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Background. Hemophagocytic lymphohistiocytosis (HLH) is a life-threatening condition of immune dysregulation. Children often 
suffer from primary genetic forms of HLH, which can be triggered by infection. Others suffer from secondary HLH as a complication of 
infection, malignancy, or rheumatologic disease. Identifying the exact cause of HLH is crucial, as definitive treatment for primary disease 
is hematopoietic stem cell transplant. Adenoviruses have been associated with HLH but molecular epidemiology data are lacking.

Methods. We describe the clinical and virologic characteristics of 5 children admitted with adenovirus infection during 2018–
2019 who developed HLH or HLH-like illness. Detailed virologic studies, including virus isolation and comprehensive molecular 
typing were performed.

Results. All patients recovered; clinical management varied but included immunomodulating and antiviral therapies. A genetic pre-
disposition for HLH was not identified in any patient. Adenovirus isolates were recovered from 4/5 cases; all were identified as genomic 
variant 7d. Adenovirus type 7 DNA was detected in the fifth case. Phylogenetic analysis of genome sequences identified 2 clusters—1 re-
lated to strains implicated in 2016–2017 outbreaks in Pennsylvania and New Jersey, the other related to a 2009 Chinese strain.

Conclusions. It can be challenging to determine whether HLH is the result of an infectious pathogen alone or genetic predis-
position triggered by an infection. We describe 5 children from the same center presenting with an HLH-like illness after onset of 
adenovirus type 7 infection. None of the patients were found to have a genetic predisposition to HLH. These findings suggest that 
adenovirus 7 infection alone can result in HLH.
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Hemophagocytic lymphohistiocytosis (HLH) is a life-
threatening process of immune dysregulation and ineffective 
immune response that is diagnosed based on clinical signs 
and laboratory abnormalities [1]. In most cases of HLH, there 
is an inciting event such as an infection, malignant process, or 
disease flare of a rheumatologic condition. Infants and young 
children frequently suffer from primary or familial HLH due 
to mutations in genes responsible for the cytotoxic function 
of T lymphocytes or natural killer cells [1, 2]. In other pa-
tients, a specific genetic predisposition is not identified, and 

these events are classified as secondary HLH. As we enter 
the age of genomic medicine, this dichotomy has become 
blurred. For example, there are infants who clearly have fa-
milial HLH based on a strong family history and recurrent 
disease triggered by mild viral illness but have no identifiable 
genetic lesion.

Accurate classification of primary or secondary HLH is 
paramount when making management decisions, as current 
treatment guidelines recommend hematopoietic stem cell 
transplantation (HSCT) as definitive therapy for primary 
HLH [1]. Treatment of patients with secondary HLH is fo-
cused on treating the inciting event and dampening immune 
dysregulation. When considering the management of HLH, 
host factors are the primary drivers for estimating the likeli-
hood of primary HLH. Primary HLH is more common in in-
fants and young children, and experts often recommend HSCT 
for neonates, even in the absence of an identified genetic pre-
disposition and regardless of the antecedent pathogen.
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Human adenoviruses (HAdV) typically cause mild and 
self-limiting infections of the respiratory tract, gastrointestinal 
tract, and conjunctiva [3]. Interestingly, HAdV infections have 
been associated with HLH in neonates, children, and adults [4–
6]. Although some reports describe the associated HAdV type, 
there has been in general limited molecular detail for HAdV-
associated HLH in children. The family Adenoviridae features 
significant genetic diversity, with over 90 genotypes infecting hu-
mans classified into 7 species displaying distinct pathobiological 
characteristics [7]. Understanding the molecular characteristics 
of HAdV strains associated with HLH could provide value in 
deciphering potential pathogen contributions to HLH.

We describe 5 cases of HAdV-associated HLH or HLH-like 
illness in children, with detailed molecular characterization of 
the detected viruses. This additional information is considered 
in the context of the complex clinical decision-making process 
for managing HLH in the absence of genetic predisposition data.

CASE PATIENTS

Five patients were admitted to our institution with HAdV 
infection followed by a hyper-inflammatory syndrome 

consistent with HLH during the 2018–2019 respiratory 
virus season.

Case 1

A previously healthy 15-month-old girl was admitted with 
5  days of fever and severe respiratory distress. A  respiratory 
virus quantitative polymerase chain reaction (RV-qPCR) panel 
performed on admission on a nasopharyngeal swab was pos-
itive for HAdV, and a serum specimen processed for HAdV 
DNA qPCR was also positive (Table 1). She developed a clin-
ical syndrome consistent with HLH (Table  2). She received 
high-dose dexamethasone (10 mg/m2 daily) per HLH-2004 [1], 
but etoposide was not administered given her known HAdV 
infection. She received a single 1g/kg dose of intravenous im-
munoglobulin (IVIG). Antiviral therapies such as cidofovir 
were not administered given concerns for toxicity and limited 
effectiveness data. Repeat ferritin levels improved after receipt 
of dexamethasone, and she never required any additional HLH-
directed therapy, including etoposide. Even in the absence of 
antiviral therapy, her plasma HAdV DNA levels decreased, as 
indicated by increasing PCR cycle threshold (Ct) values. She was 
discharged and completed her steroid course as an outpatient. 

Table 1. Virology Findings on Clinical Specimens Available Reported Cases

Case Specimen Type Collection Time HAdV qPCR Ct Virus Isolation/RFLP Variant Molecular Type Sequence Data (GenBank No.)

1 Serum Admission 21.0 No H 7 HVR: MN822238

Plasma Day 5 36.34 No … …

Plasma Day 10 43.93 No … …

2 NP Admission 19.08 Yes/HAdV-7d P7H7F7 WGS: MN422292

Plasma Day 3 27.14 No … …

Plasma Day 5 25.05 No … …

Plasma Day 7 22.61 No H 7 HVR: MN822239

Serum Day 9 23.08 No H 7 HVR: MN822240

Plasma Day 11 25.51 No … …

Serum Day 14 31.28 No … …

Plasma Day 17 27.62 No … …

Plasma Day 24 39.31 No … …

3 ET Admission 18.01 Yes/HAdV-7d P7H7F7 WGS: MN422293

Plasma Day 5 25.1 No … …

Plasma Day 7 25.15 No H 7 HVR: MN822241

Plasma Day 9 26.23 No … …

Plasma Day 11 31.09 No … …

Plasma Day 14 41.84 No … …

Plasma Day 17 42.92 No … …

4 NP Admission 25.45 Yes/HAdV-7d P7H7F7 WGS: MN422294

NP Day 6 16.02 Yes/HAdV-7d … …

Plasma Day 6 21.21 No H 7 HVR: MN822242

5 ET Admission 22.17 Yes/HAdV-7d P7H7F7 WGS: MN422295

Serum Day 7 20.10 No … …

Plasma Day 11 29.59 No H 7 HVR: MN822243

NP Day 13 30.37 No … …

NP Day 21 38.13 No … …

ET Day 28 39.94 No … …

Abbreviations: Ct, cycle threshold; ET, endotracheal aspirate; F, fiber; H, hexon; HAdV, human adenovirus; HVR, hexon hypervariable region; NP, nasopharyngeal aspirate or swab; P, penton 
base; qPCR, quantitative polymerase chain reaction; RFLP, restriction fragment length polymorphism; WGS, whole genome sequence.
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She has not had relapse or other disease-related complications 
for over 1 year after discharge.

Case 2

A 2-month-old boy, the product of a twin gestation born pre-
maturely at 35 weeks gestational age, was admitted with 3 days 
of fever and acute respiratory failure. A  nasopharyngeal as-
pirate (NPA) was sent for RV-qPCR panel testing and was 
positive for HAdV (Table 1). Plasma HAdV DNA qPCR was 
also positive. He developed circulatory shock, acute respira-
tory distress syndrome (ARDS), and was diagnosed with HLH 
(Table  2). High-dose dexamethasone therapy was given at a 
dose of 10 mg/m2 daily per HLH-2004 [1]. IVIG was adminis-
tered at a dose of 1 g/kg. Etoposide was initially held due to his 

known HAdV infection but was administered after his clinical 
status worsened. HAdV DNA was detected in multiple plasma 
and serum samples collected up to 24 days from admission. 
Cidofovir, dosed at 5 mg/kg once weekly with hyperhydration, 
was administered. Due to issues with fluid overload, he was 
ultimately given enteral brincidofovir (Chimerix, Durham, 
NC, USA) through an expanded access protocol. His labo-
ratory parameters of HLH and his plasma HAdV DNA viral 
loads improved over the course of 2 weeks with this regimen. 
His clinical course was complicated by severe lung disease 
and chronic respiratory failure, which ultimately required 
a tracheostomy. He has not had relapse of HLH, now 1 year 
from initial presentation, but remains admitted with chronic 
respiratory failure.

Table 2. Clinical Characteristics Documented in 5 Cases of HLH-Like Disease Associated With HAdV-7d Infection

Case 1 Case 2‡ Case 3‡ Case 4 Case 5

Age 15mo 2mo 2mo 17mo 16y

Sex Female Male Male Male Male

Comorbidities None Prematurity Prematurity Stuve-Weidemann syndrome Chronic respiratory failure

Clinical Features

 Fever Present Present Present Present Present

 Hepatomegaly Present Present Present Present Not Present

 Splenomegaly Present Present Present Present Not Present

 Respiratory failure Present Present Present Present Present

Laboratory Values During Initial Evaluation for HLH

 Absolute neutrophil count 190 11 150 4790 1680 1840

 Hemoglobin (mg/dL) 8.9 8.8 7.8 7.0 8.6

 Platelet count (cells/L) 64 000 107 000 85 000 52 000 125 000

 Ferritin level (ng/mL) a 16 600 5968 12 399 11 688 TNP

 Soluble IL-2R level (pg/mL) a 7160 11 900 15 390 5850 TNP

 Fibrinogen (mg/dL) a 208 106 144 141 TNP

 Triglyceride level (mg/dL) a 445 94 430 445 TNP

 CD107a mobilization (% positive) a 17.6% 3% 5% 8% TNP

 CXCL9 (pg/mL) a TNP 1928 1465 4299 TNP

 IFN-γ (pg/mL) a 34 12 61 31 TNP

 IL-6 (pg/mL) a 59 28 TNP 200 TNP

 IL-10 (pg/mL) a 88 84 52 70 TNP

 NK cell perforin expression (% positive) a 77% 64% 74% 88% TNP

 NK cell granzyme B expression (% positive) a 77% 97% 92% 97% TNP

 Hemophagocytosis in bone marrow Present TNP TNP TNP TNP

 Transaminitis Present Present Present Present Present

 Coagulopathy Absent Present Present Present Present

HLH criteria metb 8/8 7/8 7/8 6/8 2/8

Treatment

Antiviral therapies? IVIG ×1 IVIG ×2 IVIG ×1 Nonec None

Cidofovir

Brincidofovir

HLH treatment? Dexamethasone Dexamethasone Dexamethasone Nonec None

Etoposide

Abbreviations: ARDS, acute respiratory distress syndrome; HAdV, human adenovirus; HLH, hemophagocytic lymphohistiocytosis; IL, interleukin; INF, interferon; IVIG, intravenous immuno-
globulin; NK, natural killer; TNP, test not performed.

‡, Identical twins.
aReference ranges: ferritin, 10.0–99.9 ng/mL; soluble IL-2R, ≤1033 pg/mL; fibrinogen, 172–471 mg/dL; triglyceride level, 27–125 mg/dL;CD107a mobilization, 11–35%; CXCL9 < 121 pg/mL; 
IFN-γ, ≤5 pg/mL; IL-6, ≤5 pg/mL; IL-10, ≤18 pg/mL; NK cell perforin expression, 87–95%; NK cell granzyme B expression, 80–98%.
bSee Henter et al [1].
cCase 4 was not treated for HLH or HAdV infection, but did receive a dose of IVIG due to hypogammaglobulinemia, as well as pulse methylprednisolone for ARDS.
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Case 3

A 2-month-old boy, the identical twin of case 2, was admitted 
on the same day as his sibling with 2 days of fever and acute res-
piratory failure. An endotracheal aspirate was sent for RV-qPCR 
panel testing, which was positive for HAdV (Table 1). Plasma 
HAdV DNA qPCR testing was also positive. After several days, 
he developed clinical signs and laboratory values consistent 
with HLH (Table 2). High-dose dexamethasone was given at a 
dose of 10 mg/m2 daily per HLH-2004 [1], but etoposide was 
held due to confirmed HAdV infection. He was given IVIG at a 
dose of 1 g/kg but not antiviral therapy. He showed significant 
clinical improvement, with down-trending ferritin levels and 
clearance of his plasma HAdV load after 1 week of treatment. 
He was discharged and completed his steroid course. Given the 
concern for an unidentified genetic predisposition for HLH, he 
underwent an unrelated allogeneic cord blood transplantation.

Case 4

A 17-month-old boy with Stuve-Weidemann syndrome com-
plicated by autonomic dysfunction was transferred to the 
PICU with 5 days of fever and worsening respiratory distress. 
A  RV-qPCR panel of a NPA was positive for HAdV on ad-
mission and again 6  days later. A  plasma sample also tested 
positive for HAdV at this time (Table  1). Pulse therapy with 
methylprednisolone dosed at 1 g/kg was initiated, but he wors-
ened and ultimately developed ARDS requiring extracorporeal 
membrane oxygenation (ECMO). At this time, his clinical and 
laboratory assessments were consistent with HLH (Table 2), but 
his severe presentation was attributed to his underlying genetic 
syndrome. He did not receive any HLH-directed or antiviral 
therapy. He was noted to have hypogammaglobulinemia and re-
ceived IVIG at a dose of 500 mg/kg. He improved and was able 
to be de-cannulated from the ECMO circuit after 1 week but 
suffered from chronic respiratory failure necessitating trache-
ostomy. He has not had relapse of HLH, now 11 months from 
initial presentation.

Case 5

A 16-year-old boy with complex past medical history, including 
history of anoxic brain injury and chronic respiratory failure 
with tracheostomy dependence, was admitted with 1 day of fever 
and respiratory distress. A RV-qPCR panel of a NPA was posi-
tive for HAdV (Table 1). His respiratory status worsened, and he 
developed ARDS. Plasma HAdV DNA qPCR testing was posi-
tive. Additional laboratory testing revealed pancytopenia, hep-
atitis, and coagulopathy, and elevated C-reactive protein (CRP) 
at 38.9 mg/dL. He did not have splenomegaly or hepatomegaly. 
As his clinical state was thought to be the result of disseminated 
adenovirus disease, he did not undergo laboratory testing for 
HLH (Table 2) and did not receive HLH-directed therapy. His 
HAdV infection was managed symptomatically and without an-
tiviral therapy. He continued to have daily temperatures >39°C 

for >4 weeks but slowly improved, with resolution of his HAdV 
DNAemia. He was ultimately discharged back to his long-term 
care facility.

Cases 1–4 underwent testing for Epstein-Barr virus (EBV) by 
qPCR. Case 1 tested positive but below the limit of quantifi-
cation of the assay; cases 2–4 tested negative. Cases 2–4 also 
underwent testing for cytomegalovirus (CMV) by qPCR with 
negative results. Genetic assessment, including whole human 
exome sequencing of cases 2–4, did not reveal any known ge-
netic variants associated with primary HLH. Other than cases 2 
and 3, there was no history of family history of HLH, death in 
infancy, or other inflammatory disorder.

METHODS

Laboratory Diagnosis of Adenovirus Infection

For qPCR-based detection of HAdV at CHOP’s Infectious 
Disease Diagnostics Laboratory, DNA was extracted from 
200 µL of each clinical specimen (serum, plasma, nasopharyn-
geal secretions, or endotracheal aspirate) using an automated 
MagNA Pure LC instrument and total nucleic acid isolation kit 
(Roche Diagnostics, Indianapolis, IN, USA). Diagnostic testing 
for a panel of respiratory viruses including RSV, parainfluenza 
virus 1–3, adenoviruses, metapneumovirus, rhinoviruses, and 
coronaviruses was performed on respiratory specimens using 
in-house, laboratory-derived TaqMan® qPCR assays. HAdV 
testing of serum or plasma specimens was performed using an 
in-house qPCR assay targeting a conserved region of the hexon 
gene, as previously described [8]. For respiratory viruses, a 
Ct < 40 cycles was considered positive. For the dedicated serum 
or plasma HAdV qPCR, a Ct < 45 cycles was considered posi-
tive. In-house qPCR assays to detect EBV and CMV were also 
performed on plasma or serum specimens.

Virus Isolation and Molecular Typing

At Lovelace Respiratory Research Institute all HAdV-positive 
specimens were inoculated onto monolayers of A549 cells for 
virus isolation and further characterization. For molecular 
typing and next generation whole genome sequencing (WGS), 
intracellular viral DNA was purified from A549 cells infected 
with virus isolates. Initial typing at the species level was accom-
plished by analysis of BamHI digestion profiles, as previously 
described [9].

Viral DNA was processed for next generation WGS on 
an Illumina MiSeq at the Wadsworth Center NYSDOH, as 
previously described [10]. Contiguous sequences were de 
novo-assembled using SPAdes 3.5 [11] in the BaseSpace se-
quence hub (Illumina, Inc., San Diego, CA, USA). Annotated 
genomic sequences were deposited in GenBank under ac-
cession numbers MN422292-MN422295. For molecular 
typing of those specimens not yielding an isolate in culture, 
total DNA was extracted from 200  µL of specimen using a 
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NUCLISENS easyMAG instrument (bioMerieux, Durham, 
NC, USA) and used as template for PCR amplification of a 
portion of the hexon gene comprising hypervariable regions 
(HVRs) 1–6, using the primers and cycling conditions de-
veloped by Okada and colleagues [12], and DreamTaq PCR 
master mix (ThermoFisher Scientific, Grand Island, NY, 
USA). Sanger sequencing of amplicons was performed on a 
3130 analyzer (ThermoFisher Scientific) using the amplifica-
tion primers. Forward and reverse sequences were trimmed 
and aligned in Sequencher 5.3. The resulting sequences were 
trimmed to the same length to include HVRs 1–5, identified 
by BLAST analysis and deposited in GenBank under acces-
sion numbers MN822238–MN822243.

Genome typing of sequenced strains was conducted by in 
silico restriction enzyme analysis (REA) using the panel of 
endonucleases implemented by Li and Wadell [13] to discrimi-
nate HAdV-7 genomic variants.

Genomic Sequence Data Analysis

For phylogenetic analysis, genomic sequences of clinical iso-
lates were aligned with a selection of sequences available from 
GenBank for HAdV-7 strains circulating in the United States 
since 2014 and also for HAdV-7 strains detected in the United 
States and other countries in association with outbreaks or 
isolated cases of severe ARDS using MAFFT version 7 [14]. 
A  phylogenetic tree was constructed in MEGA 6.0 using the 
Neighbor-Joining method with 500 bootstrap replicates [15]. In 
silico REA was carried out using Geneious v6.1.6 (Biomatters, 
Ltd, New Zealand).

RESULTS

A summary of the virologic findings on available clinical spe-
cimens in presented in Table  1. Virus isolates were readily re-
covered from the respiratory specimens available from patients 
2 to 5. Restriction enzyme analysis of viral DNA extracted from 
infected A549 cells conclusively identified the 4 isolated strains as 
corresponding to genome type 7d [13]. Whole genome sequence 
for the 4 respiratory isolates and in silico digestion with a panel of 
endonucleases confirmed the results of in-gel analysis.

Virus isolates could not be recovered from the available 
plasma or serum specimens despite the relatively high viral 
load present in many of them. Most of these specimens were 
toxic to the cell monolayers and thus incompatible with the 
process. These specimens were processed for molecular typing. 
HAdV-7 DNA was detected in several plasma specimens, con-
firming that the DNAemia was associated with the same virus. 
Although no viral isolates could be recovered from the serum or 
plasma samples from patient 1, HAdV-7 DNA of identical par-
tial hexon gene sequence was detected in the serum collected 
on admission.

Phylogenetic analysis of genomic sequences obtained for the 
respiratory isolates of patients 2–5 and previously characterized 
strains of genome type 7d shows the strains isolated from the 4 
cases falling into 2 distinct clades (Figure 1). The first includes 
the viral isolates identified from cases 2–4, which are closely re-
lated to strains circulating in New Jersey and Pennsylvania in 
2016 and 2017 [16, 17]. The second includes the strain isolated 
from case 5, which is more closely related to strains isolated in 
China in 2009 and in Russia in 2014 [18, 19].

MN422292 CHOP- Case 2 USA Pennsylvania, 2019

MN422293 CHOP- Case 3 USA Pennsylvania, 2019

MN422294 CHOP- Case 4 USA Pennsylvania, 2019

MH262318 USA New Jersey, 2016

MH262326 USA Pennsylvania, 2017

KT963081 USA Oregon, 2014

KC440171 CHN Guandong, 2011

MH697605 USA Virginia, 2017

MH921844 NYSDOH 52399 USA New York, 2015

KP670856 CHN Guandong, 2011

MN422295 CHOP- Case 5 USA Pennsylvania, 2019

KU361344 RUS Volgograd, 2014

JF800905 CHN Shaanxi, 2009

KJ019888 CHN Hubei, 2012

KJ019887 CHN Hubei, 2013

JX423387 USA Illinois, 1997 ( genome type 7d2)

AY601634 USA Illinois, 1997 (genome type 7b)
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Figure 1. Phylogenetic analysis of whole genome sequences obtained from the respiratory isolates of the case patients and those available for previously characterized 
strains of genome type 7d isolated since 2009. Abbreviations: CHN, China; CHOP, The Children’s Hospital of Philadelphia; RUS, Russia.
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DISCUSSION

We describe the clinical and virologic characteristics of 4 cases 
of pediatric HLH and 1 case of hyperinflammatory illness asso-
ciated with HAdV-7 infection during the 2018–2019 respiratory 
virus season. In 4 cases the virus was isolated from respiratory 
specimens and typed as genomic variant HAdV-7d. Virus 
typing in the 5th case went as far as hexon molecular type with 
the identification of HAdV-7.

Analysis of passive surveillance data found that HAdV-7 was 
the 5th-most frequently identified HAdV type in the United 
States between 2003 and 2016 [20]. HAdV-7 has been asso-
ciated with outbreaks and isolated cases of severe respiratory 
illness worldwide [21–25], and various genomic variants have 
been described [15]. The circulation of variants 7b, 7d2, and 7h 
has been documented in the United States over the last 2 dec-
ades [26–28]. Genomic variant 7d was first detected in 2014 in 
Oregon and has since been detected in cases of acute respira-
tory disease in various settings, including colleges and rehabil-
itation facilities [18, 19, 29]. Previous phylogenetic analysis of 
WG sequences of HAdV-7d strains identified multiple events of 
introduction of this variant into the United States, most likely 
from East Asia where it has caused outbreaks of severe respi-
ratory disease since 2009 [29]. The isolates from cases 2–4 are 
closely related to those described in association with recent out-
breaks in New Jersey [16, 17]. The isolate in case 5 was more 
closely related to a strain isolated in China during a 2009 out-
break of severe adenovirus pneumonia in infants [19].

The severe clinical phenotypes reported in this case series are 
similar to those previously described for infections with var-
ious HAdV-7 genomic variants and, more recently, for HAdV-
7d-associated disease [16, 17, 24, 26, 30]. Symptoms consistent 
across these reports include fever, pneumonia with respiratory 
failure, shock, and hepatitis. All patients in our series also had 
laboratory evidence of hyperinflammation, including elevated 
CXCL9, interferon (IFN)-γ, and interleukin (IL)-6 in patients 
1–4 (Table  2), and elevated CRP in patient 5.  The manage-
ment of HLH in these patients varied but included immune-
modulating corticosteroid therapy with only 1 patient receiving 
directed antiviral therapy. All patients cleared HAdV despite re-
ceiving immunosuppressive therapy.

HAdV infections, in particular those by species B, have previ-
ously been associated with hyperinflammatory syndromes [31, 
32]. In a series of 38 pediatric patients with HAdV infection, 
elevated levels of IL-6, IL-8, and tumor necrosis factor (TNF)-α 
were associated with hypoperfusion, septic shock, and in-
creased mortality [31]. Direct comparison to our patients is not 
possible as HAdV typing and HLH-directed laboratory assess-
ment were not reported, but the description of a severe illness 
state is consistent with our observations. A  case of HAdV-7-
associated HLH was recently reported in a 3-year-old previ-
ously healthy boy in Pittsburgh, Pennsylvania. This child had 
severe respiratory failure requiring ECMO [33] and was treated 

with IVIG, methylprednisolone, and IL-1 blockade. After lack 
of improvement in his viral load, he received cidofovir. The pa-
tient ultimately survived, and an immunological evaluation did 
not reveal a genetic predisposition to HLH. Detailed HAdV 
molecular characterization data were not available.

Current treatment guidelines for HLH recommend HSCT 
for patients with a confirmed genetic predisposition for HLH. 
In patients with primary HLH, HSCT is a life-saving interven-
tion as recurrence of HLH after future infection events is ex-
pected. This is particularly relevant for younger children and 
infants that sustain an infection-associated HLH event early 
in life; many infants with familial HLH who have relapsed 
or progressive disease succumb to HLH prior to HSCT. The 
odds of death from disease exceed transplant-related mor-
tality. However, not all genetic mutations underlying primary 
HLH are known, and many experts still recommend HSCT 
for HLH in infants without an identified genetic mutation, 
especially as mutations in noncoding regions of the genome 
have been reported to cause familial HLH [34, 35]. There are 
clearly infants with no genetic predisposition who develop 
HLH and undergo unnecessary HSCT, which can have signif-
icant morbidity and mortality. Further investigation into the 
pathogen may provide additional information to guide the 
classification of primary or secondary HLH and the decision 
to consider HSCT.

EBV and CMV are frequently associated with the onset of 
HLH in children [36], but neither virus was detected in the pre-
sented cases. It is plausible that some pathogens are more likely 
than others to induce secondary HLH in the absence of a ge-
netic predisposition. The molecular data obtained for our case 
series suggest that HAdV-7d can be particularly virulent to the 
infected host. Furthermore, the young age of some of our pa-
tients suggests that the severe clinical presentation may be the 
result of timing of exposure to HAdV rather than a host predis-
position. Importantly, no underlying genetic predisposition for 
HLH was identified in our patients or in the case reported by 
Alcamo et al [32].

These data support the importance of pursuing adenovirus 
typing to guide clinical decisions. A  neonate or young child 
with HLH known to be associated with HAdV-7, more specifi-
cally HAdV-7d, and with negative genetic testing may not need 
referral for HSCT. Nonetheless, the association of HAdV-7d 
with HLH in our case series only infers causality. At present, it is 
not known whether different genomic variants of a given HAdV 
type or different HAdV types differ in their ability to trigger 
a hyperinflammatory response. This issue warrants further in-
vestigation as such evidence may serve to inform the clinician 
that the inflammatory state is likely a result of the pathogen and 
thus reduce the concern for an unidentified predisposition in 
the host.

In conclusion, the described 5 cases of pediatric HLH or 
HLH-like illness associated with HAdV-7 raise interesting 
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questions about the contribution of the pathogen to the clinical 
presentation of HLH in young children, particularly when no 
genetic predisposition is identified. The development of clini-
cally available ex vivo cellular assays to assess the proclivity of a 
particular pathogen to induce exacerbated cytokine production 
may further help distinguish the pathogen’s role in the patho-
genesis of this hyperinflammatory disorder.
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