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Objective: To investigate and analyze the relevant risk factors for hemophagocytic

lymphohistiocytosis (HLH) in children with severe adenovirus pneumonia (SAP).

Methods: A retrospective study of children with SAP was performed in 30 cases

developing HLH and 94 cases not developing HLH from December 2018 to August

2019. The binary logistic regression analysis was used to identify risk factors that were

significantly associated with the development of HLH after the univariate analysis, and

the receiver operating characteristic (ROC) curve was performed to find out the cut-off

value for the significant relevant factors.

Results: Two factors were associated with the development of HLH, which were the

length of fever (OR = 1.331, 95%CI: 1.002–1.769) and triglycerides (TG) (OR = 17.345,

95%CI: 1.358–221.538). The cut-off value of the length of fever was 12.5 days, and the

cut-off value of TG was 3.02 mmol/L.

Conclusion: Children with SAP who had a duration of fever over 12.5 days and the TG

level over 3.02 mmol/L are more likely to develop HLH.

Keywords: severe adenovirus pneumonia, hemophagocytic lymphohistiocytosis, risk factor, children,

retrospective study

INTRODUCTION

Community-acquired pneumonia (CAP) is one of the most common diseases in childhood (1).
Human adenovirus (HAdV), a common pathogen of CAP in children and adolescents, accounts for
5–10% of cases of CAP in East Asia (2, 3). Human adenovirus is a non-enveloped, double-stranded
linear DNA virus, which can be classified intomore than 60 serotypes divided into seven species (4).
Among these, HAdV-3, and HAdV-7 were the most common serotypes causing severe adenovirus
pneumonia (SAP) (5). It is reported that about 50% of the HAdV-7-infected cases were diagnosed
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with SAP, significantly higher than the HAdV-3-infected cases
(6). Severe adenovirus pneumonia is characterized by a persistent
fever, shortness of breath, wheezing, progressive dyspnea, and
multisystem complications. Severe cases of SAP can lead to
respiratory failure and death (7).

Hemophagocytic lymphohistiocytosis (HLH) is a rare but
life-threatening hematological disorder, which is characterized
by prolonged high fever, pancytopenia, hyperlipidemia,
hepatosplenomegaly, and hemophagocytic phenomena in bone
marrow slides (8, 9). Based on the etiology, acquiredHLH is often
associated with infection, autoimmune disease, or malignancy.
The most common infectious trigger is Epstein-Barr virus (EBV)
infection (10). In recent studies, Infection-associated HLH has
also been observed in children with SAP (11–14). However, no
study has yet reported the risk factors for the development of
HLH in children with SAP. Therefore, this study summarized
the clinical data of 124 SAP cases, aiming to find out the risk
factors for the development of HLH in children with SAP.

MATERIALS AND METHODS

Study Design and Participants
A retrospective observational study was performed. All 124
individuals with SAP enrolled in this study were identified
between December 2018 and August 2019 at Wuhan Children’s
Hospital/Wuhan Maternal and Child Healthcare Hospital,
Tongji Medical College, Huazhong University of Science &
Technology. The clinical features of SAP-related HLH have been
described previously (15).

Pediatric SAP diagnosis should meet all of the following
requirements: (a) individuals younger than 18 years; (b)
the diagnosis of HAdV infection was based on positive
nasopharyngeal aspiration (NPA) nucleic acid test or the
metagenomic next-generation sequencing (mNGS) (HuaDa,
Shenzhen, China); (c) severe CAP was defined according to
the standard published by the Pediatric Infectious Diseases
Society (PIDS) and the Infectious Diseases Society of America
(IDSA) in 2011 (1): when a child had ≥1 major or ≥2 minor
criteria: Major criteria: (a) invasive mechanical ventilation; (b)
fluid refractory shock; (c) acute need for noninvasive positive
pressure ventilation; (d) hypoxemia requiring a fraction of
inspired oxygen (FiO2) greater than inspired concentration or
flow feasible in general care area; Minor criteria: (a) respiratory
rate higher than WHO classification for age; (b) apnea; (c)
increased work of breathing (e.g., retractions, dyspnea, nasal
flaring, grunting); (d) arterial oxygen pressure (PaO2)/FiO2 ratio
<250; (e) multilobar infiltrates; (f) pediatric early warning score
(PEWS) score >6; (g) altered mental status; (h) hypotension; (i)
presence of effusion; (g) comorbid conditions [e.g., Hemoglobin
SS disease (HgbSS), immunosuppression, immunodeficiency];
(k) unexplained metabolic acidosis.

Hemophagocytic lymphohistiocytosis diagnosis was made
according to the HLH-2004 diagnostic criteria (16): when
a child had ≥5 criteria: (a) ferritin ≥500 µg/L; (b) fever
(≥38.5◦C), length of fever >7 days; (c) splenomegaly; (d)
cytopenias in ≥2 lines (hemoglobin <90 g/L, platelets <100
× 109/L, neutrophils <1.0×109/L); (e) hypertriglyceridaemia

and/or hypofibrinogenaemia [fasting triglycerides (TG) ≥3
mmol/L, fibrinogen <1.5 g/L]; (f) haemophagocytosis in bone
marrow or spleen or lymph nodes; (g) low or absent natural killer
cell activity; (h) soluble CD25 (soluble interleukin-2 receptor)
≥2,400 U/ml.

The exclusion criteria were: (a) individuals with incomplete
medical records; (b) referral to other hospitals and hospital stay
<24 h. According to the clinical outcome, all cases were divided
into SAP (n = 94) and SAP-related HLH (n = 30) groups. Our
study design was approved by the Ethics Committee of Wuhan
Children’s Hospital.

Specimen Testing
Nasopharyngeal aspirations of all cases were obtained within
24 h after admission. Immunofluorescence viral testing was
performed to identify HAdV, influenza, parainfluenza virus, and
respiratory syncytial virus. Sputum culture was completed to
identify bacterial and fungal infections. Additionally, the mNGS
was performed to identify the detailed information of pathogenic
microorganisms. Among the 124 cases, 106 (85.5%) cases
were diagnosed with HAdV-7 infection based on the mNGS.
18(14.5%) cases were diagnosed with HAdV infection based
on immunofluorescence viral testing, therefore, the serotypes
of HAdV were uncertain. Simultaneously, blood samples were
collected and evaluated at the day of admission, 1 week after
admission, the point of disease progression, or discharge. All
cases underwent laboratory tests including complete blood
count, hypersensitive C-reactive protein (Hs-CRP), erythrocyte
sedimentation, liver function, myocardial enzyme spectrum,
ferritin, coagulation function, serum lipids, inflammatory
cytokines, lymphocyte subpopulations, and other tests.

Treatment Strategy
Once patients were diagnosed with SAP, treatment with
intravenous immunoglobulin (IVIG, 1 g/kg for 2 days or 400–500
mg/kg for 4–5days) or glucocorticoid (e.g., methylprednisolone,
1–2 mg/kg for 5–7 days) was administered immediately (17).
If the patient is in remission, symptomatic treatment will be
continued. Otherwise, further assessments were done promptly.
When a child had≥5 HLH-2004 diagnostic criteria, the diagnosis
of HLH was confirmed, and a longer course of glucocorticoid
treatment was implemented (16). Meanwhile, Hematology was
invited to participate in the medical group for further evaluation
and treatment of HLH.

Data Collection
Clinical data were collected from electronic medical record
systems. Demographic characteristics, including age, sex, length
of fever, length of wheezing, co-infection, complications, and
other general medical histories, were recorded. Laboratory
parameters, imaging findings, treatment, and clinical prognosis
were obtained from the patient’s medical records. It’s worth
noting that the assessment of clinical data was based on the worst
value indicators during hospitalization.
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Statistical Analysis
Statistical analysis was performed using IBM SPSS software
(version 22.0, Armonk, NY, United States). The counting data
were expressed as the number of cases (n) and percentage
(%). Chi-square (χ2) tests or Fisher’s exact tests were used
to evaluate the differences in categorical variables. Continuous
variables with normal distribution are presented as means ±

standard deviation (x ± s), and were compared between groups
using the dependent-sample t-tests. Measurement data of non-
normal distribution, expressed as a median and interquartile
range [M (P25, P75)], was checked by Mann-Whitney U-tests.
Binary logistic regression analyses were performed to evaluate
risk factors for the development of HLH in children with SAP.
Receiver operator characteristic curves (ROC) and the area
under the ROC curve (AUC) were constructed to evaluate the
prognostic value of different parameters for the development
of HLH in children with SAP. The statistical significance was
considered at p < 0.05 for two-sided tests.

RESULTS

Demographic Features and Clinical
Characteristics
A total of 124 children were diagnosed with SAP, and 30 out of
124 cases were diagnosed with HLH. The recruiting procedure
was described in Figure 1. The cases included 83 (66.9%) boys
and 41 (33.1%) girls, with a sex ratio of 2.02:1. The median age
of the 124 cases was 1.50 years (IQR: 0.89–2.75). Regarding age
subgroups, 36 (29.0%) aged <1 year, 64 (51.6%) aged 1–3 years,

and 24 (19.4%) aged ≥3 years. The median duration of fever was
11 days (IQR: 9–16), and the median length of hospital stay was
10 days (IQR: 7–15).

Among 124 cases of the study, splenomegaly was detected in
48 cases (38.7%), and 98(79.0%) cases had persistent wheezing
over 1 week. Intrapulmonary complications were found in
118 (95.6%) cases. One hundred and seventeen cases (94.4%)
had segmental pulmonary consolidation, 106 (85.5%) cases had
respiratory failure, 64 cases (51.6%) had pleural effusion, 14
cases (11.3%) had pneumothorax or mediastinal emphysema,
and 10 cases (8.1%) had plastic bronchitis. Extrapulmonary
complications were found in 102 (82.5%) cases. Eighty-four cases
(67.7%) had myocardial damage, 35 cases (28.2%) had liver
function damage, 26 cases (20.9%) had septic encephalopathy,
and 21 cases (16.9%) had coagulation disorders. Additionally,
52 cases (41.9%) were associated with co-infection. Twenty-eight
cases (22.5%) had invasive fungal infections. Candida albicans,
the most common type of fungal infection, was found in 20 cases
(16.1%). Twenty-six cases (20.9%) hadmixed bacterial infections.
Haemophilus influenzae, the most common type of bacterial
infection, was found in 18 cases (14.5%).

To prevent the exacerbations of the condition, all 124
cases were treated with IVIG or glucocorticoid. Intravenous
immunoglobulin was selected as the first choice in 120 cases
(96.8%), and only four cases (3.2%) preferred glucocorticoid.
Otherwise, 105 cases (84.7%) with exacerbations were treated
with IVIG combined with glucocorticoid. Among the 30 SAP-
related HLH cases, the total course of glucocorticoid treatment
was 1–2months. Only one case received chemotherapy according
to the 2004-HLH protocol.

FIGURE 1 | Patients included in the study analysis.
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TABLE 1 | Clinical characteristics of the patients included in this study.

Characteristic SAP (n = 94) SAP-related HLH (n = 30) χ
2/Z/t-test P

Male (n, %) 63(67.0) 20(66.7) 0.001 0.971

Age [years, M (P25, P75)] 1.6(0.9,2.9) 1.2(0.7,1.8) −2.276 0.023

<1 year (n, %) 23(24.5) 13(43.3)

1–3 years (n, %) 49(52.1) 15(50.0)

≥3 years (n, %) 22(23.4) 2(6.7)

Length of onset-to-treatment time [days, M (P25, P75)] 9.0(7.0,14.3) 7.0(6.0,10.0) −1.633 0.102

Length of fever [days, M (P25, P75)] 10.5(9.0,13.0) 17.0(13.8,22.0) −5.865 0.000

Length of hospital stay [days, M (P25, P75)] 9.0(7.0,14.0) 15.5(13.0,27.5) −5.227 0.000

Splenomegaly (n, %) 32(34.0) 16(53.3) 3.567 0.059

Persistent wheezing (n, %) 72(76.6) 26(86.7) 1.392 0.238

Laboratory findings

TG [mmol/L, M (P25, P75)] 1.99(1.45,2.51) 3.74(3.46,4.44) −6.894 0.000

Ferritin [ng/ml, M (P25, P75)] 906.55(376.08,1483.83) 3226.95(1805.83,7683.30) −6.290 0.000

Albumin (g/L, x ± s) 35.64±5.26 27.27±3.93 0.013 0.000

Hs-CRP [mg/L, M (P25, P75)] 21.85(10.41,43.33) 39.70(13.48,77.83) −2.004 0.045

CD3 (%,x ± s) 53.02±11.93 52.25±11.22 0.312 0.755

CD19 (%,x ± s) 36.22±12.44 37.71±13.35 −0.563 0.575

NK [%, M (P25, P75)] 7.06(4.10,11.91) 4.41(3.11,9.45) −1.841 0.066

CD4/CD8 1.39(1.02,1.93) 1.27(1.01,1.88) −0.662 0.508

IL-2 [pg/ml, M (P25, P75)] 2.00(1.62,2.41) 2.26(1.70,2.78) −1.567 0.117

IL-4 [pg/ml, M (P25, P75)] 2.22(1.96,3.21) 2.94(2.09,4.45) −1.713 0.087

IL-6 [pg/ml, M (P25, P75)] 99.96(37.89,238.72) 336.69(40.08,520.26) −2.845 0.004

IL-10 [pg/ml, M (P25, P75)] 22.18(11.72,34.31) 30.56(20.36,59.43) −2.249 0.024

TNF-α [pg/ml, M (P25, P75)] 2.16(1.24,3.00) 2.13(1.66,2.85) −0.315 0.753

INF-γ [pg/ml, M (P25, P75)] 51.08(20.23,102.42) 51.94(26.69,132.92) −0.592 0.554

HAdV-7 infection (n, %) 82(87.2) 24(80.0) 0.959 0.327

Imaging findings (n, %)

Segmental pulmonary consolidation 88(93.6) 29(96.7) 0.397 0.529

Pneumothorax or mediastinal emphysema 8(8.5) 6(20.0) 2.997 0.083

Pleural effusion 46(48.9) 18(60.0) 1.115 0.291

Co-infection (n, %)

H. influenzae 14(14.9) 4(13.3) 0.045 0.833

Invasive fungal infection 18(19.1) 10(33.3) 2.617 0.106

Complications (n, %)

Respiratory failure 78(83.0) 28(93.3) 1.965 0.161

Plastic bronchitis 6(6.4) 4(13.3) 1.482 0.223

Myocardial damage 62(66.0) 22(73.3) 0.566 0.452

Hepatic dysfunction 23(24.5) 12(40.0) 1.654 0.198

Toxic encephalopathy 17(18.1) 9(30.0) 1.948 0.163

Coagulation disorders 14(14.9) 7(23.3) 1.152 0.283

Treatment (n, %)

IVIG combined with glucocorticoids 78(83.0) 27(90.0) 0.864 0.353

IVIG-alone 14(14.9) 1(3.3) 2.858 0.091

Glucocorticoids-alone 2(2.1) 2(6.7) 1.501 0.221

Outcomes

Mortality (n, %) 1(1.1) 3(10.0) 5.817 0.016

Obliterans bronchitis 18(19.1) 15(50.0) 11.083 0.001

HAdV, human adenovirus; TG, triglycerides; Hs-CRP, hypersensitive C-reactive protein; CD, cluster of differentiation; NK, natural killer cell; IL, interleukin; TNF-α, tumor necrosis factor

α; INF-γ , interferon γ ; H. influenzae, Haemophilus influenzae.
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TABLE 2 | Logistic regression analysis of risk factors for SAP to develop HLH.

Factors Univariate analysis Multivariate analysis

p OR (95% CI) p OR (95% CI)

Age 0.033 0.635 (0.418, 0.965) 0.635 1.255 (0.491, 3.205)

Length of fever 0.000 1.299 (1.170, 1.441) 0.048 1.331 (1.002, 1.769)

TG 0.000 9.669 (4.084, 22.891) 0.028 17.345 (1.358, 221.538)

ferritin 0.000 1.001 (1.000, 1.001) 0.153 1.001 (1.000, 1.001)

Albumin 0.000 0.682 (0.588, 0.791) 0.103 0.807 (0.624, 1.044)

Hs-CRP 0.020 1.016 (1.003, 1.030) 0.447 1.015 (0.977, 1.054)

IL-6 0.001 1.003 (1.001, 1.005) 0.092 1.005 (0.999, 1.012)

IL-10 0.049 1.015 (1.000, 1.030) 0.481 1.016 (0.972, 1.061)

SAP, severe adenovirus pneumonia; HLH, hemophagocytic lymphohistiocytosis; OR, odds ratio; CI, confidence interval; TG, triglycerides; Hs-CRP, hypersensitive C-reactive protein;

IL, interleukin.

In-hospital death occurred in four cases, resulting in a
mortality rate of 3.2%. Besides, 33 cases (26.6%) had developed
obliterans bronchitis. The detailed clinical characteristics of the
patients are presented in Table 1.

Risk Factors for Patients With SAP to
Develop HLH
As shown in Table 2, univariate analysis identified age (OR =

0.635, 95%CI: 0.418–0.965, p = 0.033), length of fever (OR =

1.299, 95%CI: 1.170–1.441, p = 0.000), TG (OR = 9.669, 95%CI:
4.084–22.891, p = 0.000), ferritin (OR = 1.001, 95%CI: 1.000–
1.001, p = 0.000), albumin (OR = 0.682, 95%CI: 0.588–0.791, p
= 0.000), Hs-CRP (OR= 1.016, 95%CI: 1.003–1.030, p= 0.020),
IL-6 (OR= 1.003, 95%CI: 1.001–1.005, p= 0.001), and IL-10 (OR
= 1.015, 95%CI: 1.000–1.030, p = 0.049) as potential risk factors
for SAP to develop HLH. The results of the multivariate analysis
confirmed that the length of fever (OR = 1.331, 95%CI: 1.002–
1.769, p= 0.048), and TG (OR= 17.345, 95%CI: 1.358–221.538, p
= 0.028) were independent risk factors for SAP developing HLH.

The Value of Risk Factors for Patients With
SAP to Develop HLH
To further examine the predictive value of the above factors,
the prediction model was examined by ROC curve analysis.
The AUC of TG in the prediction of HLH was 0.924 (95%CI:
0.879–0.970, P < 0.001), and the optimal cut-off point of TG
in the prediction of HLH was 3.02 mmol/L, with a sensitivity
of 96.7% and a specificity of 85.1%. The AUC of the length of
fever in the prediction of HLH was 0.855(95%CI: 0.781–0.928, P
< 0.001), and the optimal cut-off point of the length of fever in
the prediction of HLH was 12.5 days, with a sensitivity of 86.7%
and a specificity of 73.4% (Figure 2).

DISCUSSION

To the best of our knowledge, the present study was the first
to investigate the risk factors for the development of HLH in
children with SAP. Our study suggested that two factors were
associated with the development of HLH, which were the length

FIGURE 2 | Receiver operating characteristic (ROC) curve analysis of TG and

the length of fever in predicting the development of HLH in children with SAP.

TG, triglycerides; HLH, hemophagocytic lymphohistiocytosis; SAP, severe

adenovirus pneumonia.

of fever (OR= 1.331, 95%CI: 1.002–1.769) and TG (OR= 17.345,
95%CI: 1.358–221.538).

Human adenovirus, a non-enveloped double-stranded DNA
virus, is one of the most common viruses responsible for viral
respiratory diseases in children (4). Human adenovirus is more
common among children younger than 3 years old, and it occurs
frequently in the winter and spring seasons (4, 18). Fever, cough,
sore throat, and conjunctival congestion are the most common
symptoms of mild HAdV infections. However, once a child
presented with prolonged fever and cough for more than 7
days, the possibility of SAP should be considered. Severe HAdV
infections can lead to serious multiple viscera damages, especially
for HLH (11, 12, 14, 19). The previous studies showed that
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HAdV-7 causes a more severe disease than the other serotype,
with a higher intensive care unit admission rate and a longer
length of hospital stay (20). The underlying mechanism may
be related to a higher viral load and inflammatory response
(5, 21, 22). In the present study, the median age of all cases was
1.50 years, with 100 cases (80.6%) younger than 3 years old. The
median duration of fever was 11 days, and the median length of
hospital stay was 10 days. The HAdV-7 was the most common
serotype in hospitalized children, with a proportion of 85.5%.
These results were similar to the findings of previous studies
(5, 18, 20, 22). It’s reported that SAP progressed with multiple
organ dysfunction syndromes, the mortality is higher over 50%
(23). In our study, the in-hospital death occurred in four cases,
resulting in a mortality rate of 3.2%. Furthermore, there was
only 10% of in-hospital mortality even in the SAP-related HLH
group. We speculate that the reason for this difference resides
in two aspects. On the one hand, this remarkable difference
could be due to individual differences between different study
populations. On the other hand, an aggressive early treatment
might improve the prognosis of some patients. The current
clinical treatments for SAP are mainly symptomatic treatments
and the prevention of multiple viscera complications. Oxygen
inhalation, mechanical ventilation, IVIG, glucocorticoids, and
plasmapheresis are viable treatments for patients with SAP.
However, even after the intervention, some children still had
developed HLH. Hence, early recognition and avoiding natural
progression from early stages should be the main objective to
fight against SAP in children. In our study, we assessed the
risk factors for patients with SAP to develop HLH using the
quantitative method. The results demonstrated that it is more
likely to develop HLH when the length of fever is longer than
12.5 days and the level of TG is more than 3.02 mmol/L.

Hemophagocytic lymphohistiocytosis, an uncommon blood
disorder in children, is due to the proliferation and activation
of macrophages in response to a cytokine storm. Aside from
genetic factors, inflammatory diseases are prominent in the
development of HLH. Epstein-Barr viral infection is the most
common infectious trigger of acquired HLH, accounting for
about 90% (10). Besides, mycoplasma, fungus, and bacteria can
also lead to HLH (16, 24). Hemophagocytic lymphohistiocytosis
is a rare complication of HAdV infection, and the pathogenesis
of HAdV-induced HLH remains unknown (11–14). It has been
hypothesized that immunologic activation and dysregulation are
involved in the pathophysiological processes. Innate immune
activation is critical to control infections and acts as a bridge
for adaptive immunity. However, innate immune overactivation
is detrimental in multiple viscera functions. Human adenovirus
infection can result in overactivation of the innate immune
system, and it induces innate immune cells (macrophage, NK
cell, and neutrophil) to release a large number of cytokines,
like IL-1, IL-2, IL-6, IL-12, IFN-α, IFN-β, and IFN-γ, which
in turn can lead to inflammatory dysregulation and cytokine
storm (25). Meanwhile, HAdV infection results in dysfunction
of NK cell, which renders the NK cell inefficient at clearing virus.
Furthermore, the complement system, an important component
in innate immunity, can be initiated through three main
pathways. Although the pathways are triggered independently,

all of the complement cascades culminate in the cleavage of C3
to C3a and C3b. Human adenovirus infection can readily initiate
amplification of the activation cascades, and lead to a sustained
high plasma level of C3a (5, 26). Taken together, all of these
changes lead to the perpetuation of the inflammatory response,
and the development of HLH in children with SAP (27, 28).

Clinically, HAdV infection mainly involves the respiratory
system in the early stage of the disease (2, 22). As the
disease progresses, inflammatory dysregulation and cytokine
storm can lead to HLH, including but not limited to persistent
fever, hepatosplenomegaly, cytopenia, hypertriglyceridemia, and
hypofibrinogenaemia (13, 14). The treatment of HAdV-induced
HLH remains controversial. Some scholars hold the view that
aggressive treatment of the primary disease can improve the
prognosis of acquired HLH (16). However, it seems necessary to
actively screen for familial HLH genes in cases with non-response
to treatment. It can be also hypothesized that switching cases to a
more intensive treatment regimen based on familial HLH gene-
positive findings might have resulted in more favorable outcomes
(10, 16, 29).

STUDY LIMITATIONS

The present study has several limitations. First, the genetic test
was not covered by the national health insurance in China.
Therefore, only a few poor prognosis cases were tested for familial
HLH-associated genes, and the missed diagnoses could not be
excluded. Second, the study was a single-center retrospective
study, which could introduce observation bias. Last, the number
of patients involved was relatively small. Thus, more multi-center
prospective studies are needed to identify the conclusions in
our study.

CONCLUSIONS

In conclusion, early recognition and avoiding natural progression
from early stages should be the main objective to fight against
HAdV-induced SAP in children. Children with SAP who had
a duration of fever over 12.5 days and the TG level over 3.02
mmol/L are more likely to develop HLH.
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