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Background: Lymphoma is complicated by intricate infections, notably Prneumocystis jirovecii pneumonia (PJP), marked by rapid
progression, respiratory failure, and high mortality. Rapid diagnosis of PJP and effective administration of the first-line treatment
trimethoprim-sulfamethoxazole (TMP-SMX) are important. For patients intolerant to TMP-SMX, selecting appropriate alternatives is
challenging, necessitating careful decisions to optimize diagnosis and treatment. We present a lymphoma case complicated by PJP,
illustrating medication adjustment until a positive response was observed.

Case Description: A 41-year-old male patient with lymphoma presented with a week-long history of fever, fatigue, cough, sputum,
chest tightness, and exertional dyspnea, unresponsive to treatment. Routine laboratory examinations revealed no pathogenic bacteria.
PJ and Mycobacterium tuberculosis (MTB) were detected in bronchoalveolar lavage fluid (BALF) using metagenomic next-generation
sequencing (MNGS). On Day 1 of admission, meropenem, TMP-SMX, and rifampicin+isoniazid+levofloxacin were administered.
However, the patient developed drug-induced hepatotoxicity and gastrointestinal adverse reactions after six days of treatment. After
a multidisciplinary team discussion, anti-tuberculosis therapy was stopped because of insufficient evidence of tuberculosis infection.
A reduced dose of TMP-SMX with micafungin was used for PJP; however, symptoms persisted and repeated computed tomography
showed extensive deterioration of bilateral pulmonary plaques. The PJP regimen was modified to include a combination of TMP-SMX
and caspofungin. Due to the high fever and elevated infection indices, the patient was treated with teicoplanin to enhance the anti-
infection effects. By Day 13, the patient’s temperature had normalized, and infection control was achieved by Day 30. CT revealed that
the infection in both lung lobes fully resolved. Subsequently, lymphoma treatment commenced.

Conclusion: BALF-NGS facilitates early and rapid diagnosis of PJP. mNGS reads of MTB bacillus <5 may indicate a bacterial carrier
state, warranting other detection techniques to support it. There is insufficient evidence for using TMP-SMX with micafungin to treat
PJP; however, TMP-SMX combined with caspofungin is suitable.
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Introduction

Infectious diseases have a rapid onset and progression, and the causative agents in severe cases are complex, difficult to
diagnose and treat, and can endanger lives. Pneumocystis jirovecii pneumonia (PJP) is caused by Pneumocystis jirovecii
(PJ) infection, a life-threatening pulmonary infectious disease. When host immune function is low, especially when
cellular immunity is impaired, PJ infection easily develops. High-risk populations include patients with human immu-
nodeficiency virus (HIV) infection, hematopoietic malignancies (including leukemia, lymphoma, and multiple myeloma),
solid tumors, inflammatory diseases, long-term glucocorticoid use, immunosuppression, and those who have undergone

organ transplantation. '

Infection and Drug Resistance 2024:17 1583—1588 1583
Received: 26 January 2024 © 2024 Wang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
AT php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the

Accepted: 19 April 2024
Published: 22 April 2024

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Wang et al Dove

The accurate identification of PJ is critical,” microscopic examination remains the gold standard for diagnosing PJP.
However, immunofluorescence staining for PJ is not widely used in hospitals, and its diagnostic sensitivity is low. Newly
developed technologies for molecular testing complement clinical diagnoses. Metagenomic next-generation sequencing
(mNGS) detection technology does not rely on traditional microbial culture and directly conducts high-throughput
sequencing of nucleic acids in clinical samples, promptly and objectively detecting various pathogenic microorganisms,
significantly improving pathogen detection sensitivity, and has advantages in identifying the rare manifestations of
common pathogen infections and diagnosing rare pathogen infections.*

Trimethoprim-sulfamethoxazole (TMP-SMX) is the first-line effective treatment for PJP. However, many patients
cannot tolerate high doses due to adverse reactions affecting the digestive tract, kidneys, and liver. Additionally,
the second-line treatment regimen cannot be effectively implemented due to the limited accessibility of drugs like
primaquine, atovaquone, and pentamidine.

Therefore, the timely and accurate identification of PJ pathogens is crucial for diagnosing infection. Furthermore,
selecting an appropriate alternative therapy is instrumental in improving the prognosis of PJP. Here, we report a case of
severe PJP where the patient achieved eventual recovery after timely detection of the pathogen using bronchoalveolar
lavage fluid (BALF)-NGS and subsequent adjustment of the treatment regimen in response to suboptimal initial therapy.

Case Presentation

A 41-year-old male patient with lymphoma had previously visited a local hospital and underwent bronchoscopy to
examine the BALF. The routine microbiological examination did not detect any pathogenic bacteria; Gram staining did
not show any bacteria; the culture did not show fungal growth; Grocott’s methenamine (hexamine) silver technique did
not show PJP cysts, and tuberculosis smears did not detect acid-fast bacteria. However, BALF-NGS found 5225 PJP
reads and four Mycobacterium tuberculosis (MTB) reads. Due to the uncertainty regarding tuberculosis infection, he was
transferred to our designated tuberculosis hospital for continued treatment.

The patient presented with relapsed refractory diffuse large B-cell lymphoma (R/RDLBCL) with MYC, BCL-2, and
BCL-6 expression. After treatment with R-CHOP (rituximab, cyclophosphamide, doxorubicin, vincristine, and predni-
sone), R-GDP (rituximab, cisplatin, gemcitabine, and dexamethasone), venetoclax, obutinib, and immune checkpoint
inhibitors were administered. The patient developed acute type 1 respiratory failure, severe pneumonia, PJP, cytomega-
lovirus retinitis, secondary immune deficiency, and secondary pulmonary tuberculosis.

The patient underwent a computed tomography (CT) examination after admission (Figure 1A), which indicated that
two lung infections should be considered first. In addition, the immune response to MTB by T-cell receptor clustering
was negative, and MTB complex from sputum samples, non-tuberculous mycobacterial DNA, and tuberculosis DNA and
RNA were negative. Meropenem (1 g q8h) was administered for infection, TMP-SMX 1.44 g q6h for PJP, and
rifampicin, isoniazid, and levofloxacin for tuberculosis. Simultaneously, methylprednisolone 40 mg ql12h was adminis-
tered to control inflammation. Ganciclovir was used as a prophylactic treatment for cytomegalovirus retinitis, and
tiopronin was used for liver protection.

Unfortunately, the patient developed drug-induced liver injury after six days of treatment, with alanine transaminase
(ALT) levels up to 269 U/L and aspartate aminotransferase (AST) levels up to 299 U/L. Due to the gastrointestinal
reaction of nausea and vomiting combined with drug-induced liver injury, the patient could not tolerate high-intensity
treatment, so the dose of TMP-SMX was reduced to 0.96 g q8h, combined with micafungin 0.2 g qd for PJP treatment.
However, after four days of continued treatment, a reexamination CT scan indicated the progression of the infection
(Figure 1B). The patient’s high fever remained unrelieved, with a temperature as high as 40.4°C (see Figure 2 for the
temperature trend chart) accompanied by shortness of breath and chest tightness. Blood gas analysis indicated type 2
respiratory failure and the arterial oxygen tension (PaO,) decreased to 57 mmHg. Indicators of particularly abnormal
laboratory tests, including levels of procalcitonin (PCT) 5.32 ng/mL, C-reactive protein (CRP) 167.53 mg/L, lactate
dehydrogenase (LDH) 564 U/L, and white blood cell (WBC) count 2.7%10°/L, are shown in Table 1.

Based on the persistent fever, tachypnoea, PaO, of 57 mmHg, arterial oxygen saturation (SaO2) of 89% at rest, and
extensive interstitial shadowing on chest CT, the patient was classified as having severe PJP according to the PJP grade.’
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Figure | Serial chest CT scans at DI, D10, and D30 during the anti-infection period: (A) the initial CT scan at D| showed an increased texture of both lungs increased, with
multiple slight exudations and a small pleural effusion; (B) CT scan on D10 after admission revealed multiple progressive patchy shadows on both lungs, with ground-glass
opacities and inflammatory exudates; (C) the follow-up CT scan on D30 after admission showed resolution of the bilateral diffuse patchy shadows, and increased multiple
nodules increased in both lungs, with no pleural effusion. CT, computed tomography.
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Figure 2 Temperature trend chart and anti-infection summary during the hospital stay. Trimethoprim-sulfamethoxazole (TMP-SMX) 1.44 g qid (D1-Dé) and 0.96 g qid (D7
—D30), micafungin 0.2 g qd (D7-D10), caspofungin 50 mg qd (D11-D30), HRLfx (D1-D10) [R(rifampicin) 0.6 g qd, H(isoniazid) 0.3 g qd and Lfx(levofloxacin) 0.5 g qd],
meropenem | g q8h (D1-D14), cefoperazone-sulbactam 2 g q8h (D15-D21) and teicoplanin 400 mg qd (D10-D17).

Therefore, the treatment regimen for PJP was adjusted to TMP-SMX 0.96 g q6h + caspofungin 50 mg qd, while
teicoplanin 0.4 g q12h was added to enhance the anti-infection effect.

After a multidisciplinary team discussion, the anti-tuberculosis drugs were discontinued because MTB was consid-
ered a non-pathogenic bacterium. Leukocyte and platelet-ascending drugs were used, human immunoglobulin was added,

and nutrition was improved.
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Table | Changes in the Main Indices During the Anti-Infection Period

Date | CRP mg/L | PCT ng/mL | WBC 10°/L | LDH U/L | ALT U/L
Dl 30.46 0.28 3.6 860 38

D3 33

D4 63.34 546 78
D5 34

Dé 117.51 0.39 474 269
D8 3.0

DI0 167.53 5.32 27 564 139
DI12 121.6 1.8 3. 463 88
DI15 30.3 0.39 487 52

Abbreviations: CRP, C-reactive protein; PCT, procalcitonin; WBC, white blood cell; LDH,
lactate dehydrogenase; ALT, alanine aminotransferase.

After four days of treatment for multiple infections, the patient’s temperature decreased to 37°C, and acute infection
indicators improved (PCT 0.39 ng/mL, CRP 30.30 mg/L). Anti-infection de-escalation therapy consisted of cefoperazone
and sulbactam 3 g q8h. PJP treatment continued for 30 days, and pulmonary infection lesions were completely relieved
(Figure 1C). TMP-SMX 0.96 g qd was continuously administered as a PJP prophylactic therapy. The patient then began
treatment for the lymphoma.

Discussion

PJP progresses rapidly, is often complicated by respiratory failure, and has a high fatality rate, posing challenges for
clinical diagnosis and treatment. It is crucial to identify pathogenic microorganisms as soon as possible to detect an
infection. The mNGS detection technology does not rely on traditional microbial culture. It performs high-throughput
sequencing of nucleic acids directly in clinical samples, which can quickly and objectively detect various pathogenic
microorganisms, significantly enhancing sensitivity. It has advantages in terms of rare manifestations and the ability to
diagnose common pathogenic bacterial infections. PJ was not found in the patient’s routine examination, and PJ reads of
5225 were found via BALF-NGS, which provided a basis for accurate treatment.

Jiang et al® found that among the diagnostic methods for PJP, the sensitivity of mNGS was 100%, whereas the
sensitivities of Grocott’s methenamine silver staining and serum (1,3)-beta-D-glucan were 25.0% and 67.4%, respec-
tively, showing obvious advantages. An mNGS-positive case accompanied by two of the following four clinical
manifestations (dyspnea, fever, dry cough, and hypoxemia) and typical imaging features confirmed the clinical diagnosis
of PJP>7 The patient met all these conditions, and the clinical diagnosis of PJP was clear.

Although the detection sensitivity of mNGS is high, pathogens are usually diverse and complex, and it remains
challenging to distinguish colonization from infection using mNGS. If the detection threshold for mNGS can be
determined, more accurate information can be provided to clinicians.

Four MTB reads were identified in the patient, complicating the distinction between latent and infected reads and
making treatment challenging. Due to the abundant lipids in the cell walls of mycobacteria, the efficiency of nucleic acid
extraction is low, which may lead to a reduced number of MTB reads, and mNGS positivity is usually of clinical
significance. The Clinical Microbiology Group of the Chinese Society of Laboratory Medicine suggests that other TB
detection techniques should be supported if the BALF sequence number is less than five.® With 5-10 sequences, the
diagnosis of tuberculosis can be supported by evaluating the patient’s symptoms, disease course, and other clinical
manifestations. The patient’s condition progressed rapidly and combining imaging examination and clinical manifesta-
tions could not completely rule out the possibility of tuberculosis infection; therefore, we administered anti-tuberculosis
treatment at an early stage. The multidisciplinary team considered that the mNGS reads were only four, and other
evidence of tuberculosis bacteria detection was negative, combined with the lack of improvement in lung imaging and
the patient’s clinical symptoms. Hence, it was concluded that tuberculosis bacteria were not the patient’s pathogen.
Therefore, anti-tuberculosis therapy was promptly discontinued.
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The first-line treatment for PJP is TMP-SMX, with standard dosages of TMP 15-20 mg/kg/d, q6h or q8h.
However, it cannot be used in sufficient amounts due to drug-induced liver injury and gastrointestinal reactions.
Alternative drugs like pentamidine, primaquine + clindamycin, dapsone + TMP, and atovaquone are either unavailable
or have a high recurrence rate. A reduced dose of TMP/SMX + micafungin was administered. However, the symptoms
did not improve after four days of treatment, which may be related to the absence of other pathogens, insufficient
clinical evidence for micafungin in PJP treatment, and reduced doses of TMP-SMX.? Therefore, we adjusted the
treatment plan to TMP/SMX + caspofungin, enhanced the treatment of positive bacteria, and achieved positive
outcomes.

TMP-SMX, combined with a synthetic anti-infective preparation, acts by inhibiting dihydrofolate synthetase and
reductase and is the drug of choice for the treatment and prevention of PJ infection. The oral bioavailability of TMP-
SMX exceeds 90%, but gastrointestinal intolerance and other factors may lead to ineffectiveness due to the inability to
absorb appropriate drug doses. For higher C(max) and drug exposure,” TMP-SMX injection is recommended for
moderate to severe PJP, especially when the PaO2 is <70 mmHg. However, it is difficult to purchase TMP-SMX
injections in China.

Echinocandins offer significant benefits by reducing the inflammatory response associated with B-1, 3-glucan, and
accelerating pathogen clearance, as they act more rapidly than TMP-SMX. Echinocandins inhibit the synthesis of 1,
3-glucan by acting on 1, 3-glucan synthetase, promoting cyst lysis and inhibiting new cyst formation. However,
echinocandins are ineffective against PJ trophozoites. Therefore, echinocandins cannot be used alone for the treatment
of PJP and must be combined with TMP-SMX. In addition, Melanie et al'® found that there were differences in the
efficacy of echinocandins on PJP and that caspofungin and anidulafungin were significantly better than micafungin in
reducing cysts, which may be the reason for the poor effect of micafungin. Therefore, we recommend caspofungin over
micafungin for PJP treatment when echinocandins are combined with TMP-SMX.

Unfortunately, due to the rapid progression of infection and the poor physical condition of the patient, we did not
conduct an etiological examination including NGS again when the initial treatment was ineffective. Regarding the
treatment of PJP, there are currently no recommendations on whether caspofungin can be replaced by micafungin in the
combination regimen including TMP-SMX. This aspect needs to be verified by further studies.

Conclusions

In patients with lymphoma with unexplained infections, BALF-NGS can be used to rapidly identify atypical pathogens
and promote precise treatment with anti-infective medications. For various pathogens tested using mNGS, the breakpoint
of the sequence number, combined with other examinations, helps determine colonization, latency, or infection. This case
emphasizes the importance of timely diagnosis and accurate treatment for severe PJ infections, which can ensure optimal
management of tumor progression.
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