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Are peripheral Mott cells an indication of stress or inefficient immunity?
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ABSTRACT Atypical plasmacytes having distinctive
cytoplasmic vacuoles (Mott cells) were detected in
77/1,000 (7.7%) of commercial hens housed conven-
tionally, in aviaries, or in enriched environments. The
earliest Mott positive peripheral blood samples were
at placement (18 wk) from 2 consecutive commercial
flocks. Additional samples obtained at 32, 48, 56, and
77 wk were positive. Most Mott cells came from hens
with high total white blood cell counts as a component
of leukocytosis. However, Mott cells were found in hens
with low total white blood cell counts, and low het-
erophil/lymphocyte ratios. Phagocytosis of bacteria by
some Mott cells was a remarkable feature. Many of the

Mott positive hens had polymicrobial bacteremia and a
few had fungemia likely accounting for the leukocyto-
sis. In other cases, free-swimming bacteria were located
near to a Mott cell. These atypical cells were in the
peripheral blood samples from other poultry; a tom at
slaughter (17 wk), experimental toms (10 wk), and ex-
perimental ducklings. Examples are included.

As descriptions of avian Mott cells are few, the pur-
pose of describing these cells is their contribution to
hematology, immunology, and cytology. Mott cells like
other atypia are sentinels, frank cytological indicators
of an unusual hemogram, and consequently infer stress.
Therefore, they bear directly on welfare issues.
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INTRODUCTION

Cells having distinctive cytoplasmic vacuoles contain-
ing accumulated secretory products are known vari-
ously as Mott, flame, grape, or morular cells. Bearing
the name of their descriptor (Mott, 1905) these plasma-
cytes were originally associated with parasitic disease.
Their distended endoplasmic reticulum (ER) accounts
for several alternate names. Zlotnick (1956) described
the peripheral blood and bone marrow of a series of
human patients with hypergammaglobulinemia. These
patients presented with a high frequency of bone mar-
row plasmacytes, peripheral (buffy coat) “grape cells,”
and elevated serum globulin. Therefore, he linked Mott-
type cells to a broader spectrum of immunopathology.

Mott cells exist in avian sp. and several morpho-
logic variants are in mammalians. Campbell and Ellis
(2007) detected one in a splenic imprint of a parrot with
chlamydiosis, but published examples in avian species
are scarce. No entries for Mott cells appear in several
texts describing hematology of avian species (Lucas and
Jamroz, 1961; Reagan et al., 2008; Weiss et al., 2010).

When peripheral blood obtained from commercial
hens was examined by the differential count method,
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Mott-type plasmacytes were in 77/1,000 (7.7%) of the
samples. Additional examples of Mott-type cells in ex-
perimental ducklings, and turkeys are included here to
extend the observations to other poultry. It is my con-
tention that the presence of a Mott-type cell in periph-
eral circulation indicates dyscrasia, and so these sen-
tinels are a cytological indication of stress, independent
of H/L ratios or, other measures. Therefore, the purpose
of this manuscript is to describe these atypical cells as
they bear directly on welfare issues of caged animals.

MATERIALS AND METHODS

Animals

Hens of a Lohmann White Egg commercial type
(LSL) destined for conventional cages (CC) and en-
riched cages (EN) were reared in common. They were
separated at placement (18 wk) into their final cage
assignments. Aviary chicks (AV) occupied those units
from hatching until the termination of production
(77 wk). Adults were housed in AV at 850 to 1,700
hens per compartment, 6 per CC and 60 per EN cage.
Vaccines against Marek’s disease and laryngotracheitis
were applied at the hatchery; additional vaccinations
were given later. They were managed as described by
Jones et al., 2014. The samples came from two consec-
utive flocks at 18, 32, 48, 56, and 77 wk. These hens
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Table 1. Differential, %, total white blood counts (TWBC) and H/L ratios of animals used in Figures 1–5.

Source Typ Var Classic Lymp Lymp Het
Figure (Wk) Het1 Het Het (sm) (med) NK Blast Mn Ba Eo Total H/L 1 H/L 2 TWBC

1 a, b H (77) 19.0 1.1 0.2 55.2 19.5 0.0 2.9 0.8 1.3 0.0 625 0.37 0.27 75
2 H(32) 8.8 1.2 0.0 75.7 3.7 0.5 0.2 6.9 2.9 0.0 407 0.13 0.13 80
3 a, b H(56) 18.0 0.2 0.0 31.4 44.9 0.0 0.0 2.0 3.5 0.0 401 0.58 0.24 100
4 a, b H (32) 17.7 2.3 0.0 54.2 6.0 0.0 1.0 17.7 1.1 0.0 1217 0.37 0.33 25–502

5 a, b H (18) 11.2 0.5 4.7 64.2 12.8 0.5 0.2 2.3 3.7 0.0 430 0.25 0.21 50

1Table abbreviations: Het = heterophil (typical, typ, variant, var) Lymp = Lymphocyte (small, sm diameter ∼ 6 μm, medium, med diameter
∼ 10 μm, NK = azurophilic lymphocyte, Mn = monocyte, Ba = basophil, Eo = eosinophil, H/L 1 and 2 are described in methods, TWBC (K)
= total white blood cells per mm3 in thousands.

2The TWBC depended on a central (25K) or an edge (50K) based count.

were a part of a larger study called the “Coalition for a
Sustainable Egg Supply” (CSES). Turkeys: 10 wk toms
were from an experimental Histomonas study flock,
the 17 wk tom was a commercial animal sampled at
slaughter. Duckling blood came from an experimental
flock (Chen et al., 2014).

Blood and Stain Procedure

Hen blood (1 to 3 mL) was drawn from the wing
veins into EDTA tubes, Monolayer films made by push-
ing ∼ 3-μL blood across the length of a standard mi-
croscope slide were dried immediately by a hot air
stream. Slides were then immersed in 95% ethanol and
post fixed for 10 to 15 min. Films were stained by
Wright’s method following the times and procedures
recommended by the manufacturer (Sigma Chemicals,
St. Louis, MO., Procedure WSGD-128). Duckling and
turkey blood slides made directly at the collection sites
were not exposed to EDTA. They were stained as for
hen blood.

Differential Counts

A minimum of 400 leukocytes per slide were sorted
into categories as small or medium lymphocytes, mono-
cytes, heterophils (typical, variant, and classic types),
basophils, or eosinophils. Morphological criteria for
sorting were as described by Lucas and Jamroz,
1961, and Cotter, 2014a. Atypical lymphocytes and
Mott cells were included in the differential counts as
“medium/large” lymphocytes, their locations noted,
and later photographed. The designation as “Mott-
type” is based on a similarity to those in the hema-
tology literature (see Zlotnick et al., 1959). Companion
parts of these data, emphasizing granulocytes, are in
(Cotter et al., 2012, 2013; Cotter, 2014b). Due to a high
frequency of gross atypia, standard differential counts
were not possible for duck and turkey blood samples.

Heterophil/Lymphocyte (H/L) Ratio and
Total White Blood Count Calculations
(TWBC)

Division of the sum of all heterophil types (typical,
variant, and classic) by the number of small “resting”
lymphocytes gives heterophil/lymphocyte H/L 1. Di-

vision of the same heterophil value by the sum of all
lymphocyte types, (resting, reactive, and atypical) gives
H/L 2. Photographs of representative cells for each H/L
calculation method are in Cotter, 2014d. Total white
blood counts (TWBC) were determined by a modified
microscopic method described in Campbell and Ellis,
2007.

RESULTS

The majority of cells described here were in commer-
cial hens from each of two consecutive flocks housed
in the same facility. Peripheral blood samples ob-
tained between 18 (placement) and 77 wk provide the
data. Ducklings, experimental, and commercial turkeys
(toms) are additional sources. Hen examples resembling
Mott cells of mammalian species are first, followed by
variants and cells from other avians. Table 1 gives the
differential and TWBC and the H/L ratios correspond-
ing to the figures of hen Mott cells. Table 2 gives mi-
crobiology data for all species.

Examples of cells found in a 77 wk hen (Figure 1a
and b) illustrate classic Mott features. A large eccen-
tric nucleus has coarsely stained nucleoplasm. Two nu-
cleoli are located at 7 and 8 o’clock. The deep blue
cytoplasm is fenestrated by numerous discreet light
blue vacuoles ranging in size from those barely vis-
ible to ∼1 μm in diameter. One large vacuole over-
lays the nucleus, smaller vacuoles are distributed be-
tween 9 and 3 o’clock. Nuclear vacuoles, “Dutcher
bodies,” are pseudo-inclusions of the ER, first de-
scribed by Dutcher and Fahey (1959) in patients with
Waldenstrom’s macro-gammaglobulinemia. The cyto-
plasmic vacuoles are globular inclusions of immunoglob-
ulin, called “Russell” (1890) bodies. A small (∼ 1 μm)

Table 2. Microbiology data.

Figure/(Wk) PMB1 Fungi2 Parasite

1 (77) F – –
2 (32) F/P – –
3 (56) F H/Y –
4 (32) F/P – –
5 (18) F/P – +
6 Dk (2) F/P H –
6 Tk (10) F/P H –
6 Tk (17) F/P – –

1PMB = polymicrobial bacteremia, F = free-swimming bacteria,
P = phagocytosed bacteria.

2H = septate hyphae, Y = yeast.
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Figure 1. a. A lymphoid (plasma) cell displaying classic Mott cell characteristics from a 77 wk hen peripheral blood sample, a nearby bacillus
is circled Figure 1b. A degenerating Mott cell abutted by a small “resting” lymphocyte from the same sample as 1a.

bacillus, circled, appears to have a capsule, perhaps
swollen by the actions of plasma substances (“quelling”
reaction). In Figure 1b a small lymphocyte abuts a
degenerating Mott cell having a pyknotic (condensed)
nucleus and a disorganized cytoplasm (lower right).
Although the cell in Figure 1b is apoptotic, dying
Mott cells were rare, and no more frequent than other
apoptotic leukocytes. A large plasmacytoid lymphocyte
(LPL) is at the top right, an atypical heterophil is at
the top left and a thrombocyte is at the bottom left.
Figure 1b was located in the same sample as Figure 1a.
Collectively, the Mott cells, a TWBC of 75 K, (Table 1)
and a high incidence of granuloblasts (not shown) indi-
cate a “left-shift”, and imply stress; polymicrobial bac-
teremia (Cotter, 2014c) a likely cause. These hemogram
components appear to contrast with the H/L ratios
(0.37 and 0.27) perhaps indicating a lack of sensitiv-
ity of this technique as a stress measure.

Cells of a 32 wk hen expand the range of Mott cell
variation (Figure 2). Both have diameters >10 μm,
their eccentric nuclei are coarsely stained, a nucleolus
may be at the 12 o’clock position of the top cell, but
one is not seen in the other. Their deep blue cytoplasm

Figure 2. A classic Mott cell (top right) with Russell (cytoplasmic)
and Dutcher (nuclear) vacuoles is separated by a heterophil (center)
and a large plasmacytoid cell with cytoplasmic features suggesting ER
disorganization; in an 32 wk hen. Three thrombocytes are in the center.

is highly vacuolated. However, there are differences in
vacuole organization. Each is a plasmacytoid cell, but
the distinct vacuoles (Russell and Dutcher bodies) of
the top right cell contrast with the cloudy ER displayed
by the left cell. A classic heterophil and 3 thrombocytes
are also seen. Although faint, phagocytosed bacteria ap-
pear in the central thrombocyte.

A pair of LPL’s found in a 56 wk hen (Figure 3a)
display Mott features. One (lower right) has classic cy-
toplasmic Mott features and a central nucleolus in the
nucleus. The nuclear staining is similar in both cells but
a nucleolus is not evident in the second (left) cell. Some
cytoplasmic vacuoles are the cloudy type; others are
more distinct. Perhaps the left cell represents an earlier
developmental form that would resemble its more “ma-
ture” companion later. Several types of free-swimming
bacteria are circled. These two cells parallel the exam-
ples of Figure 2, expanding the morphological variation
of Mott cells.

Two very large (∼15 μm) diameter LPL’s found in
the same 56 wk hen as in Figure 3a are extreme Mott
cell variants (Figure 3b). The nuclear staining inten-
sity is the same in both; one has a central nucleolus.
Nuclear membrane differences are conspicuous. In one
(upper left), the NM is entire, in the other it is con-
voluted, and projects into the cytoplasm (9 o’clock).
Each cell has a distinct edge (ectoplasm). Perhaps they
contain different secretory products. There appears to
be a “pseudopod” at 11 o’clock in the bottom cell. The
nuclear stain similarity and homogeneity of background
RBC staining tends to rule out cytoplasmic differences
being artifacts. A “reactive” thrombocyte abuts the top
cell. These . . . “often occurred in birds suspected of be-
ing in ill health”. . . (Lucas and Jamroz, 1961, p.46).

Two examples of phagocytic Mott cells found in a
32 wk hen are in (Figure 4a and b). In Figure 4a
is a bacillus, possibly a pair, is partially internalized.
The light stain of the innermost member suggests par-
tial digestion. The uniform stain of the internalized
bacillus in Figure 4b suggests it is resistant to the
digestive process. To the author’s knowledge, these
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Figure 3. Two large (>10 μm) plasmacytoid cells in a 56 wk hen. One (low center) with classic Russell bodies, a few well-organized cytoplasmic
vacuoles, and less well organized ER distention are in the other. Free-swimming bacteria are circled and a few others appear associated with RBC
membranes.

Figure 4. a, b. Phagocytic Mott cells from a hen at 32 wk. In 4a the lighter bacillus suggests partial digestion. In 4 b the fully internalized
single bacillus remains intact.

observations constitute a first report of a phagocyto-
sis by Mott cells. Although regarded as dysfunctional
plasmacytes with respect to antibody secretion (Alanen
et al., 1985), these observations indicate that Mott cells
retain some physiologic functionality.

Reminiscent of Mott’s original association of atypical
plasmacytes with parasitic disease, a small (∼ 7 μm)
Mott plasmacyte with classic cytoplasmic Russell bod-
ies was in an 18 wk pullet (Figure 5a). A large amoeba
(> 20 μm) with a central nucleus surrounded by cyto-
plasmic vacuoles containing magenta ring shaped bod-
ies is from the same sample. The amoeba contains an
internalized structure resembling a bacterium located
between the deep purple nucleus and three magenta
cytoplasmic vacuoles directly below it (Figure 5b).

Examples of Mott cells of other poultry are in Fig-
ure 6a, b, c. Figure 6 a is a large Mott cell (∼ 15 μm)
found in a peripheral blood of a 17 wk tom (PMB +) at
slaughter (17 wk). The eccentric nucleus and coarsely
stained chromatin are classic Mott characters; the deep
purple cytoplasm is fenestrated by clear vacuoles of var-
ious sizes. A “Hof” in the immediate extranuclear space
is stained with a different intensity than the cytoplasm
vacuoles or the nucleus. Both its size and the deep
purple cytoplasm, are suggestive of a developmental

stage. Two large Mott-like lymphocytes (∼ 10 μm) were
located in a 10 wk experimental tom turkey (PMB +,
Figure 6b). Each has an eccentric nucleus with coarse
chromatin; the cytoplasm is vacuolated. Figure 6c is
of a large (∼ 10 μm) Mott cell from an experimen-
tal duck (PMB +). Many small clear vacuoles distend
the ER. A Hof occupies the immediate extra nuclear
cytoplasm. The peripheral blood sample, obtained at
2 wk, came from a commercial flock fed added aflatoxin
AFB1 (Chen et al., 2014).

DISCUSSION

A purpose of this manuscript was to increase Mott
cell information in poultry because of its current
scarcity. The significance of these cells relates to
their nature as plasmacytes, the source of antibody.
Mott cells are in lymphoid organs of mice and an-
imals with autoimmune diseases, leukemia, multiple
myeloma, monoclonal gammopathies, and chronic in-
fections. Here they were commonly found along with
a polymicrobial bacteremia (PMB). The association
of Mott cells with human disease by Zlotnick (1956)
required buffy coat preparations and examination
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Figure 5. a. A small (∼7 μm) Mott plasmacyte with classic cytoplasmic Russell bodies in an 18 Wk pullet Figure 5b is of a large amoeba
(>20 μm) with a central nucleus surrounded by cytoplasmic vacuoles containing magenta ring-shaped bodies. An internalized structure resembling
a bacterium is located between the nucleus and three cytoplasmic vacuoles directly below.

Figure 6. a. Left large plasmacytoid lymphocytes (6 to 10 μm) illustrating the range of Mott morphology from a near normal lymphocyte
to one with conspicuous dilation of the ER, in a 10 wk experimental turkey. Center 2 large plasmacytoid lymphocytes (9 to 12 μm) with Mott
cyto-architecture, in a (17 wk) commercial tom. Right a small lymphocyte (bottom right) and a plasmacyte with an eccentric nucleus and slight
ER dilation in a duck. A thrombocyte is at the top right.
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of bone marrow. Here, however, all examples were lo-
cated in peripheral blood using standard light mi-
croscopy. In hens, Mott cells were detected across all
ages sampled, from placement to 77 wk. Moreover, their
presence in the circulation did not rely on extraordinary
experimental treatments; all were in a commercial flock
not deliberately manipulated. However, many examples
of unusual hemograms characterized this group. The de-
tails of which are described (Cotter, 2014a). Mott cells
of ducklings (Chen et al., 2014) and young toms were
from experimental populations. They were also identi-
fied in a commercial tom.

The characteristic Russell bodies of Mott cells are ag-
gregated immunoglobulins (Ig’s) enclosed in dilated ER
(vacuoles). This occurs with an imbalance in synthesis,
folding, and degradation of Ig’s (reviewed in Hasegawa,
2013). Variation of the substance of vacuoles/Russell
bodies, and the resulting staining, may be isotype de-
pendent. This may account for the differences in vacuole
hues seen here.

The apparent capacity for phagocytosis as indicated
by the cells of Figure 5 is a novel observation. This fea-
ture, usually ascribed to cells of the granulocyte and
monocyte series, indicates that Mott cells, although
atypical plasmacytes, retain some physiologic function.

The author is unaware of any prior examples of
phagocytosis by Mott cells. Perhaps this feature rep-
resents “metaplasia,” the reversible replacement of one
property of a differentiated cell with another. Slack
(2014) recently described metaplastic B-lymphocytes
that became macrophages and applied the term “trans-
differentiation” to this process.

Zlotnick et al., 1959 produced Mott cells experimen-
tally by immunizing rabbits; typhoid was their most
successful antigen. Given the interest in Salmonella
among various segments of poultry production, the cur-
rent observations acquire additional significance.

In summary, I have indicated that finding Mott-type
plasmacytes in caged hens not otherwise manipulated
indicates dyscrasia, and thus inefficient immunity. In
addition, Mott cells are highly variable in morphologic
features. Their presence in hens with low H/L ratios and
high TWBC (Table 1) suggests an insensitivity of the
former in measuring stress. In my opinion, circulating
Mott cells are cytological sentinels. They indicate an
aberrant immune response and certainly, a stress status
is inferred. The commonality of Mott cells and PMB
(Table 2) supports this principle.

Mott cells are members of the plasmacyte series,
the source of antibody. As such, their description con-
tributes to immunology, hematology, and cytology. As
examples of atypia, circulating Mott cells are frank indi-
cators of complex hemograms and so they bear directly
on welfare issues of caged animals.
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