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Incidence and severity of SARS-CoV-2 infection in
children and young people with HIV in Europe

The European Pregnancy and Paediatric Infections
Cohort Collaboration (EPPICC) study groupM

We assessed incidence of SARS-CoV-2 infection

and disease severity among children and young

people with HIV from cohorts across nine Euro-

pean countries. Of 1717 included, with median

duration of follow-up 20.1months, 134 (8%) had

documented SARS-CoV-2 infection, a rate of 49

[95% confidence interval (CI) 42–58] per 1000

person-years. All symptomatic cases had mild

coronavirus disease 2019 (COVID-19), three were

hospitalized, and no deaths were reported, which

may be reassuring for clinicians and families.

In adult studies HIV infection has been independently
associated with poorer outcomes of coronavirus disease

2019 (COVID-19) [1–3]; however, there remains
limited data in children and young people with HIV
(CYPHIV).

We estimate the incidence of SARS-CoV-2 infection in
CYPHIV in the European Pregnancy and Paediatric
Infections Cohort Collaboration (EPPICC) and describe
the clinical characteristics of those with COVID-19.

EPPICC collects data on CYPHIV in routine care [4].
CYPHIVare followed from entry to HIV care to last visit
in paediatric care, or in some cohorts through adult care.
CYPHIV from 11 cohorts in 9 European countries who
were diagnosed with HIV aged <18 years and in follow-
up aged<25 years on/after 1 January 2020 (proxy for start
of pandemic in Europe) were included.

SARS-CoV-2 infection was defined as documented
positive PCR test based on clinical notes or linkage with
national/regional SARS-CoV-2 databases. Multisystem
Inflammatory Syndrome in Children (MIS-C) cases
(WHO/ISARIC case definition [5]) were requested, but
none identified.

Pseudonymized individual-level data were pooled using a
modified HIV Cohorts Data Exchange Protocol (www.
hicdep.org) and a standardized case report form based on
WHO/ISARIC forms [5] to collect additional data on
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those with SARS-CoV-2 infection. All cohorts received
local ethics approval where required.

Individuals were considered at risk from latest of 1 January
2020, and date of birth for those with vertically-acquired
HIV or date first seen in HIV care for those with other
modes of acquisition. Follow-up was censored at SARS-
CoV-2 diagnosis, death, age 25 years or last visit before
data cut-off.

Among those in HIV care at start of 2020, characteristics
on 1 January 2020 were compared between those with
and without SARS-CoV-2 infection, using chi-squared
tests for categorical and Wilcoxon’s rank-sum tests for
continuous variables. COVID-19 severity was classified
using WHO criteria [6].

Among 1717 CYPHIV included, the median [inter-
quartile range (IQR)] duration of follow-up was
20.1months (14.1–24.6), and median age on 1 January
2020 was 13.9 (9.1–17.8) years. One hundred and thirty-
four (8%) were diagnosed with SARS-CoV-2 infection,
an incidence rate of 49 (95% confidence interval 42–58)
per 1000 person-years.

Among the 1688 CYPHIV in follow-up on 1 January
2020, those with SARS-CoV-2 infection were older than
those without, had been diagnosed with HIV for a longer
time, and were less likely to have an HIV RNA viral
load<50 copies/ml (all P< 0.06), with no difference in
CD4 count, antiretroviral treatment (ART) status or
obesity (all P> 0.35). Of the 134 with SARS-CoV-2, 63
(47%) had known date of diagnosis: median age at
diagnosis was 17.0 years, at which point 57/63 (90%)
were on ART (Table 1).

Among 44/134 (33%) SARS-CoV-2 cases with clinical
data available, 42 had symptom information, of whom 25
(60%) experienced �1 symptom of COVID-19. The
most common symptoms were cough (13/42, 31%), fever
(11/42, 26%), and anosmia and/or ageusia (11/42, 26%).
COVID-19 was asymptomatic for 17 (39%), mild for 22
(50%) and unknown for 5 (11%); none had moderate,
severe or critical disease.

Three individuals were hospitalized following SARS-
CoV-2 diagnosis. The first was aged <10 years, recently
diagnosed with HIV/AIDS, severely immunocompro-
mised (CD4þ 6 cells/mm3) and had been on ART for
tric Infections Cohort Collaboration (EPPICC) study group are
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Table 1. Demographic and HIV-related clinical characteristics of participants by SARS-CoV-2 infection status.

SARS-CoV-2 infection
(N¼134)

No SARS-CoV-2 infection
(N¼1583)

P

n (%) or median (IQR)

Demographics
Female sex 79 (59%) 871 (55%) 0.379
Ethnicity (n¼133; 1570) 0.439
White 97 (73%) 1063 (68%)
Black 29 (22%) 420 (27%)
Other 7 (5%) 87 (6%)

Vertically acquired HIV (n¼113; 1367) 101 (89%) 1272 (93%) 0.148
Country <0.001
Belgium 1 (1%) 58 (4%)
Greece 0 21 (1%)
Poland 1 (1%) 44 (3%)
Portugal 1 (1%) 23 (1%)
Romania 0 54 (3%)
Russia 84 (65%) 841 (53%)
Spain 23 (17%) 159 (10%)
Sweden 0 113 (7%)
UK 24 (19%) 270 (17%)

Characteristics on 1 January 2020 (nU130 with SARS-CoV-2 infection and nU1558 without)a

Age, years 15.8 (11.7, 18.8) 13.7 (8.9, 17.7) 0.002
Years since HIV diagnosis (n¼126; 1483) 10.9 (4.8, 15.1) 9.1 (4.6, 13.2) 0.050
CD4þ cell count in those �5 years (n¼109; 1276) 713 (537, 916) 730 (531, 980) 0.456
CD4þ% in those <5 years (n¼7; 144) 39 (30, 44) 37 (32, 44) 0.953
WHO advanced/severe immunosuppression for ageb (n¼116; 1420) 9 (8%) 119 (8%) 0.816
HIV viral load <50 copies/ml (n¼93; 1240) 45 (48%) 726 (59%) 0.056
ART status 0.835
ART naı̈ve 6 (5%) 79 (5%)
Off ART (>7 days) 7 (5%) 102 (7%)
On ART 116 (89%) 1353 (87%)
Unknown 1 (1%) 24 (2%)

Obesityc in those �2 years (n¼77; 1035) 0.350
Underweight/normal weight 59 (78%) 856 (83%)
Overweight 14 (18%) 131 (13%)
Obese 3 (4%) 48 (5%)

Characteristics at SARS-CoV-2 infection (nU63 with date of infection known)
Age, years 17.0 (14.1, 19.5) – –
ART status – –
ART naı̈ve 1 (2%) – –
Off ART (>7 days) 4 (6%) – –
On ART 57 (90%) – –
Unknown 1 (2%) – –

CD4þ count in those �5 years (n¼48) 721 (585, 973) – –
CD4þ% in those <5 years (n¼3) 34 (33, 54) – –
HIV viral load <50 copies/ml (n¼50) 39 (78%) – –
Reason for PCR test – –
Contact tracing 16 (25%) – –
Presented symptomatically 11 (17%) – –
Routine screening 2 (3%) – –
Unknown 34 (54%) – –

Any symptoms experienced (among those with clinical data (n¼42) 25 (60%) – –
Cough 13 (31%) – –
Anosmia and/or aguesia 11 (26%) – –
Fever 11 (26%) – –
Headache 8 (19%) – –
Fatigue 7 (17%) – –
Runny nose 7 (17%) – –
Sore throat 7 (17%) – –

Only symptoms experienced by �10% of patients are listed in the table. Symptoms experienced by <10% of patients were: myalgia, vomiting,
abdominal pain, diarrhoea, increased respiratory rate, joint pain, rash and wheezing. The ‘n’ given refers to the number with nonmissing data, with
data being complete if not specified.
aExcludes 4/134 diagnosed with COVID and 25/1583 not diagnosed with SARS-CoV-2 infection who were born or entered care>1 January 2020.
bWHO advanced/severe immunosuppression for age defined as CD4þ lymphocyte percentage (CD4þ%)<30% for children<1 year of age,<25%
for children aged 1–3 years, <20% for children aged 3–5 years, and <650cells/mm3 or <15% for children aged �5 years.
cBased on WHO BMI-for-age z-score: overweight corresponds to z-score �2, obese corresponds to z-score �3 [11,12].
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<1month. They were admitted for 23 days. Their
symptoms included increased respiratory rate and
wheezing. Chest X-ray was normal. They received oral
fluids, interferon-alpha, ceftriaxone and ibuprofen;
however, the primary reason for admission was not
COVID-19. The second and third patients were older
adolescents hospitalized for 1 and 3 days, respectively.
Both had an HIV RNA viral load<50 copies/ml,
were not significantly immunocompromised (CD4þ

>350 cells/mm3), and had mild COVID-19.

Among the 44 patients with clinical data, 1 (3%) had
ongoing symptoms at 6months; they were not hospital-
ized, and their main ongoing symptom was fatigue. No
deaths were reported.

This study represents the first multicountry description of
SARS-CoV-2 infection and COVID-19 specifically
among CYPHIV.

The incidence of diagnosed SARS-CoV-2 infection was
relatively low, although the timeframe over which data
were available varied by country, and in some cohorts
only captured the early part of the pandemic. In the
general population incidence of symptomatic COVID-
19 among those <18 years across 10 European countries
between August 2020 and September 2021 was
estimated at 27 per 1000 population, lower than
reported here [7]; however, comparison is difficult,
given differences in setting, time period and case
definition. Infection was more common among those
who were older and those not virally-suppressed. An
increased risk of infection with age is consistent with data
from the general population [8].

Although this study includes relatively small numbers
with SARS-CoV-2, there was no suggestion of increased
risk of severe outcomes as observed in adult HIV
populations, with none having WHO moderate/severe
disease, few hospitalized and no deaths. A study from
South Africa reported a two-fold increase in COVID-19
death among people aged �20 years with HIV compared
to those without [1], although they were unable to adjust
for key confounders such as comorbidities. The largest
published study on people with HIV with COVID-19 is
from the WHO Global COVID-19 clinical platform [2],
which observed 15% higher odds of severe/critical
presentation and 38% increased odds of death among
patients with HIV compared to those without HIV, after
adjusting for multiple confounders including comorbid-
ities. However, the study was restricted to those
hospitalized with COVID-19. The largest study specific
to CYPHIV to date was of 60 individuals in a Spanish
paediatric HIV cohort (included here), which reported 8
(13%) cases diagnosed with SARS-CoV-2 [9].

There are important study limitations. Firstly, availabil-
ity of SARS-CoV-2 PCR testing varied across countries
over time and asymptomatic infections were likely
missed, leading to an underestimation of incidence. In
comparison, a serology study of �500 participants from
the EPPICC cohort reported 55% were seropositive by
mid-2022 [10]. Further, no data on potentially ‘silent’
symptoms ofMIS-C, such asmyocarditis, were available.
However, we are confident that severe cases would have
been reported to HIV clinics and captured here, so our
conclusion of SARS-CoV-2 infection being over-
whelmingly mild in this cohort is likely correct.
Secondly, dates of SARS-CoV-2 infection and clinical
details were not available for all cases. Thirdly, small
numbers of cases meant estimating rates of infection over
time was not possible. Finally, data on SARS-CoV-2
vaccination were not collected, as data collection began
before rollout.
Acknowledgements

We thank all the patients for their participation in these
cohorts, and the staff members who cared for them.

Author contributors: Writing Group [consisting of
Project Team first (ordered by contribution), followed by
otherWriting Group members (ordered alphabetically by
country)]:

Project Team: Elizabeth Chappell (EPPICC statistician,
MRC Clinical Trials Unit at UCL, University College
London, London, UK), Alasdair Bamford (Collaborative
HIV Paediatric Study (CHIPS), UK; MRC Clinical
Trials Unit at UCL, University College, London,
London, UK; Great Ormond Street Hospital for
Children NHS Trust, London, UK; University College
London Great Ormond Street; Institute of Child Health,
London, UK), Arantxa Berzosa Sanchez (CoRISPE-S,
rest of Spain cohort, Spain; Pediatric Infectious Diseases
Unit, Department of Pediatrics, Hospital Clı́nico San
Carlos, Madrid, Spain; Health Research Institute of the
Hospital Clı́nico San Carlos (IdISSC), Pediatric National
AIDS Research, Network of Spain (CoRISpe), Madrid,
Spain; Centro de Investigacion Biomedica en Red en
Enfermedades Infecciosas, (CIBERINFEC), ISCIII,
Madrid, Spain), Tessa Goetghebuer (Hospital St Pierre
Cohort, Brussels, Belgium), Laura Marques (Centro
Hospitalar do Porto, Porto, Portugal), Lars Nav�er
(Karolinska University Hospital, Stockholm, Sweden),
Antoni Noguera-Julian (CoRISPE-CAT, Catalonia
cohort, Spain; Unitat d’Infectologia, Servei de Pediatria,
Hospital Sant Joan de Deu, Universitat de Barcelona,
Barcelona, Spain), Ewa Talarek (Polish paediatric cohort,
Poland; Department of Children’s Infectious Diseases,
Medical University of Warsaw; Regional Hospital of
Infectious Diseases in Warsaw, Poland), Yulia Plotnikova
(Irkutsk AIDS Centre, Irkutsk, Russia), Anna Samarina
(The City HIV Centre, St Petersburg, Russia), Luminita



1636 AIDS 2023, Vol 37 No 10

D
ow

nloaded from
 http://journals.lw

w
.com

/aidsonline by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
y

w
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dgG
j2M

w
lZ

LeI=
 on 07/25/2023
Ene (Victor Babes’ Hospital Cohort, Romania; Clinical
Department of Infectious Diseases (HIV Department),
Dr. Victor Babes¸ Hospital for Infectious and Tropical
Diseases, Bucharest, Romania), Vana Spoulou (Greek
cohort, Greece; ‘‘Agia Sophia’’ Children’s Hospital,
Paediatric HIV Unit, National and Kapodistrian Univer-
sity of Athens, Greece), Intira Jeannie Collins (co-lead of
EPPICC; MRC Clinical Trials Unit at UCL, University
College London, London, UK)

Other Writing Group members: Marisa Luisa Navarro
(Red de Investigacı́on Translacional en Infectologı́a
Pedı́atrica, RITIP, Madrid, Spain; Hospital General
Universitario ‘‘Gregorio Marañ�on’’, Madrid, Spain;
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Spain), Aleksey A. Plynsky (Irkutsk AIDS Center,
Irkutsk, Russia), Yulia Chapygina (Irkutsk AIDS
Center, Irkutsk, Russia), Elena Fertikh (Saint Petersburg
City HIV Centre, St. Petersburg, Russia), Sandra
Soeria-Atmadja (Department of Paediatrics, Karolinska
University Hospital, Stockholm, Sweden), Katja Doer-
holt (St George’s University Hospital NHS Foundation
Trust, London, UK), Steve Welch (Department of
Paediatrics, Heartlands Hospital, Birmingham, UK),
Siobhan Crichton (MRC Clinical Trials Unit at UCL,
University College London, London, UK), Charlotte
Jackson (MRC Clinical Trials Unit at UCL, University
College London, London, UK), Ali Judd (MRC
Clinical Trials Unit at UCL, University College
London, London, UK), Karen Scott (MRC Clinical
Trials Unit at UCL, University College London,
London, UK)

EPPICC/Penta Co-ordinating Team: Elizabeth
Chappell, Siobhan Crichton, Intira Jeannie Collins,
Giorgia Dalla Valle, Charlotte Duff, Carlo Giaquinto,
Charlotte Jackson, Ali Judd, Laura Mangiarini, Edith
Milanzi, Karen Scott, Claire Thorne

Collaborating cohorts:

Belgium: Hopital St Pierre Cohort, Brussels: Tessa
Goetghebuer, MD, PhD; Marc Hainaut, MD PhD;
Wivine Tremerie, Research nurse; Marc Delforge,
data manager.

Greece: Greek cohort: Vana Spoulou.

Poland: Polish paediatric cohort: Head of the team: Prof
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Universitario de Canarias, Tenerife); Miguel Angel
Cardenes (Hospital Universitario Doctor Negrin, Gran
Canaria); Manuel A. Castaño, Francisco Orihuela, In�es
P�erez, M Isabel Mayorga (Hospital Regional Universi-
tario, M�alaga); Luis Fernando Lopez-Cortes, Cristina
Roca, Silvia Llaves (Hospital Universitario Virgen del
Rocio, Sevilla); Marøa Jose Rios, Jesus Rodriguez,
Virginia Palomo (Hospital Universitario Virgen de la
Macarena, Sevilla); Juan Pasquau, Coral Garcia (Hospital
Universitario Virgen de las Nieves, Granada); Jose
Hernandez, Clara Martinez (Hospital Universitario
Clinico San Cecilio, Granada); Antonio Rivero, Angela
Camacho (Hospital Universitario Reina Sofia, Cordoba);
Dolores Merino, Miguel Raffo, Laura Corpa (Hospital
Universitario Juan Ramon Jimenez, Huelva); Elisa
Martinez, Fernando Mateos, Jose Javier Blanch (Com-
plejo Hospitalario Universitario, Albacete); Miguel
Torralba (Hospital Universitario, Guadalajara); Piedad
Arazo, Gloria Samperiz (Hospital Universitario Miguel
Servet, Zaragoza); Celia Miralles, Antonio Ocampo,
Guille Pousada (Hospital Alvaro Cunqueiro, Pontevedra);
Alvaro Mena (Complejo Hospitalario Universitario, La
Coruna); Marta Montero, Miguel Salavert, (Hospital
Universitario La Fe, Valencia); Maria Jose Galindo,
Natalia Pretel (Hospital Clinico Universitario, Valencia);
Joaquı́n Portilla, Irene Portilla (Hospital General
Universitario, Alicante); Felix Gutierrez, Mar Masia,
Cati Robledano, Araceli Adsuar (Hospital General
Universitario de Elche, Alicante); Carmen Hinojosa,
Begoña Monteagudo (Hospital Clinico, Valladolid);
Pablo Bachiller (Hospital General, Segovia); Jesica Abadı́a
(Hospital Universitario Rio Hortega, Valladolid); Carlos
Galera, Helena Albendin, Marian Fernandez (Hospital
Universitario Virgen de la Arrixaca, Murcia); Jose
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Ramon Blanco (Complejo Hospitalario San Millan-San
Pedro, la Rioja).

Sweden: Karolinska University Hospital, Stockholm, The
Swedish InfCareHIV cohort (Lars Nav�er, Sandra Soeria-
Atmadja, Erik Belfrage, Vendela Hagås).

UK:CollaborativeHIVPaediatric Study (CHIPS): CHIPS
is funded by theNHS (London SpecialisedCommissioning
Group) and has received additional support from Abbott,
Boehringer Ingelheim, Bristol-Myers Squibb, GlaxoS-
mithKline, Gilead Sciences, Janssen and Roche. The
MRC Clinical Trials Unit at UCL is supported by the
Medical Research Council (https://www.mrc.ac.uk)
programme number MC_UU_00004/03.

CHIPS Steering Committee: Hermione Lyall (chair),
Alasdair Bamford, Karina Butler, Katja Doerholt, Conor
Doherty, Caroline Foster, Ian Harrison, Julia Kenny,
Nigel Klein, Gillian Letting, Paddy McMaster, Fungai
Murau, Edith Nsangi, Katia Prime, Andrew Riordan,
Fiona Shackley, Delane Shingadia, Sharon Storey, Gareth
Tudor-Williams, Anna Turkova, Steve Welch. MRC
Clinical Trials Unit: Intira Jeannie Collins, Claire Cook,
Siobhan Crichton, Donna Dobson, Keith Fairbrother,
Diana M. Gibb, Ali Judd, Marthe Le Prevost, Nadine Van
Looy. Integrated Screening Outcome Surveillance Service
(ISOSS),UCL:Helen Peters, Kate Francis, Claire Thorne.

Hospitals participating in CHIPS in 2019/20: University
Hospitals BirminghamNHS Foundation Trust, Birming-
ham: L. Thrasyvoulou, S. Welch; Brighton and Sussex
University Hospitals NHS Trust: K. Fidler; University
Hospitals Bristol NHS Foundation Trust, Bristol: J.
Bernatoniene, F. Manyika; Calderdale and Huddersfield
NHS Foundation Trust, Halifax: G. Sharpe; Derby
Teaching Hospitals NHS Foundation Trust: B Subrama-
niam; GlasgowRoyal Hospital for Children, Glasgow: R.
Hague, V. Price; Great Ormond Street Hospital for
Children NHS Foundation Trust, London: J Flynn, N.
Klein, A Bamford, D. Shingadia, K Grant; Oxford
University Hospitals NHS Foundation Trust, Oxford: S.
Yeadon, S. Segal; King’s College Hospital NHS
Foundation Trust, London: S. Hawkins; Leeds Teaching
Hospitals NHS Trust, Leeds: M. Dowie; University
Hospitals of Leicester NHS Trust, Leicester: S. Bandi, E.
Percival; Luton and Dunstable Hospital NHS Foundation
Trust, Luton: M. Eisenhut; K. Duncan; Milton Keynes
General University Hospital NHS Foundation Trust,
Milton Keynes: L Anguvaa, L. Wren, Newcastle upon
Tyne Hospitals NHS Foundation Trust, Newcastle: T.
Flood, A. Pickering; The Pennine Acute Hospitals NHS
Trust, Manchester: P. McMaster C Murphy; North
Middlesex University Hospital NHS Trust, London: J.
Daniels, Y Lees; Northampton General Hospital NHS
Trust, Northampton: F Thompson; London North West
Healthcare NHS Trust, Middlesex; A. Williams, B.
Williams, S. Pope; Barts Health NHS trust, London Dr S.
Libeschutz; Nottingham University Hospitals NHS
Trust, Nottingham: L Cliffe, S. Southall; Portsmouth
Hospitals NHS Trust, Portsmouth: A. Freeman; Raig-
more Hospital, Inverness: H. Freeman; Royal Belfast
Hospital for Sick Children, Belfast: S. Christie; Royal
Berkshire NHS Foundation Trust, Reading: A. Gordon;
Royal Children’s Hospital, Aberdeen: D. Rosie Hague, L.
Clarke; Royal Edinburgh Hospital for Sick Children,
Edinburgh: L Jones, L Brown; Royal Free NHS
Foundation Trust, London: M Greenberg; Alder Hey
Children’s NHS Foundation Trust, Liverpool: C.
Benson, A. Riordan; Sheffield Children’s NHS Founda-
tion Trust, Sheffield: L. Ibberson, F Shackley; University
Hospital Southampton NHS Foundation Trust, South-
ampton: S. Patel, J. Hancock; St George’s University
Hospitals NHS Foundation Trust, London: K. Doerholt,,
K Prime, M Sharland, S. Storey; Imperial College
Healthcare NHS Trust, London: EGH Lyall, C. Foster, P.
Seery, G. Tudor-Williams, N Kirkhope, S Raghunanan;
Guy’s and St Thomas’ NHS Foundation Trust, London:
Dr Julia Kenny, A Callaghan; University Hospitals of
North Midlands NHS Trust, Stoke On Trent: A
Bridgwood, P McMaster; University Hospital of Wales,
Cardiff: J. Evans, E. Blake; NHS Frimley Health
Foundation Trust, Slough: A. Yannoulias.
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