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Dengue induced-hemophagocytic lymphohistiocytosis (HLH) is increasingly recognized as an important cause of secondary HLH. Early identification of dengue HLH and directed therapy for HLH may help to alter the outcomes in critically ill patients. Soluble interleukin-2 receptor (IL2R) is a useful inflammatory marker and is seen to correlate with HLH disease activity. There is scarcity of data on IL2R in pediatric dengue patients with HLH. All patients (age < 18 years) with severe dengue confirmed by positive dengue IgM ELISA admitted to PICU were retrospectively enrolled. Patientswere screened for presence of HLH according to HLH 2004 criteria. Hemogram, ferritin, fibrinogen, liver, and renal function tests were noted. Patients who met four or more HLH criteria were treated with steroids and IL2R levels were sent to confirm the diagnosis of HLH. Out of 15 patients, nine patients met the criteria of HLH. IL2R levels were high in all HLH patients (mean 51,711, range 18,000–98,715 pg/mL). Mean ferritin levels were high in the HLH group as compared to non-HLH group (mean ferritin 34,593 vs. 3,206 ng/mL; p-value 0.004). Liver dysfunction was notably higher in the HLH group compared to non-HLH group (mean alanine aminotransferase 6,621 U/L vs. 165.6 U/L; p-value 0.04, mean aspartate aminotransferase 2,145 U/L vs. 104.2 U/L; 0.04, bilirubin level 4.2 mg/dL vs. 0.7 mg/dL; p-value 0.03). Four patients in the HLH group had acute kidney injury (AKI) and two required renal replacement therapy in the form of sustained low efficiency dialysis (SLED). Requirement for invasive ventilation was exclusively seen in HLH group and three patients developed ARDS. Two patients each in HLH and non-HLH group had shock requiring vasoactive therapy in addition to fluids. Mean days of ICU and hospital stay were higher in HLH group vs. non-HLH group but not statistically significant (6.4 vs. 4.4; p-value 0.32 and 8.44 vs. 5.6; p-value 0.18 days, respectively). All children in HLH group received steroids as per HLH protocol. In the HLH group, seven survived while two died. In the non-HLH group, all five patients survived. We concluded that IL2R levels are high in dengue HLH and useful for definitive diagnosis. Early recognition of this condition in severe dengue and prompt steroid therapy improves chances of better outcome.
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INTRODUCTION


Background

Dengue is a viral infection which can lead to severe illness causing multiorgan dysfunction and mortality. It has no specific treatment and management is essentially supportive. Dengue-induced hemophagocytic lymphohistiocytosis (HLH) is increasingly recognized as an important cause of secondary HLH (1). HLH leads to overactivation of the immune system and cytokine storm, thus precipitating multiorgan failure. Recognition of HLH can be a diagnostic challenge in the background of dengue, as its clinical features can mimic sepsis and liver failure (2). However, early identification of dengue HLH is important as directed therapy for HLH may help to alter the outcomes in critically ill patients. Soluble interleukin-2 receptor (IL2R), also known as soluble CD 25, is a useful inflammatory marker and has been shown to correlate with HLH disease activity (3). The interleukin-2 receptor is a transmembrane protein which is upregulated on activated T cells, hence high IL2R levels can be found in conditions associated with T cell activation, including HLH, autoimmune lymphoproliferative syndrome, etc. (4). Interleukin-2 induces lymphokine-activated killer cells and thromboxane-A2 which may alter endothelial permeability and plasma leakage. IL2Ris elevated in both primary and secondary forms of HLH and hence is included in the diagnostic criteria of HLH (5). To our knowledge, this is the first study which reports IL2R levels in pediatric dengue HLH.



Aim

To study the IL2R levels in pediatric patients (<18 years) with severe dengue with HLH.



Secondary Aim

To compare the clinical and laboratory characteristics of patients with severe dengue with and without HLH.




METHODS

All pediatric patients with severe dengue confirmed by positive dengue IgM ELISA or NS1 antigen admitted to our PICU were retrospectively enrolled. Severe dengue was defined by the presence of or plasma leakage causing shock/respiratory distress or severe bleeding or severe organ impairment according to WHO 2009 classification (6). These patients were screened for the presence of HLH according to the HLH 2004 criteria (7). Patients in whom five or greater criteria were met were diagnosed with HLH. All patients with severe dengue who met four or more HLH criteria were treated with steroids and IL2R levels were sent in them to confirm HLH. The rest of the patients with severe dengue (with three or less criteria satisfied) were managed as per WHO standard protocol without steroids (6). Their clinical and laboratory parameters were compared with the severe dengue HLH patient group.

Hemogram, ferritin, fibrinogen, serum triglycerides, liver, and renal function tests were noted in all patients. Ultrasound abdomen was done to look for splenomegaly. Bone marrow was planned only if needed for the diagnosis of HLH in hemodynamically stable children. IL2R was measured in all patients with suspected HLH (patients who satisfied at least 4 HLH criteria). It was measured by either eBiosecience or Daclone Human soluble IL-2 ELISA kit. These are both enzyme-linked immunosorbent assays for quantitative detection of IL2R level in human serum. Clinical details including pediatric risk of mortality (PRISM) score, presence of shock requiring vasoactive therapy, need for invasive and non-invasive ventilation, comorbidities, and outcomes were noted in all patients.


Ethics

The Institutional Ethics Committee waived the need of ethic approval and the need to obtain consent for collection, analysis, and publication of retrospectively obtained and anonymized data for this non-interventional study.




RESULTS

Fifteen patients with severe dengue were admitted in PICU between December 2019 and December 2020. Table 1 shows the demographic, anthropometric, and laboratory characteristics of patient with severe dengue with and without HLH.


Table 1. Demographic, anthropometric, and laboratory characteristics of patient with severe dengue with and without HLH.
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Out of 15 enrolled patients, nine met the criteria for HLH and IL2R levels were raised in all nine patients. IL2R levels could not be done in one additional patient with suspected HLH, who satisfied four out of eight criteria as he had a catastrophic course and expired within 12 h of admission. This patient was hence excluded from analysis. Among the nine patients, seven (77%) satisfied 5 HLH criteria and the remaining two satisfied 6 criteria. The remaining five patients with severe dengue satisfied only three or lesser HLH criteria and were hence classified into non-HLH group. Among the nine patients with confirmed HLH, all had low platelet counts (<1 lakh/mm3) and high ferritin levels >5,000 ng/mL except one (829 ng/mL). IL2R levels were high in all HLH patients (mean 51,711, range 18,000–98,715 pg/mL). Lactate dehydrogenase levels were high in all patients (range 638–34,191 U/L). Splenomegaly was present in all nine except one patient. Only one patient in the HLH group had evidence of hemophagocytosis on peripheral smear. Bone marrow examination could not be performed in any of the patients due to hemodynamic instability or severe respiratory distress. Four patients in the HLH group had AKI and 2 required renal replacement therapy in the form of sustained low efficiency dialysis (SLED). None of the patients in non-HLH group had AKI. Admission urea was higher in HLH group (mean urea 83.22 mg/dL) as compared to non-HLH group (mean urea −27 mg/dL) but did not reach a significant level (p-value 0.06 and 0.17, respectively).

Mean ferritin levels were 34,593 ng/mL in the HLH group vs. 3,206 ng/mL in the non-HLH group (p-value 0.004). Liver dysfunction was notably higher in the HLH group compared to non-HLH group (meanalanine aminotransferase 6,621 U/L vs. 165.6 U/L; p-value 0.04, mean aspartate aminotransferase 2,145 U/L vs. 104.2 U/L; 0.04, bilirubin level 4.2 mg/dL vs. 0.7 mg/dL; p-value 0.03).

Four patients in the HLH group required invasive ventilation and additional two patients required high concentration of oxygen delivered via high flow nasal cannulae. In the non-HLH group, one patient required high flow nasal cannulae oxygen delivery and none required invasive ventilation. Three patients in the HLH group developed ARDS. Two patients each in HLH and non-HLH group had shock requiring vasoactive therapy in addition to fluids. Mean days of ICU stay and hospital stay were higher in HLH group vs. non-HLH group but did not reach a statistical significant level (6.4 vs. 4.4; p-value 0.32 and 8.44 vs. 5.6; p-value 0.18 days, respectively).

All nine children in HLH group received steroids as per HLH protocol (4). In the HLH group, seven survived while two died. In the non-HLH group, all five patients survived.



DISCUSSION

Dengue infection is being increasingly recognized as a cause of infection-induced HLH, especially in the endemic areas, and has been reported to account for 26% of virus-associated HLH (8). Persistence of fever is unusual in dengue and its presence along with very high ferritin >10,000 ng/mL should be considered as an important clue towards underlying HLH (9, 10). Patients with dengue HLH who often get sick land up in the PICU in a very critical condition with evidence of organ dysfunction. Time is of utmost importance in such patients, as evaluation and formal diagnosis of HLH may consume time, leading to delay in initiation of HLH therapy.

The HLH 2004 criteria mandates that five out of eight criteria should be fulfilled for definitive diagnosis of HLH. While five of these criteria (fever, splenomegaly, cytopenias, hypertriglyceridemia/hypofibrinogenemia, and hyperferritinemia) can be easily obtained on routine clinical and laboratory assessment, they may not all be fulfilled always. Thus, a patient who falls short of any of these five criteria cannot be definitively diagnosed with HLH. This is often the case in a patient with severe dengue, when HLH is suspected, but cannot be proved as <5 criteria are satisfied. The sick condition of the patient makes it difficult to perform bone marrow examination for diagnosis. In such a scenario, steroid therapy may be delayed or withheld which can adversely affect the outcomes.

The remaining 3 HLH criteria which can be useful for diagnosis are natural killer cell function, IL2R, and genetic testing. Of these, genetic testing is an expensive and time-consuming process, hence, it is of limited practical value in the acute setting. Natural killer function testing requires radioactive reagents and specialized flow cytometry techniques. These are both specialized tests and not easily available. On the other hand, IL2R testing is advantageous, as it is simple, inexpensive, and requires commercially available assay and provides quick results. Since we had access to IL2R levels, definitive diagnosis of HLH in our patients became easier. In the HLH group, 77% of patients satisfied five out of eight criteria and would have fallen short of definitive diagnosis in its absence.

Extreme hyperferritenemia is traditionally considered as an important clue to HLH. In our case series too, patients in HLH group had higher mean ferritin levels compared to non-HLH group. In certain forms of secondary HLH, IL2R has been found to correlate with disease severity more consistently than ferritin (3). Its specific role in dengue requires further close scrutiny. Kumar et al. could not establish any significant association between IL-2 levels and severity of dengue (11). We found IL2R levels to be consistently high in dengue HLH and these patients had higher PRISM scores than the non-HLH group. IL2R may have a prognostic role as levels >10,000 U/mL have been associated with poor outcomes in HLH (12).

In patients with severe dengue, life-threatening organ dysfunction can occur. Distinguishing HLH from the myriad clinical presentations of severe dengue is, therefore, difficult; however, certain pointers exist. We noted that patients with HLH were sicker at presentation (higher PRISM scores) and had higher severity of liver, kidney dysfunction, and ARDS. The need for invasive ventilation was exclusively seen in HLH group. Liver involvement was particularly marked, with significantly higher bilirubin and transaminase levels. These findings resonate with other pediatric studies which have found hypoalbuminemia, elevated alanine aminotransferase, and severe organ dysfunction to be significantly higher in patients with severe dengue with HLH than those without HLH (13). Longer duration of fever, longer duration of hospitalization, and higher need for PICU admission have also been linked to the presence of underlying HLH in dengue (9). We also found that mortality exclusively occurred in the HLH group, thus, possibly suggesting that identification of HLH may play a prognostic role too.

Our study is small and retrospective in nature. Due to practical issues, we were not able to carry out genetic testing, natural killer function tests in our patients. While IL2R was high in all patients in HLH group, the numbers are small and the lack of comparative values makes it impossible to identify cut offs specific to dengue HLH in children. More studies are needed to understand dengue HLH better and define the true role of IL2R and other cytokine.



CONCLUSION

HLH is rare but is a severe complication of severe dengue. Patients with severe dengue and HLH have high ferritin levels and can develop severe multiorgan dysfunction with poor outcomes. IL2R levels are high in dengue HLH and thus useful for definitive diagnosis of HLH. Since it is an easily implemented test with high diagnostic value, it should be incorporated in future studies. Early identification of HLH in severe dengue by sensitive markers is important to initiate specific therapy in the form of steroids, which are not otherwise used in dengue, to improve chances of a better outcome.
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