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Abstract
Infantile disseminated BCG-osis is an uncommon complication of BCG vaccination and the presence of haemophagocytic
lymphohistiocytosis (HLH) further complicates the clinical course due to its fatal outcome. Here, we describe a rare case of
disseminated BCG-osis with HLH in a 3-month-old male child and the unusual morphological findings in the peripheral blood
with its haematology analyser-based expression. The child presented with fever, failure to thrive, hepatosplenomegaly, erythem-
atous skin rashes, and left axillary lymphadenopathy with history of BCG vaccination at birth. He was the first born of second-
degree consanguineous marriage with no significant family history of immunodeficiency disorders. Laboratory findings included
anaemia, thrombocytopenia, hyperferritinaemia, hypertriglyceridaemia, and hypofibrinogenaemia which supported a diagnosis
of HLH. The peripheral blood showed evidence of phagocytosis by neutrophils, pseudo-Chediak-Higashi-like inclusions, blue-
green inclusions, and intra-cytoplasmic vacuoles with shadowy appearance and cellular debris in the background. Acid-fast
bacilli were demonstrated in the peripheral blood by Ziehl-Neelsen stain. His clinical condition gradually worsened with multi
organ failure and fatality.
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Introduction

Bacille Calmette-Guérin (BCG), a live attenuated
Mycobacterium bovis strain vaccine, is routinely given to

newborns for prevention of disseminated tuberculosis with
almost 90% coverage worldwide [1]. The BCG vaccination
is safe with very few adverse events. Mild localised reac-
tions or adenitis are the most commonly reported complica-
tions. The more serious, systemic, or disseminated disease
involving one or more anatomical sites are very rare with a
reported frequency of less than 5 per 1 million vaccinees.
The immunocompromised children are more susceptible for
disseminated BCG-osis. Specifically, the HIV infection
poses a considerable risk of distant or disseminated disease
in infants with a high case fatality rate of more than 70%
[2]. In non-HIV-infected children, primary immunodefi-
ciency diseases (PID) are more commonly associated
with systemic manifestations [3]. Haemophagocytic
lymphohistiocytosis (HLH) is an unusual complication
of disseminated tuberculosis or BCG-osis with a very
high mortality [4]. We report here a rare case of fatal
infantile disseminated BCG-osis with haemophagocytic
lymphohistiocytosis and its unusual haematological find-
ings. It is more interesting to note the haemocytometric pat-
tern of expression by the automated analyser and the corre-
sponding cell population data (CPD).
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Case report

A 3-month-old male child (Fig. 1a, b) presented with fever,
abdominal distension, and an ulcerative lesion over left ax-
illa since 3 weeks. He was the first born of second-degree
consanguineous marriage with no significant history of any
specific primary immunodeficiency diseases in the family.
Antenatal history was uneventful. He was delivered by nor-
mal vaginal delivery at term with the birth weight appropri-
ate for gestational age. He belonged to middle socioeco-
nomic status with no history of contact with tuberculosis
or overcrowding. He was exclusively breast fed without
any specific dietary deficiencies. He had received BCG
and hepatitis vaccines at birth. The physical examination
revealed only pallor without any icterus, cyanosis, or club-
bing. A large lymph node measuring 6 cm × 8 cm was pres-
ent over left axilla with an overlying ulcer. Confluent ery-
thematous patches were seen all over the body with scaling
and sparse depigmented hairs. Features of failure to thrive
were noted. No facial dysmorphism or any specific anoma-
lies were noted. BCG scar was present on the left arm. Liver
was 7 cm enlarged with spleen 9 cm below the left costal
margin. Child had poor activity, cry, reflexes, and tone with
anterior fontanelle at normal level. The chest x-ray was nor-
mal. An ultrasonography showed hepatosplenomegaly and
conglomerated matted left axillary lymph nodes measuring
8–10 mm each without any obvious sinus tract.

The peripheral blood showed anaemia and thrombocytope-
nia with leukemoid reaction (haemoglobin 8.5 g/dL, WBC
count 43.1 × 103/μL, platelet count 79 × 103/μL). The eryth-
rocyte sedimentation rate (ESR) was elevated with 86 mm in
first hour. The C-reactive protein (CRP) was 3.44 mg/dL. The
liver function tests showed elevated levels of SGOT (76.6 U/
L) and alkaline phosphatase (207.7 U/L). He had
hyponatraemia (Na+ 131 mEq/L), hypocalcaemia (Ca2+

7.5 mg/dL), and hypoproteinaemia (total protein levels

6.4 mg/dL) with hypoalbuminaemia (2.6 mg/dL). The gamma
globulin fractions were within normal limits (1.36 g/dL). The
screening for HIV, hepatitis B, and hepatitis C was negative.
Aerobic cultures for blood, urine, and CSF were negative. A
CSF examination elicitedmild pleocytosis (total cell count 30/
μL) with predominantly mononuclear cells (85%) and normal
biochemical findings. Gastric aspirate was positive for acid-
fast bacilli (AFB) by Ziehl-Neelsen (Z-N) staining.

The subsequent peripheral blood revealed reducing trend in
haemoglobin levels with a nadir of 6.1 g/dL on day 4 while
there was an increasing leukocyte count up to the third day
followed by a drop in the counts. But surprisingly, the platelet
count showed marked thrombocytosis of 929 × 103/μL on the
fourth day. When the peripheral smear was reviewed, it
showed a leukoerythroblastic blood picture with many strik-
ing morphological findings. Those included moderate eosin-
ophilia with eosinophilic vacuoles, neutrophilic leukocytosis
with a left shift and toxic changes, granulocytes showing
phagocytosis of apoptotic cellular debris (Fig. 2a), large round
bluish violet Chediak-Higashi-like inclusions (Fig. 2b), and
blue-green cytoplasmic inclusions (Fig. 2c). The background
showed a lot of apoptotic and necrotic cellular debris, which
were spuriously counted as platelets by the automated cell
counter giving rise to a pseudo-thrombocytosis (Fig. 2d). In
addition to these findings, the neutrophils were showing cyto-
plasmic vacuoles with a shadowy appearance (Fig. 2e) which
raised a suspicion of negative staining inside the vacuoles and
prompted us to do a Z-N stain on the peripheral blood. It was
positive for acid-fast bacilli within the neutrophils (Fig. 2f)
suggestive of tubercular bacterium. In view of the granulocyt-
ic phagocytic activity, further biochemical tests were
done to rule out the possibility of haemophagocytic
lymphohistiocytosis (HLH). He was found to have
hyperferritinaemia (> 95,000 ng/mL), hypertriglyceridaemia
(747 mg/dL), hypofibrinogenaemia (86.5 mg/dL) with
bicytopaenia (anaemia and thrombocytopenia), fever, and

    ba

Fig. 1 a, b A 3-month-old male
infant with erythematous rashes,
splenomegaly (marked on
abdomen), and left axillary lymph
node with overlying ulcer
(pointed by the arrow)
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splenomegaly which fulfilled 5 out of 8 clinical and laboratory
criteria for HLH. A flow cytometry lymphocyte subset analy-
sis of T, B, and NK cells did not elicit any quantitative cellular
deficiencies. A bone marrow study could not be performed as
his clinical condition worsened rapidly with renal and hepatic
failure and he succumbed before any specific therapy could be
started.

All the peripheral blood samples were analysed on Sysmex
XN 1000 automated CBC analyser. When the analyser-based
expression of WBC scatter plot was compared with normal
WBC expression for any specific variation, it was found to
mimic the expression of haematolymphoid neoplasm espe-
cially juvenile myelomonocytic leukaemia. The analyser-
based judgement was showing interpretive program (IP) mes-
sage or flagging ofWBC abnormal scatter gram, leukocytosis,
neutrophilia, eosinophilia, monocytois, lymphocytosis, baso-
philia, NRBC, immature granulocytes, and blasts or abnormal
lymphocytes. The cell population data (CPD) available in the
cell counter as research parameter were also analysed. The
neutrophils (NE) were showing higher cellular complexity
with wider dispersion as reflected objectively from the cytom-
etry channel values (side scatter NE-SSC 147.5, width of SSC
dispersion NE-WX 536, side fluorescence NE-SFL 80.3,
width of SFL dispersion NE-WY 1495, forward scatter NE-
FSC 88.0, and width of FSC dispersion NE-WZ 149).
Similarly, wider variations were noted in lymphocytes (LY)
and monocytes (MO) population data (lymphocyte side scat-
ter LY-X 83.0, lymphocyte SSC dispersion LY-WX 590, lym-
phocyte side fluorescence LY-Y 64.0, lymphocyte fluores-
cence dispersion LY-WY 1391, lymphocyte size LY-Z 61.1,
lymphocyte size dispersion LY-WZ 704, monocyte side scat-
ter MO-X 106.8, monocyte side scatter dispersion MO-WX
449, monocyte side fluorescence MO-Y 104.6, monocyte

fluorescence dispersion MO-WY 1119, monocyte size MO-
Z 69.7, and monocyte size dispersion MO-WZ 703). These
wider variations are attributed to cytoplasmic vacuolations,
phagocytosis, blue-green inclusions, Chediak-Higashi-like in-
clusions, and intracellular tubercular bacilli. The correspond-
ing scatter plots were as depicted in Figs. 3 and 4.

Discussion

It is nearly a century since the BCG vaccine has been devel-
oped by French bacteriologists Albert Calmette and Camille
Guérin. Currently, it is one of the most widely used vaccines
which are being routinely administered at birth as part of
World Health Organization global expanded immunisation
program. It is considered to have an excellent safety profile.
However complications can occur with one in 1000 develop-
ing serious local reactions but severe disseminated diseases
are rare with a reported incidence of less than one in a million
cases. A review by Lotte et al. identified 60 cases of dissem-
inated BCG infection in literature from 1921 to 1982 with a
high mortality rate of 50% [5]. Similarly, Elizabeth et al. iden-
tified additional 28 cases between 1980 and 1997 [6]. A meta-
analysis by Saied Mostaan et al. reported 44 cases of dissem-
inated BCG infection between 1997 and 2016 [7]. The prima-
ry or secondary immunodeficiency diseases are at risk of se-
vere and life-threatening BCG-osis with an overall mortality
rate of 30% [8]. A number of primary immunodeficiency dis-
eases (PIDs) like severe combined immunodeficiency (SCID),
chronic granulomatous disease (CGD), and Mendelian sus-
ceptibility to mycobacterial diseases have been reported to
have increased susceptibility to severe mycobacterial infec-
tions following vaccination with BCG [9].

  a   b   c d   e   f

Fig. 2 a Neutrophils show cytoplasmic vacuoles and the phagocytosis of
the apoptotic cellular debris (pointed by the arrow) (Leishman Giemsa
stain, × 1000). b Neutrophils with the Chediak-Higashi-like inclusion
(pointed by the arrow) (Leishman Giemsa stain, × 1000). c Shows an
eosinophil and a neutrophil with blue-green inclusions (pointed by the
arrow) (Leishman Giemsa stain, × 1000). d The background apoptotic

and necrotic Bcellular debris^ (pointed by the arrow) that led to spuriously
elevated platelet counts (Leishman Giemsa stain, × 1000). e Neutrophils
with vacuoles showing shadowy appearance (pointed by the arrow)
(Leishman Giemsa stain, × 1000). f Z-N stain showing acid-fast bacilli
(pointed by the arrow) with inset demonstrates intracellular localization of
AFB (× 1000)
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The BCG-osis commonly affects male with onset of adverse
reactions within 5 months. Consanguinity is evident in some
cases indicative of the role of genetic predisposition or in-
creased susceptibility to primary immunodeficiency diseases.
Fever is the most common manifestation followed by skin le-
sions, lymphadenopathy, osteomyelits, hepatosplenomegaly re-
spectively [8]. There is no established definition or diagnostic
criteria for disseminated BCG infection or BCG-osis but the
working definition of Elizabeth et al. will be of help for diag-
nosing cases. It needs at least BCG to be cultured and identified
by biochemical methods; evidence of dissemination by blood
or bonemarrow culture, or evidence of infection at two or more
anatomic sites beyond the region of vaccination; and a systemic
syndrome compatible with mycobacterial disease, i.e., typical
manifestations of fever, weight loss, anaemia, and death [6]. In
our case, the presence of persistent fever, failure to thrive,
hepatosplenomegaly, erythematous skin lesions, lymphadenop-
athy with ulceration, and sparse depigmented hair raised the
initial possibilities of bacterial infection, congenital or

disseminated tuberculosis, haematological malignancies, or
metastatic malignancies. Initial investigations did not reveal
any specific evidence of bacterial sepsis as the blood, CSF,
and urine aerobic culture were negative. A peripheral blood
leukoerythroblastic blood picture and absolute monocytosis
raised the differential possibility of juvenile myelomonocytic
leukaemia (JMML) but the Haemoglobin F levels of 1.4% did
not support it. The presence of acid-fast bacilli in gastric aspi-
rate, axillary lymphadenopathy with ulceration on the same
side of BCG inoculation, and systemic manifestations taken
together were suggestive of the diagnosis of BCG-osis. It was
further supported by positive mycobacterial culture.

An underlying immunodeficiency disorder was evaluated.
The HIV screening was negative. The lymphocyte subset
analysis by flow cytometry did not show any cellular deficien-
cy of T, B, or natural killer cells. There was no hypo-
gammaglobulinaemia. But possibility of coexisting immuno-
deficiency cannot be ruled out in our case in view of the family
history of consanguinity. A peripheral blood with pseudo-

 a   bFig. 4 a Normal FSC vs. SFL
scatter plot in WNR channel in
Sysmex XN analyser. b The FSC
vs. SFL scatter plot in WNR
channel of our case shows
increased nucleated RBC (pink),
increased debris (dark blue), and
basophilia (yellow) with the
leukocytosis (light blue)

 a   b
Fig. 3 a The normal SSC vs. SFL
scatter plot ofWDF channel in the
SysmexXN analyser. It shows the
normal distribution of
lymphocytes (pink), monocytes
(green), neutrophils (light blue),
eosinophils (red), and debris (dark
blue). b Scatter plot of SSC vs.
SFL in WDF channel of our case.
It shows all grey-coloured events
which indicate that the cellular
events are outside the areas as
depicted in normal reference
scatter plot. The debris area also
shows very high numbers of
events indicative of increased
cellular debris being spuriously
counted as platelets giving rise to
pseudo-thrombocytosis

90 J Hematopathol (2018) 11:87–92



Chediak-Higashi-like inclusions further supports such a pos-
sibility. Chediak-Higashi syndrome is caused by the mutation
of CHS1/LYST gene impairing the normal function of the ly-
sosomal trafficking regulator protein. It is characterised by
repeated and persistent infection starting from infancy or
childhood, oculocutaneous albinism, coagulopathy, and vary-
ing neurological impairment. The presence of cytoplasmic
giant granules are readily appreciated in leukocytes in most
of the cases [10, 11]. In our case, there was leukocytosis con-
trary to classical findings of pancytopenia in Chediak-Higashi
syndrome and absence of oculocutaneous albinism further
ruled out such a possibility. Hence, we proposed these giant
cytoplasmic granules mimicking Chediak-Higashi as pseudo-
Chediak-Higashi granules associated with this specific disor-
der of unknown aetiology.

Our case also presented with haemophagocytic
lymphohistiocytosis. The neutrophils with phagocytosis of
apoptotic debris formed the basis to investigate the possibility
of haemophagocytic syndrome. There is lack of any such spe-
cific evidence of haemophagocytosis with BCG-osis but few
cases of disseminated tuberculosis with haemophagocytosis in
infants have been reported in literature [12]. Karaca et al. have
reported a case of disseminated BCG infection with
hyperferritinaemia with a novel NEMO mutation [13].

The microorganisms are phagocytosed and killed by
the neutrophils and monocytes in the peripheral blood
but Mycobacterium is relatively protected and survives
phagocytosis [14]. The demonstration of acid-fast bacilli
within the neutrophils by Z-N stain in our case is direct
evidence to it. The presence of cytoplasmic shadowy vac-
uoles in neutrophils can be a clue to such a possibility.
There are reports of Mycobacterium within macrophages
seen as negative images in cytology smears especially
from patients with acquired immunodeficiency syndrome
[15]. In addition, the neutrophils were showing blue-green
cytoplasmic inclusions. Green cytoplasmic inclusions are
a rare finding with a total of 41 cases reported in the
literature. Clinically, the inclusions are associated with
elevated liver enzymes, hepatic failure and a high early
mortality rate [16]. Similarly, our case also presented with
hepatic failure and an early fatal outcome. Other unique
feature was presence of cellular debris in the peripheral
blood giving rise to spurious thrombocytosis by the cell
counter. This indicates the importance of smear review to
rule out the possibility of pseudo-thrombocytosis due to
increase in circulating cellular debris. Hence, the periph-
eral blood must be carefully evaluated to screen for mor-
phologically significant findings which may have diag-
nostic and prognostic importance. In addition, screening
scatter plots, histograms, and research cell population data
of the automated cell counters can provide further diag-
nostic clue. Hence, we have recorded the haematology
analyser-based expression of the peripheral blood

tubercular bacteraemia which can be of much help for
future studies.

Our investigation is limited by absence of evaluation for
immunoglobulin (IgG, IgM, and IgA) levels and molecular
studies to identify the presence of any specific primary immu-
nodeficiency disorders. An autopsy could have yielded more
information in our case.

Conclusion

Infants with an ipsilateral lymphadenopathy on the side of
BCG vaccine inoculation with systemic manifestation should
be considered for a possibility of BCG-osis with investigation
to rule out any underlying immunodeficiency. A possibility
developing HLH need to be ruled out as it may be life-saving.
The morphological clue in the peripheral blood and
haematology analyser-based scatter plot should also be corre-
lated for additional evidence.
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