
S O L V I N G C L I N I C A L P RO B L EM S I N B L OOD D I S E A S E S

A physician or group of physicians considers presentation and evolution of a real clinical case, reacting to clinical information
and data (boldface type). This is followed by a discussion/commentary.
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1 | CASE PRESENTATION

We herein report on a 26-year-old Caucasian female who was

referred to our outpatient clinic with a history of abnormal blood

count, including thrombocytosis and monocytosis known for the last

7 years. No family history of hematological disorders was reported.

Her past medical history was significant for a papillary thyroid carci-

noma that was treated with surgery and radioiodine therapy,

obtaining a complete remission; the patient is currently taking lev-

othyroxine. Her physical exam was normal and no signs and/or

symptoms of infection were noticed.

Thrombocytosis, defined as a platelet count >450 � 109/L, is a

common finding in routine blood tests and a common cause of referral

to hematologists for further investigation. Causes of thrombocytosisLuca Arcaini and Elisa Rumi contributed equally to this study.
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can be grouped into primary, secondary, and spurious (Table 1).1 To

find out the etiology of the thrombocytosis, the clinical hematologist

should take into consideration data from familial and medical history,

physical examination, results of hematological exams, clonal genetic

abnormalities and bone marrow aspirate and trephine biopsy for mor-

phological features, flow cytometric data, and cytogenetic and molec-

ular markers of clonality.

During the visit, we performed additional blood tests. A com-

plete blood count revealed the following values: Hemoglobin 150 g/

L, hematocrit 42.8%, mean cell volume 88 fL, white blood cell count

10.23 � 109/L, and platelet count 582 � 109/L. Differential white

blood cell count revealed a normal absolute neutrophil count and a

slightly increased number of monocytes (1.2 � 109/L). Morphologi-

cal examination of peripheral blood smear confirmed the higher-

than-normal platelet count with no significant platelet clumping and

also showed several target cells, acanthocytes, and Howell-Jolly

bodies within red blood cells (Figure 1A). C-reactive protein (CRP)

and erythrocyte sedimentation rate (ESR) results within the normal

range. Serum levels of iron, transferrin, ferritin, and transferrin satu-

ration were normal. Serum level of lactic acid dehydrogenase (LDH)

was within the normal range. A chest X-ray revealed no abnormali-

ties attributable to pulmonary infection. Abdominal ultrasound

showed no evidence of infection and reported limited visualization

of the spleen. The BCR-ABL rearrangement was absent in peripheral

blood. No mutations of JAK2, CALR, and MPL genes were found in

DNA from peripheral blood granulocytes.

During the assessment of a new-onset thrombocytosis, it is of the

upmost importance to distinguish secondary (or reactive) thrombo-

cytosis from true hematological diseases. First of all, for practical pur-

poses, we searched for causes of secondary thrombocytosis. The

most common causes of reactive thrombocytosis are iron deficiency,

inflammation, infection, hemolysis, and other causes that trigger an

acute-phase response (Table 1). Thus, we performed serum tests to

check for the iron status (iron, transferrin, and ferritin) and for an

TABLE 1 Causes of thrombocytosis

Primary Secondary Spurious

Essential thrombocythemia

Polycythemia vera

Primary myelofibrosis

Chronic myeloid leukemia, BCR-ABL1-

positive

Myelodysplastic syndrome with isolated

del(5q)

Chronic myelomonocytic leukemia

Atypical chronic myeloid leukemia, BCR-

ABL1-negative

Myelodysplastic/myeloproliferative

neoplasm with ring sideroblasts and

thrombocytosis

Myelodysplastic/myeloproliferative

neoplasm, unclassifiable

Iron deficiency

Acute-phase response due to:

• Infection

• Inflammation

• Recent surgical intervention (post-

operative thrombocytosis)

Hemorrhage

Hemolysis

Malignancy

Hyposplenism

Drug therapy with:

• Corticosteroids

• Adrenaline

• Cytokines (e.g., thrombopoietin)

Cryoglobulinemia

Microspherocytes

Schistocytes

Bacteria

Neoplastic cell cytoplasmic fragments

Pappenheimer bodies

F IGURE 1 (A) Peripheral blood smear. The peripheral blood smear shows morphological abnormalities typically described in hyposplenism
(e.g., Howell-Jolly bodies, Heinz bodies, spiculated cells, target cells) (Hematoxylin–eosin �100). (B) Bone marrow biopsy. The bone marrow
biopsy shows normal cellularity for the age, normal myelo-erythroid ratio and maturation; megakaryocytes are scattered and without the typical
cytologic modifications of myeloproliferative neoplasms (Hematoxylin–eosin, �20) [Color figure can be viewed at wileyonlinelibrary.com]
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acute-phase reaction (CRP, ESR): all of them were normal. A normal

LDH serum level, together with a normal hemoglobin concentration

and reticulocyte count, excluded hemolytic processes. Despite the

absence of symptoms and signs of an underlying infection, we per-

formed a chest radiograph that ruled out a pulmonary infection, and

an abdominal ultrasound that revealed no signs of abdominal infection

and reported a poorly assessable spleen. The most common mutations

associated with myeloid neoplasms (BCR-ABL rearrangement for chronic

myeloid leukemia and JAK2, CALR, and MPL mutations for Philadelphia-

negative myeloproliferative neoplasms) were not found.2–4

In view of the persistent thrombocytosis (platelet count was

532 � 109/L at the next blood count), we performed a bone marrow

aspirate and trephine biopsy to search for hematological causes. His-

tological examination (Figure 1B) revealed a cellularity of 40% and a

slightly reduced number of erythroid precursors with a preserved

ratio of myeloid to erythroid precursors and a normal number of

megakaryocytes without significant abnormalities. The number of

CD34+ precursors was also normal (2%–3% of the total nucleated

cells). No significant bone marrow reticulin fibrosis was detected

(grade 0 according to the WHO grading system).5 Bone marrow flow

cytometric analysis and cytogenetic analysis were also normal.

Bone marrow biopsy is not usually required to investigate a sec-

ondary thrombocytosis. However, in absence of a reactive etiology,

we performed a bone marrow aspirate and trephine biopsy to search

for hematological disorders associated with thrombocytosis.

The most common hematological malignancies associated with

thrombocytosis are chronic myeloid leukemia, BCR-ABL1 positive,4

and the so-called Philadelphia-negative myeloproliferative neoplasms

(i.e., polycythemia vera, essential thrombocythemia, and myelofibro-

sis).2 In our case, all of these entities were ruled out because of the

absence of their typical molecular markers (searched on peripheral

blood, see the previous paragraph) associated with normal findings on

bone marrow aspirate and trephine biopsy examination. The diagnosis of

a myelodysplastic/myeloproliferative neoplasm (e.g., atypical chronic

myeloid leukemia, BCR-ABL1-negative, chronic myelomonocytic leuke-

mia, and myelodysplastic/myeloproliferative neoplasm with ring

sideroblasts and thrombocytosis) was also excluded by cytomorpho-

logical examination of the bone marrow aspirate. The absence of a clonal

marker at cytogenetics also supported the nonclonal etiology of the

thrombocytosis.

Given the inability of the previous abdominal ultrasound to

assess the spleen, we ordered a new ultrasonographic examination

of the abdomen. No signs of infection were detected. The spleen

was described as poorly visualized with an estimated longest dimen-

sion of 3 cm and no focal abnormality. In view of the inconclusive

result of the ultrasound, abdominal magnetic resonance imaging

(MRI) was performed. It revealed a very small spleen, approximately

measuring 7 � 45 � 24 mm and was conclusive for splenic hypopla-

sia (Figure 2). Thus, a diagnosis of reactive thrombocytosis related to

hyposplenism was made. We, therefore, suggested a complete vac-

cine cycle for encapsulated bacteria.

The protein-coding region of the Ribosomal Protein SA (RPSA)

gene was analyzed by Sanger sequencing but no private or rare vari-

ants were found. Abdominal ultrasound of both the mother and sis-

ter of the patient revealed the presence of a normal size spleen.

Splenic hypoplasia and asplenia, respectively, refer to the partial

or complete lack of splenic tissue. Causes of asplenia include a hetero-

geneous group of conditions. Surgical asplenia is the most common

cause of asplenia. Congenital asplenia can be part of a complex clinical

picture involving multiple congenital abnormalities,6 or can be an iso-

lated abnormality (isolated congenital asplenia, ICA),7 which is an

extremely rare condition. In the presented case, hyposplenism was ini-

tially suggested by the altered blood count (thrombocytosis associated

with monocytosis) accompanied by the presence of morphological

F IGURE 2 (A) Abdominal magnetic resonance imaging. Axial T2 weighted image of the upper abdomen reveals a crescent-shaped hypoplastic
spleen (white arrow), within the posterior aspect of a dilated stomach. (B) Detail of the spleen. Magnified view of the left upper quadrant
demonstrates spleen measurement of 45 mm in longest dimension [Color figure can be viewed at wileyonlinelibrary.com]
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abnormalities of red blood cells. However, these morphological alter-

ations are often described during the routine morphological evalua-

tion of peripheral blood smear and, due to their low specificity, are

frequently overlooked. Given the suspect of splenic hypoplasia arose

from abdominal ultrasounds, a technique with the higher soft-tissue

resolution was performed and splenic hypoplasia was confirmed. In

the absence of another congenital abnormality suggesting a hetero-

taxy syndrome,8 we hypothesized an ICA. Sanger sequencing of the

translated and untranslated exonic regions at the RPSA locus to search

for mutations previously shown to underlie approximately half of all

ICA cases did not reveal any pathogenic variant.9 Because of the high

proportion of familial cases,7 we checked both the mother and sister

of our patient: No spleen abnormalities were detected with an abdominal

ultrasound. Given that patients with hyposplenism have high mortality

caused by superimposed infection by encapsulated bacteria, a complete

cycle of vaccination against Streptococcus pneumoniae, Haemophilus

influenzae, and Neisseria meningitidis was performed soon after diagnosis

of ICA was made.10

2 | DISCUSSION

Thrombocytosis is a common finding in routine blood exams and a

common cause of referral to the hematologist for further investiga-

tion. From a physiopathological point of view, thrombocytosis can be

categorized into primary (i.e., depending on the true hematological

disease), secondary (i.e., reactive), and spurious (Table 1).1 As reactive

thrombocytosis is more frequent than primary thrombocytosis, it is

widely accepted in common clinical practice to search, at first, for cau-

ses of secondary thrombocytosis. Thus, blood tests and any other

complementary examinations to search for reactive causes (e.g., iron

deficiency, infection, inflammatory disease, and hemolysis) should be

performed. In addition, a detailed medical history should be obtained,

with particular emphasis on the present and past illness and recent

surgical intervention (thrombocytosis secondary to malignancy, post-

operative thrombocytosis). In addition, a comprehensive and updated

list of current medications (including prescription medications, herbals,

and over-the-counter drugs) should be noted (thrombocytosis caused

by administration of corticosteroids, adrenaline, and thrombopoietin

mimicking drugs).

After exclusion of all causes of reactive thrombocytosis, a new

platelet count should be repeated to confirm the persistence of

unexplained thrombocytosis. Thus, investigations to search for hema-

tological disorders should be performed. Molecular markers for the

most common myeloid neoplasms associated with thrombocytosis

can be searched on peripheral blood: BCR-ABL rearrangement for

chronic myeloid leukemia and JAK2, CALR, and MPL mutations for

Philadelphia-negative myeloproliferative neoplasms.2,4 Subsequently,

according to the clinical suspicion, a bone marrow aspirate and tre-

phine biopsy, together with cytogenetic and other molecular analysis

(including a myeloid next-generation sequencing panel), should be car-

ried out. Bone marrow biopsy is particularly useful to exclude triple-

negative myeloproliferative neoplasms.

Hyposplenism, defined as an abnormally low rate of activity of

the spleen,11 is one of the most overlooked causes of thrombocytosis.

Irrespective of the underlying cause, hyposplenism is suggested by

typical morphological abnormalities of circulating red blood cells,

including acanthocytes, spiculated spherocytes, stomatocytes, target

cells, pitted erythrocytes, and Howell-Jolly bodies.12 Pitted red cells

are erythrocytes whose membrane appears to contain the so-called

“pits.” It has been shown by electron microscopy that these “pits” are
large vacuoles attached to or beneath the plasma membrane. Within

TABLE 2 Causes of anatomical or functional hyposplenism

Congenital

disorders

Isolated congenital asplenia (ICA)

Autoimmune polyendocrinopathy-candidiasis-

ectodermal dystrophy (APECED) syndrome

Stormorken's syndrome

Ivemark's syndrome

Fetal hydantoin syndrome

Congenital cyanotic heart disease

Normal and premature neonates

Autoimmune

disorders

Primary vasculitis syndromes (e.g.,

granulomatosis with polyangiitis, polyarteritis

nodosa)

Secondary vasculitis associated with systemic

disease (Lupus vasculitis, rheumatoid vasculitis,

sarcoid vasculitis)

Goodpasture's syndrome and other

glomerulonephritis

Sjögren's syndrome

Thyroiditis

Gastrointestinal

disease

Autoimmune conditions (e.g., celiac disease,

dermatitis herpetiformis)

Inflammatory bowel diseases (Crohn's disease

and ulcerative colitis)

Gastrointestinal infections (e.g., Whipple's

disease)

Other (e.g., intestinal lymphangiectasia, idiopathic

chronic ulcerative enteritis)

Liver disease Viral chronic hepatitis

Alcoholic liver disease

Primary biliary cirrhosis

Hepatic cirrhosis leading to portal hypertension

Hematological

and neoplastic

disorders

Myeloproliferative neoplasms

Hemoglobinopathies (e.g., hemoglobin H

diseases)

Hematopoietic stem cell transplantation

Chronic graft-versus-host disease

Acute leukemia

Solid neoplasms (e.g., sarcoma) and metastases

Sepsis/infectious

diseases

Bacterial infection (e.g., pneumococcal

meningitis)

Viral infection (e.g., Human Immunodeficiency

Virus)

Parasitic infection (e.g., malaria)

Fungal infection (e.g., candidiasis, histoplasmosis)

Splenic artery

and vein

thrombosis

Thrombosis of splenic vein

Thrombosis of splenic artery

Thrombosis of celiac artery

Iatrogenic

conditions

Spleen radiation, surgical splenectomy
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these vacuoles, there is waste material (e.g., ferritin, hemoglobin, and

residual material of mitochondria and membranes) that confers a low

optical density. Normal splenic function is characterized by pitted red

cells less than 4% of total erythrocytes. A pitted erythrocyte count

>4% has been suggested as the gold standard for a diagnosis of hypo-

splenism.13 Howell-Jolly bodies that consist of basophilic DNA rem-

nants within erythrocytes, also strongly support a diagnosis of

hyposplenism if elevated, but are considered a less sensitive morpho-

logical feature than pitted red cells.11 Finally, radio-isotopic methods

(e.g., 99mTc-labeled heat-altered autologous erythrocyte scintigraphy)

allow a splenic morpho-functional assessment by studying the uptake

and clearance of an injected radiolabeled tracer. However, given their

high costs, their use in clinical practice is limited. This underlies the

remarkable importance of morphological examination of peripheral blood

smear when assessing a patient with a new-onset thrombocytosis. New

MRI techniques have increased the detection of splenic diseases so that,

nowadays, MRI is an excellent tool for diagnosis and characterization of

both focal and diffuse splenic abnormalities.14

Splenic dysfunction can be the result of either anatomic (e.g., post-

splenectomy hyposplenism, congenital asplenia/splenic hypoplasia) or

functional hyposplenism (Table 2).

Congenital asplenia can be part of a complex clinical picture involv-

ing multiple congenital abnormalities or can be an isolated abnormality,

which is an extremely rare condition.6,7 ICA is the only known human

developmental alteration exclusively involving a lymphoid organ.15 A

French national retrospective study involving pediatric patients with ICA

declared that this condition is more common than previously reported.7

In another survey on pediatric patients with primary immunodeficiencies,

an autosomal dominant inheritance in at least some kindreds was

described.16 Thus, it is suggested that relatives of patients diagnosed

with ICA are also evaluated for the same condition.

RPSA encodes for the ribosomal protein SA, a component of the

small subunit of the ribosome. It belongs to a larger family of ribosomal

protein-encoding genes, each of them characterized by numerous

pseudogenes that can hinder their sequencing.17 Mutations in the coding

and 50 untranslated region at the RPSA locus have been described in

about half of all ICA cases.9 Exome sequencing of 33 patients with ICA

revealed heterozygous mutations in RPSA in 18 (54%) of them. Expres-

sion studies suggested that, despite the heterogeneity of RPSAmutations

(which includes nonsense mutation, frameshift duplication, and different

missense mutations), these variants cause autosomal dominant ICA by

haploinsufficiency.18 RPSA mutations (consisting in 7 exons) are either in

the translated or 50 untranslated region (50UTR) of the gene and have a

variable penetrance.9 More recently, impaired ribosome production and

function have been hypothesized as cause of several different tissue-

specific inherited disorders. Mechanistically, studies on animal models

revealed that disruption of RPSA in early embryonic development impairs

pre-rRNA processing and ribosome biogenesis, thus resulting in impair-

ment of normal expression of key spleen patterning genes (e.g., pod1,

nkx2-5, bapx1).19,20

In conclusion, ICA is a rare disease that the clinical hematologist

should not forget when approaching a patient with a new-onset

thrombocytosis. Morphological evaluation of peripheral blood smear is

still the first and most important exam that could suggest a diagnosis of

ICA, and should always be performed. Demonstration of asplenia or

hypoplastic spleen by abdominal ultrasound (or other imaging tech-

niques) should be followed by a search for other congenital mal-

formations (which, if present, suggest that the asplenia/hypoplastic

spleen is part of a more complex syndrome) and, if absent, by

Sanger sequencing of the coding and UTR region in RPSA. Relatives

should also be checked with abdominal imaging techniques since

ICA can be inherited as autosomal dominant trait in at least some

kindreds. Finally, given the high mortality related to infection with

encapsulated bacteria, all patients with ICA (or other diseases caus-

ing hyposplenism) should receive a complete vaccination cycle

against the most important encapsulated bacteria (S. pneumoniae,

H. influenza, and N. meningitidis).10

AUTHOR CONTRIBUTIONS

Oscar Borsani and Elisa Rumi conceived the study and wrote the man-

uscript; Sara Fraticelli provided histopathological data; Marta Braschi-

Amirfarzan provided MRI data; Daniela Pietra screened for driver

mutations; Ilaria Carola Casetti, Daniele Vanni, Chiara Trotti collected

clinical data; Takaki Asano, Bertrand Boisson, and Jean-Laurent Casa-

nova did Sanger sequencing of RPSA gene; Alessandro Borghesi and

Luca Arcaini finalized the manuscript. The study was approved by the

local ethics committee.

ACKNOWLEDGMENTS

Open Access Funding provided by Universita degli Studi di Pavia

within the CRUI-CARE Agreement.

CONFLICT OF INTEREST

No competing financial interests.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available on

request from the corresponding author. The data are not publicly

available due to privacy or ethical restrictions.

ORCID

Oscar Borsani https://orcid.org/0000-0001-7805-7806

Takaki Asano https://orcid.org/0000-0003-1424-2433

Bertrand Boisson https://orcid.org/0000-0001-5240-3555

Luca Arcaini https://orcid.org/0000-0002-9504-991X

Elisa Rumi https://orcid.org/0000-0002-7572-9504

REFERENCES

1. Harrison CN, Bareford D, Butt N, et al. Guideline for investigation and

management of adults and children presenting with a thrombocytosis.

Br J Haematol. 2010;149(3):352-375.

2. Barbui T, Tefferi A, Vannucchi AM, et al. Philadelphia chromosome-

negative classical myeloproliferative neoplasms: revised management

recommendations from European LeukemiaNet. Leukemia. 2018;

32(5):1057-1069.

3. Alvarez-Larrán A, Sant'Antonio E, Harrison C, et al. Unmet clinical needs

in the management of CALR-mutated essential thrombocythaemia: a

1114 BORSANI ET AL.

https://orcid.org/0000-0001-7805-7806
https://orcid.org/0000-0001-7805-7806
https://orcid.org/0000-0003-1424-2433
https://orcid.org/0000-0003-1424-2433
https://orcid.org/0000-0001-5240-3555
https://orcid.org/0000-0001-5240-3555
https://orcid.org/0000-0002-9504-991X
https://orcid.org/0000-0002-9504-991X
https://orcid.org/0000-0002-7572-9504
https://orcid.org/0000-0002-7572-9504


consensus-based proposal from the European LeukemiaNet. Lancet

Haematol. 2021;8(9):e658-e665.

4. Cortes J, Pavlovsky C, Saußele S. Chronic myeloid leukaemia. Lancet.

2021;398(10314):1914-1926.

5. Thiele J, Kvasnicka HM, Facchetti F, Franco V, van der Walt J,

Orazi A. European consensus on grading bone marrow fibrosis and

assessment of cellularity. Haematologica. 2005;90(8):1128-1132.

6. McChane RH, Hersh JH, Russell LJ, Weisskopf B. Ivemark's

"asplenia" syndrome: a single gene disorder. South Med J. 1989;

82(10):1312-1313.

7. Mahlaoui N, Minard-Colin V, Picard C, et al. Isolated congenital

asplenia: a French nationwide retrospective survey of 20 cases.

J Pediatr. 2011;158(1):142-148. 148.e141.

8. Teele SA, Jacobs JP, Border WL, Chanani NK. Heterotaxy syndrome:

proceedings from the 10th international PCICS meeting. World J

Pediatr Congenit Heart Surg. 2015;6(4):616-629.

9. Bolze A, Boisson B, Bosch B, et al. Incomplete penetrance for iso-

lated congenital asplenia in humans with mutations in translated

and untranslated. Proc Natl Acad Sci U S A. 2018;115(34):E8007-

E8016.

10. Lee GM. Preventing infections in children and adults with asplenia.

Hematology Am Soc Hematol Educ Program. 2020;2020(1):328-335.

11. William BM, Corazza GR. Hyposplenism: a comprehensive review.

Part I: basic concepts and causes. Hematology. 2007;12(1):1-13.

12. Mohamed M. Functional hyposplenism diagnosed by blood film

examination. Blood. 2014;124(12):1997.

13. de Porto AP, Lammers AJ, Bennink RJ, ten Berge IJ, Speelman P,

Hoekstra JB. Assessment of splenic function. Eur J Clin Microbiol Infect

Dis. 2010;29(12):1465-1473.

14. Elsayes KM, Narra VR, Mukundan G, Lewis JS, Menias CO,

Heiken JP. MR imaging of the spleen: spectrum of abnormalities.

Radiographics. 2005;25(4):967-982.

15. Brendolan A, Ferretti E, Salsi V, et al. A Pbx1-dependent genetic and

transcriptional network regulates spleen ontogeny. Development.

2005;132(13):3113-3126.

16. Lawrence T, Puel A, Reichenbach J, et al. Autosomal-dominant

primary immunodeficiencies. Curr Opin Hematol. 2005;12(1):22-30.

17. Balasubramanian S, Zheng D, Liu YJ, et al. Comparative analysis of

processed ribosomal protein pseudogenes in four mammalian

genomes. Genome Biol. 2009;10(1):R2.

18. Bolze A, Mahlaoui N, Byun M, et al. Ribosomal protein SA

haploinsufficiency in humans with isolated congenital asplenia. Science.

2013;340(6135):976-978.

19. Koss M, Bolze A, Brendolan A, et al. Congenital asplenia in mice and

humans with mutations in a Pbx/Nkx2-5/p15 module. Dev Cell. 2012;

22(5):913-926.

20. Kanzler B, Dear TN. Hox11 acts cell autonomously in spleen develop-

ment and its absence results in altered cell fate of mesenchymal

spleen precursors. Dev Biol. 2001;234(1):231-243.

How to cite this article: Borsani O, Asano T, Boisson B, et al.

Isolated congenital asplenia: An overlooked cause of

thrombocytosis. Am J Hematol. 2022;97(8):1110-1115. doi:10.

1002/ajh.26522

BORSANI ET AL. 1115

info:doi/10.1002/ajh.26522
info:doi/10.1002/ajh.26522

	Isolated congenital asplenia: An overlooked cause of thrombocytosis
	1  CASE PRESENTATION
	2  DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	REFERENCES


