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Abstract. Blueberry muffin baby (BMB) is a clinical mani-
festation characterized by bluish-purple macules, papules, or
nodules resulting from dermal extramedullary hematopoiesis
(EMH) or malignant infiltration. The present review discusses
this condition by presenting data from 32 case reports, including
7 cases of infectious etiology (TORCH and other infections,
such as COVID-19), 20 cases of neoplastic origin congenital
leukemia (acute myeloid leukemia and aAcute lymphoblastic
leukemia), neuroblastoma, rhabdomyosarcoma, Langerhans
cell histiocytosis and juvenile xanthogranuloma, and 5 cases
of hematological disorders (severe anemia, hemolytic diseases,
Gaucher disease, hemophagocytic lymphohistiocytosis and
eyOp-thalassemia). The present review focuses on the patho-
physiology and diagnostic approaches for each etiology,
suggesting the role of histopathological and immunohistochem-
istry markers in differentiating reactive EMH from malignant
processes. Early recognition and precise diagnosis are crucial
for appropriate management, ranging from supportive care to
targeted therapy in malignant conditions. The present review
underscores the importance of integrating clinical evaluation,
histopathological findings and molecular analysis to optimize
the outcomes of neonates with BMB.
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1. Introduction

‘Blueberry muffin baby’ (BMB) is a term used for an infant
with multiple widespread purplish papules or nodules on
the skin; it is thus named as the lesions resemble blueber-
ries on a muffin (1). These skin lesions are caused by dermal
extramedullary hematopoiesis (EMH), indicating the
abnormal production of blood cells outside the bone marrow
in the skin (2). The term originated during the 1960s rubella
epidemic (3). BMB is critical as it is a sign of severe neonatal
systemic diseases (4). The TORCH group of congenital infec-
tions (toxoplasma, other agents, rubella, cytomegalovirus
and herpes viruses) remains the most frequent cause (1,3,4).
Infected newborns exhibit persistent fetal dermal EMH,
which should resolve by mid-gestation (1,3). Thus, a ‘blue-
berry muffin’ rash indicates continued fetal hematopoiesis
as a compensatory response to an underlying pathology (5).
Beyond infections, other etiologies such as hemolytic disor-
ders or neoplasms, such as ganglioneuroblastoma may cause a
similar appearance (6-8). As congenital infections may cause
deafness, neurological injury, malformations, or death, the
prompt recognition of BMB should trigger early diagnostic
evaluation (4,9-11).

BMB is not merely cosmetic, but a visible marker of
altered fetal hematopoiesis (2). In a healthy fetus, hemato-
poietic stem cells (HSCs) migrate during fetal life: Blood
formation shifts from the yolk sac to the liver to the bone
marrow by late gestation (12,13). In the event that this process
is disrupted, for example, by inflammation secondary to
infection or the bone marrow injury, the fetus or neonate
will utilize alternative sites to produce blood cells (2,3).
Therefore, studying BMB from a pathophysiological
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perspective can shed light on how specific processes disrupt
fetal hematopoiesis.

Despite its clinical rarity, BMB remains an overlooked
diagnostic entity in neonatology (4). It requires immediate
and complete evaluation as it may be the first and sometimes
the only visible manifestation of critical systemic disease.
The present review synthesizes and discusses data from
case reports published over the past decade to describe the
evolving etiologic spectrum, diagnostic evaluation and
outcomes of blueberry muffin rash. With this background,
BMB is re-interpreted as an active and physiologically critical
indicator of fetal adaptation of the hematologic system,
providing a unique window into neonatal and intrauterine
pathophysiology.

2. Etiologies of BMB

Based on the literature analyzed in the present review, the
etiologies of BMB can be broadly categorized into three
groups, as follows: Infectious, neoplastic and hematologic
causes, as presented in Table I. A total of 32 representative
case reports published between 2015 and 2025 were reviewed
and selected for the completeness of diagnostic and outcome
data. These included 7 cases of infectious etiology (mainly
TORCH and emerging viral infections), 20 neoplastic cases
(including congenital leukemia, neuroblastoma and histiocytic
disorders) and 5 cases of hematological disorders (such as
severe anemia, hemophagocytic lymphohistiocytosis and thal-
assemia) (Table I) (1,3,8,14-42).

The following sections discuss each etiological group in
detail, highlighting their distinct pathophysiological mecha-
nisms, clinical presentations and diagnostic implications,
while underscoring how diverse disease processes converge
into the shared clinical sign of dermal EMH.

3. Infectious etiologies of BMB

Infections (particularly congenital infections) are a
well-established cause of BMB (1). Inflammatory signals (e.g.
interleukins and interferons) from maternal inflammation
can prompt HSCs and progenitors to exit quiescence and
produce waves of myeloid cells in situ (43). Under conditions
of acute inflammation, interferon-driven STAT1 signaling,
G-CSF and other cytokines have been shown to enhance
emergency hematopoiesis, causing bone marrow progenitors
to mobilize into the bloodstream (44,45). In brief, severe
infection can ‘recruit’ blood-forming activity to the skin,
resulting in the visible blueberry muffin rash of dermal
hematopoiesis (45,46). With infection control and the reduc-
tion of inflammatory stimuli, these cutaneous hematopoietic
foci typically resolve.

The main infectious triggers are cytomegalovirus (CMV),
rubella and toxoplasmosis, the core TORCH agents (1). These
infections disrupt fetal hematopoiesis via viral invasion,
chronic inflammation and the immune response (2,45). Of
note, ~5% of congenital CMV infections cause a blueberry
muffin rash from fetal EMH (3). In CMYV, viral replica-
tion impairs marrow hematopoiesis, causing compensatory
dermal EMH (45). Documented cases demonstrate CMV
PCR-positive neonates with multiple violaceous papules and

petechiae; diagnosis rests on PCR and serology (IgM/IgG)
with the histological demonstration of erythroid, myeloid and
megakaryocytic lineages (14,16).

Active maternal CMV infection during pregnancy can
cross the placenta, with an ~30% risk of transmission in
primary and <2% in recurrent cases (47). In the case described
by Pollak-Christian and Lee (14), the BMB rash of the infant
coexisted with severe CM V-induced thrombocytopenia and
brain calcifications. Thus, a case of Guillain-Barré syndrome
(GBS) in pregnancy may reflect an underlying CMV infection
(triggering the neuropathy) and portend congenital transmis-
sion (47). Clinically, this suggests that obstetricians should
consider maternal CMV serology (IgM and IgG avidity) in any
pregnant patient with GBS, and if positive, implement intensi-
fied fetal surveillance (serial ultrasounds, possibly amniotic
fluid PCR) and consider antiviral or immunoglobulin therapy
to reduce fetal risk (14.,47).

The case reports case by Shah et al (3) and Farhadi (18),
documented CMV hepatitis with BMB lesions. The children
presented with dusky blue papules and hepatosplenomegaly
confirmed by positive CMV serology and elevated liver
enzymes (3,18). As the fetal liver is a major hematopoietic
site, CM V-induced hepatic injury redirected hematopoiesis
to the skin, producing dermal erythroblasts and myeloid
precursors (2). Notably, as the neonatal infection is treated
or the immune system of the infant clears the pathogen, the
inflammatory drive for EMH subsides and the skin lesions
usually regress (2). BMB lesions caused by infection are often
transient, fading over a few weeks to months as the underlying
infection resolves and the bone marrow resumes normal func-
tion (3,14,16,18).

In the study by Makadia et al (15), congenital rubella/Gregg
syndrome was identified in a newborn with characteristic BMB
lesions The diagnosis was one of severe congenital rubella
syndrome (CRS), confirmed by serological testing (rubella
IgM and IgG) and widespread systemic involvement such as
cataracts, cardiomegaly, and respiratory distress, which led to
cardiorespiratory arrest. When rubella infection occurs during
the first 16 weeks of pregnancy, the risk of developing severe
congenital defects is significantly increased (15). This period
is crucial for fetal organogenesis, and rubella virus disrupts
normal development, leading to a constellation of anomalies
known as CRS (48). The risk of fetal infection is significantly
higher if maternal infection occurs during the first trimester,
often resulting in intrauterine growth restriction (IUGR),
hepatosplenomegaly and blueberry muffin rash due to dermal
EMH (48,49).

Other TORCH agents, such as toxoplasmosis, herpesvirus
and syphilis have all been associated with BMB lesions (1).
For example, congenital syphilis can cause a diffuse petechial
or ‘copper penny’ rash that in some cases includes purpuric
dermal hematopoietic nodules (22). In the case report by
Spydell (17), a newborn male presented with congenital
neurosyphilis accompanied by the prozone phenomenon (an
interference phenomenon where high antibody titers hinder
agglutination), which complicated initial serological testing.
The infant presented with violaceous papules and generalized
desquamation due to congenital syphilis. Laboratory find-
ings indicated systemic involvement, and penicillin therapy
led to gradual improvement of both systemic symptoms
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and skin lesions. That case underscores the importance of
considering neurosyphilis in the differential diagnosis of
BMB, particularly when standard serological tests appear
inconclusive (17).

Emerging infectious diseases have expanded the differen-
tial diagnoses of BMB. For instance, the SARS-CoV-2 virus
(COVID-19) has been reported to cause a blueberry muffin
presentation in neonates. A previous case report described
the case of a full-term newborn with disseminated blue-red
macules and papules on the back at birth; skin biopsy confirmed
EMH, and the mother of the infant had COVID-19 in late
pregnancy (19). That case highlights that acute infections, such
as COVID-19 can drive hematopoietic stem/progenitor cells
to peripheral sites (19). They often coincide with other signs
of congenital infection (hepatosplenomegaly, jaundice and
growth restriction); however, in some instances, the skin find-
ings are the first clue (‘critical primary sign’) of an underlying
infection (1).

4. Neoplastic etiologies of BMB

Malignant etiologies of BMB include congenital leukemias
[acute myeloid leukemia (AML) or acute lymphoblastic
leukemia (ALL)] (1,8,22,25,27,28,31), metastatic neuro-
blastoma (23), Langerhans cell histiocytosis (LCH) (34)
and rhabdomyosarcoma (RMS) (20). Benign proliferative
histiocytoses etiologies, such as congenital self-healing LCH
(Hashimoto-Pritzker disease) (21,26,30,32,35,37) and juvenile
xanthogranuloma (JXG) (24,29,33,36), also appear as BMB.
In all cases, the lesions reflect dermal tumor or histiocyte infil-
trates. Distinguishing features between benign and malignant
causes include the immune profile of the infiltrate, presence of
systemic disease and natural history (e.g. spontaneous regres-
sion vs. progression).

Neonatal leukemia (AML or ALL) can present
as BMB when blasts infiltrate the skin (‘leukemia
cutis’) (28). The rash is typically generalized, consisting
of non-blanching violaceous nodules or papules, which
may appear on the back, trunk, extremities, face, palm
and soles (1,8,22,25,27,28,31). Systemic findings include
anemia, thrombocytopenia, organomegaly and very high
white blood cell counts. Skin biopsy reveals diffuse dermal
infiltration by immature hematopoietic cells. In AML, these
blasts are myeloperoxidase-positive and express myeloid
markers (e.g. CD15, CD33 and CD34) (1,25); in ALL,
they express lymphoid markers (CD3, CD10, CD19, CD22,
CD79a or T-cell markers) with negative myeloid markers.
ALL presenting as BMB has similarly required intensive
ALL-BFM chemotherapy and even stem cell transplanta-
tion (31). Overall, malignant leukemia in neonates carries
a high risk, but may respond to therapy. Diffuse purple
nodules with hyperleukocytosis, usually within first days
of life, accompanied by hepatosplenomegaly, are common
in BMB with suspected leukemia. Diagnostic clues lie on
dermal sheets of leukemic blasts; MPO*, CD15*, CD34*,
CD43* and CD68* in AML (50); CD10/CD19/CD22*
(B-ALL) or CD3/CD79a* (T-ALL) in ALL (51).

Metastatic neuroblastoma or ganglioneuroblastoma in
a neonate can manifest as BMB (23). In the case report by
Gauchan et al (23), a newborn male was diagnosed with

congenital ganglioneuroblastoma, a rare neural crest tumor
that can present as BMB lesions due to dermal metastasis.
The infant had diffuse bluish nodules with respiratory
distress and cyanosis. Imaging revealed pulmonary opaci-
ties and cardiac masses on echocardiography, with a CT
scan confirming metastases to the heart and lungs and cysts
in the liver and kidneys (23). Despite negative TORCH
findings, fine-needle aspiration cytology demonstrated
ganglion cell clusters consistent with ganglioneuroblas-
toma. The infant succumbed to complications on day 13
of life (23). Early detection and intervention are critical,
as this tumor can present aggressively in the neonatal
period. Clinical clues are widespread blue nodules in a
neonate, often with abdominal mass or calcifications,
accompanied by elevated urine VMA point to neuroblas-
toma. Histopathology/immunohistochemistry may reveal
neuroblasts/ganglion cells with salt-and-pepper chromatin;
MYC/TERT/ATRX* (52).

LCH is a clonal proliferation of Langerhans-type
dendritic cells. Cutaneous LCH in neonates can mimic BMB
in two ways: Congenital self-healing reticulohistiocytosis
(CSHRH; Hashimoto-Pritzker disease) (21,26,30,32,35,37)
or multisystem LCH with malignant potential (34).
This CSHRH variant presents at birth with multiple
red-brown papules or nodules that resolve spontaneously
within weeks to months without systemic involvement.
A biopsy reveals Langerhans cells with reniform nuclei.
Immunohistochemically, the cells are CDla*, langerin
(CD207) * and S100*, as with other LCH, confirming the
diagnosis; electron microscopy may reveal Birbeck gran-
ules (21,26,30,32,35,37). No therapy is required, and the
prognosis is excellent. By contrast, neonatal LCH may
present as a multisystem disease involving bone, liver or
lungs. While skin lesions can resemble the benign form,
systemic LCH may be fatal, as reported by Fortuny er al (34).

JXG is a benign non-Langerhans cell histiocytosis of
childhood (53). When multiple at birth, it can appear as a
BMB. Infants may have numerous firm yellow-orange papules
or nodules; the lesions may be deep and purpuric-appearing
(24,29,33,36) A recent case report described a newborn with
diffuse 1-20 mm red-purple maculopapular to nodules and
hepatosplenomegaly (36). Laboratory workup was notable
for thrombocytopenia and cholestatic jaundice from liver
involvement. Diagnosis is achieved via biopsy, where histo-
pathological analysis reveals sheets of vacuolated histiocytes
and Touton giant cells (36).

The immunophenotype of JXG is distinct from LCH:
these cells are strongly CD68* and factor XIIIa* (dermal
dendritic cell markers) or CD163* (33). They are negative
for Langerhans markers: CDla", langerin™ and usually S100".
For example, a previously reported case of neonatal JXG
exhibited these markers and even a novel MYH9-FLT3
fusion gene, but no marrow involvement (36). The treatment
of isolated skin JXG is usually unnecessary, as lesions often
regress spontaneously over months to years. In disseminated
JXG (with organ involvement), management is supportive
(e.g. transfusions) and sometimes chemotherapy for organ
disease. In a previously reported case supportive care led
to the gradual resolution of lesions and normal develop-
ment (36).
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Figure 1. Conceptual schematic of blueberry muffin baby integrating infectious, neoplastic, and hematologic etiologies through pathophysiological perspec-
tives. TLR, Toll-like receptor; HSPCs, hematopoietic stem and progenitor cells; CSHRH, congenital self-healing reticulohistiocytosis; JXG, juvenile
xanthogranuloma; ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; LCH, Langerhans cell histiocytosis; RMS, rhabdomyosarcoma; HLH,

hemophagocytic lymphohistiocytosis.

Although very rare in neonates, congenital RMS
(particularly the alveolar subtype) can cause BMB lesions.
Affected infants have multiple subcutaneous nodules or
vesicular lesions on cheeks, arms, abdomen and limbs at
birth. In the case report by Piersigilli er al (20), a newborn
female was diagnosed with congenital alveolar RMS
associated with Beckwith-Wiedemann syndrome (BWS).
The infant had multiple red nodules and vesicular lesions
at birth, resembling a blueberry muffin rash. Features of
BWS (macroglossia, exophthalmos and a cheek mass) were
present (20). A skin biopsy revealed myoglobin-positive cells,
confirming alveolar RMS. Genetic analysis demonstrated the
loss of methylation at ICR2, consistent with BWS-associated
tumorigenesis. Despite aggressive intervention, the infant
succumbed to multiple organ failure at 26 days of life (20).
That case highlights that congenital RMS, although rare,

can manifest with cutaneous metastases mimicking BMB
lesions, particularly in the context of syndromic conditions
such as BWS, where abnormal growth regulation predisposes
to embryonal tumors.

5. Hematological etiologies of BMB

In the case report by Karmegaraj et al (38), a female infant
presented with bluish-red macules and papules spread across
her body at merely 5 h after birth, along with microcephaly,
symmetrical IUGR, jaundice, palpable orbital swelling and
hepatosplenomegaly. Investigations revealed severe anemia,
thrombocytopenia and coagulopathy, with CMV IgM and IgG
positivity, but no active infection. The blueberry muffin lesions
represented transient dermal EMH due to chronic fetal anemia
and hypoxia (38). Despite extensive supportive care, the infant
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Figure 2. Conceptual diagnostic framework of blueberry muffin baby. CMV, cytomegalovirus; CSHRH, congenital self-healing reticulohistiocytosis; JXG,
juvenile xanthogranuloma; ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; LCH, Langerhans cell histiocytosis; RMS, rhabdomyosar-

coma; HLH, hemophagocytic lymphohistiocytosis.

passed away due to complications related to severe anemia
and coagulopathy. The authors of that case report emphasized
the importance of distinguishing dermal EMH from chloroma
or leukemia cutis, as the former is more commonly linked to
neuroblastoma or anemia-related EMH rather than hemato-
logic malignancies (38).

De Carolis et al (39) reported the case of a male newborn
with a diffuse non-blanching maculopapular rash at birth, in the
setting of severe maternal anemia and chronic fetal hypoxia.
The infant had marked erythroblastosis: Circulating nucleated
red cells were elevated and a brain ultrasound revealed isch-
emic lesions, indicating profound intrauterine hypoxemia. No
infection was found. The rash resolved over a few days, consis-
tent with transient EMH. Chronic fetal hypoxia from maternal
iron deficiency anemia induced excessive erythropoietin
release, causing premature erythroid precursor migration to
extramedullary sites (skin, liver, spleen) and resulting in the
blueberry muffin appearance (39).

Carr et al (40) described the case of a neonate born with a
collodion membrane and violaceous macules later identified as
dermal EMH. The infant was diagnosed with type II Gaucher
disease (acute neuronopathic form) due to markedly reduced
glucocerebrosidase activity. Lipid accumulation within macro-
phages caused hepatosplenomegaly, marrow infiltration and
a rapid decline in hemoglobin levels (15.7 to 8.3 g/dl) with

thrombocytopenia and coagulopathy (40). Severe anemia
and marrow failure triggered compensatory dermal EMH,
producing the blueberry muffin appearance typical of peri-
natal-lethal Gaucher disease. In summary, Gaucher storage
infiltrated the marrow and impaired hematopoiesis, forcing
the body to produce blood cells extramedullarily (including
in dermal capillaries) and resulting in the blueberry muffin
rash (40).

Larson et al (41) reported the case of an infant (6 days
old) presenting with multiple blue-purple papules and
hepatosplenomegaly, ultimately diagnosed as familial
hemophagocytic lymphohistiocytosis (FHL type 2, PRF1
mutation). Hemophagocytic lymphohistiocytosis (HLH) is
a hyperinflammatory syndrome in which activated macro-
phages indiscriminately phagocytose blood cells. A hallmark
of HLH is severe cytopenia (including anemia) and organo-
megaly from the cytokine storm. In the case reported by
Larson et al (41), uncontrolled hemophagocytosis and cytokine
release caused critical anemia and marrow stress. In HLH,
marrow insufficiency and macrophage-mediated red cell
destruction cause anemia and hypoxia, leading to compensa-
tory dermal EMH that manifests as blueberry muffin lesions.
A skin biopsy in that case revealed CD68* histiocytes and
hemophagocytosis alongside erythroid precursors, reflecting
this mechanism (41).
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Puar et al (42) described the case of a newborn with diffuse
violaceous macules and severe anemia who was found to have
eyOp-thalassemia. This rare deletional thalassemia eliminates
all non-embryonic globin genes, effectively abolishing fetal
and adult hemoglobin. The result is profound fetal anemia
with hydrops in utero. In such cases, the embryo is under
extreme hypoxic stress, leading to maximal erythropoietin
drive. In that reported case, the skin lesions of the infant were
biopsied and exhibited dense extramedullary erythropoiesis in
the dermis. In brief, the genetic thalassemia caused in utero
anemia so severe that compensatory hematopoiesis occurred
in peripheral sites (including skin) beyond birth. This explains
the transient blueberry muffin rash: The cutaneous nodules
were foci of dermal erythropoiesis filling in for the failing
marrow (42).

In each reported case, the underlying hematologic disorder,
whether inherited or acquired, led to anemia or marrow
failure that reactivated fetal hematopoietic programs in the
skin. Chronic hemolysis (hereditary spherocytosis) or marrow
infiltration (Gaucher disease, eydf3-thalassemia and HLH)
produced tissue hypoxia and elevated erythropoietin levels,
while maternal-fetal hypoxemia (maternal anemia) directly
induced fetal erythroblastosis. In all instances, the compensa-
tory overproduction of blood cells ‘spilled’ into the dermis,
creating the characteristic blueberry muffin lesions as previ-
ously reported (38-42).

6. Pathophysiological insights and diagnostic framework
of BMB

The schematic diagram depicted in Fig. 1 illustrates the
distinct, yet converging pathophysiological pathways through
which infections, neoplastic processes and hematological
disorders result in the characteristic skin lesions of BMB.
In infectious etiologies, such as TORCH infections or peri-
natal COVID-19, fetal inflammatory responses activate the
innate immune system and trigger emergency hematopoi-
esis. The cytokine-driven mobilization of HSPCs leads to
EMH, including in the dermis, where myeloid precursors
differentiate in situ. In neoplastic conditions, malignant or
clonal cells either infiltrate the dermis via the bloodstream
or expand locally, disrupting skin architecture and forming
firm violaceous nodules. In hematologic disorders like eryth-
roblastosis fetalis or congenital anemia, chronic hypoxia and
ineffective erythropoiesis stimulate erythropoietin release,
causing compensatory EMH that includes dermal erythroid
proliferation. Although the initiating stimuli differ, all
three mechanisms result in the deposition or proliferation
of hematopoietic or tumor cells in the skin, producing the
non-blanching papulonodular lesions that clinically define
BMB.

The present review also presents a conceptual diagnostic
framework to understand BMB based on its three primary
etiologies: Infections, neoplasms, and hematologic disorders,
as illustrated in Fig. 2. Each etiology leads to distinct, yet over-
lapping pathophysiological mechanisms, such as viral-induced
marrow suppression and fetal anemia (infections), malignant
dermal infiltration (neoplasms) and anemia-driven EMH
(hematological conditions). These mechanisms converge into
a shared clinical presentation of violaceous to bluish skin
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lesions at birth, known as blueberry muffin lesions, which
may involve direct tumor infiltration or dermal hematopoiesis.
From a diagnostic standpoint, each etiology requires a tailored
workup, including TORCH serology or PCR for infections,
immunohistochemistry (e.g., CD34, MPO, CDla and Factor
XIIIa) and biopsy for neoplasms, and blood counts with genetic
or metabolic studies for hematologic causes. Finally, the prog-
nosis and management approach vary significantly: Infectious
cases may resolve with treatment, benign neoplasms such
as JXG and self-healing LCH often regress spontaneously,
while malignant neoplasms and severe hematologic disorders
require aggressive systemic therapy and are associated with a
guarded prognosis.

7. Conclusion

BMB is characterized by blue-purple maculopapules and
nodules secondary to dermal EMH or tumor cell infiltration.
While most often related to congenital infections, it can also
occur due to neoplastic processes such as congenital leukemia,
neuroblastoma, RMS, LCH and JXG. These conditions are
marked by infiltration of the skin by malignant or proliferating
cells, which can be detected using special immunohistochem-
istry markers. Hematological conditions such as severe anemia,
hemolytic diseases, Gaucher disease, HLH and thalassemia
also present with BMB due to hypoxia-induced EMH. Early
identification of the underlying cause is crucial, as manage-
ment ranges from supportive care to intensive chemotherapy
depending on the cause. Genetic testing may be indicated in
syndromic cases to establish treatment and prognosis.
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