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Abstract

Background: Adenovirus pneumonia is a pulmonary infectious disease commonly occurring in children, and severe
cases can lead to death and sequelae. Here, we aimed to observe the therapeutic timing and dosage of intravenous
immunoglobulin(IVIg) in non-immunocompromised children with severe adenovirus pneumonia.

Methods: This retrospective observational study investigated severe adenovirus pneumonia treated with IVIg in non-
immunocompromised pediatric patients at a tertiary hospital in 2019. Participants were classified as early presenters
(5-10 days of illness course) and later presenters (11-15 days) according to the timing of IVIg treatment. Patients’
clinical data were then analyzed in terms of different dosages of IVIg administration.

Results: Among 202 patients enrolled, 128 were early presenters and 74 were later presenters during the study period.
The later presenters had longer fever duration, more incidences of fungal coinfections, more demands for mechanical
ventilation, and higher incidence of bronchiectasis than early presenters (P<0.05). For early presenters, no statistically
significant differences in demands for advanced life support, outcomes and sequelae were observed between the two
different dosage groups (P>0.05). For later presenters, shorter fever duration and lower usage of extracorporeal
membrane oxygenation (ECMO) were observed in the high-dosage group than that in the low-dosage group (P<0.05).
The incidence of post-infectious bronchiolitis obliterans (PIBO) and bronchiectasis was not significantly different
between the two groups (P>0.05). The incidence of adverse events was 6.62% during 1VIg infusion, showing no
significant difference between the two groups (P>0.05).

Conclusions: Early medical care and treatment with IVIg are very important to improve the prognosis of non-
immunocompromised children with severe adenovirus pneumonia. For later presenters, children with severe
conditions may benefit from a high IVIg dosage.

Background

Human adenoviruses (HAdVs) are non-enveloped, double-stranded DNA viruses that can cause respiratory tract
diseases in children[1]. They are estimated to cause 5-10% of pediatric respiratory tract infections (RTIs)[1, 2].
Adenovirus respiratory tract infections have been known to be usually mild and self-limiting in a non-
immunocompromised host; however, previous studies have described fatal cases of severe adenovirus pneumonia
caused by particular serotypes, even in non-immunocompromised patients[3, 4]. About 70 adenovirus serotypes are
divided into seven subgroups or species (A through G), and pneumonia is usually caused by HAdV-3, 7, and 21, with
HAdV-7 being associated with serious respiratory illness in infants and young children([5, 6]. A 14-60% risk of
developing long-term respiratory aftereffects such as post-infectious bronchiolitis obliterans (PIBO) and
bronchiectasis was observed in severe adenovirus pneumonia [7].

Currently, no specific therapy has demonstrated efficacy in the treatment of adenovirus pneumonial1]. Several studies
have shown that cidofovir (CDV) has the greatest in vitro activity against adenovirus among currently available
antiviral agents and is the preferred therapeutic agent[8]. However, adverse effects of CDV include nephrotoxicity,
myelosuppression, and uveitis, which limit its application in healthy children[1]. Currently, CDV is only used
intravenously in many pediatric transplant clinics for the treatment of adenovirus infections[9]. Data on the response
to CDV are limited in non-immunocompromised children. Therefore, intravenous immunoglobulin (IVIg) as an
adjuvant therapy for severe adenovirus pneumonia has received increasing attention from clinicians. Several reports
have recently re-emphasized the potential use of antibodies in the form of IVIg as an anti-infectious agent in severe
adenovirus infections[10, 11]. Exposure of such donors to their unique environment increased the IVIg dosage,
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consisting a diverse repertoire of immunoglobulin molecules that possess a wide spectrum of antibacterial and
antiviral specificities[12—-14]. However, consensus on indications, timing, and dosage of 1Vlg among clinicians is
limited in children with severe adenovirus pneumonia.

Accordingly, we primarily evaluated the timing of IVIg for the treatment of severe adenovirus pneumonia. Our data
were analyzed in terms of the efficacy and safety of different IVIg dosages to prevent disease progression and
mortality.

Methods
Study population and ethics

One thousand four hundred and five pediatric patients with adenovirus pneumonia on admission who attended
Guangzhou Women and Children’s Medical Center from January 1, 2019, to January 1, 2020 were eligible for this
study. The World Health Organization has published evidence-based guidelines in diagnosing pneumonia in
children[15]. The evidence of adenovirus infection was identified by positive multiplex polymerase chain reaction
(PCR) for HAdVs from nasopharyngeal swabs, sputum, and bronchial alveolar lavage fluid. This study protocol was
conducted in accordance with the Declaration of Helsinki and approved by the Ethics Committee of Guangzhou
Women and Children’s Medical Center of Guangzhou Medical University. All patients provided written informed
consent for the use of their clinical and laboratory data from their medical reports.

Data Collection and Definitions

Inclusion criteria for the IVIg trial in the treatment of severe adenovirus pneumonia were as follows:
1) 28 days<age < 18 years

2) Definition of severe cases[15]: cough or difficulty in breathing, combined with at least one of the following: a)
central cyanosis or oxygen saturation of <90% on pulse oximetry; b) severe respiratory distress (e.g., grunting, very
severe chest indrawing); ¢) signs of pneumonia with a general danger sign (inability to breastfeed or drink, lethargy or
reduced level of consciousness, convulsions); and d) auscultatory findings of decreased or bronchial breath sounds
or signs of pleural effusion or empyema.

3) Treatment with IVIg administration

4) Informed consent was signed by the guardians of study participants.

Exclusion criteria for the IVIg trial in the treatment of adenovirus pneumonia were as follows:
1) Admission to pediatric intensive care unit (PICU) before IVIg administration;

2) Known or suspected active tuberculosis, severe concomitant disease (chronic pulmonary disease such as asthma,
severe cardiovascular disease, neoplasia, and kidney or liver disease), and immunocompromised state (primary
immunodeficiency, acquired immunodeficiency syndrome, and immunosuppressive medications before admission).

Clinical information of children with severe adenovirus pneumonia was collected during the study period.

Study Design

Page 3/18



This retrospective, observational study was conducted in accordance with the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guidelines. To reduce time-dependent bias, stratification analysis
was applied to patients with severe adenovirus pneumonia according to the charged time with the timing of 1VIg
administration. The time, measured in days since the onset of fever (temperature, = 37.5 °C) was the initial symptom
of adenovirus pneumonia. According to fever onset, patients were classified into two groups: 1) early presenters: IVIg
administration in 5-10 days of illness course; and 2) later presenters: IVIg administration in 11-15 days of iliness
course. Clinical manifestations and outcomes were then compared between the two layers.

Next, patients from both layers were divided into two groups according to different IVlg dosages: 1) high-dosage
group (1 g/kg/day for 2 days); and 2) low-dosage group (0.4-0.5 g/kg/day for 3—5 days). Demographic
characteristics, laboratory findings, image characteristics, and treatment before IVlg administration were compared
between the two groups in each layer.

The observation end-points consisting of two parts were collected and compared between the two groups. Primary
end-points were as follows: 1) advanced life support: mechanical ventilation, continuous blood purification (CBP),
extracorporeal membrane oxygenation (ECMO); 2) fever duration; 3) length of stay (LOS); and 4) mortality. Secondary
end-points (long-term sequelae) were 1) post-infectious bronchiolitis obliterans (PIBO) and 2) bronchiectasis.

Finally, we compared the incidence of adverse events of IVIg infusion according to different dosages, including
flushing, headache, fever, chills, nausea and vomiting, hypotension, nephrotoxicity, myalgias, anaphylactic shock,
thromboembolic events, hemolysis, fatigue and lethargy[16-18].

Statistical Analysis

Statistical analyses were performed using GraphPad Prism 8.0 (GraphPad Software Inc., San Diego, CA, USA). As
data of continuous variables were skewed distribution, medians with ranges were used to express the summarized
data. The nonparametric Mann-Whitney test was used for two-group analysis of continuous variables. Categorical
variables were assessed using Fisher's exact test. A Pvalue of <0.05 was considered statistically significant.

Results
Patients’ Baseline Characteristics

A total of 202 patients (123 male and 79 female) were enrolled in the present study (Fig. 1), with the median age of
18 (range, 1-144) months (Table 1). Among them, 128 patients (63.37%) were administered IVIg in 5-10 days of
illness course, and 74 (36.63%) in 11-15 days of illness course. The primary signs and symptoms of severe
adenovirus pneumonia were fever, cough, and tachypnea in all patients. The median fever duration was 13 days at
baseline and ranged from 3 to 58 days. The primary HAdV types of patients were HAdV-7 (128/202, 63.37%) and
HAdV-3(27/202, 13.37%). Among the coinfections, the most common pathogens were bacteria (65/202, 32.18%) and
Mycoplasma pneumoniae (M. pneumoniae) (52/202, 25.74%). The first major pulmonary complications were
consolidation (150/202, 74.26%) (Fig. 2a-c), and the second was pleural effusion and empyema (62/202, 30.69%).
Acute respiratory distress syndrome (ARDS)[19] was the most common systemic complication (35/202, 17.33%).
Other less common complications included sepsis shock[20] (27/202, 13.37%), multiple organ dysfunction syndrome
(MODS) [21](19/202, 9.41%), and hemophagocytic lymphohistiocytosis (HLH) [22](3/202, 1.49%). PIBO was the most
common sequela after a severe adenovirus pneumonia (Fig. 2d-f), affecting up to one-fifth of survivors (48/202,
23.76%). The rate of bronchiectasis was low (9/202, 4.46%). The median LOS was 15 (range, 1-70 days), and the
overall mortality due to severe adenovirus pneumonia was approximately 4.95% (10/202).
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Table 1
Stratification analysis of children with severe adenovirus pneumonia according to the timing of IVlg administration in

the study
Variables Total Early presenters Later presenters P |
value
(n=202) (n=128) (n=74)
Demographic
Age (months), median(range) 18(1-144) 18(1-132) 18(4-144) 0.4070
Gender, male (%) 123(60.89) 74(57.81) 49(66.22) 0.2950
Signs and Symptoms
Fever, No. (%) 202(100) 128(100.00) 74(100.00) 1.0000
Cough, No. (%) 202(100) 128(100.00) 74(100.00) 1.0000
Tachypnea, No. (%) 202(100) 128(100.00) 74(100.00) 1.0000
Wheezing, No. (%) 48(23.76) 30(23.44) 18(24.32) 0.9999
Moist crackles, No. (%) 178(88.12) 111(86.72) 67(90.54) 0.5026
Hepatosplenomegaly, No. (%) 30(14.51) 18(14.06) 12(16.22) 0.6857
Change in level of consciousness®, 49(24.26) 27(21.09) 22(29.73) 0.1709
No. (%)
Digestive symptoms, No. (%) 53(26.24) 37(28.91) 16(21.62) 0.3197
Laboratory findings®
White blood cells(x 10%9/L)(5-12), 7.15(1.30-30.60)  7.30(1.30-25.30)  6.90(1.50-30.60)  0.4060
median(range)
Neutrophil(x 1049/L)(5-12), 3.82(0.48-22.53)  4.035(0.48- 3.42(0.64-22.53)  0.4357
median(range) 21.84)
Hemoglobin(g/L)(105- 105.50(56-145)  108(56-145) 100.5(67-141) 0.0223
145),median(range)
Plateletgx 10%M2/L)(5-12), 255.50(15-1180)  252(70-1180) 281(15-766) 0.8630
median(range)
HsCRP(mg/L)(< 5), median(range) 18.70(0.46- 19.02(0.46- 17.80(0.5-222.22)  0.5700
222.22) 194.23)
LDH(U/L) (159-322), median(range) ~ 688(210-4836) 625(210-4836) 845.5(260-4570)  0.0101
Albumin(g/L)(40-50), median(range)  32.20(20.20- 33.75(21.22- 30.50(20.20- 0.0066
47.40) 47.40) 45.20)
Pa0,(kPa)(= 10.9), median (range) 8.82553.30— 9.10(4.51-28.00) 8.53(3.30-20.07) 0.3672
28.00
PaCO0,(kPa)(4.66-5.99), median 4.87(3.20-13.20) 4.84(3.20-6.74) 4.96(3.61-13.20) 0.1264
(range)
HAdV-3, No. (%) 27(13.37) 15(11.72) 12(16.22) 0.3951
HAdV-7, No. (%) 128(63.37) 77(60.16) 51(68.92) 0.2288
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Variables

Immunologic assays®

Serum IgE(IU/ML)(0-200),
median(qrange)

Serum IgM(g/L)(0.42-1.46),
median(%ange)

Serum IgA(g/L)(0.49-2.29),
median?range)

Serum IgG(g/L)(6.36—13.24),
median(grange)

CD3 +4 + Abs(cells/ul)(345-2350),
median(range)

CD3 + 8 + Abs(cells/ul)(314-2080),
median(range)

CD19 + Abs(cells/ul)(240-1317),
median(range)

Th/Ts(%)(0.47-2.05), median(range)

NKAbs(cells/ul)(345-2350),
median(range)

NBT test, No. (%)

Co-infection?

Backteria, No. (%)

Virus(except for HAdVs), No. (%)
Mycoplasma pneumoniae, No. (%)

Fungi, No. (%)

Pulmonary complications®
Consolidation, No. (%)
Pleural effusion, No. (%)

Pneumothorax and
pneumomediastinum, No. (%)

Systemic complications
ARDS, No. (%)

Sepsis shock, No. (%)
MODS, No. (%)

HLH, No. (%)

Total
(n=202)

85(5-3890)
1.31(0.33-6.06)
0.68(0.07-6.08)
9.70(1.23-32.70)
402.925(345-

2350)

300.25(106.31-
2001.93)

357.045(47.90-
2267.10)

1.275(0.35-6.29)

50.09(2.92-
775.44)

0(0.00)

65(32.18)
40(19.80)
52(25.74)
29(14.36)

150(74.26)
62(30.69)
13(6.44)

35(17.33)
27(13.37)
19(9.41)
3(1.49)
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Early presenters

(n=128)

80.50(5-3890)
1.24(0.33-6.06)
0.63(0.09-6.08)
9.47(2.50-32.70)
451.70(124.86-

1733.05)

279.09(106.31-
2001.93)

361.47(47.90-
871.86)

1.27(0.59-6.29)

48.00(2.92-
775.44)

0(0.00)

42(32.81

)
23(17.97)
30(23.44)

)

13(10.16

93(72.66)
37(28.91)
6(4.69)

20(15.63)
15(11.72)
12(9.38)
2(1.56)

Later presenters

(n=74)

98(6-1110)
1.45(0.3-4.62)
0.74(0.07-3.68)
10.60(1.23-31.00)
435.17(113.80-

2274.12)

306.69(133.45-
1146.94)

336.24(50.09-
2267.10)

1.71(0.35-3.62)

50.09(8.08-
727.49)

0(0.00)

23(31.08)
17(22.97)
22(29.33)
16(21.62)

57(77.03)
25(33.78)
7(9.46)

15(20.27)
12(16.22)
7(9.46)
1(1.35)

value

0.3278

0.2135

0.3622

0.2883

0.6922

0.7331

0.2318

0.6057
0.7208

1.0000

0.8762
0.4640
0.4057
0.0361

0.6166
0.5273
0.2353

0.4426
0.3951
0.9999
0.9999




Variables Total Early presenters Later presenters P

(n=202) (n=128) (n=74) value

Treatment(Before IVIg)

Oxygen, No. (%) 202(100) 128(100.00) 74(100.00) 1.0000

Antibotics, No. (%) 125(61.88) 78(60.94) 47(63.51) 0.7649

Systemic corticosteroid, No. (%) 132(65.35) 86(67.19) 46(62.16) 0.5398

Pediatric Advanced Life Support(After

IVig)

Mechanical ventilation, No. (%) 51(21.25) 26(20.31) 25(33.78) 0.0435

CBP, No. (%) 11(5.45) 5(3.91) 6(8.11) 0.2157

ECMO, No. (%) 15(7.43) 9(7.03) 6(8.11) 0.7860

Sequelae

PIBO, No. (%) 48(23.76) 28(21.88) 20(27.03) 0.4928

Bronchiectasis, No. (%) 9(4.46) 2(1.56) 7(9.46) 0.0129

Outcomes

Fever duration(days), median(range) 13(3-58) 11(3-58) 18(6-44) <
0.0001

Length of stay(days), median(range) 15(1-70) 13(4-70) 17(1-60) 0.1235

Mortality, No. (%) 10(4.95) 4(3.31) 6(8.11) 0.1756

Abbreviation: HsCRP: high-sensitivity C-reactive protein; LDH: lactate dehydrogenase; NBT: nitroblue tetrazolium;
ARDS:acute respiratory distress syndrome; SIRS: system inflammatory reaction syndrome; MODS:multiple organ
dysfunction syndrome; HLH:hemophagocytic lymphohistiocytosis; CBP: continuous blood purification; ECMO:
extracorporeal membrane oxygenation; PIBO: post-infectious bronchiolitis obliterans.

3Data extracted from the first test for the childrens at admission;

bData extracted from the whole course of the patients.

Stratified analysis according to timing of IVIg administration

A total of 202 patients were stratified for analysis according to the timing of IVIg administration. No significant
difference in demographic characteristics, clinical signs and symptoms, HAdVs type distribution, immunologic
assays, and treatment before IVIg administration was observed between the two layers. Remarkably, among those
laboratory findings on admission, lower hemoglobin, higher lactate dehydrogenase (LDH), and lower albumin levels
were observed in later presenters. Furthermore, later presenters had higher fungal coinfection rate, more demands for
mechanical ventilation, higher incidence of bronchiectasis, and longer fever duration in this study (P< 0.05) (Table 1).
In particular, mortality was higher in later presenters (6/74, 8.11%) than that in early presenters (4/128, 3.31%),
although the result was not statistically significant (P=0.1756).

Clinical responses to different dosages of 1VIg administration in
each layer
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With further analysis of each layer of patients, no statistically significant difference was observed in demographic
characteristics, laboratory findings, pulmonary complications, and treatments before IVIg administration between the
two groups according to different IVIg dosages (Table 2). When we analyzed primary end-points according to
different dosages of 1Vlg administration, no statistically significant differences were found in the demand for
advanced life support and outcomes for early presenters; therefore, it was considered as secondary end-points (P>
0.05). For later presenters, results revealed shorter duration of fever and lower use of ECMO in high-dosage group
than that in the low-dosage group (P< 0.05). However, among secondary end-points of later presenters, incidences of
PIBO and bronchiectasis were not significantly different between the two groups (P> 0.05) (Table 3).
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Table 2
Clinical characteristics of children with severe adenovirus pneumonia before taking different dosage of 1VIg in the

study
Variables Early presenters Later presenters
High-dosage Low-dosage P High-dosage  Low-dosage P
value value
(n=72) (n=56) (n=47) (n=27)
Demographic
Age (months), 12(3-96) 24(1-132) 0.2098 12(4-96) 24(4-144) 0.4689
median(range)
Gender, male (%) 41(56.94) 33(58.93) 0.8583 34(72.34) 15(55.56) 0.2018
Laboratory findings?
White cells(x 10%9/L) 8.70(2.10- 7.60(1.30- 0.1497 6.20(1.50- 7.60(1.60- 0.5191
(5-12), 25.30) 25.10) 30.60) 21.60)
median(range)
Neutrophil(x 10"9/L)  4.96(0.651-  4.005(0.48-  0.1917 2.94(0.64- 4.01(0.66- 0.6136
(5-12), 21.84) 19.21) 22.35) 12.63)
median(range)
Hemoglobin(g/L) 10855(66— 106(56-134)  0.4341 100(72-129)  101(67-141)  0.4162
105- 145
145),median(range)
Platelet(x 1012/L) 259.5(70- 227(81-1122)  0.2666 285(15-651)  277(65-766)  0.8913
(5-12), 1180)
median(range)
HsCRP(mg/L)(< 5), 15.29(0.50-  20.16(0.46- 0.7268 19.10(0.52- 16.00(0.50- 0.7705
median(range) 182.92) 194.23) 142.91) 222.22)
LDH(U/L) (159-322), 631(210- 554.5(314- 0.1971 953(260- 668(272- 0.8719
median(range) 3440) 4836) 3767) 4570)
Albumin(g/L)(40- 33.40(21.22- 34.10(23.40-  0.4493 31.20(23.60-  30.25(20.20- 0.3788
50), median(range) 47.00) 47.40) 41.10) 45.20)
Pa0,(kPa)(= 10.9), 9.10(4.51- 8.515(4.70-  0.0793 8.30(4.10- 9.365(3.30-  0.2633
median (range) 28.00) 21.45) 20.07) 15.60)
PaCO,(kPa)(4.66- 4.90(3.20-  4.80(3.60- 0.4251 4.96(3.61- 4.85(3.61- 0.6251
5.99), median (range)  6-74) 6.70) 7.54) 7.90)
HAdV-3, No. (%) 8(11.11) 7(12.50) 0.9999 7(14.89) 5(18.52) 0.7485
HAdV-7, No. (%) 48(66.67) 29(51.79) 0.1032 33(70.21) 18(66.67) 0.7977
Co-infection?
Backteria, No. (%) 20(27.78) 22(39.29) 0.1880 14(29.79) 9(33.33) 0.7977
Virus(except for 10(13.89) 13(23.21) 0.2457 9(19.15) 8(29.63) 0.3911
HAdVs), No. (%)
Mycoplasmal 20(27.78) 10(17.86) 0.2127 15(31.91) 7(25.93) 0.7921

pneumonia, No. (%)
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Variables Early presenters

High-dosage
(n=72)
Fungi, No. (%) 6(8.33)
Pulmonary
complications®
Consolidation, No. 49(68.06)

(%)

Pleural effusion, No. 19(26.39)
(%)

Pneumothorax and 3(4.17)
pneumomediastinum,

No. (%)

Treatment(before
IVig)

Antibotics, No. (%) 38(52.78)

Systemic 48(66.67)
corticosteroid, No. (%)

Low-dosage P

(n=156)
7(12.50)

44(78.57)
18(32.14)

3(5.36)

30(53.57)
30(53.57)

value

0.5581

0.2317

0.5566

0.9999

0.9999
0.1474

Later presenters

High-dosage  Low-dosage

(n=47) (n=27)
10(21.28) 6(22.22)
38(80.85) 19(70.37)
16(34.04) 9(33.33)
3(6.38) 4(14.81)
30(63.83) 17(62.96)
33(68.75) 14(51.85)

Abbreviation:HsCRP: high-sensitivity C-reactive protein; LDH: lactate dehydrogenase;

4Data extracted from the first test for
the childrens at admission;

bData extracted from the whole
course of the patients.

P
value

0.9999

0.3911

0.9999

0.2498

0.9999
0.2135
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Table 3 Clinical endpoints of children with severe adenovirus pneumonia in the study according to different
dosage of IVig

Observation items Early presenters Later presenters P
value

High- Low- P High- Low- P
dosage dosage value dosage dosage value
n=72) (n=56) (n=47) (n=27)

Primary endpoints

Mechanical ventilation, No. (%)  17(23.61)  9(16.07) 0.3771 15(31.91)  10(35.71)  0.8026

CBP No. (%) 3(4.17) 2(3.57) 0.9999 4(8.51) 2(7.41) 0.9999

ECMO, No. (%) 4(5.56) 5(8.93) 0.5032 1(2.13) 5(18.52) 0.0221

Fever duration(days), 11(3-58) 11.5(6- 0.1709 18(7-30) 21(6-44) 0.0293

median(range) 34)

Length of stay(days), 13(4-46)  13(7-70)  0.8165 17(2-49)  16(1-60)  0.8055

median(range)

Mortality, No. (%) 2(2.78) 2(3.57) 0.9999 2(4.26) 4(14.81) 0.1852
Secondary endpoints

PIBO, No. (%) 12(16.67)  16(28.57)  0.1326 11(23.40)  7(25.93) 0.9999
Bronchiectasis, No. (%) 1(1.39) 1(1.79) 0.9999 4(8.51) 3(11.11) 0.7008

Abbreviation: CBP: continuous blood purification; ECMO: extracorporeal membrane oxygenation; PIBO: post-
infectious bronchiolitis obliterans.

Infusions and adverse events

A total of 589 infusions were administered to 202 patients: 236 for the high-dosage group and 353 for the low-dosage
group. Adverse events definitely, probably, or possibly related to the IVIg occurred during 39 of 589 infusions (6.62%).

Adverse events complicating = 1% of infusions were flushing (12/589, 2.04%), fever (7/589, 1.19%), and chills (6/589,
1.02%). No significant difference was observed in the incidence rate of adverse events between the two groups (P>
0.05) (Table 4). No serious adverse events were attributed to IVIg administration.
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Table 4

Adverse effects of children with severe adenovirus pneumonia in the study according to
different dosage of 1VIg

Adverse effects Total High-dosage Low-dosage Pvalue
(n=589) (n=236) (n=353)
Flushing, No. (%) 12(2.04)  8(3.36) 4(1.13) 0.0745
Headache, No. (%) 2(0.34) 0(0.00) 2(0.57) 0.5189
Fever, No. (%) 7(1.19)  3(1.27) 4(1.13) 0.9999
Chills, No. (%) 6(1.02)  2(0.85) 4(1.13) 0.9999
Nausea and Vomiting, No. (%) 5(0.85) 2(0.85) 3(0.85) 0.9999
Hypotension, No. (%) 1(0.17) 1(0.54) 0(0.00) 0.4007
Nephrotoxicity, No. (%) 0(0.00) 0(0.00) 0(0.00) 1.0000
Myalgias, No. (%) 1(0.17)  1(0.42) 0(0.00) 1.0000
Anaphylactic shock, No. (%) 0(0.00) 0(0.00) 0(0.00) 1.0000
Thromboembolic events, No. (%)  0(0.00) 0(0.00) 0(0.00) 1.0000
Hemolysis, No. (%) 0(0.00)  0(0.00) 0(0.00) 1.0000
Fatigue and Lethargy, No. (%) 5(0.85) 2(0.85) 3(0.85) 0.9999
Total 39(6.62)  19(8.05) 20(5.67) 0.3103
Discussion

Adenovirus pneumonia is a pulmonary infectious disease commonly occurring in children[4, 23]. Most patients have
mild disease and recover from adenovirus pneumonia, but severe adenovirus pneumonia can result in considerable
morbidity and mortality in immunocompetent pediatric patients[3]. HAdV-7 is known to be associated with serious
pneumonia in children and is more prone to be followed by the PIBO development [24]. However, the standard therapy
for the management of severe adenovirus pneumonia is not yet established to date, and efficacy data evaluating
possible treatment options were not systematically studied in non-immunocompromised pediatric patients. In this
retrospective study of 202 patients treated with intravenous immunoglobulin (IVIg) for severe adenovirus pneumonia
at our hospital, we preliminarily assessed the potential efficacy and safety of the treatment in pediatric patients.

IVIg was used for non-immunocompromised children with severe adenovirus pneumonia when they combined serious
complications[23]. The principal components of IVIg are natural antibodies (NAbs) of the IgG isotype. NAbs can
enhance the recruitment of virus into lymphoid organs where they are present to T and B cells, thereby eliciting an
active immune response[25]. The protective effect of IVIg against infections has been attributed to the ability of
specific antibodies to neutralize pathogens[26]. Indeed, research has found that commercial IVIg preparations
possess anti-adenovirus activity in vitro, suggesting a potential role for adjuvant IVIg in adenovirus infectious
diseases|[14]. In this retrospective study, IVlg was administered as supplementary therapy to suppress viral replication
through neutralization by viral antibodies. The stratification analysis by illness duration according to IVIg
administration showed that later presenters were more associated with lower hemoglobin and albumin levels and
higher LDH levels, and more importantly, fungal coinfections were more prevalent in these patients. These results
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indicate that later presenters have been more complicated and serious. Based on the analysis results, early
administration of IVIg was important to decrease the use of mechanical ventilation and shorten the fever duration.
For the long-term outcome, early treatment was also crucial to lowering the incidence rate of bronchiectasis. In
particular, early presenters had lower mortality than later presenters had, although the difference was not statistically
significant. Therefore, the study confirmed the importance of early IVIg administration in non-immunocompromised
children with severe adenovirus pneumonia.

The following step toward the therapeutic utilization of IVIg for pediatric severe adenovirus pneumonia would be the
fine-tuning the dose regimen in a clinical study. In this study, patients were categorized into two groups based on their
IVIg treatment regimens during each hospitalization: high-dosage group underwent IVIg treatment with 1 g/kg for 2
days, whereas low-dosage group were treated with 0.4—0.5 g/kg for 3—5 days. At high doses, IVIg inhibits the
function of different arms of the immune system, including inhibition of the maturation and function of dendritic
cells, attenuation of T-cell proliferation, and production of proinflammatory cytokines[26]. A previous study
demonstrated that a high-dose regimen might not be appropriate for the treatment of infectious diseases. However,
recent research has found that activation of the immune system and generation of numerous chemokines and
cytokines could play a major role in the pathogenesis of adenovirus tissue damage[27]. In our study, no significant
differences were observed between low- and high-dose groups in clinical end-points of early presenters. Nevertheless,
for later presenters, the high-dosage group can reduce the fever duration and ECMO usage, although different
dosages of IVIg administration had little impact on the prognosis of later presenters. In other words, later presenters
with severe adenovirus pneumonia could benefit from a high-dose of regimen 1VIg during hospitalization.

The intravenous immunoglobulin level in this study was well tolerated, and no serious adverse events were found to
be attributed to IVIg. Currently, most viewpoints are that majority of adverse effects are associated with high IVig
dosage[16]. Moreover, the incidence was 6.62% during infusion with IVIg in this study. Furthermore, the IVlg dosage
was not related with the incidence of adverse events in the two study groups. Thus, different dosages to guarantee
the efficacy of therapy and minimize adverse effects were observed in our study.

Limitations of our study were mainly due to its retrospective file review design, with all associated disadvantages of
this study type (e.g., missing information, poor documentation, etc.). However, this study is the first to explore the
timing and dosage of IVIg administration in non-immunocompromised pediatric patients with severe adenovirus
pneumonia and to evaluate the correlation between different dosages and the incidence of adverse events.

Conclusions

IVIg is an adjunctive therapy for the treatment of severe adenovirus pneumonia in children. Our data affirm that early
IVIg administration for severe adenovirus pneumonia in non-immunocompromised patients could be a treatment
strategy worth considering. For later presenters, a high dosage of IVIg is effective in reducing the ECMO use and fever
duration, which is probably beneficial in these patients.
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Study flowchart
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Figure 2

Imaging features of severe adenovirus pneumonia. High-resolution CT scan of the chest revealing diffuse infiltration
and consolidation areas in the right upper and left lower lobes of a 4-year-old girl(a, b, c) . High-resolution CT scan of
the chest revealing mosaic sign in lung fields in a 1-year-old boy(d, e, f) .
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