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Abstract: Patients under immunosuppressive therapy for kidney diseases or on maintenance hemo-
dialysis are more susceptible to infection than the general population since loss of renal function per
se was an immunocompromised condition. Of relevance, CT imaging plays a crucial role in the de-
tection and management of pulmonary infectious diseases. We hence presented diverse CT findings
of pulmonary infections in the above said patients collected during our arduous work against a
wide range of pathogens including klebsiella pneumoniae, staphylococcus aureus, candida parapsilosis,
aspergillus, cryptococcus, mucor, pneumocystis carinii, cytomegalovirus, mycobacterium and nocardia. No-
tably, the pulmonary pathological changes were either primary pneumonia or secondary to the
catheter-associated bloodstream infection. For a descriptive purpose, pulmonary manifestations of
Wegener’s granuloma, lung cancer and diffuse alveolar hemorrhage/infection in vasculitis were also
examined. As such, we retrospectively elaborated most likely CT features of each individual path-
ogen and briefly covered the differential diagnosis as well. Arguably, combination of pattern recog-
nition with knowledge of the clinical setting could make a presumptive diagnosis and early treat-
ment even more convenient. From the experience of first-line nephrologists, our work could make
a substantial contribution to the expeditious and efficacious management of pulmonary infections
in the pertinent patient population.

Keywords: kidney disease; hemodialysis; immunosuppression; pulmonary infections; computed
tomography

1. Introduction

It is well known that patients on hemodialysis are more susceptible to infection than
the general population since loss of renal function per se is an immunocompromised con-
dition [1]. Both innate and adaptive immune systems are inevitably impaired by uremia
in these patients [2]. Moreover, this uremia-associated immune impairment cannot be re-
versed by renal replacement therapy, including hemodialysis and kidney transplantation.
Not surprising then, annual mortality rate secondary to sepsis was 100-300 folds higher
in patients on dialysis than in the general population [3]. In fact, infections are an im-
portant cause of morbidity and mortality among patients at all stages of chronic kidney
diseases and constitute the second most common cause of death in hemodialysis patients
[4]. Furthermore, prolonged dialysis vintage markedly increased the risk of infection-re-
lated mortality than that of cardiovascular diseases-related one in long-term hemodialysis
patients [5].

From a real-world practice perspective, respiratory tract infections are one of the
most common types of infection in hemodialysis patients [6]. In this regard, incidence of
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pneumonia among American patients on hemodialysis was 21.4 episodes per 100 patient-
years, whereas 90.1% of the affected ones required hospital admission and 30-day mortal-
ity was 10.7% [7]. By comparison, access-related bloodstream infections are also common
in hemodialysis patients, manifesting 7.7 episodes per 100 patient-years and respectively
rendering hospitalizations and mortality rate of 48.0% and 1.6% [8]. At the same time,
numerous novel immunosuppressive agents have been introduced in the treatment of im-
mune-mediated kidney disease, which in turn have caused more opportunistic infections
in the treated [9].

In an effort to secure our patients from these threats, we have previously reported
opportunistic and severe infections caused by a full range of pathogens, zoonotic virus,
nocardia and Klebsiella pneumoniae genus in immunocompromised patients with normal
[10], impaired [11], loss of [12] renal function, and patients on maintenance hemodialysis
[13], respectively. Of importance, our work clearly demonstrated that combination of CT
image pattern recognition with knowledge of the clinical presentations was critical in in-
itiating an expeditious treatment, a lesson that we have learnt in the hard way [11].

2. Materials and Methods

Following common practice [14], informed consent was not required as information
was gathered by chart-image review, which is approved by our institutional review
board.

2.1. Patients

The study was conducted as a multidisciplinary collaboration at the First Hospital of
HeBei Medical University in northern China. We performed a retrospective study by re-
viewing the medical charts of the patients on maintenance hemodialysis (MHD) or under
immunosuppressive therapy for primary membranous nephropathy (pMN) who were
admitted for infection between February 2018 and August 2022. The descriptions for the
MHD and pMN patients were elaborated previously in details [10, 13].

2.2. Definition of infection and identification of pathogens

Specifically, the infection was either airway invasive, when the causal organisms are
identified deep into the airway basement membrane, or hematogenous spread, when
there is invasion and occlusion of small arteries. Specific infections were diagnosed by
evaluations of the clinical features, laboratory results, chest CT findings and, microbiolog-
ical study including culture of sputum/blood/urine/catheter tip, serologic tests for likely
pathogens, bronchoalveolar lavage (BAL) and metagenomics next generation sequencing
when deemed appropriate [13].

2.3. Interpretation of CT imaging

CT imaging was interpreted by standard reporting procedure and cross-validated by
senior clinicians of thoracic surgery and radiology. Accordingly, anomalous CT findings
were defined as airspace consolidation; ground glass attenuation (GGA); tree-in-bud pat-
tern; bronchial wall thickening; interlobular septal (ILS) thickening; crazy-paving pattern;
mosaic pattern; nodules; halo sign; hilar or mediastinal lymph node (LN) enlargement
and pleural effusion.

3. Results

Pictorially, the most common patterns seen at CT in acute pulmonary infections [15]
are GGA, nodules, tree-in-bud appearance, consolidation or a combination of these find-
ings (Figure 1). Clinically, major pathogens of pneumonia in MHD patients were Klebsiella
(K.) pneumoniae and Staphylococcus (S.) aureus [6]. In case of K. pneumoniae pneumonia, CT
findings consisted mainly of bilateral GGA, consolidation and intralobular reticular opac-
ity (Figure 2A). In diabetic patients on hemodialysis [13], however, we found that BSI
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caused by the hypervirulent K. pneumoniae may elicit pulmonary manifestations (Figure
2B) mimicking those of gram-positive cocci, as depicted hereafter.

Figure 1. High-resolution CT showed diffuse bilateral pulmonary lesions in a 67-year-old febrile
male with hypoxemia who had taken 3-month of cyclophosphamide and prednisone for primary
membranous nephropathy, and developed steroid diabetes ad interim. The lesions included miliary
centrilobular nodules indicative of bronchiolar infection (A), “tree-in-bud” appearance (circle, B)
and thickening of bronchiolar walls (arrow, C). Ground-glass attenuation and consolidation were
also visible (D).
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K. pneumoniae

Figure 2. A 72-year-old female with fever and currant-jelly sputum had Klebsiella pneumoniae iso-
lated from her blood. Chest CT scan found ground-glass attenuation, reticular opacity and bronchial
wall thickening (arrow, A); A 55-year-old diabetic female on maintenance hemodialysis for 4.5 years
admitted with an infected arteriovenous fistular. Numerous metastatic abscesses were found in
which there were centrilobular nodules located peripherally on CT and hypervirulent Kiebsiella
pneumoniae was identified from her fingertip lesions by the mNGS (B).

Bloodstream infection in MHD patients was highlighted by the vascular access-re-
lated one, in which aerobic gram-positive cocci, S. aureus and methicillin-resistant S. au-
reus (MRSA) accounted for 85.3%, 36.8% and 10.0% of the causative pathogens, respec-
tively (16). The most frequent CT findings in S. aureus pneumonia were GGA and bron-
chial wall thickening, followed by consolidation, centrilobular nodules and reticular opac-
ity. In patients with MRSA infection, particularly, there were multiple parenchymal ab-
normalities mainly distributed peripherally (Figure 3A) with a higher propensity of pleu-
ral effusion, cavitation and empyema [17]. By comparison, centrilobular nodules, centri-
lobular nodules with a tree-in-bud pattern, and bronchial wall thickening were signifi-
cantly more frequent in those with methicillin-susceptible S. aureus pneumonia (Figure
3B). With regard to the distinct bronchial wall thickening and centrilobular nodules on CT
images, it is essentially important to know that bronchopneumonia with S. aureus infec-
tion differed pathogenetically from airspace pneumonia such as the one caused by K.
pneumonia in the production of a relatively small amount of fluid and by the rapid inflam-
matory exudation of numerous polymorphonuclear leukocytes.
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Figure 3. A 33-year-old female admitted for infection of the central venous catheter that was used
for hemodialysis. Peripheral nodular opacities with cavitation were visible (A) and blood culture
identified methicillin-resistant Staphylococcus aureus; A 31-year-old female with skin puncture site
infection near her arteriovenous fistula. Numerous centrilobular nodules and bronchial wall thick-
ening (arrows) were demonstrated on CT (B). Blood culture isolated methicillin-susceptible Staphy-
lococcus aureus.

Invasive fungal infections, most of which are due to Aspergillus and Candida species,
are also a major cause of morbidity and mortality in our patients of interest. On chest CT,
airway invasive aspergillosis typically manifests with multiple centrilobular nodules,
tree-in-bud opacities, and peribronchovascular consolidation, which reflect the presence
of bronchiolitis and bronchopneumonia. Alternatively, angioinvasive aspergillosis is
characterized by the presence of single or multiple nodules, typically surrounded by a
halo of GGA [18]. On the other hand, candida species are more prone to hematogenous
spread which may manifest with miliary nodules or multiple larger nodules in a random
distribution, whereas aspiration of contaminated oropharyngeal secretions may result in
bronchopneumonia [19]. In addition, halo sign, cavitation, and ground-glass opacities
may be present in both groups. Apparently, CT findings of pulmonary aspergillosis and
candidiasis in the affected patients are similar. Histologically, however, pulmonary can-
didiasis tends to involve small blood vessels and have a random distribution and seldom
leads to invasion and occlusion of large vessels, as commonly seen in invasive aspergillo-
sis (Figure 4).
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Figure 4. A 67-year-old female admitted for fever and infected artificial vascular graft. CT scan on
arrival demonstrated bilateral multiple ill-defined nodules with cavitation and non-segmental con-
solidations (A). The diagnosis of candida parapsilosis infection was confirmed by culture of BAL; A
36-year-old diabetic male with nephrotic syndrome manifesting marked hypoalbuminemia. CT scan
showed a 2.3cm mass within the left upper lobe with the air-crescent sign (B). The diagnosis of
Aspergillus infection was confirmed by thoracoscopic biopsy.

Less encountered but with no less fatality, pulmonary infections caused by Crypto-
coccus and Mucormycosis deserve equal attention in our studied patients. In case of the
pulmonary cryptococcosis, the most common CT findings are solitary or multiple nodules
with or without cavitation in the subpleural areas of the lung (Figure 5A). Cavitation may
be present in 30% of the patients who had nodules [20]. In term of morphology [21], pul-
monary mucormycosis usually manifests as a mass or masses with a halo or reversed-halo
sign on the initial CT scan followed by a decreased extent of surrounding ground-glass
opacities with the development of internal necrosis during follow-up (Figure 5B). As im-
aging analogues, there were pneumocystis jirovecii pneumonia (PCP) and the one caused by
cytomegalovirus (CMV) (Figure 6). For PCP, GGA was the predominant CT finding in 95.5-
99.0% of the cases [22, 23], with the presence of a mosaic pattern and the absence of nod-
ules as potential indicators [22], and subpleural sparing the unique feature [23]. With re-
spect to the CMV pneumonia, CT manifestations usually consisted of a mixture of pat-
terns, most commonly GGA with ill-defined demarcation, areas of consolidation, and
small nodules [24]. Of note, CT findings of this viral pneumonia may be quite variable
among different patient populations according to their disparate underlying diseases [25].
Purportedly, PCP and CMV pneumonia are often difficult to distinguish because of their
clinical and radiological similarities [22]. Definite diagnosis, therefore, depends on the
confluence of various clinical, etiological and radiographic patterns.
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Figure 5. A 80-year old female was admitted for one week history of headache and fever, topping
at 38.9 °C. Prior to this event, she had taken tacrolimus and prednisone for 7 months, treating pri-
mary membranous nephropathy. Chest CT scan found patchy areas of consolidation with adjacent
ground-glass opacities in the subpleural region of the left upper lobe (A). Cryptococcus was subse-
quently identified from her sputum and cerebrospinal fluid; A 71-year-old female with stage V di-
abetic nephropathy was referred to us for one month history of cough, dyspnea and pleural chest
pain. Chest CT scan showed masses with thick walled cavitation and the “reversed-halo” sign sur-
rounded by ground-glass opacities (B). mNGS detected mucorales from the affected lung tissue ob-
tained through bronchoscope.
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Figure 6. A 50-year old male was admitted for 2 day’s fever of 39.2 °C, with dyspnea and non-pro-
ductive cough. He had been taking cyclosporine and methylprednisolone for two month because of
primary membranous nephropathy. Chest CT scan after admission showed bilateral ground-glass
attenuation with a mosaic pattern (arrow, A), subpleural sparing was also visible but less discernible
(arrowhead). The diagnosis of PCP was made by mNGS of his BAL; A 32-year-old male was feverish
for one day, who had received kidney transplantation thirteen years ago and took mycophenolate
mofetil, tacrolimus and prednisone thereafter. CT scan showed patchy areas of ground-glass atten-
uation (B). The diagnosis of MCV infection was confirmed by blood mNGS.

As uncommon as it is, pulmonary nocardiosis is an important cause of opportunistic
infection in immunosuppressed patients and may develop fulminant trajectory resem-
bling acute bacterial pneumonia. Under this circumstance, it is crucial to know that nocar-
dia may likely produce metastatic spread, most commonly to the brain, because of its pro-
pensity for hematogenous dissemination as we have previously encountered [12]. Gener-
ally, this organism causes an acute, often necrotizing pneumonia, commonly associated
with cavitation (Figure 7A). Other radiologic manifestations include nodules, reticulonod-
ular or diffuse pneumonic infiltrates, single or multiple abscesses, that frequently abut on
the pleural space [26]. However, these findings are non-specific and may often bear close
resemblance to tuberculosis (Figure 7B), granulomatous diseases, or lung cancer. As for
the pulmonary tuberculosis, major CT findings included segmental distribution (97%),
satellite lesions (93%), single cavity within any given lesion (95%), and tendency toward
architectural distortion and loss of volume [27]. Empirically, post-primary tuberculosis
initially presents as an acute necrotizing pneumonia in the anterior segment of the upper
lobes.
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Figure 7. A 53-year-old female presented with fever of 38.6°C and hemoptysis for one day. She had
previously received mythelprednisolone pulse therapy of 320mg for three consecutive days fol-
lowed by routine daily dose of 40mg one month ago due to biopsy confirmed type III crescentic
glomerulonephritis. CT scan found multiple polysized pulmonary nodules with cavitation (A) and
growth of Nocardia asteroids from the sputum was found on the Loewenstein-Jensen media and
subsequently confirmed by the 165 rDNA sequence analysis; A 52-year-old diabetic male with
chronic kidney disease stage V claimed chest distress but was afebrile. CT scan showed multiple
nodular lesions of various sizes with cavitations in the superior segment of right upper lobe (B). The
diagnosis was a clinical one with positive acid-fast stain test of sputum smear.

Despite imaging similarities, pulmonary nodules in Wegener's granulomatosis were
usually well demarcated and distributed mainly in the peripheral zone on CT scan (Figure
8A) [28]. In clinical setting, increased disease activity is almost inevitably accompanied by
elevated anti-neutrophil cytoplasmic antibody (ANCA) titer (predominantly anti-protein-
ase 3) and aggravated target organ damage. Likewise, malignancy should be considered
in nodules with irregular, lobulated, or spiculated borders (Figure 8B) as discussed most
recently [29]. Arguably, diffuse alveolar hemorrhage (DAH) cannot be left out when sort-
ing out pulmonary infection in immunocompromised patients. Currently, we only cov-
ered DAH in autoimmune kidney diseases exemplified by ANCA-associated vasculitis
and those secondary to diverse etiologies including infection could be found elsewhere
[30]. CT findings in early DAH are characterized by pulmonary opacities with varying
degrees of ground-glass opacity and consolidation (Figure 9A). These abnormalities may
progress to thickening of bronchovascular bundles, honey-combing and, in the worst sce-
nario, crazy-paving pattern [31]. The differential diagnosis of CT imaging findings in
DAH most broadly overlaps with pulmonary edema and infections (Figure 9B). When
suspecting infectious etiologies, clinical presentation and laboratory data such as fever,
cough, and specific infectious markers may provide supportive clues [32]. However, there
are considerable perplexing cases of DAH indistinguishable from infections and vice versa.
In these cases, BAL may be the proper option.
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Figure 8. A 72-year-old female with a biopsy-proven renal crescent glomerulonephritis. Her anti-
proteinase 3 ANCA was strongly positive and medium-enhanced CT scan found a lobulated and
spiculated soft tissue nodule with irregular border in the posterior basal segment of the right lower
lobe (arrow, A), which was eventually identified as Wegener's granulomatosis by bronchoscope; A
66-year-old female presented with acute kidney injury of two days. CT scan showed narrowed bron-
chial space of the dorsal segment in the left lower lobe surrounded by an irregular mass (arrow, B),
which was confirmed as malignant by CT-guided percutaneous needle aspiration.
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Figure 9. A 72-year-old afebrile female was admitted for anuria acute renal failure accompanied by
hemoptysis. Her renal biopsy-assisted clinical diagnosis was ANCA (myeloperoxidase)-associated
microscopic polyangiitis and diffuse alveolar hemorrhage. CT scan showed unilateral pulmonary
ground-glass and honey-combing opacities (A), which was greatly mitigated after a therapeutic re-
gime of plasmapheresis and mythelprednisolone pulse therapy 14-days later; A 67-year-old male
claimed fever, productive cough and general malaise for one week. His renal lesion was the same
with above-mentioned female patient and his chest CT imaging was consistent with bronchiectasis
with infection (B), which was remarkably alleviated after the use of antibiotics for one week.

With respect to the predominant CT pattern in each infection, segmental GGA/Con-
solidation in bacterial pneumonia (61.0%), nodules of small size (22.5%) and large size
(31.3%) in fungal infections, diffuse GGA in PCP (81.0%) and CMV pneumonia (63.6%),
and nodules of small size (53.3%) in TB were significantly more prevalent as summarized
by Kunihiro et al [22]. Nevertheless, these observations should be interpreted with great
caution as there is no unique pattern for one specific pathogen and the infection is usually
sprouted as mixed in the susceptible patients. Furthermore, infection inherently depends
on the patient’s immune status and the risk of opportunistic infections may also change
over time.

4. Conclusion

Identification of the causative pathogen(s) relies on the clinician’s recognition com-
bined with clinical, laboratory, immunological and radiologic features. Early recognition
is crucial as prompt diagnosis and treatment are required for patients’ survival and our
work may cogently contribute to this demanding requirement.
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