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Abstract

Pediatric HIV is a significant contributor to childhood morbidity and mortality. As HIV infects bone marrow CD34-positive
progenitor cells, the hematological abnormalities are well-expected. The viral load is much higher in children predisposing
them to opportunistic infections and hematopoietic malignancies. The present study aimed to determine the spectrum of
hematological abnormalities that may yield clinically useful information in HIV-infected children. This was a retrospective
study of 19 HIV-infected children who underwent bone marrow examination. Overall, 20 peripheral blood and bone marrow
samples were analyzed for morphological changes in all hematopoietic lineages. Immunohistochemistry was performed on
trephine biopsy sections for evaluation of B and T cells and cytomegalovirus inclusions. Anemia was the most common
cytopenia (95%), followed by thrombocytopenia (45%) and leukopenia (40%). Myelodysplasia was noted in 70% of cases.
Dysmegakaryopoiesis was predominant in 65% of cases, while dyserythropoiesis was noted in 25% of cases. Hemophago-
cytosis and reactive cellular changes were noted in 20% of cases each. Benign lymphoid aggregates and granulomatous
inflammation were observed in 15% and 10% of cases, respectively. Significant myelofibrosis was found in 35% of cases.
One case showed infiltration by Burkitt lymphoma. Parvoviral inclusions were identified in 1 case. An interstitial increase
and aggregates of CD8+T cells and reduced CD4 + T cells were noted. CD20+ B cells were normal to mildly increased
in the bone marrow. Bone marrow examination provides clinically significant information in pediatric HIV revealing the
underlying cause of hematopoietic abnormalities and allows the exclusion of major hematological neoplasms.
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Pediatric HIV

Introduction

Human immunodeficiency virus (HIV)/acquired immunode-
ficiency syndrome (AIDS) in the pediatric population con-
tributes significantly to childhood morbidity and mortality.
Out of an estimated total number of 2.14 million people
living with HIV (PLHA) in India in 2017, children below
15 years of age constituted 61,000 [1]. Vertical transmission
is the most common mode of spread in more than 90% of
cases in our country owing to the higher number of normal
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vaginal deliveries and breastfeeding [2]. HIV primarily
infects CD4 + T cells in peripheral blood and lymphoid tis-
sues. Hematopoietic CD34-positive progenitor cells in bone
marrow may also be infected, manifesting as hematological
abnormalities, chiefly cytopenia and myelodysplasia [3].
Similar to adults, peripheral blood viral load correlates with
the degree of CD4 + T cell lymphopenia and CD4/CD8 ratio
in children, and profound reduction in immunity predisposes
them to opportunistic infections and malignancies [4]. Ane-
mia is the most common cytopenia, though neutropenia and
thrombocytopenia are also frequent [4]. Peripheral blood
and bone marrow viral load are much higher, and the dis-
ease follows a much more aggressive course in HIV-infected
children as compared to adults owing to the severe loss of
cell-mediated and humoral immunity [4]. Bone marrow
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examination is indicated to investigate the cause of cytope-
nia, to analyze cellular and architectural changes associated
with HIV infection and coexistent opportunistic infections,
and for the staging of HIV-associated lymphoma. The spec-
trum of diseases affecting bone marrow has also changed
with the better availability of antiretroviral therapy (ART).
In addition, regional factors existing in developing countries
like India may also contribute to diseases affecting bone
marrow. We evaluated morphological changes in bone mar-
row with an intent to provide insight into the spectrum of
pathological changes in HIV-infected children from North
India.

Material and methods

Retrospective screening of the files of 500 HIV-seropositive
children revealed 23 children who underwent bone marrow
examination between January 2014 and December 2018. The
clinical and hematological data were available for 19 chil-
dren. Demographic and clinical information available from
the clinical database was recorded that included present-
ing complaints, indications of bone marrow examination,
CD4+T cell counts, ART status, and opportunistic infec-
tions. The clinical indication of bone marrow examination
together with peripheral blood and bone marrow abnormali-
ties was analyzed in each case. In one case, bone marrow
was done twice; therefore, 20 peripheral blood and 20 bone
marrow samples were analyzed. Two May Grunwald Giemsa
(MGG) stained aspirate smears, 2 trephine imprint smears,
and 1 hematoxylin and eosin (H&E) stained biopsy section
were analyzed in each case. Reticulin staining was performed
in 9 cases for assessment of myelofibrosis based on Euro-
pean Myelofibrosis Network (EUMNET) grading system.
Ziehl-Neelsen (ZN) staining was performed for detection of
acid-fast bacilli (AFB) in 4 cases with a clinical diagnosis
of tuberculosis and atypical mycobacterial infection. Since
4 cases had a clinically evident fungal infection, periodic
acid-Schiff (PAS) staining was performed for identifying
fungal elements. Immunohistochemistry (IHC) for CD20+ B
cells, CD4 +T cells, and CD8 + T cells and cytomegalovirus
(CMYV) was performed on trephine biopsy sections in 14
cases. Hematology cell counter Coulter LH780 (Beckman
Coulter, Miami, FL, USA) was used to perform a complete
blood count (CBC). CD4 +T cell counts were performed on
BD FACSCalibur flow cytometer (BD, Biosciences, USA).
IHC was performed on automated immunostainer Ventana
BenchMark XT. Antibodies used were as follows: anti-CD4
rabbit monoclonal primary antibody, clone SP35, Ventana;
anti-CD20 primary antibody, clone L26, Ventana; anti-CD8
monoclonal mouse anti-human antibody, clone C8/1448,
Dako, 1:50; and monoclonal mouse anti-cytomegalovirus,
clone CCH2 + DDG9, Dako, 1:50.
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Informed consent was taken before performing the bone
marrow procedure. The study was approved by the Institute
Ethics Committee (INT/IEC/2021/SPL-287).

Results

Nineteen HIV-infected children with ages ranging from
3 months to 14 years, including 1 child with 2 consecutive
bone marrow procedures, were finally included in the study.
The male to female ratio was 3.75:1. Absolute CD4 + T cell
count ranged from 2 to 864/ul. Of 19 children, 14 were being
treated with ART, and 5 were treatment-naive. Opportunistic
infections were diagnosed in 13 children (68.4%) [isolated
CMV (n=2), Pseudomonas and CMV (n=1), Pneumocys-
tis jirovecii and Enterococcus (n=1), Candida and CMV
(n=1), Mycobacterium tuberculosis and CMV (n=1),
Mycobacterium tuberculosis alone (n=2), atypical myco-
bacterial infection (n=1), aspergillosis (n= 1), candidiasis
(n=2), Enterococcus with Molluscum contagiosum (n=1)].
Clinically, the majority of patients had fever (63.2%) fol-
lowed by hepatosplenomegaly (47.4%), lymphadenopathy
(31.6%), progressive pallor (21%), cough and rapid breath-
ing (21%), and gastrointestinal symptoms like abdominal
pain and distention, vomiting, diarrhea, dysphagia, and
odynophagia (21%). Two patients had presented with neck
and abdominal swelling, respectively, while central nerv-
ous system manifestations (seizures and altered sensorium)
and epistaxis were present in 1 case each. Clinical indica-
tions of bone marrow examination were cytopenia (57.9%),
opportunistic infections (52.6%), hemophagocytic lym-
phohistiocytosis (31.6%), staging of lymphoma (21%), and
drug-induced myelosuppression (5.2%).

Overall, cytopenias were found in 100% cases compris-
ing of pancytopenia in 20% cases, bi-cytopenia, and single
lineage cytopenia in 40% each. Of all cytopenias, anemia
(hemoglobin: 3.6 to 10.6 g/dl) was most common accounting
for 95% of all cases followed by thrombocytopenia (platelet
count: 3.0 to 143 x 10*/microliter) in 45% and leukopenia
(0.9 to 4.4 x 103 /microliter) in 40% cases with 2 cases each
having both neutropenia and thrombocytopenia. Microcytic
hypochromic anemia was predominant (57.9%), followed
by normocytic normochromic anemia (26.3%) and macro-
cytic anemia (15.8%). Lymphopenia was present in 35%,
whereas neutropenia was present in 20% of cases. In one
case, each had leukocytosis and thrombocytosis. Hyperseg-
mented neutrophils (HSPs) with > 6 nuclear lobes and/or 5
lobes in at least 3% cells were found in 30% of cases. Large
granular lymphocytes (LGLs) were found to be increased in
25% cases. The leukoerythroblastic reaction was noted in 2
cases (10%), one of which showed marrow infiltration by
Burkitt lymphoma and the other had sepsis with pneumonia.
Additionally, atypical lymphoid cells with deeply basophilic
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and vacuolated cytoplasm were noted in 1 case who was
diagnosed with Burkitt lymphoma (Table 1).

Bone marrow cellularity varied from hypocellular (35%)
to normocellular (35%) and hypercellular (30%). The
increase in the number of megakaryocytes was observed in
30% of cases, and 10% of cases showed a decrease. Myelo-
dysplasia was found in 70% of cases. Dysmegakaryopoiesis
in the form of small hypolobated and monolobated forms
exhibiting nuclear hyperchromasia and swollen nuclei with
several naked nuclei predominant in 65% of cases (Fig. 1a),
while dyserythropoiesis (nuclear budding, irregularity, and
multinucleation) was found in 25% cases. Megaloblastic
erythropoiesis was reported in 45% of cases. Erythroid
hypoplasia with an increase in myeloid to erythroid ratio
was found in 20% of cases. Giant myelocytes and meta-
myelocytes with hypergranular cytoplasm were present in
30% of cases, though no significant dysplasia was noted
in granulocytic lineage. Hemophagocytosis (Fig. 1b) and
reactive cellular changes (histiocytic proliferation and plas-
macytosis) were noted in 4 (20%) cases each. Benign lym-
phoid aggregates and granulomatous inflammation (Fig. 1¢)
were observed in 3 (15%) and 2 (10%) cases, respectively,
while significant myelofibrosis (> grade 2) on reticulin stain-
ing was found in 7 (35%) cases, and mild fibrosis (grade
1) was noted in 2 cases (10%) (Fig. 1d). ZN staining per-
formed in 4 cases showed AFB positivity in 1 case only
(25%). PAS staining performed in 4 cases did not reveal
any fungal profiles. Only 1 case (5%) showed diffuse infil-
tration by medium- to large-sized atypical lymphoid cells
with prominent nucleoli, opened up chromatin, and scanty to
moderate vacuolated cytoplasm along with numerous mac-
rophages, consistent with infiltration by Burkitt lymphoma

(Fig. le). Morphological features of parvovirus infection
in the form of giant proerythroblasts, intranuclear inclu-
sions, and cytoplasmic blebs along with erythroblastopenia
(Fig. 1f) were identified in 1 case (5%); however, none of
the cases revealed CMV inclusions or cytopathic changes
indicative of CMV infection (Table 2). Perls’ stain revealed
low iron stores (grade 0) in 3 (25%) cases out of 12 marrows
with evaluable particles. On immunohistochemical analysis
(Table 3), interstitial increase and aggregates of CD8 +T
cells in 57.1% of cases and an overall reduction in CD4+T
cells in 78.4% of cases were noted. CD20 + B cells showed
a normal distribution to mild interstitial increase [Fig. 2].
Immunostaining for CMV did not reveal any inclusions.
Clinical and hematological data of 19 HIV-infected children
is depicted in supplementary Table 1.

Discussion

Hematological manifestations in HIV-infected children may
be due to HIV infection per se, drug-induced myelosuppres-
sion, opportunistic infections, and HIV-related neoplasms
and usually correlate with disease severity and clinical stage.
Of all abnormalities, anemia was the most common (95%)
in our study, the reported frequencies being 66%, 69%, 77%,
and 92% in previous studies [5-8]. However, contrary to
previous studies, microcytic hypochromic anemia (57.9%)
was the predominant subtype. This could be attributed to
anemia of inflammation or chronic disease in later stages
of HIV or due to nutritional iron deficiency in our setting,
though only 3 of 12 cases showed low iron stores on Perls’
stain. Anemia of chronic disease could explain normocytic

Table 1 Peripheral blood cell

he Peripheral blood cell abnormalities n (%)
abnormalities (n=20)

Cytopenia Single lineage 20 (100) 8 (40)
Bi-cytopenia 8 (40)
Pancytopenia 4(20)

Anemia Microcytic hypochromic 19 (95) 11 (57.9)
Normocytic normochromic 5(26.3)
Macrocytic 3(15.8)

Leukopenia* 8 (40)

Neutropenia 4 (20)

Lymphopenia 7(35)

Thrombocytopenia 9 (45)

Leukocytosis (neutrophilia) 1(5)

Thrombocytosis 1(5)

Hypersegmented neutrophils 6 (30)

Increase in large granular lymphocytes 5(25)

Leukoerythroblastic reaction 2 (10)

Atypical lymphoid cells

1(5)

*Two cases had both neutropenia and lymphopenia
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Fig. 1 Panel of microphotographs showing bone marrow findings.
a Cellular bone marrow spaces with prominent dysmegakaryopoie-
sis, showing small hypolobated megakaryocytes and naked hyper-
chromatic megakaryocytic nuclei (arrows) (hematoxylin & eosin
stain, original magnification 400x); b hemophagocytosis in a CMV
positive case (May Grunwald Giemsa stain, original magnification
1000 x); ¢ granulomatous inflammation in a case of pulmonary tuber-

culosis (hematoxylin & eosin stain, original magnification 400 X);
d reticulin fibrosis (reticulin stain, original magnification 100x); e
infiltration by Burkitt lymphoma (hematoxylin & eosin stain, original
magnification 200X); f giant proerythroblast with intranuclear inclu-
sion and cytoplasmic blebs, consistent with parvovirus infection (May
Grunwald Giemsa stain, original magnification 1000 X)

Table 2 Bone marrow

abnormalities (7= 20) Morphological findings n (%)

Cellularity Normocellular 7 (35)
Hypercellular 6 (30)
Hypocellular 7 (35)

Myelodysplasia Dysmegakaryopoiesis 14 (70) 13 (65)
Dyserythropoiesis 5(25)

Granulocytic lineage Giant myeloid precursors; 6 (30)

hypergranulation

Hemophagocytosis 4 (20)

Myelofibrosis 7 (35)

Granulomatous inflammation 2 (10)

Lymphoma infiltration (Burkitt lymphoma) 1(5)

Viral inclusions (parvovirus) 1(5)

Benign/reactive lymphoid aggregates 3(15)

Reactive changes (increased histiocytes and plasmacytosis) 4 (20)

normochromic anemia (26.3%), whereas macrocytic anemia
(15.8%) was possibly due to antiretroviral therapy (ART) as
these children were receiving zidovudine-based ART [6]. Of
these 3 patients, vitamin B12 and folate levels were tested
in 1 patient and were normal. Other important causes of
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anemia in HIV include direct HIV infection of erythroid
progenitor cells, reduced erythropoietin levels, Parvovirus
B19, tuberculosis and atypical mycobacterial infections,
cytokine production inhibiting the hematopoiesis, and anti-
erythrocyte antibodies [6]. Thrombocytopenia was present
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Table 3 Immunohistochemical assessment of CD4+and CD8+T
cells and CD20+ B cells (n=14)

Lymphocytes Normal/intersti- Decreased Increased/aggregates
tial distribution

CD4+Tcells 2 (14.3%) 11(78.6%) 1(7.14%)

CD8+Tcells 4 (28.6%) 2(143%) 8(57.14%)

CD20+B cells 9 (64.3%) 0 5(35.7%)

in 45% of cases in our study which is quite high as compared
to the reported frequency in the literature [6]. It could be
due to drug-induced myelosuppression, immune-mediated
and direct HIV infection of megakaryocytes [6]. Lympho-
penia (35%, in our study) due to cell death of CD4 +T cells
and in late stages of CD8 + T cells is the most characteristic
abnormality of HIV/AIDS. Absolute lymphocyte count may
be used as a surrogate marker of immune status [6]. Neu-
tropenia (20% in our study) usually results from impaired
hematopoiesis or immune-related mechanisms [6]. Other
important peripheral blood findings included increased
LGLs in 25% and HSPs in 30% cases. LGL proliferation
has been reported in post-viral infections (CMV and HIV)
as a response to chronic antigen stimulation of cytotoxic
T-cells and is usually polyclonal [9]. Of 5 cases with LGL

expansion, CMV infection was present in 2 cases, and Mol-
luscum contagiosum and oral thrush were present in 1 case
each, in addition to underlying HIV infection. Of 6 cases
with HSPs, 5 were receiving ART, and 4 showed mega-
loblastic changes in erythroid precursors along with giant
myelocytes and metamyelocytes. These changes could
be explained based on megaloblastic hematopoiesis and
impaired DNA and RNA synthesis due to ART intake [10].
Vitamin B12 and folate levels were not available in these
patients. In a recent study on 255 HIV-infected children,
peripheral cytopenia was present in 38.8% of cases, most
common being anemia (21.2%) followed by leukopenia
(12.2%), lymphopenia (11%), bi-cytopenia (anemia and leu-
kopenia: 3.9%), and thrombocytopenia (1.6%), respectively.
The factors that were strongly associated with anemia were
age between 2 and 10 years, high viral load, zidovudine-
based ART, and insufficient intake of green vegetables by
these children [11].

Bone marrow aspirate and biopsy revealed a heterogene-
ous but clinically useful morphological diagnosis in HIV.
In contrast to previous studies, bone marrow in the present
study was predominantly hypocellular (35%) and normocel-
lular (35%) followed by hypercellular (30%). Out of 7 cases
with hypocellular marrow, 4 had bi-cytopenia, 2 had ane-
mia, and 1 had pancytopenia. Hypocellular marrow could
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Fig.2 Panel of microphotographs from bone marrow trephine biopsy
sections showing interstitial distribution of CD4+T cells, CD8+T
cells, and CD20+B cells in a HIV-seronegative pediatric Hodgkin
lymphoma for staging (upper panel), compared with HIV-seropos-

itive case (lower panel) showing reduced CD4+T cells, increased
CD8+T cells (aggregates), and increased CD20+B cells (immuno-
histochemical stain, original magnification 200 X)
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be due to advanced disease stage with direct HIV infection
of CD34-positive progenitor cells, drug-induced and oppor-
tunistic infections leading to profound myelosuppression
[12]. In cases with hypocellular marrow, a history of drug
intake was present in 3 cases, and 6 cases had opportunis-
tic infections (CMV and Pseudomonas:1, CMV and Can-
dida:1, Pneumocystis jirovecii and Enterococcus:1, atypical
mycobacterial infection:1, CMV:1, parvovirus:1). In cases
with hypercellular marrow, morphological changes included
increased megakaryocytes with dysmegakaryopoiesis in 3
cases, trilineage hyperplasia in 1 case, erythroid hyperplasia
with megaloblastic change in 2 cases, myelofibrosis in 4
cases, multiple epithelioid granulomas in 1 case, increase
in histiocytes in 2 cases, and infiltration by Burkitt lym-
phoma in 1 case. Hypercellular marrow may be attributed
to the initial disease stage associated with increased mega-
karyopoiesis, dyshemopoiesis, plasma cell hyperplasia,
and reactive lymphoid infiltrates, highly suggestive of HIV
infection [12—14]. In our study, another interesting finding
was myelodysplasia (70%) including dysmegakaryopoiesis
(65%) and dyserythropoiesis (25%); however, no significant
dysgranulopoiesis was noted except for giant myelocytes and
metamyelocytes (30%). Hematopoiesis associated with HIV
infection is usually dysplastic with abnormal maturation.
These changes are non-specific and do not correspond to
the well-established criteria of myelodysplastic syndrome
(MDS) and are termed as HIV myelopathy [14]. Myelod-
ysplastic changes in all 3 hematopoietic lineages have been
described in several studies in pediatric HIV/AIDS. Dyspla-
sia in granulocytes and megakaryocytes may be prominent
even in the absence of drug therapy [14]. Dysgranulopoiesis
in the form of giant metamyelocytes with irregular nuclei
and opened up chromatin, HSPs, and hypogranular cyto-
plasm has been reported [14]. Dysmegakaryopoiesis in the
form of small size, swollen nuclei, and loose chromatin is
also reported [13]. Dyserythropoiesis secondary to megalo-
blastic changes is mainly seen in patients on ART [14]. The
abnormal hematopoiesis could be due to direct HIV infec-
tion of bone marrow progenitor cells, the myelotoxic effect
of zidovudine, and opportunistic infections like Parvovirus
B19 [14]. Interestingly, HIV-1 CXCR4 and CCRS co-recep-
tor transcripts have been detected in hematopoietic progeni-
tor cells [14]. In our 14 cases with myelodysplasia, 10 were
receiving ART therapy and 4 were not on any therapy. Of
10 patients on ART, all had coexistent opportunistic infec-
tions (Enterococcus and Molluscum contagiosum: 1, parvo-
virus: 1, CMV and Candida: 1, M. tuberculosis and CMV:
1, CMV: 1, CMYV and Pseudomonas: 1, M. tuberculosis: 1,
Candida: 2, and aspergillosis: 1) indicating the multifactorial
etiology of HIV myelopathy. Out of 4 patients not receiving
ART, 2 had opportunistic infections (Preumocystis jirovecii
and Enterococcus:1 and atypical mycobacterial infection:1).
Erythroid hypoplasia was noted in 4 (20%) cases comprising
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of parvoviral infection: 1, infiltration by Burkitt lymphoma: 1
aspergillosis:1, and markedly hypocellular marrow with
CMYV infection:1.

HLH in the pediatric age group is usually fatal, and
death is inevitable if prompt diagnosis and treatment are
not initiated. In the majority of cases, HLH occurs sec-
ondary to bacterial infections, tuberculosis, CMV, and
Epstein-Barr virus (EBV), though HIV-associated HLH
is now being increasingly reported [15]. HLH usually
occurs in the late stages of HIV and could be potentiated
by opportunistic infections and HIV-associated malignan-
cies [15]. Hemophagocytosis (20% in our study) could be
secondary to HIV and opportunistic infections. Although
steroids are the mainstay of treatment in primary and sec-
ondary HLH, their role is still controversial in the thera-
peutic management of HLH in HIV-infected children due
to their immunosuppressive effect. Rather, these patients
respond well to ART [16]. Of 4 cases, CMV and Candida,
PJP and Enterococcus, CMV and Pseudomonas, and CMV
alone were present in 1 case each. Though we attempted
CMYV immunostaining in our cases, we did not find any
inclusions.

Myelofibrosis in the pediatric age group is uncommon,
and the cases reported are secondary to hematological
malignancies, bone marrow failure syndromes, metastatic
neoplasms, vitamin D deficiency rickets, auto-immune dis-
eases, and occasionally idiopathic. Myelofibrosis secondary
to HIV is extremely rare and could be due to immunologi-
cal abnormalities associated with HIV [17]. In our study,
myelofibrosis was noted in 7 (35%) cases, of which 1 had
multiple bone marrow epithelioid granulomas, 1 had infil-
tration by Burkitt lymphoma, and 5 cases did not reveal any
specific pathology except for megakaryocyte clustering with
dysplasia and reactive changes.

Notably, bone marrow could offer a diagnosis of parvovi-
ral infection in the form of giant proerythroblasts with intra-
nuclear inclusions, maturation arrest in the erythropoiesis
in a child with anemia, reticulocytopenia, and leukopenia,
clinically suspected to be related to ART-induced myelosup-
pression or lymphoma. The persistence of Parvovirus B19
viremia leading to pure red cell aplasia (PRCA) is uncom-
mon, though an important and treatable cause of anemia in
the advanced stage of HIV infection [18].

Involvement of bone marrow by granulomatous inflam-
mation has been frequently reported as a result of low
CD4 +T cell count and loss of cell-mediated immunity in
HIV/AIDS. Mycobacterial and fungal infections have been
reported to induce a granulomatous response in HIV [19].
In our study, 2 (10%) cases had epithelioid cell granulomas
in the marrow, of which 1 had disseminated tuberculosis and
was on anti-tubercular therapy (ATT), and the other case had
atypical mycobacterial infection diagnosed on peri-pancre-
atic lymph node fine-needle aspiration cytology.
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In the present study, reactive changes in bone marrow
were also identified and included reactive/benign lymphoid
aggregates (15%), an increased number of histiocytes (20%),
and plasma cells (5%). All these changes are suggestive but
not diagnostic of HIV infection. Reactive lymphoid aggre-
gates usually are composed of small mature lymphocytes
and a few plasma cells. The presence of small, benign/reac-
tive lymphoid aggregates in the marrow of HIV-infected
individuals has been studied, and most of these aggregates
are chiefly composed of T cells or show a mixed T and B
cell pattern; however, these aggregates are non-specific
for HIV and are also found in viral infections including
hepatitis B/C, fungal and mycobacterial infections, auto-
immune disorders, and inflammatory disorders [20]. Our
study revealed an interstitial increase and aggregates of
predominantly CD8 4+ T cells along with a normal to mild
interstitial increase in CD20+ B cells. CD4 + T cells were
predominantly reduced in the majority (78.6%) of the cases
as expected in HIV infection.

There is an overall 60 to 200-fold increased risk of NHL,
and the relative risk of Burkitt lymphoma is 260-fold higher
in HIV as compared to immunocompetent individuals. This
increased risk is due to the expansion of polyclonal B cells,
as a result of persistent HIV antigen stimulation and/or EBV
co-infection. These polyclonal B cells transform to monoclo-
nal B cells by the acquisition of chromosomal translocations
involving chromosome 8 leading to overexpression of the
c-MYC oncogene [21]. In our study, 1 child presented in an
advanced stage of Burkitt lymphoma showing diffuse infil-
tration in bone marrow, developed tumor lysis syndrome,
and finally succumbed to his illness. Thus, in the present
study, bone marrow examination revealed a wide spectrum
of pathological changes including myelodysplasia, variable
cellularity, myelofibrosis, hemophagocytosis, granuloma-
tous inflammation, parvoviral infection, infiltration by lym-
phoma, and reactive lymphoid infiltrates.

Conclusion

Dyshemopoiesis and non-specific reactive changes were the
most common bone marrow changes in our cohort of HIV-
infected children, but notably, more actionable entities like
granulomatous inflammation, hemophagocytic lymphobhisti-
ocytosis, infiltration by lymphoma, and parvovirus infection
were also revealed on bone marrow examination. The pre-
sent study highlights that bone marrow examination provides
clinically significant information in pediatric HIV, revealing
the underlying cause of hematopoietic abnormalities.
There were a few limitations of the study, the most
important being the sample size. Studies including a large
number of HIV-infected children undergoing bone marrow
examination are required to substantiate the data. Analysis of

different cohorts may reveal a different spectrum of hemat-
opoietic abnormalities particularly opportunistic infections
and malignancies.
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