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ABSTRACT

Objective: Secondary hemophagocytic lymphohistiocytosis (SHLH) is an increasingly recognized complication in patients with scrub typhus,
potentially contributing to substantial mortality despite appropriate antibiotic treatment. This study aims to determine the prevalence and
prognosis of sHLH and identify diagnostic factors in adult patients with scrub typhus in North India.

Methods: This prospective cohort study was conducted at PGIMER, Chandigarh, from August 2021 to November 2023. sHLH was defined as an
HScore of 200 or above. The diagnostic performance of biomarkers such as ferritin, fibrinogen, triglycerides, and C-reactive protein was assessed
through receiver operating characteristic curve analysis, evaluating area under the curve (AUC), sensitivity, and specificity.

Results: Out of 150 patients (mean age 39 years, 54% female), 28 (18.7%) were diagnosed with sHLH. Those presenting with high-grade fever, seizures,
high pulse rate, hepatomegaly, splenomegaly, cytopenia, and significant hepatic dysfunction were more likely to have sHLH. Ferritin demonstrated
the highest diagnostic utility (AUC 0.83), compared to fibrinogen (AUC 0.72), triglyceride (AUC 0.67), and C-reactive protein (AUC 0.69). The optimal
cutoff for ferritin was 2000 ng/mL, with a sensitivity of 90% and a specificity of 66%. Higher ferritin thresholds (6000 ng/mL and 10000 ng/mL)
increased specificity to 88% and 95%, respectively. Patients with sHLH often presented with multi-organ failure, necessitating mechanical ventilation
and vasopressor support. In-hospital mortality was significantly higher in sHLH patients than in those without (21.4% vs 6.6%, p = 0.025).
Conclusion: Early detection of sHLH using the HScore and ferritin significantly influences the management of scrub typhus, underscoring the
necessity for tailored therapeutic strategies to improve patient outcomes.
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lymphohistiocytosis.
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HIGHLIGHTS OF THE STUDY

- Asignificant proportion of patients with scrub typhus present
with secondary hemophagocytic lymphohistiocytosis (sHLH) in
the emergency department.

+ Among various biomarkers, ferritin demonstrates the highest
diagnosticaccuracy for predicting sHLH, surpassing fibrinogen,
triglyceride, and C-reactive protein.

«  The presence of sHLH in scrub typhus patients is associated with
adverse clinical outcomes.
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INTRODUCTION

Scrub typhus, a mite-borne rickettsial infection caused by Orientia
tsutsugamushi,isamajor public health problem that extends beyond
its traditional endemic regions of Asia and northern Australia, the
so-called Tsutsugamushi Triangle." This life-threatening infection
results in about one million cases each year with about 10-15%
mortality in the hospitalized patients.””* The disease typically
presents as an acute febrile illness with myalgia, skin rash, eschar,
dyspnea, hepatosplenomegaly, or thrombocytopenia; however,

Hemophagocytic lymphohistiocytosis (HLH) is a potentially

in about one-third of cases, it may rapidly progress to severe
organ dysfunction, such as acute respiratory distress syndrome,
acute kidney injury, acute brain dysfunction, acute liver injury,
disseminated intravascular coagulation, myocarditis, or circulatory
shock.3®

fatal hyperinflammatory syndrome characterized by pathological
immune dysregulation and excessive cytokine release (cytokine
storm), leading to widespread tissue inflammation and affecting
multiple organ systems.”® This results in a sepsis-like syndrome
with multiorgan dysfunction. Initially diagnosed and categorized in
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children, primary HLH is due to a rare genetic disorder of cytotoxic
T cells and natural killer cells. However, secondary HLH (sHLH)
has increasingly been recognized in adults, where it is caused
by immune hyperactivation initially triggered by an infectious,
autoimmune, or neoplastic process.”'? Infections are the most
prevalent triggers of sHLH, with viral infections, such as members
of the human herpesvirus family, particularly Epstein—Barr virus,
being the most common.””"" Rickettsial infections, such as scrub
typhus, remain a common cause in endemic regions.”

Although heightened awareness and the prompt initiation
of appropriate antibiotics have improved outcomes of scrub
typhus, substantial mortality, and morbidity persist in low-
middle-income countries (LMICs) despite the use of combination
anti-rickettsial antibiotics.*> Besides advanced organ failure at
presentation, unrecognized sHLH might be associated with a
poor prognosis in scrub typhus patients, necessitating rapid
diagnosis and timely immunomodulation therapy.” However,
early detection of sHLH is challenging due to its non-specific
features, which overlap with those of scrub typhus, including
fever, cytopenia, hepatomegaly, splenomegaly, and hepatic
dysfunction. Furthermore, comprehensive data on scrub typhus-
associated sHLH in adults is sparse, and mostly limited to case
reports or small series.”*'* Markers of immune hyperactivation or
hyperinflammation, such as ferritin, have shown utility in predicting
and assessing infection-associated sHLH.”'® This study aims to
determine the prevalence and prognosis of sHLH and to identify
diagnostic factors at presentation by evaluating the baseline clinical
features, laboratory parameters, and outcomes of adult patients
with scrub typhus in North India.

METHODS
Study Design and Oversight

This prospective cohort study was conducted from August 2021 to
November 2023 at the Acute Care and Emergency Medicine Unit,
Department of Internal Medicine, Postgraduate Institute of Medical
Education and Research (PGIMER), Chandigarh, India. We included
consecutive patients aged 13 years or older diagnosed with scrub
typhus. The institution’s Ethics Committee approved the study
(No: INT/IEC/2021/SPL-1520, date September 7, 2021). Informed
consent was obtained from all patients or their legally authorized
representatives in case of the patient’s inability to give consent.
The study did not receive any external financial support or funding.

Study Definitions

Scrub typhus was diagnosed based on a typical clinical presentation
characterized by acute febrile illness with eschar or skin rash,
dyspnea, thrombocytopenia, hepatomegaly or splenomegaly, and
microbiological confirmation of Orientia tsutsugamushi infection.
Microbiological confirmation was achieved using enzyme-linked
immunosorbent assay (ELISA) for IgM antibodies or polymerase
chain reaction (PCR) testing of blood or eschar tissue. For IgM
ELISA, the commercially available Scrub Typhus Detect kit (InBios
International) was used, which is based on recombinant 56-kD
type-specific antigens of the Karp, Kato, Gilliam, and TA716 strains
of Orientia tsutsugamushi. A cutoff optical density of 0.468 was
used to indicate positivity, as recommended by the manufacturer.
For PCR, DNA was extracted from blood or eschar tissue using the
QlAamp DNA Mini Kit (QIAGEN, Germany). The extracted DNA was
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then amplified using a primer pair targeting the gene encoding the
56-kDa antigen of the Gilliam strain.

HLH was diagnosed based on the HScore, a validated
tool to assess the probability of sHLH in adult patients.'® The
HScore comprises nine parameters (points in the parenthesis):
known underlying immunosuppression (18); high temperature:
101.1-102.9°F (33), >103°F (49); organomegaly: hepatomegaly
or splenomegaly (23), hepatomegaly and splenomegaly (38);
number of cytopenia: two lineages (24), three lineages (34); ferritin:
2000-6000 ng/mL (35), >6000 ng/mL (50); triglyceride (TG): 132—
354 mg/dL (44), >354 mg/dL (64); fibrinogen <2.5 gm/L (30);
and aspartate aminotransferase (AST) >30 U/L (19); and hemo-
phagocytosis in the bone marrow (35). The score ranges from 0 to
264, with an HScore of <100 and >241, indicating a probability of
sHLH of <1 and >99%, respectively. We defined HLH as an HScore
of 200 or above, corresponding to a probability of 88% or higher
for HLH, instead of a widely used cutoff of 169, corresponding to a
probability of about 54%.'° Additionally, we applied the HLH-2004
diagnostic criteria to all patients, which include eight parameters:
fever, splenomegaly, cytopenia, high ferritin, high TG or low
fibrinogen, hemophagocytosis detected in bone marrow, spleen,
or lymph nodes, reduced natural killer cell activity, and elevated
soluble interleukin-2 (IL-2) receptor (also soluble CD25). At least
5 of 8 parameters are required to fulfill the criteria.”

Patient Evaluation and Management

Upon enrollment, patients underwent a comprehensive evaluation,
including detailed history-taking and clinical examination, with
particular emphasis on identifying the pathognomonic eschar.
Enlargement of the liver and spleen was confirmed using abdominal
ultrasonography. Basic laboratory investigations conducted
on admission encompassed a complete blood count, serum
electrolytes, serum bilirubin, liver enzymes, coagulation profile,
fibrinogen, ferritin, TG, blood gas analysis, electrocardiogram,
chest radiograph, and abdominal ultrasound. To exclude alternate
infectious etiologies, cultures of blood, urine, or other body fluids
were performed as appropriate. Additionally, tests for common
mimicking tropical acute febrile illnesses such as dengue (NS1
antigen, IgM, and IgG ELISA), malaria (rapid diagnostic kit,
malaria antigen, peripheral smear), leptospirosis (IgM ELISA,
microagglutination test), and enteric fever (blood culture, Widal
test) were conducted. In selected cases, bone marrow aspiration
and biopsy were performed to aid in the diagnosis of sHLH, based
on the discretion of the treating physician.

The severity of illness was evaluated using baseline prognostic
scoring systems, such as the Sequential Organ Failure Assessment
(SOFA) and the Acute Physiology and Chronic Health Evaluation
(APACHE) Il at admission. Patients were managed according
to the standard “Surviving Sepsis Campaign guidelines,”
using anti-rickettsial antibiotics such as doxycycline and/or
azithromycin as the primary treatment.'® The management of
sHLH followed standard guidelines, prioritizing the treatment
of scrub typhus.” However, in cases with severe or persistent
end-organ dysfunction, additional HLH-specific treatments,
such as intravenous (IV) steroids orimmunoglobulins (IVIG), were
initiated at the discretion of the treating physician.® The primary
outcome measure was in-hospital mortality. Secondary outcome
measures included the requirement of intensive organ support
during hospitalization, such as invasive mechanical ventilation,

Indian Journal of Critical Care Medicine, Volume 28 Issue 9 (September 2024)



Hemophagocytic Lymphohistiocytosis in Scrub Typhus

vasopressor therapy, and dialysis treatment, as well as the total
duration of hospital stay.

Statistical Analysis

Statistical analyses were performed using SPSS (version 25.0,
Chicago, IL). Discrete variables were presented as frequency (n)
and percentage (%). Continuous variables were described using the
mean and standard deviation (SD) or the median and interquartile
range (IQR), depending on the normality of the data. Categorical
variables were compared using the Chi-square or Fisher’s exact
test as appropriate, while continuous variables were analyzed using
Analysis of Variance (ANOVA) or the Mann-Whitney Utest, depending
on their distribution. The diagnostic accuracy of individual items of
the HScore was evaluated by calculating odds ratios (ORs) and 95%
confidence intervals (Cls). Receiver operating characteristic (ROC)
curve analysis was conducted to assess the diagnostic utility of
various biomarkers, including ferritin, fibrinogen, TG, and C-reactive
protein (CRP), in identifying sHLH. This analysis involved calculating
the area under the curve (AUC), sensitivity, specificity, false positive
and negative rates, likelihood ratios, and diagnostic odds ratios
(with 95% Cls). Optimal cutoffs were determined using Youden’s
index, which maximizes the sum of sensitivity and specificity. The
diagnostic performance of various ferritin cutoff values was also
thoroughly evaluated. All tests were two-sided, and a p-value <
0.05 was considered statistically significant.

REesuLTs

A total of 150 patients with scrub typhus were enrolled. The mean
age of patients was 38.8 + 15.4 years (range 13-75), with a slight
female predominance (n =81, 54.0%). Geographically, the majority
were from Himachal Pradesh (34.1%), Haryana (27.3%), and Punjab
(24.0%), with others from Uttar Pradesh (9.3%), Chandigarh (4.7%),
and Jammu and Kashmir (0.7%). Microbiological diagnosis of scrub
typhus was achieved with IgM ELISA (n = 145, 96.7%), PCR of blood
(n =37, 24.7%), or eschar tissue (n = 12, 8.0%).

In our study, 28 patients (18.7%) were diagnosed with sHLH.
Table 1 presents the baseline clinical characteristics of the study
participants. The patients with sHLH had a higher prevalence
of high-grade fever, seizures, tachycardia, hepatomegaly, and
splenomegaly. Regarding baseline laboratory parameters, no
significant differences were observed in hemoglobin, total
and differential leucocyte counts, arterial blood gas, serum
electrolytes, and renal functions between the groups; however,
the sHLH group had marked thrombocytopenia elevated levels of
bilirubin, transaminases, and D-dimer (Table 2). Markers of immune
hyperactivation or inflammation, such as ferritin, TG, fibrinogen,
and CRP, showed significant differences between the two groups
(Tables 2 and 3). Figure 1 and Table 4 present the ROC curve analysis
evaluating the diagnostic performance of various biomarkers for
predicting sHLH. Ferritin demonstrated the highest diagnostic
utility. Table 5 details the diagnostic performance of the various
cutoff values for ferritin.

In our study, the mean HScore was 150.6 + 50.3, ranging from
19 to 285, with significantly higher scores observed in the sHLH
group (224.9 + 23.2 vs 133.5 + 37.8, p < 0.001). Notably, 37.3% of
patients (n = 56) had an HScore of >169, the widely used HScore
cutoff, suggesting that using the conventional threshold could
potentially identify twice as many cases of sHLH. Within the sHLH
group, 28.6% of patients (eight patients) also met the HLH-2004
criteria, in contrast to only 4.1% of patients without sHLH (five
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patients). The average number of HLH-2004 criteria met by the
study cohort was 3.1 + 1.0, which was significantly higher in the
sHLH group (4.1 £ 0.8 vs 2.9 + 1.0, p < 0.001).

The patients with sHLH presented with more severe illness at
admission compared to those without sHLH, as indicated by higher
baseline SOFA and APACHE-II scores (Table 6). The requirement for
mechanical ventilation and vasopressor therapy was also higher
in the sHLH group. In-hospital mortality was 9.3% (n = 14), with a
significantly higher rate observed in the sHLH group (21.4 vs 6.6%,
p =0.025).

Treatment strategies for sHLH included antimicrobial
therapy alone for 18 patients (64.3%) and a combination of
immunomodulation and antimicrobials for 10 patients (35.7%).
Immunomodulatory therapy included IVIG and steroids in five
patients each. IVIG was administered at a dose of 1.6 gm/kg over
3 days in four patients and 0.6 gm/kg for 1 day in one patient.
IV steroid therapy included dexamethasone in four patients, started
at 10 mg/m?/day, and hydrocortisone in one patient, initiated at 100
mg thrice a day, which was continued until the resolution of sHLH.

Discussion

In this large prospective study including patients with scrub typhus
requiring emergency hospitalization, we found a high prevalence
of sHLH at presentation. Patients who presented with high-
grade fever, seizures, organomegaly, cytopenia, and significant
liver dysfunction were more likely to have sHLH. Regarding
various biomarkers, the sHLH group typically had high ferritin,
low fibrinogen, high TG, and high CRP, with ferritin showing the
highest diagnostic performance in predicting sHLH. Patients with
sHLH frequently required mechanical ventilation and vasopressor
therapy during hospitalization and had threefold higherin-hospital
mortality than those without sHLH.

The spectrum of sHLH varies based on geographic region,
demographicfactors, the host’simmune status, available laboratory
facilities, and diagnostic criteria used for HLH.® In LMICs like India,
endemic infections such as enteric fever, scrub typhus, dengue,
malaria, kala-azar, and tuberculosis remain prevalent.'”?° While the
diagnostic criteria for primary HLH in pediatric populations, such as
HLH-2004, have been proposed for adult sHLH as well, these may
not always be applicable in acute care settings.”'®?"?? Investigations
like natural killer cell activity, soluble interleukin-2 receptor level,
and biopsies for hemophagocytosis may not be readily available
or feasible, particularly in LMICs. Therefore, our study used the
HScore, a validated tool for adult HLH that incorporates readily
accessible laboratory tests and has demonstrated equal or superior
diagnostic accuracy to the HLH-2004 criteria, particularly in critically
ill patients.?"?2 Moreover, the HScore has been increasingly used
to detect sHLH in other tropical infections, such as dengue and
malaria, highlighting its utility in diverse clinical scenarios where
tropical infections are prevalent and comprehensive diagnostic
facilities are limited.?3

We adopted an HScore cutoff of 200, which is higher than
the conventional cutoff of 169 originally described. This decision
was based on recent literature indicating that an HScore cutoff
of 200 performs comparably to the standard HLH-2004 criteria.?*
Furthermore, considering the overlapping features of scrub typhus
and sHLH—such as fever, cytopenia, splenomegaly, hepatomegaly,
hepatic dysfunction, and an elevated inflammatory response—
we employed a higher HScore cutoff, allowing for more precise
identification of sHLH. Our primary objective was to accurately
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Table 1: Baseline clinical characteristics of patients with scrub typhus and comparison between patients with and without sHLH

Parameters Total (n = 150) SHLH (n=28) No sHLH (n=122) p-value
Age (years), mean + SD 388+ 154 340+ 14.2 399+ 154 0.066
Male gender, n (%) 69 (46%) 15 (53.6 %) 54 (44.3%) 0.373
Duration of illness (days), mean + SD 82+3.2 8.1+27 82+33 0.788
Fever, n (%) 150 (100%) 28 (100%) 122 (100%) -
Shortness of breath, n (%) 132 (88%) 26 (92.9%) 106 (86.9%) 0.528
Abdominal pain, n (%) 86 (57.3%) 16 (57.1%) 0 (57.4%) 0.982
Nausea or vomiting, n (%) 7 (51.3%) 3 (46.4%) 64 (52.5%) 0.565
Jaundice, n (%) 5 (30%) 0 (35.7%) 5(28.7%) 0.464
Headache, n (%) 61 (40.7%) 8 (28.6%) 3(43.4%) 0.149
Altered sensorium, n (%) 9 (32.7%) 2 (42.9%) 7 (30.3%) 0.202
Seizure, n (%) 1(14%) 9(32.1%) 2(9.8%) 0.005
Glasgow coma scale, median (IQR) 15 (15-15) 15(11-15) 15 (15-15) 0.356
Temperature (°F), mean + SD 101.1+1.6 1021+ 14 100.8 + 1.5 <0.001
Pulse rate (/min), mean + SD 106.9 +18.7 114.7 +16.8 105.1 +18.7 0.015
Mean arterial pressure (mm Hg), mean + SD 778 +159 732+ 164 789+ 156 0.092
Respiratory rate (/min), median (IQR) 28 (24-34) 28 (24.5-39) 28 (24-32) 0.189
Eschar, n (%) 2 (34.7%) 10 (35.7%) 42 (34.4%) 0.897
Skin rash, n (%) 0(6.7%) 2(7.1%) 8 (6.6%) 1.000
Lymphadenopathy, n (%) 6 (4%) 2(7.1%) 4(3.3%) 0.311
Hepatomegaly, n (%) 79 (52.7%) 2 (78.6%) 57 (46.7%) 0.002
Splenomegaly, n (%) 67 (44.7%) 21 (75%) 46 (37.7%) <0.001
Lung crackles, n (%) 96 (64%) 6 (57.1%) 80 (65.6%) 0.402
Wheeze, n (%) 9 (6%) 4 (14.3%) 5 (4.1%) 0.630
Iliness severity scores

APACHE Il score, mean = SD 17.09 +5.79 20.21+5.94 16.33 £5.51 0.001
SOFA score, mean + SD 8.42+3.14 10.25 + 3.03 7.97 +3.02 <0.001

APACHE, acute physiology and chronic health evaluation; sHLH, secondary hemophagocytic lymphobhistiocytosis; SOFA, sequential organ failure

assessment

Table 2: Baseline laboratory parameters of patients with scrub typhus and comparison between patients with and without sHLH

Parameter Total (n = 150) SHLH (n=28) No sHLH (n=122) p-value
Hemoglobin (gm/dL), mean + SD 10.7+19 10.8 +2.2 106+19 0.590
Platelet count (per pl), median (IQR) 50,500 (28,750-75,500) 36,000 (16,500-58,500) 53,000 (30,500-83,500) 0.002
Total leucocyte count (per ul), median (IQR) 10,400 (6,900-14,100) 10,100 (5,750-13,900) 10,400 (7,200-14,100) 0.377
Neutrophil (%), mean + SD 66.0 +16.0 68.1+11.0 655+17.0 0.442
Lymphocyte (%), mean + SD 26.5+15.0 239+ 107 27.1+158 0.307
Monocyte (%), median (IQR) 5(3.5-7.6) 5.5 (4.2-7.9) 49(3.3-7.4) 0.466
Blood pH, mean + SD 738 +£0.10 7.38 +0.94 7.39+0.10 0.636
Pa0,:FiO, ratio, median (IQR) 149 (108-276) 127.5 (99-280.5) 158 (116-270) 0.273
Serum sodium (mEq/L), mean + SD 1352+7.2 132.7 +6.2 1359+7.3 0.380
Serum potassium (mEg/L), mean =+ SD 43 +0.7 45+0.7 43+0.6 0.215
Serum creatinine (mg/dL), median (IQR) 4(0.9-2.3) 1.6(1.1-2.3) 1.3(0.8-2.3) 0.218
Total bilirubin (mg/dL), median (IQR) 5(0.9-5.5) 4.55(1.1-7.6) 2.1(0.9-5.3) 0.043
Conjugated bilirubin (mg/dL), median (IQR) 4 (0.5-3.8) 3.0 (0.4-5.0) 1.3(0.5-3.3) 0.057
Aspartate transaminase (U/L), median (IQR) 174.5 (119.5-254) 216.5(160.25-415.5) 167 (101.75-232.5) 0.003
Alanine transaminase (U/L), median (IQR) 92.5(63-132.5) 117.5(75.25-168.25) 86 (59.75-128) 0.019
(Contd...)

826 Indian Journal of Critical Care Medicine, Volume 28 Issue 9 (September 2024)



Hemophagocytic Lymphohistiocytosis in Scrub Typhus

Table 2: (Contd...)

Parameter Total (n = 150) SHLH (n=28) No sHLH (n=122) p-value
Alkaline phosphatase (U/L), median (IQR) 257 (165-444) 238.5 (153-429) 257 (166.5-462) 0.767
Serum total protein (gm/dL), mean + SD 54+0.76 5.1+0.53 55+0.8 0.055
Serum albumin (gm/dL), mean + SD 24+04 23+03 24+04 0.327
Prothrombin time (sec), mean + SD 16.1 +3.6 16.9 +4.3 159+34 0.202
Activated partial thromboplastin time (sec), 36.7+9.6 379+6.6 36.4+10.1 0.439
mean + SD

D-dimer (ng/mL), median (IQR) 4028.5 (1644.25-9154.5) 7850 (4298.25-15,871.25) 2914.5 (1509-8028) <0.001
Fibrinogen (gm/L), median (IQR) 1.9 (1.2-2.8) 1.5(0.8-1.8) 2.2(1.3-3.0) <0.001
Triglyceride (mg/dL), median (IQR) 355 (267-458.5) 444.5 (326.25-638.75) 341 (258-432) 0.003
Ferritin (ng/mL), median (IQR) 1641 (728.75-4903.5) 5903.5 (2676.75-21,835) 1263.5 (586.75-3142.25) <0.001
Ferritin >500 ng/mL, n (%) 123 (82%) 28 (100%) 95 (77.9%) -
C- reactive protein (mg/L), mean + SD 108.8 + 81.2 139.8 +66.8 1014 +82.8 0.027

Pa0,:FiO,, the ratio of partial pressure of oxygen in arterial blood to the fraction of inspiratory oxygen concentration; sHLH, secondary hemophagocytic

lymphohistiocytosis

Table 3: Comparison of individual components of HScore in scrub typhus patients with and without sHLH

SN HScore items SHLH (n=28) No sHLH (n=122) Odds ratio p-value
Immunosuppression 0 0 - -
2. Fever
101.1-102.9 °F 8(28.6%) 22(18.0%) 1.818(0.710-4.659) 0.209
> 103 °F 11 (39.3%) 18 (14.8%) 3.739(1.507-9.275) 0.003
3. Organomegaly
Hepatomegaly or splenomegaly 27 (96.4%) 72 (59.0%) 18.750 (2.467-142.519) <0.001
Hepatomegaly and splenomegaly 21 (75%) 46 (37.7%) 4.957 (1.955-12.568) <0.001
4.  Cytopenias®
Two lineages 12 (42.9%) 25 (20.5%) 2.910 (1.222-6.932) 0.013
Three lineages 1(3.6%) 2(1.6%) 2.222(0.194-25.406) 0.464
5. Ferritin (ng/mL)
2000-6000 11 (39.3%) 26 (21.3%) 2.389(0.997-5.723) 0.047
>6000 14 (50%) 15(12.3%) 7.133 (2.851-17.845) <0.001
6.  Triglyceride (mg/dL)
132-354 7 (25%) 59 (48.4%) 0.356 (0.141-0.899) 0.025
> 354 21 (75%) 52 (42.6%) 4.038(1.597-10.211) 0.002
7.  Fibrinogen < 2.5 gm/L 24 (85.7%) 73 (59.8%) 4.027 (1.316-12.327) 0.010
8.  Aspartate transaminase > 30 U/L 28 (100%) 118 (96.7%) - -
9.  Hemophagocytosis in bone marrow, n (%) 7/7 (100%) 0/0 - -

Cytopenias® are defined as hemoglobin <9.2 gm/dL and/or total leucocyte count <5,000/mm?* and/or platelets <110,000/mm?. sHLH, secondary

hemophagocytic lymphohistiocytosis

identify the subset of scrub typhus patients with sHLH who
could benefit from immunomodulatory therapy in addition to
antimicrobial agents. The use of a conventional cutoff of 169 would
have resulted in the diagnosis of sHLH in over one-third of our study
population, significantly inflating the number of cases.

All patients with scrub typhus presented with fever; however,
high-grade fever at presentation was more indicative of sHLH.
Similarly, while thrombocytopenia and liver-test abnormalities
were commonly observed at baseline, marked thrombocytopenia,
cytopenia involving two or more lineages, significant transaminitis,
and hyperbilirubinemia were strong predictors of sHLH. Consistent
with previous studies, liver dysfunction and organomegaly
(hepatomegaly or splenomegaly) were notable findings in the
sHLH group, making their absence a strong indicator against
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the diagnosis of sHLH.”"'> Furthermore, studies have suggested
that liver injury, a poor prognostic marker in scrub typhus, may
often result from unrecognized underlying sHLH, contributing to
significant liver dysfunction.>?

The central nervous system (CNS) involvement can vary widely
in cases of scrub typhus and adult sHLH.>”# In our study, seizures at
presentation were particularly indicative of sHLH, despite similarity
of other CNS features such as altered mental status, headaches,
and Glasgow coma scale in both patient groups. The immediate
diagnosis of sHLH in patients presenting with CNS complications
is crucial due to the associated poor prognosis, underscoring
the need for a lower threshold in initiating immunosuppressive
therapy.”® Conversely, pulmonary, renal, and metabolic parameters
did not show significant differences between the two groups.
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Figs 1A to D: Receiver operating characteristic (ROC) curves demonstrating the diagnostic utility of various biomarkers in predicting secondary
hemophagocytic lymphohistiocytosis in patients with scrub typhus. Panels: (A) Ferritin (AUC = 0.83); (B) Fibrinogen (AUC = 0.72); (C) Triglyceride
(AUC = 0.67); (D) C-reactive protein (AUC = 0.69). AUC, Area under the curve

Table 4: The diagnostic performance of the various biomarkers for scrub typhus-associated hemophagocytic lymphohistiocytosis

Parameters Ferritin Fibrinogen Triglyceride C-reactive protein
Area under curve 0.83 (0.76-0.91) 0.72(0.61-0.82) 0.67 (0.56-0.79) 0.69 (0.58-0.79)
Optimal cutoff 2000 ng/mL 1.84 gm/L 378 mg/dL 99 mg/L

89.29% (71.77-97.73)

66.39% (57.28-74.69)
10.71% (2.27-28.23)

False positive rate 33.61% (25.31-42.72)

Positive likelihood ratio 2.66 (2.01-3.52)

(

(

Sensitivity
Specificity
False negative rate

0.16 (0.12-0.25)
16.46 (4.69-57.76)
Youden's index 0.557 (0.415-0.699)

Negative likelihood ratio
Diagnostic odds ratio

78.57% (59.05-91.70)
57.63% (48.19-66.67)
21.43% (8.30-40.95)
42.37% (33.33-51.81)
1.85 (1.39-2.47)
0.37 (0.12-0.85)
4.99 (1.8833-13.20)
0.362 (0.186-0.538)

71.43% (51.33-86.78)
64.10% (54.71-72.76)
28.57% (13.22-48.67)
35.90% (27.24-45.29)
1.99 (1.42-2.79)
0.45 (0.18-0.89)
4.46 (1.81-11.01)

(

0.355 (0.167-0.544)

77.78% (57.74-91.38)
58.77% (49.17-67.91)
22.22% (8.62-42.26)
41.23% (32.09-50.83)

1.89 (1.40-2.54)
0.38 (0.13-0.86)
4.99(1.87-13.31)
0.365 (0.184-0.546)

Values are given in percentage (95% Cl) or ratio (95% Cl)

Overall, cases of sHLH were characterized by greater illness severity
and more pronounced organ dysfunction at presentation, as
evidenced by higher APACHE-II and SOFA scores. Although a late
clinical presentation is associated with an increased incidence of
sHLH in children with scrub typhus, the duration of symptoms

did not predict sHLH in our adult cohort, indicating that sHLH can
complicate scrub typhus at any stage of the illness.?

Ferritin has been validated as a crucial diagnostic biomarker
for both primary and sHLH. Our study reinforces its utility in
identifying sHLH triggered by scrub typhus, confirming the widely
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Table 5: The diagnostic performance of the various cutoff values of the serum ferritin (ng/mL) for scrub typhus-associated hemophagocytic

lymphohistiocytosis

Parameters 1,000 2,000 6,000 10,000

Sensitivity 100% 89.29% (71.77-97.73) 50.00% (30.65-69.35) 39.29% (21.50-59.42)
Specificity 39.34% (30.62-48.49) 66.39% (57.28-74.69) 87.70% (80.53-92.95) 94.26% (88.54-92.95)
False negative rate 0% 10.71% (2.27-28.23) 50.00% (30.65-69.35) 60.71% (40.58-78.50)

60.66% (51.41-69.39)
1.65 (1.43-1.90)
Negative likelihood ratio 0

False positive rate
Positive likelihood ratio

Diagnostic odds ratio -

Youden's index 0.393 (0.307-0.480)

33.61% (25.31-42.72)
2.01-3.52)
0.16 (0.12-0.25)
16.46 (4.69-57.76)
0.557 (0.415-0.699)

2.66

12.30% (7.05-19.47)
4.07 (2.23-7.42)
0.57 (0.43-0.75)
1.13(2.85-17.84)

0.377(0.183-0.571)

(

(

(

5.74% (2.34-11.46)
6.85(2.91-16.08)
0.64 (0.52-0.80)

10.62 (3.62-31.17)

0.335 (0.150-0.521)

Values are given in percentage (95% Cls) or ratio (95% Cls)

Table 6: Outcomes of patients with scrub typhus and comparison between patients with and without sHLH

Parameters Total (n=150) SHLH (n=28) NosHLH (n=122)  p-value
Mortality rate, n (%) 4(9.3%) 6 (21.4%) 8 (6.6%) 0.025
Mechanical ventilation requirement, n (%) 3(35.3%) 8 (64.3%) 5(28.7%) <0.001
Duration of mechanical ventilation (days), median (IQR) 5(2-6) 4(2-7.5) 5(2.5-6) 0.671
Vasopressor requirement, n (%) 58 (38.7%) 17 (60.7%) 41 (33.6%) 0.008
Renal replacement therapy, n (%) 12 (8%) 2(7.1%) 10 (8.2%) 1.000
Hospital stay (days), median (IQR) 7 (5-9) 7.5 (4-11) 7 (5-9) 0.541

sHLH, secondary hemophagocytic lymphohistiocytosis

recognized cutoff of 2000 ng/mL as optimal.”'® In our cohort, this
threshold demonstrated a sensitivity of 90% and a specificity of
66%, providing equal or superior diagnostic accuracy compared
to primary HLH or virus-associated sHLH.?” A baseline ferritin
level of >2000 ng/mL should prompt consideration of sHLH, while
levels below 1000 ng/mL effectively exclude sHLH in scrub typhus.
Although retrospective studies involving heterogeneous disorders
have suggested higher than the current cutoffs for diagnosing HLH,
these findings may not directly apply to a specific disorder like
scrub typhus.?®2° Furthermore, higher thresholds, such as 6,000
and 10,000 ng/mL, increase specificity (88% and 95%, respectively)
and maintain moderate sensitivity (50 and 40%, respectively),
establishing them as particularly strong predictors of sHLH in this
infection.

In our study, low fibrinogen levels showed a modest diagnostic
utility for sHLH. Hypofibrinogenemia in sHLH typically results from
increased consumption due to hyperactivation of the coagulation
system or disseminated intravascular coagulation, often triggered
by severe systemic inflammation.>° Correspondingly, this extensive
coagulation activity also results in significantly elevated d-dimer
levels, the fibrin degradation products, in our sHLH cases.>°

Elevated TG levels are common in HLH, reflecting its
hyperinflammatory state. Although elevated TGs receive higher
points than other items in the original HScore, our study found
that TG had the least diagnostic utility compared to other
biomarkers. The optimal cutoff for TG was calculated to be 378
mg/dL, significantly higher than the 132 mg/dL threshold used
in the HScore. A possible explanation is the frequent occurrence
of liver dysfunction in scrub typhus, which impairs TG clearance.
This, along with increased lipolysis due to the cytokine storm,
typically contributes to elevated TG levels in HLH.>! In our cohort,
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HScore items—TG levels between 132 and 354 mg/dL and AST >30
U/L—did not predict sHLH in scrub typhus. These results suggest
that higher values of TG and AST are necessary for identifying HLH
in scrub typhus.

In our study, we evaluated CRP, a widely available inflam-
matory marker, for its potential as a predictive marker for sHLH
in scrub typhus, especially in resource-limited settings of LMICs.
However, it demonstrated lower diagnostic utility compared to
ferritin and fibrinogen. Our findings align with previous reports,
suggesting that while high CRP can signal systemicinflammation,
it lacks the specificity and sensitivity required to effectively
identify sHLH.3?

Bone marrow examinations were performed in only seven
cases, decided at the discretion of the treating clinician. While more
frequent use might have improved the HScore points for some
patients, the invasiveness and practical challenges limit its routine
use. Despite its name, the presence of hemophagocytosis is not
synonymous with HLH, as it can also occur in conditions of systemic
inflammation such as sepsis, following blood transfusions, or during
the postoperative period.??3* Additionally, hemophagocytosis
often varies in sensitivity and may not be presentin the early stages
of the disease.**~3> Moreover, studies have indicated that omitting
hemophagocytosis from diagnostic criteria of HScore or HLH-2004
only marginally reduces the accuracy of HLH diagnosis compared
to the full criteria.?*3¢

Our study highlights the severe clinical complexities and
adverse outcomes associated with sHLH in patients with scrub
typhus. Consistent with the previous studies, sHLH cases required
significantly more mechanical ventilation and vasopressor support,
and the in-hospital mortality rate was markedly higher compared
to patients without sHLH.2?3” These findings emphasize the critical
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need for early identification of sHLH, enabling timely and intensive
care, along with tailored, aggressive management strategies.

Given the heterogeneity of sHLH in adults, treatment must be
individualized, focusing on controlling hyperinflammation and
addressing primary disease triggers.”*® While many infection-
associated HLH cases resolve with targeted antimicrobial therapy,
the initiation of specific HLH treatments like IVIG or dexamethasone
should be based on careful clinical judgment and assessment of
organ function.”*® In our cohort, only one-third of the patients
with sHLH received IVIG or steroids. The challenges of using such
treatments in LMICs, compounded by a hesitancy to administer
steroids during infections and the high costs of IVIG, highlight the
urgent need for further research into the specific guidance for the
choice, timing, and duration of immunomodulatory therapy in
infection-associated sHLH.?

Limitation

Our study has several limitations. First, being conducted at the
emergency medicine unit of a single apex-care hospital, our
findings may not be generalizable to all patients with scrub typhus.
The observed high prevalence of sHLH could be attributed to the
severe cases of scrub typhus. Second, the biomarkers, i.e., ferritin,
fibrinogen, TG, and CRP, were available only on weekdays. As a
result, these tests could not be immediately performed for patients
admitted over the weekend, from Saturday afternoon to Monday
morning. This limitation might have delayed the timely diagnosis
of sHLH. Third, HLH-directed treatments were prescribed based on
the treating physicians’ clinical judgment regarding their initiation,
choice, timing, and duration. This variability prevents us from
definitively assessing the efficacy of specific HLH-directed therapies.
Fourth, due to its non-availability, the soluble IL-2 receptor, a strong
predictor of HLH, could not be evaluated and compared with other
biomarkers in our study.

ConcLusIOoN

This study underscores the critical importance of early detection
and tailored treatment in managing scrub typhus-associated sHLH,
a severe complication frequently observed in patients requiring
emergency hospitalization. Patients with sHLH typically present
with multi-organ failure, often require intensive organ support,
and carry significantly high mortality. Serum ferritin emerged as the
most valuable biomarker, effectively distinguishing sHLH with high
sensitivity and specificity. The variability observed in HLH-directed
treatment approaches highlights the urgent need for standardized
protocols to ensure effective and consistent care, thereby improving
patient outcomes.
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