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Study of the diagnostic criteria for hemophagocytic
lymphohistiocytosis in neonatal and pediatric
patients with severe sepsis or septic shock
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ABSTRACT
Septic shock is a major public health concern. However, the clinical
and laboratory criteria for sepsis overlap with those for hemophago-
cytic lymphohistiocytosis (HLH), and their differentiation can be chal-
lenging. The aim of this study was to compare HLH criteria among
patients diagnosed with neonatal sepsis and childhood sepsis and to
study the outcomes in patients fulfilling the diagnostic criteria for
HLH. A cross-sectional study included 50 neonates and children with
severe sepsis and/or septic shock. Clinical and laboratory data and
HLH diagnostic criteria were studied in relation to patients outcome.
Of all patients, 18% fulfilled three of the eight HLH diagnostic crite-
ria, 2% fulfilled four criteria, and 4% fulfilled five criteria. All patients
who fulfilled three or more of the criteria died. Mortality was higher
in the presence of more positive HLH criteria and in pediatric age
groups. However, the distributions of the HLH criteria were compar-
able for pediatric and neonatal patients with severe sepsis/septic
shock, and their mortality rates were not significantly different when
based on the criteria.
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Introduction

Septic shock is defined as a subset of sepsis in which underlying circulatory, cellular,
and metabolic abnormalities are associated with a high risk of mortality.1 The preva-
lence of severe sepsis and septic shock among hospitalized children ranges from 1 to
26%, with mortality rates ranging from 5% in developed countries to 35% in developing
countries.2 Hemophagocytic lymphohistiocytosis (HLH) is a hematologic disorder with
an inflammatory response that can mimic sepsis; it most commonly appears in child-
hood but has been observed in all age groups.3 The prevalence of neonatal HLH is
unknown, yet has been estimated to range from 1 in 50,000 to 1 in 150,000.4 Whether
the difference in age-related prevalence is related to lower antigen exposures at younger
ages or to a weaker immune responses is unresolved.5–7
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HLH can develop as the result of an autosomal recessive mutation and has been found to
be more prevalent with consanguinity. HLH can also develop as an acquired condition (sec-
ondary HLH) after strong immunologic activation, such as occurs with systemic infection,
immunodeficiency, or underlying malignancy.8 An Italian registry study found genetic muta-
tions in 34% of all HLH patients and 64% of those under one year of age.3 Differentiation
between HLH and sepsis is critically important as the life-saving aggressive immunosuppres-
sive treatment required for effective HLH therapy is hazardous to patients diagnosed with
sepsis or septic shock. Hyperinflammation, present in both states, leads to an overlapping
clinical picture including fever and performance status deterioration.5

We aimed to compare the frequency of HLH as diagnosed by standard criteria among
patients with neonatal versus childhood sepsis and to compare the outcome of patients
according to the number of HLH criteria.

Patients and methods

This cross-sectional study included 50 neonates and children admitted to intensive care units
of the Ain-Shams University Pediatric Hospital, Cairo, Egypt. All patients had a presumed
diagnosis of severe sepsis or septic shock and had not responded to treatment after 24hours.
Of these children, 25 (50%) were admitted to the neonatal intensive care unit (NICU) and
25 to the pediatric intensive care unit (PICU). Patients whose parents declined to participate
and those with a known diagnosis or family history of HLH, malignancy, known congenital
immunodeficiency, or concomitant rheumatological disease were excluded from the study.
Informed consent was obtained from the parents or caregivers of patients before enrollment
in the study. The study was approved by the ethical committee of the Pediatric Department,
Faculty of Medicine, Ain-Shams University.
Severe sepsis is defined as the presence of systemic inflammatory response syndrome

(SIRS) in the presence of suspected or proven infection, together with cardiovascular
dysfunction, acute respiratory distress syndrome (ARDS), or dysfunction in two or
more organ systems.9 SIRS was diagnosed upon meeting at least two of the four stand-
ard criteria. One of which must be abnormal temperature or abnormal leukocyte count;
Diagnostic criteria of SIRS are listed in Table 1.9

Data were abstracted from medical records for clinical and routine laboratory analyses,
including complete blood picture, prothrombin time, activated partial thromboplastin time,
liver and kidney function, serum electrolytes, and microbiology results. Evaluation included
assessment of the HLH criteria,10 from which five criteria were used for assessment5 includ-
ing fever, cytopenia (affecting �2 of 3 lineages in the peripheral blood; pediatric hemoglobin
<90g/L and neonatal hemoglobin <100 g/L), neutrophils <1.0� 109/L, platelets
<100� 109/L, fibrinogen as measured by the Clauss clotting method (STA Compact Max
analyzer, Stago, Asni�eres-sur-Seine, France), ferritin, and serum triglycerides (Synchron
CX-9 autoanalyzer, Beckman Instruments Inc., Fullerton, California, USA). The HLH
criteria used in the study are listed in Table 1.

Statistical analysis

The quantitative data are presented as means, standard deviations, and ranges when
their distributions were found to be parametric, and were compared between study
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groups using independent t-tests. Differences between groups for quantitative non-para-
metric data were assessed using the Mann-Whitney test. Qualitative data are presented
as numbers and percentages and were compared between groups using the Chi-square
test, or Fisher’s exact test when the expected count in any cell was less than five.
Pearson correlation coefficients were used to assess correlations between quantitative
parameters within each group. P-values were considered significant for values <0.05.
The Statistical Package for Social Science (SPSS version 23; IBM Corp., Armonk,
New York, USA) was used for the data analyses.

Results

The demographic data of the study population are presented in Table 2. Regarding
localization of infection in the neonatal and pediatric patients, gastrointestinal signs and
symptoms were present in two (8%) and five (20%), pulmonary signs and symptoms in

Table 2. Demographic data of patients with severe sepsis/septic shock in neonatal and pediatric
age groups.

Neonatal group Pediatric group
p-valueNo. ¼ 25 No. ¼ 25

Age (months) Median (IQR) 0.39 (0.16� 0.58) 19.2 (6� 31.2) <0.01
Range 0.06� 0.94 0.16� 108

Gender Female 12 (48.0%) 14 (56.0%) 0.57
Male 13 (52.0%) 11 (44.0%)

Consanguinity No 15 (60.0%) 16 (64.0%) 0.77
Yes 10 (40.0%) 9 (36.0%)

Table 1. Diagnostic criteria of Systemic inflammatory response syndrome and Hemophagocytic
Lymphohistiocytosis.
Systemic Inflammatory Response Syndrome (SIRS)9 Hemophagocytic Lymphohistiocytosis5,10

2 out of 4 criteria, 1 of which must be abnormal
temperature or abnormal leukocyte count:

1. Fever �38.5 �C

1. Core temperature >38.5 �C or <36 �C (rectal, oral, or
central catheter).

2. Splenomegaly

2. Tachycardia: 3. Peripheral blood cytopenia, with at least two of the
following: hemoglobin <9 g/dL (for infants <4
weeks, hemoglobin <10 g/dL); platelets <100,000/
microL;
absolute neutrophil count <1000/microL

Mean heart rate >2 SD above normal for age in absence
of external stimuli, chronic drugs or painful stimuli

4. Hypertriglyceridemia (fasting triglycerides >265mg/
dL) and/or hypofibrinogenemia (fibrinogen
<150mg/dL)

OR 5. Low or absent NK cell activity
Unexplained persistent elevation over 0.5-4 hour 6. Ferritin >500 ng/mL (the author prefers to consider

a ferritin >3000 ng/mL as more indicative of HLH)
OR
In children <1 year old, persistent bradycardia over

0.5 hour (mean heart rate <10th percentile for age in
absence of vagal stimuli, b-blocker drugs, or
congenital heart disease).

3. Respiratory rate >2 SD above normal for age or
acute need for mechanical ventilation not related to
neuromuscular disease or general anesthesia.

4. Leukocyte count elevated or depressed for age (not
secondary to chemotherapy) or >10% immature
neutrophils.
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14 (56%) and 16 (64%), and non-localized sepsis in nine (36%) and three patients
(12%), respectively. SOFA score was 10.16 ± 3.05 pediatric sepsis and sepsis score
4 ± 0.87 in neonatal sepsis. Fever was documented for 4% of the neonatal patients and
16% of the pediatric patients. At initial admission to intensive care, nine neonatal
patients (36%) had hepatomegaly compared to five pediatric patients (20%); splenomeg-
aly was present in two pediatric patients (8%) but none of the neonatal patients. WBC
counts were significantly lower in the neonatal sepsis group, with no significant differ-
ences in other blood picture parameters (Table 3). The mean level of alanine amino-
transferase was significantly higher in the pediatric group (26 IU/L, range 9–2802)
compared to the neonatal group (16 IU/L, range 6–278, p< 0.001), while total bilirubin
was higher in neonatal than in pediatric patients (1.04 ± 0.30mg/dl and 0.79 ± 0.46,
respectively, p¼ 0.03). Blood cultures were positive for Klebsiella in two (8%) and six
(24%) patients, for coagulase-negative staphylococci in one (4%) and two patients (8%),
and Acinetobacter in two (8%) and zero patients in the neonatal and pediatric groups,
respectively. There were no significant differences in the distributions of the individual
HLH criteria between pediatric and neonatal sepsis patients (Table 4).
Severe sepsis/septic shock related mortality was significantly higher in the pediatric

group (92%) than in the neonatal group (44%), p< 0.01 (Table 4). Comparison between
survivors and deceased patients showed no significant differences in the frequency of
hepatomegaly or splenomegaly or in the blood parameters (p> 0.05 for all compari-
sons). There was a significantly higher frequency of fibrinogen levels less than 100mg/
dl among deceased patients compared to survivors (p¼ 0.023), while there was no sig-
nificant differences in ferritin, triglyceride levels, or duration of hospital stay (p> 0.05
for all comparisons) (Table 5). A higher percentage of patients fulfilling three or more
criteria was found among deceased compared to survivors (p¼ 0.046) (Table 6).

Table 3. Laboratory parameters of patients with severe sepsis/septic shock in neonatal and pediatric
age groups.

Neonates group Pediatric group
p-valueNo. ¼ 25 No. ¼ 25

TLC (1000/mm3) Mean þ/� SD (Range) 9.35 ± 6.14 12.98 ± 4.56 0.02�
2–26 6.2–24

NE (1000/mm3) 5.02 ± 5.09 8.97 ± 3.57 0.01�
0.8–22 2.3–18.7

Lymp (1000/mm3) 3.00 ± 1.51 2.92 ± 1.89 0.87�
1–7.8 0.6–7.6

Mono (1000/mm3) 0.60 ± 0.18 0.7 ± 0.32 0.17�
0.2–0.8 0.06–1.7

Hgb (g/dl) 10.52 ± 1.72 10.84 ± 1.32 0.46�
7.1–14.2 8.8–13.6

MCV (fl) 80.00 ± 0.00 82.32 ± 4.91 0.65�
80–80 74.5–88

MCH (pg) 28.00 ± 0.00 27.79 ± 1.7 0.91�
28–28 23.7–30

Platelets (1000/mm3) Median (IQR) 68 (46–108) 96 (48–158) 0.17#

Range 8–170 15–695
CRP (mg/dL) Median (IQR) 48 (12–96) 24 (12–96) 0.67#

Range 6–282 6–198
PT (sec) Mean ± SD 15.80 ± 3.09 17.1 ± 4.9 0.27

Range 12–24 12.7–32
PTT (sec) Mean ± SD 46.12 ± 16.06 38.3 ± 14.37 0.08

Range 32–120 1–58

�Independent t-test; #Mann-Whitney test.
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Serum ferritin levels showed significant negative correlations with fibrinogen levels
(r¼�0.293, p¼ 0.039), hemoglobin level (r¼�0.284, p¼ 0.046), and urine output
(r¼�0.428, p¼ 0.003) and significant positive correlations with ALT levels (r¼ 0.280,
p¼ 0.049), prothrombin time (r¼ 0.345, p¼ 0.014), and the length of ICU stay
(r¼ 0.311, p¼ 0.028).

Table 4. HLH criteria and outcome related to ICU admission along with fulfillment of HLH criteria of
both neonatal and pediatric groups.

Neonates group Pediatric group
p-valueNo. ¼ 25 No. ¼ 25

Fever, n (%) No 24(96%) 21 (84%) 0.15�
Yes 1(4%) 4(16%)

Splenomegaly, n (%) No 25 (100.0%) 23 (92.0%) 0.15�
Yes 0 (0.0%) 2 (8.0%)

Ferritin (ng/ml) Mean ± SD 750.40 ± 433.63 926.75 ± 624.56 0.25�
Range 186–1834 154–2000
Ferritin <500 9 (36.0%) 8 (32.0%) 0.76�
Ferritin >500 16 (64.0%) 17 (68.0%)

TGs (mg/dl) Mean ± SD 172.88 ± 109.89 182 ± 143.38 0.80�
Range 36–467 45–560

Fibrinogen (mg/ml) Mean ± SD 234.20 ± 99.05 206.56 ± 99.66 0.33�
Range 100–456 100–468
Fibrinogen <100 2 (8.0%) 7 (28.0%) 0.06�
Fibrinogen >100 23 (92.0%) 18 (72.0%)

Outcome Survivor 14 (56.0%) 2 (8.0%) 0.00�
Non-Survivor 11 (44.0%) 23 (92.0%)

Duration of ICU admission (days) Mean ± SD 13.60 ± 5.36 12.8 ± 3.77 0.54�
Range 6–25 7–22

Fulfilling HLH criteria 1 13 (52.0%) 8 (32.0%) 0.10�
2 9 (36.0%) 8 (32.0%)
3 1 (4.0%) 8 (32.0%)
4 1 (4.0%) 0 (0.0%)
5 1 (4.0%) 1 (4.0%)

�Chi-square test; �Independent t-test.

Table 5. Relationship of HLH lab values and survival.
Outcome

p-value
Survivors Deceased
No. ¼ 16 No. ¼ 34

Ferritin(ng/ml) Mean ± SD 724.94 ± 408.18 892.05 ± 589.31 0.31�
Range 208–1834 154–2000
Ferritin <500 6 (37.5%) 11 (32.4%) 0.72�
Ferritin >500 10 (62.5%) 23 (67.6%)

TGs(mg/dl) Mean ± SD 152.56 ± 81.33 189.15 ± 142.54 0.34�
Range 36–336 45–560

Fibrinogen(mg/ml) Mean ± SD 255.69 ± 110.73 203.76 ± 90.48 0.08�
Range 118–456 100–468
Fibrinogen <100 0 (0.0%) 9 (26.5%) 0.02�
Fibrinogen >100 16 (100.0%) 25 (73.5%)

Duration of ICU
admission (days)

Mean ± SD 13.06 ± 5.45 13.26 ± 4.24 0.88�
Range 6–25 7–22

Fulfilling HLH criteria 1 11 (68.8%) 10 (29.4%) 0.04�
2 5 (31.2%) 12 (35.3%)
3 0 (0.0%) 9 (26.5%)
4 0 (0.0%) 1 (2.9%)
5 0 (0.0%) 2 (5.9%)

�Chi-square test; �Independent t-test.
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Of the patients, 4% fulfilled five HLH criteria, 2% fulfilled four criteria, and 18% ful-
filled three criteria. By comparing patients filling less than 3 and 3 or more HLH crite-
ria, Nine patients (36%) from the pediatric group met three or more HLH criteria
compared to three (12%) from the neonatal group (p¼ 0.043). All 12 patients meeting
three or more criteria died, compared to 22 (58%) of those meeting fewer than three
criteria; no survival difference was found using the log rank test (Figure 1).

Discussion

Hemophagocytic lymphohistiocytosis (HLH) has common clinical and laboratory fea-
tures with other disease conditions, including SIRS, severe sepsis, and septic shock;

Table 6. Characteristics of pediatric patients with severe sepsis/septic shock and 3 or more
HLH criteria.

Fulfilling less
than 3 criteria

Fulfilling 3 or
more criteria

p-valueNo. ¼ 38 No. ¼ 12

Age groups Neonatal 22 (57.9%) 3 (25.0%) 0.04
Pediatric 16 (42.1%) 9 (75.0%)

Outcome Survivors 16 (42.1%) 0 (0.0%) 0.01
Non-Survivors 22 (57.9%) 12 (100.0%)

Days of admission Median (IQR) 6 (4–8) 7 (4–9.5) 0.53
Range 2–20 3–12

Duration of ICU
admission (days)

Mean ± SD 12.92 ± 4.65 14.08 ± 4.54 0.45
Range 6–25 8–22

Figure 1. Kaplan Mayer survival curve for the overall survival of patients with severe sepsis/septic shock
on comparing patients meeting one or two HLH criteria and those meeting three or more criteria.
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however, the therapeutic options are radically different. Chemotherapy and immunosup-
pressives have been used for the treatment of HLH, whereas antibiotics and supportive
treatment are used for severe sepsis and SIRS.11,12 All of our patients had been treated
under sepsis protocols, and no immunosuppressive therapy was administered. Both con-
ditions may result in high mortality rates. Reports from the United States have shown a
mortality rate of 21% in children with severe sepsis.13 The developing world carries a
greater burden of sepsis-related mortality, with rates ranging between 43% and 87%.14

Much of the difference in reported HLH outcomes likely results from undifferentiated
primary and secondary causes . A small study from India reported a survival rate of
80% among 26 patients with infection-associated HLH15; however, 30-day mortality of
almost 29% was reported in 160 Chinese children with diagnosed with HLH.16 The 3-
year overall survival was 74% in a prospective cohort of 64 Japanese children with HLH
receiving the standard HLH2004 protocol with or without stem cell transplantation.10,17

Neonatal versus childhood sepsis

We found significantly higher sepsis-related mortality in children compared to neonates.
Due to physiological differences in system maturation, neonates would be expected to
have worse outcomes. HLH are less commonly reported in neonates than in infantile
and pediatric age groups. We thought to compared the HLH criteria between age
groups to examine whether the lower prevalence of reported HLH in neonates might be
related to the immature immune systems affecting innate immunity.18,19 However, we
did not find a significant difference in the distributions of the HLH criteria.
Presentation of HLH in the neonatal age is infrequently reported.5,20,21 Patients with
HLH are expected to have poor survival. In a cohort of 16 neonates with herpes simplex
induced HLH, a 50% mortality was reported.22 In a recent retrospective analysis of early
onset liver failure, neonatal HLH constituted 9.5% of the studied patients.23 Further
studies of inflammatory markers might help to compare age-specific occurrence, charac-
teristics, and outcomes of sepsis in relation to HLH criteria.

HLH criteria in patients with refractory severe sepsis or septic shock

Based on the high mortality rates, patients presenting with severe sepsis/septic shock
but with poor response to conventional treatment may include HLH patients with sec-
ondary sepsis-like illness or whose disease was triggered by infection and severe sepsis.8

Underlying HLH may also be present even in children who do not meet the full HLH
diagnostic criteria. Differentiating between HLH and severe sepsis is difficult as both
are characterized by a state of hyperinflammation and thus share common clinical and
laboratory features.10 Unrecognized and, thus, untreated HLH can lead to refractory
septic shock and death.24

Reports of fever were infrequent in our study. Other than in newborns, the diagnosis
of active HLH without fever seems unlikely. Examining the complete clinical course
may be more insightful as fever in HLH may last longer and recur; the patient, despite
high fever, can initially be in a relatively good clinical condition.25 A low CRP level can
suggest HLH in a patient with presumed sepsis,26 but high CRP levels do not exclude
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the diagnosis because of frequent infections secondary to neutropenia and the possibility
of macrophage activation syndrome.5 The clinical overlap between HLH and sepsis cre-
ates a diagnostic dilemma for the differentiation of familial HLH triggered by infection,
sepsis-induced HLH, and sepsis-associated HLH.8

Hepatomegaly was present in 38% of patients with sepsis and splenomegaly was pre-
sent in 20%, similar to their distributions in deceased patients (41% and 27%, respect-
ively). Both splenomegaly and hepatosplenomegaly in HLH patients are caused by
lymphocytic and histiocytic infiltration and are frequently observed in pediatric cases
with HLH (83%–95%).25 In sepsis, splenomegaly may be attributed to acute splenitis
with a frequency as high as 79%.27

Based on the revised HLH criteria, cytopenia was present in 100% of our study
patients. Sepsis-associated neutropenia associated with sepsis is more frequent in pediat-
ric populations, especially in neonates compared to adults.28

Low fibrinogen levels were reported in 18% of the studied patients. Fibrinogen is an
acute phase reactant, and its concentration is elevated in patients with sepsis. The utility
of this criterion is limited by its dependence on overt disseminated intravascular coagu-
lation, which is relatively rare in sepsis (7%–16%) though common in septic shock
(73%); therefore, platelet count should also be taken into consideration.5 A retrospective
study of pediatric HLH in an American cohort found that hypofibrinogenemia was
more frequent in the pediatric group and was independently associated with poor out-
comes; whether this was attributed to HLH is a point of consideration.29

Concerning serum ferritin, 60% of the studied patients had serum ferritin levels above
500 ng/dL. These levels have been previously reported in one-third of the pediatric
patients with severe sepsis and were associated with a 3.2 relative risk of death.30

Elevated triglycerides in a Korean registry of pediatric HLH were reported to be
between 40% and 85%.31 Increased triglyceride levels and decreased high- and low-dens-
ity lipoproteins are associated with systemic inflammation and sepsis.32

Hyperferritinemic syndrome has been described as elevated levels of iron-poor ferritin,
which paradoxically induce both pro-inflammatory cytokines and immunosuppression.33

A recent editorial suggested management for patients with hyperferritinemic sepsis
based on the presence of occult infection or hemolysis; if both are negative, an anti-
inflammatory strategy with methyl prednisolone, intravenous immunoglobulin, and
interleukin 1 receptor antagonist should be added.34

Limitations

The major limitations of our study are the relatively small sample size, the lack of com-
parison with a group of genetically-proven children with HLH, and the lack of data
from functional cytotoxic T cell assays and genetic studies.

Conclusions

In our study of pediatric and neonatal children with refractory sepsis, there were no sig-
nificant differences by age in the diagnosis of HLH based on standard criteria. We con-
clude that in patients with severe sepsis/septic shock, HLH criteria should be recognized
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as nonspecific and interpreted cautiously. However, all patients who fulfilled at least
three HLH criteria died. Clinicians should, thus, consider the possibility of undiagnosed
HLH, especially in populations with high consanguinity rates.
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