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Abstract: We report a case of pneumocystis jiroveci pneumonia (PJP) in a 46-year-old woman, who previously underwent kidney
transplant for chronic renal failure. She did not receive PJP prophylaxis treatment for the history of sulfonamide allergies. Four months
after renal transplantation, the patient had cough, chest tightness, and shortness of breath. Procalcitonin (PCT) (0.06 ng/mL) and
C-reactive protein (CRP) (5.33 mg/L) were normal, but the level of 1, 3-B-D-glucan test (G test, 193.89 pg/mL) were elevated.
Metagenomics next-generation sequencing (mNGS) using bronchoalveolar lavage fluid (BALF) rapidly and accurately identified
P. jiroveci. Through sulfonamide desensitization and sulfamethoxazole-trimethoprim (TMP-SMX) combined with caspofungin (CAS)
treatment, PJP was controlled. However, the patients’ conditions were worsen for the hospital-acquired secondary pulmonary
infection. A second BALF mNGS identified Enterobacter cloacae complex and Pseudomonas aeruginosa carrying carbapenem
drug resistance genes, which were confirmed by subsequent culture and antimicrobial susceptibility test within 3 days. Finally,
symptoms, such as chest tightness, cough, and shortness of breath, were improved and she was discharged after combined treatment
with meropenem (MEM), polymyxin B (PMB), CAS, and TMP-SMX. In this case, mNGS, culture, and drug susceptibility testing
were combined to monitor pathogenic microbial and adjust medication. At present, there are no case reports of mNGS use and
sulfonamide desensitization in a kidney transplant recipient with sulfonamide allergies.

Keywords: metagenomics next-generation sequencing, mNGS, Pneumocystis jiroveci pneumonia, PJP, sulfonamide allergies, SA,
kidney transplant, KT, multiple drug-resistant Enterobacter cloacae complex, MDR-ECC, multiple drug-resistant Pseudomonas
aeruginosa, MDR-PA

Introduction

Renal transplantation is the best treatment option for patients with end-stage renal disease, but the risk of infection is
significantly higher due to the long-term use of immunosuppressive drugs after transplantation. Pneumocystis jiroveci
pneumonia (PJP), an acute or subacute pneumonia caused by Preumocystis jiroveci infection, is the most common
opportunistic fungal infection in renal transplant recipients. The mortality rate of PJP post renal transplantation could
reach 90-100% without taking therapeutic measures.' Although PJP prophylaxis is now routinely performed in patients
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after renal transplantation, the incidence rate of PJP is still as high as 0.4%2.2%.> However, if renal transplant recipients
do not receive PJP prophylaxis, the incidence rate of PJP will be as high as 0.6% —14%, and the mortality rate will reach
50%." PJP frequently occurs within 3—6 months after kidney transplantation, when the patient’s immune function is
severely compromised.” Immunosuppression regimen, such as tacrolimus, mycophenolate and glucocorticoids, are risk
factors for PJP infection. Acute rejection, cytomegalovirus infection, bacterial pneumonia, pulmonary tuberculosis, and
hepatitis C virus infection are also considered risk factors for the development of PJP.>® We are reporting a case of a post
kidney transplant patient, who first infected by P, jiroveci without PJP prophylaxis due to sulfonamide allergy, and then
developed into multiple drug-resistant bacterial infection during hospitalization.

Case Presentation

On August 8, 2022 (day 1), a 46-year-old female was admitted to our hospital with a 2-day history of cough, chest
tightness, and shortness of breath. She had been seen at the local hospital, where chest CT showed flocculent faint
shadow in both lungs and she was prescribed with moxifloxacin (MXF), but the symptoms were not relieved. Previously,
she had a history of chronic renal failure and had undergone allogeneic renal transplantation in April 2022. After renal
transplantation, she orally took methylprednisolone, mycophenolate mofetil, and tacrolimus for a long time to combat
rejection. She had a history of sulfonamides allergy, which manifested as localized skin urticarial.

On admission, blood gas analysis suggested an oxygenation index of 361 (normal 400-500) (Figure 1), blood routine tests
showed white blood cell count was 7.25x10° /L (normal 3.5-9.5) and neutrophil percentage 88.70% (normal 40-75),
biochemical tests showed procalcitonin (PCT) (0.06 ng/mL, normal <0.05), C-reactive protein (CRP) (5.33 mg/L, normal
0-7.44), and GM test (0.11, normal <0.5) were within reference intervals and an increase in level of G test (193.89 pg/mL,
normal <60). Conventional microbiological tests were negative, including Cytomegalovirus (CMV) PCR, Epstein—Barr virus
(EBV) PCR, T-SPOT, respiratory virus antigen, sputum anti-acid staining, and sputum fungal and bacterial cultures. Creatinine
was elevated (119 umol/L, normal 45-84). T-lymphocyte subsets results showed the decreased level of lymphocyte count
(364.05 /L, normal 800-4000), CD4" T-cell count (125.58 /uL, normal 410-1590), and CDS" T-cell count (126.78 /uL,
normal 190-1140). Chest CT showed thickened vascular bronchial bundles and multiple cord-like faint shadow in both lungs
(Figure 2a—). To maintain adequate oxygenation, the nasal cannula was administered with low-flow oxygen (2 L/min).
Piperacillin tazobactam (TZP, 4.5 g iv q8h) and CAS (70 mg iv qd first dose, 50 mg iv qd maintenance) were given. Oral
immunosuppressants were stopped, and methylprednisolone (40 mg iv qd) was given to replace anti-rejection.

On day 3, the fiberoptic bronchoscopy showed a smooth surface of bronchial mucosa in each lobe segment of both
lungs, no erosion and bleeding. Bronchoalveolar lavage fluid (BALF) was harvested for metagenomics next-generation
sequencing (mMNGS). Results were returned on day 4, which revealed P, jiroveci (261569 sequence reads) (Figure 3a). For
the sake of sulfonamide allergies, sulfonamide desensitization therapy (Table 1) was given on day 5, followed by TMP-
SMX (1.44 g po q6h) against PJP, and the rest of the anti-infection regimen remained unchanged. On the following day
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Figure | Key laboratory findings of the patient. The upper left Y axis represent oxygenation index (PaO2/FiO2, red dot), lower left axis body temperature (Orange triangle),
right Y axis procalcitonin (PCT, green asterisk), and X axis represent the hospital day since patient admission.
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Figure 2 Chest computed tomography scans of PJP. (a—c) stripe shadows (red arrow) in bilateral lungs.
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Figure 3 The coverage of detected Pneumocystis jiroveci reads by mNGS using BALF. (a) On day 4, the coverage of Pneumocystis jiroveci was 81.09%; (b) On day 30, the
coverage of Pneumocystis jiroveci was 0.03%.

(day 6), oxygenation index was 130 and the patient’s shortness of breath aggravated with obvious signs of respiratory
distress and hypoxemia (SaO2 <90%) requiring high flow nasal cannula at 6 L/min. Then, the patient was adjusted to
non-invasive ventilator-assisted ventilation. Methylprednisolone (40 mg iv q12h) was adjusted for the suppression of
pulmonary inflammatory exudation. On day 9, bedside chest X-ray illustrated bilateral lung texture increased and blurred,

Table | Sulfonamide Desensitization
of the Patient on Day 5

Time Doses
Starting 1/20,000 tablet
Ih 1/2000 tablet
2h 1/200 tablet
3h 1/20 tablet
4h 1/2 tablet
5h 2 tablets

6h 4 tablets

Notes: One tablet of sulfamethoxazole-
trimethoprim (SMZ-TMP) contains 400 mg
SMZ and 80 mg TMP.

Infection and Drug Resistance 2023:16 hetps: 6187

Dove:


https://www.dovepress.com
https://www.dovepress.com

Zhu et al Dove

and scattered patchy shadows in the left middle and lower lobe plus right lower lobe (Figure 4a). However, respiratory
distress worsened again and the oxygenation index dropped on day 13. She was intubated and connected to an invasive
ventilator to assist breathing. On day 16, oral TMP-SMX reached 12 days but patient showed no improvement of
respiratory function. Bedside chest X-ray illustrated bilateral lung exudate shadow without change (Figure 4b), so TMP-
SMX was changed into intravenous therapy (1.92 g iv q8h). On day 18, oxygenation index was 213. A repeat bedside
chest radiograph showed a lighter exudative shadow than before (Figure 4c). For economic reasons, TMP-SMX was
changed into oral therapy (1.44 g po q6h). On Day 22, oxygenation index was 313. The ventilator was withdrawn with
adequate assessment, and the high-flow transnasal humidified oxygen therapy was continued, and methylprednisolone
(40 mg iv qd) was adjusted.

On day 26, body temperature climbed into 38.5°C and she still presented with cough with sputum and felled distress
of breath after activity. On day 28, multiple patchy and stripy high-density shadows were seen in both lungs by chest CT
(Figure 5a, c and e). Meanwhile, the peak temperature did not decrease, and PCT was higher than before. Thus, on day
29, a second fiberoptic bronchoscopy showed foamy secretions in both bronchi, especially in the right bronchus. BALF
was collected for mNGS and culture. On day 30, BALF mNGS results reported Enterobacter cloacae complex (157651)
(Figure 6a), Klebsiella michiganensis (47538), Pseudomonas aeruginosa (65650) (Figure 6b), Enterococcus faecium
(11112), Enterococcus faecalis (3531), Citrobacter floridis (3179), P. jiroveci (27) (Figure 3b), where E. cloacae complex
and P. aeruginosa carried carbapenem drug resistance genes, including blaIMP (4), blaKPC (187), blaNDM (141),
blaSHV (168), blaTEM (289), and blaVIM (30). Considering the secondary infection of multi-drug resistant bacteria, the
anti-infection regimen was adjusted to meropenem (MEM, 1 g iv q8h), polymyxin B [PMB, nebulized (0.25 miu q12h)
plus intravenous (first doses: 1.25 miu, maintenance dose: 0.75 miu q12h)], CAS (50 mg iv qd), linezolid (LNZ, 0.6 g po
ql12h), and TMP-SMX (0.96 g po qd).

On day 33, BALF bacterial culture results showed E. cloacae (Table 2), only sensitive to amikacin (AMK) and
colistin, and P. aeruginosa (Table 3), only sensitive to colistin and aztreonam (AZT). Sputum bacterial culture results
reported Klebsiella oxytoca. On day 41, sputum culture showed K. oxyfoca and P. aeruginosa, and LNZ was
discontinued.

On day 50, a repeat chest CT showed that multiple patchy shadows and stripe shadows in both lungs were obviously
absorbed (Figure 5b, d and f). On day 52, the patient’s cough and shortness of breath were relieved. The patient was
discharged after discontinuation of MEM, PMB (nebulized + intravenous), and CAS. The patient was followed up for 2
months without any further discomfort such as cough, shortness of breath, and fever.

Discussion

In this case, PJP developed 4 months after renal transplantation. The first-line immunosuppressive regimen, including
methylprednisolone, mycophenolate mofetil, and tacrolimus, was routinely used after transplantation. Due to patient’s
refusal to take desensitization treatment and our hospital not have access to alternatives to TMP-SMX, the patient did not
receive PJP prophylaxis post renal transplantation. Clinically, for patients with high-risk factors of PJP and clinical

Figure 4 The chest X-ray films of the patient during PJP treatment. (a) On day ||, bilateral lung texture increased and blurred, and scattered patchy shadows (red arrow) in
the left middle and lower lobe plus right lower lobe 7 days after oral sulfamethoxazole-trimethoprim (TMP-SMX) treatment; (b) On day 16, patchy shadows of bilateral lung
(red arrow) were not changed 12 days after oral TMP-SMX treatment; (c) On day |17, patchy shadows of bilateral lung (red arrow) were absorbed 2 days after intravenous
TMP-SMX treatment.
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Figure 5 Serial chest computed tomography scans of the patient during multiple-drug resistance treatment of secondary infection. (a, c and e) On day 28, multiple patchy
shadows and stripe shadows (red arrow) in bilateral lungs before treatment; (b, d and f) on day 50, multiple patchy shadows and stripe shadows in bilateral lungs were
absorbed after treatment.

features and imaging manifestations consistent with PJP, the microbiological tests should be urgently completed to
confirm PJP. But, the clinical manifestations of PJP lack of specificity, often starts with dry cough, and then progresses
into fever, dyspnea, chest tightness and shortness of breath. More importantly, PJP progresses rapidly, which will
eventually lead to death of patients due to respiratory failure if treatment is not timely.

In vitro culture of P, jirovecii has not been achieved so far due to the lack of a stable and reliable system.” The
diagnosis of P. jirovecii mainly relies on periodic acid-silver methenamine to find envelopes or trophozoites, but with
relatively low detection rate. mNGS is a new technique that can detect nucleic acid of pathogens, with high sensitivity,
high accuracy, and short turnaround time.'® Several studies have reported that mNGS is superior to traditional methods
for the diagnosis of PJP.'""'? In this case, P. jirovecii was found by BALF mNGS at the beginning of the disease. Later,
BALF mNGS was re-conducted and the sequence number of P. jirovecii was significantly reduced, but multiple other
pathogens were found, which provided a strong basis for adjusting the anti-infection regimen and evaluating the anti-
infective efficacy.

For the nucleic acid of microbial contaminants and colonizers can also be detected by mNGS, we should combine the
clinical manifestations of the patients and the pathogenicity of the microorganisms to consider the mNGS results. The
immune function of renal transplant recipients is relatively low. In the process of anti-PJP treatment, neutropenia caused
by TMP-SMX, the usage of mechanical ventilation, invasive procedures such as fiberoptic bronchoscopy, and malnutri-
tion were all predisposing factors for secondary bacterial infection. In our study, mNGS assay detected multiple-drug

resistant E. cloacae complex and P. aeruginosa, which guiding the anti-infection treatment.
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Figure 6 On day 30, the coverage of detected Enterobacter cloacae complex (a) and Pseudomonas aeruginosa (b) reads by mNGS using BALF was 21.36% and 58.93%,
respectively.

The first-line drug for the treatment of PJP is TMP-SMX.'® However, the incidence of sulfonamide allergy is as high as 34/
1000."* The common allergic reactions are skin erythema, urticaria, and maculopapular rash. Given that TMP-SMX is the most
effective drug for the treatment of PJP, it is best to take desensitization treatment before sulfonamide treatment for those who

are allergic to sulfonamide. If patients have had severe allergic reactions such as Stevens-Johnson syndrome and toxic

Table 2 Antibiotic Susceptibility Test Results of Enterobacter cloacae
Isolated from BALF

Antibiotic Minimal Inhibitory Sensitivity
Concentration (pg/mL)
Moxifloxacin 28 R
Cefazoloxime 264 R
Norfloxacin 216 R
Nalidixic acid 232 R
Imipenem 216 R
Aztreonam 264 R
Cefpodoxime 28 R
Cefoxitin 264 R
Tetracycline 216 R
Doxycycline 8 |
Sulfamethoxazole-trimethoprim 216/304 R
Ceftriaxone 264 R
Cefotetan 264 R
Ceftazidime 264 R
Cefuroxime 264 R
Tigecycline 28 R
Ticarcillin-clavulanic acid 2128 R
Amikacin 16 S
Meropenem 216 R
(Continued)
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Table 2 (Continued).
Antibiotic Minimal Inhibitory Sensitivity
Concentration (ug/mL)
Ciprofloxacin 24 R
Cefoperazone-sulbactam 264 R
Piperacillin/tazobactam 2128 R
Doripenem 28 R
Colistin <0.5 S
Amoxicillin-clavulanic acid 232 R
Cefotaxime 264 R
Cefepime 232 R
Cefuroxime ester 264 R
Piperacillin 2128 R
Ceftazidime-Avibactam 18 R
Ertapenem 28 R
Minocycline 2|6 R
Tobramycin 216 R
Levofloxacin 28 R
Abbreviations: S, susceptible; |, intermediate; R, resistant.
Table 3 Antibiotic Susceptibility Test Results of Pseudomonas aeruginosa
Isolated from BALF
Antibiotic Minimal Inhibitory Sensitivity
Concentration (ug/mL)
Colistin <0.5 S
Meropenem 216 R
Aztreonam 4 S
Cefuroxime ester 264 R
Tetracycline 216 R
Doripenem =8 R
Cefuroxime ester 264 R
Piperacillin-tazobactam 2128 R
Norfloxacin 8 |
Ceftazidime 264 R
Sulfamethoxazole-trimethoprim 216/304 R
Ciprofloxacin >4 R
Doxycycline 2|6 R
Cefotetan 264 R
Piperacillin 2128 R
Tigecycline 28 R
Minocycline 2|6 R
Levofloxacin =8 R
Imipenem 2|6 R
Amoxicillin-clavulanic acid 232 R
Ticarcillin-clavulanic acid =128 R
Cefotaxime 264 R
Amikacin 32 |
Cefepime 232 R
Tobramycin =16 R
Cefoperazone-sulbactam 264 R
Abbreviations: S, susceptible; |, intermediate; R, resistant.
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epidermolysis bullosa in the past, desensitization is no longer recommended and second-line treatment for PJP is
recommended.'® Solensky'® summarized 11 sulfonamide desensitization therapies that differed in starting dose, maintenance
dose, interval between different doses, and duration of overall desensitization. As there are no studies comparing the advantages
and disadvantages of various desensitization therapies, there is still no uniform and standardized desensitization process so far.

In this case, the patient had only localized skin urticaria after previous oral administration of sulfonamide, and there were
no serious allergic reactions such as Stevens-Johnson syndrome or toxic epidermal necrolysis relaxation, so this patient was
given desensitization therapy under close medical supervision and equipped with drugs and equipment to resuscitate systemic
allergic reactions. The desensitization regimen was based on the Australian therapeutic guidelines,'” and the desensitization
of sulfonamide proceeded smoothly without any allergic reactions during continuous administration (Table 2).

Oral TMP-SMX is routinely required for PJP prophylaxis after renal transplantation and other immunodeficient
individuals, but sulfonamide allergy is not uncommon in the population'®. In this case, the patient successfully achieved
sulfonamide desensitization and was eventually discharged with improvement through close monitoring and compre-
hensive treatment, thus improving the patient’s long-term healing.

Conclusion

This article is the first report of a successful case of TMP-SMX treatment of PJP after sulfonamide desensitization
therapy in a renal transplant recipient with sulfonamide allergies. In the process of anti-PJP treatment, the patient
experienced the secondary infections of multiple-drug resistant E. cloacae complex and P. aeruginosa. In addition, this
case demonstrates the important role of mNGS in the etiological monitoring of pulmonary infection in renal transplant
recipients.
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