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Abstract

:

Kikuchi–Fujimoto disease (KFD) is a rare, benign lymphoproliferative disease of uncertain origin that can mimic other inflammatory or clonal lymphoproliferative disorders. Given the lack of available blood biomarkers, diagnosis is based on the biopsy of an affected lymph node. In recent years, evidence has been mounting that a dysregulated type I INF innate immune response plays a pivotal role in the pathogenesis of the disease and might be a future therapeutic target. Nonetheless, laboratory assays measuring the expression of interferon alpha (INFα) and INF-stimulated genes (ISGs) are cumbersome and not widely available, limiting their use in clinical and translational research and encouraging the use of more convenient surrogate markers. In this study, a rapid flow cytometry assay detected increased levels of expression of CD169 (Siglec-1), an INFα-induced surface protein involved in innate immunity regulation, on circulating monocytes from two patients with KFD. Our results are in line with previous experiences and set the stage for a more extended investigation into the use of this assay in exploring the pathophysiology of KFD.
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1. Introduction


Kikuchi–Fujimoto disease (KFD), also known as histiocytic necrotizing lymphadenitis without granulocytic infiltration, was first described in young Japanese females in 1972 [1,2] and is a rare, benign lymphoproliferative disorder with a definite histological pattern that is associated with a number of clinical scenarios of an inflammatory nature [3,4]. It is clinically characterized by self-limiting systemic symptoms (fever, weight loss, etc.) associated with localized tender lymphadenopathies, mostly of the cervical region. Nonetheless, extranodal involvement and complicated courses, in particular the subsequent or concomitant development of systemic inflammatory autoimmune diseases (SIADs) and/or hemophagocytic lymphohistiocytosis (HLH), have been recognized [4,5].



Pathologically, KFD is characterized by the paracortical proliferation of lymphocytes and immunoblasts, infiltration by histiocytes with characteristic crescent-shaped nuclei (Kikuchi’s cells) and plasmacytoid dendritic cells (pDCs), the disruption of the follicular dendritic cell (FDC) meshwork and massive apoptosis with abundant nuclear debris [5,6,7]. The absence of granulocytic infiltration is a distinct hallmark that helps to differentiate KFD from other variants of necrotizing lymphadenitis.



While KFD is primarily supposed to reflect an aberrant cytotoxic-T-cell-mediated immune response to a variety of antigenic stimuli [8,9,10], the activation of the phagocyte mononuclear cell system has been proposed as a contributory mechanism. First, pathological investigations identified clusters of INFα-producing pDCs as specific histology-based diagnostic markers of KFD [8,11,12]. Next, gene expression studies in KFD histological samples showed that the molecular network in KFD is primed via the upregulation of ISGs [13]. Whether and how circulating myeloid cells are involved in this inflammatory milieu is under-investigated, although it is of potential interest for the identification of diagnostic/prognostic disease biomarkers.



The flow-cytometry-based measurement of sialic-acid-binding Ig-like Lectin 1 (SIGLEC-1, CD169), a surrogate marker of INFα activity, on the surfaces of monocytes has been the focus of increasing attention as a more convenient and rapid means of assessing INFα signaling in both sterile inflammatory and infectious viral diseases, including COVID-19 [14,15,16,17,18]. We herein provide evidence that circulating monocytes from two adult patients with biopsy-proven KFD exhibit increased surface expression of CD169. The pathophysiological implications of these findings are discussed.




2. Material and Methods


2.1. Flow Cytometry Evaluation of Monocyte CD169 Expression


To study the expression of CD169 on monocytes, we adopted a recently described one-step procedure proposed by Bougoin et al. to help differentiate bacterial versus viral infections in an acutely febrile patient based on a whole-blood flow cytometry assay combining the measurement of CD64 on neutrophils (which are increased in bacterial infections) and the measurement of CD169 on monocytes (which are increased in viral infections) [19,20]. Briefly, 10 μL of an EDTA–whole blood sample was simultaneously lysed with 500 μL of VersaFix lysing solution (Beckman Coulter, Hialeah, FL, USA) and stained with 5 μL of CD45KO and 10 μL of an IOTest Myeloid Activation antibody cocktail (Beckman Coulter) containing three markers: anti-CD169-PE (clone 7-239), anti-CD64-PB (clone 22) and anti-HLA-DR-APC (clone Immu357). After 15 min of incubation at room temperature in the dark, the samples were directly analyzed on a three-laser, ten-color Navios EX flow cytometer (BeckmanCoulter) according to a compensation-free protocol, and a further analysis was conducted using Kaluza Version 2.1.1 software (BeckmanCoulter).



For data analysis, leukocytes were gated using the side scatter (SSC) channel vs. the positive cluster of differentiation (CD45). Monocytes and lymphocytes were then identified on the basis of an SSC/CD64 dot plot as intermediate SSC/CD64+ and low SSC/CD64−, respectively. The mean fluorescence intensity CD169 (MFI CD169) was measured in each population. The results were expressed as the ratio of CD169 MFI values between monocytes and lymphocytes (Figure 1a,b). As previously reported, a threshold value greater than or equal to 3.51 was used to discriminate patients with a viral infection [20]. This threshold was also confirmed in 55 healthy controls who were enrolled from our institution, with median age of 53 (range: 30–69) years and with a predominance of males (66%). In this cohort, the mean MFI CD169 ratio was 2.2 ± 0.74 (the median + two standard deviations) (Figure 1c). As positive controls, we assessed the expression of mCD169 in 30 consecutive patients with a confirmed diagnosis of COVID-19 who were age-matched with our KFD cases and admitted to our Emergency Department from 15 December 2021 to 5 March 2022. In this cohort, all patients except one showed an MFI CD169 ratio above the threshold, with an overall mean of 16.2 ± 9.6 (mean ± sd) (Figure 1d).




2.2. Suspensions and Biopsy Immunophenotyping via Flow Cytometry


The lymph node specimens were prepared in the standard manner used for the routine clinical immunophenotyping of tissues in our laboratory. Briefly, the tissue was finely minced in 3 to 5 mL of RPMI using a scalpel. The homogenate was then filtered through a 40 μm filter, centrifuged at 550× g for 10 min, washed with PBS containing 1% BSA and then resuspended in an appropriate cell concentration (2–20 × 109 cells/L) in RPMI-1640. The biopsy specimens were washed twice with PBS/BSA, spun at 550× g for 5 min and resuspended to an appropriate cell concentration. A 100 μL aliquot of specimen was prewashed to avoid plasma–serum protein interferences, and red blood cells were lysed with 1 mL of a 1× IOTest3 lysing solution for 15 min and washed with PBS/BSA. After the supernatant was removed, the sample was stained using a ClearLLab LS cell tube (Beckman Coulter), according to the manufacturer’s instructions. A ClearLLab LS cell tube contains dry, pre-mixed reagents including 12 antibodies used to identify and characterize cells expressing the Kappa/CD8 (FITC), Lambda/CD4 (PE), CD19 (ECD), CD56 (PC5.5), CD10 (PC7), CD34 (APC), CD5 (APC-A700), CD20 (APC-A750), CD3 (Pacific Blue) and CD45 (Krome Orange) antigens via flow cytometry. After using a strong vortex to detach the antibodies, the mix was incubated in the dark at room temperature for 15 min and washed with PBS/BSA. After the removal of the supernatant, at least 50,000 events were acquired using the Navios EX. The stained samples were acquired using the Navios EX cytometer (Beckman Coulter), and a further analysis was conducted using Kaluza Version 2.1.1 software (Beckman Coulter). Clonal populations, if present, were identified and immunophenotyped. If aberrant T-cell populations or plasma cell populations were suspected, a further investigation with the appropriate extended panels was performed.




2.3. Pathological Analysis


Formalin-fixed, paraffin-embedded lymph nodes and blocks were retrieved from the files of the Pathology Unit of Pordenone Hospital. Sections measuring 3 mm thick were cut from the paraffin blocks and stained with hematoxylin and eosin (H&E), Giemsa, periodic acid–Schiff and AFB. Further sections were used for immunohistochemistry, which was performed by applying the following antibodies: CD20 (L26, Roche/Ventana, Oro Valley, AZ, USA), CD3 (2GV6 Roche/Ventana), CD4 (PS35, Roche/Ventana) CD8 (SP57, Roche/Ventana), CD163 (MRQ-26, Roche/Ventana), CD1a (EP3622, Roche/Ventana), CD30 (BERH2, Roche/Ventana), CD138 (B-A38, Roche/Ventana), CD56 (MRQ-42, Roche/Ventana), CD117 (EP10, Roche/Ventana), tryptase (G3, Roche/Ventana), ERG (EPR3864, Roche/Ventana), cyclin D1 (SP4-R, Roche/Ventana), CD34 (QBEnd/10, Roche/Ventana), CD31 (JC70, Roche/Ventana), Ki67 (30-9, Roche/Ventana), panCKAE1/AE3 (PCK26, Roche/Ventana) and CD68 (PGM-1, Diagnostic biosystem). The antibodies were dispensed on a BenchMark Ultra HD immunostainer and detected via the alkaline phosphatase–anti alkaline phosphatase technique or the streptavidin–biotin–peroxidase complex method. Antigen retrieval was performed according to the protocols used in our laboratory. In all instances, internal positive and negative controls were used to assess the reliability of the results.




2.4. Case Reports


2.4.1. Case 1


A 26-year-old otherwise healthy man of Indian origin was hospitalized in September 2021, reporting a 45-day-long history of undifferentiated fever, generalized malaise and weight loss (−12.5 kg in three months). He had moved from India to Italy 5 years earlier and did not report recent travels abroad. His history did not suggest any exposure to environmental or occupational risk factors. A physical exam was non-contributory. A complete blood count and routine biochemistry panels were unremarkable except for mild increases in C-reactive protein (CRP) (1.3 mg/dL, n.v. < 0.5) and lactate dehydrogenase (247 U/L, n.v. 100–240) and the presence of activated lymphocytes on a peripheral blood smear. An X-ray scan of the chest did not reveal any inflammatory changes. Flow cytometry was conducted on circulating monocytes and showed a markedly increased expression of CD169 on their surfaces (ratio: 44.7), suggesting a possible viral etiology (Figure 1e). Nonetheless, the patient had non-reactive serology for acute Epstein–Barr virus, cytomegalovirus, herpes simplex virus, and human immunodeficiency virus infections and reactive serology for past exposures to EBV and CMV. He had received the first dose of an mRNA-based anti-SARS-COV-2 vaccine at the beginning of August, so serology for SARS-CoV-2 was positive but direct antigen and nucleic acid tests on nasopharyngeal swabs were negative. An ANA indirect immunofluorescence screening of Hep-2 cells and serology for Bartonella henselae and Toxoplasma were non-reactive. An INFγ release assay for Mycobacterium tuberculosis was negative. Direct microbiological investigations, including blood and urine cultures, were also negative. A whole-body computed tomography (CT) scan was obtained which demonstrated bilateral neck and axillary lymphadenopathies of 3–4 cm in diameter, one of which was excised for diagnostic purposes. A histological examination showed foci of necrosis with abundant karyorrhexis, foamy histiocytes and rare immunoblasts in the absence of neutrophil granulocytes (Figure 2). A search for acid alcohol-resistant mycetes and bacilli yielded negative results (Giemsa, PASD and AFB). The morpho-immunophenotypic findings were consistent with histiocytic necrotizing lymphadenitis. Flow cytometry immunophenotyping did not support evidence of hematological malignancies since the analysis did not display a light chain restriction nor an aberrant expression of B or T markers.



Oral corticosteroids (prednisone 1 mg/kg) were initiated with a prompt resolution of symptoms and slowly tapered until complete suspension without the recrudescence of clinical symptoms in the following months.




2.4.2. Case 2


A 29-year-old man of Indian origin was admitted to the hospital at the end of April 2021 for generalized seizures. In the previous 60 days, he had been admitted to the Emergency Department (ED) twice, reporting fever (up to 39.4 °C), tender lymphadenomegaly of the neck, anorexia, weight loss and odynophagia that scarcely responded to over-the-counter non-steroidal anti-inflammatory drugs. He had moved from India to Italy 19 years earlier and did not report recent travels abroad. He was employed at a local furniture factory as a worker. His past medical history was non-significant. At both ED admissions, a chest X-ray showed mild bibasal interstitial attenuation. He had been treated with empiric antibiotic therapy and two short courses of an oral corticosteroid with partial and transient remissions of his symptoms. He had then undergone a neck echography which showed multiple bilateral nodal enlargements up to 1.2 cm in diameter with cortical thickening, and a chest CT scan revealed multiple supra-diaphragmatic nodal enlargements, splenomegaly (12.9 cm) and bibasal areas of ground-glass opacity in the lungs. The day before undergoing a scheduled nodal biopsy, the patient presented to the ED with worsening seizures which evolved into status epilepticus. He was intubated, admitted to the Intensive Care Unit and treated with a continuous infusion of sodium valproate. The results of a cerebrospinal fluid chemical analysis were unremarkable and the results of HSV, VZV and EBV polymerase chain reactions conducted using the cerebrospinal fluid were negative. A CT scan of the head was negative for acute stroke. An electroencephalogram showed signs of diffuse cortical suffering, while magnetic resonance imaging revealed an area of weak hyperintensity on long TR sequences in the left hippocampus. Dexamethasone (8 mg BID) was administered for suspected central nervous system localization of lymphoma.



A fine-needle biopsy from one axillary node was obtained the day after admission: pathological analysis showed extensive coagulative necrosis of the lymph node with numerous foamy histiocytes. Immunohistochemistry found no alteration of the expression of the tested antigens. The search for acid-alcohol-resistant mycetes and bacilli yielded negative results (Giemsa, PASD, and AFB). After three days of ventilatory mechanical support, the sodium valproate infusion was tapered down without a recurrence of epileptic seizures, and the patients was extubated and transferred to the Internal Medicine Unit on oral valproate (500 mg bid) and prednisone (1 mg/kg day). At the time of this admission, the available results of a biochemical investigation highlighted a mild increase in CRP (3.5 mg/dL) and a markedly increased expression of CD169 on blood monocytes (ratio 12.6) (Figure 1f), while the very same microbiological work-up did not reveal any viral etiology for case 1. A bronchoalveolar lavage was performed for microbiological screening, but this was inconclusive as well. Otherwise, an ANA indirect immunofluorescence screening on Hep-2 cells was positive at a 1/320 titer with a nucleolar pattern. An ENA screening (CLIA) was positive for anti-Scl70 (71, n.v. < 7 AU/mL). A line-blot immunoassay for systemic sclerosis and myositis-specific and myositis-associated antigens was performed and confirmed anti-Scl70 positivity. Rheumatoid factor, anti-neutrophil cytoplasm antigen IgG, anti-cardiolipin, anti-β2 glycoprotein IgG and anti-onconeural and encephalitis-associated IgG antigens were undetectable. C3 and C4 were within normal ranges. Given the absence of gross manifestations of scleroderma, a capillaroscopy was performed which showed non-specific capillary abnormalities including irregular capillaries, neoangiogenesis, capillary ectasia and edema. A full work-up for SSc was performed without detecting the involvement of other organs. Pulmonary hypertension was not estimable on an echocardiogram since tricuspid regurgitation was absent. Even though the clinical and serological pattern was strongly suggestive for limited cutaneous systemic sclerosis (SS), a definite diagnosis could not be provided according to the EULAR 2013 classification criteria [21], and an axillary lymph node excision biopsy was performed in order to exclude an underlying clonal lymphoproliferative disease (Figure 3). A histological examination showed foci of necrosis with abundant karyorrhexis, histiocytes and rare immunoblasts in the absence of neutrophil granulocytes. The search for acid-alcohol-resistant mycetes and bacilli yielded negative results (Giemsa, PASD, and AFB). The morpho-immunophenotypic finding was consistent with histiocytic necrotizing lymphadenitis. Flow cytometry showed that the majority of gated cells were early apoptotic cells with low forward scatter and without the expression of any tested antigens, in agreement with the histopathologic and immunohistochemical findings; no signs of clonal lymphoproliferation were detected. To complete the hematological work-up, bone marrow cytology and biopsy were performed, showing no abnormalities of myeloid, erythroid or megakaryocytic maturation; abnormal lymphoid infiltration and hemophagocytosis were not observed.



A conclusive diagnosis of KFD associated with unclassifiable connective tissue and interstitial lung disease was given. The pathological nature of central nervous system involvement was difficult to ascertain and was potentially consistent with either fever-induced epilepsy, SS-related encephalitis or KFD localization. Mycophenolate mofetil (1 g BID) was introduced. At a 3 month follow-up, the patient was subjectively asymptomatic, the lymphadenopathies had regressed and an MR image of the head was unremarkable. No new signs of scleroderma were reported, and a chest CT scan showed resolving bibasal ground-glass opacities. Nine months later, a repeated chest CT showed resolved ground-glass opacities with residual signs of reticular lung fibrosis. The patient is now being closely monitored for early signs of disease progression.






3. Discussion


We reported two cases of KFD that exemplify the clinical heterogeneity and diagnostic conundrums of this uncommon lymphoproliferative disease. KFD is a histiocytic necrotizing lymphadenitis that was first described in 1972 [1,2]. Its etiology is hypothesized to involve an aberrant interaction between antigenic stimuli and the host’s response. In both of our patients, the most common infective causes of lymphadenopathy (mycobacterial disease, cat scratch disease, EBV, etc.) were excluded, but the list of pathogens implicated in KFD is periodically updated, and new pathogens have emerged for which diagnostic kits were not available at our Institution [22]. The administration of COVID-19 mRNA-based vaccines has been reported to trigger KFD, even with delayed onset [23], and might be implicated in case 1, although subsequent scheduled dose administrations had apparently no effect on disease activity. An association with autoimmunity has been widely described in KFD, but the precise physiopathological link is controversial [24,25]. The serological and clinical phenotype of the patient in case 2 was highly suggestive of SS, in spite of the fact that the classification criteria according to EULAR 2019 [21] were not fully met. In this instance, interstitial lung disease was interpreted as a bona fide manifestation of systemic autoimmunity, and a lung biopsy was considered not worth the risk for further case definition and not influent on treatment decision making. It should be noted, however, that lung involvement in KFD has been reported, so we could not definitely exclude a lung localization of KFD, though it is rather unlikely and unusual [26]. The same holds true for limbic encephalitis presenting as status epilepticus, which has been associated with both KFD and systemic sclerosis [27,28].



Even though the clinical picture, young age, ethnic background, exposure to a potential trigger and associated autoimmunity may favor a diagnosis of KFD, an invasive investigation is required in most cases to confirm the clinical suspicion and exclude a malignant lymphoproliferative disease. The pathological differential diagnosis is broad and mainly includes SIADs-associated lymphadenopathy (mainly systemic lupus erythematosus), non-Hodgkin lymphomas and, less frequently, infectious lymphadenitis (tuberculosis, histoplasmosis, leprosy, cat-scratch disease, syphilis, Yersinia enterocolitica bacterial infection, HSV and infectious mononucleosis) [29,30,31,32]. In both our cases, necrotizing lymphadenopathy was pathologically confirmed and mostly consistent with the xanthomatous phase of KFD. No evidence of malignancy was found via flow cytometry and pathological analyses. In summary, these cases exemplify the protean clinical manifestations of KFD, the diagnostic challenges with clonal lymphoproliferations and its ambiguous pathobiological relationship with autoimmunity.



The expansion of the lymph node paracortical zone via the proliferation of sheets of large CD8+-cytotoxic lymphocytes is considered the most prominent feature of Kikuchi–Fujimoto lymphadenitis and is involved in tissue apoptosis [33,34]. Nonetheless, the mechanisms of CD8+ T-cell activation and the interplay between T-cells, histiocytes, pDCs and FDCs are incompletely understood [34,35,36]. Indeed, the upregulation of ISG has been consistently reported in KFD [8,11,12,13], suggesting INF-type-I-producing mononuclear phagocytes may trigger T-cell activation. While pDCs are supposed to be the main INF type I producers at the tissue level, circulating mononuclear and bone marrow myeloid cells have received less attention. A systematic study of blood and bone marrow changes in a series of KFD patients demonstrated that a significant number of patients had single or multiple cytopenias of central origin (particularly those evolving into HLH), while a smaller fraction presented low-degree leukocytosis, thrombocytosis or atypical lymphocytes (for these patients, bone marrow studies were not available) [37]. Contrary to these findings, a recent PET/CT scan study showed that 50% (20/40) of KFD patients had splenomegaly and spleen hypermetabolism, 75% (30/40) had hypermetabolism of the central and peripheral bone marrow and they all exhibited features of myeloid hyperplasia on bone marrow smears [38]. A single study dating back to 2013 demonstrated the upregulation of ISG in the circulating phagocytes of KFD patients [39]. Taken together, these findings suggest that the myeloid compartment is involved in KFD, raising the question as to whether myeloid changes are secondary to the local production of cytokines in the lymph node or, conversely, whether activated blood-borne phagocytes primarily colonize peripheral tissues, where they trigger a necrotizing, histiocyte-rich lymphoproliferative reaction pattern. With respect to this, it is noteworthy that KFD has been reported in VEXAS syndrome, a primary bone marrow disease, due to the somatic mutations of hematopoietic progenitors with both myelodysplastic and autoinflammatory features [40,41].



CD169, a member of the Siglec family, is expressed on the surfaces of specific subsets of macrophages, precursor monocytes and DCs. It contributes to cell–cell adhesion and cell–pathogen interactions since it has high affinity for α2 3 glycosyltransferase and glucosidase and communicates with other immune cells by binding to other cell-surface polysaccharides (e.g., CD43 on T cells) [42,43]. The expression of CD169 is induced on monocytes upon stimulation via type I INF pathways [14] and is associated with higher co-expression levels of co-stimulatory and HLA molecules, suggesting an increased activation state [44]. We herein provided evidence that circulating monocytes from two KFD patients exhibited increased levels of expression of SIGLEC-1 (CD169), a master ISG. Our findings are consistent with those of a recently published paper on a cohort of pediatric KFD patients [45], although different flow cytometry protocols were used, making a direct comparison of the results unreliable. While a direct pathogenic role of CD169 could not be demonstrated, there is evidence that this surface protein might be biologically relevant in KFD. Studies have shown that nodal sinus CD169+-macrophages inform pDC physiology [46] and CD169-monocytes gain CD8+-cell-activating properties [44]. Moreover, a type I INF molecular signature is increasingly recognized in SIADs, and experimental models have proposed that the loss of peripheral tolerance in systemic connective tissue diseases is consequent to functional abnormalities in phagocyte system physiology, namely a release of INFα due to aberrant mitochondrial catabolism [47,48]. The hyperexpression of CD169 on monocytes has also been associated with SS-ILD [49], and animal models of SS-ILD have demonstrated that monocytes trigger lung inflammation by interacting with anti-topoisomerase antibodies [50]. Unfortunately, we could not evaluate the expression of SIGLEC-1 in circulating dendritic cells, which were excluded by our gating strategy, or in the patients’ lymph node samples to define its expression in tissue pDCs and histiocytes. Even though we could not provide evidence of a pathophysiologic link between the circulating activated monocytes and histological changes, it is tempting to speculate that in KFD, the activation of the phagocyte system orchestrates a range of functional derangements that might result in a loss of peripheral tolerance and superimposed systemic autoimmunity or macrophage activation syndrome.



In the absence of specific laboratory markers of KFD, carrying out CD169 flow cytometry on circulating monocytes might be useful for strengthening the clinical suspicion of KFD in the appropriate clinical context and to monitor disease activity or the response to anti-inflammatory therapy. Admittedly, we did not evaluate the expression of CD169 as a diagnostic or prognostic marker, for example, to monitor a response to steroid therapy and provide a correlative analysis of MFI values with disease severity, due to the limited number of patients and considering that the case 2 patient was already on steroid therapy when the flow cytometry assay was performed. Indeed, the upregulation of CD169 has been described in other inflammatory diseases [51,52] and may involve different subsets of mononuclear phagocytes with different, and even opposite, functional outcomes (conventional dendritic cells, pDCs, pre-DCs and M1 or M2 monocytes) in a disease-specific manner, lowering the specificity of the test. Whether specificity is at least retained for segregating inflammatory versus malignant lymphoproliferation will be a key investigative focus for the future. We only retrieved one study that showed that DLBCL is associated with a reduction in the number of CD169+-macrophages in affected tissues [53], while the phenotypic patterns of circulating blood cells are mostly unknown, particularly in histiocyte-rich variants of lymphoma.
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	Antinuclear Antibodies



	CD
	Cluster of Differentiation
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	C-reactive Protein



	CT
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	Follicular Dendritic Cell
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	Hemophagocytic Lymphohistiocytosis
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	INF-stimulated genes
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Figure 1. Gating strategy: leukocytes were gated using the side scatter (SSC) channel vs. CD45 (a). Monocytes and lymphocytes were then identified as intermediate SSC/CD64+ and low SSC/CD64−, respectively (b). Representative histograms of the mean fluorescence intensity of CD169 (CD169MFI) in lymphocytes (green) and monocytes (blue) in healthy donors (c), COVID-19 patients (d), case #1 (e) and case #2 (f). The MFI ratios are depicted. 
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Figure 2. Case 1 Axillary lymphonode biopsy: the upper left part of the field is mainly marked by apoptotic necrosis, the central part by the infiltration of foamy histioctyes and the lower right part by residual lymphonode parenchyma (10×; H&E). 
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Figure 3. Case 2 axillary lymphonode biopsy. (A) The upper left part of the field is represented by normal lymphonodal parenchyma; the central part by histiocytic infiltration and the lower right part by necrosis (10×; H&E). (B) Particular of apoptotic histiocytic necrosis. (C,D) CD68 immunostaining. In (C), CD68+-cells surround an area of central apoptotic necrosis; in (D), CD68+-cells intermingle with lymphocytes at the periphery of an apoptotic area. 
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