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Abstract
Background

Hemophagocytic lymphohistiocytosis (HLH) is an uncommon, potentially fatal condition caused by high
immune activation. The present study aimed to identify the clinical manifestations, geographic distribution,
and associated pathogenic genetic mutations of HLH in Saudi Arabia.

Method

A retrospective cross-sectional study was conducted at King Fahad Medical City (KFMC), with a total of 59
patients diagnosed with HLH in the period between 2006 and 2018. All genetic results and clinical and
biochemical data were retrieved and statistically analyzed using IBM SPSS Statistics for Windows, Version 25
(Released 2017; IBM Corp., Armonk, New York, United States).

Results

The results revealed that 48 patients (81.4%) had 15 pathogenic mutations of primary HLH whereas 8
(13.6%) patients had no genetic mutation. The most common variant mutation identified was ¢.1430C>T of
the STXBP2 gene (42.4% of total patients), followed by c.1122G>A of the PRF1 gene (10.2% of patients),
which demonstrated a distinctive geographic and tribal association. Patients with RAB27A mutation tend to
present at an older age than the others with a median age of presentation of 5.5 months vs 2 months for
patients with PRF1 mutations. No significant differences in clinical features were observed among the
various groups.

Conclusion

This study highlights the incidence of genetic mutations among the Saudi population with HLH. The STXBP2
is the most common mutation followed by PRF1 mutations, many mutation variants are associated with a
distinctive tribal and geographic association.
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Introduction

Hemophagocytic lymphohistiocytosis (HLH) is a rare and potentially fatal systemic inflammatory syndrome
that primarily affects infants and young children. It was first reported in the literature in 1939 by Scott and
Robb-Smith [1]. The disease was later recognized as a familial condition in 1952 by Farquhar and Claireaux
[2]. HLH is characterized by the impaired cytotoxic function of natural killer (NK) cells which leads to a
massive cytokine release, resulting in systemic inflammation. Consequently, this syndrome is manifested by
fever, splenomegaly, pancytopenia, hypertriglyceridemia, hyperferritinemia, and hypofibrinogenemia
related to uncontrolled and persistent T lymphocytes and macrophage activation [3].

Diagnosing HLH imposes a clinical challenge due to a lack of specific laboratory findings or pathognomonic
clinical signs. HLH-2004 criteria from the Histiocyte Society are the most widely accepted diagnostic criteria
for HLH [4]. It can be classified into two distinct forms such as primary HLH (pHLH), and secondary HLH
(sHLH) [5,6]. The pHLH can be further classified into familial hemophagocytic lymphohistiocytosis (FHL),
and primary immunodeficiency-associated HLH. The HLH-reported genetic mutation in PRF1, UNC13D,
STX11, and STXBP2 further divides FHL into five subtypes (FHL1 to FHL5). pHLH can occur with primary
immunodeficiency syndromes like Griscelli (RAB27A), Chédiak-Higashi (LYST), and X-linked
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lymphoproliferative syndromes (SH2D1A, and XIAP). This disease typically occurs in infancy, but it might
also be found in older patients [7]. Furthermore, genetic defects can also be identified in asymptomatic
individuals. According to Henter et al., up to 50% of patients diagnosed with HLH did not show any of this
molecular mutation [5].

FHL demonstrates an autosomal recessive mode of inheritance, with a high incidence of parental
consanguinity in FHL cases [8-10]. The incidence of FHL is estimated to be approximately 1 in 50,000 live
births [11,12]. It has been noticed that FHL can be more frequent in some regions compared to others. For
example, in Italy, the disease is three times more frequent in the southern regions than in the northern and
central regions [13]. Similarly, the majority of FHL cases in Japan originate in Kyushu, the major southern
island of Japan [12]. The fact that specific types of genetic mutations accumulate in limited areas is
indicative of the founder effect of this disease. Several genetic defects responsible for the pathogenesis of
FHL have been elucidated [14-19].

In Saudi Arabia, the FHL-5 subtype was reported initially in consanguineous families of Saudi Arabian and
Turkish origin [16,17]. Subsequently, several Saudi patients from the same tribe have been found to have the
same genetic mutation. We anticipate a higher incidence of the disease in Saudi Arabia due to its tribal
nature and the high rate of consanguinity as compared to other regions.

Materials And Methods
Study design

This retrospective cross-sectional study was conducted at King Fahad Medical City (KFMC), a tertiary
hospital in Riyadh, Saudi Arabia. The study enrolled pediatric patients below the age of 14 years who were
diagnosed with HLH between January 2006 to December 2018. All patients in this study were screened before
enrollment to ensure they met the histiocyte society HLH-2004 diagnostic criteria [4]. Informed consent was
taken from all participants.

Data collection

The data was collected through a pre-designed Excel sheet from the patients' files who are treated at the
Department of Pediatric Oncology. The collected data included information about the patient’s demographic
characteristics, family history, lab data, molecular tests, and geographic distribution. Patients who met the
HLH-2004 criteria were diagnosed with pHLH if they had a known pHLH genetic mutation, and/or early-
onset disease (less than two years old) with a family history of a similar condition. Other patients without
known genetic mutation who met the HLH-2004 criteria [4] were diagnosed as sHLH. Central nervous system
(CNS) involvement was defined by the presence of one of the following: cerebrospinal fluid (CSF)
pleocytosis, clinical abnormal neurological findings, and/or abnormal neuroimaging on computed
tomography (CT) scan or magnetic resonance imaging (MRI).

Statistical analyses

All categorical variables such as gender, age group, clinical characteristics, and residence were represented
using both numerical values and percentages. Continuous variables such as age were described using the
median and interquartile range (IQR). To accommodate skewed data, non-parametric tests were utilized.
Kolmogorov Smirnov test was used to check the assumption of normal distribution. For determining
significant associations between categorical variables, the chi-square test or Fisher’s exact test was used
based on the expected frequency in each cell. Fisher’s exact test was preferred for smaller frequencies (<5). A
two-tailed p-value less than 0.05 was considered statistically significant. All data were entered and analyzed
through the statistical package IBM SPSS Statistics for Windows, Version 25 (Released 2017; IBM Corp.,
Armonk, New York, United States).

Ethical considerations

Institutional research ethics board approval was obtained before conducting any study procedure and
patients' identities were kept confidential. The study was reviewed and approved by KFMC’s International
Review Board before the start of the study and the need for informed consent for the archival samples was
waived (IRB Log Number: 19-617).

Results

A total of 59 patients were enrolled in this study. Out of 59 patients, 56 (94.9%) patients were categorized as
pHLH and 3 (5.1%) as sHLH. A total of 48 (85.7%) pHLH patients had a positive genetic mutation whereas 8
(14.3%) patients had a negative genetic mutation. Table / shows the age distribution of pHLH patients. The
results indicated that patients with negative genetic mutations presented at an older age compared to those
with positive genetic mutations. Forty-nine (87.5%) pHLH patients presented before one year of age 49
(87.5%) whereas 26 (46.4%) presented before the age of three months.
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Age of
presentation

>1y

Total

TABLE 1: pHLH age distribution

Number of patients
(%)

26 (46.4)

23 (41.1)

7 (12.5)

56

Positive genetic mutations

STXBP2
(%)

14 (53.8)

14 (60.8)

28 (50.0)

pHLH: primary hemophagocytic lymphohistiocytosis

PRF1
(%)

6(23.1)

4(17.4)

1(14.3)

11 (19.6)

RAB27A
(%)

2(7.7)

2(8.7)

2(28.6)

6 (10.7)

UNC13D
(%)

1(3.8)

2(8.7)

3(5.4)

Total
(%)

23
(88.5)

22
(95.7)

3 (42.9)

48
(85.7)

Negative genetic mutations
(%)

4(57.1)

8 (14.3)

Clinical and laboratory characteristics of the patients with pHLH at the time of diagnosis are provided in
Table 2. A slight male-to-female predominant ratio was observed (31:25) in the study. A total of 51 (91.1%)
patients were found to have a positive family history of similar conditions and/or consanguinity. This result
was slightly higher in the patients with positive genetic mutation than in patients with no mutation (93.75%
vs. 75%). CNS involvement was noticed in 55.4% of the patients. Patients with UNC13D and PRF1 had a
higher rate of CNS involvement than the rest of the group (100% and 63.6%). Almost all patients were
presented with fever (98.2%). Splenomegaly was also noticed in most of the patients (92.9%).
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STXBP2(N= PRF1(N= RAB27A(N UNC13D(N Negative genetic mutations Total(N= P-

28) 11) =6) =3) (N=8) 56) value

Gender (M:F) 15:13 8:3 4:2 2:1 4:4 33:23 0.794

Consanguinity and/or family

hist 27 (96.4%) 9(81.8%) 6(100%) 3 (100%) 6 (75%) 51(91.1%) 0.234

istory
5.5 (43.50-

Median age (months) 2.5 (6-2) 2.0 (3-2) ‘ 62() 4.0 (0-2) 8.0 (24.75-2.00) 3(6.75-2) 0.282

Symptoms and labs

Fever 27 (96.4%) 11 (100%) 6 (100%) 3 (100%) 8 (100%) 55(98.2%) 0.907

Splenomegaly 26 (92.9%) 10 (90.9%) 6 (100%) 3 (100%) 7 (87.5%) 52 (92.9%) 0.894

CNS involvement 16 (57.1%) 7 (63.6%) 2(33.3%) 3 (100%) 3 (37.5%) 31(55.4%) 0.290

Neutrophils (<1.0x109/L) 13 (46.4%) 7 (63.6%) 5(83.3%) 3 (100%) 3 (37.5%) 31(55.4%) 0.161

Hemoglobin (<90g/L) 24 (85.7%) 7 (63.6%) 4 (66.7%) 2 (66.7%) 6 (75%) 43 (76.8%) 0.583

Platelets (<100x10%/L) 26 (92.9%) 10 (90.9%) 5 (83.3%) 3 (100%) 5 (62.5%) 49 (87.5%) 0.203

Hypertriglyceridemia fasting

(>3.0mmoliL) 19 (67.9%) 4(36.4%) 4 (66.7%) 3 (100%) 3 (37.5%) 33 (58.9%) 0.136

Hypofibrinogenemia (<1.5g/L) 26 (92.9%) 9 (81.8%) 4(66.7%) 3 (100%) 5 (62.5%) 47 (83.9%) 0.177

Hyperferritinemia (=500ug/L)

(total) 28 (100%) 10 (90.9%) 6 (100%) 3 (100%) 8 (100%) 55 (98.2%)
500=5000 12 5 3 2 1 23 0.195
5000<10000 4 2 0 1 0 7
>10000 12 3 3 0 7 25

Elevated liver enzymes 28 (100%) 8 (72.7%) 5 (83.3%) 2 (66.7%) 8 (100%) 51(91.1%) 0.030

Hemophagocytosis 24 (85.8%) 8 (72.7%)  5(83.3%) 3 (100%) 7 (87.5%) 47 (83.9%) 0.783

TABLE 2: pHLH clinical and laboratory characteristics

CNS: central nervous system; pHLH: primary hemophagocytic lymphohistiocytosis

Genetic mutations in pHLH

After analyzing the results of 56 patients diagnosed with pHLH, 48 (85.7%) patients were found to have a
positive genetic mutation. The results revealed a total of 15 pathogenic genetic mutation variants in four
genes (STXBP2, PRF1, RAB27A, and UNC13D) (Table 3).
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Gene Total number (%) Nucleotide variant N of patients
c.1430C>T 25/28 (89.3%)
€.703C>G 1

STXBP2 28 (58.3%)
c.1463C>T 1
c.1485+1G>A 1
c.1122G>A 6/11 (54.5%)
c.895C>T 2

PRF1 11 (22.9%) c.769T>C 1
c.1168C>T 1
c.658G>T 1
Homozygous duplication of exons 2 to 5 2/6 (33.3%)
¢.395G>T (Heterozygous) 1

RAB27A 6 (12.5%) ¢.148_149delinsC 1
€.244C>T 1
c.514C>T 1

UNC13D 3(6.3%) €.3048dup 3/3 (100%)

TABLE 3: pHLH associated pathogenic genetic mutations in 48 Saudi patients

pHLH: primary hemophagocytic lymphohistiocytosis

STXBP2

STXBP2 (FHL-5) was the most common genetic mutation identified in this study. Four pathogenic variants
were found in a total of 28 (58.3%) patients (Table 3). A total of 25 (89.3%) patients were carrying the same
homozygous mutation, c.1430C>T. All 25 patients were originally from Riyadh province whereas 18/25 (72%)
patients belonged to the same tribe and the same town (Wadi ad-Dawasir). Another 5/25 (20%) patients
shared the same tribe and were from the same geographic area (Al Duwadimi town and nearby villages). The
other three mutations were ¢.703C>G, ¢.1463C>T, and c.1485+1G>A.

PRF1

Five pathogenic variants were isolated in FHL-2, the most frequent being c.1122G>A. It was isolated from six
(54.5%) patients. Five patients with this mutation were originally from Jazan province (Table 3). Two
patients (18.9%) from the same tribe and originating from Al-Jouf province were found to have c.895C>T
mutation. The other three isolated mutations were ¢.769T>C, ¢.1168C>T, and ¢.658G>T.

RAB27A

We isolated five different variants of Griscelli syndrome type 2. The most prevalent variant was a
homozygous tandem duplication of 38 kb affecting exon 2-5 and resulting in a premature stop codon. This
variant was found in two patients originating from Al-Jouf province, both of them belonged to the same
tribe. Although the mode of inheritance in this syndrome is autosomal recessive, a heterozygous ¢.395G>T
mutation was found in one patient who was diagnosed clinically with Griscelli syndrome with pHLH. The
other three isolated mutations were c.148_149delinsC, ¢.244C>T, and ¢.514C>T. Two (33.3%) patients with
Griscelli syndrome type 2 presented at more than one year of age.

UNC13D

One pathogenic mutation variant was identified in three patients with FHL-3. All three patients with
¢.3048dup were from Al-Jouf province. As with all other pHLH, patients with UNC13D mutation had a high
rate of a positive history of consanguinity and/or family history of similar conditions.
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pHLH with negative genetic mutations and sHLH

These patients were diagnosed with pHLH either due to early onset of the disease, family history,
consanguinity, and/or disease reactivation without clear cause like infection and autoimmune disease. A
total of eight (14.3%) were diagnosed as pHLH without positive genetic mutations, four (50%) of them
presented after the age of one year, and the other four (50%) patients presented earlier. No other significant
clinical or laboratory characteristics differences were found in this group of patients. A total of three (5.1%)
patients were diagnosed with sHLH. Two patients were diagnosed with primary immune deficiency
syndromes, and the third patient was diagnosed with rheumatological disease.

Associated infections with HLH
STXBPI1

Out of 28 patients with STXBP1, 9 (32.14%) patients were found to have associated infections.
Cytomegalovirus (CMV) virus was detected in two patients. Furthermore, a respiratory panel swab showed
two patients with rhinovirus and one with coronavirus. Two patients were found to have positive blood
cultures, one with Staphylococcus epidermidis and the other one with Streptococcus viridans. Klebsiella
pneumonia was also isolated from one patient’s urine culture. The last patient was found to have Clostridium
difficile in the stool.

PRF1

Five out of 11 patients with PRF1 gene mutation were found to have associated infections. CMV virus was
detected in two patients. Both of them also had co-infections, with one having Pseudomonas aeruginosa in
the blood and the other one having herpes simplex virus (HSV) in the blood. Escherichia coli and K.
pneumonia were positive in the urine culture of one patient. Respiratory syncytial virus (RSV) was positive in
one patient respiratory panel swab. CSF virology study was positive for HSV in one patient.

RAP27A

Among patients with RAP27A mutation, rhinovirus was isolated in the respiratory panel swab of one patient.
Another patient was found to have Epstein-Barr virus (EBV) in the blood.

UNC13D

Patients with UNC13D were also identified to have infections. The blood culture of one patient revealed E.
coli whereas another patient was found to have CMV in the blood.

pHLH with negative genetic mutations and sHLH

Six out of eight (75%) patients with no identified gene mutation were found to have associated infections.
Three patients were CMV positive, and two of them were co-infected with E. coli in one patient and
Staphylococcus hominis and EBV in the other patient. Two patients tested positive for EBV. They were co-
infection with Pseudomonas putida in the blood of one patient and rhinovirus was found in the respiratory
panel of one patient. Blood culture was positive for E. coli in one patient whereas another patient was found
to have EBV in the blood.

Discussion

Familial HLH is a very rare disease in the world; however, it may not be that uncommon in Saudi Arabia,
given the tribal nature and high rate of consanguineous marriages. This is evidenced in the present study in
which 91.1% of patients had a family history of consanguinity and/or a strong family history of similar
conditions. Our findings showed that 94.9% were suffering from pHLH. Most cases of pHLH are diagnosed
during the first year of life with a median age of onset of 5.1 to 9.5 months which is comparable to the
present study (three months) [20-22].

The average survival time after the diagnosis of HLH is less than two months if left untreated [2]. This, when
coupled with the fact that the diagnosis of HLH is often delayed, compounds the risks for patient

outcomes. For example, severe fever in HLH is often mistaken for sepsis, resulting in delays in diagnosis.
Tseng et al. and Cleves et al., in their studies, reported a median duration of 34.5 and 17 days, respectively
for the diagnosis of HLH [23,24]. The identification of Saudi HLH patients’ specific characteristics reported in
this study will allow early recognition and a prompt introduction of immunotherapy and/or stem cell
transplantation which can significantly improve overall survival [25].

In our study, the main symptoms at initial presentation included fever (98.2%), splenomegaly (92.9%), and
cytopenia which aligns with the existing literature [26]. Fever is one of the eight conditions that are part of
the revised 2004 guidelines for HLH diagnosis and has been reported in more than 90% of the cases [4,27].
Other clinical findings include elevated liver enzymes (91.1%) which is a common finding in HLH. Some
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authors suggest searching for another diagnosis in the case of normal liver enzymes [28-30]. In the
literature, CNS involvement was observed in 30% to 73% of HLH patients, and elevated ferritin is observed
in 97%, which is comparable to our results of 55.4% and 98.2%, respectively [31,32].

International studies showed that mutations of PRF1, UNC13D, and STX11 are the most commonly isolated
ones in patients with pHLH. However, our findings showed that the most common genetic mutation in Saudi
Arabia is STXBP2 [33-36]. ¢.1430C>T was observed in 89.3% of our patients with STXBP2, the index cases of
these mutations are from the Arabian Peninsula which was first reported by Cote et al. [19]. The majority of
the patients (89.3%) with this gene mutation were originally from Riyadh province. Five out of six patients
with mutation variant (c.1122G>A) of PRF1 are originally from Jazan province. Furthermore, all three
patients with mutation (c.3048dup) variant of UNC13D and two patients with (homozygous duplication
encompassing exon 2 to 5) RAB27A are from Al Jouf province. These are significant findings as this has never
been reported in Saudi Arabia.

Other undetected types of pathogenic variants may have also been present; however, further research is
required in this regard. In this study, no genetic mutations were detected in eight (14.3%) patients although
six of them presented with a strong history of consanguinity and/or similar conditions in the family.
Furthermore, seven patients presented before the age of two years. It has been reported in the literature that
up to 50% of patients with HLH present with no obvious genetic mutations [4,37]. These eight patients
might have a novel mutation that has not been discovered yet as a cause of pHLH.

Several etiological factors can be responsible for HLH, including various infections which may present a wide
range of clinical manifestations and lead to a high rate of morbidity and mortality [38]. The most common
trigger of pHLH in this study was found to be viral infections. CMV, EBV, rhinovirus, RSV, HSV, and
coronavirus were all been isolated in our patients. The most common viral infection identified in the present
study was CMV. However, this does not align with the literature as the most common viral agent described in
the literature is EBV [39]. For example, Cleves et al. in their study reported that almost 66% of their studied
population had viral etiology, with 52.3% having EBV infection [24]. However, CMV has also been reported
in various viral HLH cases [40,41]. Bonnecaze et al. reported a confirmed case of HLH caused by acute CMV
in an immunocompetent host [40]. The bacterial infections also were isolated in many patients either from
blood or urine. All organisms isolated were reported previously in the literature [42-45].

There are several strengths and limitations of the study as well which should be considered while
interpreting the findings. The main strength of the study is retrospectively analyzing the data over a period
of 13 years. Furthermore, Saudi Arabia is a relatively unexplored region regarding HLH. The reporting of
genetic mutations from the region could help future studies relate and build on these findings to further
elucidate the mechanism of HLH and its management. There are some limitations of the study as well. The
main limitation of the study is the small sample size. This could be because HLH is quite a rare disease and
the study was only conducted at a single tertiary hospital. Future studies should focus on larger patient
populations and have a longer follow-up period.

Conclusions

It has been known that HLH is a rare disease worldwide, but this could not be the case in Saudi Arabia due to
its higher rate of consanguinity and its tribal nature. Based on our data the incidence of HLH was higher in
both gender and different ages. Also, our results show the most common mutated genes in the Saudi
population and this data might be considered representative of Saudi as it was conducted in a tertiary
hospital where there is a high number of referral cases from all over the kingdom along with a patient
referral from the Riyadh city. Early recognition and prompt introduction of treatment will significantly
improve the overall survival of the patients. Further researches are required to consolidate what has been
demonstrated in this study.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Sami I. Alradhi, Fahad Almanjomi

Acquisition, analysis, or interpretation of data: Sami I. Alradhi, Fahad Alamr, Ibrahim Alwakid, Meshal
Alrashidi, Mayada Alkhelaif

Drafting of the manuscript: Sami I. Alradhi, Fahad Almanjomi

Critical review of the manuscript for important intellectual content: Sami I. Alradhi, Fahad Alamr,
Ibrahim Alwakid, Meshal Alrashidi, Mayada Alkhelaif

2024 Alradhi et al. Cureus 16(6): €61879. DOI 10.7759/cureus.61879 7 of 9


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE

Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Institutional Review
Board, King Fahad Medical City issued approval FWA00018774. Animal subjects: All authors have
confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In compliance
with the ICMJE uniform disclosure form, all authors declare the following: Payment/services info: All
authors have declared that no financial support was received from any organization for the submitted work.
Financial relationships: All authors have declared that they have no financial relationships at present or
within the previous three years with any organizations that might have an interest in the submitted work.
Other relationships: All authors have declared that there are no other relationships or activities that could
appear to have influenced the submitted work.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Scott RB, Robb-Smith A: Histiocytic medullary reticulosis. Lancet. 1939, 234:194-8. 10.1016/S0140-
6736(00)61951-7

Janka GE: Familial hemophagocytic lymphohistiocytosis . Eur ] Pediatr. 1983, 140:221-30.
10.1007/BF00443367

Filipovich A, McClain K, Grom A: Histiocytic disorders: recent insights into pathophysiology and practical
guidelines. Biol Blood Marrow Transplant. 2010, 16:582-9. 10.1016/j.bbmt.2009.11.014

Henter JI, Horne A, Aric6 M, et al.: HLH-2004: Diagnostic and therapeutic guidelines for hemophagocytic
lymphohistiocytosis. Pediatr Blood Cancer. 2007, 48:124-31. 10.1002/pbc.21039

Henter J-1, Arico M, Elinder G, Imashuku S, Janka G: Familial hemophagocytic lymphohistiocytosis: primary
hemophagocytic lymphohistiocytosis. Hematol Oncol Clin North Am. 1998, 12:417-33. 10.1016/50889-
8588(05)70520-7

Janka G, Imashuku S, Elinder G, Schneider M, Henter J-I: Infection-and malignancy-associated
hemophagocytic syndromes: secondary hemophagocytic lymphohistiocytosis. Hematol Oncol Clin North
Am. 1998, 12:435-44. 10.1016/50889-8588(05)70521-9

Emile JF, Abla O, Fraitag S, et al.: Revised classification of histiocytoses and neoplasms of the macrophage-
dendritic cell lineages. Blood. 2016, 127:2672-81. 10.1182/blood-2016-01-690636

Gencik A, Signer E, Miiller H: Genetic analysis of familial erythrophagocytic lymphohistiocytosis . Eur |
Pediatr. 1984, 142:248-52. 10.1007/BF00540245

Stark B, Hershko C, Rosen N, Cividalli G, Karsai HA, Soffer D: Familial hemophagocytic lymphohistiocytosis
(FHLH) in Israel. I. Description of 11 patients of Iranian - Iraqi origin and review of the literature. Cancer.
1984, 54:2109-21. 10.1002/1097-0142(19841115)54:10<2109::AID-CNCR2820541010>3.0.CO;2-M

Hirst W], Layton DM, Singh S, Mieli-Vergani G, Chessells JM, Strobel S, Pritchard J: Haemophagocytic
lymphohistiocytosis: experience at two U.K. centres. Br ] Haematol. 1994, 88:731-9. 10.1111/j.1365-
2141.1994.tb05111.x

Henter JI, Elinder G, Soder O, Ost A: Incidence in Sweden and clinical features of familial hemophagocytic
lymphohistiocytosis. Acta Paediatr Scand. 1991, 80:428-35. 10.1111/j.1651-2227.1991.tb11878.x

Ishii E, Ohga S, Tanimura M, et al.: Clinical and epidemiologic studies of familial hemophagocytic
lymphohistiocytosis in Japan. Japan LCH Study Group. Med Pediatr Oncol. 1998, 30:276-83.
10.1002/(sici)1096-911x(199805)30:5<276::aid-mpo3>3.0.co;2-c

Arico M, Danesino C, Pende D, Moretta L: Pathogenesis of haemophagocytic lymphohistiocytosis. Br |
Haematol. 2001, 114:761-9. 10.1046/j.1365-2141.2001.02936.x

Ohadi M, Lalloz MR, Sham P, et al.: Localization of a gene for familial hemophagocytic lymphohistiocytosis
at chromosome 9q21.3-22 by homozygosity mapping. Am ] Hum Genet. 1999, 64:165-71. 10.1086/302187
Stepp SE, Dufourcq-Lagelouse R, Le Deist F, et al.: Perforin gene defects in familial hemophagocytic
lymphohistiocytosis. Science. 1999, 286:1957-9. 10.1126/science.286.5446.1957

Feldmann J, Callebaut I, Raposo G, et al.: Munc13-4 is essential for cytolytic granules fusion and is mutated
in a form of familial hemophagocytic lymphohistiocytosis (FHL3). Cell. 2003, 115:461-73. 10.1016/s0092-
8674(03)00855-9

zur Stadt U, Schmidt S, Kasper B, et al.: Linkage of familial hemophagocytic lymphohistiocytosis (FHL) type-
4 to chromosome 6q24 and identification of mutations in syntaxin 11. Hum Mol Genet. 2005, 14:827-34.
10.1093/hmg/ddi076

zur Stadt U, Rohr ], Seifert W, et al.: Familial hemophagocytic lymphohistiocytosis type 5 (FHL-5) is caused
by mutations in Munc18-2 and impaired binding to syntaxin 11. Am ] Hum Genet. 2009, 85:482-92.
10.1016/j.ajhg.2009.09.005

Cote M, Ménager MM, Burgess A, et al.: Munc18-2 deficiency causes familial hemophagocytic
lymphohistiocytosis type 5 and impairs cytotoxic granule exocytosis in patient NK cells. J Clin Invest. 2009,
119:3765-73. 10.1172/]C140732

Erker C, Harker-Murray P, Talano JA: Usual and unusual manifestations of familial hemophagocytic
lymphohistiocytosis and langerhans cell histiocytosis. Pediatr Clin North Am. 2017, 64:91-109.
10.1016/j.pcl.2016.08.006

Horne A, Ramme KG, Rudd E, et al.: Characterization of PRF1, STX11 and UNC13D genotype-phenotype
correlations in familial hemophagocytic lymphohistiocytosis. Br ] Haematol. 2008, 143:75-83.
10.1111/5.1365-2141.2008.07315.x

Meeths M, Bryceson YT, Rudd E, et al.: Clinical presentation of Griscelli syndrome type 2 and spectrum of
RAB27A mutations. Pediatr Blood Cancer. 2010, 54:563-72. 10.1002/pbc.22357

Tseng YT, Sheng WH, Lin BH, Lin CW, Wang JT, Chen YC, Chang SC: Causes, clinical symptoms, and
outcomes of infectious diseases associated with hemophagocytic lymphohistiocytosis in Taiwanese adults. |
Microbiol Immunol Infect. 2011, 44:191-7. 10.1016/j.jmii.2011.01.027

Cleves D, Lotero V, Medina D, Perez PM, Patino JA, Torres-Canchala L, Olaya M: Pediatric hemophagocytic
lymphohistiocytosis: a rarely diagnosed entity in a developing country. BMC Pediatr. 2021, 21:411.

2024 Alradhi et al. Cureus 16(6): €61879. DOI 10.7759/cureus.61879

8of9


https://dx.doi.org/10.1016/S0140-6736(00)61951-7
https://dx.doi.org/10.1016/S0140-6736(00)61951-7
https://dx.doi.org/10.1007/BF00443367
https://dx.doi.org/10.1007/BF00443367
https://dx.doi.org/10.1016/j.bbmt.2009.11.014
https://dx.doi.org/10.1016/j.bbmt.2009.11.014
https://dx.doi.org/10.1002/pbc.21039
https://dx.doi.org/10.1002/pbc.21039
https://dx.doi.org/10.1016/s0889-8588(05)70520-7
https://dx.doi.org/10.1016/s0889-8588(05)70520-7
https://dx.doi.org/10.1016/s0889-8588(05)70521-9
https://dx.doi.org/10.1016/s0889-8588(05)70521-9
https://dx.doi.org/10.1182/blood-2016-01-690636
https://dx.doi.org/10.1182/blood-2016-01-690636
https://dx.doi.org/10.1007/BF00540245
https://dx.doi.org/10.1007/BF00540245
https://dx.doi.org/10.1002/1097-0142(19841115)54:10<2109::AID-CNCR2820541010>3.0.CO;2-M
https://dx.doi.org/10.1002/1097-0142(19841115)54:10<2109::AID-CNCR2820541010>3.0.CO;2-M
https://dx.doi.org/10.1111/j.1365-2141.1994.tb05111.x
https://dx.doi.org/10.1111/j.1365-2141.1994.tb05111.x
https://dx.doi.org/10.1111/j.1651-2227.1991.tb11878.x
https://dx.doi.org/10.1111/j.1651-2227.1991.tb11878.x
https://dx.doi.org/10.1002/(sici)1096-911x(199805)30:5<276::aid-mpo3>3.0.co;2-c
https://dx.doi.org/10.1002/(sici)1096-911x(199805)30:5<276::aid-mpo3>3.0.co;2-c
https://dx.doi.org/10.1046/j.1365-2141.2001.02936.x
https://dx.doi.org/10.1046/j.1365-2141.2001.02936.x
https://dx.doi.org/10.1086/302187
https://dx.doi.org/10.1086/302187
https://dx.doi.org/10.1126/science.286.5446.1957
https://dx.doi.org/10.1126/science.286.5446.1957
https://dx.doi.org/10.1016/s0092-8674(03)00855-9
https://dx.doi.org/10.1016/s0092-8674(03)00855-9
https://dx.doi.org/10.1093/hmg/ddi076
https://dx.doi.org/10.1093/hmg/ddi076
https://dx.doi.org/10.1016/j.ajhg.2009.09.005
https://dx.doi.org/10.1016/j.ajhg.2009.09.005
https://dx.doi.org/10.1172/JCI40732
https://dx.doi.org/10.1172/JCI40732
https://dx.doi.org/10.1016/j.pcl.2016.08.006
https://dx.doi.org/10.1016/j.pcl.2016.08.006
https://dx.doi.org/10.1111/j.1365-2141.2008.07315.x
https://dx.doi.org/10.1111/j.1365-2141.2008.07315.x
https://dx.doi.org/10.1002/pbc.22357
https://dx.doi.org/10.1002/pbc.22357
https://dx.doi.org/10.1016/j.jmii.2011.01.027
https://dx.doi.org/10.1016/j.jmii.2011.01.027
https://dx.doi.org/10.1186/s12887-021-02879-7

Cureus

Part of SPRINGER NATURE

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

10.1186/s12887-021-02879-7

Henter JI, Samuelsson-Horne A, Arico M, et al.: Treatment of hemophagocytic lymphohistiocytosis with
HLH-94 immunochemotherapy and bone marrow transplantation. Blood. 2002, 100:2367-73. 10.1182/blood-
2002-01-0172

Janka GE, Lehmberg K: Hemophagocytic lymphohistiocytosis: pathogenesis and treatment. Hematology Am
Soc Hematol Educ Program. 2013, 2013:605-11. 10.1182/asheducation-2013.1.605

Hakamifard A, Mardani M, Gholipur-Shahraki T: Hemophagocytic lymphohistiocytosis presented with fever
of unknown origin: a case study and literature review. Clin Case Rep. 2021, 9:2350-5. 10.1002/ccr3.4033
Niece JA, Rogers ZR, Ahmad N, Langevin AM, McClain KL: Hemophagocytic lymphohistiocytosis in Texas:
observations on ethnicity and race. Pediatr Blood Cancer. 2010, 54:424-8. 10.1002/pbc.22359

Palazzi DL, McClain KL, Kaplan SL: Hemophagocytic syndrome in children: an important diagnostic
consideration in fever of unknown origin. Clin Infect Dis. 2003, 36:306-12. 10.1086/345903

Arico M, Janka G, Fischer A, et al.: Hemophagocytic lymphohistiocytosis. Report of 122 children from the
international registry. FHL study group of the Histiocyte Society. Leukemia. 1996, 10:197-203.

Horne A, Wickstrom R, Jordan MB, Yeh EA, Naqvi A, Henter JI, Janka G: How to treat involvement of the
central nervous system in hemophagocytic lymphohistiocytosis?. Curr Treat Options Neurol. 2017, 19:3.
10.1007/s11940-017-0439-4

Bergsten E, Horne A, Aricé M, et al.: Confirmed efficacy of etoposide and dexamethasone in HLH treatment:
long-term results of the cooperative HLH-2004 study. Blood. 2017, 130:2728-38. 10.1182/blood-2017-06-
788349

Kaya Z, Bay A, Albayrak M, Kocak U, Yenicesu I, Gursel T: Prognostic factors and long-term outcome in 52
Turkish children with hemophagocytic lymphohistiocytosis. Pediatr Crit Care Med. 2015, 16:e165-73.
10.1097/PCC.0000000000000449

Zur Stadt U, Beutel K, Kolberg S, Schneppenheim R, Kabisch H, Janka G, Hennies HC: Mutation spectrum in
children with primary hemophagocytic lymphohistiocytosis: molecular and functional analyses of PRF1,
UNC13D, STX11, and RAB27A. Hum Mutat. 2006, 27:62-8. 10.1002/humu.20274

Jordan MB, Allen CE, Weitzman S, Filipovich AH, McClain KL: How I treat hemophagocytic
lymphohistiocytosis. Blood. 2011, 118:4041-52. 10.1182/blood-2011-03-278127

Ishii E: Hemophagocytic lymphohistiocytosis in children: pathogenesis and treatment . Front Pediatr. 2016,
4:47. 10.3389/fped.2016.00047

Gholam C, Grigoriadou S, Gilmour KC, Gaspar HB: Familial haemophagocytic lymphohistiocytosis: advances
in the genetic basis, diagnosis and management. Clin Exp Immunol. 2011, 163:271-83. 10.1111/j.1365-
2249.2010.04302.x

George MR: Hemophagocytic lymphohistiocytosis: review of etiologies and management. | Blood Med. 2014,
5:69-86.10.2147/]BM.S46255

Rolsdorph LA, Mosevoll KA, Helgeland L, Reikvam H: Concomitant hemophagocytic lymphohistiocytosis
and cytomegalovirus disease: a case based systemic review. Front Med (Lausanne). 2022, 9:819465.
10.3389/fmed.2022.819465

Bonnecaze AK, Willeford WG, Lichstein P, Ohar J: Acute cytomegalovirus (CMV) infection associated with
hemophagocytic lymphohistiocytosis (HLH) in an immunocompetent host meeting all eight HLH 2004
diagnostic criteria. Cureus. 2017, 9:e1070. 10.7759/cureus.1070

Lau A, Youn H, Caricchio R, Brent L: A case of cytomegalovirus-induced hemophagocytic
lymphohistiocytosis in a patient with an underlying rheumatic disease. Cureus. 2020, 12:e8130.
10.7759/cureus.8130

Mou SS, Nakagawa TA, Riemer EC, McLean TW, Hines MH, Shetty AK: Hemophagocytic
Lymphobhistiocytosis complicating influenza A infection. Pediatrics. 2006, 118:€216-19. 10.1542/peds.2005-
1861

Fardet L, Blum L, Kerob D, et al.: Human herpesvirus 8-associated hemophagocytic lymphohistiocytosis in
human immunodeficiency virus-infected patients. Clin Infect Dis. 2003, 37:285-91. 10.1086/375224

Otrock ZK, Eby CS: Clinical characteristics, prognostic factors, and outcomes of adult patients with
hemophagocytic lymphohistiocytosis. Am ] Hematol. 2015, 90:220-4. 10.1002/ajh.23911

McClain K, Gehrz R, Grierson H, Purtilo D, Filipovich A: Virus-associated histiocytic proliferations in
children. Frequent association with Epstein-Barr virus and congenital or acquired immunodeficiencies. Am |
Pediatr Hematol Oncol. 1988, 10:196-205.

2024 Alradhi et al. Cureus 16(6): €61879. DOI 10.7759/cureus.61879

90f9


https://dx.doi.org/10.1186/s12887-021-02879-7
https://dx.doi.org/10.1182/blood-2002-01-0172
https://dx.doi.org/10.1182/blood-2002-01-0172
https://dx.doi.org/10.1182/asheducation-2013.1.605
https://dx.doi.org/10.1182/asheducation-2013.1.605
https://dx.doi.org/10.1002/ccr3.4033
https://dx.doi.org/10.1002/ccr3.4033
https://dx.doi.org/10.1002/pbc.22359
https://dx.doi.org/10.1002/pbc.22359
https://dx.doi.org/10.1086/345903
https://dx.doi.org/10.1086/345903
https://pubmed.ncbi.nlm.nih.gov/8637226/
https://dx.doi.org/10.1007/s11940-017-0439-4
https://dx.doi.org/10.1007/s11940-017-0439-4
https://dx.doi.org/10.1182/blood-2017-06-788349
https://dx.doi.org/10.1182/blood-2017-06-788349
https://dx.doi.org/10.1097/PCC.0000000000000449
https://dx.doi.org/10.1097/PCC.0000000000000449
https://dx.doi.org/10.1002/humu.20274
https://dx.doi.org/10.1002/humu.20274
https://dx.doi.org/10.1182/blood-2011-03-278127
https://dx.doi.org/10.1182/blood-2011-03-278127
https://dx.doi.org/10.3389/fped.2016.00047
https://dx.doi.org/10.3389/fped.2016.00047
https://dx.doi.org/10.1111/j.1365-2249.2010.04302.x
https://dx.doi.org/10.1111/j.1365-2249.2010.04302.x
https://dx.doi.org/10.2147/JBM.S46255
https://dx.doi.org/10.2147/JBM.S46255
https://dx.doi.org/10.3389/fmed.2022.819465
https://dx.doi.org/10.3389/fmed.2022.819465
https://dx.doi.org/10.7759/cureus.1070
https://dx.doi.org/10.7759/cureus.1070
https://dx.doi.org/10.7759/cureus.8130
https://dx.doi.org/10.7759/cureus.8130
https://dx.doi.org/10.1542/peds.2005-1861
https://dx.doi.org/10.1542/peds.2005-1861
https://dx.doi.org/10.1086/375224
https://dx.doi.org/10.1086/375224
https://dx.doi.org/10.1002/ajh.23911
https://dx.doi.org/10.1002/ajh.23911
https://pubmed.ncbi.nlm.nih.gov/2845831/

	Clinical Presentations, Diagnosis, and Genetic Features of Hemophagocytic Lymphohistiocytosis: A Single Institutional Experience With the Saudi Population
	Abstract
	Background
	Method
	Results
	Conclusion

	Introduction
	Materials And Methods
	Study design
	Data collection
	Statistical analyses
	Ethical considerations

	Results
	TABLE 1: pHLH age distribution
	TABLE 2: pHLH clinical and laboratory characteristics
	Genetic mutations in pHLH
	TABLE 3: pHLH associated pathogenic genetic mutations in 48 Saudi patients

	pHLH with negative genetic mutations and sHLH
	Associated infections with HLH
	pHLH with negative genetic mutations and sHLH

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


