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The discipline of hematology stands as a cornerstone of modern internal medicine, bridging the gap between basic 

cellular biology and complex clinical pathology. At the heart of this field lies the morphological assessment of blood 

and bone marrow—a practice that remains essential despite the advent of high-throughput molecular diagnostics 

and automated flow cytometry. Central to the education of generations of hematologists is the seminal work, 

Blood: Atlas and Sourcebook of Hematology, authored by Carola T. Kapff  and James H. Jandl. This article

provides a deep, technical exploration into the foundations of hematological study, the historical lineage of its

pioneers, and the procedural methodologies required for definitive diagnosis in the hematological laboratory.

1. Historical Foundations: From Hewson to Metcalf

To understand the current state of hematological science, one must recognize the foundational shifts initiated by 

historical figures. William Hewson (1739–1774), often hailed as the father of hematology, was the first to

describe the essential characteristics of red blood cells (erythrocytes) and the role of the lymphatic system.

Hewson’s meticulous observations using primitive microscopy laid the groundwork for the study of coagulation and

the identification of fibrinogen. His work demonstrated that the serum was a distinct component from the cellular

elements, a concept that paved the way for modern transfusion medicine.

Transitioning into the 20th century, the field shifted from pure observation to functional biology. Donald Metcalf is 

recognized as the father of modern hematology due to his groundbreaking discovery of Colony-Stimulating 

Factors (CSFs). Metcalf’s research elucidated how specific glycoproteins regulate the proliferation and

differentiation of hematopoietic stem cells into mature leukocytes. This discovery revolutionized the treatment of

neutropenia and provided the theoretical framework for understanding hematological malignancies as failures in

regulated cell growth.

2. Technical Analysis of the 'Atlas and Sourcebook of Hematology'

The Second Edition of Blood: Atlas and Sourcebook of Hematology (Kapff and Jandl, 1991) represents a pinnacle 

in morphological documentation. Published by Little, Brown &amp; Co., this 158-page text is characterized by its 

high-density photomicrographicdata. Unlike contemporary digital databases, the physical atlas provided a tactile

and consistent reference for color fidelity in staining—a critical factor in distinguishing subtle cellular variations.

Core Components of the Kapff-Jandl Methodology:

•  Visual Standardization: The use of over 250 full-color photomicrographs ensures that the observer can 

differentiate between artifactual changes and true pathological inclusions.

•  Systemic Coverage: The text categorizes findings into normal hematopoiesis, reactive states, and neoplastic 

diseases, providing a sourcebook that serves as both a teaching tool and a diagnostic checklist.

•  Clinical Correlation: James H. Jandl, a luminary in the study of blood physiology, ensured that the 

morphological findings were integrated with underlying biochemical and physiological mechanisms.



3. Theoretical Framework: Hematopoiesis and Cellular Kinetics

Hematopoiesis is the highly regulated process of blood cell production occurring primarily in the bone marrow. The

process is governed by a hierarchical structure of stem cells, progenitor cells, and precursor cells. Understanding

this framework is vital for interpreting the findings presented in any hematological atlas.

The Erythroid Lineage Workflow

1.  Proerythroblast: The earliest recognizable precursor, featuring a large nucleus and intense basophilic 

cytoplasm.

2.  Basophilic Erythroblast: Characterized by accumulating RNA for hemoglobin synthesis.

3.  Polychromatophilic Erythroblast: The first stage where hemoglobinization becomes visible (the 'muddy' 

cytoplasm).

4.  Orthochromic Normoblast: The stage where the nucleus becomes pyknotic and is eventually extruded.

5.  Reticulocyte: A non-nucleated cell containing residual RNA, crucial for measuring marrow response to 

anemia.

4. Comparison Matrix: Classic Morphology vs. Advanced Diagnostics

While the Kapff and Jandl atlas focuses on morphological identification, modern laboratories integrate these

findings with other modalities. The following table provides a comparison of diagnostic accuracy and utility across

various platforms.



Diagnostic Modality Primary Metric Key Advantage Limitation

Morphological Atlas (Kapff 
&amp; Jandl)

Visual Phenotype Unmatched context for cell 
interaction and structure.

Subjective; requires high 
expertise.

Automated CBC Analyzers Impedance/Laser Scatter High speed and precision 
for cell counts.

Cannot detect specific 
dysplastic changes.

Flow Cytometry CD Marker Expression Objective identification of 
cell lineages.

Loss of spatial and 
structural context.

Next-Gen Sequencing 
(NGS)

Genetic Mutations Identification of driver 
mutations (e.g., JAK2, 
BCR-ABL1).

High cost; long turnaround 
time.

5. Field Guide: Peripheral Blood Smear (PBS) Preparation and Analysis

A technical writer in the hematological space must emphasize the procedural integrity of the Peripheral Blood 

Smear (PBS). A poorly prepared slide renders the most expensive atlas useless. The following workflow outlines

the standard operating procedure (SOP) for preparing a diagnostic-grade smear.

Step-by-Step PBS Execution:

1.  Sample Collection: Use EDTA-anticoagulated blood. Smears should ideally be made within 2-4 hours of 

collection to avoid morphological artifacts such as crenation of RBCs or vacuolization of neutrophils.

2.  The Wedge Technique: Place a small drop of blood 1 cm from the frosted end of the slide. Use a spreader 

slide at a 30-45 degree angle, pull back into the drop, and push forward in a smooth, rapid motion.

3.  Drying and Fixation: Air-dry rapidly to prevent cellular shrinkage. Fix in anhydrous methanol to preserve 

membrane integrity.

4.  Staining (Wright-Giemsa): The Romanowsky-type stains are essential. The pH must be strictly maintained 

between 6.4 and 6.8 to ensure proper affinity of the acidic and basic dyes (Eosin and Methylene Blue).

Examination Strategy:

•  10x Objective: Assess overall film quality, distribution of cells, and presence of large abnormal cells (e.g., 

megakaryocytes or clumps of platelets).

•  40x Objective: Perform the White Blood Cell (WBC) differential count and estimate the platelet count.

•  100x Oil Immersion: Critical morphological evaluation of erythrocytes (size, shape, inclusions) and leukocyte 

cytoplasmic details (Auer rods, toxic granulation).

6. Pathological Analysis: Hematological Oncology and Anemias

The Atlas and Sourcebook of Hematology provides detailed insights into disease categories. In Hematological 

Oncology, the atlas is indispensable for identifying the neoplastic diseases of the hematopoietic system. For 

example, the differentiation between Acute Myeloid Leukemia (AML) and Acute Lymphoblastic Leukemia (ALL)

 often begins with the visual identification of Auer rods—fine, needle-like inclusions in the cytoplasm of myeloblasts.

Mathematical Models in Hematology

Diagnostic precision often requires the calculation of Red Cell Indices. These formulas are essential for classifying

anemias into microcytic, normocytic, or macrocytic categories:

•  Mean Corpuscular Volume (MCV): MCV (fL) = (Hematocrit (%) × 10) / RBC Count (10²/;ÄÂ•



•  Mean Corpuscular Hemoglobin (MCH): MCH (pg) = (Hemoglobin (g/dL) × 10) / RBC Count (10²/;ÄÂ•

•  Mean Corpuscular Hemoglobin Concentration (MCHC): MCHC (g/dL) = (Hemoglobin (g/dL) × 100) / 

Hematocrit (%)

Table: Morphological Findings in Common Anemias



Anemia Type Key Morphological Feature Etiology

Iron Deficiency Anemia Hypochromic, Microcytic, Target Cells Chronic blood loss or dietary 
deficiency.

Megaloblastic Anemia Macro-ovalocytes, Hypersegmented 
Neutrophils

Vitamin B12 or Folate deficiency.

Sickle Cell Anemia Drepanocytes (Sickle cells), Howell-
Jolly bodies

Homozygous HbS mutation.

Thalassemia Microcytosis, Schistocytes, Basophilic 
Stippling

Globin chain synthesis defect.

7. Troubleshooting Morphological Interpretations

Even with a high-quality sourcebook, practitioners often encounter diagnostic pitfalls. Recognizing these common

errors is critical for clinical accuracy.

Common Diagnostic Pitfalls and Solutions:

•  Pseudothrombocytopenia: Platelet clumping in EDTA-collected samples can lead to falsely low platelet 

counts. Solution: Re-collect in a sodium citrate tube and re-examine the smear.

•  Stain Precipitate vs. Inclusions: Improperly washed slides may have blue-black particles that mimic 

Pappenheimer bodies. Solution: Ensure proper buffer washing and filtering of the stain.

•  Smudge Cells: Fragile lymphocytes in Chronic Lymphocytic Leukemia (CLL) can rupture during smear 

preparation. Solution: Prepare an albumin-enhanced smear to stabilize the cell membranes.

8. The Significance of Bone Marrow Evaluation

While peripheral blood provides a snapshot, the bone marrow is the "factory" of the hematological system. The 

Kapff and Jandl atlas extensively covers marrow findings, which require a two-part approach: the aspirate (for 

cellular detail) and the trephine biopsy (for architecture and cellularity).

Technical evaluation of the marrow must include an assessment of the M:E Ratio (Myeloid to Erythroid). A

normal ratio is typically between 2:1 and 4:1. Deviations from this ratio indicate either myeloid hyperplasia (as seen

in infections or leukemia) or erythroid hyperplasia (as seen in hemolytic anemias or response to hemorrhage).

9. Advanced Synthesis and Broader Implications

The transition from the classic morphology detailed in Blood: Atlas and Sourcebook of Hematology to modern 

genomic medicine does not represent an obsolescence of morphology, but rather an integration of scales. 

Morphology provides the essential phenotypic context in which genetic and molecular data must be interpreted. For 

instance, the identification of a BCR-ABL1translocation is clinically defined by the morphological presentation of

Chronic Myeloid Leukemia (CML) in the chronic phase, characterized by a "left-shifted" myeloid differential with a

peak in myelocytes and basophils.

Furthermore, the educational legacy of authors like Kapff and Jandl emphasizes the importance of visual literacy. In

an era of AI-driven image recognition, the curated photomicrographs in these sourcebooks provide the "ground

truth" datasets used to train the next generation of diagnostic algorithms. The structural integrity, staining quality,



and expert annotation found in these atlases remain the gold standard against which automated systems are

measured.

As we look toward the future of hematology, the principles of meticulous observation established by William

Hewson and refined by Metcalf, Kapff, and Jandl remain immutable. The ability to look through a microscope—or at

a high-resolution photomicrograph—and identify the subtle shift in chromatin density or the presence of a

pathological inclusion remains the most immediate and profound tool in the clinician's arsenal. The synthesis of this

visual tradition with molecular precision ensures that hematology will continue to lead the way in personalized,

technically rigorous medicine.
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