
ABSTRACT
Objective: Haemophagocytic lymphohistiocytosis (HLH) is a multi-system autoimmune disorder. The objective of this
study was to find out the clinical characteristics and prognosis of paediatric patients with Haemophagocytic Lymphohistiocytosis.
Study Design and setting: Cross sectional study conducted at Pak Emirates Military Hospital, Rawalpindi from July 2021
to June 2023.
Methodology:  Children with diagnosis of HLH were assessed by including patients who were aged = 13 years during
hospitalization. All the patients who had not been diagnosed by using the HLH-2004 criteria were disqualified. Relevant
findings were noted by evaluating records pertinent to physical examination, radiology and laboratory markers. Prognosis
was assessed by determining the underlying clinical aetiology and whether patient-related factors modulated the overall
life expectancy.
Results: A total of 32 patient records were evaluated. Mean age at diagnosis was 44.3 ± 39.1 months (Range: 1-132 months)
with majority being males [n=23 (71.9%)]. The common clinical characteristics included fever [n=29 (90.6%)], lymphad-
enopathy [n=27 (84.4%)], splenomegaly [n=23 (71.9%)] and hepatomegaly [n=23 (71.9%)]. Serum ferritin, bilirubin, ALT,
AST, and LDH were also raised. All patients were followed for a mean period of 12 months and 18 (56.3%) children failed
to survive. Negative prognostic indicators included severe anaemia (p=0.001), neutropenia (p=0.007), thrombocytopenia
(p=0.033), and hyperferritinemia (p<0.001). Elevation of liver enzymes (ALT: p<0.001; AST: p=0.031), serum bilirubin
(p=0.037), and LDH (p<0.001) also indicated worse disease prognosis.
Conclusion: HLH in childhood is a potentially life-threatening disease and carries a significant association with deranged
liver function.
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INTRODUCTION
Haemophagocytic lymphohistiocytosis (HLH) is characterized
as an autoimmune, multisystem disorder, the pathogenesis of
which is mediated by a myriad of cytokines including interferon-
gamma (IFN-ã), interleukin-2 (IL-2), and tumor necrosis factor-
alpha (TNF-á), that eventually leads to hyper activation of
immune system.1 Persistent and abnormal activation of CD8+
T-lymphoctytes and resulting mediators of inflammation are
the key mechanism of pathogenesis. Paediatric HLH can either
be genetic ( due to familial or immunodeficiency related
syndromes resulting from diverse range of genetic pathologies)
or acquired. In addition to the role of genetic mutations in
mediating the pathogenesis of familial HLH variants i.e.,
Perforin (PRF1), Munc13-14 (UNC13D), Syntaxin 11 (STX11)
and Syntaxin binding protein 2 (STXBP2)2, genetic alterations
can also be  associated with secondary HLH that is seen in
Chediak-Higashi syndrome (CHS), Griscelli syndrome and
X-linked lymphoproliferative disorders. Infections such as
Epstein-Barr virus (EBV) and other herpesviruses, Bacterial,
fungal and protozoan infections  have also been attributed to
the pathogenesis of Secondary HLH.3,4 Secondary HLH can
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also rarely secondary to inborn error of metabolism and
drugs such as phenytoin. It is also noteworthy that up to
40% cases of paediatric HLH can arise secondary to systemic
infections.5

Although paediatric HLH can be manifested at any point
during childhood, the condition predominantly impacts
children during the initial 18 months of life. Paediatric HLH
is marked by a diverse spectrum of clinical manifestations.
Depending upon the age at the time of diagnosis, a child
may encounter a febrile illness and hepato-splenic enlarge-
ment. Characteristic haematological findings include bicy-
topenia, or even pancytopenia. The reduction in cell counts
arises due to the classical feature of haemophagocytosis
which potentiates hepatospleenomegaly and widespread
lymphadenopathy.6,7 A few notable biochemical abnormalities
include markedly raised triglyceride and ferritin levels
associated with significant hypoproteinaemia.7 Clinical and
laboratory criteria have been formulated which includes
fever, splenomegaly, cytopenias in two or more lineages
(ANC <1x109 /L, Hb <9g/dl or <12g/dl if age is less then
4weeks and pletelets <100x109 /L), Hypertriglyceridemia
and/ hypofibrinogenaemia (TG> 3mmol/L, Fibrinogen <
1.5g/dl), Ferritin above 500 ug/L, sCD25 >2400/ml, decreased
or absent NK cell activity and evidence of Haemophagocy-
tosis in BM, CSF or LN. Of these 5 out of 8 criterias are
required to make diagnosis of HLH.8 Zhou et al., (2022)
have identified a high mortality rate among children, with
up to 30% patients dying during the 30-day period following
disease onset.9 Although patient outcomes can be substantially
improved through timely diagnosis and provision of critical
care, a lot of factors can potentially modulate the overall
prognosis of paediatric HLH. In adults, these novel factors
include haematological markers, biochemical indicators and
background of malignancy-associated HLH. Nonetheless,
prognostic data regarding paediatric HLH is rather inade-
quate.10

Given the diminished survival rates observed in HLH11, it
is imperative to generate a better know-how pertaining to
prognostic markers of the disease. In turn, this data can
allow clinicians to carry out an efficient prediction of adverse
outcomes in childhood HLH and initiate timely treatment.
In line with this, the current study was designed to assess
the clinical manifestations, prognostic factors, and clinical
outcomes of paediatric patients with HLH.
METHODOLOGY:
The study was organised as a cross-sectional analysis of
paediatric cases of HLH and was conducted at Pak Emirates
Military Hospital, Rawalpindi. The authors analysed
paediatric HLH patients spanning over a period 02 years
from July 2021 to June 2023. Data collection, statistical
analysis, and report writing were carried out for a period of
03 months from Sep 2023 to Dec 2023. Patients were
incorporated into the study by using convenience sampling.

Inclusion Criteria: Diagnosed patients of HLH who were
aged = 13 years at the time of hospital admission, and had
been diagnosed with haemophagocytosis using the HLH-
2004 criteria were included in the study. As per HLH-2004,
patients had to meet the following diagnostic parameters
for HLH: (A) HLH confirmation by genetic analysis or (B)
Five out of the following eight criteria have to be fulfilled:
(1) Temperature = 38.5°C; (2) Splenomegaly; (3) Anemia
/ Neutropenia / Thrombocytopenia; (4) Hypertriglyceridemia
>3mmol/L and/or hypofibrinogenemia ; (5) Histological
evidence of haemophagocytosis in bone marrow, lymph
nodes, spleen, or liver; (6) Low or absent natural killer cell
activity; (7) Serum ferritin raised above 500 ng/mL; (8)
Elevated soluble CD25 (soluble IL-2 receptor alpha) = 2,400
U/mL.12

Exclusion Criteria: Those paediatric patients whose clinical
records indicated only a marked clinical suspicion for HLH
without implementing the HLH-2004 criteria, were excluded
from the study. Moreover, the patients who could not be
contacted to evaluate clinical outcomes were eliminated
from the study.
Two separate authors investigated the eligible clinical records
for extracting information pertinent to the clinical
characteristics, prognostic indicators, and outcomes associated
with HLH. With regard to clinical characteristics, patient
findings confirmed by physical examination, diagnostic
imaging, and laboratory markers were noted. Prognosis was
assessed by determining the underlying aetiology of HLH
(malignant vs. non-malignant) and whether factors including
laboratory markers or childhood malignancy significantly
modulated the overall outcome. In addition, clinical outcomes
were evaluated by estimating the cumulative mortality rate.
Patient survival time was defined as the interval from the
point of first admission to the point of subsequent contact
during data analysis.
The authors in-charge of data entry and analysis strictly
followed the ethical charter set by the Helsinki protocol
while the study was also conducted after approval from the
institutional review board (ERC no: A/29/EC/414/2022).
Statistical analysis was conducted by utilizing IBM Statistical
Package for Social Sciences (SPSS) 23.0. The mean ± SD
values were calculated for quantitative variables including
patient age, follow-up intervals, and laboratory values. The
independent t-test and the chi-square (÷2) test were applied
to evaluate the statistical correlation of data. A p-value <
0.05 was considered significant.
RESULTS:
A total of 32 eligible cases were accessed and incorporated
into the study. Mean age of the participants was 44.3 ± 39.1
months [Range: 1-132 months]. The majority of children
were males [n=23 (71.9%)]. The most prevalent clinical
characteristics included fever [n=29 (90.6%)],
lymphadenopathy [n=27 (84.4%)], splenomegaly [n=23
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(71.9%)], and hepatomegaly [n=23 (71.9%)] (Table-2). In
terms of haematological parameters, mean haemoglobin
levels were 8.7 ± 2.4 g/dL, mean neutrophil count was 0.6
± 0.2 x 103/mm3, and mean platelet count was equivalent to
89 ± 63.0 x 103/mm3. Serum ferritin levels were significantly
elevated at 3910 ± 3018 ng/mL. Serum albumin levels were
found in the lower range i.e., 2.8 ± 0.6 g/dL. As a marker
of coagulopathy, mean patient INR was estimated to be 1.3
± 0.4. In addition to liver function, liver biochemistry was
also found to be deranged with significantly elevated bilirubin

Haemoglobin (g/dL)
Neutrophil Count (x103/mm3)

Platelet Count (x103/mm3)
Ferritin (ng/mL)

International Normalized Ratio (INR)
Albumin (g/dL)

Bilirubin (mg/dL)
Alanine transaminase (ALT; IU/L)

Aspartate transaminase (AST; IU/L)
Lactate dehydrogenase (LDH; IU/L)

8.7 ± 2.4
0.6 ± 0.2
89 ± 63.0

3910 ± 3018
1.3 ± 0.4
2.8 ± 0.6
3.5 ± 3.4

186.0 ± 170.7
136.9 ± 108.3
434.2 ± 329.1

Statistical Value
(Mean ± SD)

HLH Laboratory
Markers

Table-2. Laboratory-based Parameters of children with HLH

Table-1. Demographic, Clinical, and Aetiological Parameters of
Paediatric HLH

Statistical Value
44.3 ± 39.1
23 (71.9%)
9 (28.1%)

29 (90.6%)
23 (71.9%)
23 (71.9%)
18 (56.3%)
27 (84.4%)
12 (37.5%)
14 (43.8%)
6 (18.8%)

Age in months (Mean ± SD)
Demographic
variables

Clinical
aetiology  of
HLH

Male [n (%)]
Female [n (%)]

Gender

Patient-related parameters (n = 32)

Fever [n (%)]
Splenomegaly [n (%)]
Hepatomegaly [n (%)]

Jaundice [n (%)]
Lymphadenopathy [n (%)]

EBV infection [n (%)]
Non-EBV infection [n (%)]

Malignancy [n (%)]

Clinical
characteristics

EBV: Epstein-Barr Virus Table-3. Determinants of Clinical Prognosis in Paediatric HLH

0.702
0.960
0.960
0.419
0.854
0.581
0.530
0.138
0.001*
0.007*
0.033*
0.392

<0.001*
0.384
0.037*

<0.001*
0.031*

<0.001*

13 (40.6%)
10 (31.3%)
10 (31.3%)
9 (28.1%)
12 (37.5%)
6 (18.8%)
7 (21.9%)
1 (3.1%)

10.2 ± 2.1
0.7 ± 0.2

119.1 ± 82.3
1.4 ± 0.4

1210.1 ± 1171.1
2.9 ± 0.5
2.2 ± 2.0

73.4 ± 71.4
90.6 ± 88.2
168.3 ± 77.1

16 (50%)
13 (40.6%)
13 (40.6%)
9 (28.1%)
15 (46.9%)
6 (18.8%)
7 (21.9%)
5 (15.6%)
7.6 ± 2.0
0.5 ± 0.2

65.6 ± 26.6
1.3 ± 0.3

6010.6 ± 2211.8
2.7 ± 0.6
4.6 ± 4.1

273.7 ± 175.1
172.9 ± 111.0
640.9 ± 299.2

12 (37.5%)
6 (18.8%)

11 (34.3%)
3 (9.3%)

0.457

Age in months (Mean ± SD) 47.4 ± 43.4 40.2 ± 33.8 0.612

p-valueNo mortality
(n=14)

Mortality
(n=18)Prognostic Indicators

Demographic
variables

Clinical
aetiology

Laboratory
markers

(Mean ± SD)

Male [n (%)]
Female [n (%)]

Gender

Fever [n (%)]
Splenomegaly [n (%)]
Hepatomegaly [n (%)]

Jaundice [n (%)]
Lymphadenopathy [n (%)]

EBV infection [n (%)]
Non-EBV infection [n (%)]

Malignancy [n (%)]
Haemoglobin (g/dL)

Neutrophil Count (x103/mm3)
Platelet Count (x103/mm3)

INR
Ferritin (ng/mL)
Albumin (g/dL)

Bilirubin (mg/dL)
Alanine transaminase (ALT; IU/L)

Aspartate transaminase (AST; IU/L)
Lactate dehydrogenase (LDH; IU/L)

Clinical
characteristics

Significant determinants of mortality
EBV: Epstein-Barr Virus; INR: International Normalized Ratio
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(3.5 ± 3.4 mg/dL), ALT (186.0 ± 170.7 IU/L) and AST
(136.9 ± 108.3 IU/L) levels (Table-2). High LDH levels
(434.2 ± 329.1 IU/L) were also noted (Table-2).
The HLH patients were categorized on the basis of their
clinical aetiology. EBV infection was found to be associated
with a total of 12 (37.5%) cases. A total of 14 (43.8%) cases
were attributed to non-EBV systemic infections. Moreover,
malignancy was the main underlying etiology for up to 6
(18.8%) patients (Table-1). Following their preliminary
admission, paediatric patients were subsequently followed
for a mean duration of 10 months. Up to 18 (56.3%) children
had failed to survive upon follow-up evaluation while a
survival period of more than 12 months was estimated only
in up to 12 (37.5%) HLH patients. Regarding the clinical
prognosis, the severity of anaemia (p=0.001), neutropenia
(p=0.007), thrombocytopenia (p=0.033), and hyperferritine-
mia (p<0.001) was significantly associated with poor clinical
progression in HLH. Moreover, elevation of liver enzymes
(ALT: p<0.001; AST: p=0.031), serum bilirubin (p=0.037),
and LDH (p<0.001) levels also indicated a poor disease
prognosis (Table-3).
DISCUSSION:
Our study has assessed the clinical correlation of paediatric
patients with haemophagocytic lymphohistiocytosis, most
prevalent clinical characteristics included fever,
lymphadenopathy and hepatosplenomegaly. Lab findings
included cytopenias, elevated ferritin, deranged liver enzymes
and raised LDH. A significantly poor long-term prognosis
was identified in the sample cohort. Regarding the clinical
prognosis, the severity of anaemia, neutropenia,
thrombocytopenia, and hyperferritinemia was significantly
associated with poor clinical progression in HLH. This is
one of the preliminary studies exploring the clinical outcome
of paediatric HLH within the developing tertiary healthcare
sector of Pakistan.
Similar to our findings, the commonest clinical manifestations
in HLH were reported by Zhang et al., (2016) as fever,
elevated ferritin, and low platelet count. Compared to adults,
paediatric HLH is more likely to potentiate the enlargement
of liver and spleen. In line with previous studies, our findings
showed that ferritin and/or LDH levels were significantly
decreased after 2-3 weeks of treatment, suggesting that
serum ferritin and/or LDH may function as sensitive markers
reflecting the early treatment response. Deranged liver
biochemistry, anaemia, and elevated LDH have also been
reported in the literature by Benevenuta et al., (2023).
Leucocytosis is not typical of HLH, except in HLH-associated
with defined rheumatological conditions/macrophage
activation syndrome-HLH (MAS-HLH)11 Impaired liver
function can precipitate Acute liver failure, therebyresulting
in a substantially high risk of in-hospital mortality.13 Although
active HLH disease has been considered a relative
contraindication to liver transplantation, the latter has been

shown to potentially improve patient prognosis with overall
graft and patient survival were 60%at 24 months median
age after liver transplantation.15

A major etiological condition contributing to childhood
HLH is EBV infection. In contrast to adult HLH, paediatric
variant of HLH has been shown to be more frequently
associated with EBV.16 Thisunique vulnerability, as reported
by Koh et al., to EBV infection in Asian patients with HLH
suggests that different genetic backgrounds can contribute
to the development of the disease, even in cases of secondary
HLH. Although  Zhou et al., (2022) have identified age >28
months as a protective factor in the pathophysiology of
HLH.8 our study has highlighted a non-significant role of
increasing age in preventing child mortality where patients
experiencing mortality were, on average, 7 months older
than the surviving children. Besides, a significant
transaminase elevation coupled with coagulopathy has been
associated with a markedly poorer clinical prognosis in
HLH.16 Although the authors could not find any significant
association between HLH secondary to malignancy and
mortality, it has been previously documented that malignancy
is a poor prognostic marker of the disease.9,15

Our study indicated a poor long-term prognosis among
paediatric HLH patients where up to 56.3% of patients had
failed to survive when assessed at a mean follow-up duration
of 10 months after initial admission. In a broad systematic
review and Cochrane meta-analysis, reported by Tan et al.,
which included a total of 36 studies involving clinical data
of up to 493 HLH paediatric patients, a lower mortality rate
of approximately 33% was noted.18 This difference from
our findings can be potentially explained by our study being
restricted to a single referral hospital where many complicated
cases were referred from peripheral hospitals. Nonetheless,
early diagnosis and treatment in HLH can drastically reduce
the risk of adverse outcomes.8 In concordance, a study by
Xu et al., (2017) up to two-third of HLH cases can undergo
remission following 8 weeks of treatment.19 To boost life
expectancy, supportive care is also implicated in HLH since
it can effectively reduce the risk of opportunistic infections
and other comorbidities in the immunocompromised
patients.20

A major strength of our study was follow up on patients for
assessment of prognosis and clinical outcome. Limitations
of this study include the incompleteness of testing
forSTXBP2,SH2D1A, XIAP/BIRC4 ,UNC13D, PRF1, STX11,
and ITK mutations,  which was why we adopted the term
‘presumed’ secondary HLH. This leaves the possibility of
causation due to genetic mutation in the patients designated
as having non-familial HLH.
CONCLUSION
Paediatric haemophagocytic lymphohistiocytosis is a rare
and potentially fatal, multisystem disorder. Derangement of
liver function and other serum biomarkers is significantly
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associated with a poorer clinical prognosis. A multicentre,
prospective trial that builds on the present results is warranted
to identify subgroups of patients with a poor prognosis and
identify optimal treatments.
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