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Hemophagocytic lymphohistiocytosis triggered by disseminated 
Bacillus Calmette-Guerin infection is rare. Targeted next- 
generation sequencing for tuberculosis can rapidly identify 
different strains of Mycobacterium tuberculosis complex as 
well as drug resistance genes. Herein we report 2 cases of 
hemophagocytic lymphohistiocytosis in whom targeted next- 
generation sequencing rapidly identified Bacillus Calmette- 
Guerin as the infectious trigger.
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Hemophagocytic lymphohistiocytosis (HLH) is a rare, life- 
threatening state of immune hyperactivation. It comprises a 
primary form and a secondary form. The former is related to 
genetic mutations, while the latter is related to infectious, 
inflammatory, or neoplastic triggers. Diagnosis of secondary 
HLH should meet 5 of the following 8 criteria: fever, splenome
galy, cytopenia (affecting ≥2 of 3 lineages in the peripheral 
blood), hypertriglyceridemia (≥3 mmol/L) and/or hypofibrino
genemia (≤1.5 g/L), hemophagocytosis in bone marrow or 
spleen or lymph nodes, low or absent natural killer (NK) cell ac
tivity, elevated ferritin (≥500 μg/L), soluble CD25 (≥2400 U/L) 
according to the 2004 diagnostic guideline [1]. The most com
mon infectious triggers for secondary HLH are viruses, while 

bacteria, visceral leishmaniasis, mycobacteria, and fungi can 
also trigger HLH [1, 2]. Indeed, studies have reported cases of 
HLH triggered by disseminated tuberculosis (TB) [3, 4]. 
Easily confused with Mycobacterium tuberculosis (MTB), 
Bacillus Calmette-Guerin (BCG), which consists of attenuated 
Mycobacterium tuberculosis variant bovis BCG (M. bovis 
BCG), is a strain of MTB complex that can cause severe dissem
inated infection in children with immunodeficiency [5]. In 
China, BCG vaccination (vaccine D2PB302, introduced from 
Danish strain-823) is recommended at birth, except in those 
with immunodeficiency or acute or severe chronic illness. 
Infants with underlying immunodeficiency that may not be rec
ognized at birth in the absence of newborn screening for severe 
combined immunodeficiency (SCID) are susceptible to BCG in
fection. However, HLH triggered by disseminated BCG infec
tion is rarely reported. Timely diagnosis of BCG-triggered 
HLH is highly challenging, and any delay in diagnosis and treat
ment is life-threatening. Detection of M. bovis BCG by culture is 
time-consuming and has low sensitivity, while conventional nu
cleic acid detection cannot identify the strain and provide infor
mation on drug resistance. Recently, targeted next-generation 
sequencing (tNGS) has emerged as a comprehensive alternative 
to existing methods for drug susceptibility testing (DST) and 
strain identification for MTB complex [6, 7]. Targeted NGS de
veloped by Hugo Biotech Co., Ltd., for tuberculosis (TB-pro), 
based on targeted polymerase chain reaction with specific prim
ers and next-generation sequencing, can identify 10 different 
MTB strains and 17 antituberculous drug-related resistance 
genes within 48 hours [8, 9]. Typically, the sequencing is per
formed for cell-free DNA in blood samples, whereas it is per
formed for whole cells and cell-free DNA in other samples 
such as cerebrospinal fluid (CSF), sputum, and bronchoalveolar 
lavage fluid. Herein, we report 2 cases of infants admitted with 
HLH in whom M. bovis BCG in blood and cerebrospinal fluid 
(CSF) was identified by tNGS.

Ethical Statement

Our study was approved by the Ethics Committee of West 
China Second University Hospital, Sichuan University.

Case Presentation

Patient 1: A 3-month-old boy with fever and cough for 9 days 
and rash for 6 days was admitted to the pediatric intensive 
care unit of West China Second University Hospital on 
October 14, 2022. The patient was given ceftriaxone for 5 days 
and cefotaxime for 3 days in a local hospital, but his symptoms 
did not improve. He was the first baby of nonconsanguineous 
Chinese parents. There was no known family history of 
hereditary disorders. The parents denied exposure to TB. 
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No abnormality was noticed at birth; then he received BCG vac
cination. On admission, his height and weight were 60 cm and 
6.8 kg, respectively. His temperature was 38.6 °C, heart rate 190 
bpm, respiratory rate 56 bpm, and blood pressure 73/59 mmHg. 
He had scattered red macules and papules all over his body. A 
BCG scar was noted on his left upper arm. Superficial lymph no
des were not enlarged. Abdominal palpation demonstrated he
patomegaly and splenomegaly; his liver was palpable to 6 cm 
under the right costal margin, and the spleen was palpable to 
8 cm under the left costal margin. Laboratory examinations re
vealed decreased hemoglobin (Hb, 79 g/L) and platelet count 
(Plt, 38 000/μL), elevated triglycerides (3.49 mmol/L), elevated 
ferritin (3022.7 ng/mL), and elevated sCD25 (14 784 pg/mL). 
NK cell activity was normal (24.25%). Nucleic acid tests for 
Epstein-Barr virus (EBV), cytomegalovirus (CMV), coronavi
rus disease 2019 (COVID-19), adenovirus, respiratory syncytial 
virus, rhinovirus, influenza virus, parainfluenza virus, meta
pneumovirus, bocavirus, mycoplasma, and chlamydia were all 
negative. Immunoglobin M (IgM) tests for herpes simplex virus 
and rubella virus were negative. Mycobacterial cultures of 
blood, gastric juice, and CSF were negative after 6 weeks of in
cubation. Other bacterial and fungal cultures of blood, CSF, and 
sputum were negative. The interferon-gamma release assay 
(IGRA) was indeterminate, with decreased positive control. 
The Xpert MTB/RIF tests of sputum and gastric juice performed 
on admission were negative. A second Xpert MTB/RIF of spu
tum performed 1 week after admission revealed “MTB detected 
with very low quantity and RIF resistance not detected.” The 
main laboratory examinations performed during the first 
week of hospitalization are summarized in Supplementary 
Table 1. The bone marrow smear showed active hyperplasia 
without hemophagocytosis. Computed tomography (CT) of 
the thorax and abdomen revealed exudation and ground glass 
shadow in both lungs (Figure 1A) and hepatosplenomegaly 
(Figure 1B). Brain magnetic resonance imaging (MRI) showed 
bilateral ventricular enlargement. With fever, splenomegaly, de
creased hemoglobin and platelet count, and elevated triglycer
ides, ferritin, and sCD25, a diagnosis of HLH was made 
according to the HLH-2004 criteria (6/8 criteria). A chemother
apy regimen of dexamethasone and etoposide was initiated, 
and imipenem and cilastatin were used as anti-infectious 
agents. Pathogen metagenomic next-generation sequencing 
(mNGS; Hugo Biotech Co., Ltd.) of blood and CSF was per
formed searching for infectious agents, and MTB complex 
was identified 48 hours later in both blood (reads: 27 138) 
and CSF (reads: 15 710). Antituberculous treatment with iso
niazid, rifampin, pyrazinamide, and ethambutol was immedi
ately started, while another sample of blood was sent for tNGS 
(TB-pro) to identify the strain of MTB complex and drug resis
tance genes. Another 48 hours later, tNGS identified 
pyrazinamide-resistant M. bovis BCG in blood (reads: 4459). 
Pyrazinamide was discontinued, and levofloxacin was 

introduced. Whole-exome sequencing (WES) was subse
quently conducted. One month later, WES revealed a patho
genic mutation of IL2RG (c.391C > T, p.Gln131Ter) in the X 
chromosome, which indicated X-linked SCID. The primary 
HLH-related genes were all negative. After 1 month of antitu
bercular treatment, a second tNGS of blood was performed, 
and M. bovis BCG was still detected (reads: 47); a tNGS of 
CSF was also performed, and pyrazinamide-resistant M. bovis 
BCG was identified (reads: 487). After 2 months of antituber
cular treatment, a second mNGS was performed, and MTB 
complex was still detected (reads: 30). The patient underwent 
hematopoietic stem cell transplantation (HSCT) after 2 
months of intensive antitubercular treatment with isoniazid, 
rifampin, levofloxacin, ethambutol, and chemotherapy. He 
continues the consolidation period of antitubercular treat
ment with isoniazid and rifampin, which will last for 10 
months and will be completed in October 2023. He has regular 
follow-ups in the pediatric hematology department and pedi
atric infectious diseases department.

Patient Consent

Our study was approved by the Ethics Committee of West 
China Second University Hospital, Sichuan University. 
Before the study enrollment, written informed consent was ob
tained from the guardians of this patient for the publication of 
this case report and all information contained in it.

Patient 2: A 3.5-month-old boy with fever for 1 week and ab
dominal distension, wheezing, and shortness of breath for 1 day 
was admitted to the pediatric intensive care unit of West China 
Second University Hospital on December 5, 2022. He received 
ceftriaxone and penicillin for 6 days in a local hospital, but his 
symptoms did not improve. He was the first baby of noncon
sanguineous Chinese parents. The parents were healthy, and 
there was no known family history of hereditary disorders. 
His parents denied exposure to TB. No abnormality was found 
at birth; then he received BCG vaccination. On admission, his 
height and weight were 60 cm and 7.1 kg, respectively. His tem
perature was 36.1 °C, heart rate 176 bpm, respiratory rate 56 
bpm, and blood pressure 101/67 mmHg. The BCG scar had 
swelling and redness. Abdominal palpation demonstrated 
an enlarged liver, palpable to 5 cm under the right costal mar
gin, as well as an enlarged spleen, palpable to 7 cm under the 
left costal margin. A routine blood count revealed pancytope
nia (white blood cell 2000/μL, Hb 83 g/L, Plt 18 000/μL). 
Other laboratory examinations showed decreased fibrinogen 
(102 mg/dL) and elevated triglycerides (5.09 mmol/L) and 
ferritin (4318.0 ng/mL). NK cell activity (20.7%) and sCD25 
(5187 pg/mL) were normal. Nucleic acid tests of EBV, 
CMV, COVID-19, adenovirus, respiratory syncytial virus, rhi
novirus, influenza virus, parainfluenza virus, metapneumovi
rus, bocavirus, mycoplasma, and chlamydia were all negative. 
Mycobacterial cultures of blood and gastric juice were negative 
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after 6 weeks of incubation. Other bacterial and fungal cultures 
of CSF, blood, and sputum were normal. The Xpert MTB/RIF 
tests of sputum and gastric juice were negative. The IGRA was 
indeterminate, with decreased positive control. All results are 
summarized in Supplementary Table 2. Bone marrow smear 
did not show hemophagocytosis. CT of the thorax revealed ex
udation and consolidation in the lower lobes of both lungs 
(Figure 1C). Abdominal CT demonstrated enlargement of the 
liver and spleen (Figure 1D). A head CT was normal. With fe
ver, splenomegaly, pancytopenia, hypertriglyceridemia and hy
pofibrinogenemia, and elevated ferritin, a diagnosis of HLH 
was made according to the 2004-HLH criteria (5/8 criteria). 
Chemotherapy with dexamethasone and etoposide was initiat
ed, and meropenem and vancomycin were administered as 
anti-infectious agents. Intravenous immunoglobin G (IVIG) 
was also given for supportive treatment. Due to poor response 
to anti-infective treatment and chemotherapy for 2 weeks, BCG 
infection was suspected, and tNGS (TB-pro) of blood was sent 
to identify the pathogen. M. bovis BCG was identified 48 hours 
later, and it was resistant to pyrazinamide. Antitubercular treat
ment with isoniazid, rifampin, levofloxacin, and ethambutol 
was immediately started. Concurrently, WES for primary 
HLH and immunodeficiency genes was sent. Three weeks later, 
the WES showed that a novel mutation of IL2RG (c.758-1G >  
A) was found in the X chromosome, which is inferred patho
genic in Clinvar, indicating X-linked SCID. A diagnosis of 

disseminated BCG infection-triggered HLH and X-linked 
SCID was made. The parents rejected further treatment and 
took the infant home without follow-up.

Patient Consent

Our study was approved by the Ethics Committee of West 
China Second University Hospital, Sichuan University. 
Before study enrollment, written informed consent was ob
tained from the guardians of this patient for the publication 
of this case report and all information contained in it.

DISCUSSION

We report 2 patients in whom HLH caused by disseminated 
BCG infection was rapidly diagnosed using the new 
method of tNGS. Targeted NGS, based on specific primers 
and targeted amplification, can distinguish 10 different MTB 
strains including M. Bovis BCG. In patient 1, detection of the 
MTB complex in blood, CSF, and sputum, then identification 
of the MTB complex as M. bovis BCG in blood and CSF, and 
repeated detection of M. bovis BCG in blood (2 samples 1 
month apart) in conjunction with clinical manifestations may 
be indicative of definite disseminated BCG infection in patients 
with inborn error of immunity according to the European 
Society for Immunodeficiencies. In patient 2, only a single de
tection of M. bovis BCG in the blood in combination with sys
temic symptoms is indicative of probable disseminated BCG 

Figure 1. CT images of the thorax and abdomen for patient 1 and patient 2. A, CT image of the thorax for patient 1. B, CT image of the abdomen for patient 1. C, CT image of 
the thorax for patient 2. D, CT image of the abdomen for patient 2. Abbreviation: CT, computed tomography.
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infection. A positive result of tNGS from recent BCG vaccina
tion cannot be excluded for this patient. Additional investiga
tion is needed to determine how long BCG can be identified 
in blood by metagenomics after vaccination.

To date, only 5 patients with BCG-triggered HLH have been 
reported, 3 with disseminated BCG infection and 2 with local 
BCG infection (Table 1) [10–14]. HLH is mediated by cytotoxic 
lymphocytes and macrophage hyperactivation, and chemo
therapy with cytotoxic drugs is the first-line treatment 
[2, 15]. However, for patients with HLH secondary to infection, 
chemotherapy without targeted anti-infectious therapy may 
cause the disease to worsen [11]. Treatment of disseminated 
BCG-triggered HLH is challenging. Disseminated BCG- 
triggered HLH did not resolve in 3 previously reported patients, 
and all died. Our patient 1 underwent early treatment with an
tituberculous agents combined with chemotherapy, resulting in 
resolution of HLH and allowing for further HSCT. The effec
tive response to antitubercular treatment and chemotherapy 
supports the diagnosis of BCG-triggered HLH. This case shows 
that timely identification of BCG is critical for subsequent treat
ment and better prognosis.

BCG vaccination is widely given at birth in countries with 
endemic tuberculosis. However, BCG infection cannot be 
avoided in children with underlying immunodeficiencies in 
the absence of newborn screening for SCID. Differentiating tu
berculosis and BCG infection in infants is confusing, as the 
clinical symptoms of the 2 conditions are atypical and may 
be overlapping. Of the 5 patients whose cases have been previ
ously reported, 2 were clinically diagnosed [10, 12], 1 detected 
MTB complex without strain identification [14], and another 2 
were confirmed by molecular diagnostic methods to have BCG 
infection[11, 13]. No patient underwent the full range of anti
tuberculous drugs related to resistance gene testing. Nucleic 
acid detection methods commonly applied in clinical settings, 
including Xpert MTB/RIF, TB-DNA polymerase chain reac
tion, and mNGS, cannot identify the specific strain or the entire 
range of drug resistance genes for MTB complex. The new 
method of tNGS can not only distinguish different strains of 
MTB complex, but also identify 4 first-line and 13 second-line 
antituberculous drug resistance genes. As BCG infection is 
atypical and the pathogen is intrinsically resistant to pyrazina
mide and sometimes resistant to isoniazid and rifampin, timely 
identification of the strain and drug resistance genes is impor
tant [16]. We used tNGS to rapidly identify both the BCG strain 
and antituberculous drug resistance genes, allowing for early 
diagnosis of BCG disease and provision of drug resistance in
formation for targeted therapy planning. However, this is the 
first instance of the utility of tNGS in identifying drug resis
tance genes for BCG. The detection of a pyrazinamide resis
tance gene is consistent with a BCG strain, but the other drug 
resistance genes need to be verified by phenotypic resistance in 
the future.

Disseminated BCG infection is usually an indicator of im
munodeficiency [17]. Inborn errors of immunity could predis
pose a patient to HLH after an uncontrolled infection [2]; thus 
early identification of both the inborn errors of immunity and 
specific pathogens is important for these patients. Mutations in 
IL2RG result in typical X-SCID with absent T and NK cells and 
functionally abnormal B cells [18]. It is fatal without HSCT. 
Most of the previously reported patients died due to delayed di
agnosis and uncontrolled infections before HSCT for HLH 
with SCID [14, 19, 20]. For patient 1, X-linked SCID was expe
ditiously identified after early identification of disseminated 
BCG infection. Thus, preparation for HSCT was undertaken 
as soon as possible. This is the first case of BCG-trigged HLH 
with SCID who successfully received an HSCT. This successful 
treatment with targeted antituberculous treatment, chemother
apy, and HSCT can be valuable in guiding therapy for future 
patients.

CONCLUSIONS

Targeted NGS with more verification will be a valuable tool for 
early identification of the specific strain and drug resistance 
genes in patients with MTB complex infection. Rapid identifi
cation of BCG by tNGS may ensure timely treatment and favor
able outcomes for BCG-triggered HLH in patients with SCID.
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