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ABSTRACT

The incidence of Pneumocystis pneumonia is increasing in immunosuppressive patients. How to diagnose and treat
Pneumocystis pneumonia in the early stage has become an important issue for clinicians. The development of Next-
generation Sequencing (NGS) provides technical support for the diagnosis of Pneumocystis pneumonia. Case report:
A 14-year-old male patient was diagnosed with T Ilymphoblastoma and treated with chemotherapy. After
chemotherapy, the patient developed bone marrow suppression and was complicated with severe pneumonia. He was
given endotracheal intubation and ventilator assisted respiration. Samples of patients' alveolar lavage fluid were
obtained, and Next-generation Sequencing (NGS) was used for diagnosis, confirming the pathogen as Pneumocystis
jiroveci, which was treated by TMP/SMX. The patient's condition gradually improved, and was finally removed from
ventilator and endotracheal tube. Pneumocystis jiroveci is a common opportunistic pathogen in immunosuppressive
patients, and Next-generation Sequencing (NGS) can be used for rapid diagnosis of Pneumocystis pneumonia, thus
improving the clinical therapeutic effect.
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INTRODUCTION

Pneumocystis pneumonia (PCP) is caused by
Pneumocystis jirovecii (Pj), a parasite in human’s lung
which spreads among human through respiratory tract
secretions. In case of host immune suppression, Pj would
multiply in alveoli, thickening the breathing membrane
and causing interstitial pneumonia as a result of
pulmonary ventilation dysfunction.! Common clinical
manifestations include low fever, cough and progressive
dyspnea, none of which is specific. PCP is still fetal to
patients with immunodeficiency or organ transplantation,
making its diagnosis crucial in clinical practices.?

Next-generation Sequencing (NGS) is developing rapidly
at present, and commercial instruments and reagents have
already been put into clinical practice, especially in the
diagnosis of specific pathogens.” NGS can generally
confirm pathogens within 48 hours after obtaining
specimens, not only shortening the time for diagnosis but
also featuring greater accuracy in the diagnosis of special
viruses, pneumocystis, chlamydia and mycoplasma.*

Currently, there have been some reports on the diagnosis
of AIDS-related pneumocystis pneumoniae by NGS, but
there are few reports on the diagnosis of pneumonia after
tumor chemotherapy.’ In this paper, authors reported a
case of severe pneumonia, who was admitted into ICU
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after lymphoma chemotherapy. NGS rapidly diagnosed
pneumocystis pneumoniae, rescuing the patient.

CASE REPORT
History

The patient is 14 years old, male, and was admitted into
the Department of Oncology of the First Affiliated
Hospital of Sun Yat-sen University on April 15, 2019
because of "T lymphoblastoma chemotherapy dyspnea
with fever for 1 day".

After being given anti-infection treatment, the patient
showed increases in dyspnea and decreases in blood
oxygen saturation with an oxygenation index of only 98.

Considering the possibility of acute respiratory distress
syndrome (ARDS), Authors transferred him to ICU.®

Physical Examination

The patient was in a conscious state and short of breath,
with a respiratory rate of 45 beats/min, blood oxygen
saturation fluctuating between 80% and 93%, heart rate
between 128 and 145 beats/min, blood pressure
101/48mmHg and moist rales found in both lungs. The
abdomen was soft without obvious tenderness or rebound
tenderness. Limb activity was normal. On the day of
admission to ICU, CT image showed a large amount of
inflammation exudation in both lungs with interstitial
pneumonia changes, left pleural effusion as well as
pericardial effusion, as shown in Figure 1.

Figure 1: Chest CT when admitted to ICU.

Table 1: Pathogen Test under NGS.

List of Fungi
Sequence Number
Tested

98.56% 107

Sequence
Number Test

Pneumocystis jirovecii ~ 99% 107

Generic Name  Relative Abundance Specific Name Confidence

Pneumocystis
List of Bacteria
Undetected

List of Virus
DNA Virus
Undetected

List of Parasites
Undetected

List of Mycobacterium Tuberculosis
Undetected

List of Mycoplasma/Chlamydia
Undetected

RNA Virus
Undetected
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Table 2: Other indicators during Treatment.

Date (April) 15 16 17

Oxygenation Index 98 90 158
Cr (umol/L) 42 38 56

Thil (umol/L) 9.1 9.2 12.9
ALT(U/L) 20 25 32

ALB(g/L) 24 26 29

PLT(10E/L) 109 123 130
HB(g/L) 84 85 78

Treatment

After admission to ICU, meropenem, linezolid and
carbaphane were given for anti-infection treatment. At the
same time, endotracheal intubation, ventilator assisted
respiration, phlegm reduction, backslapping and sputum
aspiration, fiber bronchoscope sputum aspiration,
alveolar lavage, nutritional support, WBC increase and
other treatments were performed. On April 15, NGS of
alveolar lavage fluid was delivered to detect pathogens.
The result of pathogenic NGS on April 17 suggested that
the detected sequence number of pneumocystis
Hermogenes was 107, which had important diagnostic
significance (Table 1), and TMP/SMX anti-infection
treatment was immediately given.’
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Figure 2: Infection indicator trends during treatment.

After these treatments, authors established the infection
trend of the patient as shown in Figure 2 along with other
related indicators in Table 2. Chest CT examination was
conducted on April 22 (Figure 3), indicating significant
absorption and decrease of double pneumonia compared
with before. Left pleural effusion and pericardial effusion
were partially absorbed and decreased, while the right
pleural effusion was basically absorbed. On April 22,
endotracheal intubation was removed, and atomization
inhalation and sputum reduction were given (Figure 4).
On April 24, the patient's condition was stable and was

19 20 21 22
169 243 260 280 276
44 55 47 53
13.7 13.9 8.8 15.4 10.7
29 33 25 32
35 34 37 40
221 207 326 482 600
85 80 104 116

transferred back to the Oncology Department for further
treatment. He was discharged after 5 days of Oncology
treatment.

DISCUSSION

Pneumocystis jirovecii infects the host, resulting in
colonization without external symptoms or existing
infections with obvious symptoms. In most cases, Pj is
cleared by the host, and in a few cases, the host develops
PCP and die.® Pneumocystis are widely colonized in the
lungs of mammals such as humans, mice, cats, dogs,
rabbits, pigs and horses, and have relatively strict host
species specificity. Pneumocystis Carinii (Pc) only infects
rats, while Pj targets specifically humans.'® The mortality
rate of PCP varies among different populations. In AIDS
groups, due to the wide application of antiviral therapy
and anti-PCP preventive drugs, the mortality rate of PCP
has significantly decreased to 10%-20%.° Due to the
increase of organ transplantation, anti-tumor necrosis
factor and other immunosuppressive drugs, the incidence
of PCP in patients with hematologic diseases, tumors and
rheumatoid arthritis has an increasing trend every year.
Therefore, non-HIV PCP has received increasing
attention from clinicians.!

PCP in non-HIV/AIDS patients is often accompanied by
fever, dry cough and dyspnea, with a very high fatality
rate. In HIV/AIDS patients, PCP is often insidious, and
prodrome can last for 3 to 8 weeks. Symptoms include
dry cough, low fever, loss of appetite, lethargy, shortness
of breath, and cyanosis, usually without abnormality in
lung auscultation. Acute dyspnea with chest pain is often
associated with pneumothorax. There are patients who
experienced disease progression within 3 to 7 days. The
disease is typically characterized by signs that are often
disproportionate to severity. In physical examination,
different degrees of respiratory difficulties are found in
addition to immune suppression and a variety of skin
manifestations, such as infectious soft warts, skin erysias,
Kaposi sarcoma (KS), etc. Patients with a history of HIV,
regardless of the presence of respiratory and thoracic
symptoms, should be highly suspected of infection and
undergo X-ray and serological examination.!! it is
difficult to diagnose PCP clinically, especially when
authors have not confirmed if the patient has been
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infected with HIV. HIV test should be conducted
immediately to confirm the diagnosis when needed.!?
Therefore, PCP is often the forerunner of HIV infection,
and a large number of HIV patients are diagnosed
because of PCP treatment.

X-ray shows no significant symptoms at the early stage, but
as the disease progresses, diffuse interstitial infiltration of the
pulmonary hilum could be seen, and PCP could progress
within 2 to 3 days, showing significant cystic vacuoles,
interstitial infiltration, small nodules, mediastinal lymph
node enlargement, and even tubercul-like exudation of the
pulmonary apex. Serum lactate dehydrogenase (LDH), C-
reactive protein, (1-3) B-D glucan, S-adenosine methionine
and other indicators can also be used as PCP reference
indicators, but the diagnostic specificity and sensitivity need
to be improved. In future researches, the search for better
serum prognostic indicators and the combination of these
serum indicators with imaging, PCR, biopsy would have
significant values for the diagnosis and prognosis of PCP.!?

When this patient was admitted to ICU, the pathogen was
not clear and there was no clear target for anti-infection.
The results of conventional microbial culture can only be
obtained 3 to 7 days later. In addition, Pj may not be
successfully cultivated in conventional culture dishes,
which means the positive rate is low (30%-40%). In this
case, it is likely to delay treatment. Conventional
diagnostic methods have defects such as low sensitivity,
inefficiency, inaccuracy and incomplete information, and
often fail to identify clinically unknown or rare
pathogens.'® Therefore, a rapid, accurate and economical
method is urgently needed to simultaneously identify
various clinical pathogens.

Next-generation Sequencing Technology (NGS), also
known as Second-generation Sequencing Technology, has
been quite mature now after rapid development over the
past decade. Thus, pathogens can be identified directly by
sequencing without cultivation and grouping before
detection, featuring fast detection, high accuracy and
wide coverage. It is an efficient tool and increasingly
applied in clinical practices.!® Next-generation
Sequencing Technology mainly involves connection with
genomic DNA fragments for sequencing via a universal
connector, followed by application of different methods
to generate tens of millions of single molecular cloning
PCR array. And then a large scale of primer hybrid
extension and enzyme reaction is triggered, which could
take place in hundreds of thousands or even millions of
sequences simultaneously, while signals produced by
each step after the reaction could be detected, allowing
computer analysis for the complete DNA sequences.!” In
addition, it can also perform unbiased analysis of plasma
free DNA in the blood of patients with sepsis combined
with bloodstream infection, which has proved useful for
the diagnosis of bloodstream infection. Authors took
alveolar lavage fluid under fiberoptic bronchoscope as
samples, which could be diagnosed rapidly within 48
hours under NGS technology. Therefore, patients who

received TMP/SMX timely recovered from infections
significantly after targeted anti-infection treatment
(Figure 2). This case highlights the advantages of NGS in
diagnosing specific pathogens.

Out of 13 cases of pneumocystis identified by NGS. For
patients confirmed with pneumocystis pneumonia by
clinical evaluation, there were only 4 positive Wright -
Giemsa staining out of 8 cases of alveolar lavage fluid
specimens, and only 1 positive sputum out of 13 patients
under microscopic examination.'® The researchers argued
that compared with conventional methods, the positive
rate of NGS in the diagnosis of PCP is more accurate.
And they proposed that three patients, in particular, who
couldn’t afford or reject bronchoscopy, were diagnosed
with PCP by pneumocystis carinii sequencing readings in
the peripheral blood samples. It indicates the feasibility
of NGS as a non-invasive tool for diagnosis of PCP in the
future.

Therefore, authors summarize the advantages of NGS as
follows.!® 1. Early and rapid identification of pathogens.
The technology can sequence millions or even billions of
DNA molecules at a time, and the detection covers
thousands of pathogenic microorganisms. The result is
usually obtained in 2-3 days along with genus
information of suspected pathogenic microorganisms. 2.
Detection of special pathogens to make up for traditional
detection techniques. In the case of patients with
unknown etiological diagnosis or highly suspected
infection of special pathogens, it is difficult to detect
pathogens by conventional testing methods. In this
situation, NGS could lend a hand. If possible, samples of
blood can be collected with infected sites for testing. The
presence of nucleic acid of the same pathogen by NGS
indicates a high diagnostic significance. 3. High
sensitivity. NGA allows direct extraction of total DNA
fragments in the sample for testing without the help of
specific primer as well as identification of nucleic acid
category through bioinformatics analysis. In addition, it
can also obtain sequence number, coverage of pathogens
through quantitative analysis so as to identify common
and rare clinical infectious strain or mutant strains,
avoiding ignorance as much as possible.

However, NGS also has disadvantages:?® 1. It is difficult
to effectively monitor drug-resistant genes. As can be
seen from the report in Table 1, there are no reports of
pathogen resistance, creating difficulties in choosing
drugs. 2. It is difficult to effectively distinguish
pathogenic bacteria from background bacteria. Despite
the high sensitivity of NGS, it is still difficult to
effectively  distinguish contamination bacteria,
colonization bacteria or real pathogenic
microorganisms.?! NGS produces a list of pathogens,
which may present multiple positive results at the same
time. It could be a challenge for clinicians to determine
the real pathogens based on sequencing results alone.
Therefore, the test results need interdisciplinary and
comprehensive interpretation.
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NGS is still developing and maturing, and it is believed
that it would contribute to the improvement of clinical
diagnosis in the near future

CONCLUSION

Pneumocystis yermogenes is a common opportunistic
pathogen in immunosuppressive patients. Next-
generation Sequencing (NGS) is an effective tool for the
rapid diagnosis of pneumocystis yermogenes for
TMP/SMX treatment against severe pneumonia caused
by pneumocystis yermogenes.
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