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Serum soluble interleukin-2 receptor (sIL-2R) is an accurate biomarker
for dengue-associated hemophagocytic lymphohistiocytosis
syndrome diagnosed by Hscore
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Abstract

Objective Hemophagocytic lymphohistiocytosis is a potentially fatal complication of severe dengue fever. Here we evaluated
the serum soluble IL-2R levels as potential biomarker for identifying HLH in patients with dengue fever.

Methods In this cross-sectional study conducted in a tertiary care center of a teaching hospital, subjects with dengue and
fever of more than 5 days, leukopenia/thrombocytopenia and/or hepatosplenomegaly were studied. Data were collected to
compare sIL-2R values and serum ferritin with Hscore and Histiocyte Society 2004 criteria. Relevant statistical methods
were used.

Results 80 subjects with severe dengue fever were analyzed with relevant investigations. Mean H score was 219.2 +17.6
in 18 dengue patients with HLH v/s 166.2+11.2 in 62 patients without HLH (p = <0.001). Serum ferritin (11,230.5 v/s
7853.5, p=0.013) and sIL-2R (32,917.5 v/s 6210, p=<0.001) were significantly higher in those patients with HLH. sIL-
2R correlated very well with HScore (r=0.98, p <0.001) compared to ferritin (r=0.51, p <0.001) with an AUROC of 1.00
compared to 0.694 (95% CI 0.557-0.831) of serum ferritin for diagnosing HLH. A cut-off value of 10,345 pg/ml for sIL-2R
had a sensitivity and specificity of 100% for HLH, whereas, a ferritin value of 8613 ng/ml had only 67% sensitivity and 55%
specificity.

Conclusion sIL-2R could be a single most useful biomarker to differentiate dengue fever patients who are likely to progress
to HLH, from those that are not. Full workup for HLH could be limited only to those patients with elevated sIL-2R, espe-
cially in resource limited settings.
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Introduction

Severe dengue is a major complication in dengue fever.
Presence of hemophagocytic lymphohistiocytosis (HLH) in
dengue fever is one of the inclusions for expanded dengue
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syndrome, which is a subset of severe dengue [1]. Dengue
HLH is seen in about 17% of patients with severe dengue
and has 2 times higher mortality compared to those without
HLH (39 Vs 19.1%) [2, 3] hemophagocytic lymphohistiocy-
tosis (HLH) is a hyper-inflammatory condition involving the
innate immune system [4], which develops either as inher-
ited inability to check the inflammation that is initiated by
macrophages (Primary HLH) or because of certain infec-
tions, malignancies or theumatologic conditions which stim-
ulate the monocyte-macrophage system (Secondary HLH)
[5]. HLH is underdiagnosed in dengue fever and early diag-
nosis and prompt monitoring and intervention might reduce
mortality in dengue associated HLH [3].

Histiocyte Society criteria which were modified in 2004,
are primarily for the diagnosis of childhood Primary HLH.
They have not been validated for adult secondary HLH
which includes infection-associated HLH. Subsequently,
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Fardet et al. developed a web-based score by assigning
graded points for different parameters, and was developed
and validated for primary as well as for secondary HLH
[6, 7]. Performance of HScore is better than the Histiocyte
Society criteria for secondary adult onset HLH [8]. Patients
with dengue fever commonly develop leukopenia and throm-
bocytopenia, hepatomegaly and altered liver enzymes. Since
these abnormalities are seen in HLH also, transition from
severe dengue to HLH dengue is difficult to recognize. In the
actual clinical settings, treatment of HLH should be initiated
if there is strong suspicion of HLH without waiting for com-
plex and expensive diagnostic procedures since delay in ini-
tiating the treatment will lead to irreversible organ damage
[8, 9]. Availability of a single parameter which can diagnose
HLH in patients with dengue fever could serve as a simple
biomarker in management of these patients.

Interleukin 2 receptors are heterotrimeric transmembrane
proteins [10], which are expressed on the cell surface of T
lymphocytes when they are stimulated. Enzymatic cleavage
of the alpha component leads to release of this component
of the receptor into blood as soluble Interleukin 2 receptor
(sIR-2R) which is also known as soluble CD 25(sCD25) [10,
11]. Hence, serum soluble IL-2R levels are surrogate for
activated T cell activity which is the primary abnormality
in HLH [12]. Rising levels of sIL-2R precede other clinical
and hematological parameters of hyper-inflammation [13].
Previous studies have evaluated the utility of sIL-2R in diag-
nosing HLH, but were conducted in heterogeneous mixed
disease etiologies and/or consisted of HLH cases diagnosed
by Histiocyte Society 2004 criteria [10, 12]. Since sIL-2R
is part of the diagnostic criteria in the Histiocyte society
criteria, there can be confounding by insertion bias in these
analyses. Defining HLH by HScore [14], which does not
include sIL-2R, would be a suitable alternative. The diag-
nostic yield might be better if homogeneous disease entity is
studied. Hence the present study was undertaken to evaluate
the role of sIL-2R as potential biomarker for identifying
HLH in patients with dengue fever diagnosed by HScore.
Unlike Histiocyte Society criteria 2004, which gives binary
outcome as presence or absence of HLH, HScore gives the
probability of HLH in a given patient [6]. Initial reports by
Fardet et al. suggested a cut-off score of 169 for the diag-
nosis of HLH. H score of more than 185 was chosen in our
study based on the study done by Debaugnies F et al. In
this retrospective study, cut-off of 185 yielded a sensitivity
of 85% and Specificity of 88% for the diagnosis of HLH in
adult patients based on the judgment of the treating team
and confirmed by 2 independent experts who had more than
10 yrs of experience in managing patients with HLH [15].
14/20 (70%) patients with HLH had hemophagocytosis in
the marrow compared to 24/48 (50%) among patients with-
out HLH. Bone marrow is neither sensitive nor specific for
HLH and it may be absent in early stages of acute infection
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induced HLH where it might be apparent in subsequent
examinations. HScore of 185 roughly translates to about
80—-85% probability of HLH, whereas score of 169 gives
only 65% of probability of HLH [6].

Materials and methods

In this cross-sectional study conducted in a tertiary care
center of a teaching hospital, subjects with dengue and fever
of more than 5 days, leukopenia/thrombocytopenia and/or
hepatosplenomegaly were studied. Data were collected to
compare sIL-2R values with HScore and Histiocyte Society
2004 criteria. Analysis pertaining to HScore is presented
here. Dengue fever was diagnosed by NS1 antigen and/or
IgM antibody by ELISA. Patients underwent blood tests for
deriving HScore. An additional blood sample was stored at
— 80 °C for measuring sIL-2R. HScore was derived using
the web-based HScore calculator [14] at http://saintantoi
ne.aphp.fr/score/ as previously described by Fardet et al.
[6]. Ten out 12 parameters of this online calculator were
available for calculating the score. Bone marrow examina-
tion and fibrinogen levels were not available in this study.
HLH was diagnosed if HScore was more than 185 [15]. The
DIACLONE CD25/1L-2R ELISA kit which is a solid phase
sandwich ELISA, was performed as per kit manufacturer’s
instructions for estimating sIL-2R levels. The minimum
detectable dose of IL-2R using DIACLONE CD25 ELISA
kit was 32.5 pg/mL. Normal level of sIL-2R, according to
the kit manufacturer, is 4051 (SD 1998) pg/mL. Nine sam-
ples had extremely high sIL-2R values (close to 46,990 pg/
mL). Further dilution was not done in these samples. Hence,
maximum values were expressed as >, in the tables. The
study was approved by Institutional Ethics committee and
Informed consent was obtained from all study participants.

Continuous variables were expressed as Median, IQ
range, and Minimum—-Maximum range since most of the
parameters were not normally distributed, and categorical
variables were expressed as frequency (%). Comparison of
Median between patients with HScore < 185 and those with
score > 185 was done using Mann—Whitney U test (non-
parametric). Categorical parameters were compared using
chi-squared test. p <0.05 was considered as significant. Cor-
relation coefficient was calculated by Spearman’s method
to determine correlation of sIL-2R and serum ferritin with
HScore. ROC curve analysis was performed to evaluate the
efficacy of sIL-2R and serum ferritin to identify HScore
of > 185. Sensitivity and specificity of sIL-2R and S. ferritin
in diagnosis of HScore > 185 were calculated. sIL-2R levels
were compared between those with severe dengue and non-
severe dengue. sIL-2R levels between males and females
were also compared by nonparametric methods. Correlation
coefficient of sIL-2R with other common parameters like
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platelet count and hematocrit was also calculated. Compari-
son of performance of sIL-2R was done with serum ferritin
since ferritin is a routinely performed test for diagnosing
HLH.

Results

Eighty patients admitted with dengue were analyzed. Fifty
five (68.8%) of them were males and 25 (31.2%) were
females. Patients did not receive Antibiotics or steroids at
the time of sampling for sIL-2R. Some have received anti-
biotics and/or steroids subsequently. Median, IQ range and
Min-Max range of Age, Maximum Temperature, Lowest
Hemoglobin, Lowest WBC count, Lowest platelet count,
Triglyceride, AST, Serum ferritin, HScore and sIL-2R in
all these 80 patients are shown in Supplementary Table.
Eighteen patients had HLH (HScore more than 185) and
62 patients did not have HLH (HScore less than 185). One
patient with dengue and HLH expired. There was no sig-
nificant difference in age, peak temperature, platelet count,
triglyceride, hemoglobin and leucocyte count between
HScore > 185 and HScore < 185 groups. Serum ferritin,
AST and sIL-2R were significantly higher in those patients
with dengue fever and HScore > 185 compared to patients
with HScore < 185 (Table 1). sIL-2R correlated very well
with HScore (r=0.98, p <0.001) compared to serum fer-
ritin (r=0.51, p<0.001). sIL-2R had an AUROC of 1.00
compared to serum ferritin which had AUROC of 0.694
(95% CI 0.557-0.831) for HScore > 185. A cut-off value
of 10,345 pg/mL for sIL-2R had a sensitivity and speci-
ficity of 100% for HScore > 185, whereas, a ferritin value
of 8613 ng/mL had 67% sensitivity and 55% specificity for
HScore > 185. Figure 1 shows the scatter plot of Log sIL-
2R Vs HScore and Supplementary Figure shows the scatter

plot of ferritin Vs HScore with appropriate cutoffs shown
in x and y axes.

There was no statistically significant correlation between
sIL-2R and Hematocrit (r=- 0.05, p=0.657) or sIL-2R
and platelet count (r=- 0.054, p=0.635). Values of sIL-
2R were compared among severe and non-severe dengue
patients of our study population. Median sIL-2R (IQ range)
was 7585 pg/mL (3587.5-9597.5) among non-severe den-
gue patients compared to Median (IQ range) of 9280 pg/
mL (8535.0-46,990) in patients with severe dengue. Higher
level of sIL-2R in severe dengue patients was statistically
significant (p =0.029) by Mann—Whitney U test. High
sIL-2R showed specificity of 81.2% (56/69) and Negative
predictive value of 90.3% (56/62) for severe dengue. There
was no statistically significant difference in sIL-2R levels
between males and females. (8700 (4060-10,330) pg/mL
among males compared to 5380 (1837-9635) pg/mL among
females, p=0.084).

Discussion

In this cross-sectional study of patients with dengue fever,
we have shown that sIL-2R level above 10,345 pg/ml
appears to be a single biomarker which can identify devel-
opment of HLH, with very high degree of sensitivity and
specificity. sIL-2R appears to be a superior biomarker to
ferritin, for diagnosing dengue associated HLH. Previous
studies have reported conflicting conclusions regarding the
utility of sIL-2R in adult HLH. Hayden et al. reported that
sIL-2R was a very useful test for Adult HLH [10], whereas
subsequent studies did not confirm this observation [12].
Non-HLH patients in Hayden’s study had a mean HScore
of 87.5 resulting in very low pretest probability of HLH
and this might have overestimated the diagnostic accu-
racy of sIL-2R in this group of patients [12]. In our study,

Table 1 Clinical and Biochemical parameters among patients with HScore of < 185 and > 185 expressed as Median (IQ range) [Min—Max] for

continuous variables and Number (Percentage) for categorical variables

H Score < 185 (n=62) H score > 185 (n=18) )4

Age (years) 38.5 (28.0-48.25) [16-85] 46.5 (33.75-51.25) [18-70] 0.310
Maximum temperature (Centigrade) 39.8 (39.6-39.9) [39.2-41] 39.75 (39.68-39.83) [39.5-40] 0.686
Hepatomegaly 47 (75.8%) 17 (94.4%) 0.07

Splenomegaly 49 (79.0%) 15 (83.3%) 0.49

Lowest WBC count (mm?) 3800 (2900-4655) [800-10100] 3250 (2475-4525)[1000-6900] 0.113
Lowest Hb(gm/dL) 14.2 (13.1-15.0) [10-18.2] 13.15 (11.9-15.0) [8.4-16.3] 0.201
Lowest platelet count (mm?®) 17,000 (11,750-31,500) [4000-13200] 16,000 (11,500-20,750) [9000-55000] 0.467
Triglyceride (mg/dL) 184 (87-267.5) [37-301] 202 (155-268) [121-401] 0.322
AST (U/L) 175.5 (94.7-314.3) [47-3975] 332 (171.3-742.3) [99-1470] 0.011
S. ferritin (ng/mL) 7583.5 (4144.3-10794.3) [1192-42650] 11230.5 (7312.8-18475.5) [3857-65177] 0.013
sIR-2R (pg/mL) 6210 (2107.5-8743.8) [400-10330] 32917.5 (12292.5-46990.0) [10540 >46990] <0.001
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Fig. 1 Scatter plot of Log sIL-
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shown at Log sIL-2R of 4.02 HScorg 185
(10,345 pg/mL) and 185 for
HScore (o] o) o]
4.504
o 8
0 o © 8
o 40 e § Log sIR-2R 4.02 (sIR-2R = 10345 pg/mL)
4
»
g
o
- 3.50 °©
o §
®o
3.00] g o
o
2,50
T T T T T
150.00 175.00 200.00 225.00 250.00
HScore

mean HScore of patients without HLH was 166, which
is close to the cut-off of 185 and still the results were
impressive. Inclusion of single disease entity (i.e. Dengue
fever) which results in homogeneous etiology of HLH,
might be the explanation for this observation. Inflamma-
tory responses are qualitatively and quantitatively differ-
ent in various etiologies and hence the thresholds of the
inflammatory markers for defining HLH could be different
in heterogeneous etiologies of HLH. It has been noted that
sIL-2R levels are higher in malignancy associated HLH
compared to infection induced HLH (20,241 Vs 9720 U/
mL) [10]. Disease specific cutoffs might improve the diag-
nostic accuracy of sIL-2R in infection-associated HLH.
Naymagoen et al. observed that sIL-2R is a failed test for
HLH among adults based on their study of patients con-
sisting of heterogeneous disease entities [12], but if done
in homogeneous population of dengue patients, it could be
an extremely successful single test.

Serum ferritin has been an indicator of a higher inflam-
matory state in many studies. Traditionally, febrile patients
with cytopenia, organomegaly and extremely elevated serum
ferritin were the patients where HLH was initially suspected
[9], but ferritin lacks specificity in infection-associated HLH
[16, 17]. Specificity of S. ferritin for diagnosing HLH was
only 55% in our study. Ferritin is released from activated
macrophages which would be an indicator of fully evolved
cytokine storm whereas elevated sIL-2R indicates the initial
stages of activation of the T lymphocytes. Rise of sIL-2R
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has often been noted to precede the development of clinical
and hematological parameters [13].

Conventional criteria use multiple inputs to diagnose
HLH. Fibrinogen is not estimated in most of the labs in
resource limited settings. Accurate measurement of triglyc-
eride requires the sample to be collected after overnight fast-
ing. NK cell activity is measured in research labs only. Bone
marrow changes of HLH are not seen in early stages of the
disease and they are neither sensitive nor specific for HLH.
Moreover, 91% of dengue HLH patients have coagulopa-
thy [3], which might preclude performance of bone mar-
row examination. sIL-2R estimation can be done by ELISA
method which is available in most of the laboratories and
input costs are higher by INR 50 only, per test compared to
the input cost of estimating ferritin. sIL-2R can be a superior
replacement for ferritin as a single biomarker for the early
identification of HLH in dengue fever.

Ideal cut-off of sIL-2R has been under a lot of discus-
sion. Initial Histiocyte Society 2004 criteria had a cut-off of
2500 U/mL. Subsequently many researchers have observed
that there is a wide variation in the values of sIL-2R among
kits from different manufacturers [4, 13]. Kit specific mean
values should be considered to determine the ideal cut-off
of sIL-2R [13]. Even for parameters like triglyceride and
fibrinogens, the original Histiocyte Society 1991 criteria
did mention cut-off of mean+ 3 standard deviation [18].
The mean value for sIL-2R for DIACLONE kit used in the
study is 4051(SD 1998) pg/mL. Mean + 3 standard deviation
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would be (99 th percentile of the normal individuals)
405143 %1998 =10,045 pg/ml which is very close to the
value we got (10,345 pg/mL) by analysing the coordinates of
ROC curve. Similar cut-off values were reported by Guleria
et al. for identifying HLH is systemic juvenile idiopathic
arthritis. sIL-2R cut-off level of 10,385 pg/mL was found
to have sensitivity of 100% and specificity of 96.7% in dif-
ferentiating Macrophage Activation Syndrome from disease
flare [19]. The cut-off derived by our study (10,345 pg/mL)
is very close to the values observed by Guleria et al. The
cut-off for sIL-2R identified in this study should be seen
as a preliminary finding only. Larger studies with complete
parameters of HScore in the dataset could yield a definitive
cut-off for sIL-2R.

Results of this study have immense clinical implications.
With a single test, the possibility of a dengue fever patient
progressing to HLH can be quickly and easily identified
and prognosticated. Early treatment is very crucial in the
management of HLH; a high degree of suspicion should
prompt the initiation of treatment. In acute infection-asso-
ciated HLH, early markers like sIL-2R are likely to be more
relevant than ferritin which reflects the damage which has
already developed. Estimation of a single biomarker like
sIL-2R would help in deciding early empirical treatment
for HLH.

Not having all the parameters in the calculation of HScore
is a limitation of the study. Bone marrow and fibrinogen
levels were not available for the calculation of the score.
Fibrinogen and Marrow hemophagocytosis contribute a total
of 65 points (304 35) out of a total possible score of 337
in HScore which is about 19% of the total score. However,
those patients who have reached a score of 185 with the
available parameters will definitely have score > 185 even
after adding bone marrow and fibrinogen levels. There is a
small possibility that some of those with less than the cut-
off score might become positive with the addition of these
parameters. Even if some of the subjects with less than a
score of 185 turn out to be positive after adding bone mar-
row findings and fibrinogen levels, it would reduce the nega-
tive predictive value, but the positive predictive value will
remain the same. Since sIL-2R had 100% positive predictive
value, those who turn positive with sIL-2R can immedi-
ately be started on appropriate treatment without waiting for
detailed and complex evaluation.

Future studies could involve large numbers of dengue
patients in a prospective manner, to evaluate the practicality
of using sIL-2R in routine practice. Similar approach could
be extended to other viral infections too, including diseases
like COVID-19, where development of HLH has been pro-
posed as one of the mechanisms for clinical deterioration.
Efficacy of sIL-2R based empirical management of HLH in
dengue fever can only be confirmed by large, multi-centric,
randomised controlled trials.

Conclusion

sIL-2R could be a single most useful biomarker to differenti-
ate dengue fever patients who are likely to progress to HLH,
from those that are not. In acute infection-associated HLH,
an early marker like sIL-2R is likely to be more relevant
than serum ferritin, which peaks much later in the inflamma-
tory process, since early treatment is vital to prevent organ
damage.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s15010-022-01906-8.

Funding Open access funding provided by Manipal Academy of
Higher Education, Manipal.

Declarations
Conflict of interest None.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. World Health Organization. Regional Office for South-East Asia.
Comprehensive guidelines for prevention and control of dengue
and dengue haemorrhagic fever. World Health Organization
Regional Office for South-East Asia; 2011. p.196.

2. Kan FK, Tan CC, von Bahr GT, Khalid KE, Supramaniam P, Myr-
berg IH, et al. Dengue infection complicated by hemophagocytic
lymphohistiocytosis: experiences from 180 patients with severe
dengue. Clin Infect Dis. 2020;70:2247-55.

3. Giang HTN, Banno K, Minh LHN, Trinh LT, Loc LT, Eltobgy A,
et al. Dengue hemophagocytic syndrome: A systematic review and
meta-analysis on epidemiology, clinical signs, outcomes, and risk
factors. Rev Med Virol [Internet]. 2018;28: €2005. https://doi.org/
10.1002/rmv.2005.

4. Ramos-Casals M, Brito-Zerén P, Lopez-Guillermo A, Kha-
mashta MA, Bosch X. Adult haemophagocytic syndrome. Lancet.
2014;383:1503-16.

5. Rouphael NG, Talati NJ, Vaughan C, Cunningham K, Moreira R,
Gould C. Grand Round Infections associated with haemophago-
cytic syndrome. Lancet Infect Dis. 2007;7:814-22.

6. Fardet L, Galicier L, Lambotte O, Marzac C, Aumont C, Chahwan
D, et al. Development and validation of the HScore, a score for
the diagnosis of reactive hemophagocytic syndrome. Arthritis
Rheumatol. 2014;66:2613-20.

@ Springer


https://doi.org/10.1007/s15010-022-01906-8
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1002/rmv.2005
https://doi.org/10.1002/rmv.2005

438 C. Mahabala et al.

7. Gibbons MD, Mendoza DP, Waheed A, Barshak MB, Villalba JA. 14. Score - Hopital Saint-Antoine AP-HP [Internet]. 2019 [cited 2020
Case 14-2021: a 64-year-old woman with fever and pancytopenia. Apr 19]. Available from: http://saintantoine.aphp.fr/score/

N Engl J Med. 2021;384:1849-57. 15. Debaugnies F, Mahadeb B, Ferster A, Meuleman N, Rozen L,

8. Hutchinson M, Tattersall RS, Manson JJ. Haemophagocytic Demulder A, et al. Performances of the H-score for diagnosis
lymphohisticytosis-an underrecognized hyperinflammatory syn- of hemophagocytic lymphohistiocytosis in adult and pediatric
drome. Rheumatol (UK). 2019;58:VI23-30. patients. Am J Clin Pathol. 2016;145:862-70.

9. La RP, Horne AC, Hines M, Greenwood TVB, Machowicz 16. Birndt S, Schenk T, Heinevetter B, Brunkhorst FM, Maschmeyer
R, Berliner N, et al. Recommendations for the management G, Rothmann F, et al. Hemophagocytic lymphohistiocytosis in
of hemophagocytic lymphohistiocytosis in adults. Blood. adults: collaborative analysis of 137 cases of a nationwide German
2019;133:2465-77. registry. J Cancer Res Clin Oncol. 2020;146:1065-77.

10. Hayden A, Lin M, Park S, Pudek M, Schneider M, Jordan MB, 17 Hayden A, Park S, Giustini D, Lee AY'Y, Chen LYC. Hemophago-
et al. Soluble interleukin-2 receptor is a sensitive diagnostic test cytic syndromes (HPSs) including hemophagocytic lymphohistio-
in adult HLH. Blood Adv. 2017;1:2529-34. cytosis (HLH) in adults: a systematic scoping review. Blood Rev

11. Rothkrantz-Kos S, Van Dieijen-Visser MP, Mulder PGH, Drent [Internet]. 2016;30:411-20. https://doi.org/10.1016/j.blre.2016.
M. Potential usefulness of inflammatory markers to monitor 05.001.
respiratory functional impairment in sarcoidosis. Clin Chem. 18. Henter JI, Elinder G, Ost A. Diagnostic guidelines for hemophago-
2003;49:1510-7. cytic lymphohistiocytosis. The FHL study group of the histiocyte

12. Naymagon L, Tremblay D, Troy K, Mascarenhas J. Soluble inter- society. Semin Oncol [Internet]. 1991;18:29-33.
leukin-2 receptor (sIL-2r) level is a limited test for the diagnosis 19. Guleria S, Gupta A, Rawat A, Bhatia P. THU0539: serum soluble
of adult secondary hemophagocytic lymphobhistiocytosis. Eur J cd25: an useful biomarker of macrophage activation syndrome in
Haematol. 2020;105:255-61. systemic juvenile idiopathic arthritis. Poster Present [Internet].

13. Jordan MB, Allen CE, Weitzman S, Filipovich AH, McClain 2019. https://doi.org/10.1136/annrheumdis-2019-eular.3038.

KL. How I treat hemophagocytic lymphohistiocytosis. Blood.
2011;118:4041-52.

@ Springer


http://saintantoine.aphp.fr/score/
https://doi.org/10.1016/j.blre.2016.05.001
https://doi.org/10.1016/j.blre.2016.05.001
https://doi.org/10.1136/annrheumdis-2019-eular.3038

	Serum soluble interleukin-2 receptor (sIL-2R) is an accurate biomarker for dengue-associated hemophagocytic lymphohistiocytosis syndrome diagnosed by Hscore
	Abstract
	Objective 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion
	Anchor 12
	References




