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Abstract: Hemophagocytic lymphohistiocytosis (HLH) is a congenital or acquired hyperinflammatory syndrome, in some cases 
accompanied by acute liver failure. We present a case report of acute liver failure associated with HLH after COVID-19 vaccination 
and bring a literature review of the connection between HLH and COVID-19 vaccination. HLH has significant mortality rate, and liver 
transplantation is not a therapeutic option. Therefore, early recognition and timely conservative treatment are corner stones in reducing 
HLH-related morbidity and mortality. 
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Introduction
Acute liver failure (ALF) is a condition of severe liver damage accompanied by jaundice, coagulopathy, elevated liver 
enzymes and encephalopathy, without any signs of previous liver disease.1 Drug-induced liver failure (DILI) is the most 
common cause of ALF in developed countries, viral hepatitis being the most common cause globally, while the cause is 
unknown in a third of cases.2,3 The coronavirus disease 2019 (COVID 19) pandemic has led to a rapid development of 
vaccines with different mechanisms of action. The most commonly used vaccines in Europe are those based on 
messenger RNA BNT162b2 (Pfizer-BioNTech) and mRNA-1237 (Moderna Therapeutics) or DNA vaccines utilising 
adenoviral vectors ChAdOx1 nCov-19 (AstraZeneca-Oxford) and Ad26.COV2.S (Janssen-Johnson and Johnson).4–6 

Although vaccines decreased COVID-19 associated mortality, various side effects have been reported after vaccination, 
mostly mild (myalgia, headache, fever, fatigue, injection site pain).4,5 However, more serious haematological complica-
tions were reported in the form of thrombotic immune thrombocytopenia after ChAdOx1 nCov-19 and multisystem 
inflammatory syndrome (MIS-V) after BNT162b2 vaccination.7,8

Hemophagocytic lymphohistiocytosis is a congenital or acquired hyperinflammatory syndrome caused by excessive 
activation of macrophages and cytotoxic T lymphocytes. Liver damage of various stages occurs in most patients, but 
HLH rarely results in acute liver failure when it comes to adult patients.3,9 We bring a case report of a patient with acute 
liver failure caused by secondary HLH that occurred due to the use of a DNA vector vaccine against COVID-19.

Case Presentation
The 61-year-old patient is Caucasian, with a past history of arterial hypertension and Warthin’s right parotid gland 
tumour. Fever occurred ten days after receiving viral vector vaccine against COVID-19 (Ad26.COV2.S). The patient was 
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examined in the outpatient clinic and given amoxicillin orally. Due to a persistent fever up to 40°C, algic syndrome and 
diarrhoea, the patient was admitted to a local hospital. Upon admission, the laboratory findings showed leukocytosis 
(13.2 x109/L), mildly elevated liver enzymes (AST 52 U/L; ALT 90 U/L), along with a normal INR range and renal 
function. Viral hepatitis (A, B, C) and HIV were excluded. Immunological analysis revealed a decreased level of the 
complement component 4, ANA was negative and immunoelectrophoresis test was in the normal range. Abdominal 
MSCT scan showed hepatosplenomegaly. Blood and urine cultures remained sterile. The patient was treated empirically 
and given multiple intravenous antibiotics (cefuroxime, ciprofloxacin, metronidazole, piperacillin/tazobactam). 
Consequently, Clostridium difficile toxin antigen was isolated from the stool and vancomycin was administered orally. 
After vancomycin treatment, diarrhoea stopped and repeated C. difficile test was negative. Despite empiric and targeted 
antibiotic therapy, fever was still present. Although bone marrow aspirate revealed no signs of hemophagocytosis, HLH 
was suspected and Dexamethasone (20 mg IV) was introduced on the twelfth day of hospitalisation, after which the 
patient was afebrile. An increase in liver enzymes was noted starting on day 7 of hospitalisation (AST 224 U/L; ALT 194 
U/L), reaching its peak value on day 14 (AST 3658 U/L; ALT 4494 U/L), joined by the development of jaundice (total 
bilirubin 139 µmol/L), coagulation disorder (INR 2.71) and portal systemic encephalopathy (WH 3). The dynamic of 
serum transaminases is shown in Figure 1 and the dynamic of serum bilirubin and INR in Figure 2.

The patient was transferred to our tertiary referral centre on day 20 of hospitalisation, and transplantation treatment of 
acute liver failure was considered. The laboratory workup was repeated and leukocytosis (12.5x109/L), anemia (82 g/L), 
thrombocytopenia (82x109/L), hypofibrinogenemia (1.3 g/L), coagulation disorder (INR 2.0), elevated values of 
D-dimers (18.3 mg/L), hyperbilirubinemia (344 µmol/L) and increased serum creatinine level (201 µmol/L) were 
confirmed. The serum ferritin value was 12,954 µg/L. The patient had encephalopathy and jaundice, with palpable 
hepatomegaly. A mild pretibial oedema was found.

In order to rule out infiltrative liver disease, a transjugular liver biopsy was performed, and submassive liver necrosis was 
found in the pathohistological sample. Bone marrow aspiration was repeated, and a high number of phagocytes was found in 
aspirate smears, along with individual cytophages (Figure 3). A haematologist was involved in the treatment. H-score value 
was 186 (75% probability of HLH diagnosis) with 6 out of 8 criteria of HLH-2004 (fever, splenomegaly, bicytopenia, low 
fibrinogen level, hemophagocytosis in bone marrow aspirate and high ferritin level), resulting in the diagnosis of HLH. (4) 
Dexamethasone treatment was continued (40 mg i.v. per day) with the addition of intravenous immunoglobulins (2g/kg). 
Despite such treatment, the patient’s clinical condition rapidly deteriorated, and on the fourth day of transfer, the patient fell 
into refractory vasodilatory shock, followed by the development of acute respiratory insufficiency and cardiorespiratory arrest. 
Despite intensive treatment measures, the patient died 46 days after vaccination.

Figure 1 Dynamic of serum AST, ALT values in a patient with secondary HLH during hospitalisation.
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Figure 2 Dynamic of INR and serum bilirubin values in a patient with secondary HLH during hospitalisation.

Figure 3 Figures description in order of appearance (a–d): Repeated bone marrow aspirate smears: The arrow points macrophages ingesting erythrocytes (a,b and d) and 
neutrophils (c and d), May Grunwald-Giemsa staining, ×1000.
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Discussion
There is a growing recognition of hemophagocytic lymphohistiocytosis among adult patients of all age groups.10 HLH is 
divided into two forms - primary/familial and secondary/acquired (sHLH). Mutations in the genes controlling the 
cytolytic function and survival of lymphocytes cause the primary form of the disease, while the secondary form of the 
disease is most often provoked by chronic inflammation, immunosuppression, infections, malignancies, drugs and 
vaccines. Primary HLH mostly occurs among children, although it may also occur among adolescents and young adults, 
while sHLH is most common among adults. Hemophagocytic lymphohistiocytosis is characterised by blood cytopenias, 
hepatocellular injuries, coagulopathy, and in severe cases, signs of multiorgan system failure.9 High fever, arthralgia and 
lymphadenopathy persisting without a clear infectious focus and despite adequate antimicrobial therapy should arouse 
suspicion of HLH. There are no clinical or laboratory parameters that can unambiguously establish the diagnosis of 
HLH.10 Currently, the diagnosis of secondary forms of HLH is based on the HLH-2004 criteria, although they are 
initially intended to include children with the primary form of the disease in clinical trials.

The diagnosis of HLH must include 5 of the following 8 elements of the HLH-2004 criteria: fever, splenomegaly, 
cytopenia affecting at least two blood cell lines, hypertriglyceridemia and/or hypofibrinogenemia, hemophagocytosis, 
hyperferritinemia, high levels of sIL-2R, and low NK cell activity levels.9,11 A diagnosis of non-familial forms of the 
disease can be made using the online available H-score (http://saintantoine.aphp.fr/score/).12 Multisystem inflammatory 
syndrome in children (MIS-C), which is caused by a dysregulated immune response to SARS-CoV-2 infection, is closely 
related to HLH.13 MIS-C develops in children, 4–6 weeks after probable SARS-CoV-2 infection, with signs of cardiac 
shock and involvement of the respiratory, gastrointestinal system alongside mucocutaneous changes. More recently, 
a similar clinical picture occurring up to 12 weeks after confirmed COVID-19 in patients older than 21 years without 
respiratory symptoms was recognized as a separate entity – multisystem inflammatory syndrome in adults (MIS-A).14 

Lately, the development of a syndrome similar to MIS-A/C, after mRNA and inactivated vaccine exposure, called MIS-V, 
has been described in the literature. The pathophysiology of MIS-V probably reflects those of MIS-C/A.7,15 The aberrant 
immune response to vaccination, in addition to being linked to the development of MIS-V, is also associated with the 
development of antibodies resembling those recognising PF4-heparin complex. The described antibodies can cause 
atypical thrombosis and pronounced thrombocytopenia 1–2 weeks after vaccination with ChAdOx1 nCov-19, an entity 
called vaccine-induced thrombotic thrombocytopenia (VITT).8

Liver injury is a common complication of HLH and is reported in about 85% of patients with a secondary form of the 
disease in earlier studies, the injury usually following the course of the disease.3,9,16,17 In most patients, only a slight 
increase in AST and ALT is present, although progression to acute liver failure is possible as a result of multiple-organ 
failure and lymphocytic infiltration of the periportal liver spaces with hepatic parenchyma necrosis.18–20

Liver transplantation is not an accepted method of treating ALF caused by HLH.3 Wright et al presented a case of a patient 
who underwent an ALF transplant based on unrecognised secondary HLH, and the said patient died three weeks after 
transplant.21 The key point in the treatment of secondary forms of HLH is early identification of the causative agent. By 
performing extensive diagnostic treatments on our patient, no autoimmune or malignant provoking factors were found. 
Clostridium difficile infection rarely triggers secondary HLH. To our best knowledge, three cases were described, exclusively 
in immunosuppressed patients (long-term corticosteroid therapy due to earlier HLH, NKT lymphoma, and ulcerative colitis 
therapy with 6-mercaptopurine).22 Our patient was immunocompetent, which alongside a clinical and microbiological 
resolution of the C. difficile infection after vancomycin therapy, makes it unlikely C. difficile infection being provoking 
factor. A possible limitation of our case report is the absence of Epstein–Barr viremia confirmation in the context of urgent 
need for pretransplantation work-up. Epstein–Barr virus is a commonly present provoking factor in setting of sHLH in adults. 
However, sHLH in most occasions is induced by EBV reactivation in immunocompromised patients.9,23 Prior to vaccination, 
our patient had no clinical signs of acute viral illness nor immune deficiency, and therefore we believe that although EBV 
infection or reactivation is possible, it is unlikely the provoking factor. Considering all mentioned, it was suspected that the 
recent vaccination with a DNA vector vaccine against COVID-19 triggered HLH. Seventeen cases of secondary HLH caused 
by COVID-19 vaccine were found in the available literature. All patients were vaccinated with mRNA, DNA vector or 
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inactivated vaccines, nine of which male and eight of which female patients aged 20 to 85 years. All patients satisfied H-score. 
The symptoms occurred after vaccination, from the day of vaccination until the 21st day after vaccination.24–33

Acute liver failure was the predominant presentation in a 24-year-old female patient without significant comorbidities after 
BNT162b2 vaccination. Sixteen days after vaccination, the patient developed a clinical picture of HLH (H-score 259, >99% 
HLH probability), and she was treated with intravenous immunoglobulins from the 24th day of the disease with the addition of 
intravenous dexamethasone from the 29th day. Despite the therapy, she developed acute liver failure on day 30.33

Most of other patients were treated with pulse steroid therapy, with the addition of intravenous immunoglobulins.24–33 

The effectiveness of the IL-1 blocker, ie, anakinra, in refractory cases is particularly noteworthy.24,33

The above-mentioned patient received anakinra from the 29th to the 41th day with a good clinical and biochemical 
response.33 We found an additional case of a 33-year-old patient without significant comorbidities, who was hospitalised 58 
days after the second dose of BNT162b2 due to intermittent fever, pancytopenia and elevated liver enzymes. Initially, 
a diagnosis of adult-onset Still disease (AOSD) was suspected, so a corticosteroid therapy was initiated with a clinical 
improvement. The patient was followed up outpatient. After tapering the dose of corticosteroids, the patient developed fever, 
arthralgia, rash and jaundice, which resulted in hospitalisation one month after the initial one. The therapy which included 
corticosteroids, anakinra and intravenous immunoglobulins was initiated without clinical response. H-score was 274 (>99% 
HLH probability). Therefore, treatment is initiated on HLH 2004 protocol (etoposide and dexamethasone). However, acute 
liver failure developed and etoposide was discontinued with an unfavourable outcome.34

Mortality among adult patients with HLH ranges from 42% to 88%, while mortality among reported patients with 
secondary HLH induced by COVID-19 vaccine was 22% (4/18 patients).24–34

The pathophysiological mechanism beneath sHLH development after vaccination is not fully understood. HLH is 
caused by a positive feedback loop between macrophages, activated CD8+ T cells and antigen-presenting cells. They 
stimulate each other, leading to a “cytokine storm”. The inability to neutralize viruses and other intracellular pathogens 
causes persistent antigenic stimulation of T cells.9 Adenovirus, utilised as a vector in DNA vaccines, enters the host cells, 
where part of virus DNA and spike protein SARS-CoV-2 are translated into respective proteins, inducing host cellular 
and humoral responses.35 It is proposed that up-regulated secretion of interleukin 1 beta (IL-1-beta) from macrophages in 
response to the spike protein encoded by the mRNA vaccine is responsible for hyperinflammatory syndrome develop-
ment after SARS-CoV-2 mRNA vaccination.33 In the case of DNA adenoviral vector vaccines, we assume that 
hyperinflammatory syndrome arises as a result of a similar mechanism or due to hyperimmune host response to the 
adenoviral components of the vaccine.

Conclusion
HLH in adults is difficult to diagnose and the mortality rate is high. Early recognition, as well as an early start of 
treatment, are key to a good and favourable outcome. The disease can progress to ALF, and in that case, a transplant 
treatment is not an option. It can be concluded that one of the possible etiological factors in adults might be the currently 
available COVID-19 vaccines.

Abbreviations
ALF, acute liver failure; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ANA, antinuclear antibody; 
HLH, hemophagocytic lymphohistiocytosis; IL-1, interleukin 1; INR, international normalized ratio; MIS-C/A, multi-
system inflammatory syndrome in children/adults; MIS-V, multisystem inflammatory response after vaccination; MSCT, 
multi-slice computed tomography; NK, natural killer cells; PF4, platelet factor 4; SARS-CoV-2, severe acute respiratory 
syndrome corona virus 2; sIL-2R, soluble interleukin 2 receptor; VITT, vaccine induced thrombotic thrombocytopenia; 
WH, West Haven.

Ethics
The patient signed informed consent, on the day of admission to hospital, regarding the use of their medical information 
for scientific purposes. Despite our best efforts to contact the patient’s next of kin for consent to publish, they are lost to 
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follow-up. The Editor-in-Chief has approved the publication of this case based on COPE guidelines. Given information 
presented in this case report, institutional approval was not required to publish the case details.
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The authors have no conflict of interest to declare for this work.
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