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Children infected with severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), typically have a milder and often
asymptomatic course of illness [1]. Severe disease is rare and
mortality is associated with existing comorbidities or disease
complications such as the multisystem inflammatory syndrome
(MIS-C) [2]. Coronavirus disease 2019 (COVID-19) in infants
was a major concern when the disease was first described, in
view of their immunological immaturity and close contact with
household members infected with SARS-CoV-2 [2]. Reports
indicate that 62% of children hospitalized with COVID-19 are
<1 year of age, although it is not clear if this is related to disease
severity or to a lower threshold for admission [3,4].

There are limited data on disease severity in infants with
community-acquired COVID-19 and these largely come from
case reports and small case series. The primary aim of this study
was to describe disease characteristics, transmission and out-
come of COVID-19 in infants. The secondary aim was to
identify clinical or laboratory markers linked to disease severity.

This single-center medical record review was conducted for
the period between March, 2020 and June, 2021 in infants (aged
<12 months) admitted to a COVID-19 referral pediatric
hospital in Athens, Greece, following a positive reverse trans-
criptase-polymerase chain reaction (RT-PCR) for SARS-
CoV-2. After clearance from the Institutional ethics committee,
medical records of infants included in the study were reviewed
for demographic, clinical and laboratory characteristics, and
disease outcomes. Amplification cycle threshold (Ct) values
were recorded, with lower values indicating a higher viral load.
Ct cutoff for negativity was 35-40 cycles [5]. Contact tracing
was performed by standard interview of parents for suspected
COVID-19 symptoms, and reason and timing of PCR testing in
any family member.  The severity of COVID-19 was defined as
asymptomatic, mild, moderate, severe and critical, according to
the National Institutes of Health (NIH) classification [6].

Statistical analysis was performed using SPSS, version
25.0. Associations between infants’ characteristics were eva-
luated with spearman’s Rho correlation coefficient. P-value
<0.05 was considered as statistical significant.

Favorable Outcome in Infants
Hospitalized With COVID-19: Single
Center Experience from Athens, Greece

This study aims to describe the clinical characteristics and out-
come of 92 infants (aged <12 months) with community-acquired
coronavirus disease 2019 (COVID-19) between March, 2020
and June, 2021 at a single center in Athens. Infants with COVID-
19 developed mild disease (89, 96.7%), and were infected
mostly by their household contacts (74, 80.4%). Disease compli-
cations were rare, indicating that hospitalization is the result of
low threshold for admission rather than disease severity.
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Overall, 92 previously healthy infants (56.5% boys) with
mean (SD) age of 3.3 (3.1) months were admitted during the
study period. Demographic and clinical characteristics of these
infants are shown in Table I. The majority of the infants (89,
96.7%) had a mild illness. Three patients required supplemental
oxygen administration, while only one developed moderate
respiratory distress and required pediatric intensive care unit
(PICU) admission for short course non-invasive ventilation.

Table I  Characteristics of Infants With COVID-19 in
Athens, Greece (2020-21) (N=92)

Characteristics
Age at admission (mo) 3.3 (3.1)
Girls 40 (43.5)
History of COVID-19 exposure 74 (80.4)
Household COVID-19 case 74 (100)
Ct value 16.7 (5.3)
Symptoms and clinical findings
Fever (>38oC) 62 (67.4)
Low-grade fever (<38oC) 33 (35.9)
Cough 20 (21.7)
Rhinitis 43 (46.7
Poor feeding 38 (41.3)
Gastrointestinal (vomiting, diarrhea) 25 (27.2)
Respiratory distress 3 (3.3)
Febrile seizures 1 (1.1)
Laboratory findingsa

White blood cells (x103/µL) 9429 (4139)
Neutrophil count (x103/µL)b 3088 (2280)
Lymphocyte count (x103/µL) 4862 (2527)
Neutrophil/Lymphocyte count 0.9 (0.9)
C-reactive protein (CRP) (mg/L) 7.9 (32.4)
Platelet count (x103µL) 373196 (127003)
Creatinine (mg/dL) 0.3 (0.1)
Alanine aminotransferase (ALT) (U/L) 30.8 (27.6)
Aspartate aminotransferase (AST) (U/L) 47.9 (26.9)
Abnormal chest radiograph 3 (3.3)
Disease severityc

Mild 89 (96.7)
Severe 3 (3.3)
Treatment
Antimicrobials 22 (24.2)
Corticosteroids 3 (3.3)
Remdesivir 2 (2.2)
Supplemental oxygend 3 (3.3)
Non-invasive ventilation 1 (1.1)
No respiratory support 89 (96.7)
Outcomee

Co-infection 2 (2.2)
Hospital stay (d)a 4.1 (1.9)
Pediatric intensive care unit (PICU) admission 1 (1.1)

Values in no. (%) or amean (SD); b24 (26.1%) had neutropenia;
cNone had moderate or clinical disease; dNo infant required invasive
ventilation; eNo infant developed any complications or died.
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Mean (SD) Ct value was 16.7 (5.3), indicating high viral load.
Two infants were diagnosed with concominant bacterial infec-
tion on admission (one with urinary tract infection and one with
gastroenteritis caused by Campylobacter spp). Antimicrobials
were administered in 22 (24.2%) of the infants and the majority
of them (18, 81.2%) were infants <3 months old that were
initially admitted with fever with no focus. Antibotics were
given in these, pending culture results, with a median treatment
duration of 3 days. Mean (SD) duration of hospitalization was
4.1 (1.9) days, and all infants had a favorable clinical outcome
without complications. No infant to adult transmission was
reported during hospitalization or during follow-up.

Results from a multivariate analysis identifying risk factors
related to disease severity showed that higher Ct values (hence
lower viral loads) were seen in older infants (P=0.01), and  were
associated with higher white blood cell (WBC) (P=0.04) and
neutrophil count (P=0.3), as well as increased C-reactive pro-
tein (CRP) (P=0.005). There was no significant association bet-
ween patient’s age and days of hospitalization, and between Ct
values and laboratory results with the duration of
hospitalization.

There is now growing evidence that children, especially
infants and toddlers, develop mostly asymptomatic or mild
COVID-19 [1]. This may be due to the immunological charac-
teristics of this age group, the physiology of their respiratory
tract where ACE2 receptors are not abundant, and the
interaction with seasonal coronaviruses in older children [7].
Also, despite recent evidence that children have comparable
viral loads with adults [8] and that infants and toddlers may
spread SARS-CoV-2 [9], the current study findings support the
notion that infants can rarely be a primary case and possibly not
a source case for other members of their households either.

This study has some limitations. Firstly, this is a
retrospective, single-centre study. However, it represents the
general population, as the hospital is one of the two COVID-19
referral pediatric hospitals in Athens. Secondly, in this cohort,
there were only three infants with severe COVID-19 disease
and all infants were previously healthy with no co-morbidities.
Finally, the study period reflects the hospitalizations during the
first and second COVID-19 wave, but not the period when the
delta and omicron variant were dominant.

We can safely suggest that infants with COVID-19 can be
treated at their home environment since hospitalization can lead
to unecessary laboratory testing, parent-infant separation and
increased risk for SARS-CoV-2 in-hospital transmission. It is of
prime importance to deteremine the expected benefit of young
child vaccination, and the number of adult cases prevented,
especially when the vaccination coverage in other age groups is
high. Studies on antibody kinetics and risk of reinfection from
SARS-CoV-2 in this age group are under way and will further
support decision-making.

Ethics clearance: Institutional ethics committee, ‘P. and A.
Kyriakou’ Children’s Hospital, Athens, Greece; No.4336, dated
9 March, 2021.
Contributors: DD,MT,NS: conception and design of the work,
acquisition and interpretation of data, drafting the manuscript;
ML,IE: acquisition and interpretation of data for the work,
revising it critically for important intellectual content. All authors
approved the final version of the manuscript, and, agree to be
accountable for all aspects of the work in ensuring that questions
related to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.
Funding; None; Competing interests; None stated.

DIMITRA DIMOPOULOU,1* MARIANTHI LIASKA,1
IRINI ELEFTHERIOU,1 ELENI KOURKOUNI,2

MARIA TSOLIA,1 NIKOS SPYRIDIS1
1Second Department of Paediatrics,

National and Kapodistrian University of Athens,
School of Medicine, ‘P. and A. Kyriakou’ Children’s Hospital,

Athens, Greece; 2Center for Clinical Epidemiology and
Outcomes Research (CLEO), Non-Profit Civil Partnership, 5

Chatzigianni Mexi str.,11528 Athens, Greece.
*dimi_med@hotmail.com

REFERENCES
1. Götzinger F, Santiago-García B, Noguera-Julián A, et al.

COVID-19 in children and adolescents in Europe: A multi-
national, multicentre cohort study. Lancet Child Adolesc
Health. 2020;4:653-61.

2. Mark EG, Golden WC, Gilmore MM, et al. Community-onset
severe acute respiratory syndrome coronavirus 2 infection in
young infants: A systematic review. J Pediatr. 2021;228:94-
100.e3.

3. Raba AA, Abobaker A, Elgenaidi IS, et al. Novel coronavirus
infection (COVID-19) in children younger than one year: A
systematic review of symptoms, management and outcomes.
Acta Paediatr. 2020;109:1948-55.

4. Bellini T, Rotulo GA, Caruggi S, et al. Characteristics of COVID-
19 patients up to 6 months of age admitted to a paediatric emer-
gency department. Acta Pediatr. 2021;10.1111/apa. 16166.

5. Public Health England (PHE). Understanding cycle threshold
(Ct) in SARS-CoV-2 RT-PCR. A guide for health protection
teams. October 2020.  Accessed Dec 17, 2021. Available from:
https://assets.publishing.service.gov.uk/government/uploads/
system/uploads/attachment_data/file/926410/Understanding
_Cycle_Threshold__Ct__in_SARS-CoV-2_RT-PCR_.pdf

6. National Institutes of Health (NIH). Clinical Spectrum of
SARS-CoV-2 Infection. Last Updated: October 19, 2021.
Accessed Dec 17, 2021. Available from: https://www.covid19
treatmentguidelines.nih.gov/overview/clinical-spectrum/

7. Ludvigsson JF. Systematic review of COVID-19 in children
shows milder cases and a better prognosis than adults. Acta
Paediatr. 2020;109:1088-95.

8. Madera S, Crawford E, Langelier C, et al. Nasopharyngeal
SARS-CoV-2 viral loads in young children do not differ signi-
ficantly from those in older children and adults. Sci Rep. 2021.

9. Paul LA, Daneman N, Schwartz KL, et al. Association of age
and pediatric household transmission of SARS-CoV-2 infection.
JAMA Pediatr. 2021;175:1151-58.

55



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




