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Background: The diagnosis of Pneumocystis pneumonia (PCP) remains
challenging in certain specific clinical situations. Metagenomic next-generation
sequencing (MNGS), as a novel diagnostic method, may help in the diagnosis of
PCP.

Case presentation: A 6-month-old male child developed acute pneumonia and
sepsis. This child had previously suffered from Escherichia coli septicemia and
was cured. However, the fever and dyspnea relapsed. Blood tests revealed a low
lymphocyte count (0.69 x 10°/L) and acute inflammatory markers such as high-
level procalcitonin (8.0 ng/ml) and C-reactive protein (19 mg/dl). Chest imaging
showed inflammation and decreased translucency in both lungs but no thymus
shadow. Various serology tests, the 1,3-beta-D-glucan test, culture, as well as
sputum smear failed to detect any pathogens. mMNGS with blood helped identify
133 specific nucleic acid sequences of Pneumocystis jirovecii, suggesting an
infection with this pathogen. After treatment with trimethoprim-
sulfamethoxazole for 5 days, the patient’s condition improved, but the child still
needed ventilator support. Unfortunately, the child died soon after because of
respiratory failure after his parents decided to abandon treatment. The family
declined an autopsy on the child, and therefore, an anatomical diagnosis could
not be obtained. Whole-exome  sequencing  suggested  X-linked
immunodeficiency. A hemizygous mutation of c.865c >t (p.r289*) was detected
in the IL2RG gene, which was inherited from the mother (heterozygous state).
Conclusion: This case report highlights the value of mNGS in diagnosing PCP
when conventional diagnostic methods fail to identify the agent. Early onset of
recurrent infectious diseases may indicate the presence of an immunodeficiency
disease, for which timely genetic analysis and diagnosis are crucial.
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Introduction

(PCP) is a infection in

immunocompromised patients. Thus far, it has been found that the pathogen of human

Pneumocystis  pneumonia major  opportunistic
PCP, Pneumocystis jirovecii, remains incapable of growing in vitro. Therefore, the clinical

diagnosis of PCP relies mainly on the microscopic examination done after chemical or
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immunofluorescence staining (1). However, the sensitivity and
specificity of this test are not accurate. The detection of 1,3-B-D-
glucan (G test) in serum can also be used to identify P. jirovecii
but with low specificity. Polymerase chain reaction (PCR)-based
diagnostic methods have a significantly higher sensitivity and
specificity, whereas the related commercial kits have not yet been
approved for clinical use in China (2).

Recently, metagenomic next-generation sequencing (mNGS)
has rapidly emerged as a promising single, unbiased, and
culture-independent diagnostic tool and has been applied in
various clinical practices (3-5). Different from other molecular
assays, which can target only a limited number of known
pathogens using specific primers or probes, mNGS can detect
all DNA or RNA present in a sample, including the entire
microbiome (3). Furthermore, mNGS is less affected by prior
antibiotic exposure (6). It has been used as a diagnostic tool for
various pathogens such as Mycobacterium tuberculosis, viruses,
anaerobes, and fungi.

Here, we report the case of a 6-month-old child with PCP
diagnosed by using mNGS. The clinical results of tests,
including those of various antibody tests, the G test, and
culture test, were all reported to be negative. An investigation
revealed that the child had a previous history of E. coli
septicemia, following which whole-exome sequencing was
performed. This confirmed the presence of an X-linked
immunodeficiency in the child.

Case report

A 6-month-old male infant was hospitalized in a local hospital
with recurrent fever and cough for 1 month. The presence of E. coli
was detected by using a blood culture test. After 14 days of
ceftazidime treatment, his temperature returned to normal, and
the blood culture test results turned negative. However, he soon
developed high fever and cough again with shortness of breath
and was transferred to the West China Second University
Hospital of Sichuan University. It was found that the child had
developed Klebsiella pneumoniae septicemia during the neonatal
period and pneumonia at 2 months of age. The newborn
screening test results of the child were negative, and there was no
evidence of any abnormalities or anomalies in the family history
of close members of the child, in birth history, or in
environmental history. Upon admission, a physical examination
revealed a high body temperature of 39.5°C, a pulse rate of 180
beats per minute, a respiration rate of 70 per minute, and a
blood oxygen saturation rate of 70%. Moist rales and wheezing
were found bilaterally.

The detailed timeline of this patient is shown in Figure 1.
Upon admission, laboratory auxiliary blood routine
examination revealed an increased white blood cell (WBC)
count (16.9 x 10°/L) and decreased lymphocyte absolute value
(0.69 x 10°/L), with an absolute value of monocytes of 0.30 x
10°/L, absolute value of neutrophils of 15.24 x 10°/L, C-reactive
protein of 19 mg/dl, and procalcitonin (PCT) of 8.0 ng/mL.

Cellular immune response revealed a lymphocyte absolute value
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of 0.34 x 10°/L, absolute value of T lymphocytes of 0.02 x 10°/L,
absolute value of B lymphocytes of 0.28 x 10°/L, and absolute
value of NK lymphocytes of 0.02 x 10°/L. The results of culture
tests performed using blood, sputum, and cerebrospinal fluid
were negative. The result of the PCR test for influenza A/B
virus, parainfluenza virus, Mycoplasma pneumoniae, Chlamydia,
rhinovirus,

respiratory virus,

Bocavirus, adenovirus, and coronavirus was negative. The G

syncytial metapneumovirus,
test result for fungi was also negative. Lung computed
tomography (CT) showed inflammation with decreased light
transmittance, which was evident in the lower lobe of both
lungs, as well as an exudation shadow and strip shadow
(Figure 2). No thymus shadow was found (Figure 2). The
results of sputum culture and two blood culture tests were also
negative.

After admission, the patient received invasive ventilator
therapy, anti-infective treatment with vancomycin (15 mg/kg,
q6h) plus meropenem (40 mg/kg, q8h) and micafungin (4 mg/kg,
qd), and gamma globulin infusion (1 g/kg). Considering the
previous medical history (E. coli septicemia, K. pneumoniae
septicemia, and pneumonia), lymphopenia, and the absence of
thymus, congenital immunodeficiency, and opportunistic
bacterial infection could not be ruled out. mNGS of blood was
applied for rapid detection of pathogens. Meanwhile, whole-
exome sequencing was performed in samples collected from the
family members. The mNGS test results revealed 133 specific
nucleic acid sequences of P. jirovecii, suggesting an infection with
this pathogen (PCP). Trimethoprim-sulfamethoxazole was added
to the treatment regimen. After 5 days of treatment, the patient’s
condition improved, but he still needed ventilator support. The
patient’s parents requested a discharge due to financial reasons
and declined the provision of any further treatment for the child.
A day after discharge, the child died of respiratory failure. The
result of whole-exome sequencing suggested an X-linked
immunodeficiency. A hemizygous mutation c.865c>t (p.r289*)
was detected in the IL2RG gene, which was inherited from the
mother (heterozygous state). The family also declined an autopsy
for the child, and therefore, an anatomical diagnosis could not be

obtained.

Discussion

Pneumocystis pneumonia is a major opportunistic infection in
immunocompromised patients (7). The increasing rates of
incidence of this disease seriously threaten global public health
and economy. In an 11-study meta-analysis that evaluated the
performance of the G test for P. jirovecii, an overall sensitivity
rate of 95% (95%CI: 91%-97%) was found (8). However, in our
hospital, the G test does not exhibit the same high level of
sensitivity for the diagnosis of PCP. mNGS is a state-of-the-art
technology that has been increasingly applied in clinical
practice for various infectious diseases such as pneumonia and
sepsis (3). It can rapidly detect almost all pathogens in the
specimens and is often more sensitive and specific for diverse
infections than conventional methods, especially for pathogens
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On admission:
Temperature: 39.5 °C
Low humoral and cellular immunity Invasive ventilator therapy; vancomycin (15mg/kg, q6h) +
Blood test: increased WBGC and Day 1 —— | meropenem (40mg/kg, q8h) + micafungin (4mg/kg, qd), +
decreased lymphocyte gamma globulin infusion (1g/kg) were given
Blood/sputum/cerebrospinal fluid
culture, PCR, and G test: negative
Day 2 ——
mNGS using blood:
133 specific reads of Pneumocystis Dav 3 —— Trimethoprim-sulfamethoxazole was added to the
jirovecii, with relative abundance of y treatment regimen.
18.89%
Day 4 ——
Stool culture: @ N
Extended spectrum - Day 5 —+ The patient's parents requested for discharge and gave
lactamase Escherichia coli up all treatment.
g J
4 A
1 One day after discharge, the child died of respiratory
failure.
g J
\4
FIGURE 1
The timeline information of this patient

that are difficult to diagnose and for patients with prior antibiotic
exposure (9).

In this case, the child developed acute pneumonia and sepsis.
He
pneumoniae septicemia, and pneumonia. Multiple antibiotics had

had previously suffered from E. coli septicemia, K.
been given, which made the diagnosis by some conventional
methods difficult. This suggests that mNGS has a significant
advantage over conventional methods in detecting P. jirovecii,
especially when a patient has received antibiotics treatment
previously.

In addition, the child had experienced various infections in the
past 6 months, which is uncommon. This made us to consider the
immunodeficiency of the child. Whole-exome sequencing was
performed and a hemizygous mutation c¢.865c>t (p.r289*) was
found in the IL2RG gene. The IL2RG gene encodes the common
chain (yc) of several interleukin receptors, which are mainly
involved in the body’s immune process (10). This mutation can
cause an X-linked severe combined immunodeficiency, a profound
deficiency of T, B, and natural killer cell immunity. Patients with
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X-linked severe combined immunodeficiency can commonly
develop candidiasis, pneumonia, bronchitis, and other repeated
infections within the first few months of birth, along with growth
retardation due to gastrointestinal malabsorption (11). The child
in this case was finally diagnosed with PCP and X-linked
immunodeficiency inherited from the mother.

In conclusion, this case report highlights the value of mNGS in
diagnosing PCP when conventional diagnostic methods fail to
identify the agent. Early onset of recurrent infectious diseases
suggests the possibility of immunodeficiency disease. Early
genetic analysis and diagnosis is necessary for patients with such
disease conditions.
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FIGURE 2

the exudation shadow and strip shadow. No thymus shadow is found.

Lung CT results of the child. Lung CT shows inflammation with decreased light transmittance, which is evident in the lower lobe of both lungs, as well as

Ethics statement

Ethical review and approval were not required for the study on
human participants in accordance with local legislation and
Written
participate in this study was provided by the participants’ legal

institutional requirements. informed consent to
guardian/next of kin. Written informed consent was obtained
from the individual(s), and minor(s)’ legal guardian/next of kin,
for the publication of any potentially identifiable images or data

included in this article.

Author contributions

LQ and GL designed the paper. LQ, YuZ, and YeZ drafted and
revised the paper. LQ, YuZ, and GL involved in the clinical care

Frontiers in Pediatrics

and management of the patient. YG analyzed the mNGS data.
All authors approved the final manuscript as submitted and
agreed to be accountable for all aspects of the work.

Acknowledgments

The authors thank all the clinical staff contributed to the study.

Conflict of interest

YeZ, YG were employed by Hugobiotech Co., Ltd.

The remaining authors declare that the research was conducted
in the absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

frontiersin.org


https://doi.org/10.3389/fped.2023.1183601
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Qing et al.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated

References

1. Ma L, Cisse OH, Kovacs JA. A molecular window into the biology and epidemiology
of Pneumocystis spp. Clin Microbiol Rev. (2018) 31(3):¢00009-18. doi: 10.1128/CMR.
00009-18

2. Summah H, Zhu YG, Falagas ME, Vouloumanou EK, Qu JM. Use of real-time
polymerase chain reaction for the diagnosis of Preumocystis pneumonia in
immunocompromised patients: a meta-analysis. Chin Med ] (Engl). (2013) 126
(10):1965-73.

3. Gu W, Miller S, Chiu CY. Clinical metagenomic next-generation sequencing for
pathogen detection. Annu Rev Pathol. (2019) 14:319-38. doi: 10.1146/annurev-
pathmechdis-012418-012751

4. Wang J, Han Y, Feng J. Metagenomic next-generation sequencing for mixed
pulmonary infection diagnosis. BMC Pulm Med. (2019) 19(1):252. doi: 10.1186/
512890-019-1022-4

5. Irinyi L, Hu Y, Hoang MTYV, Pasic L, Halliday C, Jayawardena M, et al. Long-read
sequencing based clinical metagenomics for the detection and confirmation of
Pneumocystis jirovecii directly from clinical specimens: a paradigm shift in
mycological diagnostics. Med Mycol. (2020) 58(5):650-60. doi: 10.1093/mmy/myz109

6. Miao Q, Ma Y, Wang Q, Pan J, Zhang Y, Jin W, et al. Microbiological diagnostic

performance of metagenomic next-generation sequencing when applied to clinical
practice. Clin Infect Dis. (2018) 67(2):5S231-540. doi: 10.1093/cid/ciy693

Frontiers in Pediatrics

05

10.3389/fped.2023.1183601

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

7. Cilloniz C, Dominedo C, Alvarez-Martinez MJ, Moreno A, Garcia F, Torres A,
et al. Pneumocystis pneumonia in the twenty-first century: HIV-infected versus
HIV-uninfected patients. Expert Rev Anti Infect Ther. (2019) 17(10):787-801.
doi: 10.1080/14787210.2019.1671823

8. Musher DM, Roig IL, Cazares G, Stager CE, Logan N, Safar H. Can an etiologic
agent be identified in adults who are hospitalized for community-acquired
pneumonia: results of a one-year study. J Infect. (2013) 67(1):11-8. doi: 10.1016/j.
jinf.2013.03.003

9. Chen Y, Feng W, Ye K, Guo L, Xia H, Guan Y, et al. Application of metagenomic
next-generation sequencing in the diagnosis of pulmonary infectious pathogens from
bronchoalveolar lavage samples. Front Cell Infect Microbiol. (2021) 11:541092. doi: 10.
3389/fcimb.2021.541092

10. De Ravin SS, Wu X, Moir S, Anaya-O’Brien S, Kwatemaa N, Littel P, et al.
Lentiviral hematopoietic stem cell gene therapy for X-linked severe combined
immunodeficiency. Sci  Transl Med. (2016) 8(335):335ra57. doi: 10.1126/
scitranslmed.aad8856

11. Allenspach EJ, Rawlings DJ, Petrovic A, Chen K. X-Linked severe combined
immunodeficiency. In: Adam MP, Ardinger HH, Pagon RA, Wallace SE, Bean LJH,
Mirzaa G, et al, editors. Genereviews((R)). Seattle, WA: University of Washington
(1993). p. 1-21.

frontiersin.org


https://doi.org/10.1128/CMR.00009-18
https://doi.org/10.1128/CMR.00009-18
https://doi.org/10.1146/annurev-pathmechdis-012418-012751
https://doi.org/10.1146/annurev-pathmechdis-012418-012751
https://doi.org/10.1186/s12890-019-1022-4
https://doi.org/10.1186/s12890-019-1022-4
https://doi.org/10.1093/mmy/myz109
https://doi.org/10.1093/cid/ciy693
https://doi.org/10.1080/14787210.2019.1671823
https://doi.org/10.1016/j.jinf.2013.03.003
https://doi.org/10.1016/j.jinf.2013.03.003
https://doi.org/10.3389/fcimb.2021.541092
https://doi.org/10.3389/fcimb.2021.541092
https://doi.org/10.1126/scitranslmed.aad8856
https://doi.org/10.1126/scitranslmed.aad8856
https://doi.org/10.3389/fped.2023.1183601
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	Metagenomic next-generation sequencing in a diagnosis of Pneumocystis pneumonia in an X-linked immunodeficient child: a case report
	Introduction
	Case report
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


