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Q1-11 Neutrophilia and Toxic Neutrophilic Cytoplasmic Morphology

The function of laboratory testing is to support or refute the diagnostic hypothesis suggested by the patient’s history and presenting clinical symptoms. With the patient presenting as did this one, a CBC is one of the first tests that the clinician requested. The patient was initially found to have an elevated WBC and the
automated differential confirmed neutrophilia. The diagnostic possibilities included infection, inflammation and malignancy. In this laboratory it was the policy that when a CBC+Diff was ordered on an outpatient, a freshly made blood smear was to be submitted as well as the whole blood sample. This policy was
established because there was often a significant delay between sample collection and performance of the testing. In the past there had been instances where an automated differential generated “flags” that suggested the presence of abnormalities that could only be confirmed by microscopic examination of the
stained blood smear, a so-called smear review. This review was initiated whenever the WBC exceeded certain limits, whenever the automated differential was “flagged” for any characteristic that suggested the presence of immature cells WBCs, NRBCs, moderately abnormal RBC morphology or clumped platelets. Since
prolonged exposure to EDTA and/or aged blood can cause artifactual changes in WBC morphology, it became the procedure to include a freshly made blood smear, along with the tube of blood, so that if a smear review became necessary, delay in making a blood smear would not introduce the possibility that any WBC
morphologic changes were artifactual as opposed to real.

The inability of automated cell counters to accurately and precisely identify specimens with abnormal WBC morphology remains a limitation of this technology. This is why it has been necessary for laboratories to develop algorithms to select those specimens that have an increased “index of suspicion” for a WBC
population that may have morphologic characteristics that can only be detected by microscopic examination of the WBCs present on a stained blood smear. As described above, one variable that can introduce artifactual WBC morphology is delay in making a blood smear. A second variable that can artifactually introduce
"abnormality” is the actual staining process. Generally, a laboratorian with a lot of experience evaluating stained blood smears will recognize when the appearance of the cells on a stained blood smear appears too light or too dark or has staining precipitate present. For the laboratorian with limited blood smear
evaluation experience, it is best to refer any blood smear that look abnormal in any way.

WBCs suffer quantitative and or qualitative changes while defending the body against foreign bodies, organisms or antigens. Quantitative WBC changes, leukocytosis or leucopenia, are determined by performing an automated WBC count. Sophisticated cell counters can also produce additional characterization of the
WBC population with their capability of generating very precise and accurate automated WBC differentials. But these types cell counters cannot detect the subtler WBC morphologic changes evidenced in many reactive or inflammatory processes. Those kinds of changes can only be detected by examining a well stained,
freshly made blood smear. The tech performing the smear review on this patient noted multiple abnormalities in the WBCs morphology, the presence of cytoplasmic toxic ion (photo 1), i ization (photo 2) and Dohle bodies (photos 3 and 4).

Morphologic evidence of neutrophil activation or degeneration can be subdivided into two categories of abnormalities: cytoplasmic and nuclear. In this case the neutrophilic, cytoplasmic changes will be discussed. Cytoplasmic alterations in toxic neutrophils are those most frequently cited in the literature. These include
toxic granulation, Dohle bodies, cytoplasmic vacuoles, degranulation, pseudopods and swelling.

Toxic granules are thought to be altered primary granules. Primary granules are normally not visually prominent. It is thought that neutrophilic stimulation by foreign organisms or antigens cause these granules to changes their affinity to the basophilic components of the Romansky (Wrights) stain. Because it is generally
thought that there is correlation between proportion of neutrophils affected and the prognosis, this can be useful clinical information to communicate to the clinician. However, because the presence of toxic granulation can send this clinically relevant message, it is important to be able to differentiate between true
toxic granulation and artifactual granules caused by poor staining technique. There are a few rarely seen genetic abnormalities where large darkly stained granules appear in WBC cytoplasm, two examples are Alder-Reilly anomaly and Chediak-Higashi syndrome. These conditions, although rare, also need to be
differentiated from true toxic granulation.

Cytoplasmic vacuolization is caused by phagocytosis. Autophagocytosis (phagocytosis of self) can be caused by drugs such as sulfonamides and chloroquine or by prolonged storage of cells (artifact), exposure to certain toxins or exposure to high radiation doses. Autophagocytosis vacuoles tend to be uniformly small and
evenly distributed throughout the cytoplasm. In contrast, phagocytosis due to ingestion of extracellular material (bacteria, fungi) is commonly seen in septic processes and tends to results in the formation of unevenly sized vacuoles that are unevenly distributed throughout the cytoplasm. A simplistic explanation of this
process follows. During ingestion of extracellular material, the neutrophil surface membrane invaginates and simultaneously extends pseudopods. The pseudopods come together to enclose the engulfed particle within a surface membrane lined vacuole. Primary and secondary granules are attracted to the phagocytic
vacuole, their membranes fuse with the membrane of the vacuole. Then their contents discharge into the vacuole causing the pH inside of the vacuole to become more acidic, optimizing the environment for the granular enzymes to affect their bactericidal properties. The presence of this type of this ingestion
vacuolization has been correlated to bacteremia. Think of it as the neutrophils performing their role as defenders and in the process they are exhausting their bactericidal ammunition (the granules) and leaving an empty space where the invading organism was” vaporized”. This suggests that the presence of toxic
granulation and vacuolization may mean that the neutrophils are no longer armed and therefore no longer have the ability to aid in defense. Consequently, assuming the smear was made from fresh blood (not a stored ”old” blood), the presence of a large percentage of neutrophils displaying either of these
morphologies, toxic granulation or cytoplasmic vacuolization, can be clinically significant.

Dohle bodies are cytoplasmic inclusions consisting of ribosomal RNA. They appear as pale blue or blue-gray round or elongated bodies of variable size usually located on the outer edges of the cytoplasm. The mechanism that causes their formation is not yet known. What is known is that they when they do appear their
presence is transient, appearing 1 to 3 days after what is presumed to be the precipitating event and then disappearing. Their presence in the neutrophilic cytoplasm has been noted subsequent to a variety of clinical conditions, for example, infections, burns or surgery. In addition they have been described in normal
pregnancy. Despite being a rather nonspecific marker, the presence of Dohle bodies in the neutrophilic cytoplasm adds one more possible clue to our morphologic arsenal in our effort to provide meaningful information to the clinician in their effort to understand what is occurring in the patient. As previously emphasized
itis important that freshly made blood smears be stained if one is to reliably detect the presence of Dohle bodies. Prolonged exposure to EDTA will cause the staining of the Dohle bodies to gradually stain grayer that blue, eventually disappearing (not staining at all).

Notes On Staining

Quality assurance for stain production has greatly improved since these stains were first introduced. However, it remains important to note outdating of stain lot numbers and to follow the manufacturer’s storage and usage instructions. Shipping during weather extremes, especially extreme cold can have adverse affect
on staining solutions. Despite advances in preparation and stability of these stains, it is still good laboratory practice to test run every new shipment or lot number against a reference lot number or shipment that is producing consistent correct staining characteristics. “Quick” stains have been developed for use in “stat:
situations and small laboratories. Developed with speed as the goal, they have proved adequate for assessing normal cell morphology but can be less satisfactory for evaluating abnormal cell morphology. Since the fixation period is short, poor stain penetration is achieved and short time exposure to the stain may

Specimen 1 Specimen 2 Specimen 3 Specimen 4 Specimen 5
Code - Result No. Flag Code - Result No. Flag Code - Result No. Flag Code - Result No. Flag Code - Result No. Flag
630-PMN or Band with Toxic 256 630-PMN or Band with Toxic 374 200-Band Neutrophil (stab) 251 110-Erythrocyte, normal RBC 510 210-Basophil, any stage 658
320-Eosinophil, any stage 205 200-Band Neutrophil (stab) 114 640-PMN with Pelger-Huet Nucleus 194 186-Spherocyte 116 630-PMN or Band with Toxic 13 ***
430-Segmented Neutrophil (PMN, poly) 165 334-Metamyelocyte 109 *** 334-Metamyelocyte 77 RR* 430-Segmented Neutrophil (PMN, poly) 20 *** 100-Abnormal, would refer E R
poly) 742-Monocyte, any stage 49 *** 630-PMN or Band with Toxic 55 615-Abnormal Granulocyte, would refer 16 *** 120-Basophilic Stippling 2 kkE
100-Abnormal, would refer 12 100-Abnormal, would refer 8 100-Abnormal, would refer 37 855-Immature WBC, would refer 6 *** 635-PMN with Degenerated Nucleus 2 REE
875-Abnormal Granulocyte, would 11 875-Abnormal Gran, would refer 8 620-PMN or Band with Dohle Bodies 24 615-Hypersegmentated Neutrophil 6 *** 320-Eosinophil, any stage 1 kkE
refer 855-Immature WBC, would refer 4 FRx 875-Abnormal Granulocyte, would 16 112-Polychromatophilic RBC 4 xrx 875-Abnormal Granulocyte, would 1 kkE
200-Band Neutrophil (stab) 7 *xx 618-PMN with bacterial inclusion 2 ¥Fx 430-Segmented Neutrophil (PMN, 7 126-Howell-Jolly Bodies 4 xrx Total Population 680
635-PMN with Degenerated Nucleus 6 *** 635-PMN with Degenerated Nucleus 2 Hkx 855-Immature WBC, would refer 6 *xx 870-Abnormal RBC, would refer 3
618-PMN with bacterial inclusion 5 kkk 210-Basophil, any stage 1 *xx 635-PMN with Degenerated Nucleus 3 *xx 120-Basophilic Stippling 2 Hxk Intended result Basophil.
620-PMN or Band with Dohle Bodies 4 320-Eosinophil, any stage 1 *xx 411-Myelocyte 2 ¥xx 127-Pappenheimer Bodies 2 Hxk
334-Metamyelocyte 2 *k* 411-Myelocyte 1 *xx 413-Promyelocyte 2 ¥xx 620-PMN or Band with Dohle Bodies 2 Hxk
640-PMN with Pelger-Huet Nucleus 2 *k* 620-PMN or Band with Dohle Bodies 1 618-PMN with bacterial inclusion 2 ¥xx 630-PMN or Band with Toxic 2 Hxk
855-Immature WBC, would refer 2 *k* 714-Lymphocyte, reactive (atypical, 1 ¥xx 186-Spherocyte 1 RR* Granulation/Vacuolization
120-Basophilic Stippling 1 kk* Downey, variant) 320-Eosinophil, any stage 1 RR* 714-Lymphocyte, reactive (atypical, Downe 1k
870-Abnormal RBC, would refer 1 kk* 860-Abnormal Lymph, would refer 1 ¥xx 714-Lymphocyte, reactive (atypical, 1 ¥xx 111-Nucleated RBC, any stage 1k
Total Population 679 Total Population 680 Downey, variant) 166-Elliptocyte/Ovalocyte 1 REx
Total Population 679 182-Schistocyte (bite, blister, helmet) 1 REx
Intended result PMN with toxic Intended result PMN or Band. 640-PMN with Pelger-Huet Nucleus 1 REx
granulation. Contains toxic granulation, Intended result PMN with Dohle Total Population 703
vacuoles, and possibly a Dohle Bodies.
Body. 32 of 35 referees selected the Intended result Erythrocyte,
intended result of PMN with Toxic gran. normal.

Correct responses are defined as those reflecting agreement among 80% or more of all participants or referees. Unacceptable responses are indicated by "***" on the Flagging line of each specimen.
Due to color variations in printing, specimen 1, Eosinophil was not evaluated.
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EDUCATIONAL CHALLENGES

Specimen 1 No.
Blast, undifferentiated 178
Myeloblast 61
Immature WBC, would refer 12
Abnormal Lymphocyte, would refer 10
Promyelocyte
Abnormal, would refer
Lymphocyte, reactive (atypical, Downey, variant
Plasma Cell, any stage
Myelocyte
Monocyte, any stage
Metamyelocyte
PMN or Band with Dohle Bodies
Abnormal Granulocyte, would refer
Total Population: 305
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*To see the original fullsized immages, please refer to the original CD or sign on to your data entry sheet at http://www.aab-pts.org/

Educational Challenge 102011 Slide 1 - Acute Myeloid Leukemia: A 73-year-old man presents to his family physician complaining of fatigue, brusing on his legs, and recurrent nosebleeds. He worked until retirement in a refinery where he was exposed to
numerous chemical agents, including benzene. Although he has been active since retirement, in the last six months he gets out of breath when climbing stairs, feels like he has no energy or appetite, and has lost 20 Ibs. Physical examination is remarkable for
numerous petechiae on his abdomen, chest, and back, and there are recent and resolving bruises on his lower legs. The spleen is enlarged. CBC results: WBC 52,000/uL, Hgb 7.6 g/dL, Hct 22.8%, Plts 41,000/uL. Identify the indicated cells.

The automated CBC results show a marked elevation of the WBC count, accompanied by anemia and thrombotcytopenia. This is confirmed upon review of the peripheral blood smear. The red cells are primarily spherocytic, often without an area of central
pallor. The increase in WBCs is quite noticeable with the majority being immature; several basket cells or disintegrated cells are present. The cells to be identified are all blasts.

This patient was diagnosed with acute myeloid leukemia (AML). AML is one of the most common types of adult leukemia and is more common in men than in women. The disease is due to an abnormal proliferation of myeloid stem cells within the bone
marrow. The neoplastic cells slowly replace the normal cells in the bone marrow, leading to pancytopenia (decreased platelets, RBCs, and WBCs). The signs and symptoms of AML include easy bruising, bleeding from the nose and gums, petechiae,
infection, fatigue, pallor, bone pain, shortness of breath, and weight loss.

The majority of patients with AML have circulating blast cells, easily seen on the peripheral blood smear. There may be a slight progression towards more mature myeloid cells, however the patient is typically neutropenic. Most patients have a normocytic,
normochromic anemia. Based on clinical and laboratory findings, a bone marrow aspirate and biopsy are typically performed for further studies and cytogenetic analysis. In this patient, the circulating blast count is high enough to perform many of these
studies; nonetheless, most physicians also prefer to obtain a bone marrow biopsy to assess the degree of marrow involvement.

The etiology of most cases of AML is unknown, however, it has been shown to be associated with exposure to radiation, certain chemotherapy agents, and certain chemicals, such as benzene. A genetic predisposition has also been identified. An individual
with Down Syndrome has a 10- to 18-fold increase in risk for developing AML.

There are several subtypes of AML and treatment and prognosis varies depending on the subtype. Since AML is an acute process, death occurs within weeks to months if left untreated. With treatment, five-year survival varies from 15-70%, and relapse
rate varies from 78-33%, depending on subtype. Initial treatment is with chemotherapy with the aim of inducing remission. Bone marrow and peripheral blood stem cell transplants have been used for individuals with AML who relapse or do not respond
to chemotherapy.



Specimen 2 No.
Elliptocyte/Ovalocyte 293
Poikilocytosis
Howell-Jolly Bodies
S/C crystasis
Stomatocyte
Blast, undifferentiated
Lymphocyte, reactive (atypical, Downey, variant
Abnormal RBC, would refer [
Total Population: 305 | | o < 5
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*To see the original fullsized immages, please refer to the original CD or sign on to your data entry sheet at http://www.aab-pts.org/

Educational Challenge 1Q2011 Slide 1 - Hereditary Elliptocytosis:: A 14-month-old boy is brought to the pediatric clinic when his mother becomes concerned about his skin “turning yellow”. He and his family recently immigrated to the United States from
Greece. His two older siblings are in good health. He appears ill with jaundiced skin. On physical examination, he is small for his age and found to have scleral icterus, splenomegaly, and tachycardia. CBC results: WBC 4.3, Hgb 7.3 g/dL, Hct 21.9%, RDW 18.1,
Plts 624,000/uL. Identify the indicated cells.

The CBC values indicate this child is anemic with an elevated platelet count. Review of the peripheral smear confirms elevation of the platelet count. A few of the lymphocytes are relatively large and contain prominent granules in the cytoplasm. Most
significant, however, are the abnormalities seen in the red blood cells. There is marked anisocytosis and poikilocytosis, with the presence of elliptocytes, schistocytes, bizarre forms, and occasional polychromasia and basophilic stippling. The cells to be
identified are all elliptocytes.

Based on the peripheral blood smear and clinical presentation, it likely this child has the more severe form of hereditary elliptocytosis (HE). This is an inherited autosomal dominant abnormality of spectrin, a protein in the red cell cytoskeleton. Members
of the same family can be affected and yet show very different manifestations, if any. Red cell precursors begin as normal discoid RBCs, but progressively become more elliptical in shape as they age. Typically, to be classified as hereditary elliptocytosis, at
least 25% of the red cells must be elliptocytes, although the number may be much higher. HE affects about 3 to 5 per 10,000 individuals in the United States and is more common in individuals of African and Mediterranean descent (this child is from
Greece). The majority of patients with HE are completely asymptomatic and, due to a compensated hemolysis, have normal hemoglobin values and red cell indices. The diagnosis in these individuals is made incidentally when a routine blood smear is
examined. However, about 5-10% of individuals with HE suffer from moderate to severe hemolysis, such as seen with this child. In children, the chronic anemia can lead to a failure-to-thrive and slow growth. A hemolytic episode may be triggered by
infection, particularly a viral infection. Note that several of this child’s lymphocytes were large with scalloped borders and large cytoplasmic granules, all of which may be seen in association with a viral infection. As the abnormal RBCs are destroyed in the
spleen, levels of unconjugated bilirubin increase, leading to jaundice.

There is no cure for hereditary elliptocytosis and, fortunately, most individuals with HE need no treatment. Due to the low level of compensated hemolysis, they are at an increased risk for development of gallstones. Individuals with more severe

hemolysis may require a splenectomy. This allows the RBCs to circulate longer and bypass destruction in the spleen. However, once a splenectomy has been performed, the individual is at increased risk for bacterial infections and must be closely
monitored. Oftentimes, when hemolysis begins during infancy, it will decrease as the infant becomes older and a splenectomy may not be necessary.
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