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Introduction: Co-infection pneumonia with Mycobacterium abscessus (M. abscessus) and
Pneumocystis jirovecii (P. jirovecii) is rarely reported in previously healthy patients without
HIV infection. The diagnosis of pneumonia of M. abscessus and P. jirovecii remains
challenging due to its nonspecific clinical presentation and the inadequate performance of
conventional diagnostic methods.

Case Report: We report the case of a 44-year-old previously healthy male transferred to our
hospital in February 2020 with a 4-month history of productive cough and one month of
intermittent fever. At local hospital, the metagenomic next-generation sequencing(mNGS)
detected P, jirovecii sequences in blood; with the antifungal therapy (Caspofungin, trimetho-
prim—sulfamethoxazole [TMP-SMX] and methylprednisolone [MP]), the patient still had
hypoxemia, cough and fever. Then he was transferred to our hospital, the mNGS of
bronchoalveolar lavage fluid (BALF) detected the sequences of M. abscessus and
P. jirovecii. CD4+ T-lymphocytopenia in the peripheral blood cells was presented and HIV
serology was negative. Caspofungin, TMP-SMX, clindamycin and MP were used to treat
P. jirovecii pneumonia (PJP). Moxifloxacin, imipenem cilastatin and linezolid were used to
treat M. abscessus infection. Clinical progress was satisfactory following antifungal com-
bined with anti-M. abscessus therapy.

Conclusion: Co-infection pneumonia with M. abscessus and P. jirovecii as reported here is
exceptionally rare. mNGS is a powerful tool for pathogen detection. M. abscessus infection
could be a risk factor for P, jirovecii infection. This case report supports the value of mNGS
in diagnosing of M. abscessus and P. jirovecii, and highlights the inadequacies of conven-
tional diagnostic methods.
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Introduction

Pneumocystis jiroveci (P. jiroveci) is a common opportunistic fungus causing
Pneumocystis jiroveci pneumonia (PJP) in HIV infected patients. It is also
a major opportunistic infection in HIV-negative immunocompromised patients,
such as malignancy, stem cell transplantation (SCT), solid organ transplantation,
rheumatologic disease, and respiratory disease.! Mycobacterium abscessus
(M. abscessus) is a rapidly growing mycobacteria (RGM) of non-tuberculosis
mycobacterium (NTM), which is an opportunistic pathogen of pulmonary infection
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in HIV
M. abscessus infects both patients without underlying

infected patient. In HIV-negative people,
risk factors,> and patients with a history of chronic lung
diseases, such as cystic fibrosis and bronchiectasis, which
led it to being the first RGM to be isolated in these
contexts.>® In HIV-negative patients, there were a few
cases of co-infection of P. jiroveci and Mycobacterium
tuberculosis.” But the co-infection of M. abscessus and
P jiroveci had not been reported before by search of
Pubmed with the key words “‘Mycobacterium abscessus’
AND ‘Pneumocystis’”.

The pneumonia caused by M. abscessus and P. jirovecii
present similar clinical features including fever and cough,
which are nonspecific.>® Traditional diagnostic techniques
in the microbiology laboratory for P jirovecii and
M. abscessus have some limits: P. jirovecii still cannot
be reliably grown in vitro and P. jirovecii organisms in
respiratory specimens following immunofluorescence
staining suffer from low sensitivity;® when the direct
microscopic examination is positive for acid-fast bacilli,
it is necessary to exclude the diagnosis of tuberculosis and
other NTM organisms; M. abscessus cultures are not pig-
mented (neither scoto- nor photochromogen) and are simi-
lar to many other RGMs, such as M. chelonae;’ and the
PCR of P. jirovecii and M. abscessus is not available in
clinical settings in most hospitals in China including our
hospital.

Metagenomic next generation sequencing (mNGS) is
a powerful tool for detecting pathogens that can be per-
formed directly on clinical specimens.'®'" It had been
used for detection of P. jiroveci,*'® and M. abscessus."*
In this report, we describe a previously healthy HIV-
negative male coinfected with M.

P. jiroveci detected by mNGS.

abscessus and

Case Report

A 44-year-old previously healthy male was transferred to
our hospital in February 2020 with a 4-month history of
productive cough and one month of intermittent fever. He
had no relevant transplantation and no significant medical
history (particularly no corticosteroid and no immunosup-
pressive drug history), and never had any episode of
tuberculosis or chronic pulmonary disorders. He was
a never-smoker and no alcoholism. He had no family
history of chronic lung disease. He had no recent travel
history of Wuhan. Four months prior, the patient devel-
oped cough with white phlegm, accompanied with chest
tightness and shortness of breath when he coughed

severely. Sometimes he had blood-streak sputum. He was
suspected as upper respiratory tract infection and given
symptomatic treatment, but the cough was not relieved.
One month later, chest x-ray showed pulmonary infection.
With the treatment of clarithromycin, ribavirin and ampi-
cillin for 5 days, cough was relieved. However, one month
prior, he developed low-grade fever. 22 days prior, he had
a fever with maximum body temperature of 39.4°C. He
was admitted to local hospital. Blood tests showed a white
blood cell (WBC) count of 8.32x10E9/L and C-reactive
protein (CRP) of 128.06mg/L. Chest computed tomogra-
phy (CT) scan showed bilateral infiltrations. Piperacillin
tazobactam, oseltamivir and doxycycline were initiated
after admission to treat pulmonary infection. One day
later, chest CT showed the aggravated infection of both
lungs. He developed to be hypoxia, septic shock. Acute
respiratory distress syndrome (ARDS) was diagnosed.
Then he was treated with meropenem, voriconazole, dox-
ycycline. Reexamination of chest CT showed the infection
was relieved. Five tests of nucleic acid of Corona Virus
Disease 2019 (COVID-19) were all negative, which were
carried out by regional Centers for Disease Control and
Prevention (CDC). Eight days prior, the metagenomic
next-generation sequencing (mMNGS) of blood detected
the sequences
(CMV). Caspofungin, trimethoprim—sulfamethoxazole
(TMP-SMX) and methylprednisolone (MP) were used for
antifungal therapy. One day prior, the oxygen saturation

of P jirovecii and Cytomegalovirus

decreased again. Then he was transferred to our hospital
and admitted to our department.

Chest CT on admission showed bilateral infiltrations,
ground glass opacity, crazy paving pattern (Figure 1A1
and A2). Blood tests performed on admission showed
WBC count of 9.38x10E9/L, absolute value of lympho-
cyte (LYMP) of 0.65x10E9/L, hemoglobin (Hb) level of
126g/L, platelet count of 291x10E9/L, aspartate amino-
transferase (AST) of 37 IU/L, alanine aminotransferase
(ALT) of 40 IU/L, blood urea nitrogen (BUN) of
5.6mmol/L, of 68umol/L.
Hypersensitive C-reactive protein (hsCRP) was 43.2mg/

and serum creatinine
L, and procalcitonin (PCT) was 0.025ng/mL. The physical
examination showed blood pressure of 125/69mmHg,
heart rate of 94 beats/minute, respiratory rate of 25 rates/
minute, and temperature of 37.7°C, oxygen saturation of
99% with therapy of high-flow nasal cannula (HFNC) with
fraction of inspiration (FiO2) 0.55). Moist rales were
audible over bilateral lungs, without lower-extremity
edema. Physical examination of the heart and abdomen
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Figure | Chest CT performed on admission (Al, A2), on day 9 (Bl, B2), on day 17 (Cl, C2), on day 26 (DI, D2), and five months after discharge (El, E2).

were normal. The arterial blood gas analysis revealed a pH
of 7.45, the partial pressure of oxygen (PO2) was
124mmHg, the partial pressure of carbon dioxide (PCO2)
was 45mmHg, PaO2/FiO2 was 113mmHg, alveolar-
arterial oxygen gradient ((A-a) DO2) was 212mmHg.

Intravenous  moxifloxacin  (400mg/day),

(250mg, every 12 hours), caspofungin (50mg/day), clinda-

ganciclovir

mycin (600mg, every 8 hours) and methylprednisolone
(40mg/day), and oral trimethoprim—sulfamethoxazole
(TMP-SMX) (3 tablets (240/1200mg) every 6 hours, with
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each tablet containing 80mg trimethoprim and 400mg
sulfamethoxazole) were prescribed. Human immunoglobu-
lin for intravenous injection (IVIG) was given with the
dosage of 10g for 5 days. Thymalfasin was used with the
dosage of 1.6mg for 12 days. Hepatitis B and C viruses,
HIV, and Syphilis were all tested negative by serology.
The sputum analysis of acid-fast bacilli smear and myco-
bacterial culture was negative. Mycobacterium tuberculo-
sis complex was negative based on blood test with the
GeneXpert MTB/RIF assay. The immunofluorescence
staining of sputum smear did not find Pneumocystis organ-
isms. Serum 1,3-beta-D-glucan (BDG) level was normal
(<3.836pg/mL). In addition, bronchoalveolar lavage fluid
(BALF) culture revealed no growth of bacteria or fungi.
The DNA copies of CMV was 9E2 copies/mL. The lactate
dehydrogenases level was 429 U/L. Antinuclear antibody
(ANA), anti-double stranded DNA antibody(dsDNA),
anti-neutrophil cytoplasmic antibody (ANCA) series and
extractable nuclear antigen (ENA) series were all negative.
Flow cytometry of peripheral blood cells showed CD3+T
cells/lymphocyte was 86% (normal range 50%-84%), CD3
+CD4+T cells/lymphocyte was 17%, CD3+CD8+T cells/
lymphocyte was 55%, CD3+CD4+T cells/CD3+CD8+T
cells was 0.31, B cells/lymphocyte was 12%, NK cells
(CD3-CD16+ or CD3-CD56+)/lymphocyte was 2%. The
thyroid stimulating hormone (TSH) level was normal.
Peripheral blood and bronchoalveolar lavage fluid
(BALF) samples collected on day 3 were sent for mNGS
test, which was performed by Vision Medicals CO. Ltd
(Guangzhou, China) using Illumina NextSeq 550 (USA).
On day 4, the mNGS detected M. abscessus with 1315
high-confidence sequence reads, CMV with 649 high-
confidence sequence reads and P. jirovecii with 44 high-
confidence sequence reads in BALF sample. mNGS
detected CMV with 74 high-confidence
reads and P. jirovecii with 368 high-confidence sequence

sequence

reads in blood (Table 1). The M. abscessus sequence reads
mapped to a M. abscessus reference genome
(NC _010397.1), the P, jirovecii sequence reads assembled
to a P, jirovecii reference genome (NW_017264779.1), and
the sequence reads for CMV allowed assembly of a CMV
reference genome (NC_006273.2) (Figure 2).

Meanwhile, the oxygen saturation decreased to about
90%, and the partial pressure of oxygen dropped to 54
mmHg. Moxifloxacin (400 mg/day) was switched to imipe-
nem cilastatin (1.0g every 8 hours) for the treatment of
M. abscessus infection. Linezolid (600mg every 12 hours)
was synergistically used on day 6 to anti-M. abscessus.

Table | The Pathogen and Sequence Reads Detected by mNGS
in BALF and Blood Samples

Sample Pathogen Sequence Reads
BALF M. abscessus 1315

BALF P. jirovecii 44

BALF CMV 649

Blood M. abscessus 0

Blood P. jirovecii 368

Blood CMV 44

Abbreviations: M. abscessus, Mycobacterium abscessus; P. jirovecii, Pneumocystis
jiroveci; CMV, Cytomegalovirus.

On day 9, The patient discontinued HFNC, and be treated
with nasal catheter for oxygen inhalation, and chest CT was
performed and revealed that worsening infiltration in lower
lungs and absorbing of other lungs (Figure 1B1 and B2). With
the treatment, the patient still had intermittent low-grade
fever, with the highest temperature of 38.2 °C, and the heat
peak was gradually decreased, the body temperature returned
to normal on day 10. The symptom of cough and sputum was
also significantly relieved, the hsCRP decreased to 4.8mg/L.
The PCT was 0.022ng/mL. On day 12, the patient was trans-
ferred to General Medical Wards. Moxifloxacin (400 mg/
day), imipenem cilastatin (1.0g every 8 hours) and linezolid
(600mg every 12 hours) were used to treat M. abscessus
Caspofungin (50mg/day), TMP-SMX (240/
1200mg, every 6 hours), clindamycin (600mg, every 8
hours) and MP (20mg/day) were used to treat PJP. The copies
of CMV were below 500 copies/mL tested on Day 11, so the
ganciclovir was discontinued. On day 17, MP was switched

infection.

to oral taken with 16mg/day for 7 days, then it was reduced to
12mg/day for 3 days. Chest CT performed on day 17 revealed
absorbing infiltrations (Figure 1C1 and C2). On day 18, the
count of WBC dropped to 3x10E9/L, recombinant human
granulocyte stimulating factor injection was given. On day
20, caspofungin was discontinued, and clindamycin was
changed from intravenous to oral administration with the
dosage of 450mg/day (150mg every 8hours), moxifloxacin
was also switched to oral taken (400mg/day). On day 23,
linezolid was discontinued for the plantlet dropping to
89x10E9/L. On day 26, chest CT showed pulmonary infec-
tion was significantly absorbed (Figure 1D1 and D2). The
level of LYMP elevated to 1.1x10E9/L, with the WBC of
3.97x10E9/L. The levels of AST, ALT, BUN and creatinine
was normal. On day 27, he was discharged with 7-day oral
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Figure 2 A, B, C detected from BALF, D and E detected from Blood. (A) The sequence reads for CMV allowed assembly of a CMV reference genome (NC_006273.2); (B)
The P. jirovecii sequence reads assembled to a P. jirovecii reference genome (NW_017264779.1); (C) The sequence M. abscessus reads mapped to M. abscessus reference
genome (NC_010397.1). (D) The sequence reads for CMV allowed assembly of a CMV reference genome (NC_006273.2); (E) The P. jirovecii sequence reads assembled to
a P, jirovecii reference genome (NW_017264779.1).
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medicines (SMZ 240/1200mg every 6hours, clindamycin
150mg every 8hours, MP 8mg/day, clarithromycin 500mg
every 12hours, levofloxacin 0.5g/day). The important labora-
tory results on admission and after treatment are summarized
in Table 2. The details of antibiotic and main process of

disease are summarized in Figure 3. Five months after

discharge, he returned to our hospital for reexamination of
chest CT which showed the inflammation in both lungs was
basically completely absorbed (Figure 1E1 and E2). During
this period, the patient had no symptoms such as cough and
fever. Unfortunately, the patient refused blood tests including
flow cytometry test.

Table 2 The Important Laboratory Results on Admission and After Treatment

Laboratory Parameters On Admission After Treatment Normal Range
WBC count 9.38 3.97 3.5-9.5%0E9/L
Platelet count 291 89 100-350x% 10E9/L
LYMP 0.65 1.01 1.1-3.2x 1 0E9/L
Hemoglobin 126 100 130-175g/L

ALT 40 18 3-351U/L

AST 37 15 13-351U/L

BUN 5.6 4.27 2.4-8.2mmol/L
Creatinine 68 88 31.8-116umol/L
hsCRP 43.2 4.8 0-10mg/L

PCT 0.025 0.022 0-0.05ng/mL
HIV Negative NA Negative
Syphilis Negative NA Negative
Hepatitis B and C Negative NA Negative
Syphilis Negative NA Negative

BDG <3.836 NA 0-10 pg/mL
ANCA Negative NA Negative

ENA Negative NA Negative
Anti-dsDNA Negative NA Negative

ANA Negative NA Negative

TSH 0.7793 NA 0.35-4.94ulU/mL
DNA copies of CMV 9E2 <500 <500 copies/mL
CD4+T cells/lymphocyte 17% NA 27%-51%

NK cells/lymphocyte 2% NA 7%-40%
Acid-fast bacilli smear Negative NA Negative
Culture of sputum Negative NA Negative
GeneXpert MTB/RIF assay Negative NA Negative
Sputum immunofluorescence staining for Pneumocystis organisms Negative NA Negative

Abbreviations: WBC, white blood cell; LYMP, absolute value of lymphocyte; AST, aspartate aminotransferase; ALT, alanine aminotransferase; BUN, blood urea nitrogen;
hsCRP, hypersensitive C-reactive protein; PCT, procalcitonin; BDG, 1,3-beta-D-glucan; ANA, antinuclear antibody; anti-dsDNA, anti-double stranded DNA antibody;
ANCA, antineutrophil cytoplasmic antibody; ENA, extractable nuclear antigen; TSH, thyroid stimulating hormone; N/A, not available.
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Figure 3 The details of antibiotic and main process of disease.

To further confirming P. jirovecii, the BALF and blood
samples detected by mNGS were sent for PCR. The com-
mercial PneumoGenius® real-time PCR (PathoNostics,
Maastricht, The Netherlands) performed by Shanghai
GeneDx Biotech Co., Ltd, according to the manufacturers’
instructions using an LC480 II real-time system, detected
Pneumocystis mitochondrial large subunit of ribosomal
RNA (m¢LSU) gene and wild-type sequence at the dihydrop-
teroate synthase (DHPS) locus both in BALF and blood
samples. The cycle threshold (Ct) value for mtLSU of
BALF and blood were 32.5 and 36.31, respectively
(Figure 4).

Discussion
To the best of our knowledge, this is the first report of
pulmonary co-infection with M. abscessus and P. jirovecii
responsible for respiratory distress in an HIV-negative pre-
viously healthy man without any known underlying illness.
P. jirovecii is a ubiquitous organism that commonly
causes pneumonia in an AIDS-defining condition, it also
caused pneumonia in HIV-negative immunocompromised
patients. Predisposing factors of PJP in HIV-negative patients
include corticosteroids, cirrhosis, CD4+T-lymphocytopenia,
chemotherapy plus corticosteroids, alcoholism and malnutri-
tion, visceral leishmaniasis, and so on."**'*>"!3 In our case, the
patient was previously healthy (he had no significant medical
history (especially no chemotherapy or corticosteroids), no

chronic pulmonary disorders, and no alcoholism). Also, the
serology of Hepatitis B and C viruses, HIV, and Syphilis
were negative, the autoantibodies (ANA, anti-dsDNA,
ANCA, ENA) were all negative. There was no underling
disease in this patient. However, we observed CD4+
T-lymphocytopenia in this patient (flow cytometry of periph-
eral blood showed CD3+CD4+T cells/lymphocyte was
17%). Therefore CD4+ T-lymphocytopenia may be the pre-
disposing factor of PJP in this patient.

M. abscessus is an emerging pathogen of increasing
medical and microbiological concern. This bacterium is
responsible for lung disease, most often in predisposed
patients such as those with cystic fibrosis, chronic obstruc-
tive pulmonary disease and bronchiectasis, but this bacter-
jum affects healthy patients in one-third of cases.'®
Chronic infection is the most frequent presentation.
Symptoms are variable and nonspecific, and a majority
of patients suffer from a recurrent or chronic cough.”'®
In our case, prior to developed fever, the patient had three-
month productive cough and hemoptysis, x-ray revealed
pulmonary infection, with 5-day clarithromycin treatment,
the cough relieved. Then he developed fever, hypoxia, and
respiratory distress, P. jiroveci sequences were detected in
blood by mNGS. But just given the antifungal therapy, the
patient still had hypoxemia, cough and fever. Until mNGS
detected M. abscessus sequences in BALF, M. abscessus
pulmonary infection was considered. Following the
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Figure 4 The cycle threshold (Ct) value for mtLSU of BALF and blood detected by PneumoGenius® real-time PCR were 32.5 and 36.31, respectively.
Abbreviations: PC, positive control; NC, negative control; Ct, cycle threshold.
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combination of anti-M. abscessus therapy, the clinical
symptom was significantly improved. So, it was confirmed
that the patient was infected with M. abscessus firstly.

M. abscessus and M. tuberculosis shared many character-
istics. M. abscessus is an intracellular bacterium and replicates
in macrophages. Little is known about the immune response to
M. abscessus. The control of M. abscessus infection relies, as
for M. tuberculosis, on interferon gamma (IFN-y) and tumor
necrosis factor (TNF)-a production by T lymphocytes.
Activation of the toll-likereceptor2 (TLR2) signaling cascade
leads to the activation of nuclear factor kappa B, resulting in
a pro-inflammatory cytokine response.'”'® M. abscessus
MAB2560 enhanced dendritic cell (DC) maturation via
TLR4 and activated mitogen-activated protein kinases’
(MAPKs”) production of IL-12." The secretion of IL-12 will
then activate and polarize naive CD4+ T cells towards Thl
cells to produce IFN-y. Macrophages and natural killer (NK)
cells can both release IL-12 and IFN-y to guide T cells to the
Th1 type phenotype.*® Persistent untreated M. abscessus infec-
tion may lead to the depletion of CD4+ T cells and NK cells,
which presented as decreasing number of CD4+ T cells and
NK cells in our case. Wang H et al reported a case of dissemi-
nated cutaneous infection with M. abscessus with low level of
CD4+ T cells in the peripheral blood cells and with the treat-
ment of rifampin, isoniazid, ofloxacin, clarithromycin and
thymosin for 6 months, the skin lesions were greatly improved
and the level of CD4+ T cells in the peripheral blood cells
became normal.”! Also, some cases reported the HIV-negative
patients of co-infection P, jiroveci and M. tuberculosis had
transiently CD4+ T-lymphocytopenia and completely resolved
after anti-TB treatment.®** The complex interaction between
innate immune cells, such as alveolar macrophage (AM)s and
DCs with CD4+T-cells is important for an effective host adap-

: 2
tive response, 3

essential for Pneumocystis clearance.
Therefore, the CD4+ T-lymphocytopenia leaves the host vul-
nerable to opportunistic fungal infection such as Pneumocystis.
So, our patient had developed pulmonary infection caused by
M. abscessus firstly which then induced a transient immuno-
suppression leading to PJP.

Traditional diagnostic techniques in the microbiology
laboratory include specimen smear staining, growth and isola-
tion of microorganisms in culture, detection of pathogen-
specific antibodies (serology) or antigens and molecular iden-
tification of microbial nucleic acids (DNA or RNA), most
commonly via PCR. In our case, the acid-fast bacilli staining
and culture for M. abscessus was negative; the immunofluor-
escence staining for P jirovecii was negative. The PCR of
NTM and P, jirovecii was not available in our hospital.

Recently, mNGS has rapidly emerged as a promising sin-
gle, culture-independent pathogen detection tool that can be
performed directly on clinical specimens. mNGS targets all
DNA or RNA present in a sample, allowing detection of the
entire microbiome as well as the human host genome or
transcriptome in patient samples.** Fortunately, in our case,
mNGS directly detected the sequences of P, jirovecii in blood,
and the sequences of M. abscessus and P. jirovecii in BALF
samples, allowing confirmation of the diagnosis of PJP and the
M. abscessus pneumonia, and allowing timely adjustment of
treatment regimens. The clinical progress was satisfactory
following antifungal therapy combined with anti-
M. abscessus therapy. Later, the PneumoGenius® real-time
PCR detected the Pneumocystis mtLSU gene both in BALF
and blood samples, which was consistent with the results of
mNGS. However, PCR can only detect target DNA or RNA in
the sample, while mNGS can detect all DNA or RNA present
in a sample.

Unfortunately, the patient refused blood test and
mNGS of BALF at the follow-up visit. The lymphocytes
count and CD4+ T-cells ratio and the sequence reads of
M. abscessus and P. jiroveci of this patient after cured is

not known, which is the major limitation of this study.

Conclusion
Co-infection pneumonia with M. abscessus and P, jirovecii
as reported here is exceptionally rare. M. abscessus infec-
tion could be a risk factor for P, jirovecii infection.
mNGS is a powerful tool for pathogen detection. This
case report supports the value of mNGS in diagnosing of
M. abscessus and P. jirovecii, and highlights the inadequa-
cies of conventional diagnostic methods.
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