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Background: Focal segmental glomerulosclerosis (FSGS) is a heterogeneous

glomerular disease frequently treated with high-dose glucocorticoids and calcineurin

inhibitors, which can markedly increase susceptibility to opportunistic infections.

Case presentation: A 53-year-old previously healthy male presented with

nephrotic syndrome and was diagnosed with FSGS on renal biopsy, for which

he received high-dose prednisolone followed by cyclosporine. During dual

immunosuppressive therapy, he developed sequential opportunistic infections,

beginning with Listeria monocytogenes bacteremia and pneumonia, followed by

probable Cytomegalovirus pneumonitis with high serum and bronchoalveolar

viral loads, herpesvirus reactivation compatible with VZV, Pneumocystis jirovecii

pneumonia, oral and intra-abdominal candidiasis, and onychomycosis. His course

was further complicated by severe anemia and radiologic evidence of

pneumoperitoneum; laparotomy revealed diverticulitis with microperforation

but no overt bowel perforation. Management required intensive care unit

admission, mechanical ventilation, broad-spectrum antibacterial and antifungal

therapy, ganciclovir/valganciclovir, high-dose trimethoprim-sulfamethoxazole,

and subsequent de-escalation of immunosuppression from prednisolone plus

cyclosporine to lower-dose prednisolone plus mycophenolate mofetil. Targeted

gene panel sequencing excluded common monogenic FSGS mutations, and

anti–interferon-g autoantibodies were absent. Absolute lymphocyte count, CD4

count, and immunoglobulin levels were not profoundly suppressed, supporting

iatrogenic immunosuppression as the main driver of infection susceptibility. After

optimization of immunosuppressive and anti-infective therapy, he stabilized

without further opportunistic infections over nine months of follow-up, despite

persistent nephrotic-range proteinuria and hypoalbuminemia.

Conclusions: This case illustrates how prolonged combined corticosteroid and

calcineurin inhibitor therapy in FSGS can precipitate a cascade of severe
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opportunistic infections, emphasizing the need for early pathogen-specific

prophylaxis, vaccination, systematic infection surveillance, and dynamic

reassessment of cumulative immunosuppression.
KEYWORDS

calcineurin inhibitors, case report, focal segmental glomerulosclerosis,
immunosuppressive therapy, opportunistic infections, Pneumocystis jirovecii
pneumonia
Introduction

Focal segmental glomerulosclerosis (FSGS) is a histopathologic

pattern of glomerular injury characterized by segmental sclerosis

involving portions of glomeruli and arising from diverse primary or

secondary etiologies (1). This heterogeneity is reflected in variable

pathogenesis, clinical course, and response to therapy, making timely

diagnosis and tailored management crucial for renal outcome (2).

For primary FSGS, contemporary guidelines recommend high-

dose oral glucocorticoids, typically prednisone at approximately 1

mg/kg/day, as first-line therapy for at least four weeks, and often up

to 16 weeks, depending on the response (3, 4). In patients with

steroid-resistant, steroid-dependent, or steroid-intolerant disease,

calcineurin inhibitors (CNIs) such as cyclosporine or tacrolimus are

widely used as alternative or adjunctive agents to achieve protein-

uria reduction and preserve kidney function (3, 4). However, these

regimens profoundly affect cell-mediated immunity, increasing

susceptibility to a broad spectrum of opportunistic pathogens.

The risk of infection in glomerular disease is determined by the

cumulative “net state of immunosuppression,” integrating drug expo-

sure, underlying comorbidities, disruption of anatomic barriers, and

prior colonization or latent infections. Glucocorticoids interfere with

interleukin-2 signaling and T-cell activation (5). At the same time,

cyclosporine further suppresses T-cell function and macrophage re-

cruitment (6), creating a permissive environment for intracellular

organisms such as Listeria monocytogenes, Cytomegalovirus (CMV),

Pneumocystis jirovecii, and fungal pathogens. Recent work in nephrol-

ogy and transplantation underscores the importance of baseline

screening for latent viral infections, early Pneumocystis prophylaxis,

and completion of recommended vaccinations in patients receiving

prolonged corticosteroids and CNIs (7, 8).

Despite these recommendations, reports detailing stepwise oppor-

tunistic infections in non-transplant FSGS patients on dual immuno-

suppression remain scarce. This case report describes a previously

healthy adult with biopsy-proven FSGS who, under high-dose pred-

nisolone and cyclosporine, developed a cascade of bacterial, viral, and

fungal opportunistic infections, culminating in diverticulitis with

microperforation. It discusses preventive strategies and therapeutic

adjustments aiming at mitigating such complications.
Case description

A 53-year-oldmale physical education teacher with a baseline body

weight of approximately 82 kg and an ideal body weight (IBW) of
02
58.8 kg with no known past medical history, including chronic lung

disease, prior TB exposure, or structural lung abnormalities, initially

presented to a local hospital with progressive bilateral lower limb

edema and was diagnosed with nephrotic syndrome. He was referred

to the nephrology outpatient clinic of a tertiary center, where renal

biopsy confirmed FSGS (Supplementary Figure 1), and he was admit-

ted for further evaluation and initiation of therapy. The overall clinical

course is summarized in Figure 1. Baseline laboratory investigations

demonstrated nephrotic-range proteinuria, with a 24-hour urine

protein of 11.1 g/day, serum creatinine of 1.48 mg/dL, serum albumin

of 1.82 g/dL, urine protein-to-creatinine ratio of 11.6 g/g, and an

estimated glomerular filtration rate (eGFR) of 55.8 mL/min/1.73 m².

High-dose oral prednisolone at approximately 1 mg/kg/day (30 mg

twice daily) was started. Three weeks later, he required hospitalization

for left lower limb cellulitis, leading to tapering of prednisolone to 40

mg/day. Over the subsequent two months, his clinical course was

further complicated by steroid-related progressive weight gain, marked

bilateral lower-extremity edema, prominent striae, andworsening finger

numbness and stiffness. Due to his significant side effects from steroid

use and persistent proteinuria (urine protein-to-creatinine ratio of 12.8

g/g), the nephrologist subsequently introduced cyclosporine 100 mg

twice daily for FSGS control. At that time, the patient’s body weight was

approximately 80 kg, corresponding to a cyclosporine dosage of

approximately 2.5 mg/kg/day. Therapeutic drug monitoring (TDM)

was not performed during the initiation treatment period. Subsequent

therapeutic drug monitoring performed during a later treatment

episode with cyclosporine 50 mg twice daily in January 2026 demon-

strated trough concentrations of approximately 35–50 ng/mL.

Approximately one month after starting dual immunosuppression,

the patient presented to the emergency department with erythematous

rashes and blisters on both lower limbs and was provisionally diag-

nosed with infectious folliculitis; blood cultures were obtained, and he

was discharged for outpatient dermatologic evaluation and skin biopsy.

He returned the next day with fever and chills, and chest radiography

revealed bilateral lower-lobe infiltrates. Meanwhile, the previously

drawn blood cultures had grown Listeria monocytogenes. Due to the

unavailability of standalone ampicillin, he received intravenous ampi-

cillin/sulbactam, with concomitant reduction of prednisolone and

discontinuation of cyclosporine.

Despite early antimicrobial therapy, his respiratory status rapidly

deteriorated, necessitating high-flow oxygen and subsequent transfer to

the intensive care unit (ICU), where he was intubated for acute

respiratory failure. Computed tomography (CT) angiography

(Figure 2) excluded pulmonary embolism but showed bilateral infil-

tration. Given impaired renal function, meropenem was added to

enhance Listeria coverage, while initial virologic and fungal testing
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(including influenza, COVID-19, serum galactomannan, cryptococcal

antigen, and HIV serology) was negative. Based on clinical suspicion of

acute respiratory distress syndrome, intravenous methylprednisolone

at 1 mg/kg/day was started.

On hospital day 4 in the ICU, serologic testing revealed

markedly elevated CMV IgG and a serum CMV viral load of

27,500 copies/mL, leading to initiation of intravenous ganciclovir.

Subsequent bronchoscopy with bronchoalveolar lavage (BAL)

showed no bacterial or mycobacterial respiratory pathogens on

multiplex polymerase chain reaction (PCR) testing, yet CMV viral
Frontiers in Immunology 03
load in BAL was high (84,800 copies/mL), consistent with probable

CMV pneumonitis. A previously obtained skin biopsy later dem-

onstrated Herpes simplex virus (HSV)-1/2 positivity, while serology

showed positive Varicella-zoster virus (VZV) IgG and IgM with

negative HSV IgM. However, confirmatory testing, including PCR,

immunohistochemistry, or direct fluorescent antibody (DFA) test-

ing, was unavailable. Therefore, the episode was more conserva-

tively interpreted as herpesvirus reactivation compatible with VZV.

The patient’s pulmonary status gradually improved with ven-

tilatory support and ganciclovir therapy, allowing extubation and
FIGURE 2

Computed tomography (CT) angiography. Computed tomography performed on hospital day 2 (Feb 26, 2025) demonstrated no evidence of
pulmonary embolism involving the main pulmonary arteries or their major branches, but bilateral ground-glass opacities.
FIGURE 1

Timeline of clinical course from diagnosis to nine-month follow-up. Timeline of clinical course and key interventions in a patient with FSGS on dual
immunosuppression who developed cascading opportunistic infections.
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transfer to the general ward. However, attempts to taper cortico-

steroids and oxygen were limited by persistent infiltrates (Figure 3)

and ongoing hypoxemia, prompting empiric initiation of high-dose

intravenous trimethoprim–sulfamethoxazole (TMP-SMX) for sus-

pected Pneumocystis jirovecii pneumonia (PJP). The results of PCR

from BAL performed during stay at the ICU later confirmed PJP

infection, and after continuation of therapy, his oxygen requirement

decreased progressively, eventually reaching room air.

During the ward course, he developed oral candidiasis, which

was treated with nystatin. Systemic antibacterial therapy was

subsequently de-escalated once he completed a 14-day course

targeting Listeria. After two weeks of Intravenous ganciclovir as

the induction therapy, the patient transitioned to oral valganciclovir

as the maintenance therapy with a response of declining CMV

burden. Meanwhile, high-dose TMP-SMX was converted to oral

therapy and subsequently to secondary prophylaxis.

Persistent anemia and a positive fecal occult blood test led to the

performance of upper and lower gastrointestinal endoscopy, which

revealed a tubular adenoma in the transverse colon and no evidence of

CMV colitis. He was discharged clinically stable on valganciclovir, oral

TMP-SMX for secondary PJP prophylaxis, and a tapering corticoste-

roid regimen.

At early post-discharge follow-up, he re-presented with severe

anemia (hemoglobin 5.9 g/dL) and new lower abdominal pain. The

patient also reported persistent bloody stool. Stool occult blood test

was strongly positive for 4 +. Abdominal CT demonstrated mild

pneumoperitoneum and ascites suggestive of hollow viscus perfo-

ration. Emergency laparoscopy converted to open laparotomy did

not reveal an obvious perforation, but intra-abdominal drains were

placed, and he was started on meropenem, continued high-dose

TMP-SMX, and fluconazole for presumed complicated intra-ab-

dominal infection and candidiasis. Valganciclovir for CMV pneu-

monitis was discontinued after 24 days, and corticosteroids were

maintained at a lower dose of intravenous methylprednisolone to

control FSGS.

Subsequently, Candida albicans grew from the drain fluid,

leading to escalation of fluconazole dosing, while corticosteroids

were further tapered to oral prednisolone 20 mg/day. The patient

remained asymptomatic, tolerated oral intake, and was discharged

on oral fluconazole and TMP-SMX prophylaxis. Over the following

weeks, PJP prophylaxis was completed after one month, and
Frontiers in Immunology 04
fluconazole was continued for a total of six weeks, constituting

the antifungal course.

Because of ongoing nephrotic-range proteinuria, hypoalbuminemia,

and edema, but in view of his history of multiple severe infections

on previous dual high-dose prednisolone and cyclosporine, the

treating team opted to maintain prednisolone at 15 mg/day and

introduce mycophenolate mofetil as second-line therapy, with

cautious dose escalation. During a nine-month follow-up on prednis-

olone (15 mg/day) andmycophenolate mofetil (500 mg/day), his edema

gradually improved, and renal function remained stable, with persistent

but non-progressive proteinuria and hypoalbuminemia and no

further opportunistic infections. At that time, laboratory investigations

showed a serum creatinine level of 2.13mg/dL, serum albumin of 2.22 g/

dL, urine protein-to-creatinine ratio of 9.7 g/g, and an estimated

glomerular filtration rate (eGFR) of 35.9 mL/min/1.73 m².

To explore predisposing factors, we performed targeted gene

panel sequencing, which screened 134 targeted genes associated

with monogenic FSGS, nephrotic syndrome, Alport syndrome, and

related podocytopathies (see Supplementary Table 1 for represen-

tative genes included in the targeted gene panel). No pathogenic

variants were identified in key genes including NPHS1, NPHS2,

WT1, LAMB2, TRPC6, ACTN4, INF2, or APOL1, supporting a

diagnosis of primary (non-genetic) FSGS (9–11). Immunologic

evaluation demonstrated IgG, IgA, and IgM levels of 578, 109,

and 169 mg/dL, respectively, with Absolute lymphocyte counts of

1678 cells/mL, and CD4+ T-cell counts of 403 cells/mL. In addition,

a focused workup for autoantibodies, and anti–interferon-g auto-

antibodies was negative. Collectively, these findings supported

intensive iatrogenic immunosuppression with high-dose predniso-

lone and cyclosporine as the principal explanation for the infec-

tious sequence.
Discussion

Infection cascade and immunopathogenesis

This case illustrates how aggressive immunosuppressive therapy

for primary FSGS in an otherwise healthy adult can trigger a

complex multi-pathogen infection course involving bacterial,
FIGURE 3

Serial chest radiograph changes during hospitalization. (A) Chest radiograph on admission showing minimal infiltrates. (B) Bilateral patchy infiltrates
on hospital day 28 before TMP-SMX treatment for PJP. (C) Marked improvement after 2 weeks of PJP treatment on hospital day 42.
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viral, and fungal pathogens. The temporal sequence—Listeria

monocytogenes bacteremia and pneumonia followed by probable

CMV pneumonitis, herpesvirus reactivation compatible with VZV,

PJP pneumonia, and candidal infections—reflects progressive ero-

sion of cell-mediated immunity under prolonged exposure to high-

dose corticosteroids and a calcineurin inhibitor.

Glucocorticoids impair T-cell proliferation and cytokine sig-

naling (5), while cyclosporine further inhibits T-cell activation and

macrophage function (6), creating a permissive environment for

intracellular organisms, such as Listeria monocytogenes. In this

patient, Listeria monocytogenes infection was the first major oppor-

tunistic event, presenting as bacteremia and bilateral pulmonary

infiltrates shortly after the onset of dual immunosuppression,

consistent with impaired cell-mediated defenses. The subsequent

development of probable CMV pneumonitis with high serum and

BAL viral loads likely further amplified immunosuppression, given

the known immunomodulatory effects of CMV, which can predis-

pose to secondary infections, including PJP.
Diagnostic challenges in
immunocompromised hosts

The diagnosis of opportunistic infections in this patient was

complicated by attenuated inflammatory responses due to ongoing

corticosteroid therapy. In particular, Pneumocystis jirovecii pneu-

monia presented with progressive hypoxemia and radiographic

deterioration, which was initially difficult to distinguish from

other infectious or inflammatory pulmonary processes in the setting

of profound immunosuppression. Chest CT demonstrated diffuse

bilateral ground-glass opacities, and the patient developed worsen-

ing oxygenation. Although serum b-D-glucan was not available in

this case, which is a limitation, the overall clinical and radiologic

findings supported the diagnosis of PJP. Empiric initiation of high-

dose trimethoprim–sulfamethoxazole followed by confirmation via

bronchoalveolar lavage PCR highlights the importance of main-

taining a low threshold for initiating PJP-directed therapy in high-

risk patients, especially those receiving combined corticosteroid and

calcineurin inhibitor treatment without prophylaxis. BAL PCR

positivity may also reflect colonization; however, in this case, the

concordant clinical deterioration, imaging findings, and therapeutic

response supported active infection rather than inciden-

tal colonization.

In addition, the coexistence of oral, cutaneous, and intra-

abdominal candidiasis, as well as onychomycosis, and isolation of

Candida species from surgical drain cultures, underscore the

breadth of fungal risk in the setting of broad-spectrum antibiotics,

mucosal disruption, and sustained immunosuppression.

The diagnosis of CMV pneumonitis in this case should also be

interpreted cautiously. Although elevated serum CMV viral load

and detection of CMV in BAL fluid raised strong clinical suspicion

for pulmonary CMV involvement, definitive evidence of invasive

CMV lung disease, including histopathology, cytopathic changes,

immunohistochemistry, or highly specific radiographic features,

was unavailable. Therefore, the pulmonary manifestations were

considered a mixed pulmonary infectious process involving bacte-

rial pneumonia, PJP, and possible CMV involvement.
Frontiers in Immunology 05
Last but not least, the clinicopathologic correlation of the

vesiculobullous skin lesions was limited. Skin biopsy demonstrated

HSV-1/2 positivity; however, confirmatory PCR testing or viral

subtyping was unavailable, precluding definitive differentiation

between HSV and VZV. Considering the clinical presentation and

subsequent serologic findings, the episode was more conservatively

classified as probable herpesvirus reactivation compatible

with VZV.

Gastrointestinal complications and
corticosteroid-associated fragility

The episode of diverticulitis with microperforation and radio-

logic pneumoperitoneum following extended steroid exposure

likely reflects cumulative gastrointestinal toxicity and impaired

healing capacity associated with corticosteroids (12). Similar asso-

ciations between long-term glucocorticoid therapy and diverticular

perforation have been reported (13), supporting the concept that

steroid-related fragility can exacerbate otherwise limited diverticu-

lar disease into complicated intra-abdominal pathology.

Treatment strategy reconsideration

From a preventive and retrospective perspective, this case

highlights several important considerations regarding immunosup-

pressive strategy and infection risk management. The absence of

Pneumocystis jirovecii pneumonia prophylaxis during the period of

combined high-dose prednisolone and cyclosporine therapy repre-

sents a potential gap in infection prevention, as the overall immu-

nosuppressive burden would typically meet criteria for prophylaxis

in non-HIV immunocompromised patients.

In addition, baseline evaluation, including vaccination history

and latent infection screening (e.g., Varicella-zoster virus,

Cytomegalovirus, and tuberculosis), was not systematically per-

formed before escalation of immunosuppressive therapy. This

limitation was, in part, related to the absence of a standardized

institutional protocol for infectious risk stratification in this clini-

cal setting.

Finally, the subsequent development of infectious complica-

tions underscores the importance of continuous reassessment of

both the necessity and intensity of dual immunosuppression. Earlier

implementation of cyclosporine therapeutic drug monitoring

(TDM), together with more timely adjustment of immunosuppres-

sive therapy, might have allowed better balancing between disease

control and infection risk.

Systemic and host susceptibility factors

Extensive evaluation excluded intrinsic immunodeficiency con-

ditions, including common monogenic forms of Focal Segmental

Glomerulosclerosis and anti–interferon-g autoimmunity. While

iatrogenic immunosuppression likely played a major contributory

role, we acknowledge that additional baseline factors may have

further contributed to impaired host immunity, including severe

nephrotic syndrome with hypoalbuminemia, probable urinary

immunoglobulin loss, prolonged hospitalization, and broad-spec-

trum antibiotic exposure.
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Subsequent therapeutic drug monitoring performed during a later

lower-dose treatment episode demonstrated trough levels below the

target range. However, these measurements may not accurately reflect

cyclosporine exposure during the initial treatment period, when

therapeutic drug monitoring was not performed. Therefore,

supratherapeutic exposure cannot be ruled out as a contributing

factor to the patient’s susceptibility to infection. Accordingly, these

later trough concentrations should not be interpreted as representative

of drug exposure during the initial treatment period.

This observation is consistent with the concept of the “net state

of immunosuppression,” in which the cumulative effect of multiple

immunosuppressive agents, rather than any single drug exposure,

drives the risk of opportunistic infections in patients with glomer-

ular disease and other immunosuppressed populations.

Clinical outcome and literature context

Following modification of immunosuppressive therapy, includ-

ing reduction of corticosteroid dosage and transition from cyclo-

sporine to mycophenolate mofetil, combined with targeted

antimicrobial therapy and short-term prophylaxis (4), was associ-

ated with clinical stabilization and the absence of further opportu-

nistic infections over nine months. This suggests that tailoring

immunosuppression to the lowest effective intensity and periodi-

cally re-evaluating the risk–benefit balance are critical for minimiz-

ing infectious complications (14), particularly in patients with

persistent nephrotic syndrome who may require long-term therapy.

To our knowledge, this represented a rare and extensive cascade

of opportunistic infections in a non-transplant FSGS patient.

Previous case reports have described individual infections such as

PJP or CMV in nephrotic syndrome (15, 16), but simultaneously

bacterial, viral, and fungal pathogens with surgical complications

have rarely been reported in this population.
Conclusion

This case highlights how prolonged combined high-dose corti-

costeroid and calcineurin inhibitor therapy for FSGS in a previously

healthy adult can lead to a cascade of severe opportunistic infections,

including Listeria monocytogenes bacteremia, probable CMV pneu-

monitis, herpesvirus reactivation compatible with VZV, PJP, and

invasive candidiasis, as well as diverticulitis with microperforation.

The clinical course emphasizes that infection risk is driven by the

cumulative immunosuppressive effect and can be amplified by

diagnostic delays and the absence of pathogen-specific prophylaxis.

Early identification of high-risk patients, systematic screening

for latent infections, implementation of PJP prophylaxis, optimiza-

tion of vaccinations, and vigilant surveillance for early signs of

infection should be integral components of care for individuals

receiving prolonged corticosteroids and CNIs. Regular reassessment

of immunosuppressive intensity and timely modification of regi-

mens, as illustrated by the eventual shift to lower-dose prednisolone

plus mycophenolate mofetil in this patient, are essential to prevent

similar cascades and improve outcomes in patients with glomerular

disease requiring long-term immunosuppressive therapy.
Frontiers in Immunology 06
Take-away lessons

In patients with FSGS requiring high-dose corticosteroids (≥20 mg/

day for >1 month) plus calcineurin inhibitors, clinicians should (1):

initiate PJP prophylaxis with TMP-SMX before dual therapy; (2) screen

for latent CMV, VZV, and tuberculosis at baseline; (3) ensure vaccina-

tion completion before immunosuppression; (4) maintain high clinical

suspicion for opportunistic infections during therapy; and (5) consider

early transition to lower-intensity regimens (e.g., mycophenolate

mofetil) in patients developing infectious complications.

Patient perspective

When the kidney disease was first diagnosed, and medications

were started, I just worried about leg swelling and fatigue, and did not

realize how seriously my immune system could be weakened. The

sudden onset of fever, breathing difficulty, and painful skin blisters,

followed by admission to the intensive care unit and mechanical

ventilation, was terrifying and left me feeling that my body was

under attack from multiple infections simultaneously.

After prolonged and multiple hospitalizations, mechanical ventila-

tion, surgeries, and numerous antimicrobial treatments, I felt fortunate to

have survived and to be back at home, but I still worried about both the

relapse of the kidney disease and the possibility of serious re-infections. I

appreciate that my current treatment regimen maintained a better

balance between controlling kidney disease and preserving immune

function, and I valued the detailed examinations and thorough explana-

tions from themedical team, which gaveme confidence facing the future.
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