculation of FMG (6/85MG-10, FMG-45). 
The FMG culture was advanced after being received 
from S. H. Kleven (University of Georgia, Athens). Ti-
ters of the 6/85MG vaccine and FMG inoculum ad-
ministered at their respective times in each trial are 
provided by Viscione et al. (2008b).

Data Collection
At the end of each trial (wk 58), 2 birds from each 

replicate unit were killed by cervical dislocation follow-
ing an overnight (12 h) fast. Subsequently, the birds 
were weighed and select internal organs harvested. The 
following parameters were determined: liver weight; liv-

er moisture and lipid concentrations; incidence of fatty 
liver hemorrhagic syndrome (FLHS); ovary weight and 
mature follicle numbers; total oviduct weight and length; 
weights, lengths, and histologies of the infundibulum, 
magnum, isthmus, uterus, and vagina; total small in-
testine weight and length; and weights, lengths, and 
histologies of the duodenum, jejunum, and ileum. Liver, 
ovary, and total oviduct and small intestine weights 
were calculated as percentages of BW. Furthermore, 
oviduct and small intestine segment weights were cal-
culated as percentages of BW and total organ weight, 
and oviduct and small intestine segment lengths were 
calculated as percentages of total organ length. The 
number of mature yellow follicles (≥12 mm in diam-
eter) in an ovary was assigned a number from 0 to 5. 
Ovaries not having any mature follicles were assigned a 
0, whereas the maximum number assigned for mature 
yellow follicles was 5 (Burnham et al., 2002a). Absent 
(normal), moderate, and severe descriptions for inci-
dences of FLHS were assigned numbers 1, 2, and 3, 
respectively, by an individual observer.

Liver Moisture and Lipid Analysis
For analysis of liver moisture content, fresh liver 

samples (2 g) were dried according to the procedure 
of Peebles et al. (1999) in a commercial oven (Model 
EL20, General Electric Co., Chicago Heights, IL). Liver 
moisture content was calculated as the difference be-
tween the fresh and dry weights of the sample and was 
expressed as a percentage of fresh liver sample weight. 
For analysis of liver lipid content, lipid was extracted 
from fresh liver samples (3 g) according to the proce-
dure described previously by Bligh and Dyer (1959) 
and as modified by Latour et al. (1998). Liver lipid 
content was expressed as a percentage of total fresh 
liver sample weight.

Statistical Analysis
A completely randomized experimental design, with 

trial as a block, was employed. The data of both trials 
were pooled, then analyzed together. Therefore, the re-
sults from both trials were not reported independently 
but were reported over both trials. Trial was considered 
as a random effect. Data at 58 wk of age were subjected 
to one-way ANOVA to test for the effects of treatment. 
Individual sample data within each replicate unit 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-squared means were considered significant at P ≤ 
0.05. All data were analyzed using the MIXED proce-
dure of SAS software (SAS Institute, 2003).

RESULTS AND DISCUSSION
As noted in a companion article (Viscione et al., 

2008b), all initial tests confirmed that pullets were free 
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of MG and MS and that control birds remained free of 
MG and MS throughout each trial, whereas those birds 
vaccinated with 6/85MG with or without FMG inocu-
lation overlays tested positive for MG and negative for 
MS. Furthermore, the 6/85MG and FMG inoculated 
hens exhibited no outward pathological symptoms, and 
there were no treatment effects on mortality.

It has been previously reported by Burnham et al. 
(2002b) that weekly EP was delayed 1 wk and that to-
tal EP was reduced in layers inoculated with the FMG 
at 12 wk of age. Burnham et al. (2002a) later suggested 
that alterations in the performance and egg character-
istics of the layers examined were related to mutual 
functional disturbances in the liver, ovary, and oviduct. 
This suggestion was supported by results showing a 
reduction in mature ovarian follicle numbers, decreases 
in the isthmal and vaginal proportions of the oviduct, 
and increased incidences of FLHS in birds that demon-
strated depressed performance subsequent to FMG in-
oculation at 12 wk of age. However, the present results 
showed that the prelay vaccination of 6/85MG alone or 
in conjunction with FMG inoculation at 22 or 45 wk 
of age had no effect on FLHS incidence, liver histology, 
or on the same determined characteristics of the ovary 
and oviduct. Viscione et al. (2008b) also established 
earlier that FMG overlays at 22 or 45 wk on 6/85MG 
vaccinations at 10 wk caused no adverse effects on per-
formance, including weekly and total EP. This suggests 
that the prelay use of 6/85MG rather than FMG may 
eliminate the noted negative effects of prelay FMG in-
oculations on EP and the liver and reproductive organs 
of layers.

The treatments applied in this study did not af-
fect any of the parameters determined except for liver 
moisture content. Although the relative weights of the 
ovary, oviduct, small intestine, and liver were not af-
fected by treatment, the treatment means for relative 
ovary, oviduct, and small intestine weight are provided 
in Table 1 and the treatment means for relative liver 
weight are provided in Table 2 for observation. Fur-
thermore, although FLHS incidence and mature follicle 
numbers were not affected by treatment, the treatment 
means for each of these parameters are also subsequent-
ly provided for observation. In the control; 6/86MG-10; 

6/86MG-10, FMG-22; and 6/86MG-10, FMG-45 treat-
ment groups, mean FLHS incidence levels were 1.44, 
1.50, 1.38, and 1.31 (pooled SEM = 0.171), respective-
ly, and mean mature follicle numbers were 4.13, 4.25, 
3.75, and 3.92 (pooled SEM = 0.188), respectively.

Knowing the ability of MG to colonize the liver (Sahu 
and Olson, 1976) and invade cells (Winner et al., 2000), 
MG would be expected to alter liver lipid metabolism 
with associated effects on liver weight, histology, and 
lipid and moisture contents. A significant treatment ef-
fect (P ≤ 0.004) was found for liver moisture concen-
tration, but not for liver weight or lipid concentration 
in the current study (Table 2). Liver moisture concen-
tration was significantly higher in the 6/85MG-10 and 
6/85MG-10, FMG-45 treatment groups in comparison 
with the 6/85MG-10, FMG-22 and control treatment 
groups. Peebles et al. (1999) have reported that lipid 
uptake and storage in the avian liver has an inverse 
relationship with liver moisture content. Therefore, op-
posite trends in liver moisture and lipid concentrations 
would also be expected; however, this was not observed. 
This suggests that a prelay inoculation of 6/85MG 
alone or in conjunction with an FMG inoculation over-
lay at 45 wk can increase liver moisture without affect-
ing liver lipid levels in layers. The observed treatment 
effects on liver moisture were not associated with those 
for yolk moisture observed by Viscione et al. (2008a) or 
with those for plasma protein observed by Peebles et al. 
(2008). The functional significance of the treatment ef-
fects on liver moisture concentration is not understood; 
nevertheless, it is important to note that the treatment 
effects on plasma protein and on yolk and liver mois-
ture had no subsequent impact on layer performance, 
as demonstrated by Viscione et al. (2008b).

In conclusion, these current results in conjunction 
with those from previous companion studies establish 
that prelay 6/85MG inoculations may be a suitable 
substitute for prelay FMG inoculations. The combined 
results also suggest that the use of FMG inoculation 
overlays during lay subsequent to prelay 6/85MG vac-
cinations may provide continual protection against field 
strain MG infections without eliciting any subsequent 

Table 1. Percentages of ovary weight (OVAW), oviduct weight 
(OVIW), and small intestine weight (SIW) in control, 6/85MG 
at 10 wk (6/85MG-10), 6/85MG at 10 wk and 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 age1 

Treatment OVAW OVIW SIW

(%)
Control 2.90 4.16 1.66
6/85MG-10 2.80 4.03 1.54
6/85MG-10, FMG-22 2.70 3.61 1.48
6/85MG-10, FMG-45 2.63 4.02 1.45
Pooled SEM 0.16 0.29 0.13

1In each of 2 trials, 4 replicate isolation units, with 2 birds sampled 
from each unit, were used for calculation of treatment means.

Table 2. Percentages of liver weight (LW) and liver moisture 
(LM) and lipid (LL) contents in control, 6/85MG at 10 wk 
(6/85MG-10), 6/85MG at 10 wk and 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 age1 

Treatment LW LM LL

(%)
Control 1.80 42.5b 6.34
6/85MG-10 1.74 47.1a 7.17
6/85MG-10, FMG-22 1.87 40.6b 6.11
6/85MG-10, FMG-45 1.79 46.7a 7.35
Pooled SEM 0.17 10.2 1.31

a,bMeans within a column (parameter) with no common superscript 
differ significantly (P ≤ 0.05).

1In each of 2 trials, 4 replicate isolation units, with 2 birds sampled 
from each unit, were used for calculation of treatment means.
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suppressive effects on performance or the digestive and 
reproductive organs of commercial layers.
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