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Bone Marrow Examination: A Useful Aid in Early Diagnosis of
PUO in Children
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Background: Pyrexia of unknown origin (PUO) is a common diagnostic dilemma that needs a number of diagnostic modalities to
arrive at a diagnosis. Bone marrow examination is one of the common tests implicated in the diagnosis in combination with others.
Authors, in this study, have attempted to explore the role of bone marrow morphological study in determining the various causes of
PUO in children. Materials and Methods: A retrospective study was conducted at Dr. B. C. Roy PGIPS, Kolkata, West Bengal over
the period of 2 years. Bone marrow aspiration was performed and evaluated morphologically in 100 patients. Marrow trephine biopsy
was also performed in some cases, undiagnosed in aspiration smears, to reach at a conclusion. Results: Besides reactive hyperplasia
(25%), other frequent outcomes were acute lymphoblastic leukemia in 15 (15%), marked hemophagocytosis in 15 (15%), and visceral
leishmaniasis in 5 (5%) patients. Conclusion: Early diagnosis of PUO can be aided by the morphologic examination of bone marrow.
Bone marrow biopsy is a complementary and in some respects, better diagnostic tool than aspiration in patients with PUO. This study
will help to know the current spectrum of diseases causing PUO in children in this region.
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management of patients with undiagnosed fever. There
are very few studies regarding the role of bone marrow
morphology study in determining the etiology of PUO
among children in India, particularly in West Bengal. In
this study, an attempt has been made to find out the role
of bone marrow study in finding the causes of PUO in
children. It can be used as an important early diagnostic
tool for various causes of long-standing febrile illness of
undiagnosed etiology.

INTRODUCTION

Petersdorf and Beeson!" defined pyrexia of unknown origin
(PUO) as “a temperature of 38.3°C (101°F) or greater on
several occasions for more than 3 weeks duration and
failure to reach a diagnosis despite 1 week of inpatient
investigations.” Although there is no standard definition
of pediatric PUO, fever lasting anywhere from 10 days to
3 weeks is generally accepted as the working definition of
PUO in children.”*! However, being a challenging medical
problem even today PUO calls for many unnecessary over-

the-counter laboratory tests and antimicrobial therapies.
There is no gold “standard” process to investigate the
etiology of PUO.¥ The diagnosis can be unfolded by a
critical appraisal of all the available facts. But affordability
is a limitation in developing countries like ours.

Bone marrow examination is an important procedure in
arriving at a diagnosis for long-duration febrile illness.
Bone marrow modifications resulting from infections
and systemic diseases can be studied by analysis of
marrow morphology. It can impart great influence in the
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MareriaLs AND METHODS

A retrospective study was done at the Department of
Pathology in a tertiary care hospital over a period of
2 years from January 2019 to December 2020. Patients’
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age, sex, clinical history, indication for the procedure,
and provisional diagnosis made by the pediatricians were
recorded. After routine hematological investigations,
bone marrow aspirates were obtained from the posterior
superior iliac spine in all patients over 1 yr. Of age and from
tibial tuberosity in patients aged below 1 year. Informed
consent from the parents was taken in all the cases.

100 patients with PUO underwent bone marrow aspiration
as a part of the diagnostic workup of PUO. These cases
were reviewed for their clinical data and hematological
findings, including detailed morphological features
in aspiration smears. Twenty-one patients required
trephine biopsy for final diagnosis whereas the rest were
diagnosed by bone marrow aspiration alone. Peripheral
blood and bone marrow smears were prepared and
stained by Leishman stain, while trephine was decalcified
and paraffin-embedded blocks were stained with usual
hematoxylin and eosin (HandE) stain. Myeloperoxidase
(MPO) and periodic acid Schiff (PAS) stain were
also used in cases of acute leukemia. In suspected
tuberculosis, Zeihl-Neelsen (ZN) stain was performed.
Preliminary tests like peripheral smears for malaria, urine
examination, liver function tests, Widal test, Mantoux
test were performed in all the cases before labeling them
as PUO. Cultures for bacterial, fungal, and acid-fast
bacilli were performed including blood agar for gram-
positive cocci or MacConkey agar for gram-negative, rod-
shaped organisms. Blood cultures for mycobacteria were
performed with the BACTEC 13A bottle. The biopsy
specimens were reviewed for granuloma formation and
stained for fungi and acid-fast bacilli, using the Gomori
methenamine silver and Fite or Ziehl-Neelsen methods,
respectively. PAS stain was also used for demonstration
of Fungus. Relevant clinical, radiological, and laboratory
findings were also recorded.

The parameters studied were cellularity of marrow
particles; status of all series of hematopoietic cells increase
in plasma cells, presence, and type of granulomas, and any
otherassociated features seen includinghemophagocytosis.

It was a cross-sectional study. The obtained data were
collated and results were tabulated. The data were analyzed
by measures of central tendency. The institutional ethical
committee approved the study [letter no. BCH/ME/
PR/1735 dated: 15.01.2019].

Ethical consideration

The study was conducted in accordance with the ethical
principles that have their origin in the Declaration of
Helsinki. It was carried out with patients verbal and
analytical approval before sample was taken. The study
protocol and the subject information and consent form
were reviewed and approved by a local ethics committee
according to the letter number BCH/ME/PR/1735 dated:
15.01.2019 to get this approval.

ResuLts

A total of 100 children were enrolled in this study,
including 58 boys (58%) and 42 girls (42%). The mean
age was 8.5+ 5.5 years (range 2 months to 15 years). Age
distribution is shown in Table 1.

All the patients revealed a history of prolonged fever
ranging in duration from 3 weeks to 3 months, with an
average duration of 30 days. Various morphological
changes were seen in patients with PUO on bone marrow
aspiration which are shown in Table 2.

Various infectious causes were seen in patients with
PUO on bone marrow aspiration which are shown in
Table 3.

The conditions those are unrelated to PUO but are found
incidentally during the investigation are listed in Table 4.

Table 1: Age distribution of patients with PUO (n = 100)

Age groups (in years) No. of cases Percentage
<1 10 10%
1-5 25 25%
6-10 35 35%
11-15 30 30%

Table 2: Conditions diagnosed by bone marrow morphology
(m = 100)

Diagnosis No. of cases Percentage
Normal 07 7%
Reactive hyperplasia 25 25%
Hemophagocytosis 15 15%
Infections 15 15%
Neoplasia 20 20%
Others 18 18%

Table 3: Infections as a cause of PUO diagnosed by bone
marrow morphology (n = 15)

Diagnosis No. of cases Percentage
Tuberculosis 07 46.7%
Leishmaniasis 05 33.2%
Cytomegalovirus 01 6.7%
Fungal infection 01 6.7%
Malaria 01 6.7%

Table 4: Conditions incidentally found, unrelated to PUO
(n=18)

Diagnosis No. of cases Percentage
Megaloblastic erythropoiesis 06 33.3%
Micronormoblastic erythropoiesis 04 22.2%
Hypoplastic marrow 05 27.8%
ITP 03 16.7%
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Table 5: Number with normal or reactive marrow (n = 40)
and the final diagnosis of each case

Diagnosis No. of cases
Tuberculosis 4
Hemophagocytosis 1
Malaria 1
CMV infection 1
Fungal infection 1
Reactive marrow—no specific cause identified 25
Normal marrow—nospecific cause identified 7

Table 6: Distribution of neoplastic etiologies (n = 20)

Diagnosis No. of cases Percentage
Acute lymphoid leukemia (ALL) 15 75%

Acute myeloid leukemia (AML) 1 5%
Myelodysplastic syndrome (MDS) 1 5%
Hodgkin lymphoma (HL) 1 5%
Non-Hodgkin lymphoma (NHL) 2 10%

Initially, we found total 40 cases of normal or reactive
hyperplasia of bone marrow. After thorough investigations
we were able to find out the specific cause of eight(08) of
them which are demonstrated in Table 5.

Out of total 20 cases of neoplasia, majority were of acute
lymphoid leukemia (15 cases). Distribution of malignancy
is shown in Table 6.

Discussion

Fever in children causes considerable anxiety to their
parents and if the fever remains undiagnosed for a
prolonged period, it becomes a source of confusion and
frustration for the attending physician. This leads to
unnecessary and additional over-the-counter laboratory
tests and medications (including antimicrobial
agents), resulting in an increase in the burden on the
patient’s family. A well-designed systemic investigation
protocol conducted according to local epidemiological
information may save time and reduce this unnecessary
medical costs and drug-induced complications. PUO
resulting from various infectious and systemic diseases
is found to incur some morphological changes in the
bone marrow morphology.’) Bone marrow examination
thus can clinch an unsuspected diagnosis when other
test results are noncontributory or inconclusive during
the evaluation process.*” It is found to be a useful
investigative tool to diagnose many hematological and
nonhematological disorders.’) Though bone marrow
aspiration and trephine biopsy is a painful invasive
intervention but the diagnosis made by this can be
lifesaving in many patients.”? In developing countries
like ours where patients cannot afford the burden of

laboratory expense, bone marrow examination can
become the ultimate modality for early diagnosis
of PUO.

This study shows 25% of the marrow smears with
reactive changes. This is in contrary to a study conducted
before where 5% of the cases showed reactive changes.!'”
In one of the studies, reactive hyperplasia in children was
seen in 12% cases.!''l Reactive hyperplasia is non-specific
morphological changes of bone marrow in response
to various inflammatory and infective conditions.
Severe bacterial infections lead to leukocytosis, mostly
granulocytic with or without maturing cells. Toxic
granules may be evident in the cytoplasm of the
granulocytes.['”

In our study, 20% cases showed primary malignancies
in their bone marrow [Table 6], most common (75%)
being Acute lymphoid leukemia (15 cases). non-Hodgkin
Lymphoma accounted in 2 cases, AML, MDS, and
Hodgkin lymphoma constituted 1 case (5%) each as
shown in Table 3. No solid tumors or metastatic tumors
were detected in bone marrow examination in our study.
This could be due to minimum chance of secondaries in
pediatric population. These findings are similar to the
study done by Haq et al ' where leukemia constituted
the commonest malignancy causing PUO. Knokaert
et al. " in their study, found malignancy as a cause of
PUO in 7% cases. In their study, Noor et al! showed
acute lymphoblastic leukemia as the commonest cause
(23.3%) of PUO in children.

We found hemophagocytosis in 15 cases (15%),mostly
(10 cases) in children less than 3 years. Familial
hemophagocytic lymphohistiocytosis develop early in life;
about 70% present at less than 1 year of age.l'!SSharma
et al" found similar result (haemophagocytosis,14.8%0)
in their study.

Hassan et al'” found in their study that the commonest
cause of PUO in children are the infectious diseases.
Sometimes atypical presentations or inappropriate use
of antibiotic prior to the referral may result in delay in
the diagnosis. In our study, 15 cases of infectious etiology
were detected. Seven cases of tuberculosis (46.7%) were
found, of which three were AFB positive. It has to be
remembered that the failure to detect acid-fast bacilli
in histological sections does not exclude a diagnosis of
tuberculosis since organisms are identified in only about
25% of the marrow biopsies in documented disease.'s In
a clinicopathologic analysis of 58 cases by Bodem et al. ")
4 cases had tuberculosis with granuloma in the bone
marrow, but only 2 out of 4 cases showed AFB positively.
Similar studies also detected granulomatous disease on
biopsies only.?%2!

Leishmaniasis was detected, in our study, in 05 cases
(33.2%). Studies had been carried out showing the
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sensitivity of bone marrow being equivalent to splenic
aspirates for diagnosing leishmaniasis.?” Gupta et al>
found 18 cases from their study showing L.D. bodies in
aspirate smears. The trephine biopsy showed an increase
in histiocytes with few intracellular L.D. bodies. There
was also an associated plasmacytosis found in the
marrow. In two patients diagnosed as pure red cell aplasia
on aspiration smears, trephine biopsy showed similar
features.

Mirdha et al.?¥ identified malaria in the bone marrow
of 8 out of 120 cases with PUO. We found one
plasmodium falciparum case. Scanty parasitemia may
result in failure of parasite detection on microscopic
examination in chronic, low-grade infection. However
diagnostic bone marrow examination is often performed
when a patient with suspected infection has a persistent
fever.]

We found 6 and 4 cases of megaloblastic and
micronormoblastic erythropoiesis respectively in our
study. This was different from the result of the study done
by Davidson et al.” They found it to be in 22% of patients.
Davidson related the severity of anemia to the degree and
frequency of fever. Noor et al'¥ also found 20.3% cases
of megaloblastic anemia in their study. However, those
studies were done in adult population.

In this study, hypocellular marrow is seen in 5 cases (5%).
Bone marrow aspiration alone was not sufficient to point
out the cause of hypoplastic marrow. Trephine biopsy
was required to come at a diagnosis. In patients with
hypoplastic marrow, bacterial and fungal infections were
common secondary to neutropenia. This is in keeping
with the result obtained by Jandial ez al.”)

In our study, we found that 21% of cases needed
trephine biopsy as the aspiration study alone was not
sufficient for their proper diagnosis. It is a well-known
fact that aspiration is better in making out individual
cell morphology, whereas biopsy is useful in the study of
bone marrow architectural pattern and distribution.?
Vijayamohanan et al. also found similar results in their
study.

ConcLUSION

To sum up, the bone marrow examination provides a
rapid diagnosis of a variety of disorders in children like in
adults. It is found to be an adjuvant part of investigation
of PUO to reach at an etiological diagnosis. This study
will help to know the current spectrum of diseases causing
PUO in children in this region. The most important
cause of PUO in India is still the infection especially
tuberculosis, contrary to the decreasing importance of
infections as cause of PUO in the western literature.”
However, our study shows the utility of trephine biopsy as
a complementary and necessary aid to marrow aspiration

in arriving at an accurate diagnosis, in spite of its
disadvantages. The routine performance of a sequential
aspiration followed by biopsy in all cases wherever
possible is therefore recommended to facilitate a proper
diagnostic workup.
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