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INOVAMOS PARA AJUDAR A PROTEGER 
TODAS AS CRIANÇAS DO RSV
O Vírus Sincicial Respiratório (RSV) é um vírus sazonal contagioso1 que infeta os pulmões e as vias 
respiratórias das crianças2 sendo a principal causa de infeção respiratória aguda inferior (IRAI), pneumonia 
primária e bronquiolite em crianças mais novas.3

A ORGANIZAÇÃO MUNDIAL 
DA SAÚDE RECONHECE QUE 
SÃO NECESSÁRIAS NOVAS 
ESTRATÉGIAS DE PREVENÇÃO 
CONTRA O RSV UMA VEZ QUE 
AS SOLUÇÕES PREVENTIVAS, 
ATUALMENTE DISPONÍVEIS, SÃO 
LIMITADAS.5

•	 Está disponível um anticorpo 
monoclonal para a prevenção do 
RSV mas a sua utilização é restrita 
a crianças de risco elevado.14,15,16  

OS ANTICORPOS MONOCLONAIS COM 
TEMPO DE SEMI-VIDA PROLONGADO, 
ATUALMENTE EM DESENVOLVIMENTO, 
FORAM DESENHADOS PARA PROTEGER 
TODAS AS CRIANÇAS.11,17,18

Estes Anticorpos monoclonais são considerados 
opções preventivas potencialmente 
promissoras.19,20,†

•	 Podem ser utilizados como soluções de 
imunização através das consultas existentes no 
hospital ou em ambulatório, no momento do 
nascimento ou antes da época de RSV, permitindo 
uma maior cobertura e um acesso equitativo.

INVESTIGAÇÃO 
NA PREVENÇÃO 
DE RSV: MEDIDAS 
PARA PROTEGER 
TODAS AS 
CRIANÇAS 

Saiba mais em: InfoRSV.pt

TODAS AS CRIANÇAS PRECISAM DE PROTEÇÃO CONTRA O RSV PORQUE:

Os casos graves de RSV são imprevisíveis.8

Podem afetar todas as crianças independentemente do seu estado de saúde e da altura do ano em 
que nascem:

O RSV é a maior causa de hospitalização de todas as crianças 
no seu 1º ano de vida,3,7 contribuindo para a disrupção dos 
sistemas de saúde durante a época do inverno*

O RSV afeta quase todas as 
crianças (90%) até ao seu 2º 
ano de vida4,5,6

50%
50%

Das crianças 
hospitalizadas 
por RSV com 

menos de  
1 ano de 
idade

A grande maioria das crianças 
hospitalizadas por RSV são crianças 

saudáveis e nascidas de termo  
(não prematuras)

são nascidos 
antes
da época de RSV
são nascidos 
durante
a época de RSV

ESTADO DE SAÚDE9,10,11 MOMENTO DO NASCIMENTO12,13

*Existe,	no	entanto,	uma	variação	geográfica	significativa.	Por	exemplo	nas	regiões	tropicais,	a	transmissão	de	RSV	pode	ocorrer	durante	as	estações	chuvosas	ou	durante	todo	o	ano.
†A imunização passiva, como a dos anticorpos monoclonais, administra diretamente anticorpos ao sistema imunitário para proteger contra doenças. As soluções de imunização ativa, 
como algumas vacinas, ativam o sistema imunitário para produzir anticorpos.21

1. Obando-Pacheco P, Justicia-Grande AJ, Rivero-Calle I, Rodríguez-Tenreiro C, Sly P,Ramilo O, et al. J Infect Dis. 2018;217:1356-64. 2. Carvajal JJ et al. Front Immunol. 2019;10:2152. 
3. Shi T, et al. Lancet 2017; 390: 946–58. 4. Collins et al. Journal of Virology.2008:2040–2055. 5. World Health Organization. Preferred product Characteristics for RespiratorySyncytial Virus 
(RSV) Vaccines. 2017. 6. Glezen WP, Taber LH, Frank AL, Kasel JA. Am J Dis Child. 1986;140(6):543-546. 7. Leader S, Kohlhase K. Pediatr Infect Dis J. 2002;21(7):629-632. 8. Bianchini S  
et al. Microorganisms 2020; 8(12): 2048. 9. Hall CB, Weinberg GA, Blumkin AK, et al. Pediatrics. 2013; 132: e34-e348. 10. Arriola CS, Kim L, Langley G, et al. [published online ahead of 
print December 23, 2019]. JPediatric Infect Dis Soc. 2019; piz087. doi:10.1093/jpids/piz087. 11. Rha B, Curns AT, Lively JY, et al. Pediatrics.2020;146(1):e20193611. 12. R.M. Reeves et al. 
Journal of Infection,Volume 78, Issue 6, 2019, Pages 468-475. https://doi.org/10.1016/j.jinf.2019.02.012. 13. Thwaites R, et al. Eur J Pediatr ; 179(5): 791- 799. 14. Ralston SL, Lieberthal 
AS, Meissner HC, et al; American Academy of Pediatrics. Pediatrics. 2014;134(5):e1474-e1502. 15. Krilov, L.R., Anderson, E.J. J Perinatol 40, 1135–1144 (2020). https://doi.org/10.1038/
s41372-020-0689-y. 16. European Medicines Agency. Synagis. Synagis | European MedicinesAgency (europa.eu). Accessed May 2021. 17.	M.	Pamela	Griffin	et	al.	N	Engl	J	Med	2020;	
383:415-425.	DOI:	10.1056/NEJMoa1913556.	18. Domachowske JB, Khan AA, Esser MT, et al. Pediatr Infect Dis J. 2018;37(9):886-892. 19. Rodriguez-Fernandez, Rosa MD, PhD*,†; 
Mejias,	Asuncion	MD,	PhD,	MsCS*;	Ramilo,	Octavio	MD*	The	Pediatric	Infectious	Disease	Journal:	May	2021	-	Volume	40	-	Issue	5S	-	p	S35-S39	doi:10.1097/INF.0000000000003121.	
20. World Health Organization. Preferred product Characteristics ofmonoclonal antibodies for passive immunization against Respiratory Syncytial Virus (RSV) disease. 2021.  
21. Villafana T et al. Expert Rev Vaccines. 2017;16(7):1-39.Baxter D. Occup Med (Lond). 2007 Dec;57(8):552-6.
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One of the articles in this issue of the Portuguese 
Journal of Pediatrics describes the rare cases of 
neonatal alloimmune neutropenia (NAIN) diagnosed 
in a Portuguese laboratory unit, over a 10-year period 
(2010-2019).1 This laboratory receives requests from all 
over the country and has reported on 10 cases, indicating 
not only the rarity of the disorder but also the need to 
maintain a high index of suspicion for the diagnosis. The 
authors highlight the fact that this has been the first 
study conducted in Portugal on the subject and maintain 
that the existence of a reference laboratory along 
with a registry of patients with neonatal alloimmune 
neutropenia would help to increase knowledge on this 
rare disorder and improve patient care.
Neonatal alloimmune cytopenias represent a group of 
hematological disorders in which the placental barrier 
cannot avoid the effect of the maternal reaction on fetal 
target cells. Neonatal alloimmune neutropenia, in which 
maternal antibodies against paternally derived antigens 
on fetal neutrophils cross the placenta and destruct target 
neutrophils is, in fact, a disorder that rarely presents to 
the neonatologist, and is the neutrophil parallel to 
hemolytic disease of the fetus and newborn (HDFN) 
and fetal and neonatal alloimmune thrombocytopenia 
(FNAIT) for red blood cells and platelets, respectively. 
Multiple different antigens have been identified as 
potential targets in neonatal alloimmune neutropenia, 
but the causative antigen remains unknown in 
approximately 50% of cases.2 Alloantibodies against 
the human neutrophil antigen (HNA) 1 antigen are the 
most frequently identified, and symptoms vary from 
none to mild skin infections, omphalitis, or more severe 
infections such as pneumonia, sepsis, and meningitis.3 
Antibiotics for therapeutic treatment will often be 
sufficient.3 Prophylactic antibiotics can be considered in 
cases with severe neutropenia (< 500 cell/µL), although 
evidence on effectiveness is lacking. In the reported series, 
80% of the patients received prophylactic antibiotics 
(ampicillin and gentamicin), and 30% developed infections 
while on antibiotics. Treatment with granulocyte colony 
stimulating factor (G-CSF) is highly effective and can be 
considered for neonates suffering from severe infections. 

Even though benefits from the second-line treatment 
with intravenous immune globulin (IVIG) are reported 
in some case reports, more evidence is still required to 
recommend it as the first-line treatment.3 In the reported 
series, the authors have referred to the low frequency of 
neonatal alloimmune neutropenia directed treatments 
compared to other series in the literature, namely the 
use of G-CSF.1 
Other immune cytopenias (briefly reviewed in the 
following) occur with relative frequency in the 
neonatologist day-to-day clinical practice.

Hemolytic disease of the fetus and newborn
Hemolytic disease of the fetus and newborn occurs 
when maternal immunoglobulin G (IgG) antibodies 
develop against fetal red blood cells antigens that are 
paternally inherited and not present on maternal red 
blood cells.4 The incidence of HDFN varies significantly 
with ethnicity, from < 1% in Asians to 35% in some 
ethnic white groups and is about 15%-16% in the white 
population.5 
The ABO blood group system, with incompatibility 
present in up to 15% of infants, causes hemolytic disease 
in only 3%-4% of cases.4,5 Most anti-ABO antibodies are 
not effectively transported across the placenta since 
they are predominantly IgM class. Moreover, the A and 
B antigens are not well developed on fetal red blood 
cells. Together, this results in a low rate of clinically 
severe HDFN, although the incidence of milder versions 
varies from 1:150 to 1:3000.6 Hemolytic disease of 
the fetus and newborn is most commonly observed in 
blood group O mothers with blood group A (European 
ancestry) or blood group B infants (African ancestry).6 
The antibodies against fetal red blood cells cross the 
placenta and enter the fetal blood circulation, causing 
destruction of fetal red blood cells, anemia, and 
hyperbilirubinemia.7 Severe anemia in the fetus can lead to 
edema, ascites, hydrops, heart failure, and death.8 In less 
severe cases, the in utero red cell incompatibility can persist 
postnatally with neonatal anemia due to hemolysis, along 
with hyperbilirubinemia and erythropoietic suppression.8 
Ongoing anemia can persist for weeks to months after 
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birth until the maternal antibodies are no longer present.8 
Bilirubin resulting from red blood cells destruction can 
rise quickly due to underdeveloped metabolic machinery 
in the fetal liver, and very high levels of unconjugated 
bilirubin can lead to bilirubin encephalopathy. Chronic 
and permanent effects of kernicterus, which is permanent 
neuronal damage, include cerebral palsy, auditory 
dysfunction, intellectual, or other handicaps.9 
The Rhesus (Rh) D antigen is the most potent immunogen 
of all red blood cells antigens.8 Rhesus D incompatibility 
is the most frequent cause of severe immune hemolytic 
disease.8 Before the implementation of Rh(D) 
immunoprophylaxis at the end of the 1960 decade, 16% 
of ABO compatible D-negative mothers with D-positive 
infants developed anti-D antibodies. However, a much 
lower percentage (< 2%) developed anti-D in mother 
/ fetus pairs that were ABO incompatible as a result of 
the ABO antibody-mediated clearance of fetal red blood 
cells from the maternal circulation.10  
The incompatibility caused by atypical antigens of the 
Rh system (Cc, Ee), of the Kell (Kk), Duffy (Fya), Kidd (Jka, 
Jkb), and MNS (M, N, S, and s) systems, although very 
rarely, can lead to severe disease or intrauterine death.8

Blood type and Rh factor in the mother and infant, direct 
Coombs test (direct antiglobulin test), hemoglobin, 
reticulocyte count, and bilirubin levels (fractionated or 
total and direct) are necessary for the diagnosis of HDFN 
in neonates with unconjugated hyperbilirubinemia.8

Neonates affected by HDFN may need phototherapy 
to oxidize unconjugated bilirubin to allow for urinary 
excretion. For patients with known hemolytic disease 
of the fetus and newborn, close observation of bilirubin 
levels and hemoglobin is warranted to determine 
whether neonatal exchange transfusion is needed to 
wash out bilirubin and maternal antibody, and/or if 
blood transfusions will support oxygen-carrying capacity 
to the tissues.11 Administration of IVIG to the neonate 
has been shown to reduce the need for exchange 
transfusions and phototherapy.11 Hyporegenerative 
anemia can last for many weeks after birth, and infants 
must be carefully monitored for clinical signs.8 

Fetal and neonatal alloimmune thrombocytopenia 
Fetal and neonatal alloimmune thrombocytopenia, in 
which maternal antibodies traverse the placenta and 
destroy fetal platelets, may become a serious disease 
when leading to intracranial hemorrhage or death. 
Fetal and neonatal alloimmune thrombocytopenia is 
the most common cause of severe thrombocytopenia 
(< 30 × 109 cells/L) and intracranial hemorrhage in term 
neonates with an incidence of 1:1000 live births in the 
United States.12 

Fetal and neonatal alloimmune thrombocytopenia is 
caused by maternal sensitization to paternally derived 
antigens on fetal platelets (human platelet antigen 1a, 
HPA-1a).12 Since there is no current routine screening for 
FNAIT, diagnosis is made following the birth of a severely 
thrombocytopenic neonate, and antenatal management 
is only possible in subsequent pregnancies.12 Intracranial 
hemorrhage can occur in about 20% of cases, and 
the only predictor in subsequent pregnancies is the 
history of an affected sibling.12 Due to the high risk of 
recurrence of fetal thrombocytopenia in subsequent 
pregnancies, protocols for antenatal management, 
including maternal therapy, have been proposed with 
IVIG and/or corticosteroids or in utero transfusion.13 
After birth, maternal platelet transfusion is the treatment 
of choice.13

Maternal imune thrombocytopenic purpura (ITP)
Imune thrombocytopenic purpura is an autoimmune 
disease with autoantibodies against the platelet 
membrane causing platelet destruction in the 
reticuloendothelial system.12 Generally, infants 
of mothers with ITP are not severely affected by 
thrombocytopenia, compared to infants with fetal and 
neonatal alloimmune thrombocytopenia.12 Platelet 
counts are usually higher in neonates of mothers affected 
by idiopathic thrombocytopenic purpura. Moreover, in 
fetal and neonatal alloimmune thrombocytopenia, the 
thrombocytopenia resolves relatively quickly and rarely 
lasts longer than 1-2 weeks. In contrast, the infants of 
mothers with ITP typically have their counts worsen in 
the 2-4 days after birth and consequently need close 
neonatal monitoring of their platelet counts. In certain 
cases, the platelet counts can persist at low levels for 
months.12 
The treatment of choice with IVIG, alone or in association 
with platelet transfusion, has been successful in 80%-90% 
of cases.14 However, in the absence of IVIG, an exchange 
transfusion should be performed in combination with 
platelet transfusion.14 
Immune thrombocytopenia may also occur in neonates 
from mothers with autoimmune thrombocytopenia 
associated with other maternal conditions, such as 
systemic lupus erythematosus.14 It has been reported 
that mothers with autoimmune thrombocytopenia 
associated with human immunodeficiency virus have 
also delivered thrombocytopenic babies.14  

Final remarks
The exact mechanisms underlying the intricate trafficking 
of blood cells and antibodies at the fetomaternal 
interface remain incompletely understood. Immune-
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mediated cytopenias illustrate the clinical manifestations 
of abnormalities in these traffic patterns. Antenatal 
management of affected fetuses with treatment 
administered to the mother is now well established, 
although studies are ongoing. 
Due to the lower frequency of neonatal alloimmune 
neutropenia, compared to other immune cytopenias, 
further research is needed to develop guidance 
protocols that will help clinicians provide the best care 
to the affected infants.

Keywords: Erythroblastosis, Fetal; Hematologic 
Diseases/immunology; Infant, Newborn; Purpura, 
Thrombocytopenic, Idiopathic; Thrombocytopenia, 
Neonatal Alloimmune
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Abstract

Introduction: The first full lockdown due to the coronavirus pandemic in Portugal started in March 2020 and sent 
home every child, only to return to school in September the same year. Children are thought to cope harder with 
this pandemic, but little is known about those already struggling with psychiatric conditions. 
Methods: We interviewed parents of 196 children in psychiatric follow-up in Clínica da Encarnação, a child 
psychiatry unit, Centro Hospitalar Universitário Lisboa Central, and reported their perception of the impact of the 
lockdown on the mental health of their children, as well as on their families. 
Results: The parents reported a slight deterioration of their children condition and symptomatology, particularly 
irritability and anxiety. We identified several important fragility factors such as female gender, lower school grade, 
higher daily screen time, lower housing quality, parental precarious job situation, parental psychiatric disorder, 
pharmacologic treatment, and shorter follow-up time. We also found some resilience factors such as coronavirus 
disease 2019 cases in the family and school failure, as well as male gender and shorter daily screen time. The 
parents who reported a deterioration of familial conflicts also reported a worse lockdown impact on their children 
psychiatric condition.
Discussion:  Our findings suggest a heterogeneous impact on these children’s psychiatric symptomatology. Efforts 
should be made towards prevention along with interventions. The fragility and resilience factors identified should 
help direct these interventions.

Keywords: Child; Child Behavior/psychology; COVID-19/psychology; Mental Health; Mental Disorders/epidemiology; 
Pandemics; Portugal; Quarantine/psychology; Stress, Psychological/etiology; Surveys and Questionnaires

Keypoints

What is known:
- Little is known of the impact of the lockdown on children with 
psychiatric disorder.
- Children with psychiatric disorder are thought to have an 
increased vulnerability.

What is added:
- Children with psychiatric disorder might have worsened 
irritability and maintained the severity of other symptoms. 
- Several potential fragility and resilience factors were identified.

Introduction

The coronavirus disease 2019 (COVID-19) outbreak 
emerged in Portugal in early March 2020, but a 
worldwide state of alarm had already been spreading 
for several weeks, with China reporting cases since 
December 2019.1 Following the Italian struggle to cope 
with an out of hand rise in the infection rate, Portugal 
immediately launched severe containment measures to 

prevent the occurrence of the same. These measures 
included social distancing strategies along with a full 
lockdown. Schools and child facilities were closed, as in 
most public services, and children were sent home to 
be with their families. Due to lack of a previous sanitary 
lockdown experience, adults were facing enormous 
pressure, and their job situation was heterogeneous: 
unemployment, lay-off, rotating work schedule, working 
from home, or working normally whilst facing exposure 
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to the virus and fearing the illness, either by contracting 
the disease or spreading it to loved ones. Anxiety and 
depression rates were predicted to rise as people faced 
such public health crisis.2 
Children faced similar challenges as well, including 
staying at home, being closer to their families, and 
staying away from their schools and everything related 
to it (eg friends, teachers, learning, and playing). Schools 
restarted virtually after several weeks. The new learning 
method made a new challenge to families. Children 
are thought to have special vulnerabilities, depending 
on factors such as age, education, economic status, 
and pre-existing mental health condition.3 Many studies 
have been performed on the impact of the pandemic 
on children.4 But what about the mentally unhealthy 
children? It seems logical to suggest that, compared to 
adults, children probably struggle more to understand 
the pandemic, the lockdown, their new routine, and their 
parents fears.5 These difficulties may tend to be even more 
intense in children with special needs. Several studies 
and reviews have suggested a relationship between 
children adaptation capabilities and family conflicts.6,7 
Some families of children with a psychiatric disorder are 
more prone to conflicts than otherwise. In addition, many 
therapy facilities as well as educational support centers 
were closed, which might have aggravated the condition 
of these children when schools reopened virtually. This is 
while children with special needs naturally face a greater 
challenge of struggling to do their work independently, 
relying less on family support or their routine educational 
help.8 Children with psychiatric conditions also faced 
another adversity: their psychiatric follow-up had been 
compromised. The number of in-person consultations 
declined with the lockdown, as did the number of visits 
to the emergency units, probably reflecting parents fear 
of the virus and the early appeal of the government to 
reduce hospital admissions.9

This study mainly aimed to portray the lockdown impact 
on the psychiatric condition of children with ongoing 
follow-up at a child psychiatry unit and identify some 
potential fragility and resilience factors by correlating 
these factors with the perceived psychiatric impact.

 Methods  

Participants
This observational study was conducted among parents 
of children with active psychiatric follow-up prior to, 
during, and after the first lockdown due to the COVID-
19 pandemic, at Clínica da Encarnação, a child and 
adolescent psychiatry unit at Hospital Dona Estefânia, in 

Lisbon, attending to children from 3 up to 12 years old. 
Exclusion criteria were:
- Age 13 years and older on July 31st, 2020; 
- Follow-up start after the onset of lockdown; 
- Lack of co-habitation with the parent answering to the 
questionnaire through most of the lockdown; 
- Inability to give consent or answer the questionnaire; 
- The participant not being a parent of the child.
The procedure was finalized upon the reception of 196 
responses.

Procedure
This cross-sectional study was conducted to explore 
how children with a psychiatric condition were coping 
with the pandemic. The questionnaires were conducted 
by child and adolescent psychiatry trainees. Participants 
were given no economic motivation, and oral consent was 
obtained by telephone before starting the questionnaire. 
The participants were assured that the data processing 
and presentations were anonymous and that they 
could, at any time, revoke their participation without 
consequences regarding the follow-up. Anonymity was 
kept to ensure data confidentiality.
The primary data were collected via a telephone 
questionnaire with a parent since personal contact had 
to be avoided to prevent unnecessary infection risks. 
This questionnaire was created specifically for this 
purpose and consisted of four parts:
- Socio-demographic: gender, age, place of birth and 
living, educational level, school failure; 
- Household information: size and type of household, 
parental marital status, house size, changes in the 
household or residence, the history of COVID-19 
cases in the close family members, conflicts variation 
in the household at the conjugal, fraternal, and 
intergenerational levels; 
- Lifestyle information: hours of daily screen exposure; 
- Psychiatric information: therapeutic support 
and whether it was discontinued during the 
pandemic or not, psychiatric follow-up time, current 
psychopharmacological treatment, whether a parent 
is followed-up in psychiatric consultation, whether the 
child needed to turn to the psychiatric emergency unit, 
parental perception of the variation of the psychiatric 
condition, and several symptoms, such as distractibility, 
irritability, isolation, fear, aggressiveness, sleep 
problems, sadness, nightmares, somatic complaints, 
separation difficulty, agitation, tantrums, anxiety, 
enuresis, encopresis, dysphoria, crying, tics, anhedonia, 
and eating problems. 
Data were collected between September and December 
2020.

Mental Health and COVID-19
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Mental health impact assessment
Parents were asked to report their perception 
of symptomatic variation caused by the pandemic, 
compared with their previous routine. Each item had 
three possible answers that were scored from 0 to 2 
(0 = deterioration, 1 = persistence, 2 = improvement) 
with higher levels indicating an improvement and lower 
levels indicating a deterioration. At the same time, 
if a sample scored a mean < 1, it would mean that 
this sample were perceived has having deteriorated, 
but improved if scored > 1. The mean impact (MI) 
was determined by subtracting one (persistence) from 
the mean result (µ-1). Mean difference (MD) was 
determined by calculating the difference between the 
two means (µ1-µ2).

Statistical analysis
Initially, descriptive statistics were performed to portray 
participants demographically. Secondly, two-tailed tests 
were conducted to determine statistical significance at 
the 5% level between the individual variables and the 
perception of variation. Data analysis was performed 
using IBM SPSS Statistics (version 26, Armonk, New 
York). Cohen d was posteriorly calculated to measure 
the effect size using Microsoft Excel 2016. Chi-square 

test was performed to assess categorical variables and 
Pearson chi-square was used as a correlation measure.

Results

Demographic assessment
The participants were in the age range of 3-12 years, 
with a mean ± standard deviation (SD) for age of 9.32 ± 
2.27 years, and the majority of whom were male (72.5% 
boys and 27.5% girls). Almost all (91.8%) participants 
were born in Portugal, though 26% were from immigrant 
families. The vast majority lived in Lisbon or its suburbs. 
Nearly half of the participants had some sort of therapy 
in the community, 61.4% of whom discontinued therapy 
during the lockdown and were unable to resume it.

Psychiatric impact
Table 1 presents the perceived impact of symptomatic 
change on the psychiatric condition differentiated by 
symptoms. All items were perceived to have affected 
negatively, with anxiety, irritability, and agitation scoring 
the worst. On the other hand, elimination problems 
were perceived to have undergone the least variation.

Mental Health and COVID-19

* mean impact = μ-1.
† n (%).

Table 1. Absolute and relative frequency of the perceived symptomatic change

Variables Mean impact* Deterioration† Persistence† Improvement†

Whole condition -0.07 67 (34.2) 75 (38.3) 54 (27.6)

Aggressiveness -0.19 53 (27) 127 (64.5) 16 (8.2)

Agitation -0.34 80 (40.8) 102 (52) 14 (7.1)

Anhedonia -0.14 33 (16.8) 161 (82.1) 2 (1)

Anxiety -0.38 88 (44.9) 95 (48.5) 13 (6.6)

Crying -0.23 50 (25.5) 141 (71.9) 5 (2.6)

Distractibility -0.19 55 (28.1) 123 (62.8) 18 (9.2)

Dysphoria -0.14 31 (15.8) 162 (82.7) 3 (1.5)

Eating problems -0.17 48 (24.5) 134 (68.4) 14 (70.1)

Encopresis -0.02 4 (2) 192 (98) 0 (0)

Enuresis -0.01 9 (4.6) 180 (91.8) 7 (3.6)

Fears -0.19 49 (25) 135 (68.9) 12 (6.1)

Irritability -0.35 94 (48) 77 (39.3) 25 (12.8)

Isolation -0.11 39 (19.9) 139 (70.9) 18 (9.2)

Nightmares -0.10 26 (13.3) 163 (83.2) 7 (3.6)

Sadness -0.29 62 (31.6) 128 (65.3) 6 (3.1)

Separation difficulty -0.22 46 (23.5) 147 (75) 3 (1.5)

Sleeping problems -0.24 60 (30.6) 123 (62.8) 13 (6.6)

Somatic Complaints -0.11 23 (11.7) 171 (87.2) 2 (1)

Tantrums -0.24 58 (29.6) 127 (64.8) 11 (5.6)

Tics -0.10 20 (10.2) 173 (88.3) 3 (1.5)
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Socio-demographic factors
As presented in Table 2, boys seemed to have improved 
their psychiatric condition slightly (μ = 1.02), unlike 
girls who tended to deteriorate (μ = 0.7). In the same 
manner, girls scored significantly worse than boys on 
anxiety (MD = 0.24, p = 0.009, d = 0.4) and somatic 
complaints (MD = 0.22, p = 0.013, d = 0.47). Statistical 
differences were observed in terms of dysphoria and 
encopresis scores, although with small size effects.
Age also significantly affected the perceived impact 
on the children. Considering cut points between 8 and 
10 years, being younger signified scoring worse on 
dysphoria (MD = 0.16, p = 0.028, d = 0.42), enuresis (MD 
= 0.17, p < 0.001, d = 0.59), fear (MD = 0.3, p = 0.002, d 
= 0.58), and nightmares (MD = 0.16, p = 0.006, d = 0.42). 
The opposite happened in the case of eating problems 
(Table 3), in which younger children were perceived to 
have improved slightly (μ = 1.02), as did the older ones 
in enuresis (μ = 1.04).
Children in lower school grades were perceived to have 
deteriorated in terms of dysphoria (MD = 0.2, p = 0.01, 
d = 0.52) and nightmares (MD = 0.15, p = 0.041, d = 0.4) 
more than those in more advanced grades, considering 
the third grade as a cut point. The perceived impact on 
eating problems varied differently by age. Children in 
upper grades might have slightly improved (μ = 1.04), 
as opposed to those in lower grades who were reported 
to have been significantly deteriorated (MD = 0.29, 
p = 0.001, d = 0.55). The same pattern was observed 
across most symptoms, but the differences were not 
statistically significant.
As presented in Table 4, children who failed the school 
year 2019-2020 were perceived to have deteriorated 
less than those who did not. This was statistically 
significant only in the state of agitation.

Lifestyle factors
The average time of daily screen exposure also changed 

the perceived impact on eating problems, as children 
with less screen time improved slightly (μ = 1.03), 
and those with daily screen time of more than two 
hours (school time excluded) might have deteriorated 
significantly (Table 5). The same tendency was observed 
across most symptoms, though to a statistically 
significant degree, except for isolation, which lacked a 
strong size effect (MD = 0.21, p = 0.031, d = 0.39). 

Household factors
As presented in Table 6, housing quality significantly 
affected the perceived impact of the lockdown on 
enuresis. Setting a cut point at three rooms, it was 
found that children living in smaller houses might have 
deteriorated more in terms of agitation (MD = 0.28, 
p = 0.005, d = 0.47), sadness (MD = 0.17, p = 0.005, d 
= 0.55), and tantrums (MD = 0.4, p < 0.001, d = 0.77). 
Interestingly, they were reported to have improved 
in terms of tics, as opposed to those living in larger 
homes (MD = 0.14, p = 0.001, d = 0.43). Setting a cut 
point at five rooms (larger houses), it was found that 
children living in the most spacious houses improved 
considerably in terms of nightmares (MD = 0.31, p = 
0.009, d = 0.79).
According to the parents, major household changes also 
made a difference in the symptomatology of children. 
Having someone abandoning or joining the household 
usually meant a worse perception of the impact on 
children mental health. As indicated in Table 7, this 
impact was found to be statistically significant in terms 
of sleep problems and crying.
The history of COVID-19 positive cases in the family also 
affected parents perception of the lockdown impact. 
Interestingly, it had only a statistically significant positive 
impact in terms of the isolation symptom (MD = 0.3, p 
= 0.024, d = 0.56). 
Concerning parents marital status, we found very 
heterogeneous results without statistical significance.
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Table 2. Pearson chi-square cross-table between variables of 
gender and perceived impact on the psychiatric condition

Gender

Impact on the whole condition Male* Female* Total*

Deterioration Count 45 (22.9) 22 (11.2) 67 (34.2)

Expected count 48.3 18.4 67

Persistence Count 49 (25) 26 (13.3) 75 (38.3)

Expected count 54.1 20.6 75

Improvement Count 48 (24.5) 6 (3.1) 54 (27.6)

Expected count 38.9 14.8 54

Total Count 142 (72.4) 54 (27.6) 196

* n (%).
Pearson chi-square 10.152, p = 0.006.

Table 3. Pearson chi-square cross-table between variables of age 
and perceived impact on eating problems

Age

Impact on eating problems ≥ 8 years* > 8 years* Total*

Deterioration Count 6 (3.1) 42 (21.4) 48 (24.5)

Expected count 13.2 34.8 48

Persistence Count 41 (20.9) 93 (47.5) 134 (68.4)

Expected count 36.9 9701 134

Improvement Count 7 (3.6) 7 (3.6) 14 (7.1)

Expected count 3.9 10.1 14

Total Count 54 (2,,6) 142 (72.4) 196

* n (%).
Pearson chi-square 9.605, p = 0.008.
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Parents status of employment also influenced their 
perception of the impact. Having one parent working 
from home did not have a significant perceived impact, 
but children with both parents in this situation were 
improved significantly in terms of anxiety, fears (MD = 
0.31, p = 0.023, d = 0.59), separation difficulties (MD = 
0.35, p = 0.014, d = 0.78), and tantrums (MD = 0.37, p 
= 0.011, d = 0.68), as presented in Table 8. Having one 
parent sent to lay-off did not affect the results, but 
having both might have had a very negative impact in 
terms of the children condition (MD = 0.52, p = 0.02, 
d = 0.67), irritability (MD = 0.45, p = 0.017, d = 0.65), 

and tantrums (MD = 0.57, p = 0.005, d = 1.07). Having 
one or both parents on a rotating work schedule 
had heterogeneous results, though without statistical 
significance, as was the case with unemployment.
Parents perceptions of the impact of lockdown on 
their families conflicts was very heterogeneous. Table 9 
presents a slight improvement at the conjugal level (μ = 
1.02), deterioration at the fraternal level (μ = 0.92), and 
an even worse deterioration at the intergenerational 
level (μ = 0.82). 
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Table 4. Pearson chi-square cross-table between variables of 
school year failure and perceived impact on agitation

School year failure

Impact on agitation Yes* No* Total*

Deterioration Count 3 (1.5) 77 (4.1) 80 (40.8)

Expected count 8.6 71.4 80

Persistence Count 14 (7.1) 88 (44.9) 102 (52)

Expected count 10.9 91.1 102

Improvement Count 4 (2) 10 (5.1) 14 (7.1)

Expected count 1.5 12.5 14

Total Count 21 (10.7) 175 (89.3) 196
* n (%).
Pearson chi-square 9.869, p = 0.008.

Table 5. Pearson chi-square cross-table between variables of daily 
screen time and perceived impact on the whole condition

Daily screen time

Impact on psychiatric condition < 4 hours* ≥ 4 hours* Total*

Deterioration Count 5 (2.6) 62 (31.6) 67 (34.2)

Expected count 9.9 57.1 67

Persistence Count 11 (5.6) 64 (32.7) 75 (38.3)

Expected count 11.1 63.9 75

Improvement Count 13 (6.6) 41 (20.9) 54 (27.6)

Expected count 8.0 46 54

Total Count 104 (53.1) 92 (46.9) 196
* n (%).
Pearson chi-square 6.549, p = 0.038.

Table 6. Pearson chi-square cross-table between variables of 
house size and perceived impact on the enuresis

House size

Impact on enuresis < 3 rooms* ≥ 3 rooms* Total*

Deterioration Count 5 (2.6) 4 (2) 9 (4.6)

Expected count 5.5 3.5 9

Persistence Count 114 (58.2) 66 (29.9) 180 (91.8)

Expected count 109.3 70.7 180

Improvement Count 0 (0) 7 (3.6) 7 (3.6)

Expected count 4.3 2.8 7

Total Count 119 (60.1) 77 (39.3) 196
* n (%).
Pearson chi-square 11.436, p = 0.003.

Table 7. Pearson chi-square cross-table between variables of 
household changes and perceived impact on sleep

Major household changes

Impact on sleep No* Yes* Total*

Deterioration Count 47 (24) 13 (6.6) 60 (30.6)

Expected count 53 7 60

Persistence Count 114 (58.2) 9 (4.6) 123 (62.8)

Expected count 108.6 14.4 123

Improvement Count 12 (6.1) 1 (0.5) 13 (6.6)

Expected count 11.5 1.5 13

Total Count 173 (88.3) 23 (11.7) 196
* n (%).
Pearson chi-square 8.237, p = 0.016.

Table 9. Absolute and relative frequency of the perceived impact 
on household conflicts

Household conflict variation Perceived impact n %

At the conjugal level Deterioration 11 5.6

Persistence 171 87.2

Improvement 14 7.1

At the fraternal level Deterioration 32 16.3

Persistence 146 74.5

Improvement 18 9.2

At the intergenerational level Deterioration 42 21.4

Persistence 126 64.3

Improvement 28 14.3

Table 8. Pearson chi-square cross-table between variables of 
parents teleworking and perceived impact on anxiety

Parents teleworking

Impact on anxiety None* One* Both* Total*

Deterioration Count 63 (32.1) 24 (12.2) 1 (0.5) 89 (45.4)

Expected count 68.2 15.7 4 89

Persistence Count 78 (39.8) 11 (5.6) 6 (30.6) 95 (48.5)

Expected count 73.7 17 4.4 95

Improvement Count 11 (5.6) 0 (0) 2 (1) 13 (6.7)

Expected count 10.1 2.3 0.6 13

Total Count 152 (77.6)
35 

(17.9)
9 (4.6) 196

* n (%).
Pearson chi-square 915.729, p = 0.003.
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Table 10. Pearson chi-square cross-table between variables of conjugal conflicts and perceived impact on enuresis

Variation of conjugal conflicts

Impact on enuresis Deterioration* Persistence* Improvement* Total

Deterioration Count 4 (2) 5 (2.6) 0 (0) 9 (4.6)

Expected 0.5 7.9 0.6 9

Persistence Count 7 (3.6) 159 (8.1) 14 (7.1) 180 (91.8)

Expected 10.1 157 12.9 180

Improvement Count 0 (0) 7 (3.6) 0 (0) 7 (3.6)

Expected 0.4 6.1 0.5 7

Total Count 11 (5.6) 171 (87.2) 14 (7.1) 196

* n (%).
Pearson chi-square 27.963, p < 0.001.

Table 11. Pearson chi-square cross-table between variables of intergenerational conflicts and perceived impact on the whole condition

Variation of intergenerational conflicts

Impact on the whole condition Deterioration* Persistence* Improvement* Total

Deterioration Count 25 (12.8) 35 (17.9) 7 (3.6) 67 (34.2)

Expected 14.4 43.1 9.6 67

Persistence Count 9 (4.6) 54 (27.6) 12 (6.1) 7538.3)

Expected 16.1 48.2 10.7 75

Improvement Count 8 (4.1) 37 (18.9) 9 (4.6) 54 (27.6)

Expected 11.6 34.7 7.7 54

Total Count 42 (21.4) 12664.3) 28 (14.6) 196

* n (%).
Pearson chi-square 15.520, p = 0.004.

Table 12. Pearson chi-square cross-table between variables of follow-up time and perceived impact on separation difficulty

Follow-up time

Impact on separation difficulty < 2 years* ≥ 2 years* Total*

Deterioration Count 33 (16.8) 13 (6.6) 46 (23.5)

Expected count 22.1 23.9 46

Persistence Count 60 (39.6) 87 (44.4) 147 (75)

Expected count 70.5 76.5 147

Improvement Count 1 (0.5) 2 (1) 3 (1.5)

Expected count 1.4 1.6 3

Total Count 94 (48) 102 (52) 196
* n (%).
Pearson chi-square 13.684, p = 0.001.

Table 13. Pearson chi-square cross-table between variables of a parent with a psychiatric disorder and perceived impact on the psychiatric condition

Parents with psychiatric disorders

Impact on the whole condition No* Yes* Total*

Deterioration Count 46 (23.5) 21 (10.7) 67 (34.2)

Expected count 54.4 12.6 67

Persistence Count 68 (34.7) 7 (3.6) 75 (38.3)

Expected count 60.8 14.2 75

Improvement Count 45 (23) 9 (4.6) 54 (27.6)

Expected count 43.8 10.2 54

Total Count 159 (81.1) 37 (18.9) 196

* n (%).
Pearson chi-square 11.432, p = 0.003.
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Conflicts inside families affected very negatively the 
perceived impact of lockdown on the children psychiatric 
condition. Generally, it can be said that psychiatric 
symptoms deteriorated in families in which conflicts 
were reportedly worsened. Statistically, there was a 
significant difference in terms of the whole condition 
(MD = 0.3, p = 0.024, d = 0.56) and symptoms of crying, 
distractibility, dysphoria, irritability, isolation, sadness, 
separation difficulties, and tantrums. 
Regarding the deterioration of the conjugal conflicts, 
these children were reported to have worsened in terms 
of enuresis, as presented in Table 10, as opposed to 
those in families without severe conflicts (μ = 1.01). 
Regarding the fraternal conflicts, children from families 
with a reported deterioration at this level described 
a deterioration of fears (MD = 0.26, p = 0.019, d = 
0.5), irritability (MD = 0.4, p < 0.001, d = 0.59), and 
isolation (MD = 0.28, p = 0.01, d = 0.54). Finally, in 
the case of families with worsened intergenerational 
conflicts, it was observed that children in these families 
were perceived to have deteriorated at a statistically 
significant degree both on the whole (Table 11) and 
on several symptoms, namely agitation, anhedonia, 
anxiety, crying, distractibility, dysphoria, irritability, 
sadness, separation difficulty, and tantrums.

Psychiatric factors
Duration of follow-up affected the perceived impact 
of the pandemic since those parents whose children 
received shorter periods of psychiatric support 
tended to report worse symptomatic variation. This 
was particularly true concerning separation difficulty 
considering a cut point set at two years (Table 12).
We could not find significant results regarding the 
consistency of therapeutic support.
Being on psychopharmacological treatment affected the 
results negatively, although in a heterogeneous way. The 
variation in some symptoms was found to be statistically 
significant, including agitation, dysphoria, irritability, 
sadness, sleeping problems, and tantrums, although 
with small size effects (d < 4).
Parents were also questioned regarding their own mental 
health. Parental psychiatric disorder often affected 
negatively  the reported impact of the pandemic on the 
children’s mental health. This was statistically evident 
regarding the whole condition (Table 13) and symptoms 
of agitation (MD = 0.29, p = 0.012, d = 0.48), anhedonia 
(MD = 0.17, p = 0.041, d = 0.44), anxiety (MD = 0.26, p 
= 0.014, d = 0.43), nightmares (MD = 0.21, p = 0.02, d = 
0.55), and sadness (MD = 0.21, p = 0.037, d = 0.42).

Discussion

Our findings suggest that children with a psychiatric 
disorder experienced the lockdown heterogeneously. 
Most frequently, parents reported that the severity of 
childrens condition was not maintained. They appeared 
to have deteriorated in terms of the irritation, which was 
perceived to be the most significantly affected symptom, 
followed by agitation, sadness, sleeping issues, and 
tantrums. This was in line with several preliminary 
studies concerning the impact of COVID-19 on children.10 
Interestingly, symptoms that have worsened the least 
included elimination issues, nightmares, isolation, and 
somatic symptoms, according to parents.
Based on the reported data, boys coped with the 
lockdown better than girls, as confirmed by some recent 
studies.11,12 Deterioration of anxiety and psychosomatic 
symptoms was more frequently reported among girls, as 
suggested in previous studies.13 
Younger children appeared to have become more 
dysphoric and afraid and struggled more with nightmares 
and enuresis. On the other hand, the older ones were 
described to have deteriorated in terms of eating issues. 
Eating problems appear to have been slightly improved 
during confinement in younger children. Parental 
availability (eg parents in lay-off) might have played a 
role in facilitating this improvement.
School grades affected the perceived impact mostly 
in the same manner as age, which is understandable. 
However, this was not the case with eating problems, 
which were reported as having deteriorated in older 
children and in association with lower grades, as 
opposed to the younger children and higher grades who 
showed an improvement in terms of this symptom. The 
impact of school retention was unexpected. It appeared 
that children who didn’t fail in the school year 2019-
2020 got more agitated than those who did. Retention 
might be a protective factor here. However, we cannot 
provide an explanation for this at this point.
Although statistically insignificant, excessive exposure to 
television / computer / tablet or other kinds of screens 
appears to be related to voluntary social isolation (not 
due to circulation restrictions) and decreases interest 
in socializing (remotely or not). The effect of screen 
time on social skills and self-isolation has been studied 
widely.14 Eating problems, on the other hand, were 
reported to have improved significantly with lower 
daytime screen exposure, a relationship that has been 
suggested already.15 
The obtained results strongly suggest that family 
conflicts favour the deterioration of many symptoms. 
Environmental factors are known to play a major 
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role in the mental health of children16 and familial 
conflicts have been suggested to predict symptoms of 
depression, anxiety, and conduct.6 Although this may 
not be a normal cause-effect situation, the correlation is 
undeniable and should not be neglected. 
Household changes appear to intensify the deterioration 
of the condition. One can hypothesize that the 
environmental and routine disruption associated with 
the entry or exit of a family member can have a significant 
impact on children, especially children with mental 
illness. Some families from our sample were forced 
to move in with other families due to financial issues.  
Reconfigurations of the family structure can cause 
the separation of children from important family 
members, either due to financial reasons or health 
issues (protecting the elderly from the COVID-19).
Having a large house was found to attenuate the negative 
impact of the lockdown. Families with spacious homes have 
probably better economic conditions and, consequently, 
more resources to provide their children with adequate 
treatment (medication or non-pharmacologic therapeutic 
support). Perhaps a bigger house and a higher socio-
economic status allow children to benefit additionally 
from better e-learning conditions (privacy, tranquillity, a 
computer, and/or parental-based support).8 
Moreover, children of parents on psychiatric follow-up 
were reported to have worsened symptoms. Several 
possible concerns arise in this regard: 
- Has parents psychiatric treatment been somehow 
compromised due to the lockdown? 
- Did these parents find it harder to conciliate their 
remote working with their children’s e-learning? 
The literature has long suggested a particular 
vulnerability among children of psychiatric patients.17 
These results portray the importance of paying attention 
to parents mental health in the promotion of children 
resilience.
In addition, symptoms of children on psychiatric 
medication were perceived to have deteriorated 
during the lockdown. Perhaps they discontinued their 
pharmacologic treatments, as some disorders such as 
attention-deficit / hyperactivity disorder are sometimes 
treated with medication mainly on school days. Another 
hypothesis is that these children might suffer from more 
severe psychiatric conditions, which impair their ability 
to cope with the pandemic.
Surprisingly, the condition of children in families with 
no history of COVID-19 cases might have deteriorated 
in isolation, as opposed to those in families with such 
a history. Perhaps the COVID-19 tracing services were 
considered to attract more attention to the family and 
affect the parental perception of isolation. However, 

more studies are needed to establish this finding.
Several limitations should be considered in the 
interpretation of these results. The study design does 
not allow any causal conclusions on the relationship 
between the fragility or resilience factors and the mental 
health outcomes. Moreover, the questionnaire used in 
this study might have limited strength and reliability 
due to the lack of validation and standardization. 
Furthermore, subjective parental perceptions can 
be prone to misinterpretation and recall bias. At the 
same time, a three-point scale is short and simplistic, 
and different parents could have reported the same 
perception differently. The heterogeneity of the sample 
may also bias results.
Based on the obtained results, some fragility and 
resilience factors affect the impact of the lockdown 
on the mental health of children with psychiatric 
conditions. Female gender, younger age, longer screen 
time, housing quality, household instability, family 
conflicts, and parental psychiatric disorders appear to 
affect this impact negatively.
Efforts should be directed towards prevention along with 
interventions that are focused on the specific mental 
health needs of this population. These interventions 
should focus on promoting resilience among these 
children and their families, as well as reducing their 
fragilities whenever possible. These findings should 
help to direct interventions. Further studies are needed 
to maximize this impact and understand the long-term 
consequences. 
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Introdução: O primeiro confinamento total devido 
à pandemia de coronavírus em Portugal teve início em 
março de 2020 e enviou para casa todas as crianças, para 
regressarem às escolas apenas em setembro desse mesmo 
ano. Pensa-se que as crianças terão maior dificuldade em 
lidar com esta pandemia, mas pouco se sabe relativamente 
àquelas com doença psiquiátrica. 
Métodos: Entrevistámos os pais de 196 crianças em 
seguimento em consulta de pedopsiquiatria na Clínica da 
Encarnação, uma unidade de pedopsiquiatria do Centro 
Hospital Universitário Lisboa Central e reportamos a sua 
perceção do impacto do confinamento na saúde mental das 
suas crianças, bem como nas famílias. 
Resultados: Os pais relataram uma ligeira deterioração da 
doença psiquiátrica e da sintomatologia, em particular da 
irritabilidade e ansiedade. Identificámos vários fatores de 
fragilidade importantes, como o sexo feminino, ano escolar 
baixo, maior tempo diário de exposição a monitores, pior 
qualidade de habitação, precaridade laboral dos pais, doença 

psiquiátrica parental, tratamento psicofarmacológico e 
menor tempo de seguimento em consulta. Encontrámos 
também alguns fatores de resiliência, como casos de doença 
do coronavirus 2019 na família, retenção escolar, sexo 
masculino e menor tempo de exposição a monitores. 
Os pais que reportaram uma deterioração dos conflitos 
familiares também reportaram pior impacto na doença 
psiquiátrica dos filhos.
Discussão: Os resultados sugerem um impacto heterogéneo 
na sintomatologia psiquiátrica desta população. Deverão 
ser feitos esforços no sentido da prevenção e intervenção. 
Os factores de fragilidade e resiliência identificados deverão 
direcionar estas intervenções.

Palavras-Chave: Comportamento Infantil/psicologia; 
COVID-19/psicologia; Criança; Inquéritos e Questionários; 
Pandemias; Perturbações Mentais/epidemiologia; Portugal; 
Quarentena/psicologia; Saúde Mental; Stress Psicológico/
etiologia

Impacto da Pandemia de Doença do Coronavírus 2019 na Saúde Mental de Criançascom Doenças 
Psiquiátricas
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Introduction

Pediatric obesity is the most prevalent pediatric disease 
across the world and is one of the biggest current public 
health challenges. Portugal is among the five European 

countries with the highest prevalence of pediatric 
obesity. Although a recent review of the literature has 
suggested a decreased trend of pediatric overweight / 
obesity in Portugal, its prevalence is still worrisome and 
ranges from 20%-40%.1
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Keypoints

What is known:
- Obesity is the most prevalent pediatric chronic disease world-
wide and physical activity is a crucial component of this unstable 
energetic balance.
- The peer-led method, educating young people by young people, 
might be more effective compared to traditional approaches.

What is added:
- Peer-led health promotion programs involving medical students 
may have a positive impact on the management of adolescents’   
overweight.
- The involvement of medical students can enrich their compe-
tences in this specific field as well as raise their social engagement 
and communication skills.

Abstract

Introduction: Obesity is the most prevalent pediatric disease worldwide. The involvement of medical students as peer-led 

health promotors in a multidisciplinary adolescent weight management program may enhance weight management while 

raising awareness of medical students about adolescent obesity. This study aimed to analyze the short- and long-term impact 

of a peer-led health promotion program, involving medical students, on physical activity behavior, anthropometrics, and life 

quality of adolescents with overweight / obesity and to evaluate perceptions of adolescents and students about the program.

Methods: Three editions (approximately six months each) of the program were conducted in consecutive years. Anthropometrics, 

quality of life, and physical activity behaviors of adolescents with overweight were assessed at baseline, at the end of each 

edition, and in the long term. Long-term participant and perceptions of students were further analyzed.

Results: In total, 30 pairs of adolescent-plus-“buddy” were enrolled in the program across the three editions, of whom 17 

(56.7%) completed at least two assessments, five and two attended two and three program editions, respectively. The body 

mass index z-score (edition 1: d = 0.50, p = 0.007; edition 2: d = 0.69, p = 0.270; edition 3, d = 0.10, p = 0.450) and waist-to-

height ratio (edition 3, d = 0.03, p = 0.001) of adolescents decreased over time, and the quality of life tended to improve among 

those whose body mass index z-score (d = 0.84, p = 0.118) was decreased. The number of adolescents enrolled in structured 

physical activity increased after participating in the program. Overall, perceptions of adolescents about the program were 

positive. “Buddies” considered the program very good in increasing their awareness of adolescent obesity.

Discussion: Based on the obtained results, the program had a positive modest impact on all assessed measures and showed to 

be a positive experience for medical students. These results further suggest that different contexts of medical education may 

benefit from similar interventions.

Keywords: Adolescent; Exercise/psychology; Mentoring/methods; Patient Education as Topic/methods; Pediatric Obesity/

prevention & control; Students, Medical
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The repercussions of this condition are multiple, in 
the medium and long-run, and associated with an 
increased risk of premature death and years lived 
with disability.2,3 Obesity is also a major risk factor 
for type II diabetes, hypertension, dyslipidemia, sleep 
apnea, orthopedic pathologies, psychosocial problems 
(decreased self-esteem, misperception of body image, 
and social isolation), and quality of life.3-5 The most 
important long-term consequence of pediatric obesity 
is its persistence into adulthood.2,6

According to the World Health Organization (WHO), 
overweight and obesity are defined as an accumulation 
of abnormal or excessive fat that presents a risk to 
health and its origin lies in the energy imbalance 
between calories consumed and those expended. The 
increasing prevalence of pediatric obesity is very much 
related to the early adoption of sedentary lifestyles 
(eg watching television, using the computer, or playing 
video games) and decreased physical activity or sports 
practice. Moreover, the increased availability of food 
with high energy density and the early adoption of poor 
eating habits further contribute to this increase.7,8 
Physical activity is crucial for the physical and mental 
health of adolescents due to its multiple benefits for 
musculoskeletal and cardiovascular health and the 
reduction of symptoms related to anxiety and depression. 
Adolescence is a key period for the promotion of 
physical activity habits, since it corresponds to a period 
of decreased activity, especially in girls, and there is 
evidence that behaviors acquired at this age tend to 
perpetuate into adulthood.9 
The difficulty of tackling pediatric obesity lies in the 
creation of effective strategies.10 There is a need for 
developing new comprehensive and well-structured 
strategies that involve families, schools, and health 
professionals by political stakeholders who are capable 
of reversing the course of this epidemic.11,12 In fact, 
a school may be a valuable setting for implementing 
lifestyle interventions, targeting physical activity, diet, 
and/or improving weight-related behaviors.13 
Peer-led small-group learning may be a powerful and 
efficacious approach for learning enhancement.14 The 
peer-led method is a way of educating young people by 
young people, one-by-one (“buddies”). Recent studies 
have shown that “buddies” support methods are more 
effective for behavioral change, skills building, self-
confidence building, and anxiety reduction compared to 
traditional approaches. The proximity of age increases 
cooperation and confidence in the information 
transmitted, with sessions run by “buddies” considered 
more enjoyable than those held in the traditional way.15 
This approach may show additional improvements 

in healthy lifestyle promotion, especially in physical 
activity behavior.16

Other than its impact on other people, such as educators, 
“buddies” can enrich their knowledge, develop 
communication skills, and have the opportunity to play 
a positive role model.17,18 This empowerment leads to 
a consolidation of behaviors, as well as identification 
of solutions and share of experiences, conducing to a 
double gain.19 In the pediatric obesity field, this approach 
may have an added value since it has been suggested 
that health professionals still lack understanding and 
sensibility when dealing with adolescents with obesity 
and their relatives.20

To the best of our knowledge, no other study has 
investigated the potential impact of a peer-led health 
approach led by medical students on the weight 
management of adolescents with overweight and 
obesity. Therefore, this pilot study may contribute to 
the development of new strategies to tackle pediatric 
overweight / obesity and sensitize future health 
professionals to deal with this prevalent disease.
The main objectives of this study were to analyze 
the short- and long-term impact of a peer-led health 
promotion program developed by medical students in 
association with a pediatric obesity clinic on physical 
activity behavior, anthropometrics, and quality of life of 
adolescents with overweight/obesity, and to evaluate 
adolescents and “buddies” perceptions of the program.

 Methods  

Healthy buddy program
The healthy buddy program was developed by the sports 
department of the students association (Faculdade de 
Medicina, Universidade de Lisboa) in association with 
the pediatric obesity clinic of the pediatrics department 
of the university hospital (Hospital de Santa Maria), in 
the academic years 2013-2014, 2014-2015, and 2015-
2016. 
As inclusion criteria were considered adolescents (12-18 
years old) with overweight / obesity and a body mass 
index (BMI) ≥ 85th percentile, followed at the clinic. 
Adolescents with inability to perform physical activity 
were excluded. For the first edition, 28 adolescents 
were randomly invited to participate (additionally to 
the regular clinical appointments), from whom only 22 
adolescents agreed to participate. The equivalent same 
number of medical students (between the first and sixth 
grades) were then invited to participate as “buddies”, 
from among those who volunteered after the launch of 
the initiative.

Health Promotion Program and Adolescent Overweight
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Each edition lasted approximately six months (from 
December to May) with 12 sessions of two hours each 
and took place at the Estádio Universitário de Lisboa. 
The two main goals of the program were to: 
- Promote regular physical activity among the adolescents 
while helping them to manage their weight; 
- Instigate the involvement of medical students in 
community projects and raise their awareness about 
health promotion and public health issues (in this case, 
adolescent obesity).
Throughout the group sessions, the adolescents and 
their “buddies” had the opportunity to exercise both 
team sports (eg soccer, rugby, basketball, handball) 
and individual sports (eg judo, taekwondo), under the 
supervision of an exercise physiologist. Pairs remained 
fixed until the end of the program so that each assigned 
student would follow only one adolescent, to promote 
a trustful relationship, and thus enhance the motivation 
and self-efficacy perception of adolescents. 
Anthropometrics (height, weight, and waist 
circumference), body composition (body fat mass and 
skeletal muscle mass), and obesity-related quality of 
life (impact of weight on quality of life) assessments 
were performed at baseline and the end of each edition 
(short-term impact). 
During January and February 2018, all adolescents were 
contacted by telephone and invited for a long-term 
reassessment at the clinic. In addition to adolescents 
assessments, anonymous questionnaires about the 
impact of participation in the program were administered 
to the adolescents as well as to the medical students 
(“buddies”) involved.

Anthropometry
All assessments were performed by the same trained 
professional.
Height was assessed in the orthostatic position, without 
shoes, with the participant back to the stadiometer 
(SECA 217, Hamburg, Germany) after an expiratory 
phase. Height was recorded in meters.
A bioelectrical impedance scale (InBody 230, Seoul, 
Korea) was used to assess body weight and body 
composition. Bodyweight was measured in kilogram and 
recorded to the nearest decigram (0.1 kg). Participants 
were placed in the orthostatic position (palms facing 
the thighs) while wearing underwear or light clothes 
and no shoes or socks. Body fat mass (BFM) and skeletal 
muscle mass (SMM) percentages were considered body 
composition measures of interest.
Body mass index was calculated as weight in kilograms 
divided by the square of height in meters [BMI = 
weight (kg) / height2 (m)]. The BMI z-score (BMIz) 

was further calculated using WHO anthropometric 
calculator AnthroPlus v.1.0.4. A BMIz decrease ≥ 0.25 
was considered clinical efficacy.
Waist circumference (WC) was measured by a 
circumference measuring tape (SECA 203, Hamburg, 
Germany) with the participant standing, 1 cm above 
the iliac crest and at the end of a normal expiration. 
Waist-to-height ratio (WHtR) was further calculated 
by dividing waist circumference (cm) by height (cm) 
[WHtR = waist circumference (cm) / height (cm)]. 
Waist-to-height ratio is a simple method that does not 
take gender, age, and race into consideration in the 
assessment of cardiovascular risk and is more sensitive 
and reliable than waist circumference per se during the 
growth spurt.21

Quality of life
Quality of life was assessed by a self-reported 
questionnaire (impact of weight on quality of life, 
IWQOL - kids), comprising 27 items in four domains 
(physical comfort, self-esteem, social life, and family 
relationships). This questionnaire, previously validated 
and translated to Portuguese, was developed specifically 
for adolescents with excess weight in the age range of 
11-19 years.22,23

Perceptions of participants and “buddies” about the 
program
The long-term assessment of perceptions of adolescents 
and “buddies” about the program was appraised by the 
questionnaire (2018).
Perceptions of adolescents about their participation 
in the program were assessed by questions that were 
grouped into two major topics: 
- Physical activity behaviors, before and after their 
participation in the program;
- Perception of the program impact (5-point Likert scale), 
followed by an open-ended question on whether and 
how the healthy buddy project had influenced them.
“Buddies” questionnaire was sent by e-mail and aimed to 
assess their views on the factors contributing positively 
or negatively to the program (5-point Likert scale) and 
accomplishments of the program objectives (5-point 
Likert scale). It also assessed their perception of how 
the program had influenced them as future physicians 
(personally and professionally) and their suggestions for 
future editions (an open-ended question).

Statistical methods
Data were recorded in a Microsoft Excel database 
(version 14.0.7197.5000, 2010, Microsoft Corporation) 
and subsequently analyzed using IBM SPSS statistics 

Health Promotion Program and Adolescent Overweight
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software (version 22.0 (IBM, New York, USA). Only 
participants with valid data on two assessment points 
(including long-term) were considered in the analyses.
Changes in anthropometrics, body composition, and 
quality of life across time were analyzed using paired 
samples t-test. The effect size was further calculated 
(Cohen’s d).
Differences in the quality of life between adolescents 
who had a BMIz decrease ≥ 0.25 (clinical efficacy) and 
those who did not, as well as gender differences were 
analyzed using an independent sample t test. A p value 
less than 0.05 (p < 0.05) was considered statistically 
significant.

Results

Across the three editions, a total of 48 adolescents 
were enrolled in the program, from whom 30 (62.5%) 
adolescents completed the program (edition 1, n = 
15; edition 2, n = 7 plus three who participated in 
the previous edition; edition 3, n = 8 plus six who 
participated in the previous editions), and 22 (45.8%) 
adolescents completed at least two assessments, thus 
were included in the analyses. However, a long-term 
analysis was conducted based on 17 adolescents (four 
years follow-up n = 9, three years follow-up n = 5, 
two years follow-up n = 3). The study flow diagram is 
presented in Fig. 1. 
No statistically significant differences between the 

genders were found at baseline. Participants baseline 
characteristics are tabulated in Table 1.

Overtime changes in anthropometrics and body 
composition
Participants body mass index z-score changes over time 
are illustrated in Fig. 2. 
A statistically significant reduction in BMIz was observed 
in edition 1 (d = 0.50, p = 0.007). Although not statistically 
significant, BMIz showed a descending trend in editions 
2 and 3 (edition 2, d = 0.69, p = 0.270; edition 3, d = 0.10, 
p = 0.450) and at long-term (d = 0.29, p = 0.095).
Furthermore, a significant decrease in the WHtR was 
found in edition 3 (d = 0.03, p = 0.001) and at long-term 
(d = 0.02, p = 0.011).
Insufficient data on body composition (body fat mass 
and skeletal muscle mass) in editions 1 and 2 prevented 
statistical analysis at those points. Nevertheless, in the 
long-term, skeletal muscle mass and body fat mass 
showed ascending and descending (not statistically 
significant) trends in edition 3, respectively.
Changes in anthropometric and body composition over 
time are presented in Table 2.

Overtime changes in quality of life
Insufficient data on quality of life from editions 1 and 2 
limited the statistical analysis.
A significant improvement in quality of life (total score) 
was observed in edition 3 (d = 0.41, p = 0.037), but not 
in the long-term (p = 0.759). 

Health Promotion Program and Adolescent Overweight

Figure 1. Study flow diagram.

* Number of adolescents who have participated in more than one program edition. 
† Number of adolescents who have dropped out. 
‡ Number of adolescents with valid data in (at least) two assessment times.
First, second and third editions were conducted in the academic years 2013-2014, 2014-2015, and 2015-2016, respectively.
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No statistically significant changes were observed in the 
long-term in domains of physical comfort (edition 3, p 
= 0.194, p = 0.662), social life (edition 3, p = 0.182, p = 
0.288), and family relationships (edition 3, p = 0.058, 
p = 0.726). In the self-esteem domain, a significant 
improvement was observed in edition 3 (d = 0.56, p = 
0.022), but not in the long-term (p = 0.964).
No statistically significant differences in quality of life 
were found between adolescents who accomplished a 
BMIz decrease ≥ 0.25 (clinical efficacy) and those who 
did not. However, an improvement was noted in the 
quality of life of successful participants (d = 0.84, p = 
0.118).

Perceptions of adolescents (long-term)
Among the 17 adolescents who completed the long-
term assessment, 16 (94.1%) considered that the 
program contributed positively to their current sports / 
fitness behavior. However, nine (52.9%) adolescents did 
not agree with the statement: I found a sport / physical 
activity that I still play today.
According to the adolescents, positive aspects of the 
program (higher rate) included trying new sports that 
they ended up enjoying (n = 17), feeling healthier 
(n = 14), getting motivated to exercise (n = 14), 
understanding the advantages of being physically 
active (n = 13), forming new friendships (n = 12), diet 
improvement (n = 11), getting motivated to lose weight 
(n = 10), feeling more confident about themselves 
(n = 10), improving their relationships with others 
(n = 9), and feeling less anxious or stressed (n = 7). Less 
positive aspects of the program were pointed out by a 
few, and according to them: the activities performed 
were not motivating (n = 1), the relationship created 
with their “buddy” was not strong enough (n = 2), they 
felt ashamed while participating in sports sessions 
(n = 1), and there was a need for a specific session on 
healthy eating (n = 1). 
The perceptions adolescents about the impacts of the 
healthy buddy program are summarized in Fig. 3.

BMI - body mass index; WC - waist circumference; WHtR - waist-to-height ratio.
Values presented as mean ± standard deviation. 
A p < 0.05 was considered statistically significant.

Table 1. Characteristics of adolescents at baseline

 Males Females p

 (n = 12) (n = 10)  

Age (years) 13.8 (± 1.3) 14.1 (± 1.4) 0.484

Weight (kg) 81.7 (± 20.9) 84.6 (± 16.3) 0.684

Height (m) 1.643 (± 0.10) 1.618 (±  0.07) 0.441

BMI (kg/m²) 29.84 (± 4.70) 32.11 (± 5.09) 0.232

BMI z-score 2.04 (± 1.26) 2.20 (± 1.29) 0.733

WC (cm) 100.2 (± 9.2) 98.0 (± 9.9) 0.544

WHtR 0.60 (± 0.41) 0.61 (± 0.52) 0.333

Figure 2. Body mass index z-score changes (per participant), over time.

First, second and third editions were conducted in the academic years 2013-2014, 2014-2015, and 2015-2016, respectively. 
Assessments 1, 3 and 5 correspond to the first assessment in each edition, and assessments 2, 4, and 6 to the last assessment. Assessment 7 corresponds to the long-term assessment conducted 
between January and February 2018.
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Characteristics of “buddies” 
The questionnaire was sent to 48 “buddies” but was 
only answered by 33 (68.8%), including the 30 “buddies” 
from adolescents who completed the program.
Most “buddies” (n = 25, 76%) participated in one 
edition only, and one (3%) and seven (21%) “buddies” 
participated in two and three editions, respectively. The 
distribution of the “buddies” rate of responses in each 
edition was relatively similar (edition 1 - 34%, edition 
2 - 37%, edition 3 - 29%). A total of 12 (36.4%), nine 
(27.3%), seven (21.2%), three (9.1%), and two (6.0%) 
respondents were in the second, third, fourth, fifth 
years, and on either first or sixth year of college at the 
time of their first participation, respectively.

Perceptions of “buddies” (long-term)
According to “buddies”, factors that may contribute 
positively to the program included the fact that:
- Activities were shared with the “buddy” n = 32; 
- Opportunity for the adolescent to experience new 
sports n = 32; 

- Opportunity for the adolescent to find a sport / physical 
activity that he or she can practice in the future n = 32; 
- Motivation for adolescents to practice physical exercise 
n = 32;
- Environment experienced during the sessions n = 31
- Small size of the group n = 27; 
- Increasing awareness about the advantages of 
practicing sports or physical exercise n = 27; 
- Performance of the “buddies” n = 25;
- Opportunity for making new friendships n = 20. 
On the other hand, factors that were perceived as less 
positive included:
-  Short program duration n = 18; 
- Non-engaged parents, not much motivated for the 
program n = 14; 
- Dates and times n = 13; 
- Lack of motivation among adolescents to lose weight 
n = 12;
- Very demanding physical activities n = 30; 
- Little variety of exercises / sports n = 29;
- Physical activity / sport poorly adapted to individual 
preferences n = 23; 
- Difficulty of empathy in the relationship n = 20; 
- Localization n = 18; 
- Little interaction among the adolescents within the 
group n = 16. 
In total, 31 (94%) “buddies” answered yes to the 
question: would you recommend the healthy buddy 
program to a colleague?
Regarding goal achievement, most “buddies” have 
assessed the program as very good and a strategy for 
physical activity promotion (n = 21) and behavioral 
change (n = 16), and good as a strategy of weight 
management (n = 14) and changing eating habits 
(n =14.) 
The majority of “buddies” perceived a very good impact 

Table 2. Overtime changes in body composition

 n BMI z-score p WHtR p BFM (%) p SMM (%) p

Mean ± SD Mean ± SD Mean ± SD Mean ± SD

First edition 1 13 2.04 (± 1.01) 0.007 0.58 (± 0.4) 0.075 - - - -

2 1.54 (± 0.98) 0.57 (± 0.3) - -

Second edition 3 7 1.47 (± 0.78) 0.270 - - - - - -

4 1.09 (± 0.33) - - -

Third edition 5 9 2.58 (± 1.07) 0.450 0.63 (± 0.3) 0.001 40.28 (± 4.01) 0.856 33.30 (± 3.40) 0.797

6 2.47 (± 1.24) 0.62 (± 0.5) 40.63 (± 1.41) 33.80 (± 1.76)

Long-term B 17 2.21 (± 1.27) 0.095 0.60 (± 0.5) 0.011 39.37 (± 6.75) 0.227 33.25 (± 3.75) 0.091

7 1.77 (± 1.73) 0.59 (± 0.6) 37.11 (± 8.83) 35.21 (± 5.32)
B - baseline; BFM - body fat mass; BMI - body mass index; SD – standard deviation; SMM - skeletal muscle mass; WHtR - waist-to-height ratio. 
Values presented as mean ± standard deviation. 
Differences between first and last assessment in each edition, and between baseline and final assessment (long-term) performed with paired-sample t-test. 
A p < 0.05 was considered statistically significant.

Figure 3. Perceptions of adolescents on the influence of the 
healthy buddy program in their life.
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of the program on their awareness about pediatric 
obesity (n = 18), and training in terms of relationships 
and interpersonal communication (n = 18), and only five 
“buddies” perceived a very good impact of the program 
on their current clinical practice. The influences of the 
program on clinical practice reported by the “buddies” 
included: 
- Knowing how to communicate about food and exercise; 
- Understanding the importance of detecting early signs 
of obesity in children; 
- Greater ease in identifying adolescent problems 
based on what they learned in communication with the 
adolescent participants.
A summary of “buddies” suggestions for program 

improvement is presents in Fig. 4.

Discussion

This study aimed to analyze the short- and long-term 
impact of the healthy buddy program, as a peer-led 
health promotion program involving medical students, 
on physical activity behavior, anthropometrics, and 
quality of life of adolescents with overweight / obesity 
and evaluate adolescents and “buddies” perceptions 
about the program.
The obtained results indicated that the healthy buddy 
program had a positive, although not statistically 
significant, impact on physical activity behavior in 
adolescents. The obtained results showed that not 
only the number of adolescents enrolled in structured 
physical activity increased after participation in the 
healthy buddy program, but adolescents also increased 
the frequency of physical activity practices, with 
77.8% of the adolescents currently performing 3-5 
sessions of structured physical activity per week. 
A possible explanation for this increase might be a 
higher motivation, greater self-efficacy, and enjoyment 
perception in physical activity practice, due to healthy 
buddy participation, as suggested by other studies.23-25

Regarding the overtime changes in anthropometrics 
and body composition, the results also suggested a 
positive effect of the healthy buddy program on these 
parameters. Overall, a reduction in the BMIz and WHtR 
was observed, along with a tendency to body fat 
mass decrease and skeletal muscle mass increase. 
The fact that these results were not statistically 
significant in all editions may be explained by the 
small number of participants in each edition. Regarding 
body composition, although it was not possible to get 
sufficient data to study its evolution throughout all 
editions, the results suggested a positive impact of the 
program on the improvement of these parameters. We 
cannot, however, associate the increase in muscle mass 
with an effect of the intervention since it is known that 
this parameter increases as a function of growth.26 It 
is important, however, to highlight that the main goal 
of the healthy buddy program was not weight-loss, 
rather it aimed to develop an interest in regular physical 
activity practice that might lead to the acquisition of 
healthier lifestyles and, in turn, weight loss and physical 
fitness. 
In terms of quality of life, the results suggested an overall 
positive effect of the healthy buddy program on quality 
of life of adolescents, with a significant improvement 
in edition 3 (total score), which might have been 
moderated or mediated by self-esteem. As expected, 
this fact was most noticeable among the adolescents 
who succeeded to reduce their BMIz. Taken together, 
these two observations suggest an association between 
the decrease of BMIz and an improvement in quality 
of life, as indicated by other studies.22 The increase in 
self-esteem can also be explained by perceptions of 
adolescents about making new friendships, becoming 
healthier and more confident, gaining new sports 
experiences, and getting motivated to exercise and lose 
weight, which was in line with “buddies” perceptions.
Moreover, adolescents and “buddies” had divergent 
perceptions about eating habits, with adolescents, 
but not the “buddies”, perceiving an improvement in 
this behavior. “Buddies”, on the other hand, reported 
perceived improvement in anxiety and stress reduction 
of adolescents, which was not in line with their 
perceptions. 
Although most adolescents did not report any 
negative aspects of the program, some maintained 
that the activities performed were not motivating, the 
relationship created with their “buddy” was not strong 
enough, or that they felt ashamed while participating in 
sports sessions. According to them, there was a need 
for holding a specific session on healthy eating. The 
“buddies”, in turn, considered the short duration of 

Figure 4. “Buddies” suggestions for program improvement.
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the program, the schedule (Saturday morning), and the 
parents lack of motivation to be the negative aspects of 
the program.
In terms of the open-ended question concerning the 
perception of adolescents about the impact of the 
healthy buddy program, the decrease in sedentary 
lifestyle and the opportunity of developing new 
friendships were the most reported aspects. These 
were followed by a change in eating habits, peer-to-
peer interaction, the creation of a trusting relationship 
with the “buddy”, and a greater interest in physical 
activity. The increase in the participants self-esteem and 
motivation for the practice can be explained by the fact 
that the exercise was performed with the support of a 
“buddy”, and adolescents shared the problem of being 
overweight. All of these can lead, directly or indirectly, 
to an increase in physical activity, a change in lifestyle 
habits, and weight loss. 
The “buddies” maintained that healthy buddy program 
had a positive impact on their way of looking at 
pediatric obesity. They further regarded the program 
as a very good strategy to promote physical activity, 
motivate behavioral change, and develop interpersonal 
relationships. The “buddies” maintained that the 
healthy buddy program influenced their clinical practice, 
communication skills on the promotion of healthy living 
habits, such as healthy eating and physical activity 
in adolescents, as well as their understanding of the 
importance of detecting early signs of obesity in children 
and starting behavioral change.
Regarding the limitations of the present study, one 
can refer to the small size of the initial sample, the 
withdrawals observed throughout the program, as 
well as the difficulties in recruiting participants for 
re-evaluation, which conditioned the statistical analysis, 
increased the risk of type II error, and probably limited 
the conclusions to be drawn from this study. These 
limitations are, however, consistent with other pilot 
studies on behavioral change among adolescents with 
obesity27 and studies with long follow-up periods similar 
to ours.28

It should further be noted that this study was conducted 
five years after the first edition and two years after 
the conclusion of the program. Therefore, it was only 
possible for the authors of this study to analyze data 
based on the existing records.
Another possible limitation is the fact that participants 
(adolescents) were randomly invited only in the first 
program edition, which may bias the results of the 
present study. Moreover, the exercise sessions were in 
the group (participants plus “buddies”), which makes 
it impossible to attribute the impact of the program 

only to the interaction with the buddies. Moreover, 
we choose to include some adolescents who asked to 
participate in more than one program edition, based 
on the fact that one of the main goals of the project 
was to promote regular physical activity among the 
adolescents. This too may be considered a limitation 
that precludes randomization.
Despite its limitations, the results of this study suggest 
that peer-led health promotion programs, such as 
healthy buddy, may be useful in managing adolescent 
overweight and obesity in the clinical setting while 
contributing to the improvement of educational and 
community involvement programs led by medical 
students. 
Future similar interventions may benefit from: 
- Increased number of sessions, as suggested by the 
“buddies”. Contact time along with the sports sessions 
should also be favored, in an informal environment 
conducive to sharing ideas and experiences, including 
the discussion of various topics related to obesity and 
adolescence.
- Inclusion of sessions focusing on healthy eating and 
development of strategies and solutions for healthy 
meals and snacks.
- Creation of a training course for “buddies” at the 
beginning of the program to sensitize them to the best 
strategies for enhancing motivation and behavioral 
change. The objective would be to improve their 
performance and teach them skills that help them 
deal with the challenges encountered throughout the 
program.
- A greater integration of parents in such programs, 
as suggested by the “buddies”, which seems to be 
particularly relevant. The family plays a fundamental 
role in creating opportunities for a more active lifestyle. 
Although there is a great need for autonomy in relation 
to many aspects of adolescent life in this specific age 
group, they still depend on their parents in many 
circumstances. Therefore, it is crucial to raise awareness 
of parents in this regard and together explore strategies 
to eliminate barriers that prevent adolescents from 
practicing and maintaining healthy behaviors.
- Consistent and continued data collection, using 
the same protocol, and inclusion of a control group 
(overweight adolescents followed at the same clinic 
during the same period of time) can help analyze 
interventions effectiveness more accurately. 
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Health Promotion Program and Adolescent Overweight

Introdução: A obesidade é a doença pediátrica mais 
prevalente em todo o mundo. O envolvimento de 
estudantes de medicina como promotores de saúde num 
programa multidisciplinar liderado por pares de controlo 
de peso de adolescentes pode melhorar o controlo de 
peso e sensibilizar os estudantes de medicina para a 
obesidade na adolescência. Este estudo teve como objetivo 
analisar o impacto a curto e longo prazo de um programa 
de promoção da saúde liderado por pares, envolvendo 
estudantes de medicina, no comportamento de atividade 
física, antropometria e qualidade de vida de adolescentes 
com excesso de peso / obesidade, bem como avaliar as 
perceções dos adolescentes e estudantes sobre o programa.
Métodos: Foram realizadas três edições do programa, cada 
uma com cerca de seis meses, em anos consecutivos. A 
antropometria, qualidade de vida e  comportamentos de 
atividade física de adolescentes com excesso de peso foram 
avaliados no início e no final de cada edição e a longo prazo. 
A participação a longo prazo e as perceções dos alunos 
foram também analisadas.
Resultados: No total, inscreveram-se nas três edições do 
programa 30 pares de adolescentes-mais-“companheiros”, 
dos quais 17 (56.7%) completaram pelo menos duas 
avaliações, cinco e dois participaram em duas e três edições 

do programa, respetivamente. O z-score do índice de massa 
corporal (edição 1: d = 0,50, p = 0,007; edição 2: d = 0,69, 
p = 0,270; edição 3: d = 0,10, p = 0,450) e relação entre o 
perímetro abdominal e a estatura (edição 3: d = 0,03, p 
= 0,001) dos adolescentes diminuiu ao longo do tempo, 
e a qualidade de vida tendeu a melhorar entre aqueles 
cujo z-score do índice de massa corporal (d = 0,84, p = 
0,118) era inferior. O número de adolescentes inscritos em 
atividade física estruturada aumentou após a participação 
no programa. Globalmente, as percepções dos adolescentes 
sobre o programa foram positivas. Os “companheiros” 
consideraram o programa muito bom para aumentar a sua 
sensibilização sobre a obesidade na adolescência.
Discussão: Com base nos resultados obtidos, o programa 
teve um impacto positivo modesto em todas as medidas 
avaliadas e mostrou ser uma experiência positiva para os 
estudantes de medicina. Esses resultados sugerem ainda 
que diferentes contextos de educação médica podem 
beneficiar de intervenções semelhantes.

Palavras-Chave: Adolescente; Educação de Pacientes como 
Assunto/métodos; Estudantes de Medicina; Exercício Físico/
psicologia; Obesidade Pediátrica/prevenção & controle; 
Tutoria/métodos 

Impacto e Valor Educativo de um Programa Piloto de Promoção da Saúde Liderado por Pares no 
Controlo do Excesso de Peso em Adolescentes
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ORIGINAL ARTICLE 

Abstract

Introduction: The increasing presence of pets in domestic households, coupled with the significant levels of pet allergens found 

in places without animals (eg schools, nurseries, workplaces) has contributed to an increase in the frequency of allergies to 

these animals in industrialized countries. This study aimed to assess the prevalence of allergic sensitization to pets using the 

test ImmunoCAP ISAC (ThermoFisher Scientific, Massachusetts, USA).

Methods: Retrospective study of patients, in the age range of 0-18 years, who were followed at our pediatric allergology 

outpatient center and tested with ImmunoCAP ISAC between April 2015 and September 2019. Epidemiological, clinical, and 

laboratory variables related to pet allergies were assessed. 

Results: A total of 101 individuals were included in the study, with a median age of 8 years and 4 months, of whom 62/101 

(61.3%) were male. It was found that 42/101 (41.6%) had sensitization to at least one major animal-specific allergen, and in this 

group, 24/42 (54.8%), 12/42 (28.6%), and 7/42 (16.7%) were monosensitized, bisensitized, and polysensitized, respectively. A 

major sensitization to dogs was detected in 25/101 (24.8%) patients. The allergen Can f 1 was the most detected (17/25, 68%) 

followed by Can f 5 (10/25, 40%, six of whom were female). Cat sensitization was observed in 37/101 (36.6%) patients, with Fel 

d 1 being the most detected molecular allergen (33/37, 89.2%). All cases sensitized to Fel d 4 (n = 5) were also sensitized to Fel 

d 1. Half of the cases sensitized to Fel d 2 (4/8, 50%) were not sensitized to Fel d 1, and 3/4 (75%) of them were sensitized to 

Bos d 6 in the context of clinically relevant cow milk allergy. All cases sensitized to Equ c 1 (n = 4) were also sensitized to Fel d 

4. Asthma was found in 29/101 (28.7%) of the children and the majority were sensitized to pets (21/29, 72.4%). All the patients 

polysensitized to major animal-specific allergens were also asthmatic (7/7, 100%). It was noted that all patients polysensitized 

to other aeroallergens (mites, pollens, and fungi) were also sensitized to pets, the majority being asthmatic. 

Discussion: Monosensitization to a major animal-specific allergen was more frequent than polysensitization. Fel d 1 and Can f 

1 were the most frequent molecular allergens involved. The majority of the asthmatic patients in our study were sensitized to 

pets, and all of the patients polysensitized to major animal-specific allergens were also asthmatic, indicating that pet sensitization 

was a representation of a more complex and serious phenotype of the allergic disease. Furthermore, the majority of the patients 

polysensitized to other aeroallergens (mites, pollens, and fungi) were also sensitized to pets and were asthmatic as well.

Keywords: Adolescent; Allergens/adverse effects; Asthma/etiology; Child; Hypersensitivity/diagnosis; Hypersensitivity/

etiology; Infant; Pets/immunology

Keypoints

What is known:
- Molecular-based allergy diagnosis allows healthcare 
professionals to understand the primary sensitizing allergen 
source and distinguish co-sensitization from cross-sensitization, 
which is particularly important when immunotherapy is intended 
to implement the optimal treatment.
- Female patients sensitized to Can f 5 can present an allergic 
reaction to human seminal fluid due to cross-reactivity, an important 
fact to be considered in the case of those with this sensitization. It is 
also relevant to highlight that the majority of patients sensitized to 
Can f 5 can tolerate neutered or female dogs.

What is added:
- Despite the fact that serum albumins are considered to be an 
uncommon cause of allergic sensitization and given a small sample 
of patients sensitized to Fel d 2, the study confirms the association 
between high levels of IgE to Fel d 2 and atopic dermatitis.
- The majority of the asthmatic patients were sensitized to pets, 
and all of the patients polysensitized to major animal-specific 
allergens were also asthmatic, indicating that pet sensitization 
represents a more complex and serious phenotype of the allergic 
disease. Furthermore, the majority of those polysensitized to 
other aeroallergens (mites, pollens, and fungi) were also sensitized 
to pets and asthmatic.
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Introduction

The increasing presence of cats and dogs in homes, 
associated with significant levels of dog and cat allergens 
found in areas devoid of these animals (eg homes, 
schools, nurseries, workplaces), has contributed to an 
increase in the frequency of allergies to these animals 
in industrialized countries.1 Mammalian furry animals 
are an important source of indoor allergens. They are 
considered risk factors for the development of allergic 
rhinitis and asthma. Although the most advisable measure 
would be to avoid the animal, this is often impossible and 
associated with a major emotional impact.2

Animal allergens are present in urine, saliva, and dander, 
which stick to animal hair and dander and are dispersed 
indoors. These allergens also adhere to human clothes 
and are easily transported to public places, which 
explains their presence in locations where an animal 
has not been present. Exposure measurement studies 
have shown their presence in schools, day-care centers, 
public transport, and non-pet owners households.3 
A diagnosis of an allergy to dogs or cats is based on 
medical history which should be taken in coordination 
with physical examination and is confirmed using the 
prick-test. An important breakthrough in the diagnosis 
of allergy to furry animals has been made with the 
introduction of molecular-based allergy diagnosis which 
offers new opportunities for improved characterization 
of this pathology.2  
Some cat, dog, and horse allergens have been described, 
and most of them are presented in Table 1. Lipocalins 
are synthesized in salivary glands and are dispersed 
into the environment by saliva and dander. They are 
the most important allergen protein, and most of them 
are major allergens characterized by a common three-
dimensional structure and a low sequence identity. 
Serum albumins are highly cross-reactive molecules 
and are minor allergens abundant in saliva and dander4 
which can be important in the context of clinically 
relevant allergy to cow milk.5

Literature shows that most patients sensitized to dogs 
have antibodies to Can f 1.3  Can f 5, a prostatic 
kallikrein protein isolated from the urine of male dogs, 
is considered a major allergen in the same way as 
lipocalins.4  No patterns of cross-reactivity to allergens 
from other furry animals have been identified except 
for human prostate-specific antigen, which is a major 
allergen in seminal plasma, suggesting that sensitization 
to Can f 5 could be relevant to seminal fluid allergy.6

Major cat allergens are Fel d 1 and Fel d 4, although 
the clinical significance of sensitization to Fel d 4 is still 
unknown. Fel d 1 is associated with hormone production 

and acts as uteroglobin. It is found mainly in saliva but 
can also be found in sebaceous glands of cat skin and 
urine.2 A monosensitization to Fel d 2 seems to be very 
rare. The occurrence of specific immunoglobulin (Ig) E to 
Fel d 2 without sensitization to Fel d 1 could be a marker 
of cross-reactivity, and the primary sensitization source 
should be searched for.5 
Evaluation of specific IgE through microarray 
technique ImmunoCAP ISAC (ThermoFisher Scientific, 
Massachusetts, USA) might be useful to define the 
primary allergenic source, particularly if specific 
immunotherapy is intended. Co-sensitization must be 
distinguished from cross-sensitization. It is important 
to emphasize that IgE-cross-reactivity may not always 
imply clinical cross-reactivity. Exposure to furry animals 
can lead to different sensitization patterns with different 
clinical implications. The dose of exposure is also 
important.4,7

Therefore, this study aimed to investigate the pattern of 
sensitization to domestic animals using the ImmunoCAP 
ISAC method.

 Methods  

The sample in this retrospective study comprised all 
patients in the age range of 0-18 years who were followed 
at our pediatric allergology consultation center, from 
April 2015 to September 2019, and underwent a specific 
serum IgE antibodies test using the 112 component 
ImmunoCAP ISAC allergen microarray immunoassay.  
The amount of ISU/L ≥ 0.3 were considered positive. The 
present study focused on the group of animal-derived 
molecules: cat (Fel d 1, Fel d 2, Fel d 4), dog (Can f 1, 
Can f 2, Can f 3, Can f 5), horse (Equ c 1, Equ c 3), and 
cow (Bos d 6). Epidemiological, clinical, and laboratory 
variables were assessed as well (Table 1).

Results

A total of 101 individuals were included in this study, 
with a median age of 8 years and 4 months, of whom 
62/101 (61.3%) were male. It was found that 42/101 
(41.6%) had sensitization to at least one major animal-
specific allergen (Table 2).
A total of 42 patients, including 23 (54%) males, were 
sensitized to at least one major animal-specific allergen 
and had a mean age of 8 years and 8 months. In this 
sample, 24/42 (54.8%), 12/42 (28.6%), and 7/42 (16.7%) 
patients were monosensitized, bi-sensitized, and 
polysensitized, respectively (Table 3). Sensitization to 
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pets was observed in 42 children, and 25 children were 
symptomatic. An association between symptomatic 
patients and frequency of contact with pets could not 
be established (Tables 3 and 4).
As can be observed in Fig. 1, this study detected 
sensitization to dogs in 25/101 (24.8%) patients, with 
Can f 1 being the most frequent molecular allergen 
detected in 17/25 (68%) patients, followed by Can f 5 in 
10/25 (40%) patients, six of whom were female.
As illustrated in Fig. 2, 37/101 (36.6%) patients presented 

sensitization to cats, with Fel d 1 being the most 
frequently detected molecular allergen (33/37, 89.2%). 
All cases sensitized to Fel d 4 (n = 5) were also sensitized 
to Fel d 1, and all cases sensitized to Equ c 1 (n = 4) were 
sensitized to Fel d 4 as well (not illustrated).
It was observed that 34/42 (81%) patients with 
sensitization to at least one major animal-specific 
allergen had eczema. Furthermore, all of those who were 
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*Animal-derived molecules added to ImmunoCAP ISAC tests performed from 2020 onwards

Table 1. Known allergens of cat, dog, and horse

Allergen source Allergen Biochemical name Allergen category Tested in ISAC

Dog (Canis familiaris) Can f 1 Lipocalin Major Yes

Can f 2 Lipocalin Major Yes

Can f 3 Serum albumin Minor Yes

Can f 4 Lipocalin Major No*

Can f 5 Kallikrein Major Yes

Can f 6 Lipocalin Major No*

Domestic horse Equ c 1 Lipocalin Major Yes

Equ c 2 Lipocalin Minor No

(Equus caballus) Equ c 3 Serum albumin Minor Yes

Equ c 4 Latherin Minor No

Cat Fel d 1 Uteroglobin Major Yes

Fel d 2 Serum albumin Minor Yes

(Felis domesticus) Fel d 3 Cystatin Minor No

Fel d 4 Lipocalin Major Yes

Fel d 5 Immunoglobulin A Minor No

Fel d 6 Immunoglobulin M Minor No

Fel d 7 Lipocalin Major No

Fel d 8 Latherin-like protein Minor No

Table 2. Demographic and clinical data of the study sample

Variable n (%)

Total participants 101

Gender 101 (100)

Female 39 (38.6)

Male 62 (61.4)

Age (years) (median ± median absolute deviation) 8.3 ± 3.5

Sensitized to at least one specific major animal allergen 42 (41.6)

Non-sensitized 59 (58.4)

Asthmatics 29 (28.7)

Sensitized to at least one specific major animal 
allergen

21 (72.4)

Non-sensitized to animals 8 (27.6)

Simultaneous sensitization to pollens, mites, and fungi 10 (9.9)

Sensitized to at least one specific major animal allergen 8 (80.0)

Non-sensitized to animals 2 (20.0)

Table 3. Results of the sensitization to pets

Variable n (%)

Total participants sensitized to at least one specific 
major animal allergen 42

Gender 42 (100)

Female 19 (45.2)

Male 23 (54.8)

Age (years) (median ± median absolute deviation) 8.7 ± 7.7

Sensitization

Monosensitized 23 (54.8)

Bisensitized 12 (28.6)

Polysensitized 7 (16.7)

Symptomatic due to contact with pets 25 (59.5)

Indoor 5 (11.9)

Outdoor 6 (14.3)

Occasionally (two or more times in a month) 13 (31.0)

Total eviction 1 (0.02)

Had eczema 35 (90.0)
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sensitized to Fel d 2 had eczema (8/8, 100%), half of them 
were not sensitized to Fel d 1, of whom the majority 
presented sensitization to Bos d 6 (3/4, 75%), in a context 
of clinically relevant allergy to cow milk (Fig. 2).
Asthma was found in 29/101 (28.7%) children, of whom 
21/29 (72.4%) were sensitized to pets, and 16/21 
(76.2%) presented with symptomatology before the 
age of five. It was also possible to conclude that all of 
the individuals polysensitized to major animal-specific 
allergen were asthmatic as well (7/7, 100%). Almost 
all (28/29, 96.6%) asthmatic patients sensitized to pets 

showed moderate to very high IgE levels detected in 
ImmunoCAP ISAC results (Table 4).
Simultaneous sensitization to mites, pollens, and fungi 
occurred in 10/101 (9.9%) of the population 8/10 (80%) 
of whom were sensitized to pets and 5/8 (62.5%) were 
asthmatic (Table 2).

Discussion

Although molecular-based allergy diagnosis is a complex 
area of study, it provides novel and relevant information, 
and will soon become a standard tool in the allergist 
armamentarium.8 Thanks to the ImmunoCAP ISAC 
method, it was observed that monosensitization to 
major animal-specific allergens was more common than 
polysensitization and that Fel d 1 and Can f 1 were the 
molecular allergens more frequently identified in our 
population, which was in line with the literature.8  
Female patients sensitized to Can f 5 may present allergic 
reactions to human seminal fluid due to cross-reactivity. 
This is an important finding which may warrant an 
explanation for those with this sensitization. It can also 
be highlighted that the majority of patients sensitized to 
Can f 5 can tolerate neutered or female dogs.9 
Serum albumins are considered to be an uncommon 
cause of allergic sensitization. It is described an 
association between high levels of IgE to Fel d 2 and 
atopic dermatitis.10 In our study all the patients who 
were sensitized to Fel d 2 had eczema. Additionally, the 
occurrence of specific IgE to Fel d 2 without sensitization 
to Fel d 1 could be a marker of cross-reactivity to 
another animal and not a primary sensitization to 
cats.5 Many different syndromes and associations due 
to cross-reactivity between aeroallergens and food 
allergens of animal origin have been described. It is 
important to underline the impact of cross-reactivity 
between aeroallergens and food allergens with or 
without clinical relevance.11 In this study, 75% of the 
patients sensitized to Fel d 2 and non-sensitized to Fel d 
1 showed sensitization to Bos d 6. All of these patients 
were younger than 6 years old and allergic to cow milk.12 
In this context, Bos d 6 and Fel d 1 could be the primary 
sensitizer and a marker of cross-reactivity, respectively.4  
ImmunoCAP ISAC provides an in vitro quantitative 
measurement of IgE in human serum which explains 
how IgE antibody developments can be detected at 
an early stage, indicating that sensitization has been 
developed even before clinical symptoms. Higher ISAC 
standardized units (ISU-E) indicate a higher degree of 
sensitization, which means higher levels of specific IgE 
antibodies to common inhalant allergens.8,13 In this 
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Table 4. ImmunoCAP ISAC results and clinic

ISAC results
Number of individuals

Had asthma

Levels of 
molecular 
allergens 

detected* 

< 0.3 = Undetectable 0 0

0.3-0.9 = Low 2 1

1-14.9 = Moderate to high 28 11

≥ 15 = Very high 12 9

Total 42 21
* ISAC standardized units (ISU-E).

Figure 1. Results of sensitization to dogs. A major sensitization to 
dogs was detected in 25/101 (24.8%) patients. Can f 1 was the 
most detected allergen (17/25, 68%), followed by Can f 5 (10/25 
patients, 40%, six of whom were female).

Figure 1. Results of sensitization to cats. Sensitization to cats was 
detected in 37/101 (36.6%) patients. Fel d 1 was the most detected 
molecular allergen (33/37, 89.2%) and all cases sensitized to Fel d 
4 (n = 5) were also sensitized to Fel d 1. Half of the cases sensitized 
to Fel d 2 (4/8, 50%) were not sensitized to Fel d 1, most (3/4, 75%) 
of whom presented sensitization to Bos d 6 as well.
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study, almost all asthmatic patients sensitized to pets 
had moderate to very high levels of IgE antibody.
This study confirms that sensitization to pets is a 
representation of a more complex and serious phenotype 
of allergic diseases. In fact, the majority of the asthmatic 
patients in this study were sensitized to pets, and all of 
those polysensitized to major animal-specific allergens 
were asthmatic as well. Moreover, the majority of the 
population who were polysensitized to aeroallergens 
(including pets, mites, pollens, and fungi) had asthma 
too. These results match closely with those reported in 
the literature, in which multiple sensitizations towards 
lipocalins, kallikrein, and uteroglobin components have 
been associated with more serious cases, especially 
those with asthma.7,14-17 
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Introdução: A presença crescente de cães e gatos nos lares, 
associada a níveis significativos dos respetivos alergénios em 
locais sem presença animal (escolas, infantários, locais de 
trabalho), tem contribuído para um aumento da prevalência 
de alergia a estes animais nos países industrializados.
O objetivo deste estudo foi avaliar a prevalência de 
sensibilização alergénica a animais domésticos através do 
método ImmunoCAP ISAC.
Métodos: Estudo retrospetivo de doentes dos 0-18 anos de 
idade, seguidos na Consulta de Pediatria-Alergologia que 
realizaram ImmunoCAP ISAC entre abril de 2015 e setembro 
de 2019. Dados recolhidos por consulta dos processos 
clínicos, tendo sido analisadas variáveis epidemiológicas, 
clínicas e laboratoriais.
Resultados: Foram incluídos 101 doentes no estudo, com 
mediana de idade de 8 anos e 4 meses, 62/101 (61,3%) 
do género masculino, 42/101 (41,6%) sensibilizados a 
pelo menos um alergénio específico major animal, dos 
quais 23/42 (54,8%) monossensibilizados, 12/42 (28,6%) 
bissensibilizados e 7/42 (16,7%) polissensibilizados.
Foi detetada sensibilização major ao cão em 25/101 
(24,8%) doentes, sendo que o alergénio molecular mais 
frequentemente detetado foi Can f 1 (17/25, 68%), seguido 
de Can f 5 (10/25, 40%, 6 dos quais do género feminino).
No que toca ao gato 37/101 (36,6%) doentes demonstraram 
sensibilização a este, sendo o alergénio molecular mais detetado 
o Feld 1 (33/37, 89,2%). Todos os casos sensibilizados a Fel d 4 
(n=5) também estão a Fel d 1. Metade dos sensibilizados a Fel 
d 2 (n=8) não estão sensibilizados a Fel d 1, sendo que destes, 

3 (75%), apresentam sensibilização a Bos d 6, em contexto de 
alergia a proteínas do leite de vaca. Todos os sensibilizados a 
Equ C 1 (n=4) estão sensibilizados a Fel d 4.
Eram asmáticos 29/101 (28,7%) dos doentes e a maioria 
sensibilizada a animais de estimação (21/29, 72,4%), 
sendo de referir que 100% (7/7) dos polissensibilizados a 
alergénicos específicos major animal são asmáticos.
Também constatamos que os doentes com sensibilização 
simultânea a outros aeroalergénios (ácaros, pólenes e 
fungos) também se encontravam sensibilizados a animais 
domésticos, sendo a maioria asmática.
Discussão: Verificamos que a monossensibilização a 
alergénio específico major animal foi mais comum que 
a polissensibilização. os alergénios moleculares mais 
frequentemente envolvidos foram o Fel d 1 e o Can f 1.
A maioria dos doentes asmáticos do nosso estudo estava 
sensibilizada a animais domésticos e todos os doentes 
polissensibilizados a alergénio específico major animal eram 
também asmáticos. Tal indica que a sensibilização a animal 
doméstico confere um fenótipo mais complexo e grave da 
doença alérgica. Além disso, a maioria dos doentes com 
sensibilização simultânea a outros aeroalergénios (ácaros, 
pólenes e fungos) também se encontravam sensibilizados a 
animais domésticos e eram asmáticos.

Palavras-Chave: Adolescente; Alérgenos/efeitos 
adversos; Animais de Estimação; Asma/etiologia; Criança; 
Hipersensibilidade/diagnóstico; Hipersensibilidade/
etiologia; Lactente

Pode a Alergologia Molecular Ser uma Abordagem Útil na Alergia a Animais de Estimação?
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ORIGINAL ARTICLE 

Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental 
disorder characterized by the early onset of persistent 
deficits in social interactions and communication and 

repetitive and restricted interests and behaviors.1 In 
addition to the core issues, patients with ASD frequently 
suffer from co-occurring conditions, such as intellectual 
disability, seizures, attention-deficit disorder, sensory 
integration difficulties, anxiety, obsessive-compulsive 

Abstract

Introduction: Autism spectrum disorder is characterized by persistent deficits in social communication and interaction as well 
as restricted patterns of behavior, interests, and activities in the early developmental period. It is an increasingly frequent 
diagnosis. Association between autism spectrum disorder and epilepsy is known. Different studies have reported different 
predictive factors related to the future diagnosis of epilepsy, such as cognitive impairment, neurodevelopmental regression, 
and absence of language.
Methods: We conducted an observational, retrospective, descriptive, and comparative study reviewed clinical records of 
pediatric patients with autism spectrum disorder who were followed up in a child developmental center between January 
2006 and January 2021. The data were analyzed using SPSS software (version 23). The level of significance was set at p < 0.05.
Results: The present study included a total of 377 children and adolescents with autism spectrum disorder, of whom 41 (10.9%) 
were later diagnosed with epilepsy. The mean follow-up time was five years. In patients with epilepsy, the most frequent 
age of the first seizure was determined in two periods: between 2-5 years (53.5%) and during teenage years (25.6%). The 
most frequent (68.3%) presentation was focal seizures, 56.1% of which were electroencephalogram paroxysms (17.1% in the 
temporal lobe). The majority (65.9%) were currently treated with antiepileptics, 60% in monotherapy and mostly with sodium 
valproate (37.2%). Regression (39% vs 19.3%, p = 0.008) and absence of language (41.5% vs 23.8%, p = 0.022) had higher 
association with the development of epilepsy in patients.
Discussion: Based on the obtained results, 11% of patients had both autism spectrum disorder and epilepsy. Neurodevelopmental 
regression and the absence of language were associated with the development of epilepsy. This may imply the need for specific 
counselling and anticipatory care in this subgroup of patients.
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Keypoints

What is known:
- Autism and epilepsy share a common neurobiological substrate.
- In our series of children and adolescents with autism, 
neurodevelopmental regression and absence of epilepsy were 
associated with the future diagnosis of epilepsy.

What is added:
- This is the first characterization of epilepsy in autism in a national 
reference center.
- In our study the main electroencephalography finding was 
temporal lobe paroxysmal activity.
- Most of our children achieved seizure control with monotherapy 
with either sodium valproate or carbamazepine, however autism 
persisted.
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symptoms, gastrointestinal conditions, and sleep 
disorders.2 
Although ASD is a lifelong disorder, variability occurs 
in the pattern, severity of symptoms, and the timing 
of diagnosis. It is becoming a more frequent diagnosis, 
with rising incidence and prevalence rates. This is 
probably due to an increase in awareness of this 
neurodevelopmental disorder, changes in the diagnostic 
criteria, better identification approaches, improvement 
of screening methods, and complex interaction between 
genetic and environmental factors.3 Prevalence also 
varies between countries. The ASD prevalence is highest 
in the United States, with 1/54 children diagnosed, 
according to 2021 data.4 In Portugal, limited data on ASD 
from 2007 shows a global prevalence of 9.2/10 000.5 
This high prevalence justifies the recommendations 
by the American Association of Pediatrics to screen 
children for ASD at 18 and 24 months of age.6

Epilepsy was defined in 2014 by the International League 
Against Epilepsy as a state of an enduring predisposition 
to recurrent epileptic seizures. It has been characterized 
by the occurrence of two unprovoked seizures separated 
by 24 hours, one unprovoked seizure with a probability of 
further seizures similar to the general recurrence risk (at 
least 60%) after two unprovoked seizures over the next 
10 years, or the diagnosis of an epileptic syndrome.7

Association between ASD and epilepsy is well 
recognized.8 Epilepsy and ASD are both heterogeneous 
clinical disorders, and several studies found that the 
prevalence of epilepsy in children with ASD varied 
between 2% and 66% with a median of 12%.3,9,10 Series 
with a longer follow-up typically have higher prevalence 
rates. Several variables in the literature, including 
cognitive impairment, neurodevelopmental regression, 
and absence of language, can be associated with the 
later diagnosis of epilepsy in patients with ASD.11,12

This study aimed to characterize the development of 
epilepsy in patients diagnosed with ASD and identify 
factors associated with the future diagnosis of epilepsy 
in this group of children.

 Methods  

We conducted an observational, retrospective, 
descriptive and comparative study by reviewing the 
clinical records of patients with ASD under 18 years of 
age, who were followed in a child developmental center 
between January 2006 and January 2021.
The data reviewed in the clinical records included gender, 
presence of seizures, type of seizure, presence of family 
history, skin lesions, macrocephaly, dysmorphic features, 

cognitive impairment, neurodevelopmental regression, 
absence of language, medication, investigation pursued, 
namely contrast-enhanced magnetic resonance imaging 
(MRI), electroencephalography (EEG), and genetic testing.

Autism spectrum disorder
Diagnosis of ASD was defined using Diagnostic and 
Statistical Manual of Mental Disorders (DSM-5) criteria.1

Teenagers
Teenager age patients were considered to be those in 
the age range of 10-19 years, according to the definition 
by World Health Organization (WHO).

Epilepsy
Epilepsy was defined using the criteria from the 
International League Against Epilepsy classification.7

Seizure type
Seizures were classified based on the operational 
classification of seizure types.13

Family history
Family history was defined as the history of a 
neurodevelopmental or psychiatric diagnosis in a 
relative until three generations.

Cognitive impairment
Cognitive impairment was considered when the 
intellectual functioning level and adaptive skills 
were significantly below the average for the child 
chronological age as determined by the psychological 
evaluation (intelligence quotient range < 70).

Neurodevelopmental regression
Neurodevelopmental regression was defined as a loss 
of previously acquired neurodevelopmental milestones.

Favorable response to treatment
It was defined as a favorable response to treatment 
when there was at least a 50% reduction in seizures.
Exclusion criteria were the presence of a prior genetic 
diagnosis that predisposed to epilepsy and the presence 
of infantile spasms or Dravet syndrome prior to the 
diagnosis of autism spectrum disorder. The data were 
collected by consulting the clinical records of patients 
and our center database. We used Microsoft Excel 
(version 14) and IBM SPSS Statistics software (version 
23) to perform statistical analysis. Descriptive statistics 
and the chi-square test were adopted to compare 
nominal variables and multifactorial analysis. The level 
of statistical significance was set at p ≤ 0.05.

Epilepsy in Autism Spectrum Disorder
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Results

A total of 377 pediatric patients with ASD met the 
inclusion criteria, the majority of whom were male 
(82.1%, n = 310), with median current age of 12 years 
(2-18 years of age). On average, the age of referral for 
consultation was 2.6 years (1-17 years), and the mean 
follow-up time was five years (1-15 years).
Regarding the clinical examination, 16.9%, had 
macrocephaly (above the 97th percentile, WHO growth 
curves), 9% had skin lesions and 6.6% had dysmorphic 
features. Concerning neurodevelopmental issues, 62.9% 
showed cognitive impairment, 25.9% were non-verbal, 
and 21.4% presented neurodevelopmental regression. 
The complete results are presented in Table 1.
In our population, 37.7% of patients had MRI study, of 
which the main findings were non-specific abnormalities 
(that is, ventriculomegaly and white matter T2 
hyperdensities). Grey matter heterotopies were found 
in two patients.  
In total, 42.7% of patients underwent EEG studies, 
of which the large majority (83%) included sleep and 
awake EEG. The EEG were sought for initial investigation 
of autism in 83.2% of the cases, which included 
neurodevelopmental regression in 38.8%. In 14.9% of 
the cases, it was sought after the first seizure. 
Paroxysmal activity in the EEG was observed in 21.7% 
(n = 35) of the patients. The EEG showing paroxysmal 
activity was sought after the first clinical seizure in 
65.7% (n = 23) of cases and during the diagnostic 

process to suspect autism in the rest (n = 12) of cases.
Finally, 28.9% of the patients with ASD were subjected 
to genetic studies, mainly array-based comparative 
genomic hybridization (array-CGH) and fragile X. Most 
of the genetic findings were inconclusive, although 
three patients presented 1q21.1 duplication which is 
associated with ASD. 
Of all the patients with ASD in our sample, 10.9% (n = 41) 
were diagnosed with epilepsy during the study period. 
The characteristics of this subgroup are in Table 2. 
The first seizure occurred mainly in two age groups: 
toddlers and teenagers (Fig. 1). The majority (59%) of 
these patients were already being followed in our center 
for neurodevelopmental concerns when the first seizure 
occurred.
Focal seizures were the most frequent (68.3%) and were 
mainly described in clinical records as focal seizures with 
impairment of consciousness, followed by generalized 
tonic-clonic seizures (24.4%). 
In this subset, 73.2% of patients underwent MRI, of 
which one showed grey matter heterotopias. Regarding 
EEG studies, 56% showed focal epileptic activity (30% 
temporal lobe paroxysms, 22% frontal lobe paroxysms), 
13% showed generalized activity, and the rest did not 
show any paroxysmal activity. No patients showed 
continuous spike wave during sleep in the EEG study.
A total of 27 patients (68%) with seizures were 
under treatment with anti-epileptic drugs: 37% with 
sodium valproate, 14% with carbamazepine, 14% with 
levetiracetam, and 5% with eslicarbazepine. In the 
epilepsy group, 51% were also managed with anti-
psychotic drugs (risperidone or aripiprazole) compared 
to 27% of patients without epilepsy. 
Favorable response to monotherapy was observed in a 
significant number of patients (60%). Drugs of choice 
for monotherapy were sodium valproate (n = 8) and 
carbamazepine (n = 7). In total, eight patients needed 
a two-drug regimen, one needed three drugs, and 
another needed four drugs to attain epilepsy control. 
No patient in our sample underwent epilepsy surgery.
There were 336 patients in the ASD without epilepsy 
subgroup in our sample (Table 2). The majority of whom 
were male (n = 277, 82%), 17% had macrocephaly, 10% 
showed skin abnormalities and 6% had dysmorphic 
features. In our sample, 63% showed cognitive 
impairment, 24% were non-verbal and 19% showed 
neurodevelopmental regression. In this subgroup, 33% 
underwent MRI studies, with 11 patients showing 
findings, mainly non-specific abnormalities such as 
ventriculomegaly and white matter T2 hyperdensities. 
Regarding EEG studies, 33% were submitted to an 
electroencephalogram, with 12 (3.6%) patients showing 

Epilepsy in Autism Spectrum Disorder

EEG - electroencephalography; MRI - Magnetic Resonance Imaging. 

Table 1. Characterisation of population with autism spectrum 
disorder (n = 377)

Characteristic n %

Male 310 82.1%

Seizures 41 10.9%

Family history 92 24.3%

Skin lesions 34 9.0%

Macrocephaly 64 16.9%

Dysmorphic features 25 6.6%

Cognitive impairment 237 62.9%

Regression 81 21.4%

Absence of language 97 25.9%

Investigation

MRI 142 37.7%

EEG 161 42.7%

Genetic testing 109 28.9%

Medication

Anti-epileptic 37 9.8%

Anti-psychotic 109 28.9%
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paroxysmal activity, mainly in the temporal lobe. 
In this group, 27% of patients were managed with 
antipsychotic drugs. 
The results obtained from the comparison of the 

subgroups with and without epilepsy showed that the 
absence of language and regression was associated with 
the presence of epilepsy (Table 3). Multifactorial analysis 
adjusted for language and regression showed the 

Epilepsy in Autism Spectrum Disorder

Table 2. Characterisation of subgroups: with autism spectrum disorder and epilepsy and with autism spectrum disorder without epilepsy

Autism and Epilepsy Autism without Epilepsy

Characteristic n % n %

Total 41 336

Male 33 80.5% 277 82.4%

Family history 10 24.4% 82 24.4%

Skin lesions 1 2.4% 33 9.8%

Macrocephaly 7 17.1% 57 17%

Dysmorphic features 4 9.7% 21 6.3%

Cognitive impairment 25 61.0% 212 63.1%

Regression 16 39.0% 65 19.35%

Absence of language 17 41.5% 80 23.8%

Investigation

MRI 30 73.2% 112 33.3%

EEG 41 83.7% 110 32.7%

Genetic testing 9 21.9% 100 29.7%

Medication

Anti-epileptic 27 65.9% - -

Anti-psychotic 21 46.3% 90 26.8%

EEG - electroencephalography; MRI - Magnetic Resonance Imaging. 

Table 3. Comparison between the epilepsy and no epilepsy subgroups

Epilepsy No epilepsy
p value*

n % n %

Family history 10 24.4% 82 24.4% 1.000

Male gender 33 80.5% 277 73.5% 0.828

Macrocephaly 7 17.1% 57 17% 1.000

MRI changes 6 14.6% 30 8.9% 0.257

Absence of language 17 41.5% 80 23.8% 0.022

Regression 16 39% 65 19.3% 0.008

MRI - Magnetic Resonance Imaging. 
* Chi-square test.
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Figure 1. Age distribution in the first seizure (n = 41).
Figure 2. Yearly diagnosis of autism spectrum disorder in our 
center.
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independence of both variables (absence of language 
p = 0.048, neurodevelopmental regression p = 0.014). 

Discussion

In our center, we have witnessed a rise in both the 
referrals for suspicion of autism (Fig. 2) and the diagnosis 
of ASD itself, in the last 15 years. Characteristics such as 
the age of the included patients and the change in the 
diagnosis criteria for ASD through the years are factors 
that can impact the reported rates of autism.
Autism and epilepsy share a common neurochemical 
substrate. Current evidence suggests that both conditions 
share a genetic etiology as research links mutations in 
different genes to epilepsy, autism, or both conditions.14,15 
Both autism and epilepsy could be secondary to 
disturbances of large-scale neuronal networks of the 
cortical-subcortical systems,16,17 and environmental 
factors such as unidentified toxic substances and 
increasing parental age may also play a role.
Seizures can contribute to the behavioral changes in 
ASD through repetitive seizure-induced excitotoxicity 
that causes permanent injury of the cortical neuronal 
networks that control behaviour.18 The sensory 
perceptual abnormalities in ASD could reflect this 
change in cortical function which can be manifested in 
the auditory, tactile and visual, domains.19 Stereotypies 
commonly displayed by autism patients can improve 
sensory processing by regulating brain rhythms, through 
a rhythmic motor command or the rhythmic sensory 
feedback created by the movements.20

When compared to the healthy population, patients 
with ASD present an increased incidence of epilepsy. Our 
results agree with existing studies, with an incidence of 
epilepsy in 11% of children and teenagers with autism. 
The first seizure occurred mainly in two age groups, 
toddlers and teenagers, similar to other studies.12,21 The 
median age of patients in our sample was 12 years old, 
which explains why the toddler age group outsized the 
teenager group, as opposed to other studies in which most 
patients have their first seizure in their teenage years.12 It 
is likely that some children might develop epilepsy in the 
future and fall within the second age group. 
Most (59%) patients were already being followed in 
our center for a suspected or already confirmed autism 
diagnosis when the first seizure occurred. Therefore, it can 
be inferred that the neurodevelopmental symptoms that 
first point to precede the clinical seizures in most cases. 
The majority (68%) of our patients showed focal 
seizures. Although no predominant type of seizure has 
been specified in the literature, reports are increasingly 

displaying a preponderance of focal seizures in patients 
with ASD.10,22 
An EEG was sought in the vast majority (92%) of the 
patients with clinical seizures. Studies have suggested that 
EEG with sleep study is more likely to show paroxysms. 
We could only get sleep studies in 87% of cases, due 
to the difficulties in performing EEG in children with 
behavior problems, sensory integration difficulties, and 
sleep disturbances. This might explain the presence of 
EEG paroxysmal activity in only 60% of patients.
In both groups (with and without epilepsy), there was 
a noteworthy number of ASD patients with temporal 
paroxysmal activity. The temporal lobes are critical for 
language and social functioning, and these skills might 
not develop in the presence of epilepsy syndromes that 
affect the temporal lobe.11 The presence of epileptiform 
discharges in temporal areas before 18 months of age 
may be linked to the deficits in social development 
typical of autism.23 Imaging studies support this, as some 
patients with temporal lobe epilepsy display anatomic 
changes in the brain structures that are responsible for 
social brain functioning.24,25 In children with ASD and 
epilepsy, single-photon emission computed tomography 
(SPECT) studies show hypoperfusion in areas that are 
likely correlated with reduced function, such as mesial 
temporal lobes or the prefrontal lobes.26,27 However, not 
only temporal, but also paroxysmal activity in the frontal 
lobe is associated with later diagnosis of epilepsy.28-30 
In the subset of patients with ASD without epilepsy, 
3.6% showed paroxysmal EEG activity, which mainly 
included temporal paroxysmal activity. Our patients 
with paroxysmal activity (none of them with continuous 
spike wave during sleep) without epilepsy will continue 
follow-up.
Our study comprised patients who were followed for a 
period of 15 years, during which methods to investigate 
neurodevelopmental disorders have changed. 
Furthermore, suspected autism was not always the 
reason for referral and was a later diagnosis. This might 
explain why over a third of our patients underwent EEG 
studies. Currently, the presence of neurodevelopmental 
regression is the established indication of EEG study in 
autism spectrum disorder. 
In our study, sodium valproate was the main choice 
of treatment for seizures. The choice of anti-epileptic 
varies through literature12,31 and, as of our research, 
there were not any specific recommendations regarding 
an ideal drug regimen for epilepsy control in autism 
spectrum disorder. Sodium valproate might be a good 
treatment choice for its effects on both seizure and 
behavioral control, which are often impaired in these 
patients. It has been demonstrated that antiepileptic 
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treatment does not impact the improvement of the core 
ASD symptoms.31,32 It is important to note that scientific 
data does not support the use of anti-epileptic drugs in 
patients without epilepsy.
In our sample, 21% of ASD children showed 
neurodevelopmental regression, which was lower than 
that in other studies reporting a rate of 30%-41%.11,22 
In line with other studies, regression, and the absence 
of language in our sample were associated with the 
presence of epilepsy in patients with autism spectrum 
disorder.33,34 
Some authors suggest association of epilepsy with female 
gender or the presence of cognitive impairment, which 
we could not demonstrate in our study.10,12,35 Moreover, 
some reports suggest a correlation between the severity 
of cognitive impairment and the risk of epilepsy.17

Regarding the limitations of our study, like other 
retrospective studies, the data was gathered by reviewing 
the clinical process of the patients, who are followed by 
different clinicians, with different methodologies of 
investigation, which might impact the data collected. 
Regarding the degree of severity of autism spectrum 
disorder, the main tests used in our center to evaluate 
our patients were Childhood Autism Rating Scale (CARS) 
and Autism Diagnostic Observation Schedule (ADOS-2). 
However, due to incomplete records, it was not possible 
to include these data in our analysis and to characterize 
the cognitive impairment in all patients. Furthermore, 
we chose not to include the presence of EEG paroxysmal 
activity in the comparative analysis, as most patients 
did not have an EEG prior to the beginning of epilepsy. 
Unfortunately, it was not possible to perform video-EEG 
on most of our patients.
Finally, some patients included in this study are currently 
over 18 years old, therefore are not followed in neither 
child neurology consult, nor, in some cases, at our 
institution anymore. Data about eventual seizures after 
the age of 18 might be missing, and true incidence of 
epilepsy in our sample might be underestimated.
In conclusion, we found that the absence of language 
and neurodevelopmental regression were associated 
with the future diagnosis of epilepsy. We understand 
that diagnosing seizures in ASD patients is difficult 
due to the behavioral characteristics of this disorder, 
such as non-responsiveness or motor stereotypies, that 
might just be the manifestations of autism spectrum 
disorder. Regardless, we advocate that the possibility of 
developing seizures in ASD patients should be discussed 
with caretakers, particularly in cases of patients with 
such symptoms as neurodevelopmental regression or 
absence of language. It is of paramount importance to 
maintain adequate follow-up and have a low threshold to 

suspect seizures in these patients. Anticipatory measures 
should be pursued, such as teaching parents to recognize 
a seizure, and perhaps even address the approach to a 
seizure, as well.
Our study translates our local reality and cannot be 
generalized to a national scale. In the future, it would 
be interesting to develop a multicentric approach to 
understand the incidence of epilepsy in ASD in our 
country and to better characterize this disorder.
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Introdução: O transtorno do espectro do autismo é 
caracterizado por défices persistentes na comunicação 
e interação social, bem como padrões restritos de 
comportamento, interesses e atividades no período inicial do 
desenvolvimento. É um diagnóstico cada vez mais frequente. 
A associação entre o transtorno do espectro autista e a 
epilepsia é conhecida. Diferentes estudos relataram vários 
fatores preditivos relacionados com o diagnóstico futuro 
de epilepsia, tais como défice cognitivo, regressão do 
neurodesenvolvimento e ausência de linguagem.
Métodos: Foi realizado um estudo observacional, 
retrospectivo, descritivo e comparativo da revisão dos 
registos clínicos de doentes pediátricos com transtorno 
do espectro do autismo que foram acompanhados num 
centro de desenvolvimento infantil entre janeiro de 2006 e 
janeiro de 2021. Os dados foram analisados   com o programa 
software SPSS (versão 23 ). O nível de significância foi 
estabelecido em p < 0,05.
Resultados: O presente estudo incluiu 377 crianças e 
adolescentes com transtorno do espectro do autismo, dos 
quais 41 (10,9%) foram diagnosticados posteriormente 
com epilepsia. O tempo médio de seguimento foi de cinco 

anos. Nos doentes com epilepsia, a idade mais frequente 
da primeira crise foi determinada em dois períodos: entre 
os 2-5 anos (53,5%) e durante a adolescência (25,6%). A 
apresentação mais frequente (68,3%) foram crises focais, 
56,1% das quais foram paroxismos de eletroencefalograma 
(17,1% no lobo temporal). A maioria (65,9%) estava sob 
tratamento com antiepilépticos, 60% em monoterapia, 
principalmente com valproato de sódio (37,2%). A regressão 
(39% vs 19,3%, p = 0,008) e ausência de linguagem (41,5% vs 
23,8%, p = 0,022) apresentaram uma maior associação com 
o desenvolvimento de epilepsia nos doentes.
Discussão: Com base nos resultados obtidos, 11% dos 
doentes apresentavam transtorno do espectro do autismo 
e epilepsia. A regressão do neurodesenvolvimento e a 
ausência de linguagem foram associadas ao desenvolvimento 
de epilepsia, o que pode implicar necessidade de 
aconselhamento específico e cuidados antecipatórios neste 
subgrupo de doentes.

Palavras-Chave: Adolescente; Comorbilidade; Criança; 
Epilepsia/diagnóstico; Epilepsia/epidemiologia; Idade de 
Início; Transtorno do Espectro Autista/epidemiologia
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Abstract

Introduction: Neonatal alloimmune neutropenia is a rare condition often resulting from maternal sensitization to paternal 

human neutrophil antigens present on the fetal neutrophils. There is a paucity of data on neonatal alloimmune neutropenia 

in Portugal. This study aimed to describe the cases of neonatal alloimmune neutropenia diagnosed in a Portuguese laboratory 

unit of cytometry and genetics.

Methods: An observational retrospective study was conducted on 12 newborns suspected of having neonatal alloimmune 

neutropenia referred to our laboratory from 2010 to 2019. Descriptive statistical analysis of the laboratory results, clinical data, 

outcomes, and management was performed.

Results: A total of 10 patients with neonatal alloimmune neutropenia were included in this study, of whom seven were female. 

The mean gestation age was 34 ± 4 weeks. The median age and absolute neutrophil count at the time of diagnosis were 1 

day (interquartile range 0) and 230 cells/µL (interquartile range 550). All cases had incompatible human neutrophil antigens 

genotypes: human neutrophil antigen 1a (three cases), human neutrophil antigens 1b (six cases), and human neutrophil 

antigens 3a (two cases). Moreover, two cases were incompatible with two human neutrophil antigens polymorphisms and 

eight infants developed infections in the first months of life. All infections involved hospitalization. The median number of 

infections per patient was one (interquartile range 1). Two newborns received neonatal alloimmune neutropenia directed 

treatment. Neutropenia resolution   occurred at a median age of 58 days (interquartile range 65).

Discussion: The human neutrophil antigens maternal-fetal incompatibilities found in Portugal were consistent with the 

available literature. Most clinicians had a vigilant attitude, without therapy, towards neonatal alloimmune neutropenia, 

even when severe neutropenia and infection were present. We encourage pediatricians to investigate neonatal alloimmune 

neutropenia in newborns with neutropenia without other established causes.

Keywords: Autoimmune Diseases; Infant, Newborn; Infant, Newborn, Diseases; Neutropenia/diagnosis; Neutropenia/

immunology; Neutropenia/therapy; Portugal

Keypoints

What is known:
- Neonatal alloimmune neutropenia can present with infections 
or be asymptomatic and often its resolution occurs spontaneously 
before 6 months of age.
- In newborns with neutropenia without an obvious cause, 
clinicians must consider neonatal alloimmune neutropenia.
- Even though newborns with neonatal alloimmune neutropenia 
reach full neutrophil recovery, a considerable proportion of them 
have severe and potentially life-threatening infections.

What is added:
- Laboratory investigation involving immune and genetics assays of 
neonatal alloimmune neutropenia should not be delayed for both 
parents and newborns.
- This is the first Portuguese study on neonatal alloimmune 
neutropenia. A national reference diagnostic laboratory and 
registry of neonatal alloimmune neutropenia patients would 
contribute to the increase of knowledge and improvement of 
patient care.
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Introduction

Neonatal alloimmune neutropenia (NAIN) is a rare cause 
of neutropenia in newborns which occurs due to the 
transplacental passage of maternal immunoglobulin 
G (IgG) antibodies directed against fetal neutrophil 
antigens inherited from the father. The incidence has 
been estimated to be between 2/1000 to 8/10 000 live 
births.1,2 However, in some studies, it has been reported 
up to 1/120 000 live births.3,4

Currently, 11 human neutrophil antigens (HNA) are 
known in five different HNA systems (HNA-1, 2, 3, 4, and 
5).5 Alloantibodies against the HNA-1 are the ones most 
frequently identified.2,4

Infants with neonatal alloimmune neutropenia 
can present with infections, including sepsis, or be 
asymptomatic.4,6 Usually, neutropenia is an incidental 
finding in blood cell counts performed for indications 
not related to infection. It is worth mentioning that up 
to 50% of these infants lack infection at presentation, 
despite having severe neutropenia.4-6 Treatment with 
prophylactic antibiotics, granulocyte-colony stimulating 
factor, and intravenous immunoglobulins (IVIg) has 
been administered with little evidence of effectiveness.5 
Nevertheless, in the majority of cases, resolution of 
neonatal alloimmune neutropenia occurs spontaneously 
before 6 months of age.3,4,6 
The diagnosis of neonatal alloimmune neutropenia 
impacts the follow-up process and treatment provided 
to newborns. Since neutropenia is frequently induced 
by sepsis in infants, sometimes it is difficult to determine 
whether the neutropenia has resulted in sepsis or has 
been a consequence of it.7,8 Therefore, the physician has 
to consider neonatal alloimmune neutropenia to reach 
the diagnosis.
Therefore, due to the paucity of data on the disease 
in Portugal, the present study aimed to describe the 
laboratory and clinical findings of the newborns with 
neonatal alloimmune neutropenia diagnosed in our 
Portuguese laboratory unit of cytometry and genetics 
and compare them with the results reported in the 
literature to discuss some practical issues concerning 
the laboratory investigation of the disease.

 Methods  

We identified all the newborns with suspected 
NAIN, who were referred to the unit for diagnosis in 
hematology, clinical hematology department, Centro 
Hospitalar Universitário do Porto, from January 2010 to 
December 2019. 

The inclusion criteria were suspected cases of neonatal 
alloimmune neutropenia referred to the unit and 
confirmed neonatal alloimmune neutropenia diagnosis 
and available medical records.
The laboratory results and clinical data were reviewed, 
followed by a descriptive statistical analysis of the 
laboratory and clinical findings.
To conduct flow cytometry and genetic tests, peripheral 
blood samples from the infant, the mother, and the 
father were collected into tubes containing ethylene 
diamine tetra acetic acid-K3 as an anticoagulant. The 
mother plasma was separated by centrifugation.
In our laboratory, serological / immunological tests 
for the diagnosis of neonatal alloimmune neutropenia 
were performed by flow cytometry using a NAVIOS™ 
benchtop flow cytometer (Beckman Coulter, California, 
USA). This was conducted by demonstrating the 
presence of IgG coated neutrophils in the newborn 
and IgG alloantibodies in maternal plasma against the 
neutrophils from the father (crossmatch testing), using 
in-house developed methods. 
Briefly, washed newborn peripheral blood cells were 
incubated with anti-IgG antibodies conjugated with 
fluorescein isothiocyanate to evaluate the presence 
of IgG antibodies on the surface of the newborn 
neutrophils, and the median fluorescence intensity 
obtained on neutrophils was measured by flow 
cytometry. The results obtained from this process were 
considered negative or positive when compared with 
the results obtained from the neutrophils of three 
healthy individuals (blood donors) studied in parallel. 
The crossmatch test was performed by incubating 
the mother plasma with neutrophils from the father, 
followed by the detection of IgG antibodies at the father 
neutrophil surface as described above. The results were 
then considered negative or positive by comparison 
with those obtained from healthy individuals pool of 
plasma (male blood donors were selected to avoid 
the possibility of using plasma of women with anti-
neutrophil antibodies due to previous pregnancies). 
In both cases, red blood cell lysis and leukocyte fixation 
were carried out by processing the samples with FACS™ 
lysing solution (Becton Dickinson, New Jersey, USA), 
according to the manufacturer instructions. It should be 
noted that when the newborn neutrophil count is less 
than 100 cells/µL, it is usually impossible to determine 
the presence of IgG on the infant neutrophils since the 
recovered neutrophils are not sufficient to carry out the 
study. In addition, the crossmatch testing can be negative, 
even in the presence of anti-neutrophil IgG antibodies 
in maternal serum, due to the post-zone effect. We 
considered neonatal alloimmune neutropenia diagnosis 
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when both tests performed were positive or one was 
positive, with incompatibility in HNA genotyping.
Human neutrophil antigens incompatibility was 
determined by HNA genotyping, performed on the 
newborns and their parents, using the HNA genotyping 
tray (OneLambda, Thermo Fisher Scientific Inc., 
California, USA), which allowed for the detection of 
nine HNA polymorphisms (1a, 1b, 1c, 3a, 3b, 4a, 4b, 
5a, and 5b). Before 2018, the HNA genotyping test 
available in our laboratory only allowed the detection of 
three HNA polymorphisms (1a, 1b, 1c). In specific cases 
with concomitant thrombocytopenia, incompatibility 
for human platelet antigens (HPA) was also determined 
using the ExProbe SE HPA 1~6, 15, 21 typing kit (TBG 
Biotechnology Corp., Texas, USA), which made it possible 
to identify the following HPA polymorphisms: HPA-1a/b, 
HPA-2a/b, HPA-3a/b, HPA-4a/b, HPA-5a/b, HPA-6a/b, 
HPA-15a/b, and HPA-21a/b.
In cases of infants with diagnosed neonatal alloimmune 
neutropenia, further data were obtained through a 
review of medical records. Due to the high volume 
of requests received to our laboratory from all over 
the country, it was necessary to get in touch with 
the infants medical assistants to obtain their medical 
records through the electronic patient record in each 
hospital. A standard clinical form with the medical 
information needed was sent, so that the proper clinical 
information was obtained. 

Neutropenia was defined by an absolute neutrophil 
count less than 1500 cells/µL, with severe neutropenia 
occurring when absolute neutrophil count was equal 
to or less than 500 cells/µL. Resolution of neutropenia 
was considered the time when absolute neutrophil 
count first reached or exceeded 1500 cells/µL with no 
recurrence of neutropenia.
Descriptive statistical analysis was performed using 
the Statistical Package for Social Sciences (SPSS) ® 
software, version 27.0 (IBM Corporation, Armonk NY, 
USA). Categorical variables are presented as frequencies 
and percentages and continuous variables as means and 
standard deviations (SD), or medians and interquartile 
ranges (IQR) for variables with skewed distributions.

Results

A total of 12 patients were referred to our laboratory for 
the investigation of neonatal alloimmune neutropenia 
during the study period (which covered nearly 10 years), 
11 of whom were diagnosed with neonatal alloimmune 
neutropenia, one was excluded due to unavailable clinical 
information, and another patient was also excluded 
for having congenital neutropenia due to an ELANE 
gene mutation. Therefore, 10 infants with neonatal 
alloimmune neutropenia were included in this study and 
evaluated for clinical and experimental data (Tables 1, 2,3 

Neonatal Alloimmune Neutropenia

CBC - complete blood count; D31 - intravenous immunoglobulins made on the 31st day of life; D51 - intravenous immunoglobulins made on the 51th day of life; E. coli - Escherichia coli; GD - gestational 
diabetes; HDN - hemolytic disease of the newborn; IVIg - intravenous immunoglobulins; IUGR - intrauterine growth restriction; LOS - length of stay (duration of hospitalization); NA - not available; 
NICU - neonatal intensive care unit; PE - preeclampsia; PPROM - preterm premature rupture of membranes; RSV - respiratory syncytial virus; S. aureus - Staphylococcus aureus; S. epidermidis - 
Staphylococcus epidermidis; SPB - spontaneous preterm birth; UTI - urinary tract infection.
* The infectious agent is presented below the infection episodes in the cases it was identified.
† The newborns under prophylactic antibiotics had the same regimen: gentamicin and ampicillin.
‡ This case was previously published.14

§ Anti-C e anti-Jka antibodies were detected, without clinical signs of hemolytic disease in the newborn. It was not considered an obstetric complication.

Table 1. Clinical features of infants with neonatal alloimmune neutropenia

Case Sex
Gestation
(weeks)

Birthweight
(g)

Obstetric 
complications

Reason for 
CBC 

First CBC with 
neutropenia
(days of life)

Presenting 
infection*

Admission
LOS
(days)

Other infectious
complications*

Therapeutic
management

Neutropenia
resolution
(days of life)

Infection after 
discharge during 
the first 6 months 
of life

1 F 33 1890 SPB
Sepsis 
screening

1 No Nursery 25 No
- Prophylactic 
antibiotic† 81 No

2 F 39 3230 GD Omphalitis 14 Omphalitis Nursery 14 No - Directed antibiotic 56 No

3 F 29 1165
PPROM
GD

Sepsis 
screening

1 No NICU 33 No - Prophylactic antibiotic 29
Bronchiolitis 
requiring hospital 
admission (RSV)

4 M 34 2180 PPROM
Sepsis 
screening

1 No Nursery 21 Omphalitis
- Prophylactic antibiotic
- Directed antibiotic 

106 No

5 F 30 760
PE
IUGR

Sepsis 
screening

1
Sepsis
(S. aureus)

NICU 80
UTI
(E. coli)

- Directed antibiotic
- Prophylactic antibiotic

NA No

6‡ M 29 950 IUGR
Sepsis 
screening

1 No NICU 68
Sepsis
(S. epidermidis)

- Prophylactic antibiotic
- Directed antibiotic
- IVIg 400 mg/kg/day, 5 
days, D42

58 No

7 F 39 3620
(Anti-C + anti-Jka 
antibodies) §

Risk of 
HDN

1 No Nursery 11 No None 10 No

8 F 33 980 IUGR
Sepsis 
screening

1
Fever 
without 
focus

NICU 77
Omphalitis
Conjunctivitis
(S. aureus)

- Prophylactic antibiotic
- Directed antibiotic
- IVIg 1 g, 2 days, D31

237

Fever without 
focus requiring 
hospital 
admission

9 F 37 2490 No Jaundice 2 No Nursery NA
Conjunctivitis
(S. aureus)

- Prophylactic antibiotic
- Directed antibiotic

66 No

10 M 37 3100 PPROM
Sepsis 
screening

1 Sepsis NICU 5 No
- Directed antibiotic
- Prophylactic antibiotic

29 No
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and Figure 1v).
Out of 10 infants, seven (70%) were female and six (60%) 
were premature (Table 1). The mean ± SD of gestational 
age at birth and birth weight were 34 ± 4 weeks and 
2037 ± 1054 g, respectively, and the median Apgar score 
at five minutes was 9 (IQR 1). A total of six (60%) infants 
were born via vaginal delivery. All pregnancies were 
regularly monitored, and eight (80%) pregnant women 
had obstetric complications. Anti-C e anti-Jka antibodies 
were detected in case 7, without clinical signs of neonatal 
hemolytic disease. Therefore, it was not considered 
an obstetric complication. One mother had a son with 
neonatal alloimmune neutropenia (case 2).
The hematological findings are presented in Table 2. 
The median absolute neutrophil count at presentation 
was 230 cells/µL (IQR 550) at a median age of one day 
(IQR 0). The mean ± SD nadir absolute neutrophil count 
was 88 ± 71 cells/µL at a median age of 3 days (IQR 
12). Neutropenia resolution was achieved at a median 
age of 58 days (IQR 65). A total of four patients also 
presented mild to moderate thrombocytopenia (< 150 
000 platelets/µL), with a mean ± SD platelet count of 
175 500 ± 69 209 platelets/µL, ranging from 76 000 to 
315 000 platelets/µL (Table 2, cases 3, 5, 6 and 8).
In total, four (40%) newborns had infections at 
presentation. We identified 10 infection episodes during 
the first hospitalization, four episodes at presentation, 
and six infection episodes in the cases of five newborns 
during a hospital stay, with a median number of one 
infection episode per newborn (IQR 1). Complications 
beyond the initial presentation were encountered in 
five patients (Table 1). An infectious agent was isolated 
in five infection episodes: two sepsis, one caused by 

Staphylococcus aureus and another by Staphylococcus 
epidermidis, two conjunctivitis caused by Staphylococcus 
aureus and a urinary tract infection caused by Escherichia 
coli. Moreover, three (30%) newborns developed no 
infection while neutropenic (cases 1, 3, and 7).
Five (50%) newborns were admitted to a neonatal 
intensive care unit (NICU) after birth, but the admission 
was not directly due to neutropenia (premature rupture 
of membranes, prematurity, and sepsis were the main 
causes). The mean ± SD duration of the hospitalization 
was estimated to be 37 ± 30 days. It was found that 
four (40%) infants had neutropenia resolution before 
discharge. None of the newborns, including those having 
concomitant thrombocytopenia, had hemorrhagic 
manifestations. There were no cases of death.
Concerning the therapeutic options, nine (90%) patients 
received at least one course of antibiotics and eight 
(80%) received prophylactic antibiotics (gentamicin 
and ampicillin), mainly due to premature rupture of 
membranes and prematurity, as well as neutropenia in 
cases 5, 9, and 10. Moreover, three (30%) newborns had 
infections (omphalitis, sepsis, and conjunctivitis) while 
under treatment with antibiotics prophylactic (cases 4, 
6, and 9), of whom two with infectious agents (a sepsis 
caused by Staphylococcus epidermidis and conjunctivitis 
caused by Staphylococcus aureus) were isolated. As 
indicated in Table 1, none of the newborns received 
granulocyte-colony stimulating factor, and intravenous 
immunoglobulins was administered to two infants 
(cases 6 and 8), with neutropenia resolution observed 
in one of them (case 8).
After discharge and in the first six months of life, 
two infants had one more infection episode requiring 
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Table 2. Blood counts and absolute neutrophil count evolution

Case First complete blood count with neutropenia Neutropenia nadir Formal work-up
at a reference laboratory Neutropenia resolution*

Time
(days of 
life)

ANC
(cells/
µL)

Hemoglobin
(g/dL)

Platelets
(cells/µL)

Time
(days of 
life)

ANC
(cells/µL)

Time
(days of 
life)

ANC
(cells/µL)

Time
(days of life)

1 1 210 19.4 201 000 9 110 9 < 100† 81

2 14 900 16.2 198 000 35 0 24 < 100 56

3 1 110 12.9 76 000 2 30 15 < 100 29

4 1 230 17.1 315 000 28 80 3 < 100 106

5 1 200 16.4 119 000 1 200 78 523 NA

6† 1 230 16.0 121 000 3 60 16 NA 58

7 1 1000 16.2 155 000 3 100 7 781 10

8 1 200 16.8 135 000 2 0 22 313 237

9 2 700 20.0 197 000 6 100 12 639 66

10 1 400 17.0 238 000 2 200 3 300 29

ANC - absolute neutrophil count; NA - not available.
* The age at which absolute neutrophil count first reached or exceeded 1500 cells/µL without recurrence of neutropenia.
† This case was previously published.14
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hospitalization (cases 3 and 8), without and with 
neutropenia, respectively.
In the neonatal alloimmune neutropenia investigation, 
the median age at which formal laboratory investigation 
was undertaken was 14 days (IQR 17) (Table 2). In 
five cases (100% of the cases tested with success), 
increased levels of IgG antibodies were detected at 
the membrane of the newborns neutrophils (Table 3). 
We also found that four of the newborns had absolute 
neutrophil count < 100 cells/µL, at the time of the study. 

Therefore, enough neutrophils could not be recovered 
to test the presence of IgG coated neutrophils in the 
newborns. Eight (80%) cases had a positive crossmatch 
test, demonstrating the presence of IgG antibodies in 
maternal plasma, against paternal neutrophils. Among 
the five cases with available test results (the mentioned 
two tests), three (60%) were positive for both (Table 
3). In cases having a negative crossmatch test (cases 5 
and 9), the newborns had increased levels of IgG at the 
neutrophil surface, documenting an immune etiology 

Table 3. Laboratory features of infants with neonatal alloimmune neutropenia

Case
IgG on 
newborns 
neutrophils*

Crossmatch
test*

HNA genotyping† HNA incompatibility‡

1 3 4 5 Type 1a 1b 1c 3a 3b 4a 4b 5a 5b

1 NA§ Positive Mother bb bb aa aa

Father aa aa ab aa M/F Yes Yes Yes

Newborn ab ab aa aa M/N Yes Yes No

2 NA§ Positive Mother null NA NA NA

Father ab NA NA NA M/F Yes Yes

Newborn a NA NA NA M/N Yes No

3** NA§ Positive Mother aa ab ab ab

Father bb ab aa ab M/F Yes

Newborn ab aa aa ab M/N Yes

4 NA§ Positive Mother bb aa aa ab

Father ab ab aa aa M/F Yes Yes

Newborn ab aa aa ab M/N Yes No

5** Positive Negative¶ Mother ab aa aa aa

Father bb bb ab aa M/F Yes Yes

Newborn|| NA NA NA NA M/N NA NA

6†† NA|| Positive Mother ac NA NA NA

Father abc NA NA NA M/F Yes

Newborn abc NA NA NA M/N Yes

7 Positive Positive Mother aa bb aa ab

Father bb ab ab ab M/F Yes Yes Yes

Newborn bb ab aa bb M/N Yes Yes No

8 Positive Positive Mother null NA NA NA

Father bb NA NA NA M/F Yes

Newborn b NA NA NA M/N Yes

9 Positive Negative¶ Mother aa aa ab aa

Father bb aa ab ab M/F Yes Yes

Newborn ab aa ab aa M/N Yes No

10 Positive Positive Mother aa ab ab aa

Father bb aa ab ab M/F Yes

Newborn ab ab aa aa M/N Yes

ATB - antibody; HNA - human neutrophil antigens; IgG - immunoglobulin G; NA - not available; M/F – mother / father HNA incompatibility; M/N - mother / newborn HNA incompatibility.
* Both tests were done by flow cytometry; the crossmatch testing was performed by incubating the mother serum with neutrophils from the father. 
† The human neutrophil antigens genotyping test earlier than 2018 available in our laboratory only allowed the detection of the HNA-1 polymorphisms.
‡ For clarity, only human neutrophil antigens polymorphisms in which incompatibility between the mother and the father (M/F) and/or the mother and the newborn (M/N) were detected are 
presented.
§ Not enough neutrophils were recovered to carry out the test (newborn absolute neutrophil count <100 cells/mm3).
|| No sample was available to carry out the test.
¶ The crossmatch between maternal serum and paternal neutrophils can be negative, even in the presence of anti-neutrophil antibodies, due to the post-zone effect.
** Human platelet antigens (HPA) genotyping performed in these cases revealed no incompatibility for the HPA polymorphisms studied. Case 3: mother: HPA-1aa, -2aa, -3ab, -4aa, -5ab, -6aa, -15ab, 
-21aa; father: HPA-1aa, -2aa, -3ab, -4aa, -5aa, -6aa, -15ab, -21aa; newborn: HPA-1aa, -2aa, -3ab, -4aa, -5ab, -6aa, -15bb, -21aa. Case 5: mother: HPA-1aa, -2aa, -3ab, -4aa, -5ab, -6aa, -15ab, -21aa; 
father: HPA-1aa, -2aa, -3aa, -4aa, -5aa, -6aa, -15ab, -21aa.
†† This case was previously published.14
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(Table 3).
Furthermore, HNA genotyping of the mother and the 
father was performed in all cases, with three cases (30%) 
being tested only for HNA-1 (Table 3, Fig. 1). A potential 
couple incompatibility was found in all cases: HNA-1a in 
three (30%) cases, HNA-1b in seven (70%) cases, HNA-3a 
in two (20%) cases, HNA-3b in another two (20%) 
cases, HNA-4b in three (30%) cases, and HNA-5b in one 
(10%) case. Two of the mothers (cases 2 and 8) had an 
HNA-1-null phenotype and, consequently, complete 
deficiency of Fc gamma receptor IIIb (FcγRIIIb) (CD16) 
on neutrophils, as documented by flow cytometry. A 
total of nine newborns were genotyped for the HNA 
polymorphisms, confirming incompatibility for HNA-1a, 
HNA-1b, and HNA-3a in three (33%), six (67%), and two 
cases (22%), respectively. Two cases had incompatibility 
for two HNA polymorphisms (HLA-1a + HNA-3a and 
HLA-1b + HNA-3a, respectively). No incompatibility 
between the mothers and the newborns tested was 
observed for HNA-3b, HNA-4a, HNA-4b, HNA-5a, and 
HNA-5b (Table 3, Fig. 1). The only case in which the 
newborn HNA testing was missed (case 5) had a possible 
incompatibility for HNA-3b and/or HNA-4b, according to 
the HNA genotyping results of the parents.
Furthermore, HPA genotyping was performed in two 
(cases 3 and 5) out of four cases in which the newborn 
had concomitant moderate thrombocytopenia and 
no incompatibility was found for the polymorphisms 
studied (Table 2). 

Discussion

In our study, the severity of neutropenia was compared 
with previous neonatal alloimmune neutropenia 
studies.3,4,6 The neutropenia diagnosis was observed 
more incidentally on blood tests rather than in the 
presence of overt infection (40% of the cases), which 
was consistent with the literature.3-6 Even though all 
newborns reached full recovery and there was no 
fatal disease, 70% of them had infections (omphalitis, 
conjunctivitis, sepsis, and urinary tract infection). 
These rates are somewhat higher than those obtained 
in other studies, in which infection was observed in as 
many as 60% of infants with NAIN.3,4,6 There are some 
explanations for this worse outcome. 
Firstly, the high prematurity rate (60%) we found 
compared to other studies.6,9  Secondly, the median 
age at which formal neonatal alloimmune neutropenia 
investigation was undertaken was higher in this study, 
compared to other studies (14 vs 7 days of life), 
resulting in a delay in the diagnosis.6 Thirdly, not only we 

had a smaller number of newborns receiving neonatal 
alloimmune neutropenia directed treatment (20% vs 
44%),6 but we also found a difference between the 
first-line choice and the timing of treatment, compared 
to other studies (intravenous immunoglobulins versus 
granulocyte colony stimulating factor and 31-42 vs 1-12 
days of life, respectively).3,5,6,10

Moreover, the median time to resolution of neutropenia 
was two months (58 days of life), which was higher than 
some studies,6 but comparable to others.3,4

Our infants had neonatal alloimmune neutropenia 
mediated by antibodies against HNA-1b (67%), HNA-1a 
(33%), and HNA-3a (22%). Two cases had incompatibility 
for two HNA polymorphisms (HLA-1a + HNA-3a and 
HLA-1b + HNA-3a). This result was in agreement with 
the literature.2,5,6,11-14

We want to highlight the importance of both immune 
and genetics assays and the fact that both parents and 
infants need to be tested to ensure the correct neonatal 
alloimmune neutropenia diagnosis. Moreover, it should 
be noted that a negative crossmatch test does not 
exclude an HNA incompatibility (Table 3, cases 5 and 
9), and a potential mother / father HNA incompatibility, 
based on HNA genotyping, does not necessarily imply 
a mother / newborn incompatibility (Table 3, cases 1, 
2, 4, 7, 9 and Fig. 1). Therefore, we maintain that it is 
important to collect peripheral blood samples from 
the infant, the mother, and the father, for a proper 
laboratory diagnosis. 
We also found that four of our newborns had absolute 
neutrophil count < 100 cells/µL at the time of laboratory 
study, preventing the investigation of the presence of 
IgG antibodies neutrophil membrane of the newborns. 
In these cases, we suggest repeating the test as soon 
as neutropenia begins to recover, as in our experience. 
Based on the study of cases suspected of neonatal 
alloimmune neutropenia or autoimmune neutropenia, a 
neutrophil count of 200-300 cells/µL is usually enough to 
perform the test. As for the planning of blood collection 
for serological / immunological studies, it should be 
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Figure 1. Anti-human neutrophil antigens specificities in 10 cases 
of neonatal alloimmune neutropenia. 
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performed before initiating neonatal alloimmune 
neutropenia-directed therapies, especially high doses of 
intravenous immunoglobulins, since they may influence 
the results obtained.
In general, we want to emphasize that clinicians need 
to maintain a high index of suspicion for neonatal 
alloimmune neutropenia in newborns with neutropenia 
in the absence of another obvious cause. Moreover, 
delay in laboratory diagnosis should be avoided, since a 
correct diagnosis of neonatal alloimmune neutropenia 
allows for a proper clinical and therapeutic approach. 
The low diagnosis of neonatal alloimmune neutropenia 
reported in Portugal and the example of case 2 evolution, 
where despite the existence of a previous sibling with 
the disease diagnosed, it took 24 days to make a formal 
neonatal alloimmune neutropenia investigation shows 
that efforts should be made to sensitize clinicians 
toward this entity.
Most clinicians have a vigilant attitude, without 
therapy, towards neutropenia, even in the presence of 
severe neutropenia and infection. We report frequent 
administration (80%) of antibiotics to infants at risk of 
developing an infection. This reported prevalence of 
antibiotic therapy can be explained by the presence of a 
conservative approach to infants at risk of sepsis, which 
is consistent with other studies.6 Nevertheless, 30% 
of our newborns had infections while on prophylactic 
treatment.
In this study, the frequency of therapeutic interventions 
directed to neonatal alloimmune neutropenia was 
lower, compared to other studies (20% vs 44%),6 and 
higher use of granulocyte-colony stimulating factor was 
found in the literature.3-6 However, the best neonatal 
alloimmune neutropenia directed treatment is still to be 
determined.5,10,15,17

We acknowledge the limitations of the methodology 
used in this study, based on a retrospective analysis. The 
rarity of neonatal alloimmune neutropenia affects the 
case series design. The previous reporting of incidence, 
laboratory findings, and clinical outcomes in infants with 
neonatal alloimmune neutropenia were limited due to 
small population sizes and few international studies. 
To the best of our knowledge, no other studies on this 
subject were previously published with Portuguese 
data, except for one case report of neonatal alloimmune 
neutropenia published in 2012 as part of this series.14 
We believe that a national reference laboratory for the 
diagnosis of neonatal alloimmune neutropenia and a 
national patient registry for the disease would help 
make an efficient diagnosis, provide epidemiological 
data, enrich the literature available to the medical and 
scientific communities, and improve patient care.
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Introdução: A neutropenia aloimune neonatal é uma doença 

rara que resulta da sensibilização materna aos antigénios 

dos neutrófilos humanos de origem paterna presentes nos 

neutrófilos fetais. Os dados sobre a doença em Portugal 

são escassos. O objetivo deste estudo é descrever os casos 

de neutropenia aloimune neonatal diagnosticados numa 

unidade laboratorial de citometria e genética portuguesa.

Métodos: Realizou-se um estudo retrospetivo dos dados 

clínicos e laboratoriais, incluindo a terapêutica instituída 

e evolução, de 12 casos referenciados por suspeita de 

neutropenia aloimune neonatal entre 2010 a 2019.

Resultados: Foram avaliados 10 recém-nascidos. Sete eram 

do género feminino. A idade gestacional média foi de 34 ± 

4 semanas. A mediada da idade e da contagem absoluta de 

neutrófilos ao diagnóstico foram, respetivamente, 1 dia de 

vida (amplitude interquartil 0) e 230 células/µL (amplitude 

interquartil 550). Todos os casos tinham genotipagem 

para antigénios dos neutrófilos humanos incompatível: 

antigénio dos neutrófilos humanos 1a (três casos), antigénio 

dos neutrófilos humanos 1b (seis casos) e antigénio dos 

neutrófilos humanos 3a (dois casos). Dois casos tinham 

incompatibilidade para dois antigénios dos neutrófilos 

humanos. Oito recém-nascidos tiveram infeções nos 

primeiros meses de vida e todas implicaram hospitalização. 

A mediana do número de infeções por recém-nascido foi um 

(amplitude interquartil 1). Dois recém-nascidos receberam 

tratamento dirigido para a neutropenia aloimune neonatal. 

A resolução da neutropenia ocorreu com uma mediana de 

idade de 58 dias de vida (amplitude interquartil 65).

Discussão: As incompatibilidades para os antigénios dos 

neutrófilos humanos materno-fetais encontradas em 

Portugal foram consistentes com as descritas na literatura. Os 

clínicos privilegiaram uma atitude vigilante, sem terapêutica 

dirigida à neutropenia aloimune neonatal, mesmo em casos 

de neutropenia severa e infeção. Reforça-se a importância 

de investigar a neutropenia aloimune neonatal nos recém-

nascidos com neutropenia, sem outra causa estabelecida.

Palavras-Chave: Doenças Autoimunes; Recém-Nascido; 

Doenças do Recém-Nascido; Neutropenia/diagnóstico; 

Neutropenia/imunologia; Neutropenia/tratamento; 

Portugal
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CASE REPORT

Introduction

Eating disorders represent a group of mental health 
problems characterized by a persistent disturbance 
of eating or eating-related behavior that results in 
altered consumption or absorption of food, significantly 
impairing physical health or psychosocial behavior. 
Anorexia nervosa is characterized by a restriction of 
energy intake, leading to significantly low body weight, 
associated with an intense fear of gaining weight 
and distorted perception of body weight and shape.1 
The prevalence of anorexia nervosa in adolescents is 
unknown. It has been reported to be 0.3% in the United 
States population.2

It has also been reported that the incidence of anorexia 
nervosa is increasing in younger girls aged < 15 years.3 
Anorexia nervosa has the highest fatality rate of all 

mental health disorders.4 Roughly half of death events 
are attributable to physical complications associated 
with weight loss and starvation.5 
Malnutrition can virtually affect any organ. Aside from 
cardiovascular complications, such as bradycardia, 
hypotension, or arrhythmias, anorexia nervosa is also 
associated with such peripheral vascular disorders 
as acrocyanosis, erythema pernio, or Raynaud 
phenomenon. The conditions inducing vasospasm can 
lead to nonocclusive arterial ischemia. Although not 
common, severe peripheral ischemia has been reported 
in association with anorexia nervosa. However, it has 
always been associated with other risk factors besides 
anorexia nervosa.6,7 This study presents a case of a patient 
with anorexia nervosa and severe peripheral vasospasm, 
without any other risk or causal factor identified besides 
the decrease in body mass index (BMI).
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Abstract

Anorexia nervosa is an eating disorder associated with several medical conditions that are directly related to weight loss 

and starvation, including cardiovascular events and peripheral vascular disorders. We present a case report of a 15-year-old 

girl with anorexia nervosa and a severe peripheral vasospasm event which correlates directly with a decrease in body mass 

index without any other risk factor identified. Severe ischemia, as a complication of anorexia nervosa, is not common but has 

been reported in previous case reports, however, with other risk factors besides anorexia nervosa. Even though the exact 

pathophysiological mechanisms that predispose patients to vasculopathy in anorexia nervosa are still unknown, the likelihood 

of these complications increases as the patient further loses weight. Therefore, nutritional rehabilitation is fundamental to 

avoid these complications.

 

Keywords: Adolescent; Anorexia Nervosa/complications; Body Mass Index; Lower Extremity/blood supply; Peripheral Vascular 

Diseases/etiology 

Keypoints

What is known:
- Anorexia nervosa is associated with several medical complications 
directly related to weight loss and starvation.
- Management of anorexia nervosa is still a challenge and patients 
should be followed by a multidisciplinary team.
 

What is added:
- The mechanism of vascular abnormalities in anorexia nervosa 
is still unclear, but complications increase as the patient further 
loses weight.
- Benign peripheral vascular disorders are more common, but 
severe ischemia can also occur.
- A thorough laboratory assessment is required to exclude other 
disorders, including autoimmune diseases.
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Anorexia Nervosa and Peripheral Vasospasm

Case Report

A 15-year-old girl was admitted to the emergency room 
for bilateral foot edema and right foot paresthesia 
during the last 24 hours. No history of trauma, smoking 
habits, or new drug intake was reported. The patient 
was medicated with atomoxetine, 50 mg/day, for the 
last six months. There was no history of previous similar 
events. 
The patient presented with the following vital signs and 
anthropometric parameters: blood pressure 104/44 
mmHg, heart rate 77 bpm, axillary temperature 36ºC, 
weight 58.5kg; height 168.5cm (+0,88 SD); BMI 20.6kg/
m2 (-0.03SD). On physical examination, she had bilateral 
edema with erythema of both feet. We also observed 
bilateral erythematous lesions suggestive of erythema 
pernio and a dystrophic toenail on the right foot (Fig. 1). 
Additionally, her hands and feet were cold. There were 
not any other skin color abnormalities. However, the 
patient mentioned previous episodes of blackening 
toes. Right posterior tibial and pedal pulses were absent 
without motor deficits. Arterial Doppler ultrasound 
revealed a triphasic flow at the right anterior tibial 
artery and a monophasic flow at the right posterior 
tibial artery and dorsalis pedis artery, suggestive of 
vasospasm. The patient was treated with a 14-day course 
of low molecular weight heparin (single administration 
of enoxaparin 1.4 mg/kg/dose, followed by tinzaparin 
10 000 IU, once a day) and seven days of pentoxifylline 
(400 mg, three times a day). A marked improvement 
was observed since the fifth day of therapy. 
The patient had been diagnosed with anorexia nervosa 
eight months prior to the event (Fig. 2, point B). At 
the first medical visit (multidisciplinary team with a 
pediatrician and pediatric psychiatrist), it was found that 
the patient was already being visited by a nutritionist, 

resulting in partial correction of the restrictive diet she 
had been following in addition to excessive physical 
activity. 
She was also amenorrheic (after menarche at 11-years-
old) for almost four months. The patient had an initial 
recovery and satisfactory evolution during the first four 
months (Fig. 2, point B to C) and had menstrual bleeding 
twice (Fig. 2, point C to D).  
The time-event of vasospasm matched the point E in Fig. 
2, showing overlap with a severe decrease in BMI. The 
difference between maximum BMI of 27.4 kg/m2 (point 
A) and BMI of 20.6 kg/m2 (point E) corresponded to a 
total weight loss of 24%. 
Laboratory assessment after the vasospasm event 
excluded the diagnosis of vasculitis, autoimmune diseases, 
and thrombophilia. Prior severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) infection was also 
excluded. No other alterations were found except for 
factor VII deficit (Table 1). The patient had no history of 
dyslipidemia. During follow-up, there was no other severe 
vascular intercurrence, despite persistent weight loss in 
the following six months (Fig. 2).

Discussion

Anorexia nervosa has been broadly associated with 
peripheral vascular disorders such as acrocyanosis and 
Raynaud phenomenon. The reason for the occurrence of 
such disorders is still unclear. It has been hypothesized 
that it can be due to dysregulation between peripheral 
vasoconstriction and vasodilatation.8 Weight loss can 
also lead to a loss of subcutaneous and perivascular 
adipose tissue, which in turn leads to an increase in 
vasospastic events.8 
Acrocyanosis could represent a more extreme form of 
heat-conserving mechanisms that are not uncommon 
in anorectics.9 Severe ischemia is not common but has 
been reported.6,7,10 
However, previous case reports indicated other risk 
factors besides anorexia nervosa. In the presented case, 
the vasospasm event led to acute lower limb ischemia 
with the pale and cold right foot with paresthesia (degree 
IIa of Rutherford acute limb ischemia classification11), 
and the only apparent risk factor was the severe BMI 
decrease in a teenager with anorexia nervosa. To our 
knowledge, our findings have not been reported in any 
other case reports. 
Even when considering the potential role of anorexia 
nervosa in the vasospasm event, it is crucial to 
exclude any other disease or risk factor for vascular 
complications, including drug intake. A bidirectional 

Figure 1. Self-photos taken before emergency room observation 
showing both feet with bilateral edema, erythema, and 
erythematous lesions suggestive of erythema pernio in addition 
to a dystrophic toenail on the right foot (A) and details of right 
foot (B).
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aPTT - activated partial thromboplastin time; Ig - immunoglobulin; INR - international normalized ratio; NR - not reactive; PT - prothrombin time; R - reactive; SARS-CoV-2 - acute respiratory syndrome 
coronavirus 2.
* Abnormal values.

Table 1. Laboratory assessment after the vasospasm event (only relevant results)
Analysis / test Result Reference values / interpretation

Autoimmunity

Antinuclear antibodies (ANA) negative -

Antibodies against Ro/SSA and La/SSB, Sm, RNP, Scl70, JO1 negative -

Cytoplasmic antineutrophil cytoplasmic antibodies (anti-C-ANCA) negative -

Perinuclear antineutrophil cytoplasmic antibodies (anti-P-ANCA) negative -

Antibodies anti-mieloperoxidase (anti-MPO) negative -

Antibodies anti-proteinase 3 (anti-PR3) negative -

Infection markers

Anti-SARS-CoV-2 IgG 0.120 NR < 0.7, R ≥ 1.4

Anti-SARS-CoV-2 IgM 0.030 NR < 1.0, R ≥ 1.0

Hemostasis

INR 1.26 Normal

PT (seconds) 14.9 10.0-14.1

aPTT (seconds) 38.2 24.6-38.4

Factor VII* 39 %* 55.4-133.1

Molecular studies

PRT20210 G/A normal -

Factor V Leiden normal -

Thrombophilia risk: F2, c.20210G>A; F5, c.1691G>A, p.R506Q negative -

Figure 2. Body mass index evolution and relevant events.

mo - months; yr - years.
Point A: maximum body mass index 27.4 kg/m2 at 14 years and 9 months. Point B: first medical visit and anorexia nervosa diagnosed, body mass index 21.4 kg/m2 at 15 years and 4 months. Point 
C: first menstrual bleeding after seven months of amenorrhea, body mass index 22 kg/m2 at 15 years and 8 months. Point D: last menstrual bleeding, BMI 21.8 kg/m2 at 15 years and 10 months. 
Point E: vasospasm event, body mass index 20.6 kg/m2 at 15 years and 11 months. 
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relationship was reported between eating disorders 
and autoimmune diseases in females.12 In our case 
report, all the laboratory assessments were negative. 
However, some analysis could have also been added, 
such as D-dimer, antiphospholipid antibodies, protein 
C, and protein S, due to their potential association 
with thrombotic events. Atomoxetine was the only 
medication the patient was taking (50 mg daily). 
Even though severe cardiovascular and vasospasm 
events have been associated with drugs used for 
attention deficit hyperactivity disorder, mostly after 
overdosing,13 there are no reports of vasospasm leading 
to severe limb ischemia with the use of atomoxetine. Of 
note, an incidence rate of 1%-3% was reported for cold 
extremities during atomoxetine use.14 
The patient was treated with a temporary course of 
anticoagulant therapy to prevent distal artery thrombosis 
during the vasospastic event. The association with a 
vasodilator therapy such as pentoxifylline led to the 
increase of blood flow to the affected microcirculation. 
The patient had a full recovery. During the follow-up, 
there were not any other vascular complications besides 
cold extremities, but always with palpable pulses, even 
with persistent weight loss. 
Further investigation is required to clarify the association 
between anorexia nervosa and vascular disorders, 
which can help identify both patients at risk and new 
therapeutic targets.
This case report shows severe peripheral vasospasm in 
a patient with anorexia nervosa, without any other risk 
or causal factor identified besides the decrease in BMI.
Peripheral vascular disorders are known complications of 

anorexia nervosa and the clear mechanisms are still not 
clear. The same as most eating disorder complications, 
anorexia nervosa is associated with nutritional status, 
and the likelihood of disease complications increases as 
the patient further loses weight.4

Author Contribuitions
AIM, RC and JS participated in the study conception or design. 
AIM, RC and JS participated in acquisition of data. AIM, RC and 
JS participated in the analysis or interpretation of data. AIM, 
RC, JS and JN participated in the drafting of the manuscript. 
PF participated in the critical revision of the manuscript. All 
authors approved the final manuscript and are 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.

Conflicts of Interest
The authors declare that there were no conflicts of interest in 
conducting this work.

Funding Sources
There were no external funding sources for the realization of 
this paper.

Protection of human and animal subjects
The authors declare that the procedures followed were in 
accordance with the regulations of the relevant clinical research 
ethics committee and with those of the Code of Ethics of the 
World Medical Association (Declaration of Helsinki 2013).

Provenance and peer review
Not commissioned; externally peer reviewed

Confidentiality of data
The authors declare that they have followed the protocols of 
their work centre on the publication of patient data.

Anorexia Nervosa and Peripheral Vasospasm

References
1. del Barrio V. Diagnostic and statistical manual of mental 
disorders. In: Spielberger CD, editor. Encyclopedia of applied 
psychology. Philadelphia: Elsevier; 2004. p. 607-14. doi: 
10.1016/B0-12-657410-3/00457-8.
2.  Swanson SA, Crow SJ, Le Grange D, Swendsen J, Merikangas 
KR. Prevalence and correlates of eating disorders in adolescents. 
Results from the national comorbidity survey replication 
adolescent supplement. Arch Gen Psychiatry 2011;68:714-23. 
doi: 10.1001/archgenpsychiatry.2011.22. 
3. van Eeden AE, van Hoeken D, Hoek HW. Incidence, 
prevalence and mortality of anorexia nervosa and bulimia 
nervosa. Curr Opin Psychiatry 2021;34:515-24. doi: 10.1097/
YCO.0000000000000739. 
4. Goldstein MA, Dechant EJ, Beresin EV. Eating disorders. 
Pediatr Rev 2011;32:508-21. doi: 10.1542/pir.32-12-508. 
5. Neale J, Hudson LD. Anorexia nervosa in adolescents. Br J 
Hosp Med 2020;81:1-8. doi: 10.12968/hmed.2020.0099. 
6. Breuer C, Fisch-Kohl C, Kemper MJ, Debus ES, Atlihan G. 

An anorexic girl with severe peripheral vasospasm. J Pediatr 
2014;164:201-2. doi: 10.1016/j.jpeds.2013.08.049. 
7. Comas JM, Archambeaud-Mouveroux F, Teissier MP, Huc MC, 
Laskar M. Ischéme aiguë d’un membre supérieur révélatrice 
d’une maladie de Buerger. Rôle favorisant d’une anorexie 
mentale. Rev Med Interne 1992;13:375-7. doi: 10.1016/s0248-
8663(05)81204-4. 
8. Sirufo MM, Ginaldi L, De Martinis M. Peripheral vascular 
abnormalities in anorexia nervosa: A psycho-neuro-immune-
metabolic connection. Int J Mol Sci 2021;22:5043. doi: 
10.3390/ijms22095043. 
9.  Strumia R. Skin signs in anorexia nervosa. Dermatoendocrinol 
2009;1:268-70. doi: 10.4161/derm.1.5.10193. 
10. Launay D, Queyrel V, Hatron PY, Michon-Pasturel U, 
Hachulla E, Devulder B. Nécroses digitales chez une patiente 
ayant une anorexie mentale. Association vasculopathie et 
traumatisme de l’artère radiale. Presse Med 2000;29:1850-2. 
11. Hardman RL, Jazaeri O, Yi J, Smith M, Gupta R. Overview 
of classification systems in peripheral artery disease. Semin 



598 Portuguese Journal of  Pediatrics

Anorexia Nervosa and Peripheral Vasospasm

A anorexia nervosa é um transtorno alimentar associado a 
diversas condições médicas relacionadas diretamente com 
perda de peso e inanição, incluindo eventos cardiovasculares 
e alterações vasculares periféricas. Relatamos o caso clínico 
de uma adolescente de 15 anos com anorexia nervosa e 
um evento de vasoespasmo periférico grave correlacionado 
diretamente com uma diminuição do índice de massa 
corporal e sem qualquer outro fator de risco identificado. 
A isquemia grave, como complicação da anorexia nervosa, 
não é comum. Foi relatada em casos anteriores, mas 
com outros fatores de risco presentes além da anorexia 

nervosa. Embora os mecanismos fisiopatológicos exatos que 
predispõem os doentes a vasculopatia na anorexia nervosa 
não sejam conhecidos, a probabilidade destas complicações 
aumenta com a perda de peso. Assim, a reabilitação 
nutricional é fundamental para evitar essas complicações.
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Introduction

Fever is a common symptom in childhood, usually 
associated with self-limited viral infections. When 
febrile episodes are recurrent and infection, malignancy, 
and autoimmune diseases are excluded, periodic fever 
syndromes should be considered in the differential 
diagnosis. These are a group of rare autoinflammatory 

conditions leading to abnormal over-expression of the 
innate immune system.1,2

Periodic fevers are characterized by spontaneous 
recurrent or continuous inflammation manifested by 
episodes of fever that are associated most frequently 
with mucocutaneous, osteoarticular, muscular, and 
gastrointestinal symptoms.3,4

Tumor necrosis factor receptor-1 associated periodic 
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Abstract

Hereditary periodic fever syndromes are a rare group of diseases that should be considered in the differential diagnosis 

of recurrent fevers of unknown origin. We report a case of two brothers with recurrent, self-limited fever episodes since 

three years of age associated with prostration, conjunctival hyperemia, abdominal pain, polyarthralgia, and myalgia. Acute 

phase reactants (C-reactive protein and erythrocyte sedimentation rate) were markedly elevated during crisis and normal 

during asymptomatic periods. Genetic study identified a mutation in the TNFRSF1A gene (c.242G>T, p.Cys81Phe) and led to 

the diagnosis of tumor necrosis factor receptor-1 associated periodic syndrome. Treatment with an interleukin-1 receptor 

antagonist (anakinra) was initiated with symptomatic control. The children father, who suffered from renal failure in the 

context of AA amyloidosis was also tested and demonstrated to have the same mutation. Tumor necrosis factor receptor-1 

associated periodic syndrome is one of the most common hereditary periodic fever syndromes. It has an autosomal dominant 

pattern with incomplete penetrance, and presents with high interindividual variability of symptoms. AA amyloidosis is the 

most severe complication of untreated tumor necrosis factor receptor-1 associated periodic syndrome. Based on evidence, 

treatment with an interleukin-1 receptor antagonist is effective in remitting symptoms and preventing complications.

Keywords: Child; Hereditary Autoinflammatory Diseases/complications; Hereditary Autoinflammatory Diseases/diagnosis; 

Hereditary Autoinflammatory Diseases/therapy; Interleukin 1 Receptor Antagonist Protein/therapeutic use; Receptors, Tumor 

Necrosis Factor, Type I/genetics

Keypoints

What is known:
- Hereditary periodic fever syndromes are rare but important 
diseases in the differential diagnosis of recurrent fevers of 
unknown origin in childhood.
- Tumor necrosis factor receptor-1 associated periodic syndrome 
diagnosis is challenging since clinical manifestations can overlap 
with other hereditary periodic fever syndromes.
- Irreversible long-term complications of AA amyloidosis could be 
the primary manifestation of the disease.

 

What is added:
- Identification of a child condition can lead to genetic testing and 
tumor necrosis factor receptor-1 associated periodic syndrome 
diagnosis in family members with unexplained symptoms.
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syndrome (TRAPS) is one of the most common hereditary 
periodic fever syndromes, with an estimated prevalence 
of 1-2 per million.5,6 Tumor necrosis factor receptor-1 
associated periodic syndrome has an autosomal 
dominant pattern with incomplete penetrance, meaning 
that other members of the family can be affected 
but with different clinical manifestations.7,8 Therefore, 
symptoms are variable and often overlap with those of 
other periodic fever syndromes. One of the most severe 
long-term complications is a renal failure caused by 
secondary amyloidosis. Similar to most rare diseases, a 
diagnosis of TRAPS is challenging and frequently made 
based on a high clinical suspicion.5

Case Report

We report a case of two male siblings, 6 and 8 years 
old, who were referred for a pediatric rheumatology 
consultation upon their father diagnosis of AA 
amyloidosis of unknown origin.
Both children presented with recurrent, self-limited 
febrile episodes since 3 years of age, lasting between 
seven and 15 days, with six month intervals between 
symptoms. Fever was high (> 39ºC), typically spiked 
twice a day with associated fatigue, anorexia, bilateral 
conjunctival hyperemia, intense diffuse abdominal pain, 
polyarthralgia (predominant in the knees), lower limb 
and cervical myalgia, and high acute phase reactant 
values, namely C-reactive protein and erythrocyte 
sedimentation rate. There were no clinical fever 
warning signs or presence of oral aphthous ulcers, 
pharyngitis, other gastrointestinal symptoms, thoracic 
and neurological symptoms, or such cutaneous 
manifestations as skin rash. The eldest child had been 
hospitalized five times between the ages of 3 and 
5, and the younger one had been hospitalized once 
at the age of 4 due to suspected infections without 
microbiological confirmation. Both siblings had no other 
previous medical history.
Regarding family history, the father mentioned recurrent 
febrile periods accompanied by headaches and myalgias 
since 9 years of age that faded with age. At the age 
of 44, in the context of nephrotic syndrome, a kidney 
biopsy revealed AA amyloidosis. There was no history of 
consanguinity or hereditary diseases. 
In the first clinical appointment, both brothers were 
asymptomatic with no relevant findings on physical 
exam. Shortly after, the older brother was admitted 
to inpatient care with an eight-day history of fever, 
abdominal pain, and neck soreness. On examination he 
had bilateral conjunctival and pharyngeal hyperemia, 

small bilateral cervical adenopathies, discomfort with 
cervical movement and diffuse abdominal tenderness. 
Blood work revealed leukocytosis (26 000 cells/µL) with 
neutrophilia (23 900 cells/µL), thrombocytosis (647 000 
cells/µL), elevated C-reactive protein (23.65 mg/dL) 
and erythrocyte sedimentation rate (86 mm/h). Blood 
and urine culture, rose Bengal and Widal tests as well 
as serology for Epstein-Barr virus were negative. Chest 
radiography and abdominal ultrasound showed no 
abnormal findings. Only antipyretics were administered.
At this point, considering the recurrent febrile episodes 
since a young age in both brothers, absence of 
confirmed infection and family history, an investigation 
was initiated for hereditary periodic fever syndrome. 
Genetic sequencing of the MEFV gene for familial 
Mediterranean fever was performed with no pathogenic 
mutations found.
In the next year of follow-up, both brothers had 
two febrile episodes with similar accompanying 
symptoms and laboratory workup revealed increased 
C-reactive protein and erythrocyte sedimentation rate, 
leukocytosis with neutrophilia and thrombocytosis. 
During crisis, increased levels of serum amyloid A were 
also documented (769 mg/L and 765 mg/L maximum 
values for the older and younger brother, respectively). 
Inflammatory markers returned to normal reference 
ranges between crisis periods.
The children were started on colchicine (1 mg/day). 
However, no significant change was observed in the 
older brother crisis patterns, and the younger brother 
could not tolerate the drug due to gastrointestinal 
side effects. The subsequent strategy was to initiate 
oral glucocorticoids at the beginning of the febrile 
periods (prednisolone 1 mg/kg/day) with subsequent 
gradual tapering. Symptoms were quickly and effectively 
controlled, and the fever resolved within a couple of 
days.
At this stage, investigation for TRAPS was initiated and 
identification of the heterozygous mutation c.242G>T 
(p.Cys81Phe) in the TNFRSF1A gene on chromosome 
12 confirmed the diagnosis of tumor necrosis factor 
receptor-1 associated periodic syndrome. Upon 
diagnosis, the brothers started anakinra, a recombinant 
interleukin (IL)-1 receptor antagonist (2 mg/kg/day). In 
the five-year follow-up period, the older brother had 
only two febrile episodes, after 11 and 19 months of 
IL-1 therapy, and the younger brother had three febrile 
episodes, after 11, 19 and 55 months of anakinra therapy 
(the first episodes were associated with noncompliance 
with the therapeutic). There were no significant side 
effects of treatment. 
The father was also tested for tumor necrosis factor 
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(TNF) receptor mutations after the children diagnosis, 
and the same mutation was found in the TNFRSF1A 
gene. He developed end-stage renal failure and started 
anakinra while on hemodialysis, with a striking reduction 
in serum amyloid A protein levels. He underwent a renal 
transplant with success and maintained treatment with 
anti-IL-1.

Discussion

In autoinflammatory diseases, anomalies in the innate 
immune response create unregulated inflammation.3 
Tumor necrosis factor receptor-1 associated periodic 
syndrome is caused by mutations in the tumor necrosis 
factor receptor superfamily member 1A (TNFRSF1A) 
gene on chromosome 12, which leads to the production 
of an abnormal tumor necrosis factor type 1A receptor.6 
More than 170 sequence variants are known and mostly 
affect the cysteines underlying the spatial structure of 
the extracellular portion of the receptor. 
An accumulation of misfolded proteins in the 
endoplasmic reticulum can activate autophagy and the 
unfolded protein response, leading to increased levels 
of proinflammatory cytokines including IL-1β, TNFα, 
and IL-6.3,6 The exact mechanisms by which TNFRSF1A 
mutations lead to recurrent overactive inflammation 
remain unclear.5 Tumor necrosis factor receptor-1 
associated periodic syndrome has autosomal dominant 
transmission, but some variants have incomplete 
penetrance. Therefore, although family history is 
commonly positive, there are disparities in terms of the 
age of onset and clinical manifestations.2,3

In accordance with our case report, TRAPS symptoms 
typically begin in childhood, at around 4 years of age.4 
There is substantial interindividual variability in the age 
at onset, main symptoms, and frequency and duration 
of each crisis. The classic symptoms are recurrent high-
spiking fever (lasting from five days to three weeks) 
associated with abdominal pain (70%), myalgia (69%), 
arthralgia (69%), rash (60%), conjunctivitis (37%), chest 
pain (33%), periorbital edema (28%), headache (13%) 
and cervical lymphadenopathy (12%). Some researchers 
have described periorbital edema and migratory 
rash as the most specific symptoms of this variety of 
hereditary fever.3,5,6 Episodes are usually separated by 
symptom-free intervals, though some individuals have 
near continuous manifestations.3 Although precipitating 
factors are generally not identified, in some studies 
25% of patients recognized triggers such as fatigue, 
infections, exercise, vaccinations, and emotional stress.4 
Tumor necrosis factor receptor-1 associated periodic 

syndrome symptoms often overlap with those of other 
monogenic periodic fever diseases, namely familial 
Mediterranean fever, cryopyrinopathies and mevalonate 
kinase deficiency.3 In our patients, abdominal pain 
was present which was a typical feature of familial 
Mediterranean fever and mevalonate kinase deficiency. 
Arthralgia and myalgia are also symptoms included in 
the diagnostic criteria of cryopyrinopathies. In addition, 
neither of the brothers had the reportedly classic 
manifestations of migratory rash and periorbital edema. 
As the first approach, we opted for isolated genetic 
sequencing for familial Mediterranean fever due to its 
higher prevalence among populations of Mediterranean 
origin.3,4

Tumor necrosis factor receptor-1 associated periodic 
syndrome is a life-long disease and although fever 
episodes may spontaneously remit with age, there is 
a risk of irreversible long-term complications. Serum 
amyloid A is an acute-phase protein that significantly 
increases during inflammatory flares of TRAPS and 
deposits primarily in the kidney. Measurement of 
serum amyloid A levels has been performed periodically 
in both siblings to monitor the disease activity and 
response to therapy.8 Inflammatory amyloidosis is the 
most severe complication of untreated tumor necrosis 
factor receptor-1 associated periodic syndrome, with 
an estimated prevalence of 18%.5,6 The most frequent 
consequence of AA amyloidosis is renal failure, which 
was diagnosed in the children father and prompted the 
thorough investigation of the children.9

The diagnosis of autoinflammatory diseases is challenging 
and relies on high clinical suspicion.5 Age at onset, febrile 
period duration, and associated manifestations must be 
systematically inquired. Family history is important to 
understand patterns of inheritance. Complementary 
diagnostic tests are warranted, since symptoms are 
associated with increased acute phase reactants (eg 
C-reactive protein, erythrocyte sedimentation rate, 
serum amyloid A, fibrinogen, and haptoglobin, as 
well as neutrophilic leukocytosis and thrombocytosis) 
during times of active disease.6 Normalization of these 
parameters, particularly C-reactive protein, is expected 
during asymptomatic periods.3,5 Genetic testing for 
TNFRSF1A mutations confirms the diagnosis. Due to 
the overlap of clinical manifestations in hereditary 
periodic fever syndromes, a gene panel should be 
requested when there is no evident phenotypical 
suspicion. Alternatively, if there is high clinical suspicion 
of a particular recurrent fever, Sanger sequencing of the 
suspected gene can be considered the first diagnostic 
approach.3 Diagnostic delay is a common with TRAPS. A 
case series demonstrated a diagnostic delay of 2.7 years 
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and 10.3 years in children and adults, respectively.4 
Evidently, identification of a child condition in many 
cases has led to genetic testing and TRAPS diagnosis in 
one or several family members who had unexplained 
symptoms or whose symptoms had been misdiagnosed 
for years.1,10-12

The main goals of treatment are symptom control, 
systemic inflammation reduction and long-term 
complication prevention.2,8 Not all patients require 
disease-modifying treatments. Although nonsteroidal 
anti-inflammatory drugs are effective for acute 
symptoms in 75% of patients, they do not affect the 
duration of febrile periods. As observed in this case 
report, colchicine has no proven effect on preventing 
TRAPS manifestations. Corticosteroids reduce the 
severity and duration of inflammatory bouts, though 
their effect tends to wane over time. Moreover, relapses 
are frequent after withdrawal and they are not useful 
for preventing amyloidosis.6,8 
Current data presents IL-1 antagonists as the first-
line therapy for TRAPS. Anakinra, an IL-1 receptor 
blocker, reliably suppresses and prevents all TRAPS 
clinical manifestations, including those related to AA 
amyloidosis.3,5,8 In our case, after initial noncompliance, 
both brothers complied and tolerated maintenance 
therapy consisting of daily administration of anakinra. 
Some studies have also described favorable responses 
with an on-demand approach to treatment.6,13 
Canakinumab is a second IL-1 inhibitor approved for 
the treatment of TRAPS,6 with a potential for better 
therapeutic adherence (administration every four 
weeks).6 This could have been an alternative if the 
brothers had remained noncompliant to anakinra. At 
the time of diagnosis, canakinumab had not been 

approved yet in Europe. In renal transplant recipients, 
sustained treatment with IL-1 antagonists prevents 
further amyloid deposition in the renal graft.9

Great progress has been made in the diagnosis and 
treatment of TRAPS, and further understanding of 
the pathogenetic mechanisms behind TRAPS will 
help identify specific therapeutic targets and drugs. 
Additional studies are warranted to evaluate the long-
term effects of the present treatments.6,8
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Resumo 
As síndromes febris periódicas hereditárias são doenças 
raras que devem ser consideradas no diagnóstico diferencial 
de febre recorrente de origem desconhecida. Relatamos 
o caso de dois irmãos com episódios febris recorrentes, 
autolimitados, com início aos 3 anos de idade, associados 
a prostração, hiperemia conjuntival, dor abdominal, 
poliartralgia e mialgias. Os reagentes da fase aguda (proteína 
C reativa e velocidade de sedimentação eritrocitária) 
aumentavam durante a crise e normalizavam na fase 
assintomática. O estudo genético identificou uma mutação 
no gene TNFRSF1A (c.242G>T, p.Cys81Phe), e foi assumido 
o diagnóstico de síndrome periódica associada ao recetor 
do fator de necrose tumoral. Foi iniciado tratamento com 
um antagonista do recetor de interleucina-1 (anakinra), com 
controlo dos sintomas. O pai das crianças, com insuficiência 
renal no contexto de amiloidose AA, foi também testado 

e a mesma mutação foi detetada. A síndrome periódica 
associada ao recetor do fator de necrose tumoral é uma 
das síndromes febris periódicas hereditárias mais comuns. 
Possui padrão autossómico dominante com penetrância 
incompleta, resultando numa grande variabilidade inter-
individual de sintomas. A complicação mais grave de 
síndrome periódica associada ao recetor do fator de necrose 
tumoral não tratada é a amiloidose AA. O tratamento 
com antagonista do recetor de interleucina-1 é eficaz na 
remissão dos sintomas e prevenção de complicações.

Palavras-Chave: Criança; Doenças Hereditárias 
Autoinflamatórias/complicações; Doenças Hereditárias 
Autoinflamatórias/diagnóstico; Doenças Hereditárias 
Autoinflamatórias/tratamento; Proteína Antagonista do 
Receptor de Interleucina 1/uso terapêutico; Receptores Tipo 
I de Fatores de Necrose Tumoral/genética

Síndrome Periódica Associada ao Recetor-1 do Fator de Necrose Tumoral em Dois Irmãos:           
Caso Clínico
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Introduction

Primary hypertrophic osteoarthropathy (PHOA), also 
known as pachydermoperiostosis and Touraine-Solente-
Gole syndrome, is a very rare disease with gradual onset 
and accounts for 3%-5% of all cases of hypertrophic 
osteoarthropathy.1,2 Secondary hypertrophic 
osteoarthropathy, also called pulmonary hypertrophic 
osteoarthropathy, is associated with underlying 
cardiopulmonary diseases and malignancies.1

Primary hypertrophic osteoarthropathy is a congenital 
multisystemic entity characterized by three major 
clinical symptoms: pachydermia (thickening of the skin), 
periostosis, and digital clubbing.1,3,4 

In 1935, three dermatologists, Touraine, Solente, and Gole 
individualized primary hypertrophic osteoarthropathy 
as a hereditary disease and categorized it into three 
clinical forms: the complete form, involving all three 
major symptoms, the incomplete form, with periostosis 
without pachydermia, and the fruste form with 
pachydermia and minimal or no skeletal anomalies.5-7

Hypertrophic osteoarthropathy is characterized 
by a symmetric periosteal reaction on radiographic 
examination. This periosteal reaction typically occurs 
in the long bones and in the phalanges. In the long 
bones, the diaphysis is typically affected first, with 
involvement of the metaphysis and epiphysis, indicating 
progression of the disease. In secondary hypertrophic 
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Abstract

Primary hypertrophic osteoarthropathy is a rare disease characterized by three major clinical symptoms: pachydermia, 

periostosis, and digital clubbing. Diagnosis of primary hypertrophic osteoarthropathy is based on clinical and radiographic 

characteristics confirmed by genetic studies. A complete form of the syndrome is reported in a male patient, with disease 

onset in adolescence. There were compatible clinical and radiological findings, presenting the three cardinal findings as well as 

other associated manifestations, such as hyperhidrosis and acne. A genetic study revealed an apparently homozygous variant 

in the SLCO2A1 gene, c.644C>T, in the exon 12, which causes the exchange of the highly conserved amino acid serine by a 

phenylalanine in 215 position in the protein. To the best of our knowledge, the homozygosity of this variant has not yet been 

described in disease databases, such as ClinVar, and it constitutes the first genetically confirmed case of primary hypertrophic 

osteoarthropathy in a Portuguese patient. 

Keywords: Adolescent; Anti-Inflammatory Agents, Non-Steroidal/therapeutic use; Genetic Variation; Osteoarthropathy, 

Primary Hypertrophic/diagnosis; Organic Anion Transporters/genetics; Osteoarthropathy, Primary Hypertrophic/genetics; 

Osteoarthropathy, Primary Hypertrophic/drug therapy; Portugal

Keypoints

What is known:
- Primary hypertrophic osteoarthropathy is a very rare disease 
with gradual onset. 
- Diagnosis of primary hypertrophic osteoarthropathy is based 
on clinical and radiographic characteristics confirmed by genetic 
studies.

What is added:
- For the first time, homozygosity of the SLCO2A1 gene variant, 
c.644C>T, is described in disease databases.
- This study reported the first genetically confirmed case of 
hypertrophic osteoarthropathy (PHOAR2) in a Portuguese patient.
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osteoarthropathy, the epiphyseal region is usually 
spared. Radiographs may also show acro-osteolysis or 
tuft hypertrophy of the phalanges.8 
Additional symptoms of primary hypertrophic 
osteoarthropathy include arthropathy, coarsening of 
facial features, hyperhidrosis, acne lesions, seborrhea, 
folliculitis, cutis verticis gyrata, palpebral ptosis, and 
acro-osteolysis of the long bones, among others.4,9,10,11 
Cases have been reported with an autosomal recessive 
inheritance pattern with pathogenic variants in HPGD 
and SCLCO2A1 genes causing primary hypertrophic 
osteoarthropathy type 1 and 2, respectively (PHOAR1, 
MIM259100, and PHOAR2, MIM614441). HPGD 
gene has been mapped to chromosome 4q34.1 
(MIM601688), which encodes 15-hydroxyprostaglandin 
dehydrogenase, and the SLCO2A1 gene has been 
mapped to chromosome 3q22.1-3q22.2 (MIM601460), 
which encodes a prostaglandin transporter protein 
responsible for the degradation of prostaglandin E2. 
Pathogenic variants in the SLCO2A1 gene can also 
be associated with a form with autosomal dominant 
inheritance.12,13 Several different pathogenic variants in 
the HPGD and SLCO2A1 genes have been reported in 
different ethnic groups.3,11 
Primary hypertrophic osteoarthropathy usually affects 
males, with a male to female ratio of 7:1.8 It begins during 
childhood or adolescence and progresses gradually 
over the next five to 20 years before stabilization.1,14 
Moreover, PHOAR1 onset occurs during infancy or 
childhood, whereas PHOAR2 usually presents during 
puberty.5 
The differential diagnosis depends on the presenting 
phenotype and age of onset and includes secondary 
hypertrophic osteoarthropathy, juvenile idiopathic 
arthritis and other inflammatory juvenile arthritis, 
synovitis-acne-pustulosis-hyperostosis-osteitis syndrome, 
thyroid acropachy, and acromegaly.2,7,8 Secondary causes 
of hypertrophic osteoarthropathy should be excluded, 
especially when dermatological signs are not prominent.7

The diagnosis of pachydermoperiostosis is based on 
clinical and radiographic characteristics and confirmed 
by genetic studies.10,15 
Since primary hypertrophic osteoarthropathy seems 
to result from prostaglandin metabolism impairment, 
treatment with non-steroidal anti-inflammatory drugs 
as well as prostaglandin E2 synthesis blockers seem 
to be plausible. A systematic review found that non-
steroidal anti-inflammatory drugs are effective in 
improving musculoskeletal symptoms, but not other 
manifestations.4 In most cases, the therapy will be 
palliative and directed toward amelioration of the 
patient complaints.

Case Report

We report the case of an otherwise healthy 15-year-old 
Caucasian male patient, born to non-consanguineous 
Portuguese parents. He was an only child and neither his 
parents nor grandparents had a history of any relevant 
known diseases. He was referred to our pediatric 
rheumatology clinic for suspected juvenile idiopathic 
arthritis, due to painful and swollen knees, ankles, and 
hands, slowly worsening over 1.5 years. The pain had 
a mechanical pattern, and the patient experienced no 
morning stiffness, loss of function, or interference with 
daily activities. Prompt relief with non-steroidal anti-
inflammatory drugs was reported. 
There were no constitutional symptoms, rashes, 
ulcers, ocular, gastrointestinal, cardiac, or respiratory 
complaints. 
On examination, the patient presented with coarse 
facial features, including thickening of facial skin and 
prominent folds on the forehead and cheeks, facial and 
truncal acne (Fig. 1), palmoplantar hyperhidrosis, and 
seborrhea.
Painless digital clubbing of the hands and toes was also 
evident (Fig. 2). The knees and ankles were diffusely 
swollen and non-tender, with thickened and rough-
textured skin and bilateral knee effusions (Fig. 2).

Figure 1. Face with coarse facial features, thickening of the skin, 
and prominent skin folds on the forehead and cheeks. Facial and 
truncal acne.
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Plain films showed soft tissue swelling and periosteal 
ossification with cortical thickening of long bones, 
metaphyseal diaphyseal enlargement of the femur, tibia, 
fibula, metacarpals, humerus (Fig. 3), and radius with 
preservation of articular surfaces and no acroosteolysis. 
The right clavicle was also enlarged (Fig. 3).
Isotope bone scan with technetium-99m revealed mildly 
increased symmetrical uptake in the tubular bones along 
the cortical margins of the diaphysis and metaphysis 
(the double-stripe or parallel-track sign) (Fig. 4).
Clinical and imagiological findings were compatible 
with a diagnosis of hypertrophic osteoarthropathy. 
Laboratorial studies showed an elevated erythrocyte 
sedimentation rate (25 mm in the first hour, normal 
range 0-15 mm in the first hour) and C-reactive protein 
(22 mg/L, normal range < 3 mg/L). Full blood count with 
film, renal, and hepatic function, lactate dehydrogenase 
and electrolytes had no changes. Bone biochemistry, 

including serum calcium, phosphorus, serum total 
alkaline phosphatase, and parathyroid hormone was 
within the normal range. Endocrine workup excluded 
growth hormone excess and thyroid changes. The 
immunological panel was unremarkable, including 
negative antinuclear antibodies, rheumatoid factor, and 
anti-citrullinated protein antibodies.
To exclude secondary causes, an electrocardiogram, 
echocardiogram, plain chest film, and tuberculin skin 
test were also performed, which were unremarkable. 
It was not possible to obtain prostaglandin E2 levels in 
our patient.
The genetic study included an analysis of the SLCO2A1 
gene, which was conducted after obtaining the written 
informed consent. Exons 1-14 and the respective exon-
intron boundaries of the SLCO2A1 gene were amplified 
by a polymerase chain reaction and analyzed by direct 
sequencing. The patient was found to carry, apparently, 
a homozygous variant, c.644C>T, in the exon 12 of the 
gene, which causes the exchange of the highly conserved 
amino acid serine by a phenylalanine in 215 position in 
the protein. To the best of our knowledge, homozygosity 
of this variant has not yet been described in the 
disease databases, such as ClinVar, and it constitutes 
the first genetically confirmed case of hypertrophic 
osteoarthropathy (PHOAR2) in a Portuguese patient. 
The patient received oral naproxen with significant 
improvement of musculoskeletal symptoms. Intra-
articular steroid (triamcinolone hexacetonide) joint 
injections of the knees provided only short-term relief 
(2-3 months). He was referred to dermatology and 
received topical and systemic acne treatment.

SLCO2A1 in Primary Hypertrophic Osteoarthropathy

Figure 2. A. Digital clubbing of the hands and toes. B. Diffuse 
edema of the knees and ankles, with thickened rough-textured 
skin and bilateral knee effusions. 

Figure 3. A. Plain film of the femurs: soft tissue swelling and 
periosteal ossification with cortical thickening, metaphyseal 
diaphyseal enlargement with preservation of articular surfaces 
and no acroosteolysis. B. Plain film of the right upper limb: soft 
tissue swelling and periosteal ossification with cortical thickening, 
metaphyseal diaphyseal enlargement of the humerus with 
preservation of articular surfaces and no acroosteolysis. The right 
clavicle was also enlargened.

Figure 4. Isotope bone scan with technetium-99m showing a 
mildly increased symmetrical uptake in the tubular bones along 
the cortical margins of the diaphysis and metaphysis (the double-
stripe or parallel-track sign).



607Portuguese Journal of  Pediatrics

SLCO2A1 in Primary Hypertrophic Osteoarthropathy

After six years, the patient maintains regular follow-up, 
and the treatment with non-steroidal anti-inflammatory 
drugs has been successful in managing the pain 
and decreasing joint swelling. However, the patient 
continues to have the same features, and only skin 
thickening findings have been slowly evolving. There 
were no new complaints and genetic confirmation of 
hypertrophic osteoarthropathy allowed the team to 
stop the investigation of a secondary cause.
Regular laboratory examinations show no signs of 
anemia or pancytopenia, and erythrocyte sedimentation 
rate and C-reactive protein remain mildly elevated. 
Furthermore, the patient and his family have received 
genetic counselling. 

Discussion

The authors present a PHOA2 patient with a SLCO2A1 
variant, apparently homozygous, given that the genetic 
study only included sequencing analysis and no gene 
deletions were studied. Furthermore, it was not possible 
to perform segregation studies on parents. 
Our patient presented phenotypic characteristics 
similar to other cases with homozygous or compound 
heterozygous SLCO2A1 variants, presenting a complete 
form of primary hypertrophic osteoarthropathy with 
some usual additional findings, such as cutis verticis 
gyrata and acne. 
Clinical history, thorough physical examination, and 
simple radiologic images were very suggestive of primary 
hypertrophic osteoarthropathy. Periostosis is the hallmark 
feature of hypertrophic osteoarthropathy, with the radius, 
ulna, tibia and fibula most commonly affected.15 
Following the exclusion of secondary hypertrophic 
osteoarthropathy and other differential diagnoses, 
genetic studies may be useful to confirm the diagnosis 
and classify the primary hypertrophic osteoarthropathy 
type. This provides not only genetic diagnostic 
confirmation that allows for future genetic counseling 
but also provides clues regarding the lifelong need for 
regular screening for myelofibrosis. In fact, myelofibrosis, 
which can significantly reduce life expectancy, has only 
been described in some PHOA2 cases. This supports the 
hypothesis that the pathogenesis of myelofibrosis may 
be related to prostaglandin transporter SLCO2A.5,10 It is 
not yet clear which PHOA2 patients are at higher risk of 
developing this condition, or whether PHOA2 patients 
require monitoring, given the rarity of the condition.
It has been reported that pachydermia severity and the 
associated histological changes correlate with serum 
prostaglandin E2 levels.16 Prostaglandin E2 can mimic 

the activity of osteoblasts and osteoclasts, which may 
be responsible for acro-osteolysis and periosteal bone 
formation. Moreover, the prolonged local vasodilatory 
effects of prostaglandin E2 may explain digital clubbing. 
Increased levels of prostaglandin E2 on the skin 
promote the development of the epidermis, epidermal 
hyperplasia, and sebaceous gland hyperplasia in animal 
models. It was found that peptic ulcers and myelofibrosis 
occurred only in PHOAR2 patients, and that the urinary 
levels of prostaglandin E2 metabolites are significantly 
higher than that in PHOAR1 patients.5 The urinary 
prostaglandin E2 showed a positive correlation with 
erythrocyte sedimentation rate and hypersensitive 
C reactive protein and a negative correlation with 
hemoglobin. However, the level of serum prostaglandin 
E2 and prostaglandin E2 metabolite showed no 
significant correlation with erythrocyte sedimentation 
rate, hypersensitive C reactive protein, or hemoglobin. 
In the future, the urinary level of prostaglandin E2 
or prostaglandin E2 metabolite could be useful in 
diagnosing primary hypertrophic osteoarthropathy.1,10 
The incidence of this disease is probably underestimated, 
and clinical awareness is warranted. Although this disease 
usually stabilizes spontaneously in young adulthood, 
there is no curative treatment for the skeletal, soft 
tissue, or skin abnormalities, and continued monitoring 
for signs of myelofibrosis is advisable. 
Most patients, such as ours, show significant 
improvement with non-steroidal anti-inflammatory 
drugs. This is consistent with the idea that reducing 
the production of implicated prostaglandins would limit 
disease activity.10 
According to the most evident phenotypic characteristics, 
other medical therapies have been tried, such as 
intravenous bisphosphonates, corticosteroids, and 
infliximab for bone and joint symptoms.15,17 Beta-blockers 
and glycopyrrolate have been proposed as potential 
treatments for hyperhidrosis, and surgical interventions 
might be required for the correction of clubbing or 
management of bony growths.15 Plastic surgery could be 
necessary to remove excess facial skin.15,18
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Resumo:
A osteoartropatia hipertrófica primária é uma doença 
rara caracterizada por três sintomas clínicos principais: 
paquidermia, periostose e hipocratismo digital. O 
diagnóstico de osteoartropatia hipertrófica primária 
baseia-se em características clínicas e radiográficas 
confirmadas por estudos genéticos. É relatada uma forma 
completa da síndrome num doente do sexo masculino, com 
início da doença na adolescência. Existiam achados clínicos 
e radiológicos compatíveis, incluindo os três sintomas 
principais, além de outras manifestações associadas, como 
hiperidrose e acne. Um estudo genético revelou uma 
variante aparentemente homozigótica no gene SLCO2A1, 
c.644C>T, no exão 12, que causa a troca do aminoácido 

serina por fenilalanina na posição 215 da proteína. Tanto 
quanto é do nosso conhecimento, a homozigotia desta 
variante ainda não está descrita em bases de dados de 
doenças, como a ClinVar, e este é o primeiro caso de 
osteoartropatia hipertrófica primária num doente português 
com confirmação genética.

Palavras-Chave: Adolescente; Anti-Inflamatórios não 
Esteroides/uso terapêutico; Osteoartropatia Hipertrófica 
Primária/diagnóstico; Osteoartropatia Hipertrófica 
Primária/genética; Osteoartropatia Hipertrófica Primária/
tratamento farmacológico; Portugal; Transportadores de 
Ânions Orgânicos/genética; Variante Genética

Variante do Gene SLCO2A1 em Doente Português com Osteoartropatia Hipertrófica Primária



610 Portuguese Journal of  Pediatrics

IMAGES IN PEDIATRICS

Ana Bernardo Ferreira1 , Henrique Costa Sousa2 , Miguel Costa1 , Mafalda Santos2

Port J Pediatr 2022;53:610-11
DOI: https://doi.org/10.25754/pjp.2022.25725

A Rare Cause of  Neck Pain and Torticollis

Introduction

A 5-year-old previously healthy girl presented 
with sudden-onset neck pain being aggravated by 
movements, as well as persistent torticollis that had 
started four days before evaluation. There was a poor 
response to nonsteroidal anti-inflammatory drugs and 
diazepam. No trauma, recent infection, fever, or other 
systemic symptoms were reported. Physical examination 
revealed lateral twisting of the neck, with head tilting to 
the right and chin turned to the left, and contracture 
of neck muscles. Flexion, extension, and lateral 
movements of the neck were limited and aggravated the 
pain. There were no other physical pathologic findings, 
including neurologic deficits. Idiopathic intervertebral 
disc calcification was diagnosed using a cervical spine 
radiograph, which showed a calcified density lesion 
in the central part of the intervertebral disc at the C5-
C6 level (Fig. 1). Cervical computed tomography (Fig. 
2) scan and magnetic resonance imaging (Fig. 3) was 
conducted to investigate the findings and exclude 
complications. The results confirmed the presence 
of a focal calcified lesion in the nucleus pulposus of 
the C5-C6 intervertebral disc. The case was managed 
conservatively, with limited physical activity and intake 
of nonsteroidal anti-inflammatory drugs as required 
for pain control. A month after the initial presentation, 
the symptoms were fully resolved. Follow-up magnetic 
resonance imaging, three years after diagnosis, showed 
resolution of the calcification. 
Idiopathic intervertebral disc calcification is a rare 

condition with an unclear but presumably multifactorial 
etiology, characterized by calcification in one or more 
intervertebral discs, generally at lower cervical and/
or thoracic level.1 The prevalence seems to be greater 
in males, mainly affecting children in the age range of 
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Keypoints

What is known:
- Idiopathic intervertebral disc calcification is a rare condition, 
characterized by calcification of one or more intervertebral discs. 
- Prevalence seems to be greater in males and children in the age 
range of 5-9 years.

What is added:
- Awareness about idiopathic intervertebral disc calcification is 
important in the differential diagnosis of neck or back pain and 
acquired torticollis to prevent unnecessary and invasive work-up 
(namely lumbar puncture). 
- Idiopathic intervertebral disc calcification is a benign condition, 
usually resolving spontaneously within weeks or months. Surgical 
intervention is rarely needed.

Figure 1. Cervical anterior-posterior (a) and lateral (b) radiographs. 
The arrow pointing to the calcified density lesion found at the 
C5-C6 level.

Figure 2. Coronal plain of cervical computed tomography scan 
showing a calcified central lesion at C5-C6 intervertebral disc level 
(arrow).
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5-9 years.1-3 Idiopathic intervertebral disc calcification 
can be asymptomatic and discovered incidentally.1,2 
However, it is important to recognize this condition 
in the differential diagnosis of neck or back pain and 
acquired torticollis with no apparent cause. Although 
radiograph can be diagnostic,4 advanced imaging studies 
are always necessary to exclude malignant conditions, 
confirm spinal cord and nerve root integrity, and exclude 
atlantoaxial rotatory displacement in cases presenting 
with torticollis. Magnetic resonance imaging is the 
modality of choice. In our case, computed tomography 
was also performed since it was readily available in the 
emergency department. As represented in this case, 
idiopathic intervertebral disc calcification is a benign 
condition, usually resolving spontaneously within weeks 
or months.1,2,5 Although uncommon, such complications 
as disc herniation and spinal cord compression may 

occur, causing neurologic symptoms that require surgical 
intervention in cases of severe impairment.5

Keywords: Calcinosis/complications; Calcinosis/
diagnostic imaging; Child, Preschool; Intervertebral 
Disc Degeneration/complications; Intervertebral Disc 
Calcification/diagnostic imaging; Neck Pain/diagnostic 
imaging; Torticollis/diagnostic imaging
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Figure 3. Sagittal plane of cervical magnetic resonance imaging 
showing a hypo-intense focal area in C5-C6 intervertebral disc 
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Kommerell Diverticulum: A Rare Cause of  Dysphagia in a Child

Introduction

An 8-year-old girl, with Down syndrome, a II/VI 
holosystolic murmur best heard at the apex, and mild 
dysphagia for solids was referred for cardiovascular 
consultation. The symptoms of mild dysphagia had 
started a year ago, intermittently, apparently without 
worsening through the year. The mother also reported 
rare episodes of wheezing, undocumented and without 
the need for specific treatment or hospitalization. The 
transthoracic echocardiogram revealed a small partial 
atrioventricular septal defect, a mitral valve cleft with 
moderate regurgitation, and a right aortic arch. A 
turbulent flow was also observed in the left subclavian 
region. Continuous Doppler interrogation revealed a 
gradient of 150 mmHg. An angio- thoracic tomography 
scan was carried out to clarify this finding. It revealed an 
aberrant left subclavian artery arising from a Kommerell 
diverticulum, and a small stenotic collateral blood vessel 
in the descending aorta close to the left subclavian 
artery (Fig. 1). The aberrant left subclavian artery had 
a retroesophageal course, compressing the upper third 
of the esophagus, which together with the Kommerell 
diverticulum, formed an incomplete vascular ring (Fig. 2).
Kommerell diverticulum is a rare congenital aortic arch 
anomaly, with a reported incidence of 0.05%-0.1% in 
radiologic series.1 It refers to dilation in descending aorta 
from which arises an aberrant subclavian artery, left or 
right, associated with both right and left aortic arch. 
The retroesophageal course of the aberrant subclavian 
artery is responsible for the compression of both the 
trachea and the esophagus, which potentially lead to 
dysphagia and respiratory distress.2 Right aortic arch has 
an important association with congenital heart diseases, 

with a reported incidence of 75%-85% in types I and III 
right aortic arch and 5%-10% in type II.3 
The surgical correction is recommended if the patient 
develop symptoms or if there is risk of rupture or 
dissection.4-6 The majority of patients become 
symptomatic only in adult life. 
After proper counselling, the parents decided for a 
wait-and-see approach, until further worsening of the 
dysphagia symptoms or need for concomitant mitral 
valvuloplasty when mitral regurgitation becomes severe
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Keypoints

What is known:
- Kommerell diverticulum is a rare congenital aortic arch anomaly.
- When associated with right aortic arch and aberrant left 
subclavian artery, it can cause a vascular ring.

What is added:
- Symptoms due to compression of the trachea and esophagus 
may present in pediatric age.
- A high suspicion is needed in children with symptoms that are 
difficult to interpret, but with known congenital heart disease 
associated with right aortic arch.

Figure 1. Angio-thoracic tomodensitometry with volumetric 
acquisitions. Tridimensional (3D) reconstruction. Posterior view.

ALSA - aberrant left subclavian artery; KD - Kommerell diverticulum; LCA - left common carotid 
artery; RCA - right common carotid artery; RSA - right subclavian artery.
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White arrow - Kommerell diverticulum; * - aberrant left subclavian artery; ** - superior vena 
cava.  

Figure 2. Angio-thoracic tomodensitometry with volumetric 
acquisitions. A. Axial view. Note the incomplete vascular ring formed 
by the Kommerell diverticulum and the aberrant left subclavian 
artery, encompassing the trachea. B. Note the descending aorta 
right to the spine. Multiplanar reconstructions, coronal view.
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Exuberant Cutaneous Involvement in a Primary Herpes Simplex Virus 
Infection

Introduction

A 1-year-old girl with no history of atopy was admitted 
to the emergency department with a three-day history 
of vesiculobullous pruritic rash surrounded by an 
erythematous base in the right cervical region. She had no 
fever or other symptoms. The disease’s epidemiological 
context was denied. Oral flucloxacillin and topical fusidic 
acid were administered without improvement. Physical 
examination revealed the described dermatosis, with 
some ulcerated lesions with hemorrhagic crusts (Fig. 1), 
and perioral satellite lesions.
On suspicion of bullous impetigo, she was admitted for 
inpatient treatment with intravenous amoxicillin-clavulanic 
acid (50 mg/kg/day). There was an unfavorable progression, 
with zosteriform distribution, and purulent exudate after 
72 hours (Fig. 2). The diagnosis of superinfected herpetic 
infection was then considered, and empirical treatment 
was started with intravenous acyclovir (80 mg/kg/day), 
flucloxacillin (200 mg/kg/day), and clindamycin (40 mg/
kg/day). As an ampicillin resistant Klebsiella pneumoniae 
was isolated in the bacterial culture of the exudate, 
flucloxacillin was suspended, and ceftriaxone (75 mg/kg/
day) was initiated. The blood culture was negative.
Treatment with acyclovir (for five days) and clindamycin 
and ceftriaxone (for 10 days) resulted in the gradual 
improvement of the rash. Later, polymerase chain 
reaction assay of skin lesions samples yielded a 
positive result for Herpes simplex virus (HSV) type 1. 
Upon re-evaluation, there was a significant clinical 
improvement (Fig. 3). The mother reported herpes 
labialis in one family member the week before the 
appearance of the rash.

Herpetic gingivostomatitis is the most common clinical 
presentation of primary HSV infection in children.1 
However, primary HSV infections can present in atypical 
and exuberant forms, making their diagnosis difficult 
and dependent on a high index of suspicion.1,2 Eczema 
herpeticum, a rare but potentially life-threatening 
complication of HSV infection, should be considered 
in the differential diagnosis of a vesiculobullous rash in 
patients with an underlying cutaneous disease, such as 
atopic dermatitis.1,3 Deoxyribonucleic acid detection by 
polymerase chain reaction is the most sensitive method 
to confirm the clinical diagnosis of HSV infection.1,2

Keywords: Herpes Simplex/complications; Herpes 
Simplex/diagnosis; Herpes Simplex/drug therapy; Infant; 
Skin Diseases/diagnosis; Skin Diseases/drug therapy; 
Skin Diseases/etiology; Skin Diseases/virology 
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Keypoints

What is known:
- Gingivostomatitis is the most common presentation of primary 
Herpes simplex virus infection in children.
- Polymerase chain reaction assay is the most sensitive method to 
confirm Herpes simplex virus infection.

What is added:
- Primary Herpes simplex virus infection can present with extensive 
and severe cutaneous involvement.
- Herpes simplex virus infection should be considered in the 
differential diagnosis of vesiculobullous diseases.

Figure 1. Vesiculobullous rash with ulcers and hemorrhagic crusts, 
surrounded by an erythematous base in the right cervical region.

 

 

Figure 1. Vesiculobullous rash with ulcers and hemorrhagic crusts, surrounded by an 

erythematous base in the right cervical region. 

 

Figure 2. Bleeding exulcerated lesion, hemorrhagic crusts, and new lesions with the 

zosteriform distribution.  

 

Figure 3. Erythematous macules in previously affected areas. 
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Diaphragmatic Eventration in a Neonate: A Challenging Diagnosis

Introduction

A 3-week-old female neonate presented to the 
emergency department with cough, nasal obstruction, 
and dyspnea in the past 24 hours. She was born by 
vacuum-assisted delivery, after a 39-week gestation. The 
infant was referred for pediatric cardiology evaluation, 
and echocardiogram showed a persistent left superior 
vena cava draining into the coronary sinus. Her perinatal 
period was uneventful. 
Physical examination revealed hypoxemia. Even though 
there were obvious signs of breathing difficulty, 
pulmonary auscultation was normal. The chest 
radiograph showed a right lower lobe opacity (Fig. 1).
At this stage, differential diagnoses included pleural 
effusion, diaphragmatic hernia, diaphragmatic 
eventration, and less probably, congenital pulmonary 
lesions. Complete blood count and C-reactive protein 
were normal. A few days after hospitalization, the 
blood culture was sterile, and she tested positive for 

rhinovirus, supporting the hypothesis of viral upper 
respiratory infection.
An ultrasound suggested focal elevation of the right 
hemidiaphragm associated with a liver protrusion, 
confirming the suspicion of concomitant diaphragmatic 
eventration. After one week of surveillance and general 
supportive care, the infant was discharged home.
Eventration of the diaphragm, an uncommon disorder, 
consists of thinned diaphragmatic muscle leading to an 
abnormal contour of the diaphragmatic dome, with no 
disruption in continuity.1,2

This condition is a consequence of either inadequate 
development (congenital) or atrophy (acquired) of the 
diaphragm.3 Early clinical presentation and a history of 
congenital heart defect may be suggestive of a congenital 
etiology.4 In neonates, clinical presentation ranges from 
asymptomatic to life-threatening respiratory distress, 
due to the elevation of intra-abdominal organs, resulting 
in compression of the lungs.5 Often, as described in this 
clinical case, the diagnosis is made by an occasional 
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Keypoints

What is known:
- Diaphragmatic eventration, a rare anomaly, can be either 
congenital or acquired. 
- Diagnosis is normally made when a hemidiaphragm is elevated on 
a frontal or lateral chest radiograph. Ultrasound is useful to confirm 
the diagnosis and to differentiate from a diaphragmatic hernia. 

What is added:
- As observed in this case, diagnosis is incidental in most patients, 
and since the outcome is often benign, an excessive investigation 
should be avoided.

Figure 1. Chest radiograph, frontal (a) and lateral (b) projections, shows elevated right hemidiaphragm. 
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finding only after a chest radiograph is performed for 
other reasons.2,4 Ultrasound is of utmost importance 
to distinguish an intact diaphragm, suggestive of 
eventration, from a diaphragmatic defect, as observed 
in a diaphragmatic hernia.
In asymptomatic patients, treatment is generally 
conservative.5 We aimed to raise awareness about this 
anomaly to prevent unnecessary medical investigations.

Keywords: Diagnosis, Differential; Diaphragmatic 
Eventration/complications; Diaphragmatic Eventration/
diagnosis; Infant, Newborn
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Neonatal Spontaneous Pneumomediastinum
with Subcutaneous Emphysema 

Introduction

The patient was a female infant weighing 4140 g, 
born by vacuum-assisted vaginal delivery at 40 weeks 
of gestation. She presented vigorous crying at birth 
and Apgar score 9 and 10 at first and fifth minutes, 
respectively. About 30 minutes after birth, the baby 
developed sudden deterioration of the clinical condition, 
with progressive respiratory distress and hypoxemia 
with oxygen saturation (SpO2) 75% and heart rate 
110 bpm, as well as progressive swelling over the 
neck and scalp, with snowball crepitation suggestive of 
subcutaneous emphysema. 
She needed resuscitation maneuvers with intubation 
and manual ventilation. Breath sounds were decreased 
in the lung auscultation. Emergency air drainage with 
needle aspiration was performed bilaterally, which was 
successful and induced a quick good clinical response. 
Subsequently, the infant was admitted to the neonatal 
unit, where she was intubated and mechanically 
ventilated. 
Radiographic examination revealed diffuse subcutaneous 
emphysema of the clavicular and cervical area, with 
extensive dissection of air along the scalp, as well as a 
large pneumomediastinum (Fig. 1) with the angel wing 
sign, also known as a spinnaker-sail sign, consisting of 
a wedge-shaped opacity (white arrows) representing 
the thymic tissue displaced from its usual location 
by a collection of gas under pressure (black arrows). 
Supportive therapy and minimal manipulation were 
maintained with good clinical response and elective 
extubation in room air for 48 hours. She started 
enteral nutrition on day four postpartum after a timed 
barium esophagogram and computed tomography 

scan excluded anatomic abnormalities. Serial chest 
radiographs showed complete resolution. The infant 
was discharged home on day 11 postnatal. 
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Keypoints

What is known:
- Spontaneous pneumomediastinum occurs in about 2.5 to 1000 
births and is usually associated with mechanical ventilation, invasive 
procedures, meconium aspiration or birth-related trauma.

What is added:
- Subcutaneous emphysema of the scalp is a rare condition. 
Presumably, the mediastinal air reaches the scalp, separating the 
galea aponeurotica from the outer table of the skull.

Black arrows - collection of gas under pressure; double arrows - subcutaneous emphysema of 
scalp; white arrows - thymic tissue.

Figure 1. Radiograph showing neonatal extensive subcutaneous 
emphysema of scalp and pneumomediastinum. 
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Pneumomediastinum occurs in about 2.5 per 1000 
births,1-3 with subcutaneous emphysema of the scalp 
being a rare condition.4 Presumably, the mediastinal air 
reaches the scalp, separating the galea aponeurotica 
from the outer table of the skull.4 This condition may 
be followed by vacuum-assisted delivery and vigorous 
prolonged crying of the baby.
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Eosinophilic Fasciitis with Visceral Involvement in the Pediatric Age
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LETTER TO EDITOR

Eosinophilic fasciitis is a rare disease from the group of 
scleroderma-like connective tissue diseases with unclear 
etiopathogenesis.1 The onset of eosinophilic fasciitis is 
often sudden, developing over a few days or weeks.2 
The main symptoms are symmetrical, full-circumference 
swelling, and plate-like hardness of the distal limbs which 
have also been observed extending to the proximal limbs. 
Systemic symptoms, such as fever, occur in many cases.3 
En bloc biopsies from the skin to the fascia show marked 
fascial thickening and inflammatory cell infiltrates.3-5 
Most patients are in their fourth or fifth decade of life. 
However, pediatric cases have also been reported.5 
There have been isolated reports of systemic or visceral 
involvement.6

We report the case of a previously healthy 3-year-old girl 
who presented to her local hospital due to generalized 
pitting edema which had started in the lower limbs and 
progressed centripetally over one week, characterized 
by pain, stiffness, and hepatosplenomegaly. Her mother 
and maternal grandfather had vitiligo.
Laboratory workup showed hypereosinophilia (maximum 
7200 cells/µL), microcytic anemia, hypofibrinogenemia, 
mildly increased troponins, and B-type natriuretic 
peptide, normal values of serum transaminases and 
muscle enzymes, hypoalbuminemia, and non-nephrotic 

proteinuria. Erythrocyte sedimentation rate was 
normal and C-reactive protein was mildly elevated. 
Immunoglobulin (Ig) G was increased, with positive 
antinuclear antibodies (1/640 homogeneous, DFS70 
positive), negative myositis-specific antibodies, and 
normal complement levels. There was no evidence 
of hemolysis or abnormal cells in the blood film. The 
patient was transferred to a tertiary hospital for further 
investigations. Serologies showed IgM positivity for 
Epstein-Barr virus, confirmed by polymerase chain 
reaction, and all other microbiological examinations 
were negative. Results of echocardiography, 
electrocardiogram, cardiac magnetic resonance 
imaging, and thoraco-abdominopelvic computed 
tomography were normal. Bone marrow aspirate 
and liver biopsy showed only increased eosinophils. 
Left upper limb magnetic resonance imaging findings 
showed fasciitis, involving the superficial and deep 
fascial planes and to a lesser extent the muscle planes, 
which were more prominent in the forearm, consistent 
with the diagnosis of eosinophilic fasciitis (Fig. 1).
Changes were also evident along the chest and abdominal 
wall. Pending biopsy, oral corticosteroids were started, 1.5 
mg/kg/day, with immediate laboratory improvement. En 
bloc forearm biopsy, performed a week later, showed mild 

Figure 1. Magnetic resonance imaging demonstrates the involvement of the superficial and deep peripheral fasciae (asterisks) and diffuses 
deep intermuscular fasciae (arrows), which are thickened, with high signal intensity in A, enhancing after contrast administration in B. To a 
lesser extent, there is also signal change in the muscles and the subcutaneous fat. 

A - axial short-tau inversion recovery (STIR) image; B - T1 axial T1-weighted with fat-suppression post-contrast at the forearm level.
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dermis fibrosis, subcutaneous tissue hyaline sclerosis with 
lymphohistiocytic infiltrate, and skeletal muscle with mild 
inflammatory infiltrates, and no eosinophils were seen. 
Methotrexate was added (15 mg/m2/week, 
subcutaneously). During early follow-up, limb swelling 
and pain subsided quickly, and skin thickening over 
the hands, forearms, forehead, feet, and trunk became 
increasingly apparent in the first months, with mild 
hand contracture. These features have been gradually 
improving since then. Raynaud phenomenon has been 
absent, and muscle strength is normal. Laboratorial 
changes and systemic manifestations have subsided. 
Vitiligo became apparent four months later.
After 15 months, the patient is still on the same 
methotrexate dose and low-dose steroids (0.14 mg/kg/
day) and has normal growth and development. Only mild 
skin thickening on the forehead and hands is still present.
Therefore, eosinophilic fasciitis is a rare disease 
that presents diagnostic challenges and requires 
multidisciplinary management. The clinical presentation 
is very similar to other autoimmune diseases, namely 
scleroderma disorders, since they are manifested 
essentially by skin induration or fibrosis, mainly of the 
extremities.7 Although fascial biopsy has classically been 
considered the gold standard for making a diagnosis of 
eosinophilic fasciitis, magnetic resonance imaging has 
been increasingly used for diagnosis, biopsy planning, 
and monitoring treatment responses. Systemic 
corticosteroids have remained the first-line treatment for 
eosinophilic fasciitis, and although it was not performed 
in our clinical case, a bolus of methylprednisolone, 0.5-1 
g/day for three days, before the oral treatment with 
corticosteroids was recommended.8 Methotrexate has 
emerged as the leading corticosteroid-sparing agent for 

eosinophilic fasciitis,4,9 and more recently, therapeutic 
alternatives, such as rituximab and infliximab, are based 
on intravenous monoclonal antibody drugs.10 
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