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A b s t r a c t

Cryoglobulins are circulating immunoglobulins
characterized by reversible, cold-induced precipitation.
A variety of laboratory abnormalities, including
hypocomplementemia, elevated erythrocyte
sedimentation rate, rheumatoid factor activity,
pseudoleukocytosis, and pseudothrombocytosis, are
associated with cryoglobulinemia. Extracellular, faintly
basophilic, amorphous deposits of cryoglobulins
occasionally have been described in blood smears. In
the present study, smears prepared from blood collected
at room temperature from 6 patients with
cryoglobulinemia exhibited neutrophil and,
occasionally, monocyte inclusions containing clear,
light pink, or faintly basophilic amorphous material.
The inclusions were absent in smears from blood
collected and maintained at 37°C. Ultrastructural
examination revealed that the material within the
leukocyte inclusions was consistent with phagocytosed
immunoglobulins. The identification of characteristic
cytoplasmic inclusions in leukocytes may be an
important clue in the early recognition of
cryoglobulinemia.

Cryoglobulins are circulating immunoglobulins charac-
terized by reversible cold-induced precipitation. They were
first recognized in 1933 as a manifestation of disease in a
patient with multiple myeloma1 and were designated cryo-
globulins in 1947 by Lerner and Watson.2 Since that time,
cryoglobulins have come to be associated with a number of
disease states. Cryoglobulinemia most commonly manifests
with arthralgias, cutaneous lesions, Raynaud phenomenon,
hepatosplenomegaly, and renal dysfunction.3 Laboratory
findings associated with cryoglobulinemia include hypocom-
plementemia, elevated erythrocyte sedimentation rates,
rheumatoid factor activity, pseudoleukocytosis, and
pseudothrombocytosis.4 In blood smears, cryoglobulins may
be visualized as aggregates of extracellular pale blue amor-
phous material. In addition, a peculiar phenomenon of cyto-
plasmic inclusions in neutrophils has been observed rarely in
blood smears in cryoglobulinemia; however, only 1 case
report describing this phenomenon exists in the indexed
medical literature.5 We describe the pathologic and clinical
features of 6 patients with cryoglobulinemia in whom
neutrophil and occasionally monocyte cytoplasmic vacuole-
like inclusions were observed.

Materials and Methods

Cases were collected nationwide from the
hematopathology laboratories of 5 tertiary referral institu-
tions: The University of Texas Southwestern Medical Center,
Dallas (n = 2), Mount Sinai Hospital, Minneapolis, MN (n =
1), the Cleveland Clinic Foundation, Cleveland, OH (n = 1),
Tripler Army Hospital, Honolulu, HI (n = 1), and the Univer-
sity of South Alabama, Mobile (n = 1). Since the 6 patients
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were examined at different institutions during a 20-year time
frame, the workup performed to arrive at the diagnosis of
cryoglobulinemia was not identical in every case; a brief
summary follows.

Blood smears were made from specimens collected at
room temperature for all 6 cases. Blood also was collected
and maintained at 37°C for case 3 to examine the effects of
temperature on the findings in the blood smear. For case 1, a
blood specimen was collected at 8°C. All blood smears were
stained with a Giemsa-based stain. Cytochemical staining,
including Sudan black B, myeloperoxidase, and oil red O,
was performed in case 5 by using standard techniques. To
rule out the presence of an intrinsic neutrophil defect, the
plasma from 1 patient (case 3) was incubated with normal
donor leukocytes at 22°C for 30 minutes, and smears were
prepared. A cryocrit was measured in cases 1 and 4. Periph-
eral blood leukocytes were studied by electron microscopy in
2 cases (cases 2 and 3).

Results

The 6 patients were 4 men and 2 women, ranging in age
from 58 to 84 years. The manifesting symptoms are listed in
❚Table 1❚. Four patients (cases 1, 3, 4, and 5) sought care
because of at least 1 clinical sign of an underlying vasculitic
disorder including purpuric rashes over the lower extremi-
ties, renal failure suggestive of glomerulonephritis, arthral-
gias, and Raynaud phenomenon. The most common under-
lying cause for the circulating cryoproteins was multiple
myeloma (cases 1-3). These cases were classified as type I
cryoglobulinemia.6 In 3 patients (cases 4-6), there was no
evidence to suggest an underlying plasma cell dyscrasia or
any other cause for cryoglobulinemia. These cases most
likely would be classified as essential mixed cryoglobu-
linemia (type II or type III).3,7 One of these (case 6) had an

established diagnosis of essential mixed cryoglobulinemia 4
years before the current presentation. This patient had been
referred for plasmapheresis to decrease cryoglobulin levels.
Test results for hepatitis C antibodies were negative in case
4. In cases 5 and 6, hepatitis C testing was not performed.

Relevant hematologic findings are summarized in
❚Table 2❚. Two patients showed significant discrepancies in
the blood leukocyte counts determined by automated
analyzers and subsequent manual estimates (pseudoleuko-
cytosis); none of the cases exhibited pseudothrombocytosis.

Skin biopsies in 3 of 3 patients (cases 1, 3, and 4)
revealed histologic changes consistent with thrombotic
vasculitis. Hypocomplementemia was observed in 4 of 4
patients tested (cases 1-4). Antinuclear antibody titers were
positive (1:20) in 1 of 2 patients tested (case 3). A cryocrit
was performed only in cases 1 and 4 and was positive in both
(>1%). Quantitative measurement of cryoglobulins was
performed in 2 cases; the values were 2,470 µg/mL (case 3)
and 20,000 µg/mL (case 6) (reference range, <5 µg/mL).

Morphologic examination of Wright-stained smears of
blood collected at room temperature revealed neutrophil and
occasional monocyte intracytoplasmic vacuole-like inclu-
sions in all 6 cases. The inclusions were present in a majority
of the neutrophils ❚Image 1❚. They varied in size from 2 to 7
µm and were multiple in most neutrophils. When the inclu-
sions were particularly abundant, the neutrophil nucleus
often was compressed and distorted ❚Image 2❚. The amor-
phous material in the inclusions varied from clear, resem-
bling vacuoles, to lightly pink to faintly basophilic on
Wright-stained smears. Extracellular globules of amorphous
lightly basophilic material were identified in the background
of the smear in all cases. These varied from scattered round
globules ❚Image 3❚ to numerous clumps of amorphous
material concentrated at the thin edge of the smear. There
was no evidence of degenerative changes in the neutrophils
as manifested by nuclear pyknosis or karyorrhexis in any of
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❚Table 1❚
Clinical Findings for 6 Patients With Cryoglobulinemia

Case No./Sex/Age (y) Clinical Manifestations Underlying Cause

1/F/84 Bone pain, pruritic reticulated plaques, nephrotic proteinuria Multiple myeloma (IgG lambda)
2/M/75 Fatigue, dyspnea on exertion, pedal edema and epistaxis Multiple myeloma (IgG lambda)

(history of hypertension) 
3/F/73 Purpura and hemorrhagic bullous skin lesions; Raynaud Multiple myeloma (IgG kappa)

phenomenon; joint pain and occasional morning stiffness
4/M/65 10 d after renal transplantation for end-stage renal Unknown (hepatitis C nonreactive)

disease secondary to diabetes; sudden onset of nonpalpable 
purpura and petechial rashes on lower extremities

5/M/76 Chest pain consistent with myocardial infarction; underwent Unknown (hepatitis C status
emergency PTCA; readmitted after 1 week with mottling of undetermined)
skin over lower extremities, muscle pain, and renal failure

6/M/58 Diffuse proliferative glomerulonephritis; chronic vascular Unknown (hepatitis C status
purpura; steroid psychosis; high cryocrit, requiring undetermined)
plasmapheresis

PTCA, percutaneous transluminal coronary angioplasty.
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the smears. Reactive features, such as toxic granulation,
Döhle bodies, and immature neutrophils, were observed in
only 1 case (case 3). The cytoplasmic inclusions were
restricted to neutrophils and monocytes in the peripheral
blood and were not present in bone marrow cells of the 3
patients who underwent bone marrow examinations (cases 1-
3). Sudan black B, myeloperoxidase, and oil red O stains
were performed on blood smears from case 5; the inclusions
were negative for all 3 stains.

The neutrophil inclusions were present only in blood

smears prepared from samples kept at room temperature or
below (25°C); samples collected and maintained at 37°C for
1 patient (case 3) failed to reveal inclusions and showed a
substantial decrease in the quantity of amorphous deposits in
the background. These findings are consistent with the cold-
precipitating nature of the immunoglobulin and suggest that
the cytoplasmic inclusions result from an in vitro process.
The smear prepared from blood collected at 8°C for case 1
appeared to have even greater amounts of amorphous mate-
rial than the smear prepared at 25°C.

Am J Clin Pathol 2000;113:107–112     109© American Society of Clinical Pathologists

❚Table 2❚
Hematologic Findings for 6 Patients With Cryoglobulinemia

Case Number

Laboratory Test 1 2 3 4 5 6

Hemoglobin, g/dL (g/L) 10.6 (106) NA 12.7 (127) 10.9 (109) 9.5 (95) 11.5 (115)
Hematocrit, % 30.0 (0.30) 27 (0.27) 37 (0.37) 31.9 (0.32) 29 (0.29) 32.9 (0.33)
WBC count, /µL (× 109/L)* NA

Automated
25°C 11,000 (11.0) 33,000 (33.0) 9,400 (9.4) 21,000 (21.0) 4,000 (4.0)
37°C ND ND ND 8,200 (8.2) ND

Manual ND ~10,000 (~10.0) ND ~10,000 (~10.0) ND
Platelet count, × 103/µL 190 (190) NA 211 (211) 150 (150) NA 299 (299)

(× 109/L)
Bone marrow Multiple Multiple Multiple ND ND ND
examination myeloma myeloma myeloma

Serum or urine protein M protein; M protein; M protein; ND ND Increased
electrophoresis IgG lambda IgG lambda IgG kappa polyclonal IgG

NA, not available; ND, not done.
* The WBC counts reported are synchronous with the observation of intracytoplasmic inclusions in neutrophils in the blood smears.

❚Image 1❚ A, A blood smear from case 2 illustrates 4 neutrophils containing cytoplasmic inclusions or vacuoles. The 
inclusions vary in number and range from 2 to 7 µm in diameter (Wright-Giemsa, original magnification ×400). B, A high-
magnification of a neutrophil shows numerous cytoplasmic inclusions that resemble vacuoles. They are almost clear and
seem to displace the neutrophil granules (left). A monocyte shows a large distinct round inclusion (right) (Wright-Giemsa,
original magnification ×1,000).
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To rule out the presence of an intrinsic defect in the
neutrophils as a cause of inclusions, plasma from case 3 was
incubated with leukocytes from a healthy donor at 22°C for 30

minutes. Smears of these preparations showed inclusions in
the donor neutrophils identical to those in the patient’s cells.

Ultrastructural studies on the peripheral blood buffy coat
in cases 2 and 3 revealed cytoplasmic inclusions containing
amorphous granular material of varying density, consistent
with ingested cryoglobulins ❚Image 4❚. While most inclu-
sions were at least partly membrane-bound, few clearly were
fused with lysosomes. Extracellular fibrillar to granular
deposits of cryoglobulins with similar features also were
identified.

The abnormalities on blood smears were noted before
the clinical and laboratory diagnosis of cryoglobulinemia in
all cases except case 6. In at least 4 of these cases (cases 1-4),
the observation of the neutrophil inclusions prompted the
definitive workup for cryoglobulinemia.

Discussion

A variety of laboratory abnormalities may be observed
in patients with cryoglobulinemia. Erythrocyte sedimenta-
tion rate and plasma viscosity are increased commonly.3,8

Serum complement components frequently are decreased,
including total hemolytic complement activity and the early
complement factors C1q, C1s, and C4.9,10 Since IgM with
anti-IgG activity virtually always is a constituent of mixed
cryoglobulins, rheumatoid factor is observed in serum
samples from these patients.4,11 Antibodies to self-antigens
or exogenous antigens may be depleted from serum owing
to their participation in the cryoglobulin complexes.4

Monoclonal immunoglobulin (M component) may be

❚Image 2❚ Blood smear from case 3 illustrating a cluster of
neutrophils including a late-stage myelocyte with toxic gran-
ulation. Most of the neutrophils contain numerous cryoglob-
ulin inclusions. The inclusions vary in size. Many are clear
vacuole-like, and others have a slightly pink hue. The inclu-
sions compress and distort the nucleus in some of the cells
(Wright-Giemsa, original magnification ×1,000).

❚Image 3❚ Blood smear from case 5 showing a large extra-
cellular globule of amorphous, lightly basophilic material
(Wright-Giemsa, original magnification ×1,000).

❚Image 4❚ Electron micrograph of a peripheral blood
neutrophil containing cytoplasmic inclusions of amorphous
granular cryoglobulin (arrows). An extracellular globule of
cryoglobulin is present at the top of the image (arrow)
(uranyl acetate, lead citrate, original magnification ×10,000).
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missed on routine serum protein electrophoresis if it is
precipitated within cryoglobulins. Other hematologic
abnormalities generally are a reflection of the associated
disease process.

Of practical interest are the notorious effects of cryo-
globulins on blood cell counts performed on automated
hematology instruments. The hemoglobin level may be
falsely elevated because of decreased light transmittance in
the cuvette or flow cell. This effect is similar to that
encountered in hyperlipidemic or icteric samples.12 Pseudo-
leukocytosis and pseudothrombocytosis have been
reported, presumably because of the presence of cryoglob-
ulin droplets of similar size to leukocytes and platelets.13-15

The complete absence of pseudoleukocytosis and
pseudothrombocytosis in many cases of established cryo-
globulinemia may reflect a more limited thermal amplitude
of certain cryoglobulins, a low concentration of cryoglob-
ulin in plasma, or failure of cryoprecipitate to achieve a crit-
ical size resulting in formation of particles too small to
register as WBCs or platelets in automated blood counters.16

Only 1 additional case of leukocyte cytoplasmic inclu-
sions in cryoglobulinemia has been reported in the indexed
medical literature.5 The patient in that case was a 70-year-old
man with IgG lambda monoclonal gammopathy of undeter-
mined significance. The description of the inclusions and
other findings are similar to those of the present cases. A
monoclonal gammopathy caused by multiple myeloma was
the single most common cause of cryoglobulinemia in the
present study (cases 1-3); in the other cases, there was no
evidence of a plasma cell dyscrasia, and the cause of the
cryoglobulinemia was unknown.

Cytoplasmic vacuoles in neutrophils that resemble the
inclusions in cryoglobulinemia occasionally are observed
on blood smears in other conditions. The most common
cause of neutrophil vacuoles is an anticoagulant artifact
induced by EDTA. EDTA usually causes nuclear vacuoles
with peripheral chromatin margination and cytoplasmic
vacuoles with apparent separation of azurophilic gran-
ules.17 This change occurs only if blood specimens are
allowed to stand for 2 to 3 hours after being obtained.18

Overwhelming bacterial sepsis is the most clinically signif-
icant differential diagnosis for neutrophil vacuoles and
constitutes a reportable medical emergency. The
neutrophils in septicemia are characterized by clear cyto-
plasmic vacuoles rather than the usually amorphous, often
lightly basophilic inclusions of cryoglobulinemia. In addi-
tion, generally a left shift, nuclear chromatin condensation
and pyknosis, toxic granulation, and Döhle bodies are asso-
ciated with sepsis. Clinical correlation is essential for iden-
tifying the cause of neutrophil vacuolization.

While neutrophil inclusions are an unusual occurrence
in cryoglobulinemia, it is not uncommon to find extracellular

globules, droplets, flakes, or formless aggregates of faintly
basophilic cryoglobulin in the blood smears.16,19 All cases
in the present study demonstrated extracellular deposits in
addition to the leukocyte inclusions. In the absence of
leukocyte inclusions in the blood smear, the extracellular
deposits could be confused with extraneous artifactual
material. Conversely, sparsely granular platelet clumps in
the blood smear occasionally may mimic cryoglobulinemic
deposits.

Cryoglobulinemia produces protean and often nonspe-
cific clinical manifestations, with a potential for delayed
diagnosis. Recognition of the several laboratory artifacts
caused by the presence of circulating cryoproteins is impor-
tant for prompt diagnosis and management. Identification
of the unique leukocyte intracytoplasmic inclusions present
in some cases of cryoglobulinemia may expedite appro-
priate diagnostic and therapeutic measures. In at least 4 of
the cases in the present study, recognition of neutrophil
inclusions was the critical factor that prompted the clinical
and laboratory assessment for cryoglobulinemia.
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