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Summary. Abnormal cells and macrophages found in white and
yellow turkey semen were studied by electron microscopy. Yellow semen
contained many abnormal cells, most of which were large and round
or smaller and ellipsoidal. It was concluded that they were aberrant
spermatids, with differentiation being more complete in the smaller
cells. Only a few cells of the smaller type were detected in normal
white semen. Macrophages were occasionally seen in white semen
but were numerous in yellow semen. Phagocytic vacuoles of these
cells contained structural elements of spermatozoa and abnormal
spermatids. Virus particles were not detected in any of the seminal
cells observed.

Ultrastructure studies ofcultured testicular cells obtained from several
of the turkeys examined showed the presence of intranuclear Herpesvirus
particles in germinal cells. Macrophages from the testicular cultures
seldom were seen with intranuclear Herpesvirus, although these cells
commonly were found with Herpesvirus particles and cellular debris
contained within phagocytic vacuoles.

INTRODUCTION
Poor fertility of unknown aetiology is often encountered by commercial
turkey breeders (Lorenz, 1970). The problem is exacerbated by a lack of
warning, since afflicted birds show few if any symptoms. Fertility in turkeys is
significantly influenced by the performance of individual males (Kammerer
et al., 1972), and it has been suggested that deterioration in semen quality
may sometimes account for reduced reproductive performance (McCartney,
1956).

Saeki (1960) showed that low fertility was a problem in cockerels whose
semen contained high numbers of crooked-necked spermatozoa. Saeki &
Brown (1962) also found that turkey toms which produced discoloured yellow
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semen did not reproduce as efficiently as males yielding white semen due to
the presence of many crooked-necked spermatozoa in the yellow semen.
Cherms (1968) provided further evidence that turkey males with yellow semen

were less fertile than those producing normal white semen.

Despite the above findings, detailed reports on yellow semen production
and its association with low fertility are absent from the literature. In many
instances we have found that low fertility in turkey breeders was associated
with hens bred to males producing yellow semen. This communication describes
the ultrastructure of abnormal cells which were observed in selected yellow and
white semen samples from turkeys and confirms that Herpesvirus particles are

present within cultured testicular cells, particularly those from males which
had produced yellow semen. The data support the work of Adldinger et al.
(1974) which indicates that herpesviruses may have a role in abnormal sperma-
togenesis with concomitant low fertility in the male turkey.

MATERIALS AND METHODS
Selection of males

Birds used in this study were yearling bronze or white breeder males main¬
tained by the Poultry Husbandry Department of the University of Missouri-
Columbia. The semen quality of 210 toms was scored to determine the incidence
of yellow semen production and to select males for further electron microscope
studies. The flock was sampled in the 4th month of a 6-month breeding season,
at which time the birds were maintained on a 14 hr light/10 hr dark diurnal
cycle. Semen was collected by a massage technique (Burrows & Quinn, 1937)
and scored using plasma colour and numbers of abnormal cells as evaluation
criteria. For light microscopic examinations, a drop of fresh semen was placed
on a slide and mixed approximately 1:1 with a 1 % eosin blue, 2 % nigrosin
live-dead stain (Friars & Chatterjee, 1969). The remaining semen was centri-
fuged for 30 min at 2000 g and the plasma colour was estimated (yellow or

white) against a blue background.
Electron microscopy of semen

Eight samples of yellow and eight of white semen were collected from
selected males. A small aliquot of each sample was taken to obtain haemo-
cytometer counts ofabnormal cells, and the remaining portion was immediately
diluted with an equal volume of Millonig's buffer at pH 7-4 (Millonig, 1962)
and gently centrifuged for 10 min. The supernatant was then withdrawn and a

few cells were aspirated from the pellet into the tip of a Pasteur pipette. The
pipette was then immersed into cold (4°C) Millonig's buffered 3% glut-
araldehyde, followed by gentle evacuation of the cells into the glutaraldehyde
solution. A long columnar-shaped clump of cells was formed that was easily
infiltrated and embedded. After 1 hr of fixation, the cells were washed twice
for 10 min with Millonig's buffer. The samples were post-fixed using 1 %
Millonig's buffered osmic acid for 30 min (4°C) and a 2% solution for an

additional 30 min (4°C), then dehydrated in ethanol, cleared in propylene
oxide and embedded in Epon (Luft, 1961). Silver sections were cut using a
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diamond knife and post-stained for 15 min in 1 % methanolic uranyl acetate
followed by 4 min in Reynold's lead citrate (Reynolds, 1963). The sections were
examined with a Philips 300 or RCA 3G electron microscope.
Electron microscopy of cultured testicular cells

Ten males producing white semen were killed and their testes collected for
the preparation of primary monolayer cultures. After incubation for 7 days the
cell monolayers of the primary testicular cultures were removed with 0-25%
trypsin in phosphate-buffered saline, and the cells were replated. The resulting
secondary testicular cell monolayers from four males which had produced yellow
semen and two which had produced white semen were fixed for electron micro¬
scopy when cellular changes typical of Herpesvirus infection had developed.
The techniques used for cell cultures and electron microscopy have been
previously described (Churchill, 1965; Adldinger et al., 1974).

RESULTS

Light microscopy
Of the 210 males screened, 28 were found to produce semen with deep yellow

plasma, and all of these samples contained many of the cell abnormalities
described below. An additional 21 males were classified as borderline cases,
having slightly yellow seminal plasma with fewer semen abnormalities than the
males with yellow plasma. The remaining 161 toms produced semen with white
plasma which contained few abnormal cells. Two cell types found in semen were
classified as normal : properly formed spermatozoa and large, rounded macro¬

phages. The abnormal cells observed were classified as follows: (1) deformed
spermatozoa consisting mainly of bent or bulbous heads, (2) large, rounded
cells, (3) smaller, ellipsoidal cells, some of which appeared to be flagellated.
The cell counts of the eight yellow and eight white semen samples were in¬
clusive of all abnormalities, since precise differentiation into the assigned types
was difficult at the light microscope level. The mean number of abnormal
cells in the white semen samples was 35,200/ml with a range of 4000 to 56,000/
ml. Macrophage counts ranged from 0 to 8000/ml with a mean of 4000/ml. In
contrast, the concentration of abnormal cells in the yellow semen samples was
much higher, ranging from 156,000 to 932,000/ml, with a mean of 342,400/ml.
Macrophage numbers in the yellow semen were also increased (range 16,000 to
76,000/ml; mean 43,200/ml).
Electron microscopy

Semen. For purposes of ultrastructural analysis, the large, round cells were
classified as Type I and the smaller, elliptical cells as Type II abnormalities.
The ultrastructure of abnormal spermatozoa with bent heads and coiled tails
was not studied since they are seen in the electron microscope only if cut in
perfect longitudinal sections. In addition, gross observations of the live-dead
stain preparations usually revealed the presence of many more Type I and
Type II abnormalities than there were malformed spermatozoa in yellow semen.

The Type I cells were nearly always greater than 8 µ  in diameter and were
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usually the most numerous abnormal cell type seen in the samples of yellow
semen (PI. 1, Fig. 2), but were rarely observed in normal white semen samples
(PI. 1, Fig. 1). The ultrastructure of the Type I cells was generally pleo-
morphic; the cells contained organdíes similar to those found in the early
stages of domestic fowl spermatids (Nagano, 1962). Unlike early developing
spermatids, cytoplasmic organelle organization was random in most of the
Type I cells (PI. 2, Fig. 4). When visible in appropriate sections, the nuclear
chromatin appeared partly or almost completely condensed (PI. 2, Figs 3 and
4). The mitochondria cristae were arranged parallel to the outer membrane, a
characteristic of sperm mitochondria (PI. 2, Fig. 4). Other frequently observed
intracellular structures of these cells included numerous vacuoles, lamellar
formations and multiples of two or more oddly shaped nuclei, centrioles or
axonemal complexes (PI. 2, Fig. 4). Occasional Type I cells were seen which
presented evidence that spermiogenesis had been initiated with some degree
of order as exemplified by the presence of post-nuclear centrióle complexes and
partly developed mitochondrial spirals (PI. 2, Fig. 3).

Type II cells were observed in samples of white and yellow semen, although
they were usually fewer in number than the larger Type I cells in the samples of
yellow semen (PI. 1, Figs 1 and 2). These cells were elongate rather than
round when cut in longitudinal section (PI. 3, Fig. 5) and their long diameter
was usually less than 6 µ  . Characteristics of the Type II abnormalities included
highly condensed nuclear chromatin and complete 9 + 2 axial filament com¬

plexes, typical ofsperm flagellae (Bloom & Fawcett, 1969), which were present
in multiples of the normal sperm complement (PI. 3, Fig. 5). The ultrastructure
of each Type II cell was unique, and it was not uncommon for these cells to
contain other sperm structures, including formed acrosomes and midpieces. As
in the majority of the Type I cells, mitochondria and other organdíes of these
cells were randomly dispersed (PI. 3, Fig. 5).

Seminal macrophages were easily differentiated from abnormal cells on the
basis of their immense cytoplasmic vacuolation (PI. 3, Fig. 6). These cells
were frequently observed in sections of the yellow semen samples, but few were
seen in sections ofwhite semen. The phagocytes were of variable size, and their
diameters often exceeded 10 µ  . The macrophages appeared to trap sperma¬
tozoa and Type II cells by the extension of pseudopodia (PI. 3, Fig. 7 ; PI. 4,
Fig. 8). Evidence of engulfment of the larger cells was not seen. Remnants of
spermatozoa, including mitochondria and flagellar filaments, were found in
vacuoles of some of the macrophages (PI. 4, Figs 8 and 9). Vacuoles were seen
to be open to the external environment, and membranous material projected
from within (PI. 3, Fig. 6). The macrophage ultrastructure and assumed
activity was similar in all the yellow and white semen samples studied. Virus
particles were not detected in any cells from the yellow or white semen samples
that were examined.

Testicular cell cultures
A few foci ofHerpesvirus-inkcted cells developed within 2 weeks in the primary

cultures of testis cells from the males which had produced yellow semen, but
subculturing produced numerous infected cells within 3 to 7 days. It was
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PLATE 1

Fig. 1. Spermatozoa from a turkey male producing white semen and with no history
of gross semen abnormalities. Acrosomal (A), nuclear (N), midpiece (M) and flagellar
(F) regions are shown cut at various angles. A few of the smaller deformed cell types (Ab)
are also present,  7425.
Fig. 2. This micrograph shows the cell types associated with yellow semen production.
Large rounded cells (A) classified as Type I abnormalities occur in abundance together
with the smaller Type II deformities (Ab),  3375.

(Facing p. 238)
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PLATE 2

Fig. 3. Various degrees of orderly differentiation were occasionally observed in the
Type I abnormal cells including partly condensed chromatin (N), post-nuclear alignment
of the distal centrioles (C), and early formation of the mitochondrial spiral (M).
 10,125.
Fig. 4. A Type I cell with ultrastructural characteristics typical of most cells of this class,
including random arrangements of mitochondria (M), vacuoles (V), bizarre nuclei (N),
arrays of lamellated or filamentous membranes (L) and a finely granular cvtoplasm.
 12,600.
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PLATE 3

Fig. 5. A small Type II abnormal cell showing multiples of complete axonemal structures
(A) which are characteristic of sperm flagella. Note the highly condensed nuclear chroma¬
tin (N). M, mitochondria,  21,000.
Fig. 6. A seminal macrophage (M) with highly vacuolated (V) cytoplasm. This charac¬
teristic was useful in distinguishing the phagocytes from abnormal cells of Types I and
II. x4620.
Fig. 7. A macrophage with pseudopodia (P) extended bilaterally around a portion of a

spermatozoon (S), an observation indicative of phagocytosis,  11,480.
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PLATE 4

Fig. 8. This macrophage contains several sperm organdíes and a partly degraded Type II
abnormal cell (Ab) within a phagocytic vacuole,  9520.
Fig. 9. Higher magnification of an area of the vacuole shown in Fig. 8. Portions of a sperm
cell midpiece (M) and axonemal filaments (F) are apparent,  16,250.
Fig. 10. Macrophage from a culture of testicular cells. The cytoplasm contains numerous

phagocytic vacuoles. Herpesvirus (Fig. 11 ) particles were often seen in these vacuoles, but
seldom within macrophage nuclei,  6600.
Fig. 11. High magnification of the area identified by the rectangle in Fig. 10 showing
immature Herpesvirus particles,  41,250.
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PLATE 5

Fig. 12. Nucleus of a germinal epithelial cell cultured from the testis of a 'yellow semen'
male containing mature enveloped (E) and immature naked (I) herpesviruses. Nuclear
pores (P), structures which resemble immature Herpesvirus, can be seen associated with the
nuclear envelope. X 30,590.
Fig. 13. A cultured germinal cell showing chromatin (C) which has clumped around the
nuclear envelope, a characteristic of //er/)eift'rt«-infected cells. N, nucleus,  8680.
Fig. 14. Area of the nucleus outlined by the square in Fig. 13. Herpesvirus is present within
the nucleoplasm: two of the particles contain dense core material (D), whereas the third is
an empty capsid (C). Particles (P) approximately 35 to 40 nm in diameter, resembling the
core material, are shown,  41,850.
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necessary to subculture the testicular cells from males with white semen and to
maintain them for over 7 days to obtain enough infected cells for electron
microscopic analysis. Germinal epithelial cells (PI. 5, Fig. 13), macrophages
(PI. 4, Fig. 10) and occasional fibroblasts were found in all the secondary
cultures examined. While the germinal cells could clearly be distinguished from
other cell types, it was impossible to morphologically subdivide them.

Herpesvirus particles, most of which were intranuclear, were found in the
cultured germinal cells from males producing yellow or white semen (PI. 5, Figs
12 and 14). Macrophages (PI. 4, Fig. 10) were present in large numbers in every
culture examined, but seldom contained intranuclear Herpesvirus. Virus particles
were often seen within phagocytic vacuoles of the macrophages (PI. 4, Fig. 11)
in cultures from producers of yellow semen. Particles approximately 100 nm in
size were either empty or core-containing capsids (PI. 5, Figs 12 and 14).
Variations in the arrangement of the core material accounted for the different
morphological entities, including electron-lucent cross formations (PI. 5,
Fig. 12). Dense particles 35 to 40 nm in diameter were often seen within the
nucleoplasm of infected cells (PI. 5, Fig. 14). These particles were always
associated with the presence of nucleocapsids, some of which contained core
material that morphologically resembled the free dense particles. Enveloped
particles of approximately 160 nm in diameter were occasionally seen within
nuclear vesicles (PI. 5, Fig. 12). Nazerian et al. (1971) reported that turkey
herpesviruses also appear to undergo envelopment within the cytoplasm, but
no evidence of this was seen in the cells examined in this study.

DISCUSSION
Abnormal sperm cell production probably occurs in all turkey breeder males
and appears to intensify as the breeding season progresses (Kamar & Rizik,
1972). The work of Saeki & Brown (1962) and the results presented in the
present study have shown that yellow turkey semen contains several abnormal
cells and this may account for the lowered fertility associated with males
producing yellow semen (Cherms, 1968). While Saeki & Brown (1962)
identified crooked-necked spermatozoa as the major abnormality present in
yellow semen, we found that malformed spermatids were the dominant
abnormal cells. This may be because malformed spermatids are not detected in
living preparations examined by light microscopy because of their translucent
nature.

Electron microscopic analysis of semen samples enabled us to define two
types of malformed cells. On the basis of the observed ultrastructural details, it
was concluded that both types of abnormalities originated in the seminiferous
tubules rather than in ductal epithelia or supportive tissues and indeed were

spermatids. The ultrastructural differences between Type I and II abnormalities
indicated that the malformation may have occurred at different stages of
spermiogenesis, e.g. as early and late spermatids, respectively.

The ultrastructural study of Mclntosh & Porter (1967) has shown that the
proper chronological assembly of microtubules into a manchette adjacent
to the spermatid nucleus is essential for development and curvature of sperm
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nuclei in the domestic chicken. No paranuclear microtubules were seen in the
abnormal seminal spermatids examined in this study, although we have ob¬
served such structures in spermatids lining the epithelium ofseminiferous tubules
from both white and yellow semen producers. Faulty microtubule assembly,
as suggested by Mclntosh & Porter (1967), may explain the apparent abnormal
differentiation we have observed in spermatids.

The finding of increased macrophage numbers in the yellow semen was not

surprising, since abnormal sperm cells have been shown to attract macrophages
in other species (Phadke & Phadke, 1961; Phadke, 1964; Roussel et al., 1967;
Crabo et al., 1971). From the electron microscopic evidence obtained in this
study it appeared that the phagocytic activity of macrophages in the yellow
semen samples was directed at spermatozoa and abnormal spermatids of
Type II. An unexplained phenomenon was that abnormal spermatids ofType I
were never seen to be engulfed although macrophages occasionally contained
vacuoles of an equal or greater diameter than the larger abnormal spermatids.

The source of seminal macrophages is still the subject of discussion. Sertoli
cells, lymphocytes, and epithelial cells of the ducts have all been implicated
as seminal phagocytes (Tjioe & Steinberger, 1967; Carr et al., 1968; Atwal &
McFarland, 1971; Tingari & Lake, 1972). Our observation that cultures of
testicular cells contained macrophages which morphologically resembled the
seminal phagocytes lends support to the hypothesis that seminal phagocytes
may also originate in the seminiferous tubules.

In this study, Herpesvirus was not detected in sections of seminal cells from
producers of yellow or white semen. Nor was Herpesvirus found within any
epithelial cell type lining the seminiferous tubules of testis fixed immediately
post mortem from males of either type (unpublished data). In contrast, germinal
epithelial cells and macrophages in secondary cultures of testicular cells,
particularly those from males producing yellow semen, contained numerous

Herpesvirus particles. This is in agreement with our previously reported study
(Adldinger et al., 1974) in which viral antigens were not found in testis tissues
although infectious virus was regularly isolated from secondary testis cultures.
It is possible, therefore, that the testis cells in vivo were for the most part latently
infected. A level of virus replication in the testes low enough to escape the above
examinations would explain the sporadic recovery of virus from the semen

(Adldinger et al., 1974). However, virus replication may not be a prerequisite for
infecting herpesviruses to interfere with the normal differentiation of cells
during spermiogenesis, although this could be different with other viruses
(Fernandes et al., 1973).
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