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Abstract
During the treatment of a patient on hemodialysis with severe coronavirus disease 2019 (COVID-19), the patient was 
weaned from extracorporeal membrane oxygenation, which was used to treat severe COVID-19 pneumonia. However, the 
patient’s condition worsened after the peak infection phase of COVID-19 because of acute respiratory distress syndrome 
with suspected hemophagocytic lymphohistiocytosis (HLH). After a bone marrow biopsy confirmed the diagnosis, methyl-
prednisolone pulse therapy, followed by combination therapy (including oral prednisolone and cyclosporine) was immedi-
ately administered, and the patient survived. Because HLH can occur a month or more after the onset of COVID-19, even 
if the viral load is reduced to the point of being undetectable by reverse transcriptase-polymerase chain reaction, it can be 
considered to correspond to the “post-acute COVID-19 syndrome,” which has recently been proposed. Early intervention is 
necessary, because HLH can be fatal. Therefore, it is important to know that HLH can occur at any stage of COVID-19 and 
to pay attention to the patient’s progress over time, including checking the HScore.
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Introduction

Hemophagocytic lymphohistiocytosis (HLH), or 
hemophagocytic syndrome (HPS), is a disease characterized 
by histiocyte- and macrophage-mediated hemophagocytosis. 
It can be divided into primary and secondary forms, with 
viral infection being one of the leading causes [1]. Severe 
coronavirus disease 2019 (COVID-19)-associated pneu-
monia and acute respiratory distress syndrome (ARDS) 
may also lead to cytokine storm/release syndrome and, less 
commonly, fulfill the criteria for the diagnosis of second-
ary HLH [2]. We report the case of a hemodialysis patient 
with COVID-19 in whom HLH became obvious after the 
COVID-19 infection showed an improving trend, and the 
patient was weaned from extracorporeal membrane oxygena-
tion (ECMO). Immunosuppressive therapy from an early 
stage after diagnosis saved the patient’s life.
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Case report

A 45-year-old Japanese male hemodialysis patient was 
admitted to our hospital in August 2020 with fever and a 
positive test result for severe acute respiratory syndrome-
associated coronavirus-2 (SARS-CoV-2) by reverse tran-
scription-polymerase chain reaction (RT-PCR) using a 
nasopharyngeal swab specimen. The patient had end-stage 
renal disease due to idiopathic chronic interstitial nephri-
tis, started peritoneal dialysis 20 years prior to treatment 
at our hospital, and had been on hemodialysis for 15 years. 
The patient completed treatment for interstitial nephritis 
upon beginning dialysis. At the time of COVID-19 dis-
ease onset, the patient was not taking immunosuppres-
sive medications and had received lansoprazole 15 mg/
day and oral phosphorus adsorbents (lanthanum carbonate 
1500 mg/day and ferric citrate 750 mg). No malignant 
or collagen-related complications were observed in this 
study. The patient had no history of drug allergies, alcohol 
consumption, or smoking.

At the time of admission, the patient had normal con-
sciousness, a blood pressure of 157/79 mmHg, pulse rate 
of 98 beats/min, respiratory rate of 21 breaths/min, body 

temperature of 36.8 °C, and percutaneous oxygen (SpO2) 
saturation of 82% (94% with 4 L/min of oxygen inhaled by 
mask). Chest radiography and computed tomography (CT) 
revealed frosted shadows in both lung fields, suggestive 
of respiratory failure. The results of blood tests are shown 
in Table 1. The patient was treated with dexamethasone, 
favipiravir, and other antimicrobials. However, owing to 
respiratory failure progression, the patient was placed on 
invasive mechanical ventilation on day 4 of hospitalization 
(Fig. 1). On day 13, the ratio of the partial pressure of arte-
rial oxygen/inspired oxygen fraction (P/F) was 89. Hence, 
venovenous (VV) ECMO and methylprednisolone pulse 
therapy (1000 mg/day for 3 days) were initiated on day 14 
to treat ARDS. Bedside transthoracic echocardiography 
revealed no valvular disease, abnormal left ventricular 
wall motion, or impaired cardiac function.

The peak infection phase had passed, but the patient 
developed myelosuppression that required frequent blood 
transfusions. Since the patient had renal anemia as an under-
lying disease, 46 units of packed red blood cells were needed 
to maintain the hemoglobin level at approximately 8–10 g/
dL. Moreover, a total of 450-unit platelet transfusions were 
performed (Fig. 1). The patient was weaned from ECMO 
on day 34 and subsequently became tachypneic with more 

Table 1   Results of blood tests on admission

Complete blood count C-reactive protein 27.1 mg/dL
White blood cell 6340/μL Procalcitonin 17.44 ng/mL
 Neutrophil 89.0% Sialylated carbohydrate antigen KL-6 414 U/mL
 Lymphocyte 5.2% Surfactant Protein D 95.5 ng/mL
 *Count for lymphocyte 330/μL β-d-glucan < 6.0 pg/mL

Red blood cell 3.67 × 106/μL Brain natriuretic peptide 133.6 pg/mL
Hemoglobin 11.8 g/dL
Hematocrit 34.7% Prothrombin time-international normalized ratio 0.89
Platelet 5.5 × 104/μL Activated-partial thromboplastin time 42.9 s
Total protein 7.5 g/dL D-dimer 2.47 μg/mL
Albumin 3.5 g/dL Arterial blood gas analysis
Aspartate aminotransferase 21 U/L
Alanine aminotransferase 18 U/L  pH 7.262
Lactate dehydrogenase 479 U/L  pCO2 33.8 mmHg
Blood urea nitrogen 101.9 mg/dL  pO2 75 mmHg
Creatinine 21.74 mg/dL  HCO3− 14.7 mEq/L
Uric acid 12.2 mg/dL  Lactate 1.2 mmol/L
Triglyceride 320 mg/dL
Total cholesterol 202 mg/dL
High-density lipoprotein 37 mg/dL
Low-density lipoprotein 101 mg/dL
Sodium 132 mEq/L
Chloride 87 mEq/L
Potassium 7.3 mEq/L
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than 40 breaths/min and a worsening P/F ratio. Although 
the SARS-CoV-2 RT-PCR results were negative on day 26, 
chest and abdominal CT scans on day 35 showed worsening 
lung lesions and marked hepatosplenomegaly with elevated 
inflammatory marker levels. HLH was suspected and con-
firmed using a bone marrow biopsy performed on day 38 
(Fig. 2). The patient’s HScore for reactive HLH was 221 
points and the probability of HLH was 96–98%. The labora-
tory visually checked the peripheral blood smear multiple 
times, and no schizocytes were noted. However, the DIC 
score did not meet the diagnostic criteria. The patient had a 
slight fever that sometimes exceeded 37 °C beginning on day 
33, and from day 36, the patient’s fever exceeded 37.5 °C. 
Since the prednisolone dose did not change during this 
period, the fever may have been due to worsening of HLH.

Thus, HLH was diagnosed, and methylprednisolone 
pulse therapy (500 mg/day for 3 days) was initiated on day 
39. Thereafter, respiratory status and myelosuppression 
improved, and blood transfusions were no longer required. 
During the clinical course, no pathogenic bacteria of pneu-
monia were isolated from sputum or blood specimens. When 
Candida glabrata was detected in the blood culture, antifun-
gal drugs were initiated; however, Candida glabrata was 
detected only once, the effect of antifungal medications was 
not apparent, and β-d-glucan was never positive during the 
course. The antifungal medication was discontinued when 
the C-reactive protein (CRP) level decreased with increased 
steroid dosage, but there was no worsening of the patient's 
condition. Cyclosporine was initiated for early steroid reduc-
tion and up-titrated to a trough level of 100–150 ng/mL. The 
patient was removed from the intensive care unit on day 52 
and discharged on day 169.

Discussion

Our patient on dialysis developed COVID-19 with ARDS, 
which resolved with the introduction of ECMO. However, 
the patient’s ARDS worsened again after discontinuation of 
ECMO. Based on pancytopenia and hepatosplenomegaly, 
we suspected HLH as a complication and subsequently per-
formed a bone marrow biopsy.

COVID-19 presents with cytokine release syndrome 
during the course of severe disease [2]. Complications of 
HLH have also been reported. The HScore is a proposed 
method to assist in the diagnosis of secondary HLH. The 
following parameters were weighed and then added together 
[3]: known underlying immunosuppression [0 (no) or 18 
(yes)], temperature (°C) [0 (< 38.4), 33 (38.4–39.4), or 49 
(> 39.4)], organomegaly [0 (no), 23 (hepatomegaly or sple-
nomegaly), or 38 (hepatomegaly and splenomegaly)], no. 
of cytopenias [0 (1 lineage), 24 (2 lineages), or 34 (3 line-
ages)], ferritin (ng/ml) [0 (< 2000), 35 (2000–6000), or 50 

(> 6000)], triglyceride (mmol/L) [0 (< 1.5), 44 (1.5–4), or 
64 (> 4)], fibrinogen (g/L) [0 (> 2.5) or 30 (≤ 2.5)], serum 
glutamic oxaloacetic transaminase (IU/L) [0 (< 30) or 
19 (≥ 30)], and hemophagocytosis features on bone mar-
row aspirate [0 (no) or 35 (yes)]. According to the same 
study, the median HScore was 230 (interquartile range 
[IQR] 203–257) for patients with a positive diagnosis of 
reactive hemophagocytic syndrome and 125 (IQR 91–150) 
for patients with a negative diagnosis. In our case, there 
were 64 points for triglycerides, 34 points for three-lineage 
cytopenia, 50 points for ferritin, 35 points for bone marrow 
findings, and 38 points for organomegaly, for a total of 221 
points. According to previous reports on the HScore of HLH 
with COVID-19, the percentage of HScores > 169 in severe 
cases is approximately 10% [4], whereas HLH was found 
in a much higher percentage of autopsies [5]. Postmortem 
biopsies of patients who died with a diagnosis of COVID-
19 were performed. Bone marrow biopsy samples were 
obtained from 17 patients. There was a relative increase 
in the overall cellularity in the bone marrow in all cases; 
the most conspicuous finding was the presence of scattered 
macrophages that engulfed erythrocytes and erythroblasts. 
Although the relative proportions of these cells differed from 
case to case, hemophagocytosis was present in 16/17 cases 
[5]. The reason for the discrepancy between HScore and 
autopsy findings of HLH may be that pathological evaluation 
is complex under intensive care; it may also be due to the 
different severities of the cases investigated. Furthermore, 
cytokine release syndromes associated with COVID-19 
have been reported to have low HScores and lack hepatos-
plenomegaly, hypofibrinemia, and pancytopenia, suggesting 
the need to validate the use of conventional HScores for 
the diagnosis of secondary (reactive) HLH associated with 
COVID-19 [6].

Most cases of COVID-19-associated HLH have been 
reported in the acute phase, with only a few cases reported 
after day 38 [6]. In the present case, pancytopenia occurred 
after day 14 of the disease; however, we did not evaluate the 
longitudinal HScore because ferritin was not elevated. How-
ever, the patient later developed delayed hyperferritinemia, 
hypertriglyceridemia, and hepatosplenomegaly. Since HLH 
occurred when the COVID-19 virus was undetectable, we 
assumed that it was caused by persistent immune abnor-
malities associated with the COVID-19 infection. Recently, 
as COVID-19-related case reports have accumulated, the 
concept of “post-acute COVID-19 syndrome” has been 
proposed for similar presentations [7]. Most sequelae are 
mild, and typical symptoms include fatigue (58%), headache 
(44%), and attention deficit disorder (27%) [8], which were 
reported early during the pandemic. Nevertheless, fatal out-
comes have been reported not only from HLH, but also from 
various severe organ failure cases, which can also be con-
sidered post-acute COVID-19 syndrome. It is a well-known 
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fact that the readmission rate after hospital discharge is 
high after completing the acute phase of COVID-19 treat-
ment. It is common for patients to die of heart failure or 
other causes after readmission [9]. There have been reports 
of HLH occurring 8 weeks after mild COVID-19 infection 
[10]. More recently, HLH occurred after injection of the 
RNA vaccine [11, 12], suggesting that the immune abnor-
malities associated with COVID-19 are unlikely to be related 
to the viral load in the host.

Approximately, 1 month after disease onset, prednisolone 
was tapered off to 3 mg, ferritin was 3210 ng/mL, as shown 
in Fig. 1, and sIL-2R and triglyceride levels were 6671 U/
mL and 256 mg/dL, respectively, indicating hypercytokine-
mia. It is possible that the onset of HLH occurred somewhat 
earlier than the time of diagnosis and the gradual decrease 
in prednisolone may have resulted in hypercytokinemia. 
However, SARS-CoV RT-PCR was negative at this point, 
and ECMO was weaned off afterward. Nevertheless, the 
patient continued to have decreased blood counts and ele-
vated CRP levels, which were inconsistent with the course 
of COVID-19 infection. Based on the above, we judged that 
the course of the disease was different from that of HLH 
caused by cytokine storms that occur during the acute phase 
of COVID-19 infection, and we consider the disease to be 
in the category of post-acute COVID-19 syndrome. The 
two reported cases of HLH as post-acute COVID-19 syn-
drome were diagnosed 2 weeks and 4 weeks after the onset 
of COVID-19 infection [7, 13]. Therefore, the diagnosis of 
post-acute COVID-19 syndrome is based on the onset of 
HLH that occurs during recovery from the acute phase of 
COVID-19, as in our case.

The mortality rate of COVID-19 patients with HLH 
has been reported to be 46.6% [14], and early therapeutic 
intervention is required in such cases. Conversely, mini-
mal immunosuppressive therapy is recommended for the 
treatment of COVID-19 because of delayed viral shedding 
and secondary infection. In this case, we initially did not 
suspect HLH, because the only laboratory abnormality 

suggestive of HLH was hematopenia, and glucocorticoids 
were continued as treatment for the COVID-19 sequelae. 
Consequently, we were reluctant to perform a bone mar-
row biopsy and intensify immunosuppressive therapy until 
the HScore was sufficiently high and until after the onset 
of ARDS, which may have been caused by HLH. As a one-
time assessment of the HScore likely underestimates the 
possibility of HLH, repeated assessments are important to 
better understand its changes. In retrospect, bone marrow 
biopsy could have been performed earlier in our case. A 
protocol for immunosuppressive therapy in HLH associ-
ated with COVID-19 has not yet been fully established and 
further studies are needed.

Although patients with end-stage kidney disease are 
regarded as compromised hosts in routine clinical prac-
tice, the impact of reduced kidney function on the immune 
system is diverse [15]. Several cases of secondary HLH 
due to infection in patients with end-stage kidney disease 
have been reported, with tuberculosis being the most com-
mon cause [16–21]. In addition, viral infections have been 
reported with BK [22, 23] and cytomegalovirus viruses 
[24] in patients who underwent renal transplant. However, 
it is not known how impaired kidney function affects the 
development and course of HLH.

Cyclosporine is a calcineurin inhibitor that modulates 
cytokine production and is a therapeutic option for HLH 
associated with collagen diseases [25]. Furthermore, it has 
been postulated that cyclosporine may be effective as a 
therapeutic agent for COVID-19 by inhibiting COVID-19 
proliferation and hypercytokinemia [26, 27]. Recently, a 
comparison of prednisolone alone versus a reduced-dose 
prednisolone plus cyclosporine protocol in patients with 
moderate to severe COVID-19 infection was reported [28]; 
as expected, the cyclosporine group had a significantly 
better prognosis. However, there was no significant dif-
ference in the complication rates of secondary infections 
between the two groups. In terms of prevention of second-
ary infections, which was our intention at the time, con-
clusions await further accumulation of cases and clinical 
studies.

Based on the course of this case, COVID-19 may cause 
cytokine release syndrome and, in rare cases, second-
ary HLH with potentially fatal consequences. Given the 
discrepancy between the HScore and HLH frequencies 
observed in autopsies, the possibility of secondary HLH 
during COVID-19 treatment should always be considered. 
Our experience, in this case, was useful for the treatment 
of other patients with COVID-19 and may be important 
not only for COVID-19, but also for acute viral infections 
that may cause future pandemics.
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Fig. 1   Clinical course and chest X-ray computed tomography find-
ings. Although the C-reactive protein level and respiratory status 
improved with recovery from COVID-19, the patient developed 
hemophagocytic lymphohistiocytosis. After methylprednisolone 
pulse therapy, ferritin and C-reactive protein levels and bone marrow 
suppression improved. The extreme HScore was 221, which was high 
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