
When the body encounters infection, inflammation, or physiologic stress, neutrophils 
are often the earliest blood cells to react.
	 For the hematologist or clinician interpreting a CBC, neutrophils provide three critical 
diagnostic signals:
•	 Left shift—evidence of bone marrow activation
•	 Toxic changes—evidence of inflammatory stress or infection
•	 Neutropenia—indicator of impaired host defense and infection risk
	 Careful interpretation of these features can reveal the severity of illness, the adequacy 
of marrow response, and the risk of life-threatening infection.

NORMAL NEUTROPHIL MATURATION AND MORPHOLOGY

Understanding abnormal neutrophil patterns begins with understanding normal 
granulopoiesis.
	 Neutrophils are produced in the bone marrow through a stepwise maturation process 
called granulopoiesis.

Flowchart 11.1: Normal maturation sequence
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	 Only the final two stages normally appear in peripheral blood.
	 Earlier forms remain confined to the bone marrow reserve pool.

Morphology of the Mature Neutrophil

Feature Description

Diameter 12–15 μm

Nucleus 2–5 lobes connected by thin filaments

Cytoplasm Pale pink with fine specific granules

Function Phagocytosis, bacterial killing, inflammatory signaling

Neutrophils circulate for 6–10 hours in blood before migrating into tissues.

LEFT SHIFT

A left shift refers to the appearance of immature neutrophil precursors in peripheral 
blood.

These include:
•	 Band forms
•	 Metamyelocytes
•	 Myelocytes
•	 Promyelocytes
	 The term ‘left shift’ originates from early manual differential count charts, where 
immature cells appeared on the left side of the maturation diagram.

Definition and Grading of Left Shift

Grade Definition Clinical implication

Mild Bands >5–10% of WBCs Mild–moderate inflammation

Moderate Metamyelocytes present Significant infection or stress

Severe Myelocytes or promyelocytes 
present

Severe infection, marrow stress, or CML

Leukoerythroblastic Immature WBCs + nucleated 
RBCs

Bone marrow infiltration

Causes of Left Shift

Category Causes Typical pattern

Infection Bacterial infections, sepsis, tuberculosis Often with toxic changes

Inflammation Burns, trauma, myocardial infarction, surgery Severity proportional

Hematologic 
disorders

CML, myelofibrosis, MDS Often extreme

Physiologic/other Pregnancy (3rd trimester), steroids, growth 
factors

Usually, mild
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Regenerative vs Degenerative Left Shift

This distinction is clinically important.

Pattern Meaning

Regenerative left shift Neutrophilia + Left shift → Marrow responding appropriately

Degenerative left shift Leukopenia + Left shift → Marrow overwhelmed

Example

Case 1:  Appropriate response
•	 TLC = 18,000
•	 Neutrophils = 85%
•	 Bands = 12%

Interpretation:  Regenerative left shift → Bacterial infection likely

Case 2:  Dangerous pattern
•	 TLC = 3,000
•	 Bands = 15%
•	 Metamyelocytes present

Interpretation:  Degenerative left shift → Overwhelming sepsis

TOXIC CHANGES IN NEUTROPHILS

Toxic changes are morphologic alterations of neutrophils caused by accelerated bone 
marrow maturation during intense inflammation.

They are mediated by inflammatory cytokines such as:
•	 IL-1
•	 TNF
•	 G-CSF

Important: These changes are not caused by bacterial toxins, despite the name.

	 They can only be reliably detected on peripheral smear, not by automated  
analyzers.

Major Toxic Changes

Toxic Granulation

Feature Description

Appearance Coarse dark purple cytoplasmic granules

Mechanism Persistence/fusion of primary granules

Significance Severe infection, inflammation, burns

Grading: 1+ (few granules) → 4+ (cytoplasm densely packed)
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Fig. 11.1:  Toxic granulation in a neutrophil

Döhle Bodies

Feature Description

Appearance Pale blue cytoplasmic inclusions

Location Peripheral cytoplasm

Composition Aggregated rough ER

Common in:
•	 Infection
•	 Burns
•	 Pregnancy
•	 Chemotherapy
Also seen in May-Hegglin anomaly.

Cytoplasmic Vacuolization

Feature Description

Appearance Clear cytoplasmic vacuoles

Mechanism Phagocytosis/autophagy

Significance Highly specific for sepsis

Presence of prominent vacuolization is considered a medical emergency finding.
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Fig. 11.2:  Neutrophils showing toxic granulations, Dohle bodies and cytoplasmic vacuolations

Diagnostic Interpretation

Pattern Interpretation

Toxic changes + Left shift Strong evidence of acute infection

Left shift alone May be physiologic

Toxic changes without leukocytosis Severe infection still possible

TOXIC CHANGES VS PSEUDOTOXIC CHANGES

Feature True toxic changes Pseudotoxic changes

Granules Coarse and dark Normal

Nuclear segmentation Normal Hyposegmented

Typical condition Infection Pelger-Huët anomaly or MDS

NEUTROPENIA

Neutropenia refers to a reduction in circulating neutrophils and is one of the most 
clinically significant hematologic abnormalities.
	 The risk of infection correlates with absolute neutrophil count (ANC).

Absolute Neutrophil Count-based Severity

Severity ANC

Mild 1.0–1.5 × 10³/µl

Moderate 0.5–1.0 × 10³/µl

Severe <0.5 × 10³/µl

Agranulocytosis <0.1 × 10³/µl
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CLINICAL CAUSES OF NEUTROPENIA

Most common acquired causes:
•	 Viral infections
•	 Drugs (antibiotics, chemotherapy, anticonvulsants)
•	 Autoimmune diseases (SLE)
•	 Severe sepsis

Chronic or severe neutropenia may be due to:
•	 Aplastic anemia
•	 Myelodysplastic syndrome
•	 Leukemia
•	 Nutritional deficiencies
•	 Hypersplenism

MECHANISM-BASED CLASSIFICATION

Decreased Production

Cause Key features Smear clues
Drug toxicity Chemotherapy, antibiotics Multiple cytopenias
Nutritional B12/folate deficiency Macro-ovalocytes
Inherited Kostmann syndrome Cyclic recovery monocytosis
Marrow infiltration Leukemia, metastasis Leukoerythroblastic smear
Aplastic anemia Pancytopenia Bland smear
MDS Elderly patients Dysplastic neutrophils

Increased Destruction

Cause Features Diagnostic clues

Autoimmune Often isolated neutropenia Associated autoimmune disease

Infection Viral or bacterial Toxic changes

Hypersplenism Splenomegaly Cytopenias

Redistribution (Pseudoneutropenia)

Occurs when neutrophils adhere to vascular endothelium instead of circulating.

Causes

•	 Endotoxemia
•	 Hemodialysis
•	 Benign ethnic neutropenia
ANC may normalize with epinephrine demargination testing.

ACUTE VS CHRONIC NEUTROPENIA

Type Duration Typical causes

Acute <3 months Viral infection, drugs

Chronic >3 months Autoimmune, marrow disorders
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CONGENITAL NEUTROPENIA

Includes:
•	 Kostmann syndrome
•	 Cyclic neutropenia
	 These disorders often show periodic recovery phases with monocytosis.

Flowchart 11.2:  Diagnostic algorithm for neutrophil abnormalities

CLINICAL INTERPRETATION OF NEUTROPHIL PATTERNS

Pattern Likely interpretation Action

Neutrophilia + Left shift + Toxic 
changes

Acute bacterial infection Identify infection source

Neutropenia + Left shift Overwhelming infection Immediate antibiotics

Neutropenia without left shift Marrow failure Review drugs, consider marrow

Isolated left shift Early inflammation Clinical correlation

Hypersegmented neutrophils B12 / folate deficiency Measure vitamin levels

Dysplastic neutrophils MDS Bone marrow study

CRITICAL SCENARIOS REQUIRING IMMEDIATE ACTION

Febrile Neutropenia

ANC <0.5 × 103/µl + Fever

Risk:  Life-threatening infection

Action

•	 Immediate hospitalization
•	 Empiric broad-spectrum antibiotics

Toxic Vacuolization

Strong indicator of sepsis.
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Action

•	 Immediate sepsis evaluation
•	 Urgent treatment

Blasts in Peripheral Blood

Even 1% blasts requires urgent hematology referral.

Neutropenia with Leukoerythroblastic Picture

Suggests bone marrow infiltration.

Action

•	 Imaging
•	 Bone marrow biopsy

DIAGNOSTIC WORKUP OF UNEXPLAINED NEUTROPENIA

Step 1: Initial Evaluation

•	 Repeat CBC
•	 Manual differential
•	 Peripheral smear review
•	 Drug and toxin history
•	 Physical exam

Step 2: Laboratory Tests

•	 Viral serology (HIV, EBV, CMV, hepatitis)
•	 Autoimmune tests (ANA, RF)
•	 Vitamin B12, folate, copper
•	 Neutrophil antibodies

Step 3: Advanced Testing

•	 Bone marrow biopsy
•	 Cytogenetics and molecular studies
•	 Epinephrine demargination test

BENIGN VARIANTS AND PITFALLS

Benign Ethnic Neutropenia

Common in:
•	 African populations
•	 Middle Eastern populations
•	 Some Jewish groups

ANC typically:
500–1000/µl

Despite low counts:
•	 Normal infection risk
•	 Normal marrow cellularity
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Pseudo-Pelger-Huët Anomaly

Type Significance

Hereditary Benign

Acquired Associated with MDS or drugs

Morphology:  Bilobed “spectacle-shaped” nucleus.

Fig. 11.3:  Pelger-Huët anomaly

May-Hegglin Anomaly

Features:
•	 Döhle-like inclusions
•	 Giant platelets
•	 Mild thrombocytopenia

Inheritance:  Autosomal dominant

Fig. 11.4: May-Hegglin anomaly
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SUMMARY

Finding Primary significance Clinical urgency

Left shift Marrow activation Depends on severity

Toxic granulation Neutrophil activation Moderate

Döhle bodies Accelerated maturation Mild–moderate

Vacuolization Sepsis High

Severe neutropenia Infection risk High

Dysplastic neutrophils Marrow disorder Requires evaluation

Key Principle

Neutrophil abnormalities cannot be interpreted in isolation.
	 A left shift in a post-operative patient may be physiological whereas the same finding 
in a febrile patient may indicate serious infection.

Similarly

•	 Toxic changes in burns differ from those in sepsis.
•	 Neutropenia after chemotherapy differs from autoimmune neutropenia.

Therefore:
Clinical context + CBC + Peripheral smear = Accurate interpretation.
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