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REVIEW ARTICLE

Abstract

Acute leukemia is the leading cause of death in children worldwide, particularly in developing countries where the growing 
number of cases with unfavorable prognosis and high risk of early relapse have positioned pediatric cancer as a priority. 
The late and imprecise diagnosis, malnutrition and unfavorable environmental conditions, and toxicity-associated therapy are 
some of the factors that compromise the success of the treatment and affect survival rates in vulnerable regions. An early 
and exhaustive classification of malignant neoplasms at the clinical debut and the proper follow-up of treatment’s response 
constitute one of the most powerful prognostic factors. Remarkably, the ultrasensitive detection of residual and relapse clones 
that determine the minimal/measurable residual disease (MRD) has been a milestone in the comprehensive management of 
hematologic malignancies that favorably improve the complete remission cases. In this review, we discuss the scientific and 
technological advances applied to laboratory diagnosis in MRD determination: from the multiparametric immunophenotyping 
to next-generation sequencing and cytomics. As a result of multidisciplinary research in the main concentration oncology 
centers and laboratories, residual leukemia detection strategies that combine molecular analysis and cellular markers are 
recommended as the most valuable tools, making them the paradigm for stratification campaigns in vulnerable regions.

Keywords: Acute leukemia. Minimal/measurable residual disease. Flow cytometry. Polymerase chain reaction. Next-generation 
sequencing. Bone marrow.

Marcadores celulares y moleculares para la enfermedad residual medible  
en la leucemia linfoblástica aguda

Resumen 

La leucemia aguda es la principal causa de muerte por enfermedad en la población infantil mundial, en particular en los 
países con economías en desarrollo, donde el creciente número de casos con pronóstico desfavorable y riesgo de recaídas 
tempranas ha posicionado a esta enfermedad como una prioridad de salud. El diagnóstico tardío y de baja precisión, la 
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Introduction

Acute leukemia (AL) is the leading cause of death 
among children in Mexico and the rest of the world1. A 
new epidemiological health metric reflecting global 
tumor burden through the years lost due to disease or 
disability, and considering the life expectancy of each 
region, has placed Latin America as one of the regions 
where children lose more years of life due to leukemia2. 
This type of neoplasm starts and progresses in the 
bone marrow, the tissue where hematopoiesis occurs, 
with the resulting imbalance in the formation of all blood 
cell types due to tumor growth3. Pediatric AL can occur 
in the lymphoid hematopoietic lineage, where B-cell 
precursor acute lymphoblastic leukemia (B-ALL) pre-
dominates, followed by the less frequent but very high-
risk types T-cell precursor acute lymphoblastic leukemia 
(T-ALL) and acute myeloid leukemia (AML) of myeloid 
origin. Thanks to multi-institutional research programs, 
new conditions have been discovered recently, such as 
leukemia of ambiguous lineage, early T-cell precursor 
(ETP) leukemia, and Philadelphia chromosome-like (+) 
leukemia (Ph-like ALL). The knowledge of their com-
plete identity results from the morphological analysis, 
karyotyping, immunophenotyping, chromosomal aber-
rations, transcriptomic analysis, and detection of muta-
tions. Moreover, several clinical subgroups are now 
recognizable due to proteomic analysis of the surface 
of leukemic blasts and genomic studies that allow iden-
tifying the main differences between malignant clones 
and normal cell populations, revealing the high intra- 
and inter-tumor heterogeneity that characterizes the 
pathobiology of this group of diseases4,5.

In this review, we will focus on the leading cellular 
and molecular markers of utility as a guide for the 

diagnosis and tracking of minimal/measurable residual 
disease (MRD) by the latest generation of multipara-
metric flow cytometry (more than eight colors) and by 
molecular techniques such as quantitative reverse tran-
scriptase-polymerase chain reaction (RT-qPCR), digital 
PCR (dPCR), massive next-generation sequencing 
(NGS), as well as their prognostic value in clinical 
practice.

Etiopathology of acute leukemia

The uncontrolled proliferation of oligoclonal precur-
sors (lymphoid or myeloid) is the common feature of 
these diseases. According to Lapidot et al., a cell sub-
population with stemness properties—cancer stem 
cells—in adult myeloid leukemia gives rise to and main-
tains the tumor load when transplanted into immuno-
deficient mice6. In contrast, Ie Visuer et al. reported that 
this does not appear to be the case in lymphoblastic 
leukemia, as stemness has no obvious phenotype7, but 
the existence of functional leukemia-initiating cells 
(LICs) has been extensively documented8,9. Although 
the etiology of the disease is still uncertain and vari-
able, the existence of cells that acquire stemness prop-
erties to establish and maintain the disease is 
undoubted. In investigating the origin, the differentiation 
pathways involved, and clinical diagnosis, flow cytom-
etry has been fundamental for determining the compro-
mised lineage, identifying the aberrant expression of 
specific markers and tracing them throughout the 
disease.

Moreover, hematopoietic differentiation maps have 
been constructed through this tool and functional 
assays in vitro and in vivo, and new markers defining 
the function of progenitor cells in health and disease 

ausencia de condiciones favorables de alimentación y entorno ambiental, así como la toxicidad asociada a la terapia, son 
algunos de los factores que condicionan el éxito del tratamiento y afectan las tasas de supervivencia en las regiones más 
vulnerables. La clasificación temprana y exhaustiva del tumor maligno en la presentación clínica y durante el seguimiento 
de respuesta al tratamiento es uno de los más poderosos factores pronósticos. En especial, la detección ultrasensible de 
clonas residuales y reemergentes que determinan la enfermedad residual mínima medible ha sido un hito en el manejo 
integral de las neoplasias hematológicas y ha impactado favorablemente en las cifras de remisión completa. En esta revisión 
se comentan los avances científicos y tecnológicos aplicados al diagnóstico de laboratorio y a la determinación de la en-
fermedad residual mínima: desde la inmunofenotipificación multiparamétrica hasta la secuenciación y la citómica de última 
generación. Como resultado de las investigaciones multidisciplinarias en los principales centros oncológicos de concentra-
ción y los laboratorios de clase mundial, las estrategias de detección de la leucemia residual que combinan análisis mole-
culares y marcadores celulares han sido recomendadas como las de mayor utilidad, por lo que son el paradigma para las 
campañas de estratificación en las regiones vulnerables. 

Palabras clave: Leucemia aguda. Enfermedad mínima/medible residual. Citometría de flujo. Reacción en cadena de la po-
limerasa. Secuenciación masiva de siguiente generación. Médula ósea.
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have been discovered. Thus, the compartment that 
enriches stem and progenitor cell populations is 
CD34+CD38- with the absence of mature lineage mark-
ers (Lin-)3. The high frequency of CD34+CD38- cells at 
diagnosis has been associated with unfavorable out-
comes and increased risk of relapse10. Under leukemic 
conditions, the normal progenitor compartment is 
numerically and functionally reduced, causing severe 
pancytopenia that clinically includes anemia, recurrent 
infections, and petechiae3,11. However, it is still a chal-
lenge to distinguish LICs from healthy hematopoietic 
stem cells phenotypically.

The competition between leukemic growth and nor-
mal cell development is under intense investigation. 
Among the most important findings is the tumor micro-
environment and the remodeling of normal niches, that 
is, the sites where stem cells and progenitors inhabit12. 
It is suggested that leukemic clones produce cytokines, 
inflammatory factors13, and exosomal microvesicles14 
containing micro RNAs and other products. These cell 
products drive the “conditioning” of normal niches and 
form hostile sites for normal clones favoring their 
escape or depletion while creating optimal niches for 
the proliferation of malignant clones12.

Clinical diagnosis and laboratory 
evidence

The oncologic treatment depends on the diagnosis, 
which should be comprehensive and include morpho-
logic criteria, karyotyping, immunophenotyping, and the 
presence of confirmed genetic alterations. According to 
the World Health Organization (WHO), bone marrow 
aspirates should be used for leukemia diagnosis 
(Fig. 1). However, on certain occasions, the diagnosis 
can be implemented in peripheral blood as well15. Other 
criteria such as age, leukocyte count, evidence of infil-
tration to other organs, and early response to therapy 
help identify standard risk from high-risk patients.

The lineage suspicion is clarified by immunopheno-
typing, which should be initiated with a robust strategy 
to detect at least whether the affected lineage is lym-
phoid (B or T) or myeloid. If morphology yields more 
data on the myeloid precursor type, subsequent anti-
body combination or characterization panels should be 
based on these aspects to avoid performing lymphoid 
panels on clearly myeloid leukemia and vice versa16. 
The most commonly used antigens for the identification 
of B-cell lymphoid leukemia are CD19 or cytoplasmic 
CD79a (cyCD79a), while for T-lineage leukemia are 
surface CD3 (smCD3), cytoplasmic (cyCD3), and CD7, 

as well as the absence of antigens associated with the 
opposite lineage. On screening panels, myeloid leuke-
mia is identified by the absence of the previously men-
tioned lymphoid antigens and the presence of 
myeloperoxidase (MPO) or some myeloid membrane 
antigens, including CD33, CD14, or CD13. In normal 
hematopoiesis, the common leukocyte antigen CD45 is 
acquired with maturation; thus, its low expression or 
absence is associated with more than 90% of AL cases 
and allows a clear identification of immature popula-
tions. The CD34 antigen, associated with stem cells 
and hematopoietic progenitors, is widely used in vari-
ous diagnostic panels and denotes the level of (in) 
differentiation of leukemic blasts. In parallel, the search 
for translocations is usually performed routinely through 
commercial kits that can detect up to 28 leukemia-as-
sociated translocations: del1 (p32) (STIL-TAL1), t(1;11) 
(p32;q23) (MLL-EPS15), t(1;11) (q21;q23) (MLL-MLLT11), 
t(1;19) (q23;p13) (TCF3-PBX1), t(3;5) (q25;q34) (NPM1-
MLF1), t(3;21) (q26;q22) (RUNX1-MECOM), t(4;11) 
(q21;q23) (MLL-AFF1), t(5;12) (q33;p13) (ETV6-
PDGFRB), t(5;17) (q35;q21) (NPM1-RARA), t(6;9) 
(p23;q34) (DEK-NUP214), t(6;11) (q27;q23) (MLL-
MLLT4), t(8;21) (q22;q22) (RUNX1-RUNX1T1), t(9;9) 
(q34;q34) (SET-NUP214), t(9;11) (p22;q23) (MLL-
MLLT3), t(9;12) (q34;p13) (ETV6-ABL1), t(9,22) (q34;q11) 
(BCR-ABL1), t(10;11) (p12;q23) (MLL-MLLT10), t(11;17) 
(q23;q21) (MLL-MLLT6), t(11;17) (q23;q21) (ZBTB16-
RARA), t(11;19) (q23;p13.1) (MLL-ELL), t(11;19) 
(q23;p13.3) (MLL-MLLT1), t(12;21) (p13;q22) (ETV6-
RUNX1), t(12;22) (p13;q11) (ETV6-MN1), t(15;17) 
(q24;q21) (PML-RARA), inv(16) (p13;q22) (CBFB-
MYH11), t(16;21) (p11;q22) (FUS-ERG), t(17;19) (q22;p13) 
(TCF3-HLF), and t(X;11) (q13;q23) (MLL-FOXO4)17.

Only 20% of B-lineage leukemia and 60% of myeloid 
leukemia have common translocations18. However, 
more than 200 aberrations associated with this group 
of diseases are being explored through massive 
sequencing, real-time quantitative reverse transcrip-
tion PCR (RT-qPCR), and digital PCR strategies, 
although they are only available for research. Notably, 
no other prognostic factor has been described with 
such a high significance as the ultrasensitive detec-
tion of MRD for AL through high-resolution technolog-
ical systems. In addition, sensitivity is a highly relevant 
subject that involves technological aspects, reproduc-
ible protocols, systematized analysis strategies, and 
high technical resolution power. We describe the main 
benefits of several technologies applied to the diag-
nosis and evaluation of residual leukemia.
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MRD and its prognostic value

Once the diagnosis is established, the next step is to 
monitor the disease and the effectiveness through the 
detection of MRD. Several studies have emphasized 
the usefulness of monitoring tumor burden throughout 
treatment. Depending on the protocol, MRD can be 
determined on days 14, 21, 28, 33, or up to 78 days 
after treatment. The first attempts to monitor the reduc-
tion of malignant cells were carried out by observing 
histology slides and conventional staining. The intro-
duction of terminal deoxynucleotidyl transferase (TdT) 
detection by fluorescence microscopy was of limited 
utility compared to first-generation flow cytometry (with 
two or three colors and high instrumental speed). The 
next challenge was distinguishing abnormal from nor-
mal developing clones after chemotherapy (hema-
togones), so more colors/markers were needed. The 
advent of modern cytometers allows gathering up to 
6-8 markers in single staining, increasing the resolution 
power, and studying the co-expression of several mol-
ecules. Although classical microscopic techniques are 
still performed, MRD by molecular or cytometry 

techniques can redefine risk groups in complete 
 morphological remissions19.

High sensitive molecular techniques have changed 
clinical outcomes, as documented by several controlled 
clinical trials demonstrating the superior prognostic 
value of MRD compared with leukocyte count, age, 
genotype, and early steroid response20. The purpose 
of MRD detection is to distinguish patients who respond 
well to therapy from those who require re-intensifica-
tion, thus reducing high doses of chemotherapy in 
those patients at low risk, and recognizing patients who 
presumably have a low risk of relapse21. As previously 
mentioned, the prognostic value of MRD (currently 
determined by cytometry or RT-qPCR) is accepted as 
the most important factor in the clinical management of 
the disease due to a high correlation with the risk of 
early relapse22,23. Immunophenotyping at diagnosis is 
desirable but not necessary when following MRD. 
Innovative approaches used for tracking clones in 
B-ALL will be further discussed. However, such panels 
are not helpful for T-ALL and less so for myeloid origin 
leukemia, in which the recognition of the affected lin-
eage at disease onset is essential for the appropriate 

Figure  1. Workflow diagram for the comprehensive diagnosis of acute leukemia. According to the World Health 
Organization recommendations, leukemia diagnosis should be made from bone marrow aspirates, although peripheral 
blood smears can be used in particular situations. Collectively, morphological analysis, karyotyping, immunophenotyping, 
and molecular testing for the presence of genetic aberrations outline the comprehensive diagnosis.
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choice of MRD markers. Some case reports describe 
leukemic reemergence with lineage changes, possibly 
due to leukemic subclone’s selection or the emergence 
of new clones during relapse24. Therefore, cytometry 
strategies should be sufficiently sensitive and pheno-
typically broad to identify re-emerging clones not asso-
ciated with the lineage of origin.

Interestingly, MRD is also crucial in the prognosis of 
patients undergoing stem cell and hematopoietic pro-
genitor transplantation, in whom MRD+ is often asso-
ciated with unfavorable outcomes25.

Unfortunately, not all laboratories can determine 
MRD, as this does not depend on infrastructure but 
analysis and interpretation based on intensive training 
and in-depth knowledge of genotypic and phenotypic 
changes due to chemotherapy and pathways of differ-
entiation of normal and malignant clones, among other 
biological aspects of the disease. 

Technology applied to the diagnosis and 
monitoring of hematological neoplasms

The description of the double helix chain in the 1950s 
based on crystallographic studies by Rosalind Franklin 
was undoubtedly one of the most important discoveries 
for modern molecular biology. However, in the early 
1960s, James Till and Ernest McCulloch demonstrated 
for the first time that bone marrow contained cells capa-
ble of regenerating blood in mice subjected to lethal 
doses of radiation. The hematopoietic system has been 

a gateway to several paradigms in medicine, as it has 
allowed various discoveries such as the description of 
the first cancer-associated translocation, the 
Philadelphia chromosome (by Janet Rowley). Later, this 
translocation led to discovering the first targeted ther-
apy using inhibitors of the tyrosine kinase activity of the 
protein resulting from the fusion BCR-ABL and, of 
course, the discovery of cancer stem cells.

Undoubtedly, the development of monoclonal anti-
bodies by Milstein and Köhler (1975) and the invention 
of flow cytometry made it possible to profile the immuno-
phenotype of primitive cell populations and purify them 
through cell sorting. The development of these new 
tools prompted John Dick, who described a population 
parallel to that of normal stem cells capable of initiating 
leukemia. Research has expanded the knowledge of 
normal and pathological protein expression at the cel-
lular level. The creation of consortia such as EuroFlow 
has allowed establishing the AL cell classification and 
detecting residual clones after chemotherapy.

The ability to amplify a specific region of the genome 
through PCR in the mid-1980s and, later, the ability to 
quantify the number of copies in real-time made it pos-
sible to measure, for the first time, the success of che-
motherapy with molecular platforms (Fig.  2). Since 
then, and thanks to the human genome project, molec-
ular tools such as massive NGS have made it possible 
to identify specific regions associated with cancer and 
new mutations, particularly those associated with leu-
kemia. However, a combination of cellular and 

Figure 2. Timeline of relevant discoveries for the biological characterization of leukemia. Today’s technology has been 
tangible thanks to fundamental discoveries that allowed the birth of modern molecular biology and the consideration 
of leukemic stem cells as the functional origin of these diseases and, therefore, as a target for treatment.



164

Bol Med Hosp Infant Mex. 2021;78(3)

molecular strategies is recommended for the manage-
ment of MRD18. Future technologies such as mass 
cytometry and other cytomics and molecular tools will 
allow highly sensitive detection of potentially MRD 
relapse-causing populations in the next generation.

Multiparametric flow cytometry

In daily practice, morphologic observations are usu-
ally confirmed by immunophenotyping. Although lym-
phoid blasts are usually distinguished from myeloid 
blasts, it is impossible to identify B or T lymphocyte 
blasts by simple colorimetric staining. 
Immunophenotyping is a highly specialized technique 
that uses flow cytometry to detect different fluorescent 
signals chemically coupled to antibodies that bind anti-
gens with high specificity. As these antigens are usually 
membrane or cytoplasmic molecules, they can be 
detected simultaneously, if present in cells, according 
to the flow cytometer’s optical configuration. At present, 
immunophenotyping is based on panels of 6-8 colors 
(or more), translating into the detection of multiple flu-
orescences associated with different cell markers. At 
least in commercial panels, this information enables 
identifying the presence/absence of several key param-
eters for the classification of the most relevant hema-
topoietic lineages. Validated in vitro diagnostic (IVD) 
antibody panels are available commercially to confirm 
the clinical suspicion of AL through a cytometry 
approach. The EuroFlowTM Consortium has worked 
multicentrically to develop an intelligent combination 
screening tool that searches for eight specific markers 
of the B, T, and myeloid lineages, as well as molecules 
of hematological immaturity (Table 1). A correct analy-
sis of such a guidance tube allows identifying AL of B, 
T, and myeloid lineage. Details on the aberrant expres-
sion of other molecules, identification of mixed pheno-
types, and other markers of prognostic value are 
explored by adding other tubes with new antibody 
combinations.

The detection sensitivity for most commercially avail-
able flow cytometers is 0.01-0.001% (1×10−4-1×10−5), 
although the latter is not usually achieved. As the 
number of cells per sample is not always abundant, 
the acquisition of multiple tubes reduces the number 
of cells available for analysis. Therefore, the lower 
tubes acquired, the higher the number of markers 
involved (depending on the number of detectors of the 
equipment), and the higher the number of cells 
acquired, the higher the resolution capacity. Analysis 
software such as InfinicytTM allows the fusion of tubes 

from four markers—known as the backbone—and 
automatically calculates cell populations26. Achieving 
a high number of cells in samples obtained after che-
motherapy is challenging because the collection of 
mononuclear cells may compromise the recovery of 
leukemic clones to the point of loss. Therefore, staining 
of the entire sample before bulk lysis is strongly 
recommended19.

Next-generation flow cytometry

Undoubtedly, one of the fundamental laboratory chal-
lenges for leukemia is the detection of MRD. Some 
protocols define MRD prognostic value as early as day 
15, while others at day 28 or 33. The real challenge lies 
in finding residual clones with alterations in the normal 
maturation pattern or the presence of aberrant markers. 
Either scenario requires training in detecting normal 
cell maturation to identify pathological clones and 
markers to discern between developing cells and those 
that have survived chemotherapy. 

As mentioned previously, flow cytometry can reach 
the detection limit of 1×10−5. However, to achieve max-
imum reliability, it is necessary to acquire an optimal 
number of cells (at least 5 million). There is no consen-
sus on the minimum number of cells to define a cluster 
as a cell population; however, it is suggested to be 
between 10 and 50 events27. Another recommendation 
is to use specialized software for analysis, especially 
in MRD studies, where many nucleated cells (up to 10 
million) have been acquired to search for residual 
clones.

Another challenge is the markers’ stability during 
treatment, as some disappear or are induced after 

Table 1. Antigens of the EuroflowTM panel ALOT (acute 
lymphoblastic orientation tube)

Antigen Cells expressing the antigen

CD45 Leukocytes

CD34 Stem cells and hematopoietic progenitors

CD19 B Lineage

CyCD79a

smCD3 T Lineage

CyCD3

CD7

CyMPO Myeloid
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rounds of chemotherapy28. Several studies have aimed 
to find the best combination of markers for disease 
tracing, especially in B-lymphoid origin leukemia, for 
which panels include, at least, the detection of CD19, 
CD79a, CD34, CD45, and CD3 antigens. Some options 
for monitoring MRD are further discussed (Table 2).

CD73

CD73 is an ectonucleotidase that produces adenos-
ine (ADO) from extracellular ADO triphosphate (ATP). 
Under physiological conditions, it is expressed on the 
surface of some B cells and subpopulations of T and 
NK cells29. The role of CD73 is to create a suppressive 
environment after hydrolysis of extracellular ATP (dam-
age signal) and reduce inflammation by generating 
ADO, a molecule with immunosuppressive potential. In 
a multicenter study, CD73 was shown to be aberrantly 
highly expressed on B-lineage blasts compared to its 
normal counterpart in 66% of the enrolled patients and 
was stable 15 days after initiation of treatment28. More 
recent reports have documented that CD73 has a 
greater tendency to increase significantly after 
treatment29.

CD304

CD304 (also called neuropilin 1) functions as a co-re-
ceptor for the vascular endothelial growth factor and 
semaphorin. It is expressed on plasmacytoid dendritic 
cells and some monocyte populations under physiolog-
ical conditions, although normal pre-B populations usu-
ally express discrete levels30. Based on expression 

data and subsequently corroborating the findings by 
flow cytometry, Coustan-Smith et al. demonstrated the 
role of CD304 as a valuable molecule for monitoring 
MRD by comparing purified leukemic blasts with their 
normal counterpart4. B-ALL leukemic blasts signifi-
cantly overexpress CD304. Its expression correlates 
with the presence of t(12;21) ETV6-RUNX1, which orig-
inates the TEL/AM1 fusion, and is inversely related to 
rearrangements in the MLL gene4,28,31. In combination 
with CD9, it could be helpful for the prediction of t(12;21) 
translocation32. 

Interestingly, CD73 showed a positive correlation with 
CD304 expression, for which their combination results 
in a powerful strategy to identify residual clones during 
B-ALL (Fig. 3).

CD86

Under physiological conditions, B cells express basal 
levels of CD86. However, after activation, its expression 
increases considerably. Besides, plasma cells maintain 
abundant expression. CD86 may be expressed on the 
surface of leukemic blasts in some patients with B-ALL, 
but there is no apparent correlation with any particular 
immunophenotype (pro-B or pre-B) or genetic sub-
group. Rearrangements of the MLL gene and the BCR-
ABL1 fusion protein have been associated with positivity 
to the marker. However, due to the low frequency of 
these subgroups, it is challenging to generate signifi-
cant statistics28. The trend has been confirmed in at 
least half of the patients with B-ALL in whom CD86 
expression has been explored, but few studies have 
addressed its potential use for MRD follow-up4,28.

Table 2. Patients with positive blast populations for CD73, CD86, CD44, and CD304 antigens in various international 
studies

Antigen Percentage (%) of patients in each study

Meyerson et al.30 Coustan‑Smith et al.4 Solly et al.31 Sędek et al.28 Nagant et al.44

CD73 76.7 54.5 — 66 —

CD81 — — — — 100

CD86 56.7 46.7 — 58 —

CD44 50 53.5 — — —

CD24 20 11.5 — — —

CD304 — 71 48 59 —

CD123 — — — — 34

CD58 — — — — 90
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CD58

Lymphocyte function-associated antigen 3 (LFA-3) or 
CD58 is expressed on the surface of antigen-present-
ing cells, especially macrophages. In most cases (> 
90%), it is present in leukemic blasts and is stable in 
the treatment phase, making it a good candidate for 
monitoring MRD33. In a study that included 69 patients, 
CD58 helped detect ten patients with MRD (+) con-
firmed by PCR34. Despite being identified as one of the 
most outstanding molecules as MRD markers, other 
studies have shown that its implementation generates 
limited information for detecting remnant clones27,34.

CD66c

This glycoprotein participates in cell adhesion and is 
expressed on the surface of cells of myeloid origin 
under normal conditions; however, it is absent in 
non-pathologic lymphocyte populations. In B-ALL, this 
molecule is aberrantly expressed on the surface of 
blasts, especially in cases with the t(9;22) translocation 
that originates the BCR-ABL1 fusion protein35,36. 

Molecular subgroups with hyperdiploidy frequently 
express the CD66c antigen28,37. Recently, the 
EuroFlowTM Consortium observed that the combination 
of CD66c with CD123 provided valuable information 
(Fig. 3A and B) by the separation obtained of malignant 
populations27.

CD123

Myeloid progenitors, plasmacytoid dendritic cells, 
and basophils express the alpha chain of the IL-3 
receptor (IL-3), CD123, whose signaling is involved in 
differentiation, proliferation, and survival processes. 
Experimental data confirm that CD123 is overexpressed 
on the surface of B-ALL and AML leukemic blasts; 
however, it is underrepresented in T-type leukemias38. 
Interestingly, the hyperdiploid genotype is associated 
with high CD123 expression. Therefore, in combination 
with CD86 and CD200, it could potentially identify this 
molecular subgroup4,39. In addition to being expressed 
in lymphoid cells, this molecule is currently used as a 
therapeutic target for immunological therapy since it is 

Figure  3. Differential expression of some markers useful for monitoring minimal/measurable residual disease. 
A. Differential expression of CD73/CD304 (left), CD66c/CD123 (center), and CD81 (right) in populations of residual 
B lymphoid blasts (CD45low CD34+ CD10+ CD20low), BII precursors (CD45low CD34+ CD38+ CD10+ CD20low/int), 
BIII (CD34- CD38+ CD10+ CD20low/int) and immature B cells (CD45hi CD34- CD38- CD10- CD20+). B. Dot plots of the 
different populations described above, the blasts population represents 0.0018% of the nucleated cells. APS: automatic 
population separator. Analysis performed in Infinicyt 2.0, Nereida Méndez.

B

A
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also explicitly expressed in leukemic stem cells of 
AML40. 

CD44

CD44 is expressed in the cell membrane of various 
tissues and participates in cell adhesion and migration. 
During the early development of T cells, CD44 plays 
an essential role during the arrival of progenitors from 
the bone marrow to the thymus. Although its role 
seems more significant for T-ALL, B-lineage blasts 
express CD44 in almost 53.5% of cases4,30. 
Furthermore, its expression has been confirmed in 
AML blasts41. CD44 is one of the most studied tumor 
markers; its combination with CD24 has helped identify 
tumor stem cells in various solid tumors. Notably, BCR-
ABL patients directly correlate with CD44 
expression42.

CD81

CD81 belongs to a family of proteins known as tetra-
spanins. Under physiological conditions, CD81 is 
expressed in the surface of mature B and T cells, for 
which it is considered a molecule associated with lym-
phocyte maturation. Therefore, CD81 may be detect-
able from the early stages of lymphopoiesis, and its 
density increases as populations mature43-45. The 
absence of CD81 expression and positivity to other 
markers, such as CD58, marks suspiciously malignant 
populations44. Thus, the combination allows identifying 
residual blastic clones from developing normal progen-
itors (hematogones) (Fig. 3).

Mass cytometry

This technology merges two well-known approaches: 
flow cytometry and mass spectrometry. This combi-
nation generates proteomic analyses at a single-cell 
level. In practical terms, mass cytometry or cytometry 
by time-of-flight requires a suspension of cells 
“labeled” with antibodies coupled to pure elements 
(initially metals) instead of fluorochromes as in tradi-
tional flow cytometry. In this technique, cells are neb-
ulized, and metals are associated with the cells and 
detected by mass spectrometry due to specific bind-
ing with the antibodies. Therefore, more than 40 pro-
teins can be analyzed simultaneously without the 
need for compensation since each element is unique 
and identifiable by its atomic mass. Although this tool 
is mainly used in research, the number of parameters 

exceeds those achieved by the most equipped tradi-
tional cytometer. In the future, this technology could 
be applied to detect MRD with a much higher resolu-
tion46,47. However, one of the disadvantages is that 
the sample has to be disintegrated, so cells cannot 
be recovered for further studies. With the recent 
emergence of spectral flow cytometry, it is possible 
to investigate 48 colors/markers by analyzing the 
entire emission spectrum of each fluorochrome that 
is part of the panel rather than the peak emission, as 
occurs with conventional flow cytometry. Moreover, 
the development of cell purification kits based on this 
detection strategy is underway, as well as the detec-
tion of messenger RNAs useful for the most common 
genetic abnormalities (in combination with classical 
immunophenotyping). In the coming years, the imple-
mentation of specific oligonucleotide-conjugated anti-
bodies will provide the possibility of single-cell 
transcriptomics based on traditional flow 
cytometry48.

Molecular biology in MRD

Before cytometry, MRD was traditionally measured 
through RT-PCR, detecting fusion products generated 
by translocations, although limited. With the develop-
ment of digital PCR, a high precision quantification is 
possible now. Furthermore, the measurement of V(D)J 
rearrangement products allows identifying the immuno-
logical reconstitution of patients. However, as only one 
technique has been mainly used historically, few studies 
were initially consistent when combining techniques, 
possibly due to the lack of standardization49. Because 
of their predictive value, numerous technological and 
scientific efforts are underway to improve methods and 
innovate to identify clones that resist traditional therapy. 
Thus, results on massive sequencing techniques for 
MRD determination suggest a higher predictive accu-
racy for predicting relapse compared with other 
strategies50.

Recently, Waanders et al. demonstrated that relapse 
clones originated from subclones existing at diagnosis 
with variable abundance and identified some candidate 
genes that may undergo additional mutations such as 
NCOR2, USH2A, and NT5C2, evidenced by digital 
PCR before clinical relapse51. Undoubtedly, MRD 
detection is aided by cutting-edge technology but 
requires rapid and standardized techniques52. For low- 
and middle-income countries, the cost of such assays 
should be affordable for patients or public health 
services.
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MRD in myeloid leukemia

Detection of gene fusion products by RT-qPCR is one 
of the most commonly used strategies in AML along-
side flow cytometry. Since approximately 60% of 
myeloid leukemia belong to a molecular group, their 
traceability is facilitated by this method during treat-
ment. At present, NGS’s advantage is that it allows 
parallel information on the associated mutations and 
the detection of fusion products for these disorders53. 
Because of the high phenotypic heterogeneity within 
the same disease, there has been a significant delay 
in developing guidelines addressing all the character-
istics. ALL protocols have been adapted to search 
residual cells through flow cytometry, but the results 
have differed considerably54. One of the biggest chal-
lenges for the cytometrist is distinguishing malignant 
clones from normal myeloid reconstitution. Despite the 
description of leukemic stem cells, only a few studies 
have followed these cells during MRD. However, given 
that the immunophenotype of CTLs can be variable 
between patients, proposing a panel that allows gener-
alization is complex10. The search for stemness in AML 
during MRD and LICs in acute lymphoblastic leukemia 
would be handy. 

MRD in the cerebrospinal fluid

Only about 30% of relapses occur in the central ner-
vous system (CNS), and the detection of leukemic 
clones in the cerebrospinal fluid (CSF) at diagnosis 
occurs in < 15% of patients. These results are associ-
ated with a worse prognosis due to an increased risk 
of relapse55. The mechanisms underlying CNS coloni-
zation are not well understood, but experimental inves-
tigations indicate that blasts can cross the blood-brain 
barrier. Alternatively, potential “seeding” of blasts in the 
CNS during sample collection or prophylaxis protocols 
has been suggested56. Furthermore, the use of immu-
nodeficient animal models has highlighted the determi-
nant role of the antitumor surveillance system and the 
migratory capacity of leukemic populations in relapsing 
leukemia, distinguishable by a high expression of 
cortactin57.

Malignant blasts in the CSF are traditionally detected 
by cytology after concentrating the sample (cytospin). 
Moreover, blasts can be evaluated by flow cytometry 
using strategic combinations, including CD45, CD19, 
CD20, CD4, CD8, CD56, Ig lambda, Ig kappa, CD3, 
CD14, and CD38 antigens16, to identify the infiltrate’s 
cellular composition. A study of 673 patients showed 

that the relapse incidence at 4 years was higher in 
those where leukemic blasts were detected in the CSF 
by flow cytometry. Despite the superior advantages of 
flow cytometry over cytology, there is no consensus for 
leukemia diagnosis in the CSF, although several algo-
rithms have already been thoroughly reviewed58. Other 
studies rely on molecular techniques for the detection 
of MRD in the CSF through PCR59. Regardless of the 
above, the biggest challenge is the correct preservation 
of the cellular material from the CSF, possibly imple-
menting cell stabilizers for flow cytometry or nucleic 
acids. However, the low-volume sample cutting-edge 
techniques discussed here are also being explored for 
such frontier approaches60.

Future perspectives and challenges 

MRD detection represents a challenge from several 
perspectives, including low cell number in aspirates, 
lack of smart marker configuration, need for cytometers 
with more than five colors, the involvement of highly 
trained analysts, and specialized software, among oth-
ers. Sometimes, diagnostic immunophenotyping is not 
available, or the laboratories’ lack of systematization 
makes it challenging to follow-up residual clones. An 
advantage of hematological disorders with common 
molecular signatures is that such translocations can be 
monitored with high sensitivity by RT-qPCR. Moreover, 
mass cytometry or massive sequencing proposals will 
be explored in the coming years and addressed in pilot 
studies before being transferred to the clinic as routine 
protocols in our country. However, with the advance-
ment of technology and the collaboration of different 
reference centers, most MRD measurement protocols 
are being standardized by conventional flow cytometry, 
which will provide greater accuracy and robustness. In 
Mexico, several initiatives for the consensus of markers 
and protocols for cytometry diagnosis will reduce the 
number of cases inaccurately diagnosed and evaluate 
treatment response and the increase in the overall sur-
vival of pediatric patients.
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Abstract

Coronavirus disease 2019 (COVID-19) is caused by the severe acute respiratory syndrome 2 coronavirus (SARS-CoV-2) and 
is currently listed as a global public health emergency. Timely identification and protocol implementations for molecular de-
tection of this virus are vital for medical decision-making. Identification of SARS-CoV-2 infection cases is based on detection 
of the virus RNA by molecular tests, particularly real-time reverse transcription-polymerase chain reaction (RT-PCR). Technical 
and operational details specific to each center must be considered to perform the molecular diagnosis of SARS-CoV-2 in 
pediatric patients. The term “qualified laboratories” involves laboratories in which all users, analysts, and anyone reporting 
results are trained to develop and interpret results through a procedure implemented previously by an instructor. Such 
knowledge is essential in detecting and identifying errors during each of its phases: pre-analytical, analytical, and post-analyti-
cal, which allow the establishment of continuous improvement policies to ensure the quality of the results, but above all, the 
physical integrity of health workers.

Key words: COVID-19. SARS-CoV-2. RT-PCR.

Recomendaciones analíticas para la identificación de SARS-CoV-2 por RT-PCR en 
pacientes pediátricos

Resumen

La enfermedad por coronavirus de 2019 (COVID-19), causada por el coronavirus del síndrome respiratorio agudo grave 2 
(SARS-CoV-2), está catalogada actualmente como una emergencia de salud pública mundial. La oportuna identificación y 
la implementación de protocolos para la detección molecular de este virus son de vital importancia para la toma de deci-
siones médicas. La identificación de los casos de infección por SARS-CoV-2 se basa en la detección de ARN del virus 
mediante pruebas moleculares, específicamente la reacción en cadena de la polimerasa de transcripción inversa (RT-PCR) 
en tiempo real. Existen detalles particulares de cada centro, tanto técnicos como operacionales, que deben considerarse 
para llevar a cabo el diagnóstico molecular de SARS-CoV-2 en pacientes pediátricos. El término «laboratorios calificados» 
se refiere a laboratorios en los cuales todos los usuarios, los analistas y cualquier persona que reporta resultados están 
capacitados para el desarrollo y la interpretación de estos a través de un procedimiento previo implementado por un ins-
tructor. Dichos conocimientos son indispensables para la detección y la identificación de errores durante el proceso en cada 
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Introduction

In December 2019, a series of atypical pneumonia 
cases occurred in Wuhan, Hubei province, China, cau-
sed by a new β-coronavirus named severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2) by the 
International Committee on Taxonomy of Viruses 
(ICTV)1-3.

Coronaviruses are highly diverse RNA viruses of the 
Coronaviridae family divided into four genera: alpha, 
beta, gamma, and delta. They are widely distributed in 
humans and other mammals. These viruses cause 
different illnesses: from common flu in its less aggres-
sive form to pneumonia; in some cases, they cause 
severe acute respiratory syndrome (SARS) that requi-
res ventilatory or mechanical support, and in the most 
severe cases, they cause death2-5.

The World Health Organization (WHO) declared a 
global pandemic on March 11, 2020, as part of a global 
effort to coordinate the management of the impact cau-
sed by the SARS-CoV-2 virus. This pandemic has cau-
sed 462,684 confirmed cases (81,968 cases in China, 
including 11,977 severe cases) and 20,834 deaths 
(3293 deaths in China), figures up to March 26, 2020. 
Some studies have suggested that it could take more 
than a decade for the world to recover socially and 
economically2,3.

According to the WHO, the implementation of sys-
tems to diagnose cases, timely identification of suspec-
ted cases, collection and delivery of samples to 
reference laboratories, and the implementation of mole-
cular detection protocols for SARS-CoV-2, depending 
on the capacity of each laboratory, are among the 
priority strategies to be followed for pandemic manage-
ment. Therefore, the coordination and collaboration of 
the clinical laboratory to support diagnosis based on 
molecular tests is of significant importance for the 
timely care of patients and decision-making in the heal-
thcare sector2-5.

Clinical and epidemiological studies have shown that 
patients with COVID-19 present symptoms ranging from 
mild to severe, including fever, fatigue, severe pneumo-
nia, acute respiratory distress syndrome (ARDS), 
severe inflammatory response syndrome (SIRS), target 
organ damage, and multiple organ failure (MOF). 
According to different studies, SARS-CoV-2 infection is 

associated with significant morbidity and mortality ran-
ging from 4.3% to 15%, especially in patients with chro-
nic medical conditions. At least one in five cases 
requires intervention in intensive care units, which are 
limited in developing countries1-5.

Recently, some laboratory parameters useful to pre-
dict the course of the disease have been described: 
some clinical features include peripheral blood leuko-
cyte count (TCD4+ and TCD8+ cells) decrease, and the 
increase of proinflammatory cytokines in serum such 
as interleukin 6 (IL-6) and, interferon-gamma (IFN-γ). 
Moreover, acute-phase proteins (C-reactive protein, 
fibrinogen, ferritin) and cardiac biomarkers (troponin 
and BNP) quantification, the assessment of thrombosis 
risk, and liver and renal function evaluation tests are 
essential elements for the clinician to establish thera-
peutic and prophylactic measures when treating 
patients with COVID-195-7.

Several studies have reported that child infection 
represents from 1-5% of the total cases. This popula-
tion often shows milder symptoms than the adult popu-
lation, and deaths are extremely rare5-7.

This review aimed to provide information regarding 
the implementation of molecular tests to detect SARS-
CoV-2 in the Hospital Infantil de México Federico 
Gómez (HIMFG) clinical laboratory. These procedures 
are based on the molecular diagnostic protocols esta-
blished by the WHO “Laboratory testing for 2019 novel 
coronavirus (2019-nCoV) in suspected human cases.”

Molecular diagnosis of COVID-19

SARS-CoV-2 is a single-stranded RNA virus with a 
29,903 nucleotides genome, making it the second-lar-
gest known RNA genome. It consists of two untransla-
ted regions (UTR) at the 5’ and 3’ ends and 11 open 
reading frames (ORFs), which encode 27 proteins6-10.

SARS-CoV-2 confirmation is based on detecting its 
RNA by real-time reverse transcription-polymerase 
chain reaction (RT-PCR) assays. In general, SARS-
CoV-2 identification is carried out to detect three genes: 
N, E, and RdRp genes (when using the Berlin protocol). 
Both the E and N genes serve as screening genes to 
detect any β-coronavirus associated with bats, while 

una de sus fases: preanalítica, analítica y posanalítica. Además, permiten establecer políticas de mejora continua que ase-
guran la calidad de los resultados, pero sobre todo la integridad física de los trabajadores de la salud.

Palabras clave: COVID-19. SARS-CoV-2. RT-PCR.
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the RdRp gene is specific for SARS and SARS-like 
coronaviruses (including 2019-nCoV)10-18.

Tests for SARS-CoV-2 identification should be con-
sidered for those patients who meet the case definition. 
If possible, it is recommended to use the laboratory 
algorithm for influenza detection suggested by PAHO 
for influenza surveillance.

Additionally, sequencing platforms can be used for 
virus identification in laboratories with both Sanger and 
Next-Generation sequencing technology12-16.

Although serological methods based on the detection 
of IgM and IgG immunoglobulin antibodies exist in the 
market, they are not recommended, mainly because 
the dynamics between the response and production of 
antibodies during the infection are not entirely establi-
shed; also, cross-reactivity with other coronaviruses 
makes the interpretation of the results difficult. Molecular 
detection of SARS-CoV-2 by RT-PCR has higher spe-
cificity and sensitivity (95-97%, confidence interval (CI): 
83-97%); therefore, a positive result confirms the detec-
tion of the virus6-14.

The efficiency of RT-PCR in microbiology has been 
described in multiple diagnostic algorithms, and now it 
is widely used in diagnostic virology. As a first step, the 
reverse transcriptase enzyme is used to synthesize 
complementary DNA (cDNA) from RNA obtained from 
SARS-CoV-2 present in nasopharyngeal swab sam-
ples. Subsequently, the region of interest of the cDNA 
is amplified with the use of specific primers.

Early and timely detection of SARS-CoV-2 cases 
allows the implementation of isolation measures to 
reduce and delay the pandemic peak, allowing greater 
responsiveness for the healthcare sector. Molecular 
detection tests for SARS-CoV-2 are critical for diagno-
sing the disease, understanding its epidemiology, and 
managing the cases, leading to a decrease in 
infections8-10.

In our country, the Epidemiological Diagnostic and 
Reference Institute (InDRE, for its Spanish acronym) 
has developed a protocol for SARS-CoV-2 molecular 
identification, which has been transferred to the natio-
nal network of public health laboratories, national health 
institutes, and other institutions that generate informa-
tion for epidemiological surveillance.

It is essential to follow the general laboratory guide-
lines established by the InDRE and those documented 
in the Norma Oficial Mexicana (Mexican Official 
Standard) NOM-017-SSA2-2012 for epidemiological 
surveillance.

Currently, in our country, commercial tests must be 
subjected to an evaluation process by the InDRE for 

the accreditation of their analytical performance 
(Table 1). The complete list is available at the following 
link: https://www.gob.mx/cms/uploads/attachment/
file/561223/Listado_de_estuches_comerciales_utiles_
para_el_diagn_stico_de_SARS-CoV-2.pdf

Pre-analytical phase

The pre-analytical phase is considered the first stage 
of process development in the clinical laboratory. 
Deviations or omissions in this stage impact adequate 
performance, generating failures in the tests’ perfor-
mance or even affecting the quality of the results. In 
the case of SARS-CoV-2 detection, this phase is 
essential for identifying the virus, diagnosing the 
disease, and the care of healthcare personnel exposed 
to such processes.

It is crucial to be aware of biosafety measures during 
all stages of the analytical process considering all the 
risks involved in handling biological samples of infec-
tious diseases. The minimum essential personal pro-
tective equipment (PPE) is described in the Biosafety 
and Biosecurity Protocol issued by the InDRE to handle 
patients during sample collection. Further details can 
be found in the following link: https://www.gob.mx/
salud/documentos/lineamientos-vigentes-red-nacio-
nal-de-laboratorios-de-salud-publica?state=published) 
(Table 2).

During the development of molecular tests, errors to 
identify SARS-CoV-2 in the pre-analytical phase are 
similar to those in other diagnostic areas. An example 
is the type of specimen recommended for these tests; 
the primary specimen should come from the respiratory 
tract of the individual with suspected disease. 
Nasopharyngeal (NP) and oropharyngeal (OP) swabs 
should be collected and transported in the same tube 
containing viral transport medium or sterile saline. 
Primary samples should be kept refrigerated (4-8 °C) 
and processed within 24-72 h after sampling.

Both the process and the timing of sample collection 
are critical to the outcome. By the process, we mean 
the swabbing technique and the region where it will be 
performed, while the timing of sample collection refers 
to the time elapsed after exposure to the virus. The 
estimated incubation period of this new virus ranges 
from 2 to 14 days; however, incubation periods of 21, 
24, or 27 days have been observed in some cases. 
Therefore, sampling at the early stages of exposure 
may generate false negative or indeterminate results in 
most cases19-25.
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Kucirka et al. used a model to estimate the false-ne-
gative rate and found that sampling suspected indivi-
duals before the onset of symptoms show up to a 100% 
chance of a false-negative result. This value decreases 
with the time of symptoms onset. For example, on day 
1 of symptoms onset, the estimate reaches 67% (95%CI 
27-94%), and on day 4, the mean false negative rate is 
38% (95%CI 18-65%). This rate decreased to 20% 

(95%CI 12-30%) on day 8, and by day 21, the false-ne-
gative rate increased again26.

Therefore, the sampling moment should be conside-
red decisive since the incubation cycle of the virus and 
the manifestations of the disease are variable in each 
patient and may affect the interpretation of the results 
(Figure 1).

Another critical variable is the difficulty of sampling 
in newborns and infants due to the characteristics of 
the material used for sampling. Although small or 
low-caliber swabs are available for these patients, the 
sample collected is usually not representative. 
Therefore, the personnel in charge of sample collection 
must be trained in patient-management and sampling 
material. 

For upper respiratory tract sampling, including NP 
and OP swabs, the following recommendations should 
be considered:
1) Synthetic fiber (flocked dacron or polyester) swabs, 

preferably with a flexible wire handle, should be used. 
As calcium alginate or wood-based swabs may con-
tain substances that affect some viruses’ viability and 
inhibit RT-PCR, their use is not recommended. 
Swabs should be immediately placed in sterile tubes 
containing viral transport medium (commercial or 
prepared in the laboratory; e.g., Hank’s salts, depen-
ding on the diagnostic protocol established or 
used)10-17. The swab should be cut at the height of 
the tube to facilitate handling the primary sample 
during the analytical phase.

2) For NP sampling, it is recommended to insert a syn-
thetic fiber swab with a flexible wire handle through 
the nares parallel to the palate (not upward) until 
resistance is encountered or the distance is equiva-
lent to that from the patient’s ear to the nose, indica-
ting contact with the nasopharynx. The swab should 
reach a depth equal to the distance from the nostrils 
to the external ear. Once inside, it is essential to 
gently rub and rotate the swab for a moment (3 to 5 
seconds) to absorb the secretions. Then the removal 
should be done slowly with a gentle twist. Finally, a 
visual check should be made to ensure that the swab 
is moist with the mucosal sample10-17.

3) In OP sampling, the swab should be inserted into the 
posterior pharyngeal and tonsillar areas, swabbing 
while the swab is rotated over the tonsillar pillars and 
posterior oropharynx, avoiding touching the tongue, 
teeth, and gums. As with NP sampling, it is important 
to visually verify that the swab is moist with the mu-
cosal sample10-17.

Table 2. Minimum essential personal protective 
equipment to handle patients during sample collection

Description of the personal protective 
equipment

Quantity needed 
for each sample 

collection

Disposable, single-use, waterproof gown 
with reinforced sleeves and chest, length 
exceeding the height of the boots

2

Long-sleeved nitrile gloves or as 
recommended by the WHO 280 mm  
(kit or pair)

2

Hair cover with elastic 2

Shoe covers (kit or pair) 2

Surgical gown (optional) 2

NIOSH N95 or N100 respirator  
or disposable surgical mask

2

3.5 cm wide microporous tape 1

Safety glasses, preferably with  
silicone seals

2

Rigid closed-toe shoe (white rubber sanitary 
boot when available) (kit or pair)

2

Supplies for an incident 1

Product description 1

Autoclave sterilized paper roll 1

Red translucent plastic bag for 
biohazardous and infectious waste,  
200 caliber that fulfills 
NOM-087-SEMARNAT-SSA1-2002

1

Gel alcohol 60-80% 1

Sodium hypochlorite solution 0.05% 1

Ethanol 70% solution 1

Triple packaging system Category B 1

Hermetic container for the transfer of 
packaged waste to the sterilization facility

1

*Taken from the Biosafety and Biosecurity Protocol issued by the Epidemiological 
Diagnostic and Reference Institute (InDRE).
NIOSH, National Institute for Occupational Safety and Health; PPE, personal 
protective equipment; WHO, World Health Organization.
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4) It is necessary to be trained in obtaining samples 
such as sputum, saliva, NP aspirate, or nasal aspi-
rate, and have experience in the handling of vials, 
containers, and adapters to reduce the risk of conta-
mination, leakage, and generation of aerosols10-17. 

5) Personnel must be trained in the fitting and removal 
of PPE, considering that all material and equipment 
are disposable (except for safety glasses) and must 
undergo a sterilization process before disposal.

6) It is recommended to work in pairs, as this facilitates 
the handling of pediatric patients and manipulating 
the material.

7) The site for outpatient sampling should be different 
from the site routinely used for blood and microbiolo-
gical sampling. Due to the pathogenic characteristics 
of SARS-CoV-2, an exclusive site for sample collec-
tion is essential, considering infrastructure, lighting, 
ventilation, biosafety equipment, contamination con-
trol equipment, and the identification of the bio-hazar-
dous waste-collection route.

8) Samples must be transported with triple packaging spe-
cifications. A trackable control of the route, temperature, 
transport times, and the contacts during the whole pro-
cess must be recorded.

Analytical phase

For molecular biology tests, it is crucial to recognize 
two stages within the analytical phase. The first phase 
involves obtaining the genetic material, which will be 
the primary source of the process, while the second 
stage corresponds to the RT-PCR. Before implemen-
ting the tests, the following elements are required: the 
qualification of the facilities and the verification of the 
chosen analytical platform, in addition to a specific 
documented operating procedure.

When performing these analytical procedures, the 
PPE used should be the same as in the pre-analytical 
phase, and the analytical process should be performed 
in a biosafety level 2 (BSL-II) laboratory at least10-28.

As previously described, identification of SARS-
CoV-2 in the upper and lower respiratory tract is per-
formed by RNA amplification via real-time RT-PCR 
during the virus infection cycle that allows qualitative 
detection in vitro. Positive results indicate an active viral 
infection; however, bacterial infection or co-infections 
with other viruses are not excluded. Therefore, negative 
results should be combined with clinical observations, 
patient history, and epidemiological information to 
guide treatment and other medical decisions.

Figure 1. SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2) infection clinical course concerning the 
reverse transcription-polymerase chain reaction (RT-PCR) test positivity.
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We suggest the following recommendations for hand-
ling the primary sample and obtaining viral RNA:
1) The sample matrix’s handling, previously identified, 

should be carried out in a BSL-II laminar flow hood; 
cabinets should not be used in this procedure. All the 
material with direct contact with the sample should 
be kept inside the hood and should not be removed 
until it has been correctly decontaminated with UV 
light for at least one hour. In addition to the PPE pre-
viously described, double pair of gloves is recom-
mended during this procedure.

2) Automated equipment is recommended to obtain viral 
RNA and reduce the analyst’s contact with the sam-
ple, thus decreasing contagion risk. Also, the con-
centration and purity of the viral RNA obtained should 
be registered.
The viral RNA obtained is not infectious; however, it 

should be kept refrigerated (4-8°C) before the RT-PCR 
test (which should be performed within 2-3 h after obtai-
ning the RNA) and separate from the reagents used for 
the test. Once used, this biological material can be 
stored at -80oC.

For RT-PCR performance, the PPE equipment should 
be new. It is crucial to consider the following 
recommendations:
1) The reaction mixture’s preparation should be carried 

out in a different location from where the genetic 

material and the negative and positive controls will 
be added. The reaction mixture can be prepared ei-
ther in a cabinet or in a laminar flow hood.

2) The reagents used in the reaction mixture should be 
stored separately from the genetic material used as 
positive and negative controls. The positive and ne-
gative controls are synthetic genetic material without 
infectious capacity and are designed and determined 
by the choice protocol. In our protocol, we use the 
ribonuclease p gene (RP gene) as an endogenous 
gene, while for the detection of SARS-CoV-2, we use 
the RdRP and E genes (Figure 2).

3) It is preferable to make aliquots of the reagents, con-
sidering the number of samples processed routinely, 
to avoid the continuous freezing and thawing of rea-
gents and samples.

4) Sanitization and decontamination of both work surfa-
ces and equipment (micropipettes, centrifuges, 
among others) should be performed before and after 
use. Among the agents that can be used for this pur-
pose are 10% bleach, 70% ethanol, and commercial 
RNA inhibitors to reduce contamination risk.
An essential part of the analytical process is diag-

nostic accuracy. In the tests for SARS-CoV-2 identifi-
cation, there are different methodological proposals or 
analytical designs. The most widely used at the inter-
national level are the following:

Figure 2. Detection of SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2) using the Berlin protocol in a 
positive case (amplification cycles of the three genes). E gene, envelope protein gene; RdRP gene, RNA-dependent 
RNA polymerase gene; RP, RNase P gene.
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1) The protocol designed by the CDC and the protocol 
developed by the Institute of Virology of Berlin. Both 
have been compared in several publications, making 
evident the complexity of homogenizing the various 
protocols to have similar analytical precision. For this 
reason, the minimum operating conditions of each 
protocol should be evaluated15,16.

2) Xie et al. described that 3% of patients with imaging 
evidence of COVID-19 (chest CT scan with COVID-19 
related damage, ground-glass imaging, or mixed 
ground-glass imaging with consolidation) initially 
showed a negative RT-PCR test result for  SARS-
CoV-2 identifica tion. In this group of patients, test 
results were positive for COVID-19 after some days 
in the hospital17. 

3) In another series of patients, Ai et al. reported that 
88% (888/1014 patients) showed chest CT scans with 
data of SARS-CoV-2 infection but only 59% (601/1014) 
with RT-PCR positivity, adding to the patients’ biolo-
gical variability18. Despite the assay or test variation, 
we should clearly understand our platform’s analytical 
performance based on the tools that each laboratory 
should consider within the internal quality control 
program.

Post-analytical phase

The recommendations during this phase are the 
following:
1) Each gene’s amplification cycles in each sample 

should be considered concerning the amplification 
cycle of the positive and negative controls. If possi-
ble, generate cut-off points according to the popula-
tion evaluated.

2) Good transcription of the results to the reporting sys-
tem and matching patient data (name, age, diagno-
sis, room, among others) must be verified. 
In the case of the graphs or the experiments perfor-

med to identify SARS-CoV-2, interpretation criteria 
should consider each gene’s characteristics and, if 
necessary, the presence, absence, or combinations that 
can be obtained. For example, the Berlin protocol seeks 
to identify three genes (a constitutive gene, a generic 
viral gene, and a specific viral gene) (Table 3).

Currently, no quantitative method can detect the 
number of virus copies in a sample; however, the num-
ber of amplification cycles of a specific gene detected 
in RT-PCR can provide information on the concentra-
tion of viral load (Table 4). It is important to be aware 
of some considerations to extrapolate these data: a) 
RNA concentration obtained during the extraction 

should be homogenized for all tests. Therefore, RNA 
should be quantified before the RT-PCR test and dilu-
tions should be performed if necessary; b) the gene 
used for this determination should always be the same; 
3) the interpretation will depend on the protocol imple-
mented, the equipment used for the determination, and 
the brand of reagents selected. 

In the case of interpretation errors, the final report 
delivered to the physician should be clear and concrete. 
In the case of positive results for COVID-19, unneces-
sary information (e.g., primers’ sequence, enzymes 
used, and other methodological details) should not be 
included in the reports.

Finally, laboratories from public and private institu-
tions that perform SARS-CoV-2 identification tests must 
generate a report of positive cases to the federal gover-
nment’s epidemiological surveillance network for the 

Table 3. Table of interpretation of reverse 
transcription-polymerase chain reaction (RT-PCR) results

E gene RdRp 
gene (discriminatory)

RNase P Results

+ + + Positive for 
SARS-CoV-2

+ - + Probable 
Sarbecovirus

- - + Negative for 
Sarbecovirus 
and SARS-CoV-2

- - - Not adequate 
assay

- + + Repeat/Send to 
InDRE for advice

InDRE (Spanish acronym), Epidemiological Diagnostic and Reference Institute; 
SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

Table 4. Relative estimation of viral load in positive 
results, using a specific gene (RdRp gene) of 
SARS-CoV-2 by reverse transcription-polymerase chain 
reaction

Amplification cycle Relative estimate of viral load

< 20 Very high viral load

20-25 Medium/high viral load

25-30 Intermediate viral load

> 30 Very low viral load

SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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follow-up of the pandemic in the country. Each health-
care center must report the results of the SARS-CoV-2 
tests to each country’s competent health authorities. In 
the HIMFG Laboratory, we generate weekly reports 
following the current strategies, and we are part of the 
epidemiological surveillance support laboratories.

Molecular detection of SARS-CoV-2 is critical for 
taking action against the pandemic. However, it is 
essential to perform these procedures using protocols 
that promote patients’ and healthcare personnel’s safety. 
In Mexico, the Official Standards (NOM, for its Spanish 
acronym) for the organization and operation of clinical 
laboratories (NOM-007-SSA3-2011) and for the mana-
gement of bio-hazardous waste (NOM-087-ECOL-
SSA1-2002), among others, allow the establishment of 
clinical diagnostic tests.

Considering the heterogeneity of detection protocols, 
we should promote inter-laboratory networks for the 
appropriate exchange of information and relevant 
actions, besides following the guidelines issued by the 
InDRE to strengthen the timely detection of SARS-
CoV-2 in Mexico. Furthermore, laboratories should con-
tinue to use the influenza laboratory algorithm 
recommended by PAHO and WHO for routine survei-
llance, considering that testing for COVID-19 should be 
performed only for patients who meet the case definition 
following epidemiological surveillance strategies.
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Abstract

Pediatric acute respiratory distress syndrome (PARDS) is a frequent diagnosis in critical care. This inflammatory process has 
different stages characterized by mild-to-severe hypoxia, and the management will vary according to the severity. New defi-
nitions for pediatric patients were published in 2015; new epidemiological evidence revising those definitions has helped 
understand the mortality associated with PARDS and the impact on ventilation. The strategies to protect the lungs during 
mechanical ventilation have been successful in reducing mortality and complications. In clinical situations where high levels 
of critical support are limited, other therapies with a lower level of evidence can be attempted to gain time without worsening 
the ongoing pulmonary injury. We offer a complete narrative revision of this syndrome, with the critical management of these 
patients as a priority. 

Key words: Artificial respiration/methods. Respiratory distress syndrome. Adult. Prone position. Acute lung injury. Pediatrics.

Síndrome de dificultad respiratoria aguda pediátrica: ¿cómo proteger los pulmones 
durante la ventilación mecánica?

Resumen

El síndrome de dificultad respiratoria aguda pediátrica (SDRAP) es un diagnóstico frecuente en cuidados intensivos. Este 
proceso inflamatorio se caracteriza por diferentes grados de hipoxia, de leve a grave, y el manejo varía de acuerdo con la 
gravedad. En 2015 se publicaron nuevas definiciones para pacientes pediátricos, así como nueva evidencia epidemiológica, 
que toma como punto de partida dichas definiciones, lo cual ha ayudado a entender la mortalidad asociada y el impacto 
del manejo ventilatorio con respecto a la morbilidad en este síndrome. Las estrategias que protegen los pulmones durante 
la ventilación mecánica han sido exitosas en reducir la mortalidad y las complicaciones subsecuentes. En situaciones en 
las que existen limitaciones que impiden suministrar altos niveles de soporte crítico se pueden implementar otras medidas 
de menor evidencia para ganar tiempo e impedir que se extiendan las lesiones pulmonares. A continuación, se ofrece una 
revisión narrativa completa de este síndrome, con un enfoque que prioriza el manejo crítico de estos pacientes.

Palabras clave: Respiración artificial, métodos. Síndrome de dificultad respiratoria aguda. Adulto. Posición prono. Lesión 
pulmonar aguda. Pediatría.
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Introduction

Pediatric acute respiratory distress syndrome 
(PARDS) is one of the most severe problems managed 
in pediatric critical care units. The presence of pulmo-
nary inflammation with compromised oxygenation is an 
unmistakable sign of this syndrome, which requires 
comprehensive and multidisciplinary management. The 
present article displays a narrative review, emphasizing 
the management of this condition (Fig. 1).

The literature search has been exhaustive in different 
search engines, including PubMed, EMBASE, and 
SciELO. Articles in English, Spanish, French, and 
Portuguese were reviewed and included. The age cri-
teria of the population were determined according to 
the type of publication. For high-quality evidence arti-
cles (meta-analyses, systematic reviews, randomized 
studies, and cohorts), pediatric studies (age < 21 years) 
were selected. For other observational studies (exclud-
ing cohorts), consensuses, and reviews, priority was 
given to pediatric studies, but adult literature was not 
excluded if no pediatric literature was found. Studies 
published from 2005 onward were included. Since this 
is a narrative review, the assessment of the included 
articles considered the authors’ experience. A method 
of evidence assessment was not included in the review.

Epidemiological aspects

The most recent PARDS definition was published by 
the Pediatric Acute Lung Injury Consensus Conference 
(PALICC) in 20151. That definition was validated by an 
international, multicenter, epidemiological study called 
PARDIE, published in 2019. To date, this study is the most 
comprehensive in terms of epidemiological data on 
PARDS2. One hundred and forty-five centers in 27 coun-
tries participated for 10 non-consecutive weeks. A total of 
744 patients with PARDS were identified; 708 were 
included. The study reported 3.2% of new cases of 
PARDS, with a mortality of 16%. Patients with PARDS 
comprised 6.1% of all patients on mechanical ventilation. 
Mortality was 32.7% for patients with severe PARDS ver-
sus mild (12.4%) and moderate (10.3%) PARDS. Patients 
with severe PARDS had twice as many days with mechan-
ical ventilation as those with mild or moderate PARDS.

Comorbidities are associated with some risk factors. 
Barreira et al.3 studied patients with chronic diseases, 
including respiratory pathologies (26%), prematurity 
(19.3%), gastrointestinal disorders (12.3%), and genetic 
diseases (10.5%). In this study, risk factors associated 
with mortality were multiple organ dysfunction 

syndrome, hypoxemia, and refractory shock. PARDS 
risk was high in such cases, with elevated scores on 
the PRISM pediatric mortality risk scale. These factors 
were analyzed in the study of mortality prediction mod-
els performed with data from the PARDIE study4.

Etiology

PARDS develops due to pulmonary (primary) or sys-
temic (secondary) damage. According to the PARDIE 
study, the most common causes in pediatrics are pneu-
monia (mortality 12%) and sepsis (mortality 30%); trauma 
is a common cause in adolescents. Cases of immersion 
and non-septic shock represented 1% of the cases but 
high mortality (67% and 60%, respectively). In nosoco-
mial etiologies, post-transfusion pulmonary reactions are 
common causes. Lung injury induced by uncontrolled 
mechanical ventilation is common. Therefore the under-
standing of its pathophysiology and management is of 
primary importance to avoid worsening lung injury.

Pathophysiology 

PARDS is characterized by a succession of sequen-
tial inflammatory events that ultimately disrupt the 
alveolocapillary unit. The pathophysiology is complex 
and involves the stimulus nature, host response, and 
side effects of management5,6.

Three histopathological stages have been described: 
exudative phase, proliferative phase, and fibrotic phase. 
The time of onset and duration of each stage is vari-
able, and there is evidence of phase overlap. In the 
exudative phase, the lung’s response to the occurrence 
of a lesion is initiated by the alveolar macrophage. The 
M1 macrophage is activated by NF-κB and secretes 
potent inflammatory mediators, including tumor necro-
sis factor, various interleukins (IL), and chemotactic 
cytokines (CCL), generating destruction and apoptosis 
of pneumocytes 1 and 2, and the subsequent release 
of epithelial mediators. The alveoli fill with protein-rich 
edema, inactivating the surfactant. The endothelial bar-
rier disintegrates, and migration of neutrophils and 
monocytes initiates. Neutrophils promote the destruc-
tion of the alveolar epithelium and also induce hyaline 
membrane formation. Disruption of the endothelial-al-
veolar membrane generates interstitial edema. 
Endothelial damage in capillaries promotes intravascu-
lar coagulation and microthrombosis formation.

The proliferative phase is mediated by M2 macro-
phages, which release pulmonary repair mediators, 
reestablish the pulmonary epithelium’s cellular 
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junctions, phagocyte apoptotic neutrophils, and facili-
tate the migration of bronchial progenitors and type 2 
pneumocytes, which differentiate from type 1 pneumo-
cytes and generate new surfactant. New membrane 
pumps help to drain the edema. The endothelial barrier 
is reestablished, and fibroblast proliferation favors the 
formation of a provisional matrix.

The fibrotic phase is the most destructive phase associ-
ated with mechanical ventilation and is characterized by 
permanent damage to the basement membrane. These 
changes do not allow alveolar epithelialization and result 
in persistent edema, intra-alveolar coagulation, collapse, 

and uncontrolled expression of M2 macrophages. The 
extracellular matrix develops interstitial and intra-alveolar 
fibrosis. The endothelium then undergoes a process of 
capillary obliteration and proliferation of fibroblasts and 
myofibroblasts.

Lung tissue damage is heterogeneous and leaves 
collapsed areas and alveolar units that preserve or lose 
gas exchange capacity. The “baby lung” theory states 
that in adult patients with ARDS, the lung portions that 
continued to have healthy tissue and where the gas 
exchange still occurs are equivalent to the volume of 
the lungs of pediatric patients aged 6-7 years. This 

Figure  1. Management of pediatric acute respiratory distress syndrome (PARDS) in invasive mechanical ventilation 
(IMV). PEEP: positive end-expiratory pressure; FiO2: inspired fraction of oxygen; iNO: inhaled nitric oxide; HFOV: high-
frequency oscillatory ventilation; ECMO: extracorporeal membrane oxygenation. 
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theory was based on the portions of the lung that 
remained air filled and appeared normal on tomo-
graphic images. These intact lung spaces constitute a 
volume less than the corresponding for the patient’s 
weight and size. This concept is fundamental when 
considering the tidal volumes to be used in PARDS. It 
is more relevant the tidal volume/“baby lung” ratio than 
the traditional tidal volume/kilogram of weight7. The 
process of mechanical ventilation-associated or 
mechanical ventilation-induced lung injury is part of the 
pathophysiological process of this disease. The physi-
ological principle of this concept has been called 
mechanical power. This concept encompasses driving 
pressure, tidal volume, airflow, positive end-expiratory 
pressure (PEEP), and respiratory rate. This concept 
facilitates understanding the contribution of mechanical 
power to ventilator-associated lung injury8. 
Understanding these concepts help to avoid perpetuat-
ing lung injury and facilitate lung recovery9-11.

Definition and diagnosis of PARDS 

The current definition of PARDS includes clinical cri-
teria1. PARDS should be part of the diagnostic suspi-
cion in patients presenting acute hypoxemic respiratory 
failure. Patients who require oxygen support are at risk 
of developing PARDS. The causes can be diverse, and 
the common manifestations are signs and symptoms 
caused by hypoxemia.

Age of patients 

For the first time, the definition includes an age cri-
terion for pediatric patients, unlike the Berlin definition. 
Patients with perinatal lung disease should be excluded. 
However, neonates who are hospitalized with respira-
tory failure unrelated to perinatal disease may present 
PARDS. Perinatal lung disease includes lung disease 
related to prematurity, perinatal lung injury (meconium 
aspiration, pneumonia, or neonatal sepsis), or other 
congenital abnormalities (such as a congenital dia-
phragmatic hernia or alveolar capillary dysplasia).
–	Origin of edema. Respiratory failure cannot be fully 

explained by cardiac failure or fluid overload.
–	Chronological criteria. Patients must present hypoxia, 

with radiographic changes, to be diagnosed with 
PARDS within 7 days of presenting a known clinical 
lesion. It is important to remember that this is an 
acute syndrome.

–	Chest imaging studies. In chest imaging studies, the 
presence of new infiltrates is consistent with acute 

parenchymal lung disease. There is no need for the 
infiltrates to be bilateral, unlike previous definitions.

–	Oxygenation criteria. The definition is based on oxy-
genation criteria (Table  1). The PALICC definition 
proposes stratifying the severity of PARDS based on 
oxygenation index (OI) or oxygen saturation index 
(OSI). The purpose of using oxygen saturation (SpO2) 
is to avoid the exclusion of patients with PARDS who 
do not have an arterial blood gas report, which facil-
itates diagnosis and stratification in pediatric patients. 
OI is defined as the ratio of the mean airway pressure 
(Pa−w, mmHg) multiplied by the inspired fraction of 
oxygen (FiO2), multiplied by 100, and divided by the 
partial pressure of oxygen in arterial blood (PaO2): 
OI  = Pa−w × FiO2 × 100/PaO2. OSI is calculated by 
dividing by the arterial oxygen saturation (SaO2): 
OSI = Pa−w × FiO2 × 100/SaO2. The inspired fraction 
of oxygen must be titrated to obtain saturations 
≤ 97% to use OSI, while in patients in whom arterial 
blood gases are available, the OI should be used 
(Table 1). 
Furthermore, the oxygenation criteria include defini-

tions for patients on non-invasive mechanical ventila-
tion with continuous positive airway pressure (CPAP) ≥ 
5 cmH2O, in whom PARDS is defined with PaO2/FiO2 
≤ 300 or SaO2/FiO2 ≤ 264.

Special populations

Cases of children with the left ventricular cardiac 
dysfunction, who meet the other PARDS criteria, should 

Table 1. Oxygenation criteria according to PALICC 
definition

Meet age and chronological requirements, the origin of edema, 
and chest image

Non-invasive 
mechanical 
ventilation
Face mask,
BiPAP or CPAP 
≥ 5 cmH2O

Invasive mechanical ventilation

Mild Moderate Severe

PaO2/FiO2≤ 300;
SaO2/FiO2 ≤ 264

4 ≤ OI < 8
5 ≤ OSI < 7.5

8 ≤ OI < 16
7.5 ≤ OSI < 12.3

OI ≥ 16
OSI ≥ 12.3

OI = Pāw × FiO2 × 100/PaO2; OSI = Pāw × FiO2 × 100/SaO2.
The OI is defined as the ratio of the mean airway pressure (Pāw, mmHg) multiplied 
by the inspired fraction of oxygen (FiO2) multiplied by 100 and divided by the partial 
pressure of oxygen in arterial blood (PaO2). It should be divided by oxygen 
saturation (SaO2) to calculate OSI. OI should be used if arterial blood gases are 
available. Titrate FiO2 to obtain saturations ≤ 97% to use OSI.
BiPAP: bilevel positive airway pressure; CPAP: continuous positive airway 
pressure; OI: oxygen index; OSI: oxygen saturation index; PALICC: Pediatric Acute 
Lung Injury Consensus Conference.
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be diagnosed as such if hypoxemia is acute and new 
chest imaging changes cannot be explained by acute 
left ventricular heart failure or fluid overload3. In cya-
notic heart disease cases, the same criteria are applied, 
as long as they have acute oxygenation impairment not 
explained by the heart disease.

In patients with chronic lung disease, the same crite-
ria are used. The radiograph should show new infil-
trates compared to the baseline radiograph and 
deterioration of oxygenation above the patient’s stan-
dard requirement and meeting the oxygenation param-
eters described below.

Patients at risk for PARDS

One of the updates presented in the PALICC defini-
tions was the inclusion of the diagnosis of patients at 
risk for PARDS. The criteria for age, chronology, 
edema origin, and chest imaging are the same as 
those already described in the primary definition; the 
difference occurs in the oxygenation criteria. The cri-
terion for non-invasive mechanical ventilation patients 
on CPAP (continuous positive airway pressure) or 
bilevel positive airway pressure with a nasal mask is 
that FiO2 ≥ 40% must maintain saturations of 88-97%. 
For patients with an oxygen mask, nasal cannula, and 
high-flow nasal cannula, a minimum oxygen flow 
should be provided to maintain 88-97% oxygen satu-
ration. The minimum flow is defined by age: 2 L/min 
for < 1-year-old patients, 4 L/min for patients aged 1-5 
years, 6 L/min for patients aged 5-10 years, and 8 L/
min for > 10-year-old patients.

For invasive mechanical ventilation, the criterion for 
patients at risk is oxygen supplementation necessary 
to maintain oxygen saturations > 88%, but with OI < 4 
and OSI < 5.

Differential diagnosis

Several conditions associated with hypoxia are part 
of the differential diagnosis. These conditions require 
critical and urgent management and may include the 
following conditions:
– Interstitial or eosinophilic pneumonia.
– Obliterans bronchiolitis.
– Alveolar hemorrhage.
– Pneumonitis.
– Neurogenic, reperfusion, or high-altitude pulmonary 

edema.
– Pulmonary embolism.
– Neoplasm.

Complementary tests

– Arterial blood gas analysis.
– Inflammatory markers (routine use is not 

suggested).
– Chest X-ray. The definition does not require the use 

of an X-ray (it can be any chest image). It is fast, 
available in many places, can be portable, is inex-
pensive, has less radiation than CT scans, is easy to 
interpret, and does not require sedation12.

– Computed axial tomography, nuclear magnetic reso-
nance, and ultrasound should be used when there is 
suspicion of an abscess, pleural effusions, persistent 
pneumothorax, pulmonary embolism, or vascular 
malformations.

– Echocardiogram (not routinely recommended). We 
strongly suggest considering it only to exclude pul-
monary hypertension in patients with a history of 
prematurity13.

– Bronchoscopy and alveolar lavage. Not recommend-
ed unless fungal or pneumocystis pneumonia is sus-
pected. Inflammatory markers in alveolar lavage are 
not routinely recommended14.

– Lung biopsy. Not recommended as a routine 
procedure15.

Principles of PARDS management

The challenge is the identification of the population 
at risk and its immediate stratification. No specific treat-
ment for the inflammatory process and alveolar-epithe-
lial damage has been identified. The key to managing 
patients with PARDS is to treat the cause while lung 
tissue recovery occurs16. 

Understanding these patients’ ventilatory manage-
ment has allowed intensivists to improve the survival 
rates among patients affected by this syndrome9. The 
key to management lies in not iatrogenically damage 
the lungs17,18. This concept is the most critical in the 
current management of PARDS. Mechanical ventila-
tion is associated with different lung injuries, and 
parameters must be established to avoid these inju-
ries’ persistence and allow alveolar recovery10,11.
– Barotrauma: The pulmonary lesion is generated by 

elevated ventilatory pressures with peak and plateau 
pressures > 35 cmH2O, which generates disruption 
of the alveolar wall. These patients are at high risk 
of pneumothorax and emphysematous lesions, which 
reduce the gas exchange surface. Patients with air 
leak syndrome secondary to pneumothorax are very 
complex.
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– Volutrauma: It is the pulmonary lesion generated by 
high tidal volumes. The overdistension of the alveoli, 
according to the pulmonary area, would generate 
inflammation. The force it exerts on the different his-
tological layers of the lungs generates an inflamma-
tory cascade similar to that occurring in PARDS.

– Atelectrauma: Patients who have a low PEEP will 
lose alveolar recruitment. These patients will have 
alveoli that repeatedly collapse and distend, and this 
generates a loss of surfactant, which causes further 
collapse. As in volutrauma, the forced opening of 
collapsed alveoli will generate more inflammation.

Mechanical ventilation

The strategy and mode of ventilation can be chosen 
according to the medical team’s expertise and ventila-
tors’ generation. The synchronized intermittent manda-
tory ventilation (SIMV) mode, with pressure control, 
offers certain advantages; however, no studies recom-
mend only one mode19,20.

In any of the chosen modes, parameters should be 
used to maintain the concept of open lung ventilation11. 
It is suggested to use the open lung and permissive 
hypercapnia strategy to avoid overdistension of the 
lung, causing further damage9,10. A pH of 7.15-7.30 can 
be used as a target, except in cases of elevated intra-
cranial pressure, pulmonary hypertension, congenital 
heart disease, hemodynamic instability, and ventricular 
dysfunction. The principle of mechanical ventilation in 
PARDS is not to perpetuate lung damage but provide 
a lung-protective strategy (Fig. 1)21.
a) Endotracheal tube and ventilator circuit 

An endotracheal tube cuff is recommended to avoid 
air leakage during invasive mechanical ventilation. 
Modern ventilators have compensation for air leakage. 
The cuff should be inflated to maintain < 10% air leak-
age and, if possible, with a manometer to avoid tracheal 
damage. It is suggested to perform recruitment maneu-
vers after each suction through the endotracheal tube 
in tidal volume loss. Also, to use closed suction circuits 
in PARDS.
b) Tidal volume and pressures

It is recommended to use an alveolar protective tidal 
volume (4-8 mL/kg based on ideal body weight predic-
tion)22. For patients with pressure-controlled ventilation 
(pressure control, PC), it is essential to adjust the pres-
sure and obtain a tidal volume between 4 and 8 mL/kg 
to avoid barotrauma and volutrauma. Lung compliance 
or lung distensibility deteriorates in patients with 
PARDS. As controlled ventilatory parameters are 

increased, the risk of ventilator-induced lung injury 
(VILI) increases. It is suggested that the pressure dif-
ference (driving pressure = plateau pressure - PEEP) 
should preferably not be > 15 cmH2O in pressure-con-
trolled or pressure-limited volume-controlled ventila-
tion. It is recommended to limit the plateau pressure to 
28-32 cmH2O. The ventilator must be in the volumetric 
mode to calculate the plateau pressure. In patients with 
plateau pressure > 28 cmH2O and moderate or severe 
PARDS, the use of high-frequency oscillatory ventila-
tion (HFOV) should be considered. Also, pH and pCO2 
should be monitored.

Tidal volume can be maintained between 6 and 8/kg, 
although it can be lowered to 4 and 5/kg if there are no 
ventilatory problems to avoid volutrauma. The volume/
pressure curve should be carefully observed to determine 
the lower and upper inflection points and minimize alveolar 
recruitment loss. The objective of using this curve (V/P) is 
to keep it in the maximum slope segment (low pressure 
for large volumes) and not at the extremes, between the 
lower inflection point (onset of recruitment) and the upper 
inflection point (deflection, the onset of overdistension). 
This part of the curve is where the lowest pressure differ-
ence (driving pressure) will be needed (Fig. 2).
c) PEEP and oxygen

The FiO2 should be adjusted according to the patient’s 
needs and targets established according to the case’s 
severity23. Oxygen supplementation should be adjusted 
to maintain SaO2 between 92% and 97%, as long as 
PEEP is < 10 cmH2O. In severe PARDS, if PEEP is > 10 
cmH2O, the goal is to maintain SaO2 between 88% and 
92%. This goal should be achieved with the lowest FiO2 
possible since high values cause O2 toxicity. Regarding 
PaO2, we could consider acceptable values between 
55 and 80 mmHg, as long as hemodynamic stability is 
maintained and hemoglobin > 7 g/dl.

Regarding PEEP, a range of 5-15 cmH2O is recom-
mended. According to the severity of PARDS, PEEP can 
increase, and the possibility of pulmonary overdistension 
and pneumothorax should be monitored, and the hemo-
dynamic status of the patient as well. Regarding the 
lower inflection point on the volume/pressure curve used 
as a reference, the PEEP value should be at or above 
that point to avoid atelectasis and atelectrauma (Fig. 2).
d) Time and inspiratory cycle

Increasing inspiratory time has a minor impact on the 
elevation of mean airway pressure. A ratio of 1:1 between 
inspiratory and expiratory times (I:E) can be maintained. 
The normal ratio is 1:2. I:E ratio of 1:1 does not appear 
to improve survival, although it may improve oxygen-
ation. Reversing the I:E ratio is not recommended.



187

A. Coronado Muñoz, R. Escalante Kanashiro: PARDS and lungs protection during mechanical ventilation

e) Recruitment maneuvers with hemodynamic status 
monitoring
It is recommended to maintain the patient’s hemody-

namic status at all times and avoid a shunt phenome-
non. Preferably use a progressive recruitment strategy 
and assess the patient’s condition comprehensively.

It is important to remember that these maneuvers are 
transitory and that studies have shown that they do not 
improve survival. They should only be used in patients 
who do not respond to other recruitment strategies and 
only if the response is favorable, without hemodynamic 
decompensation.
f) HFOV

A plateau pressure > 28 cmH2O is recommended as 
a parameter to consider HFOV. Remember the nega-
tive impact on the right heart, which is one of the 
causes of significant morbidity and mortality in 
HFOV24,25. The usefulness of HFOV is unclear, but it is 
a rescue mode in severe cases, especially when the 
highest level of ventilation available is required. In a 
secondary analysis, HFOV is related to a longer time 
on ventilation in patients in whom it was initiated early. 
Clinically, one of the drawbacks of this mode of venti-
lation is the need for muscle paralysis.
g) Bilevel or airway pressure release ventilation (APRV) 

Data regarding this mode of ventilation are limited. 
The evidence has been based on patient series, and 
there are medical groups that favor this ventilation 

method26. A randomized study of APRV versus low tidal 
volume mode was discontinued after enrolling 52 
patients, as it was associated with increased mortality. 
This method could be applied during the transition 
between conventional ventilation and HFOV or extra-
corporeal membrane oxygenation (ECMO), but its rou-
tine use is not recommended.

Ventilation in a prone position 

The principal advantage of this method is its easy appli-
cation in children27. The principle is that ventilation in prone 
position patients improves oxygenation; however, pediatric 
clinical studies do not demonstrate its usefulness when 
studying mortality as an outcome. Moreover, a Cochrane 
review published in 2012 concluded that the prone position 
improves oxygen saturation and arterial oxygen pressure, 
reduces hypoxemia events, and improves thoracoabdominal 
synchrony compared to the supine position28. These findings 
are similar to those reported in adults, in which whom its 
early use is recommended29,30. By improving recruitment in 
dependent areas, volutrauma and barotrauma could be min-
imized and hence the decrease of FiO2

31. 
Establishing patient care measures using a prone 

positioning strategy and verifying the endotracheal tube 
position to avoid unplanned extubation is essential. 
Also, to have a rotation protocol to avoid pressure 
ulcers, especially on the face.

Figure  2. Volume/pressure curves in normal lung and acute respiratory distress syndrome (ARDS) lung. The safe 
ventilation zone is where no significant damage to the lungs is caused. 
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Since prone ventilation is an unproblematic measure, 
it can be used quickly to gain time and improve oxy-
genation. An early implementation may avoid escala-
tion to other more invasive or unavailable therapies. 
During the coronavirus pandemic, adult intensivist 
teams recommended prone ventilation in non-intubated 
patients with high oxygen requirements to avoid early 
intubation32,33.

ECMO 

This strategy may improve survival in PARDS patients 
with severe manifestations but high costs and severe 
possible side effects. The moment at which the patient 
should start this approach has not yet been determined. 
It is suggested to consider ECMO in patients in whom 
the open lung strategy fails34,35 and is recommended in 
patients with severe PARDS in which the cause is con-
sidered reversible. The introduction of percutaneous 
venous ECMO makes it easier to consider its use in 
pediatrics. It is postulated that a very high OI value (> 
40) is one of the criteria for considering ECMO36; another 
criterion is the recurrence of pneumothorax.

Other therapeutic approaches 

There is no specific pharmacological treatment for 
PARDS. Some therapeutic strategies are used even 
with unfavorable evidence. The management, espe-
cially in severe cases, includes all necessary measures 
to gain time. Considering that these therapies have a 
low level of evidence, they can be initiated if they have 
no major risks for the patient29,37,38.
a) Negative cumulative balance 

Negative water balance is ideal in PARDS, as long 
as hemodynamic stability is preserved. The aim should 
be to achieve a negative balance between 48 and 72 h. 
The internal environment and acid-base status man-
agement should not be forgotten; hypovolemia and 
poor perfusion should be avoided. This measure has 
low evidence39. 
b) Sedation/analgesia and muscle relaxants 

It is necessary to limit muscle relaxants to the mini-
mum number of days possible. The harmful effect of 
the association of corticoids and muscle relaxants on 
the appearance of myopathy in the critical patient 
should always be remembered, which can make extu-
bation more difficult40. Relaxation is important and nec-
essary at the onset of ventilation to assess lung 
compliance and minimize any restrictive pattern. In 
patients in whom HFOV is used, muscle paralysis will 

be necessary. The time of opioid sedation and analge-
sia should always be minimized to avoid adverse effects 
such as tolerance, withdrawal, and delirium (high level 
of evidence)41. Likewise, the paralysis time should be 
minimized to reduce the risk of myopathy (high level of 
evidence)42.
c) Inhaled nitric oxide (iNO) 

iNO has produced short-term physiological improve-
ments in ventilation-perfusion adaptation and intrapul-
monary shunt43,44. According to current evidence, it can 
be used in patients with severe PARDS. It is helpful in 
cases of pulmonary hypertension, but its routine use is 
not recommended for PARDS.
d) Corticosteroids 

The routine use of corticosteroids is not recom-
mended since there are no studies in pediatric patients, 
except for one pilot study. Data in adults are controver-
sial. According to the protocol described by Meduri 
et al., some centers use it regularly; inhaled corticoste-
roids have been investigated in a pilot study in adults 
(2016), which showed improved oxygenation following 
their administration45,46. A pilot study on applying this 
therapy in pediatric patients is currently underway at 
the University of Texas in Houston.
e) Surfactant 

Regarding exogenous surfactant, the evidence is 
insufficient to recommend its use. The principal study 
to demonstrate its use was interrupted due to futility 
criteria47.

Extubation and weaning from invasive 
mechanical ventilation

Extubation should be initiated on reversal of the 
causes that precipitated the need for invasive mechan-
ical ventilation (IMV) and the PARDS resolution. The 
PICU work plan and protocol for weaning from IMV 
should be followed.

Prognosis

As demonstrated in the PARDIE study, the mortality 
of severe cases is 32.7%. Surviving patients have pro-
longed intensive care stays, especially patients with 
severe PARDS. The impact on long-term respiratory 
and pulmonary function has not been measured in 
large-scale prospective studies. The available informa-
tion has been obtained from small series. These stud-
ies have followed patients for up to 12 years after 
discharge from hospitalization. Studies with larger pop-
ulations are needed. The age of the patients limits 
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pulmonary function tests. Patients requiring sedation 
and prolonged paralysis are at risk for withdrawal syn-
drome, delirium, and myositis requiring critical care. 
The impact on neurodevelopment in these patients has 
not been studied in detail. However, information on 
cognitive, emotional, social, and behavioral deficits 
from intensive care hospitalization is not specific for 
PARDS48.

As PARDS is complex, physicians treating pediatric 
patients must be aware of management’s new defini-
tions and principles. 

The primary approach to the management of PARDS 
is based on mechanical ventilation, with lung protective 
strategies. This mode of ventilation improves patient 
survival. The PARDS criteria and concepts are essen-
tial for any physician treating patients in pediatric criti-
cal care units. 

It is necessary to know the equipment available in 
each center and recognize the transfer processes to 
advanced centers since the severe form of PARDS has 
a high mortality. Oxygenation compensation measures, 
such as prone ventilation, may help the patient before 
advanced critical care therapies.
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Abstract

Background: Viral respiratory infections in pediatric patients with hematopoietic stem cell transplantation (HSCT) significant-
ly impact morbidity and mortality. It is necessary to determine the viral agents and their frequency of presentation to unders-
tand their impact on transplantation patients’ evolution. Methods: From January 2017 to December 2019, we conducted a 
cross-sectional, descriptive, and observational study of patients who underwent HSCT with a viral respiratory infection. Viral 
identification was performed using multiplex polymerase chain reaction for nine respiratory viruses. Descriptive statistics were 
performed with a report of central tendency measures and percentages. Results: Of the 54 pediatric patients who underwent 
HSCT, 59.2% presented an airway infection; in turn, at least one viral agent was identified in 59.3% of these patients. The 
most frequent viral agents were influenza (25.9%), human rhinovirus (18.5%), and respiratory syncytial virus (18.5%). Viral 
co-infections occurred in 36.8% of the cases. The reported complications were supplemental oxygen requirement (73.6%), 
support with mechanical ventilation (21%), admission to the pediatric intensive care unit (15.7%), and mortality associated 
with a viral respiratory infection (10.5%). Conclusions: Viral respiratory infections are frequent in pediatric patients with HSCT; 
influenza A/B virus was the most frequent agent. As morbidity and mortality increase due to these infections in patients with 
HSCT, strategies are necessary for its prevention and timely treatment after transplantation.

Key words: Stem cell transplantation. Respiratory tract infections. Respiratory virus.

Infecciones respiratorias virales en pacientes pediátricos con trasplante de células 
progenitoras hematopoyéticas

Resumen

Introducción: Las infecciones respiratorias virales en los pacientes pediátricos con trasplante de células progenitoras he-
matopoyéticas (TCPH) impactan significativamente la morbilidad y la mortalidad. Para comprender su impacto en la evolución 
de los pacientes receptores de trasplantes es necesario conocer la frecuencia de presentación y los agentes virales. 
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Introduction

Hematopoietic stem cell transplantation (HSCT) is a 
curative treatment for multiple hematologic and non-he-
matologic pathologies in pediatric patients. One of 
HSCT’s objectives is reconstituting the hematopoietic 
system, including the immune system. Post-transplant 
immune reconstitution begins with the recovery of the 
innate immune response (natural killer [NK] cells, neu-
trophils, monocytes, dendritic cells, and T cells) from 
15 days to 2 months after transplant. The adaptive 
immune response (CD4+ T cells and B cells) has a later 
recovery, occurring up to 24 months after transplanta-
tion1. During viral infections, macrophages and NK cells 
belong to the innate immune system and are part of the 
first defense barrier. Toll-like receptors recognize patho-
gen ligands, such as nucleic acids, and lead to the 
production of type I interferons (IFN-α and IFN-β), 
which will limit the infection of other cells2. Furthermore, 
NK cells produce IFN-γ synergizing with other cells, 
such as dendritic cells. After the onset of the antiviral 
immune response, T cells and B cells begin their par-
ticipation. In their CD8+ subpopulation, T cells contrib-
ute directly to eliminating infected cells through their 
TNF-tumor necrosis factor and CD95-CD95R perfo-
rin-granzyme B mediated cytotoxic activity3. 
Simultaneously, CD4+ T cells are critical participants 
for B cell activation, producing a cytokine pro-inflam-
matory environment and antibody isotype switching4. 
These responses contribute to the control of future viral 
infections. The absence of normal cellular or effector 
capacity influences the control of infections and 
reinfections.

The post-transplant immune response can be 
affected by multiple factors (the type of transplant, 
cell source, T cell depletion, graft-versus-host 

disease [GVHD], immunosuppressive drugs, and 
associated infections), which favor a state of immu-
nosuppression predisposing post-transplant patients 
to infections5,6.

Viral respiratory infections in pediatric patients with 
HSCT impact overall survival and are associated with 
increased morbidity and mortality. With a prevalence 
between 1 and 55% in pediatric patients with HSCT, 
viral respiratory infections are usually present with a 
seasonal distribution similar to that of the pediatric 
population, prevailing during the autumn/winter sea-
son7-9. Most viral respiratory infections in these 
patients are usually acquired in the community, with 
the most frequently reported agents being human 
rhinovirus, influenza, respiratory syncytial virus 
(RSV), parainfluenza, adenovirus, metapneumovirus, 
and coronavirus, among others. However, up to 48% 
of respiratory viral infections may be associated with 
nosocomial transmission10,11. Clinical manifestations 
range from mild upper airway symptoms (rhinorrhea, 
odynophagia, coughing, sneezing, or epiphora) to 
severe pneumonia with respiratory failure. The inci-
dence of the upper respiratory tract infections (URTIs) 
in pediatric patients with HSCT varies depending on 
the viral agent: influenza A/B virus and human rhino-
virus show the highest incidence (1-50%). Lower 
respiratory tract infections (LRTIs) also depend on the 
viral agent; however, they can present an incidence 
from 0 to 70% at diagnosis. Between 20 and 30% of 
URTIs progress to LRTIs, depending on the viral 
agent causing the infection7,12.

Risk factors for URTI progression to LRTI in pediatric 
patients with HSCT are the following: GVHD, steroid 
use, a myeloablative conditioning regimen, the timing 
of infection relative to the transplant period, 

 Métodos: De enero de 2017 a diciembre de 2019 se llevó a cabo un estudio transversal, descriptivo y observacional de los 
pacientes sometidos a TCPH que tuvieron una infección viral de vías respiratorias. La identificación de los virus se realizó 
por medio de la prueba de reacción en cadena de la polimerasa multiplex para nueve virus respiratorios. Se realizó esta-
dística descriptiva con reporte de medidas de tendencia central y porcentajes. Resultados: De los 54 pacientes incluidos, 
el 59.2% presentaron una infección de vías respiratorias y se identificó al menos un agente viral en el 59.3% de estos casos. 
Los virus más frecuentes fueron influenza (25.9%), rinovirus humano (18.5%) y virus sincitial respiratorio (18.5%). En el 36.8% 
de los casos se detectaron coinfecciones virales. Se presentaron las siguientes complicaciones: requerimiento de oxígeno 
suplementario (73.6%), soporte con ventilación mecánica (21%), ingreso a la unidad de cuidados intensivos pediátricos 
(15.7%) y muerte asociada a infección por virus respiratorios (10.5%). Conclusiones: Las infecciones respiratorias virales 
en los pacientes pediátricos con TCPH son frecuentes; el virus influenza A/B es el agente más habitual. Debido a que estas 
infecciones se asocian con mayor morbimortalidad en los pacientes con TCPH, son estrategias necesarias para su preven-
ción y tratamiento oportuno posterior al trasplante.

Palabras clave: Trasplante de médula ósea. Infecciones de vías respiratorias. Virus respiratorio.
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lymphopenia (< 200 lymphocytes/µl), and neutropenia 
(< 500 neutrophils/µl)13,14.

In patients undergoing HSCT, viral respiratory infec-
tions are associated with prognosis and survival. 
Mortality associated with viral respiratory infections is 
approximately 20%, although some studies report up 
to 40%15-17. Other complications associated with viral 
respiratory infections are decreased total lung capacity 
(67%), alloimmune pulmonary syndromes, idiopathic 
interstitial pneumonia, bronchiolitis obliterans (10.9%), 
and bronchiolitis obliterans with organizing pneumonia 
(16.4%). Case series where the viral respiratory infec-
tion was associated with delayed engraftment or, in the 
most severe cases, secondary long-term graft loss 
have been reported7,18,19.

In the HSCT patient, the immune system does not 
generate a response similar to that of the healthy pedi-
atric patient during a viral infection since there is a 
depletion of innate and adaptive immunity, together 
with the loss of barrier mechanisms (mucosa) second-
ary to the transplantation process (chemotherapy and 
radiotherapy). In addition to the previously mentioned 
factors, these alterations generate a greater predispo-
sition to complications and death in the transplanted 
patient20-22. To know the frequency and evolution of 
viral respiratory infections and the viral agents found in 
patients who underwent HSCT, we reviewed the cases 
at the Hospital Infantil de México Federico Gómez 
(HIMFG).

Methods

From January 2017 to December 2019, we conducted 
a cross-sectional, descriptive, observational study in 
HSCT patients (aged 0 to 18 years) with a viral respi-
ratory tract infection (RTIs), and viral agent isolation at 
the HIMFG.

Patients

We included inpatients and outpatients with HSCT 
presenting to the emergency department with respira-
tory symptoms and a positive respiratory panel, patients 
in the immediate post-transplant period, and patients 
under surveillance with a survival of more than 2 years. 
Furthermore, patients with clinically GVHD data and 
under treatment with immunosuppressive drugs were 
considered. We excluded patients with incomplete data 
on the record and no isolated viral agent in the respi-
ratory virus panel.

We collected the following data: underlying disease, 
type of transplant, GVHD, immunosuppressive treat-
ment, other treatments applied, and patient evolution. 
Chemotherapy and radiotherapy were used in all 
patients according to the underlying pathology and the 
indicated conditioning scheme. Furthermore, patients 
who had an allogeneic transplant received prophylactic 
treatment for GVHD. As a protocol and following inter-
national guidelines, antiviral (herpes family virus), anti-
fungal, and antibacterial prophylaxis were used in all 
patients. In patients whose report was positive for a 
viral agent in a sample obtained from the nasopharyn-
geal swab, no isolation of bacterial pathogens was 
evidenced by other laboratory means.

Definitions

Airway infection was defined in a patient who pre-
sented respiratory symptoms during hospitalization or 
as an outpatient with rhinorrhea, cough, odynophagia, 
and nasal congestion. Viral airway infection was con-
sidered in a patient with respiratory symptoms in whom 
a viral agent was identified by polymerase chain reac-
tion (PCR) test. URTI was defined in cases with respi-
ratory symptoms and no hypoxemia or changes in 
chest X-ray, while LRTI in cases with respiratory symp-
toms and hypoxemia and changes in chest X-ray. 
Reinfection was classified in any patient who presented 
a repeated clinical event of respiratory infection, with 
the isolation of the viral agent. GVHD was defined and 
classified according to the literature23. Neutropenia was 
defined as neutrophils < 500 cells/µl and lymphopenia 
as lymphocytes < 200 cells/µl.

Complications assessed were the requirement for 
supplemental oxygen (non-rebreather mask, face tent, 
or nasal cannula), non-invasive mechanical ventilation, 
invasive mechanical ventilation, admission to the pedi-
atric intensive care unit, and death related to RTIs.

Respiratory virus panel

Multiplex PCR was performed using low-density 
microarrays, employing the CLART® PneumoVir plat-
form (Genomica), following the manufacturer’s instruc-
tions for the detection of the following viruses: 
adenovirus, human rhinovirus, bocavirus, coronavirus, 
and enterovirus (echovirus), influenza A (human H3N2, 
human H1N1, and H1N1/2009 subtypes), influenza B, 
influenza C, human metapneumovirus (subtypes A 
and B), parainfluenza (1, 2, 3, and 4), and RSV type A 
and B. Subsequently, on March 2019, 21 respiratory 
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tract infectious agents were determined simultaneously 
by identifying nucleic acids of respiratory viruses and 
bacteria with labeled microspheres. The NxTAG® 
Respiratory Pathogen Panel (qualitative test) was used. 
The reaction was amplified through reverse transcrip-
tion and PCR in a single step, and the resulting product 
was subjected to microsphere hybridization within the 
same reaction tube. The labeled and hybridized micro-
spheres were then classified and read using the 
MAGPIX® instrument, and the signals were analyzed 
using SYNCT™ software. Agents detected were influ-
enza A, influenza A H1, influenza A H3, influenza B, 
RSV (A and B), coronavirus 229E, coronavirus OC43, 
coronavirus NL63, coronavirus HKU1, human metap-
neumovirus, human rhinovirus/human enterovirus, ade-
novirus, parainfluenza (1, 2, 3, and 4), human bocavirus, 
Chlamydophila pneumoniae, Mycoplasma pneumonia, 
and Legionella pneumophila.

Statistical analysis

Descriptive statistics were performed reporting mea-
sures of central tendency and percentages.

Results

Fifty-four patients with HSCT were reported during 
the study, from which 66.6% (36/54) presented a clini-
cal picture of respiratory infection in the post-transplant 
stage (from day 0 to 1140). Four events were excluded 
from the analysis because of missing data on the clin-
ical record; thus, 32 clinical events of RTIs were 
reviewed. Patients with positive virus results by PCR 
were analyzed to avoid bias due to other infectious 
agents. In 62.5% (20/32) of these clinical events, the 
respiratory virus panel confirmed a viral etiology.

The patients’ mean age was 8 years 11 months 
(2 years 8 months-15 years 4 months), and 65% (13/20) 
were female. The diseases present were acute lympho-
blastic leukemia (10/20), acute myeloid leukemia (4/20), 
benign hematologic diseases (2/20), solid tumors 
(2/20), and osteopetrosis (1/20). A total of 7/20 hap-
loidentical transplants (35%), 2/20 autologous trans-
plants (10%), and 18/20 allogeneic transplants (90%) 
were performed. The following conditioning regimens 
were used: myeloablative in 16/20 (80%) and reduced 
intensity in 4/20 (20%). The characteristics of the pop-
ulation are described in table 1.

Patients with RTIs were at different post-transplant 
stages (day 0-day 1140). There were 7/20 (35%) RTI 

Patients with HSCT 
and respiratory 

infection of viral 
etiology (n = 20)

Mean age 8 years 11 months

Gender
Male
Female

7
13

Underlying disease
ALL
AML
SAA
PRCA
Neuroblastoma
Retinoblastoma
Osteopetrosis

10
4
2
1
1
1
1

Type of transplant
Allogeneic
DR 100% 
DR 90% 
DR 75% 
Not related 100%
Haploidentical
Autologous

11
7
1
2
1
7
2

Cell source
Bone marrow
Peripheral blood

2
18

Conditioning regimen
Myeloablative
Reduced-intensity

16
4

Type of infection
URTI
LRTI
Progression

30%
70%
10%

Symptoms
Rhinorrhea
Cough
Crackles
Respiratory distress
Fever
Low oxygen saturation or hypoxemia
Odynophagia
Changes in imaging studies

25%
40.6%
18.7%
50%

31.2%
46.8%
15.6%
46.8%

Results of blood analysis
Lymphopenia (< 200 cells/μl)
Neutropenia (< 500 cells/μl)

6.2%
9.3%

Complications
Supplemental oxygen requirement
Mechanical ventilation
Intensive care unit
Death

65.6%
18.7%
12.5%
6.2%

Table 1. Characteristics of patients with hematopoietic 
stem cell transplantation who developed a viral 
respiratory infection

(Continues)
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events during the first 100 days post-transplant, 3/20 (15%) 
between 100 and 365 days post-transplant, and 9/20 
(45%) after 365 days post-transplant. Only 2/20 (10%) of 
RTIs occurred in the first 30 days post-HSCT. 

A total of 27 viruses were identified (Table 2). In URTI, 
the most frequent viruses were adenovirus, influenza 
A/B, and metapneumovirus, while in LRTI, influenza, 
RSV, and human rhinovirus (Table 3). Viral co-infections 
were identified in 36.8% of the viral infections (7/19), the 
most frequent being influenza A-metapneumovirus B in 
two cases. Other co-infections were influenza A-human 
rhinovirus, influenza B-metapneumovirus B, influenza A 
H3N2-metapneumovirus B, human rhinovirus-metap-
neumovirus B, RSV B-adenovirus, and one case of three 
viral agents’ co-infection: RSV A-human rhinovirus-ade-
novirus. A significant seasonal distribution was observed 

in the fall/winter season (15/19 events; 78.9%) in com-
parison to spring/summer (4/19 events; 21%) (Fig. 1).

Clinically, 31% of patients (6/20) showed URTI symp-
toms, and 15% (3/20) progressed to LRTI. A complica-
tion was observed in 83.3% of patients (5/6) in the URTI 
group. Furthermore, 65% of patients (13/20) showed 
LRTI symptoms, and all had at least one complication.  
In 52.6% of the chest X-rays, variable images ranging 
from mild interstitial infiltrate to consolidation were 
identified.

Regarding treatment, 84% of the patients were 
administered with empirical broad-spectrum antibiotics 
(cefepime, meropenem, and vancomycin) before iden-
tifying the viral agent. Management with an antiviral 
(oseltamivir) was initiated in 21% of the patients, and 
only supportive and symptomatic management in 5%. 

Regarding complications, supplemental oxygen was 
the most frequently used in 70% of the events (nasal 

Table 2. Respiratory viruses detected in patients with 
respiratory symptomatology

Virus isolated n (%)

Adenovirus 4 (14.8)

Influenza
Influenza A
Influenza A H1N1
Influenza A H3N2
Influenza B

7 (25.9)
2 (7.4)
1 (3.7)
2 (7.4)
2 (7.4)

Metapneumovirus B 4 (14.8)

Parainfluenza 3 2 (7.4)

Rhinovirus 5 (18.5)

Respiratory syncytial virus
Respiratory syncytial virus A
Respiratory syncytial virus B

5 (18.5)
4 (14.8)
1 (3.7)

Total viruses isolated 27 (100)

Table 3. Respiratory viruses isolated according to the 
clinical presentation

Isolated agents n (%)

URTI 8 (29.6)

Adenovirus 2

Parainfluenza 1

Influenza
Influenza A
Influenza B

2
1
1

Metapneumovirus B 2

Human rhinovirus/enterovirus 1

LRTI 19 (70.3)

Adenovirus 2

Parainfluenza 1

Influenza 5

Influenza A
Influenza A H3N2
Influenza A H1N1
Influenza B

1
2
1
1

RSV
RSV A
RSV B

5
4
1

Metapneumovirus B 2

Human rhinovirus 4

Total isolated agents 27 (100%)

LRTI: lower respiratory tract infection; RSV: respiratory syncytial virus; URTI: upper 
respiratory tract infection.

Patients with HSCT 
and respiratory 

infection of viral 
etiology (n = 20)

Treatment
Antibiotic
Antiviral
Symptomatic/surveillance

80%
15%
5%

ALL: acute lymphoblastic leukemia; AML: acute myeloid leukemia; HSCT: 
hematopoietic stem-cell transplantation; LRTI: lower respiratory tract infection; 
PRCA: pure red cell aplasia; SAA: severe aplastic anemia; URTI: upper respiratory 
tract infection.

Table 1. Characteristics of patients with hematopoietic 
stem cell transplantation who developed a viral 
respiratory infection (Continued)
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prongs [2/20] or non-rebreathing mask [12/20]), fol-
lowed by mechanical ventilation support (non-invasive 
[2/20] or invasive [2/20]), which was required in 20% of 
the events. Furthermore, 15.7% of the events required 
management in a pediatric intensive care unit. Mortality 
of 10.5% was associated with RTIs, isolating RSV A in 
one patient and influenza A- metapneumovirus B in 
another patient.

Discussion

According to our results, community-acquired viral 
respiratory infections are frequent infectious events in 
post-transplant patients. Literature has reported a pre-
dominance of viral respiratory infections in non-trans-
planted patients < 5 years old; however, we did not 
observe an age-related predominance of viral respira-
tory infections in this group of patients. It is necessary 
to consider that HSCT favors the immunosuppressive 
state of patients at any age12,24.

Furthermore, we detected a viral RTIs in 25.9% of 
the HSCT patients (14/54) during the post-transplant 
stage, and 52% of the events occurred in the first year 
post-transplant. Different studies have shown higher 
frequencies of infection and risk of complications in the 
first year post-transplant25-27. Our sample of HSCT 
patients behaved similarly to other literature reports 
since respiratory viral infections can occur in any HSCT 

patient, even with different underlying diagnoses (onco-
logic or hematologic, and benign or malignant), differ-
ent conditioning regimens, types of transplant, and cell 
sources.

Notably, only two patients showed respiratory infec-
tions during the period in which they were in the HSCT 
unit (first 30 days after transplantation). During this 
period, they have more extraordinary protection mea-
sures. Health-care personnel (medical, nursing, clean-
ing, and maintenance personnel) at the hospital and 
family members accompanying the patient should be 
considered a source of infection. Respiratory infections 
after 100 days post-transplant occurred in a significant 
percentage of patients (63%). Considering that they are 
under ambulatory follow-up and in contact with com-
munity agents, it is necessary to be aware of multiple 
risk factors for viral respiratory infections, such as mye-
loablative conditioning regimen, immune reconstitution, 
GVHD activity, use of immunosuppressive treatment, 
and preventive measures (vaccines)27-29.

A highly variable frequency of respiratory viral infec-
tions (5-46%) has been described in the literature, 
depending on the respiratory virus isolated. The fre-
quency of presentation in the population included in this 
study is in line with other reports, suggesting that 
viruses are an important part of the etiological agents 
of respiratory infections in post-transplant patients7,29,30. 
The seasonal distribution of viral agents found in 

Figure 1. Seasonal distribution of viruses in hematopoietic stem cell transplant patients. RSV: respiratory syncytial virus.
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patients who underwent HSCT was similar to the sea-
sonal distribution of viruses in other pediatric patients 
at the Hospital Infantil de México Federico Gómez. In 
a study conducted by Ison and Hirsch in 2019, it is 
mentioned that the most frequently identified viral 
agents in patients with HSCT were human rhinovirus, 
RSV, and influenza, which present a similar seasonality 
to that of the community, being more frequent in autumn 
and winter31.

Soudani et al. conducted a study of the prevalence 
of acute respiratory infections in patients with cancer 
and HSCT, demonstrating a higher incidence of respi-
ratory infections, in addition to co-infections with multi-
ple viruses9. In our patients, we found a high frequency 
(36.8%) of viral co-infections; additionally, three patients 
had recurrent reinfections. This high frequency 
observed in our study may be due to multiple factors 
such as GVHD (present in 14/20) or immunosuppres-
sant use (15/20), among others. When dealing with 
patients with HSCT, it is necessary to consider that 
respiratory infections with community viral agents are 

facilitated. Due to a compromised immune system, 
these patients may present reinfections with the same 
viral agent and, occasionally, co-infections. 

One of the limitations of this study is that we did not 
correlate risk factors with the presentation of RTIs.

More LRTI than URTI were found (70% vs. 30%, 
respectively), with a progression from upper to lower 
clinical presentation. In Korea, in 2013, Choi et al. stud-
ied 175 pediatric transplant patients who had 89 clinical 
episodes of viral respiratory infections: about 61.8% of 
the infections were in upper airways, 38.2% in lower 
airways, and mortality was associated with viral infec-
tions in 3.3% (3/89)32. We consider that our patients’ 
immunosuppression state favored the presentation of 
severe clinical pictures and a tendency to 
complications.

Since these patients were immunocompromised 
empirical antibiotic coverage was initiated in 80% of the 
patients as part of the initial management of respiratory 
infections. However, after identifying the viral agent 
responsible for the respiratory symptoms, directed 

Figure 2. Factors involved and expected immune reconstitution in the hematopoietic stem cell transplant patient. CMV: 
cytomegalovirus; EBV: Epstein Barr virus; GVHD: graft-versus-host disease; MRD: minimal residual disease; NK: natural 
killer cells; VZV: varicella-zoster virus. 
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treatment was given in 20% of the patients. Management 
with neuraminidase inhibitors was initiated in patients 
in whom influenza A/B was detected; 5% of the patients 
received treatment for general symptoms. In our 
patients, treatment with antiviral agents was only given 
to those who presented influenza. However, it has been 
described that the use of inhaled ribavirin as a treat-
ment for RSV infections in patients with HSCT reduced 
viral load, invasive mechanical ventilation, and hospital 
stay15,27.

Complications occurred in 90% of patients, the most 
frequent being the requirement of supplemental oxygen 
(70%). Two patients died in association with the viral 
respiratory infection: the first patient required HSCT 
due to pure red cell aplasia and had three clinical 
events of respiratory infections 100 days post-trans-
plant, with different viral agents isolated in each infec-
tion. In the last infectious event, the patient presented 
a co-infection with influenza A and metapneumovirus 
B, which contributed to respiratory failure, requiring 
support with assisted mechanical ventilation, and pro-
gressing to severe pulmonary damage. The second 
patient required an HSCT for acute myeloid leukemia 
and died secondary to a respiratory failure event with 
the isolation of influenza A H1N1; besides, she pre-
sented septic shock data. Although no other patho-
genic agent was isolated as the septic shock etiology, 
we cannot rule out its participation. Mortality associated 
with viral respiratory infections in pediatric patients with 
HSCT is highly variable. Some studies reported that it 
is 3% and as high as 70% in other studies. This fre-
quency of presentation is associated with multiple char-
acteristics: the identified viral agent, time of presentation 
of the infection regarding the transplant, type of trans-
plant performed, conditioning regimen used, presence 
of GVHD, immunosuppressants (steroids), and chronic 
complications25,28. We consider that one explanation for 
this response is the late immune reconstitution of 
hematopoietic progenitor cell transplantation (Fig. 2). In 
the study conducted by Parra et al., it was reported that 
patients with HSCT achieve a late immune reconstitu-
tion, having an adequate cellular number up to 2 years 
after transplantation; however, no association with a 
more significant number of infections was observed33.

Viral respiratory infections are frequent in pediatric 
patients with HSCT (62.5%) and occur throughout the 
year. The most frequent viruses were human rhinovirus, 
RSV, and influenza. As these infections have an essen-
tial impact on morbidity and mortality, efforts should be 
made to establish strategies for their prevention, iden-
tification, and timely supportive management.
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RESEARCH ARTICLE

Abstract

Background: The SLC38A4 gene encodes for the SNAT4 protein, which has been related to glucose metabolic alterations 
in human newborns. This study aimed to determine whether the 1304 G > A and 292 C > T polymorphisms of the SLC38A4 
gene are associated with the presence of glucose levels > 95 mg/dL in normal weight full-term healthy newborns. Methods: 
We conducted a case–control study and analyzed 50 normal weight full-term healthy newborns. Groups were defined based 
on glucose levels: > 95 mg/dL (cases; n = 13) and < 95 mg/dL (controls; n = 37). The 1304 G > A and 292 C > T polymor-
phisms of the SLC38A4 gene were determined through quantitative polymerase chain reaction using placental DNA. The 
association between polymorphism and glucose levels > 95 mg/dL was established using multivariate logistic regression 
analysis. Results: No significant differences were observed either for gestational age or body weight at birth between groups. 
In the case group, newborns showed significantly higher homeostatic model assessment for insulin resistance than those in 
the control group (p < 0.0005). The odds ratio (OR) between the SLC38A4 gene 292 C > T single-nucleotide polymorphism 
(SNP) and glucose levels > 95 mg/dL was 7.78 (p = 0.024), whereas no significant association was found for the 1304 G > 
A SNP (OR 1.46; p = 0.77). Conclusions: Our results suggest that the SLC38A4 gene 292 C > T SNP is associated with 
glucose levels > 95 mg/dL in normal weight full-term healthy newborns.

Key words: SLC38A4. Polymorphisms. Glucose. Newborns.

Polimorfismos 1304 G > A y 292 C > T del gen placentario SLC38A4 y su asociación 
con glucosa > 95 mg/dL en recién nacidos a término, sanos y con peso normal al 
nacimiento

Resumen

Introducción: El gen SLC38A4 codifica la proteína SNAT4, que se ha relacionado con alteraciones en el metabolismo de 
la glucosa en los humanos. El objetivo de este estudio fue determinar si los polimorfismos 1304 G > A y 292 C > T del gen 
SLC38A4 se asocian con concentraciones de glucosa > 95 mg/dL en recién nacidos a término. Métodos: Se llevó a cabo 
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Introduction 

In the early postnatal period, newborn infants main-
tain glucose homeostasis through glycogenolysis and 
gluconeogenesis, both essential processes for the cen-
tral nervous system after birth. Neonatal glucose imbal-
ance is among the most common metabolic 
abnormalities in preterm newborns and is inversely 
related to gestational age and birth weight1. Furthermore, 
conditions such as perinatal asphyxia, respiratory dis-
tress, chronic stress, and some mothers’ characteris-
tics such as a history of gestational diabetes, high 
blood pressure, obesity, and aging are risk factors for 
neonatal glucose imbalance2,3.

Normal glucose levels vary between 60 and 80 mg/dL 
in newborns, while values ≥ 126 mg/dL are considered 
as hyperglycemia1.

The genetic/environment interaction during preg-
nancy results in fetal programming, a process that may 
alter the structure and function of tissues, predisposing 
to the presence of adulthood diseases4. Furthermore, 
several genes expressed in the placenta play an essen-
tial role in resource utilization. Thus, single-nucleotide 
polymorphisms (SNPs) in these genes may affect the 
growth and development of the fetus or placental func-
tion, thereby determining the susceptibility to certain 
diseases5.

Human solute carrier family 38 member 4 (SLC38A4) 
gene, located in 12q13.11, is subjected to genomic 
imprinting in the human placenta and highly expressed 
at all stages of the development6. The encoded protein, 
sodium-coupled neutral amino acid transporter 4 
(SNAT4), belongs to the amino acid transport system 
(known as system A). Given that SNAT4 facilitates the 
cationic amino acid transport independently from Na+ 
and pH, it has a crucial role in fetal growth and devel-
opment. Alterations in the SLC38A4 gene due to 

polymorphisms have been implicated in the develop-
ment of impaired gluconeogenesis in the adult 
population7,8. 

The activity of this system is important for hepatic 
gluconeogenesis through the conversion of amino 
acids and glucose. The neutral amino acid transporter 
SNAT4 role in the placenta is crucial in fetal growth and 
development9,10.

In this context, the objective of this study was to 
determine whether placental polymorphisms 1304 G > 
A (rs11183610) and 292 C > T (rs2429467) in the 
SLC38A4 gene are associated with glucose > 95 mg/dL 
in normal weight full-term healthy newborns.

Methods

The study was conducted following the Code of 
Ethics of the Declaration of Helsinki. The Mexican 
Social Security Institute Ethics Committee approved 
the protocol. We obtained the written informed consent 
from the mothers of all the infants who participated in 
the study.

We conducted a case–control study with normal 
weight healthy newborns born from non-diabetic moth-
ers with no history of gestational diabetes, high blood 
pressure, or malnutrition. Apgar score was > 8 in all 
newborns. The corresponding placentas were analyzed 
as reported elsewhere8. Newborns with umbilical cord 
venous blood glucose levels ≥ 95 mg/dL were consid-
ered cases and those with cord venous blood glucose 
levels < 95 mg/dL as controls. We used a cut point 
between the normal values and hyperglycemia. Some 
mothers’ characteristics, such as age, smoking, alcohol 
intake, number of gestations, weight, and body mass 
index (BMI) before pregnancy, were matching criteria. 

For identifying polymorphisms of the SLC38A4 gene 
(1304 G > A and 292 C > T), DNA was obtained from 

un estudio de casos y controles con 50 recién nacidos a término, sanos, con peso normal al nacimiento. Los grupos se 
definieron de acuerdo con las concentraciones de glucosa: > 95 mg/dL (casos; n = 13) y < 95 mg/dL (controles; n = 37). 
Los polimorfismos 1304 G > A y 292 C > T del gen SLC38A4 se genotipificaron por qPCR utilizando ADN de la placenta. 
La asociación entre los polimorfismos y la concentración de glucosa > 95 mg/dL se estableció mediante la estimación de 
la razón de momios (RM) en un análisis múltiple de regresión logística. Resultados: No se observaron diferencias estadís-
ticamente significativas para la edad gestacional y el peso al nacer entre los grupos de estudio. El modelo homeostático 
para evaluar la resistencia a la insulina (HOMA-IR) fue significativamente más alto en los recién nacidos del grupo de casos 
que en el grupo control (p < 0.0005). La RM mostró asociación significativa entre el polimorfismo de nucleótido único (SNP) 
292 C > T del gen SLC38A4 y la concentración de glucosa > 95 mg/dL (RM: 7.78; p = 0.024); el SNP 1304 G > A no mos-
tró asociación significativa (RM: 1.46; p = 0.77). Conclusiones: Los resultados de este estudio sugieren que el SNP 292 C 
> T del gen SLC38A4 se asocia con concentraciones de glucosa > 95 mg/dL en recién nacidos a término.

Palabras clave: SLC38A4. Polimorfismos. Glucosa. Recién nacidos.
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formalin-fixed, paraffin-embedded (FFPE) placental 
fragments. Maternal weight and height before preg-
nancy were obtained from medical records. BMI was 
calculated according to the following formula: 

BMI = weight (kg)/height2 (m2)11.

Definitions

Hyperinsulinemia was defined by umbilical cord 
venous insulin levels ≥ 5 µU/mL12. The homeostatic 
model assessment for insulin resistance (HOMA-IR) 
was calculated13 as follows: 

insulin levels (µU/mL) x glucose levels (mmol/dL)/22.5 

Assays

We determined serum glucose levels using the glu-
cose oxidase method. Insulin levels were measured by 
microparticle enzyme immunoassay (Abbott Axsym 
System, Alameda, CA, USA). Measurements were per-
formed using an automated device (VITROS 250, 
Ortho-Clinical Diagnostics Inc., Raritan New Jersey, 
USA).

Umbilical cord venous blood was collected at birth 
for measuring serum glucose and insulin levels. The 
FFPE placenta blocks were processed as previously 
described8. DNA integrity was verified through 1% aga-
rose gel electrophoresis, while purity and concentration 
by spectrophotometry at 260/280 nm using Nanodrop 
2000c equipment (Thermo Scientific®).

Using TaqMan technology, we performed real-time 
PCR (quantitative polymerase chain reaction) system 
StepOne™ (Applied Biosystems®) for the genotyping. 
A total of 25 ng of genomic DNA were used under the 
following reaction conditions: one cycle of initial dena-
turation at 95°C/10 min, followed by 42 cycles of dena-
turation (95°C/15 s), annealing (60°C/1 min), and 
extension (60°C/30 s). The TaqMan probe used to rec-
ognize the SNP 1304 G > A (rs11183610) was 
C_25751555_10 (TaqMan® SNP Genotyping Assays, 
Thermo Fisher Scientific), whereas the SNP 292 C > T 
(rs2429467) was identified using the TaqMan probe 
C_15797142_10 (TaqMan® SNP Genotyping Assays, 
Thermo Fisher Scientific).

Statistical analysis

The data are presented as mean ± standard devia-
tion for variables with normal distribution or median 
(25th and 75th percentiles) for skewed data. Differences 

between numerical variables were established using a 
Student’s t-test (Mann–Whitney U-test for skewed data) 
and Fisher’s exact test for categorical variables. 

Genotype frequencies were obtained by direct count, 
and Hardy-Weinberg equilibrium (HWE) was calculated 
through X2 goodness-of-fit statistics. Both analyses 
were carried out using the program SNPstats14.

The MutationTaster2 software was used as a predic-
tion tool for the functional consequences of the studied 
polymorphisms15.

The association between polymorphisms 1304 G > 
A and 292 C > T of the SLC38A4 gene (independent 
variable) and glucose ≥ 95 mg/dL (dependent variable) 
was determined using multivariate logistic regression 
analysis. 

Statistical significance was established with a 95% 
confidence interval (95% CI) and p < 0.05. The statis-
tical analysis was performed using the SPSS V.15.0 
statistical package.

Results

A total of 13 (26%) newborns with glucose levels ≥ 
95 mg/dL were compared with 37 (74%) newborns with 
glucose levels < 95 mg/dL. 

Table  1 shows the anthropometric and biochemical 
variables of newborns and mothers in both case and 
control groups. In the case group, newborns showed 
significantly higher HOMA-IR than those in the control 
group. No significant differences were found neither in 
gestational age nor in body weight at birth between the 
groups. 

Furthermore, no significant differences were observed 
regarding mothers’ characteristics between the groups 
(Table 1). 

For the SNP 292C > T, the allele C frequency was 
58% and 76%, and the allele T frequency was 42% and 
24% (p = 0.08) for cases and controls, respectively. 
Regarding the SNP 1304G > A, the allele G frequency 
was 81% and 82%, and the allele A frequency was 19% 
and 18% (p = 1) for cases and controls, respectively.

Regarding the SNP 292C > T, the genotype TT fre-
quencies were 30.8% and 5.4% (p = 0.56); genotype 
C/C, 46.1% and 57.8% (p = 0.003); and genotype C/T, 
23.1% and 37.8% (p = 0.0004) for cases and controls, 
respectively.

For the SNP 1304G > A, the genotype AA frequen-
cies were 7.7% and 5.4% (p = 1); genotype G/A, 23.1% 
and 24.3% (p = 0.04); and genotype G/G, 69.2% and 
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70.3% (p = 0.004) for cases and controls, 
respectively,

The total population and the case group were in HWE 
(p = 0.3 and p = 0.086, respectively).

Although the MutationTaster 2 software indicated that 
polymorphisms 292 C > T and 1304 G > A are probably 
harmless, the logistic regression analysis showed that 
the SNP 292 C > T is significantly associated with glu-
cose > 95 mg/dL (odds ratio [OR] 7.78; 95% CI 1.2-49.4, 
p = 0.02) but not the SNP 1304 G > A (OR 1.46; 95% 
CI 0.1-17.6, p = 0.77). Results of the SNP 292 C > T fit 
with a recessive model according to Akaike’s criterion 
value (AIC)14. The results regarding inheritance models 
are shown in tables 2 and 3.

Discussion 

Our results suggest that the SLC38A4 gene SNP 292 
C > T but not SNP 1304 G > A is associated with glu-
cose > 95 mg/dL in normal weight full-term healthy 
newborns. This association is consistent with a reces-
sive inheritance model.

During fetal life, the appropriate maternal amino acid 
supplementation is essential for the fetus’s proper 
growth and development. The amino acid transport 
across the human placenta is active and mediated by 
specific transporters in syncytiotrophoblast plasma 
membranes16.

The SLC38A4 gene belongs to the amino acid trans-
port system A and plays an essential role in hepatic 
gluconeogenesis and placental amino acid transport 

through the conversion of amino acids and glucose 
recycling9. Therefore, it has been hypothesized that 
alterations in the hepatic system A may increase glu-
cose levels through impairing gluconeogenesis17. 

Some polymorphisms in the SLC38A4 gene are 
related to glucose alterations8. The frequency of mutant 
alleles of the SLC38A4 gene varies depending on the 
population. In Asian and Central American individuals, 
the frequency of mutant alleles for the SNP 1304 G > 
A is 8% and 21%, and for the SNP 292 C > T, 24% and 
20%, respectively18,19. In this study, the frequency of 
allele A for the SNP 1304 G > A was 18%, and the 
frequency of the allele T for the SNP 292 C > T was 
29%. Both frequencies are similar to those reported by 
the PAGE study in Mexican subjects (23% and 26%, 
respectively)18,19.

According to UniProt Consortium20, the studied poly-
morphisms in the SLC38A4 gene generate amino acid 
changes that might alter the function of SNAT4. For 
example, SNP 292 C > T (G29R) is found in an extra-
cellular topological domain, while SNP 1304 G > A 
(T366M) is found in a cytoplasmic topological domain. 
In this regard, the SNAT4 protein contains a total of six 
potential N-linked glycosylation sites, and N-glycosylation 
occurs typically at the extracellular side of the mem-
brane proteins21,22. 

The SLC38A4 gene is subjected to imprinting, and 
the placental expression of this gene is determined by 
a paternal allele, suggesting the critical role in  promoting 
fetal growth23. Topological domains in the protein may 
exert different effects depending on gene expression. 

Table 1. Demographic characteristics of newborns and mothers

n = 50 Cases Controls p‑value

13 37

Newborns
Weight at birth (g)
Gestational age (weeks)
Glucose levels at birth (mg/dl)a

Insulin levels at birth (µU/ml)a

HOMA-IRa

3485.8 ± 729.3
39.4 ± 2.0

109.0 (97, 141.1)
7.3 (3.3, 12.5)

2.32 (0.85, 4.46)

3312.8 ± 731.4
39.0 ± 1.5

75.5 (65.7, 82.2)
5.5 (4.1, 7.5)

0.99 (0.81, 1.51)

0.47
0.33

<0.0005b

0.24b

<0.0005b

Mothers
Age (years)
Number of gestationsa

Weight before pregnancy (kg)
Height (cm)
Weight gain (kg)a

BMI before pregnancy

26.8 ± 3.5
3 (2, 3)

61.5 ± 10.6
158 ± 5.9

12 (11, 20)
24.7 ± 4.6

25.3 ± 4.5
2 (1, 3)

61.9 ± 11.6
162.3 ± 4.6

14 (11.7, 16)
23.5 ± 4.1

0.27
0.25b

0.9
0.01
1b

0.4

Values are expressed as mean ± SD unless indicated otherwise.
aMedian (25th, 75th percentile); bp-value estimated using Mann–Whitney U-test.
BMI: body mass index; HOMA-IR: homeostatic model assessment for insulin resistance. 
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The monoallelic expression of both the gene and muta-
tion 292 C > T, located in the extracellular domain, 
would be enough to disturb protein function, as no func-
tional alleles would be present. Therefore, we hypothe-
size that the paternal transmission of only one 292 T 
mutant allele could be enough to disturb the gene func-
tion in the placenta, giving rise to glucose imbalance. 

SLC38A4 gene expression is postnatally downregu-
lated in the lungs and kidneys. In contrast, the expres-
sion of the SLC38A4 gene in the liver increases as the 
rate of organ growth slows down. This finding suggests 
an essential role for this gene in gluconeogenesis24. 
Such increase could be related to the hepatic biallelic 
expression of the SLC38A4 gene. For this reason, it is 

Table 2. Inheritance models for SNP 292 in a biallelic locus C > T of the SLC38A4 gene

Inheritance model Genotype Controls Cases OR 95% CI p‑value AIC

n (%) n (%)

Codominant CC 21 (57.8) 6 (46.1) 1 — —

CT 14 (37.8) 3 (23.1) 0.75 0.2-3.5 0.07 48.4

TT 2 (5.4) 4 (30.8) 7.0 1.02-48.0 0.05 40.2

Dominant CC 21 (56.8) 6 (46.1) 1 — —

CT-TT 16 (43.2) 7 (53.9) 1.53 0.4-5.4 0.5 60.9

Recessive CC-CT 35 (94.6) 9 (69.2) 1 — —

TT 2 (5.4) 4 (30.8) 7.78 1.2-49.4 0.02 56.1

Overdominant CC-TT 23 (62.2) 10 (79.9) 1 — —

CT 14 (37.8) 3 (23.1) 0.49 0.1-2.1 0.32 60.3

Log-additive — 2.04 0.8-5.0 0.12 58.8

AIC: Akaike’s criterion value; 95% CI: 95% confidence interval; OR: odds ratio; SNP: single-nucleotide polymorphism. 

Table 3. Inheritance models for SNP 1304 in a biallelic locus G > A of the SLC38A4 gene

Inheritance model Genotype Controls Cases OR 95% CI p‑value AIC

n (%) n (%)

Codominant GG 26 (70.3) 9 (69.2) 1 — —

GA 9 (24.3) 3 (23.1) 0.96 0.2-4.4 0.96 57.4

AA 2 (5.4) 1 (7.7) 1.44 0.1-18.0 1 47.7

Dominant GG 26 (70.3) 9 (69.2) 1 — —

AG-AA 11 (29.7) 4 (30.8) 1.05 0.3-4.1 0.94 61.3

Recessive GG-AG 35 (94.6) 12 (92.3) 1 — —

AA 2 (5.4) 1 (7.7) 1.46 0.1-17.6 0.77 61.2

Overdominant GG-AA 28 (75.7) 10 (76.9) 1 — —

AG 9 (24.3) 3 (23.1) 0.93 0.2-4.1 0.93 61.3

Log-additive — 1.10 0.4-3.1 0.86 61.3

AIC: Akaike’s criterion value; 95% CI: 95% confidence interval; OR: odds ratio; SNP: single-nucleotide polymorphism. 
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possible that the double mutant genotype 292 T/T or 
the inheritance of heterozygous genotype 1304 G > A 
could increase the risk of developing hyperglycemia in 
adult life. 

Previous findings support this idea. In a population 
with diabetes, the linkage disequilibrium between these 
two SNPs was D’ > 0.82, and the presence of the A/T 
haplotype was associated with hyperglycemia8.

According to Desforges et al.6, evidence shows com-
plex changes in placental transporters’ expression and 
activity during pregnancy. The SLC38A4 gene gener-
ates five SLC38A4 isoforms (201-205), which produce 
lengthy proteins of 547 aa, 547 aa, 219 aa, 191 aa, and 
141 aa, respectively. According to the expression score 
reported by Bgee (database for gene expression evo-
lution), these proteins are expressed predominantly in 
the embryonic (94%) and adult liver (94%). However, 
lower levels can be detected at the placental level 
(53%) in late embryonic stages25. 

In contrast, our results differ from a previous study 
that showed an association of the SNP 1304 G > A but 
not of 292C > T with hyperglycemia in individuals with 
diabetes type 28. These paradoxical results can relate 
to gestational regulation expression and monoallelic 
expression of SLC38A4 mRNA at the placental level 
and differences in the targeted populations.

Amino acid transport system A is accurately regu-
lated by various hormones and growth factors in vivo 
and substrate availability evidenced in vitro26. According 
to recent studies, the insulin-like growth factor II (IGF-2) 
gene is also imprinted in the placenta. It acts as a con-
troller of nutrient supply by affecting placental develop-
ment and as a signal of fetal demand by modulating 
the expression and activity of key placental supply 
genes such as the system A transporters Slc38a4, 
Slc38a2, and the glucose transporter Slc2a3 in mouse 
placenta26-29. Therefore, any alterations or interaction 
between these two genes could develop glucose imbal-
ance in early life30.

Finally, case group newborns showed a trend for 
higher insulin levels than those in the control group, 
which was expected given each group’s inclusion cri-
teria. However, no significant statistical differences 
were observed between the groups. According to 
Wilcox31, normal pregnancy is characterized by insulin 
resistance that reaches its highest levels in the third 
trimester, which appears to be a physiological 
response to birth stress or an adaptive response that 
diverts glucose and lipids to the developing fetus. 
Furthermore, increased insulin resistance could also 
be related to increased levels of lactogen, 

progesterone, and cortisol, which act as counter-reg-
ulatory factors for insulin. This response is typically 
observed in pregnancy, and its imbalance is related 
to the development of gestational diabetes and 
hypertension31. 

Moreover, we found that newborns in the case group 
exhibited higher HOMA-IR than those in the control 
group; thus, it is possible that the lack of insulin action 
at peripheral tissues also contributes to the elevated 
glucose levels in the newborn. Further research is 
required in this field.

The following recommendations are mandatory to 
understand the role of SLC38A4 function: (1) to mea-
sure placental SLC38A4 gene expression for the tran-
scripts and correlate them with the genotype, (2) to 
correlate IGF-2 serum concentration in pregnant women 
with SLC38A4 placental expression, and (3) to evaluate 
the gene methylation pattern and the parental origin of 
the alleles.

Some limitations of this study should be mentioned. 
First, as no data regarding mothers’ serum glucose lev-
els was available, we could not exclude their potential 
role on newborns’ glycemia. Second, given the small 
sample size, the statistical power was low (0.47). As a 
II error was possible in the statistical analysis, our 
results should be considered preliminary. Third, we 
could not determine the parental origin of the alleles 
and analyze samples from siblings. Undoubtedly, further 
research in this field is necessary to confirm our 
findings. 

Our results suggest that the presence of 292 C > T 
of the SLC38A4 gene is associated with glucose levels 
≥ 95 mg/dL in normal weight full-term healthy 
newborns. 
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Abstract

Background: A timely search for professional help regarding mental health issues in adolescents is critical in preventing 
severe disorders. However, adolescents generally tend not to seek help. This investigation aimed to study Chilean adolescents’ 
willingness to seek help in mental health issues by identifying their preferred help-seeking sources.  Methods: We conducted 
a cross-sectional-correlational study with 493 high school students between 14 and 19 years of age (mean ± standard de-
viation = 16.28 ± 1.29). The instruments we used were the general help-seeking questionnaire (vignette version), adapted 
and validated in Chile, and a sociodemographic questionnaire. Results: Data showed that adolescents are more willing to 
seek help from informal rather than from formal sources. We identified no sex differences in terms of willingness to seek help 
from formal sources. However, males were more willing to seek help from informal sources. Conclusions: Similar to other 
cultures, Chilean adolescents are more willing to seek help from informal sources regarding mental health problems. 

Key words: Help seeking. Mental health. Adolescents.

Fuentes de ayuda preferidas para problemas de salud mental por adolescentes 
chilenos: estudio descriptivo

Resumen

Introducción: La búsqueda de ayuda profesional oportuna para temas de salud mental en adolescentes es fundamental 
para evitar el desarrollo de trastornos más graves. No obstante, en general los adolescentes tienden a no solicitar ayuda. El 
objetivo de la presente investigación fue identificar las fuentes de ayuda para problemas de salud mental a las que los 
adolescentes chilenos están más dispuestos a dirigirse. Métodos: Estudio transversal-correlacional en el que participaron 
493 estudiantes de secundaria de entre 14 y 19 años (media ± desviación estándar = 16.28 ± 1.29). Los instrumentos apli-
cados fueron el Cuestionario General de Búsqueda de Ayuda (versión viñeta), adaptado y validado en Chile, y un cuestio-
nario de datos sociodemográficos. Resultados: Los resultados obtenidos muestran que los adolescentes prefieren buscar 
ayuda en fuentes informales. No se identificaron diferencias por sexo en la disposición a buscar ayuda en fuentes formales, 
pero sí en la disposición a buscar ayuda en fuentes informales, pues los varones mostraron mayor disposición a hacerlo. 
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Introduction

Adolescence is a phase of life in which there is a 
greater vulnerability to initiate and develop risky behav-
iors such as substance abuse and mental health prob-
lems1,2. In this context, the World Health Organization 
reports that depression is the leading cause of morbid-
ity and disability during adolescence3. Several epide-
miological studies in Chile show a prevalence of 
depression between 6.1% and 8.3% in the adolescent 
population4,5. Regarding suicidal behavior, another 
investigation with school enrolled adolescents aged 
13-18 years reported a lifetime prevalence of attempted 
suicide of 14.3%5. Between 2009 and 2018, the Ministry 
of Health recorded 1030 deaths associated with self-
harm in the population between 8 and 18 years of age, 
which constituted the second leading cause of death in 
this age group in Chile6. 

Regarding substance abuse, the latest national study 
in the general Chilean population estimated that 18.7% 
of adolescents between 12 and 18 years of age and 
53.2% of young people between 19 and 25 consumed 
alcohol in the last month. Furthermore, a prevalence of 
risky alcohol consumption of 3.5% was identified for the 
12-18 years old age group. In the previous year, the 
prevalence of marijuana use was 10.1% in adolescents 
aged 12-18 years and 32.1% in young people aged 
19-25 years7.

Seeking timely professional help for mental health 
issues is considered a protective factor that can prevent 
the development of more severe disorders8,9. However, 
evidence indicates that adolescents tend not to seek 
professional help when faced with a mental health 
problem10-14. Instead, adolescents tend to keep their 
problems to themselves; if they seek help, it would be 
preferably from peers or close adults11,15, most of whom 
have little or no knowledge of mental health. 
Consequently, they do not recognize that they are deal-
ing with a specific problem or where to look for appro-
priate information about it16. Furthermore, it has been 
observed that adolescents with more emotional symp-
tomatology and even suicidal thoughts are the least 
willing to seek help17-19. Among the main reasons that 
may influence the tendency to not seek help, even from 
mental health-care professionals, are the adolescents’ 
need for autonomy20,21, stigma toward mental health 

issues22-24, fear of lack of confidentiality by the health-
care professional, and lack of mental health 
literacy25-27.

Help seeking is a complex process, with different 
stages, influenced by individual and social factors13,15. 
The process begins with being aware of the symptoms 
and accepting that one has a problem. Next, adoles-
cents must be able to express and make themselves 
understandable to others, which will require the avail-
ability and accessibility of sources of help to which 
adolescents can reveal their needs13. Adolescents can 
obtain support from different formality sources13,28. 
Informal sources of help include casual relationships 
such as friends and family, and formal sources of help 
refer to people who have a recognized role and appro-
priate training in providing support and advice on 
health, such as health-care and mental health profes-
sionals28. Seeking informal help has been considered 
a first step that precedes seeking and accessing pro-
fessional help29.

In the present study, we sought to identify the sources 
of support for mental health problems that adolescents 
were most willing to approach. It is considered relevant 
since most of the studies on this subject have been 
conducted in English speaking populations, and only a 
few experiences are reported in other cultures11,30. 
Thus, inspired by the study of D’Avanzo et al. con-
ducted in Italy, we studied the willingness to seek help 
in an adolescent Latino population. In contrast to the 
cited research, where the instrument used was the 
general help-seeking questionnaire in its original ver-
sion, we studied the willingness to seek help with the 
general help-seeking questionnaire, vignette version, 
adapted in Chile31. Therefore, we explored different and 
specific mental health problems for which adolescents 
could indicate the degree to which they would select a 
particular source of help. As mental health issues are 
a dimension to be considered, the willingness to seek 
help is crucial in the help-seeking process28.

The present results may provide a better understand-
ing of the help-seeking process in a previously unstud-
ied sociocultural environment (Chilean adolescents). 
New evidence regarding the pattern of willingness to 
seek help may be useful for developing future interven-
tions to promote timely help seeking.

Conclusiones: En concordancia con la evidencia en otras culturas, los adolescentes chilenos presentan una mayor dispo-
sición a buscar ayuda para problemas de salud mental en fuentes informales.

Palabras clave: Conducta de búsqueda de ayuda. Salud mental. Adolescentes.
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Methods

Participants

We conducted a non-experimental, cross-sectional, 
correlational study, including a universe of 17,736 high 
school adolescents in the commune of Talca, Chile. The 
sampling was non-probabilistic by convenience. The 
sample needed a minimum of 377 students to ensure 
95% of confidence and 5% margin of sampling error 
(maximum variance of 50%). The sample finally 
exceeded this minimum and consisted of 493 adoles-
cents with an age range between 14 and 19 years 
(mean ± standard deviation = 16.28 ± 1.29), of whom 
238 were female (48.3%). Moreover, 67.5% corre-
sponded to young individuals of a medium, medium-low, 
or low socioeconomic level from the commune’s urban 
area. The remaining 32.5% corresponded to young indi-
viduals of medium-high, high, or very high socioeco-
nomic status. Of the young people in the sample, 43.2% 
studied in municipal schools, 46.9% in private schools 
with state subsidies, and 9.9% in private schools.

Procedure

Twelve educational institutions were invited to partic-
ipate in the study, of which seven accepted to partici-
pate. From November 2016 to April 2017, participants 
were recruited. After each institution authorized the 
study, we requested consent and assent forms. The 
questionnaires were applied collectively in the class-
room. The ethics committee of the Universidad Católica 
del Maule approved this study.

Instruments

Besides a sociodemographic questionnaire that 
included age, sex, educational level, and educational 
institution, the general help-seeking questionnaire, 
vignette version GHSQ-V14, adapted in Chile31, was 
applied. This instrument assesses the likelihood of par-
ticipants to seek help from specific proposed sources 
(partner, friends, parents, other family members, psy-
chologist, physician, psychiatrist, and teacher or coun-
selor) for seven different types of mental health problems 
(stress, anxiety, depression, suicidal ideation, sub-
stance abuse, psychosis, and physical illness). 
Regarding the questionnaire’s reliability indexes (in this 
adapted version), alpha values ranging from 0.87 to 0.75 
were obtained31. Each question shows a vignette that 
can be used independently, describing an adolescent 

with one mental health problem. Then, eight items with 
the proposed sources of help and a final item indicating 
that the adolescent would not seek help from anyone. 
In the present study, we included only stress, depres-
sion, suicidal ideation, and substance abuse. The fol-
lowing is an example vignette:

“Over the past two weeks, Juan has found it difficult 
to relax. He has also been feeling quite overwhelmed, 
‘nervous,’ and intolerant. He has tended to overreact 
to things that happen.” 

Following each vignette, participants rate their inten-
tion to seek help for each source of support on a 7-point 
Likert scale, ranging from 1 = very unlikely to 7 = very 
likely.

Results

Willingness to seek help from formal and 
informal sources

We analyzed the willingness to seek help by adoles-
cents according to different mental health problems. We 
performed a descriptive analysis of means and standard 
deviations of help seeking by type of problem (stress, 
depression, suicide, and substance abuse) and sources 
(informal and formal). Means and standard deviations 
were reported due to a normal-like distribution of vari-
ables. The minimum and maximum scores for each 
variable were 1 and 7, respectively, where a low score 
means a low inclination to seek help from each source 
and a high score, an increased tendency to seek help.

Table  1 summarizes the results by type of problem 
and source of help seeking. It can be observed that, 
on average, adolescents prefer to approach their par-
ents and friends among informal sources when they 
have issues with stress, depression, substance abuse, 
and suicidal ideation. Among formal sources, they pre-
fer to turn to a psychologist for these problems.

Furthermore, extreme groups of adolescents were 
characterized according to their willingness to seek 
help from different help-seeking sources by calculating 
the percentage of participants who answered options 1 
or 2 and 6 or 7 on the response scale for each type of 
problem. These options represented the lowest and 
highest intentions to seek help, respectively. Therefore, 
they were labeled as young people who were very likely 
or very unlikely to seek help.

The percentage of adolescents from the extreme 
groups (very likely and very unlikely) for the different 
sources of help, classified by stress, depression, sui-
cide, and substance abuse problems is shown in 
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figures  1-4. A high percentage of the very likely group 
was observed in the “parents” category among the infor-
mal sources, meaning that these young people were 
very willing to seek help and would go to their parents 
in the first place. Among the formal sources, a high 
percentage of the very likely group was observed in the 

“psychologist” category. This pattern was similar for the 
four mental health issues consulted.

By comparison, a low percentage from the very 
unlikely group to seek help was observed in the “par-
ents” category for stress and depression problems. 
These findings mean that adolescents who were unwill-
ing to seek help showed less rejection toward their 
parents when they have stress and depression prob-
lems. Alternatively, for suicide and substance abuse 
problems, these adolescents showed less rejection 
toward their friends. Finally, in the very unlikely group, 
young people were less likely to reject the “psychologist” 
as a formal source of help for the problems surveyed.

Differences in the willingness to seek help 
between informal and formal sources

A Student’s t-test for paired samples was performed 
to compare whether the adolescents sought help from 
formal or informal sources and identify the adolescents’ 
preferred source of help seeking (Table  2). Significant 
differences were observed between sources for the dif-
ferent types of mental health problems: on average, 
adolescents prefer to turn to informal sources for help 
when they have stress, depression, suicide, and sub-
stance abuse issues.

Table 1. Means and standard deviations of help-seeking intentions for different problems and sources of help

Source of help Mental health issue

Stress Substance abuse Depression Suicide

n M SD n M SD n M SD n M SD

Informal sources 485 4.39 1.25 492 4.37 1.44 488 4.43 1.38 487 4.23 1.67

Partner 490 4.19 2.05 493 4.27 2.05 493 4.39 2.13 492 4.15 2.25

Friend 492 4.64 1.93 492 4.73 1.97 492 4.58 1.95 492 4.52 2.14

Parent 492 4.95 2.04 493 4.76 2.12 491 5.05 2.06 490 4.64 2.35

Other relatives 488 3.77 2.11 493 3.72 2.18 491 3.68 2.09 491 3.59 2.29

Formal sources 483 2.56 1.55 485 3.10 1.79 489 2.80 1.71 488 3.11 1.91

Psychologist 491 2.94 2.02 490 3.55 2.17 491 3.31 2.20 493 3.78 2.36

Physician 493 2.32 1.69 490 3.06 2.14 491 2.56 1.93 491 2.78 2.13

Psychiatrist 486 2.40 1.89 492 3.16 2.18 492 2.63 2.02 492 3.23 2.33

Counselor 490 2.60 1.84 491 2.65 1.97 493 2.68 1.94 491 2.68 2.01

The total number of adolescents was 493. The missing data for each type of problem and source were calculated by subtracting the corresponding number of each cell 
from the total number of participants.
n: frequency; M: mean; SD: standard deviation. 

Table 2. Help-seeking differences between informal and 
formal sources according to the type of mental health 
problem

Informal 
sources 
M (SD)

Formal 
sources 
 M (SD)

t (DF) p*

Stress 
(n = 476)

4.39 (1.25) 2.56 (1.55) 23.75 (475) < 0.001

Depression 
(n = 484)

4.43 (1.38) 2.80 (1.71) 20.99 (483) < 0.001

Suicide 
(n = 482)

4.23 (1.67) 3.11 (1.91) 13.47 (481) < 0.001

Substance 
abuse 
(n = 484)

4.37 (1.44) 3.10 (1.79) 15.67 (483) < 0.001

The total number of adolescents was 493. The missing data for each type of 
problem were calculated by subtracting the corresponding number of each cell 
from the total number of participants.
DF: degrees of freedom; M: mean; SD: standard deviation.
*p < 0.05 is considered statistically significant. 
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Figure 1. Percentage of young people who considered very likely or very unlikely to seek help for stress problems by 
type of source.

Figure 2. Percentage of young people who considered very likely or very unlikely to seek help for depression problems 
by type of source. 
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Figure 3. Percentage of young people who considered very likely or very unlikely to seek help for suicide problems by 
type of source.

Figure 4. Percentage of young people who considered very likely or very unlikely to seek help for substance abuse 
problems by type of source. 
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Differences in help seeking by sex, age, 
and socioeconomic level 

A Student’s t-test for the variable sex and correlation 
analysis for age and socioeconomic level (SES) vari-
ables were performed to identify differences in the will-
ingness to seek help according to these sociodemographic 
variables. 

Regarding differences in help seeking by sex, we 
observed that males seek help from informal sources 
more than females for problems related to stress, 
depression, suicide, and substance abuse (Table 3). No 
significant differences regarding sex were observed in 
seeking help from formal sources for none of the stud-
ied problems. Furthermore, no significant association 
was found between age, SES, and help seeking from 

formal or informal sources for these mental health 
problems.

Characterization of adolescents with low 
willingness to seek help

Adolescents who showed a low willingness to seek 
help were characterized, so we calculated the percent-
age of participants who answered options 6 or 7 in the 
item I would not seek help from anyone. These options 
represent the highest likelihood of not seeking help. 
Adolescents indicated that they are very likely not to 
seek help for stress (13.8%), depression (13.4%), sui-
cide (15.9%), and substance abuse (11.6%).

To identify differences by sex, age, and SES in low 
willingness to seek help, we performed a Student’s 

Table 3. Differences in help-seeking intentions by sex

Type of problem Source of help seeking Male (n = 232) M (SD) Female (n = 220) M (SD) t (DF = 450) p*

Stress Informal 4.52 (1.21) 4.25 (1.31) 2.26 0.024

Formal 2.50 (1.54) 2.61 (1.58) -0.73 0.461

Depression Informal 4.62 (1.30) 4.20 (1.45) 3.24 0.001

Formal 2.78 (1.71) 2.77 (1.72) 0.78 0.938

Suicide Informal 4.54 (1.54) 3.86 (1.75) 4.40 < 0.001

Formal 3.23 (1.87) 2.99 (1.94) 1.31 0.189

Substance abuse Informal 4.59 (1.38) 4.14 (1.49) 3.34 0.001

Formal 3.18 (1.82) 3.00 (1.76) 1.03 0.303

The total number of adolescents was 493. The missing data for each type of problem were calculated by subtracting the number of males plus females from the total 
number of participants.
DF: degrees of freedom; M: mean; SD: standard deviation.
*p < 0.05 is considered statistically significant. 

Table 4. Correlation matrix between the willingness to seek help according to the type of source of help and problem

Type of problem 1 2 3 4 5 6 7 8

Informal sources
Stress
Depression
Suicide
Substance abuse

—
0.74**
0.54**
0.57**

481
—

0.63**
0.61**

480
484
—

0.61**

485
489
488
—

477
480
479
484

482
486
485
490

481
485
484
489

479
482
482
486

Formal sources
Stress
Depression
Suicide
Substance abuse

0.29**
0.27**
0.25**
0.28**

0.35**
0.41**
0.38**
0.35**

0.29**
0.34**
0.49**
0.40**

0.26**
0.30**
0.35**
0.40**

—
0.78**
0.65**
0.62**

482
—

0.75**
0.71**

481
486
—

0.78**

478
484
482
—

Above the diagonal, the number for each correlation. The total number of adolescents was 493. The missing data for each type of problem were calculated by subtracting 
the corresponding number of each cell from the total number of participants.
*p < 0.05; **p < 0.01. 
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t-test for the sex variable and correlation analysis in the 
case of age and SES variables. On average, females 
reported a greater probability of not seeking help for 
stress-related problems (t [489] = 2.06; p = 0.040). For 
problems related to depression, suicide, and substance 
abuse, no significant differences were observed accord-
ing to sex. Furthermore, no significant association was 
found between age or SES and the reported probability 
of not seeking help for stress, depression, suicide, and 
substance abuse problems.

Relationship between willingness to seek 
help from formal and informal sources

To establish whether the willingness to seek help from 
informal sources is related to seeking help from formal 
sources, we performed a Pearson correlation analysis 
considering the different types of problems surveyed. 
Table  4 shows a significant correlation of all the vari-
ables. The correlations between seeking help from 
informal sources for stress, depression, suicide, and 
substance abuse problems were all positive and high, 
as well as the correlations between seeking support 
from formal sources for each of these problems. Finally, 
the correlations between seeking help from informal 
sources and seeking help from formal sources were 
positive and moderate according to the different issues.

Discussion

The present research aimed to identify the sources 
of help for mental health problems that Chilean adoles-
cents are most willing to turn to, considering both for-
mal and informal sources. 

Adolescents considered help seeking as an option 
when facing the mental health issues investigated. 
Consistent with international evidence, adolescents 
exhibited a greater willingness to seek informal than 
formal help11,14,15. On average, we found that Chilean 
adolescents first choice were their parents, followed by 
their friends as their favorite alternatives for support. 
These findings are consistent with most studies in sim-
ilar populations, which identify these two options as the 
primary informal sources adolescents turn to; however, 
in some of these studies, friends were their first choice 
followed by their parents as the preferred source of 
help11,12. In contrast, other studies13 showed that 
younger adolescents tend to be more influenced by their 
parents, who are their preferred source of help, espe-
cially their mother. Consistent with previous scientific 
literature, these results should raise the need to 

promote mental health literacy for parents (and guard-
ians) and adolescents themselves32,33.

Formal sources of help were less chosen than infor-
mal sources, with the psychologist being the preferred 
source. This observation is consistent with other stud-
ies that have identified this same source as the one 
selected by adolescents (over the psychiatrist or gen-
eral practitioner)11. Furthermore, we identified a higher 
level of preference for counselors or teachers than 
general practitioners and similar to the psychiatrist in 
some topics. This study points to high school teachers 
as potential sources of help to which Chilean adoles-
cents would be willing to turn when faced with mental 
health concerns or problems. As similar results have 
already been observed in other studies34, we should 
focus on increasing teachers’ knowledge of mental 
health issues and sensitizing them on their role in help 
seeking by adolescents with mental health problems in 
our setting.

Regarding sex, we found mixed results depending on 
whether adolescents sought formal or informal help. 
Concerning informal help seeking, males tended to 
seek more help than females. In contrast to other stud-
ies in which females were identified to have a greater 
willingness to seek help13,35, our findings showed that 
males tend to seek more informal help. However, 
regarding formal help seeking, no significant differ-
ences were observed between female and male ado-
lescents. Furthermore, we identified no gender 
differences in seeking help from formal sources, which 
coincides with other studies11,12. Therefore, it should be 
considered that our analysis differentiated between for-
mal and informal sources of help, which allows us to 
know more precisely the people to whom adolescents 
would prefer to turn to when faced with a given mental 
health problem.

One of the limitations of this study is the age range 
of the sample (14-19 years). Although it was a repre-
sentative non-consulting sample of schoolchildren in 
the Maule region, Chile, it did not include the entire 
range that defines the adolescent stage. Therefore, it 
will be of interest to conduct further studies of the 
help-seeking pattern by broadening the sample’s age 
range and consulting on specific mental health issues.

Knowing the pattern of help seeking in the population 
studied is essential to identify the preferred sources that 
adolescents turn to, which can undoubtedly be relevant 
for developing interventions for these groups and favor 
more effective support for their needs.
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Abstract

Background: Due to the pandemic, children are undergoing many changes in their daily lives. Methods: We analyzed how 
parents perceive the effects of the contingency on their children through an online survey shared by digital media for 7 days. 
Results: We obtained 4000 responses. The most frequent difficulty of the children was online homeschooling (30.4%), followed 
by sleeping disorders (20.3%). The use of screens increased 30-80% in over 65% of children. Tantrum was detected in 34% 
and mood swings in 30% of children. The majority of parents (77.8%) considered that distance education does not guarantee 
children’s education and that the level of learning acquired through online classes is not the same as that of face-to-face 
education (83.5%). In contrast, 70.6% of parents considered that it is not yet time to reopen schools, 78.8% believed that 
there is sufficient evidence to keep them closed, and 45% indicated that it is better not to return to campus this year. Regar-
ding activities to improve mental health during the contingency, 51.3% have created home games, and 23.6% perform phy-
sical activity. However, 74.4% do not have the peace of mind to restart daily life. Among the positive aspects of the contin-
gency, adaptability (35%) and family union (33.5%) were reported. Conclusions: Health professionals in contact with children 
must be prepared for the problems that this contingency is generating and sensitize parents to observe their children and 
seek professional help on any alarm data on the emotional or behavioral state of the child.

Key words: Coronavirus disease 2019. Contingency. Children. Survey.

Cómo afecta a los niños la contingencia por COVID-19

Resumen

Introducción: Debido a la pandemia, la población infantil ha experimentado cambios en varios aspectos de su vida coti-
diana. Métodos: Se analizó la percepción de los padres con respecto a los efectos de la contingencia en sus hijos a través 
de una encuesta en línea compartida por medios digitales durante 7 días. Resultados: Se obtuvieron 4000 respuestas. La 
dificultad más frecuente a la que se enfrentan los niños en la pandemia son las clases en línea en casa (30.4%), seguida 
de problemas para dormir (20.3%). Se identificó un incremento en el uso de pantallas del 30-80% en más del 65% de los 
niños. Se detectaron berrinches en el 34% y cambios de humor en el 30% de los niños. La mayoría de los padres (77.8%) 
consideraron que la educación a distancia no garantiza la educación de los niños, y que el nivel de aprendizaje de las 
clases en línea no es igual que el de las clases presenciales (83.5%). Por otro lado, el 70.6% de los padres opinaron que 
no es momento para abrir los colegios, el 78.8% indicaron que existe evidencia para mantenerlos cerrados y el 45% consi-
deraron que es mejor no regresar este año al plantel. En cuanto a actividades para mejorar la salud mental en la contin-
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Introduction

Knowing the potential repercussions of a contingency 
that forces children to stay at home all the time is a 
transcendental subject for the professionals who dedi-
cate themselves to their care.

The coronavirus family are not a new group of viruses 
that affect humans1. The current epidemic is caused by 
the severe acute respiratory syndrome coronavirus 
type 2 (SARS-CoV-2), named by the International Virus 
Classification Committee. This virus produces a dis-
ease that received its name from the World Health 
Organization2 on February 11, 2020, the coronavirus 
disease 2019 (COVID-19).

Severe COVID-19 pulmonary disease in children is 
uncommon3. Neurological symptoms can be divided 
into three categories: (1) neurological manifestations of 
the underlying disease symptoms (headache, dizzi-
ness, consciousness disorders, ataxia, acute symptom-
atic seizures, and cerebral vascular disease); (2) 
symptoms of peripheral nervous system origin (hypo-
geusia, hyposmia, and neuralgia); and (3) symptoms of 
skeletal muscle damage, often associated with liver 
and kidney damage4, although data on severe neuro-
logical involvement are fortunately infrequent in 
children5.

Each country has considered its official infection fig-
ures to create contingency phases to manage the pan-
demic. In Mexico, on March 20, 2020, the suspension 
of classes was officially announced in every school in 
the country, which meant that children had to stay at 
home, regardless of the benefits or consequences that 
this national contingency would bring.

In the fifth edition of the Diagnostic and Statistical 
Manual of Mental Disorders of the American Psychiatric 
Association6, trauma-related disorders and stressors 
are included in acute stress disorder (ASD) and adjust-
ment disorders, which can occur after a disaster or a 
radical change in the pattern of activities. Other psy-
chological and psychiatric conditions may also be 
observed, such as depressive episodes, anxiety disor-
der, insomnia, and even suicidal behavior7.

In children, we find the subtle (or sometimes not so 
subtle) symptoms that may occur due to confinement, 
in addition to those directly caused by SARS-CoV-2 
infection. Due to different life circumstances, family 
behaviors and routines change to reduce childhood 
distress, minimize exposure to stimuli that provoke fear 
or anxiety, and relieve distress; this process has been 
called family accommodation8. One modification of 
family routines may be staying at home to work or can-
celing family trips. However, most of the time, these 
changes are not voluntary, as in contingency, and may 
play a positive or negative role: just as they may alle-
viate distress in the short term, they may maintain 
anxiety and avoidance in the long term in children8. 
Parental care is critical as part of any child’s upbringing. 
However, some parents become overly vigilant and 
think that everything is a threat to their child. This 
parental behavior has been considered a behavior that 
causes a major neurocognitive factor in developing and 
maintaining pediatric anxiety disorders9.

Insomnia is a common symptom in children, which 
may increase in special situations where changes in 
established patterns occur. Insomnia is associated with 
a decrease in school performance and an increase in 
psychopathology10. Behavioral profiles associated with 
objective sleep duration have been studied in young 
children with insomnia symptoms, and sleep duration 
and various physiological changes such as increased 
cortisol have been associated. Some studies show that 
children with insomnia symptoms have more behavioral 
problems in general than control groups11.

In children in whom sleep duration is typical, insom-
nia has been associated with high scores of external-
ized behavioral problems, such as restlessness, 
inattention, impulsivity, irritability, mood changes, and 
school problems. Conversely, children with insomnia 
and short sleep duration are associated with a more 
frequent profile of internalized problems, such as anx-
iety or low mood11. These children show a lower quality 
of life associated with a higher risk of other medical 
conditions10.

gencia, el 51.3% han creado juegos en casa y el 23.6% realizan actividad física. Sin embargo, el 74.4% no tienen tranquilidad 
para reiniciar su vida cotidiana. Dentro de las cosas positivas de la contingencia, se reportó adaptabilidad (35%) y unión 
familiar (33.5%). Conclusiones: Los profesionales de la salud en contacto con niños deben estar preparados para los pro-
blemas generados por esta contingencia y sensibilizar a los padres para observar a sus hijos y solicitar ayuda si detectan 
datos de alarma del estado emocional o conductual del niño.

Palabras clave: COVID-19. Contingencia. Niños. Encuesta.
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The difficulties of not attending school are a problem 
that should be continuously monitored in children. 
Several factors can result in a child having a good edu-
cational level. Specific measures have been studied, 
such as the socioeconomic level (a factor that directly 
impacts the educational opportunities and offerings pro-
vided by schools, including the quality of their teachers), 
maternal education, and paternal education. These 
three events impact children’s educational level. If these 
factors are modified, they can have a negative influ-
ence. Differences in children’s temperament must also 
be considered when dealing with school learning12,13.

In countries where the death toll has been significant 
and continues to rise, there will be many children and 
young people dealing with loss and grief in addition to their 
already challenging circumstances. There are no easy 
answers, but parents and caregivers are expected to be 
vigilant and work with children to provide a high level of 
interaction and support them through this contingency13.

Methods

Scientific information on COVID-19 appeared in 
February 2020, and the number of publications has 
been vast. The majority has been shared online to 
accelerate awareness. The transmission of data has 
been second only to viral and human-to-human 
transmission.

To analyze the parents’ opinion of how confinement 
affected children, we conducted and shared a survey 
on Google Forms 2 months after the suspension of 
classes. The survey consisted of 12 questions and was 
addressed to parents of children aged 4-15 years, con-
sidering that they were the most sensitive population, 
and was sent by email, WhatsApp, and Facebook. The 
survey was active online for 7 days. The first response 
was received on May 20, and the last response was 
received on May 26. The questionnaire was elaborated 
to obtain the following information: if children had any 
problems, from the parents’ perspective, with emphasis 
on sleeping difficulties; how they were living their 
school life from home; how distance learning was work-
ing out; how the use of screens had increased (which 
we know is a problem at present); how confident and 
informed parents felt with the current information to 
return to everyday life, including the return to school, 
and when the ideal time to return to school would be; 
if they had to implement any activity to improve the 
child’s quality of time at home; and finally, if they con-
sidered that the contingency could leave something 
positive for their children.

Results

A total of 4000 responses were obtained with the 
Google Forms count. Some of those who entered to 
respond did not answer all the questions (marked as 
“no response”).

The first question was related to the problems that 
parents had observed in their children during confine-
ment. The most-reported problem was related to online 
homeschool, access to a computer and internet, a 
physical space, or the difficulty for pre-school children 
to be sitting in front of a computer for online classes. 
Difficulties with online homeschool were reported in 
30.4% of subjects. We should remember that schools’ 
responses have been very variable, as no one was 
prepared for the contingency. In general, homework 
prevailed, but some with TV classes, some with spo-
radic online tutoring, and some with formal online 
classes every day. In addition to sleeping problems, 
these problems represent half of the difficulties encoun-
tered by parents in their children (Fig. 1).

Secondly, we explored the kind of sleep-related 
problems in children during the contingency. We know 
that frequent expressions of anxiety in children are 
sleeping problems, including insomnia, nightmares, 
and night terrors; in general, insomnia symptoms are 
associated with a wide range of behavioral problems 
in children11. One of UNICEF’s first efforts to care for 
children during the contingency was to provide 
easy-to-understand material, in addition to not overex-
posing children to COVID-19 issues14. The percentage 
of sleeping problems reported by parents was 46.7%, 
mainly related to difficulty falling asleep. This finding 
may be related to the loss of sleep and wake times 
during the contingency rather than a purely anxiety-re-
lated issue. However, it could be a sum of several 
factors (Table 1).

The third question was related to the increase in 
using screens, which has been a growing problem in 
children worldwide and has influenced their motor and 
social development15. Approximately 11% of parents 
perceived an increase of screen use > 90% in their 
children, 31.3% have seen an increase of 60-80%, and 
33% observed an increase of 30-50% of screen use 
(Table  2). A study published a couple of years ago 
reported that 34% of preschoolers have an electronic 
device with screens and that the 16-24 age group 
spends more time playing than sleeping15. Thus, a cur-
rent concern is developing addictive behavior in chil-
dren and young people, now known as screen 
dependence disorder15. Characteristics of this problem 
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Table 1. Sleeping troubles during the contingency in 
children according to their parents

Possible responses Number of answers* Percentage

Difficulty starting to 
sleep

1868 46.7

None 1446 36.15

Awakenings at night 286 7.15

No answer 198 4.95

Nightmares 82 2.05

Night terrors 56 1.40

Bed-wetting 40 1

Sleepwalking 24 0.6

*From a total number of answers = 4000.

Figure 1. Some of the problems that parents identified in their children due to confinement.

focus on reducing or stopping screen use, loss of inter-
est in other activities, the continuation of the behavior 
despite consequences, lying to hide the behavior, and 
its use as an emotional outlet15. The development and 
maintenance of this disorder are related to a dysfunc-
tion of brain structures. Brain imaging studies have 
demonstrated structural changes in the white and gray 
matter in the prefrontal cortex and limbic structures and 
reduced frontostriatal neuronal circuits15. Although the 
use of screens increased during the contingency, par-
ents should make sure that this situation will not be 
detrimental to their children’s future functioning and 

decrease this behavior as soon as the contingency is 
over.

We also investigated children’s behavior during the 
contingency. Due to this situation, anyone may show 
signs of low frustration tolerance. As it is important to 
learn to postpone pleasure, we should recognize that 
many vulnerable children cannot handle stress13. The 
responses to this question are split into three possibil-
ities of almost one-third of answers each. Tantrum or 
low tolerance was detected, followed by frequent 
changes in mood. However, more than 20% of the par-
ents did not perceive behavioral problems, which was 
very good for this group of children who could handle 
the situation with no alterations (Fig. 2).

Table 2. Screen time increase in children during the 
contingency, according to their parents

Percentage of increase (%) Number of 
answers

Percentage

From 30 to 50 1322 33.05

From 60 to 80 1252 31.30

From 10 to 20 563 14.07

More than 90 440 11.0

It has not increased 247 6.17

No answer 176 4.4

*From a total number of answers = 4000.
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been impacted socially and economically by the 
contingency13.

Concerning distance education, nearly 85% of par-
ents consider that the quality of learning is not the 
same as face-to-face classes. We are used to in-per-
son learning and supervision accompanied by teach-
ers’ personalized guidance. Each child’s temperament 
and learning styles are drivers of learning and educa-
tional success even with distance education13. Many 
families have complained, especially at the beginning 

Figure 2. Main behaviors identified in children during the contingency.

Table 3. Distance education and learning in children 
during the contingency according to the parental 
perception

“Distance education 
guarantees the right to 
education for all children 
equally”

“Do you consider that the 
quality of learning of your 
child has been the same with 
distance classes?”

Answer Percentage Answer Percentage

False 77.8 No 83.57

True 17.85 Yes 12.11

No answer 4.35 No answer 4.32

Regarding education, 77.8% of parents consider that 
distance education does not guarantee equal educa-
tion for all children (Table 3). We know the economic 
differences and access to products and services in 
many families. Schools have tried to adopt different 
modalities that cope with the contingency. However, 
online classes require a computer and internet ser-
vices, which is complicated for some children who do 
not have these requirements or even access electricity. 
In addition to these potential liabilities, families have 

Table 4. Parents’ opinions regarding reopening schools 
and keeping schools closed during the contingency

“In your opinion, is it time to 
reopen schools?”

“Is there enough evidence to 
keep schools closed?”

Answer Percentage Answer Percentage

Yes 9 Yes 78.85

No 70.57 No 16.65

Perhaps 16.25 Perhaps 4.5

No answer 4.17

*From a total number of answers = 4000.
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of the contingency, about the enormous homework 
load. In the future, the mix of in-person classes can 
certainly be complemented by distance support 
(Table 3).

About returning to schools, 70.6% of the parents 
considered that it is not time to reopen schools, 
although 16.25% were not sure, while 9% considered 
that schools should be reopened (Table  4). These 
results suggest that parents may not be aware of the 
risks of opening schools at present, which implies 
bringing back groups of children and adults in a class-
room together.

Furthermore, regarding evidence to keep schools 
closed, 16.65% of parents considered insufficient evi-
dence to keep schools closed (Table 4). As a society, 
we need to receive clear information about the rationale 
for the closing, the risk of family mobility, the risk of 
children being infected, the risk that they may serve as 
vectors and transfer the disease to family members, and 
even the possibility that they may become ill and pres-
ent severe symptoms (although this situation has been 
relatively infrequent)3,5. It is essential to be particularly 
careful with young children, as it is more challenging to 
maintain a proper distance, wearing masks, and main-
taining hygiene measures in the classroom14.

Due to variations in official data and the unknown, 
the answers related to the ideal time to return to school 
are complex because no one has the absolute truth. 
However, 45% of parents believe that children should 
not return to school this year and almost one-fifth think 
that July 2020 could be an option for their return. 
Strikingly, almost 10% consider an option to repeat the 
school year, which would undoubtedly complicate the 
country’s school system (Table 5).

The majority of parents took measures to improve the 
family’s mental health during the contingency: strate-
gies to entertain children at home throughout the day. 
We found that 51.3% have implemented games at 
home, which is a good strategy that also allows parents 
to observe the behavior of their children during an 
activity that involves rules and shifts; therefore, games 
imply working on tolerance to shifts, times, and the 
possibility of winning or losing. Physical exercise at 
home has been something that parents have engaged 
in almost 25% of the cases. We have long argued that 
engaging in physical activity can improve mood for 
several reasons, including endorphin production. It has 
been confirmed that more significant physical activity 
is consistently associated with a lower probability of 
developing depression and that the protective effect of 
physical activity is observed independently of age and 
sex, which is significant in all geographic regions16. 
Therefore, daily activity seems to be an excellent rec-
ommendation. In contrast, only a low percentage of 
parents have felt the need to seek professional help to 
improve mental health in their children (Fig. 3).

Regarding the next question, “With the information 
you have, do you feel comfortable with restarting your 
daily activities?”, we obtained a total of 2975 responses 
indicating that parents were not comfortable with start-
ing their activities, which represents 74.4% of the 
responses. On the contrary, 849 participants (21.22%) 
indicated that they were comfortable. A total of 176 
people did not answer this question.

Everybody is uncertain about the pandemic, how to 
reverse the contingency, how to do it, which places to 
avoid, and which will be the safest. Although general 
information has been given and we can establish that 
hospitals are undoubtedly the riskiest places2, we will 
certainly have to avoid crowded and poorly ventilated 
spaces. We will have to change some habits to return 
to usual activities, but the parents’ responses show that 
almost 75% are uncomfortable resuming their daily 
activities.

Finally, we wanted to know if the contingency left 
positive things to children from their parents’ perspec-
tive. Adaptability and family unity were the most fre-
quent answers, followed by learning to manage 
tolerance. A low percentage expressed taking advan-
tage of the time to acquire a new skill (Fig. 4).

Discussion

This survey has shown the difficulties parents have 
observed in their children’s behavior, learning, and 

Table 5. Parents’ opinions on the ideal time to return to 
school

Answer Number of 
answers

Percentage 
(%)

In June 2020 226 5.65

In July 2020 725 18.12

Not returning this school year 1798 44.95

Repeating the school year 353 8.82

That everyone passes this 
school year

704 17.61

No answer 194 4.85
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emotional state at the beginning of the contingency. 
Regarding COVID-19, neither children nor adults know 
what is happening and what is coming concerning 
health, education, and economy. In general, children 
are afraid of the unknown or what they do not 
understand.

In a population exposed to potentially traumatic expe-
riences, emotional, cognitive, behavioral, and somatic 

symptoms can be triggered. Although most of them 
disappear spontaneously, a proportion could evolve 
into more serious mental health disorders17, such as 
ASD, which should be monitored in children during and 
after the contingency. Although almost 13-37% of indi-
viduals who underwent any stressful situation have 
been reported with ASD, this disorder depends on sev-
eral factors. In 2017, Bryant mentioned that the 

Figure 3. Actions that parents took to improve mental health during the contingency.

Figure 4. Positive behaviors that parents identified in their children during the contingency.



223

J.C. Reséndiz-Aparicio: COVID-19 contingency in children

temporary nature and different causes of this condition 
have made it difficult to obtain accurate information 
about the prevalence of ASD18.

Although anxiety is prevalent in the general popula-
tion, including children, and can be initiated in stressful 
situations such as the pandemic, it often goes unnoticed 
and untreated19. If children are timely diagnosed and 
treated, the risk of anxiety persisting into adulthood can 
be reduced. Restlessness, irritability, or sleep disorders 
such as insomnia are data that may be present in gen-
eralized anxiety disorders20.

Anxiety diagnosis is based on clinical data since 
there is no biological marker, for which the clinician’s 
clinical experience is significant9. Among other scales 
used to assess anxiety at any age, the SCARED scale 
for children21 explores some of the following items: 
“When I am afraid I cannot breathe well,” “I cannot 
swallow food,” or “I get dizzy,” which are somatization 
data; “people tell me that I look nervous”; or data 
related to sleep such as “I worry when I have to sleep 
alone,” “at night I dream that bad things are going to 
happen to my parents,” or “at night I have nightmares 
that something bad is going to happen to me.” Also, 
other data such as “I sweat a lot when I am afraid,” “I 
worry that something will happen to my parents,” among 
others. For this reason, these questions can be incor-
porated into the routine pediatric consultation when 
anxiety is suspected, even though a formal scale is not 
applied. These data are non-specific. However, if con-
sidered together, these data could lead to suspect anx-
iety in children9,21.

Stress directly impacts sleep, such as sleep reactiv-
ity, vulnerability to insomnia, and circadian disorders22. 
Sleep reactivity is the degree to which stress disrupts 
sleep, resulting in difficulty falling and staying asleep22. 
The neurobiological basis for sleep reactivity involves 
disrupted cortical networks, dysregulation in the auto-
nomic nervous system, and the hypothalamic-pitu-
itary-adrenal axis, an axis involved in stress and 
anxiety22. Poor sleep quality and insomnia are associ-
ated with decreased school performance, increased 
psychopathology, increased risk of self-harm, and even 
suicidal ideation10. Treatment of insomnia should be a 
priority in children upon diagnosis, as chronic insomnia 
has explicitly been associated with increased health 
risk and interpersonal, psychological, and daily 
functioning10.

While it is true that use of screens and the internet 
has become indispensable to take classes or be in 
communication with other people, we should be alert 
with children since they can fall into excesses using 

these tools only to play. Internet gaming disorder has 
been documented, which is a severe disorder that 
leads to impairment in self-regulation, mood, reward 
regulation, problems in decision-making, and impact on 
social skills23.

In our country, previous studies have detected that 
over half of the population seeks self-treatment, even 
when they perceive that they have a severe illness, 
mainly if they live in poverty or rural communities24. 
Therefore, constant campaigns should be carried out 
to promote mental healthcare. For the management of 
children with adaptive disorders due to the changing 
situation, drugs may be used; however, in many cases, 
breathing techniques, relaxation exercises, or self-help 
techniques have been tested and proven to be 
sufficient12,25.

Moreover, creative approaches to staying functional 
during this confinement have emerged: people must 
find fun ways to express their confinement experiences 
and isolation at home13. Some studies have analyzed 
parenting during the contingency, what to do with chil-
dren’s stress and the best measures to deal with it13. 
Some suggested measures to address the contingency 
are online soft skills programs, remote work capability, 
resilience-supported work guides, and monitoring of 
vulnerable children13.

Some limitations of this study were that the survey 
covered a pediatric population in a wide age range, and 
children’s behavior is not the same at different stages 
of development; dividing the responses by age group 
would allow finding specific differences. Furthermore, 
only one response option was allowed, and some peo-
ple may feel the need to answer multiple responses. 
Finally, there may have been confusion about who 
should answer the survey in families with more than 
one child since it was established that only one person 
per device could answer.

Undoubtedly, many things will change after the pan-
demic, including modifications in our hygiene and 
cleaning habits at home, workplaces, and school, and 
encourage online meetings to reduce mobilization of 
people. However, the difficulties reported by parents in 
this survey should be monitored in the short, medium, 
and long term, as children could exhibit behavioral and 
mood changes or sleep problems, which could increase 
if not timely addressed. We suggest watching for feed-
ing, sleeping, responses to external stimuli, tolerance 
to frustration, hand sweating, nail-biting, enuresis or 
encopresis, repetitive behaviors, easy crying, overly 
sensitivity, and mood swings. If these symptoms are 
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observed, it is worthwhile to have them checked by a 
health-care professional.
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CLINICAL CASE

Abstract

Background: Osteopetrosis is a rare hereditary bone dysplasia characterized by insufficient osteoclast activity that results 
in increased bone mineral density. Hematopoietic stem cell transplantation (HSCT) can reverse skeletal abnormalities and 
restore hematopoiesis. Case report: We present the case of a 3-year and 2-month-old male patient with the diagnosis of 
osteopetrosis. The patient underwent allogeneic HSCT (Allo-HSCT) using 100% compatible bone marrow from a related 
donor and received a myeloablative conditioning regimen and a CD34 cell dose (4.7 × 107/kg). In the early post-transplant, 
frequent complications such as pneumonitis, hypercalcemia, and hyperphosphatemia ocurred. With a suitable granulocytic 
graft and chimerism of 100%, it was considered a successful transplant. However, the patient showed a delayed platelet graft 
treated with a platelet-stimulating factor for 6 months. The patient is currently disease-free, outpatient follow-up, with no data 
on graft-versus-host disease, and no progressive neurological damage. Conclusions: Osteopetrosis is a childhood disease 
that requires clinical suspicion and early diagnosis. HSCT is necessary at an early age to prevent disease progression and 
sensorineural, hematological, and endocrinological functions damage that can lead to death.

Key words: Osteopetrosis; Hematopoietic stem cell transplantation; Bone marrow stem cell transplant.

Trasplante de células progenitoras hematopoyéticas en un paciente con osteopetrosis y 
mutación en CLCN7: seguimiento a largo plazo

Resumen

Introducción: La osteopetrosis es una displasia ósea hereditaria poco común, caracterizada por una actividad osteoclásti-
ca deficiente que aumenta la densidad mineral ósea. Se considera que el trasplante de células progenitoras hematopoyé-
ticas (TCPH) puede revertir las anormalidades esqueléticas y restaurar la hematopoyesis. Caso clínico: Se presenta el caso 
de un paciente de sexo masculino, de 3 años y 2 meses de edad, con diagnóstico tardío de osteopetrosis. Se realizó un 
TCPH alogénico de donador relacionado 100% compatible con médula ósea. Se utilizaron un régimen de acondicionamien-
to mieloablativo y una dosis celular de CD34 de 4.7 × 107/kg de peso. En el postrasplante temprano, el paciente desarrolló 
complicaciones como neumonitis, hipercalcemia e hiperfosfatemia. Con un injerto granulocítico adecuado y quimerismo del 
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Introduction

Osteopetrosis, also known as marble bone disease, is 
a rare hereditary bone dysplasia characterized by a 
decreased resorptive activity of osteoclasts leading to 
inadequate resorption and abnormal bone turnover, 
causing an increased bone mineral density and increased 
risk of fractures1. Inadequate bone remodeling produces 
skeletal deformities, and the lack of bone elasticity cou-
pled with bone fragility increases the risk of fractures2. 
The endochondral bone in the medullary cavity alters 
hematopoietic function causing life-threatening anemia, 
thrombocytopenia, and leukopenia.

Alterations in bone restructuring, which produce a 
narrowing of the bone canals and limits blood supply, 
can cause neurological disorders3. Different gene 
mutations can cause neurological alterations: the muta-
tion of the T-cell immune regulator 1 (TCIRG1) gene 
causes neuronal compression, while the mutation of 
the CLCN7 gene causes significant progressive 
encephalopathy and retinopathy in some patients4.

Clinical suspicion is essential to achieve early diag-
nosis and timely intervention with allogeneic hemato-
poietic stem cell transplantation (Allo-HSCT), a curative 
treatment that can reverse skeletal abnormalities and 
restore hematopoiesis5.

Epidemiology

Autosomal recessive osteopetrosis incidence is 1 in 
250,000 births, with a higher incidence in Costa Rica 
(3.4 in 100,000 births). In contrast, autosomal dominant 
osteopetrosis incidence is 1 in 20,000 births6. 

Classification

Osteopetrosis has a broad clinical spectrum: from a 
minimal disease, even asymptomatic, to the severe 
form known as infantile or malignant osteopetrosis 
(autosomal recessive), which is life threatening, espe-
cially during the first year of life (Table 1).

For decades, before identifying gene mutations 
affecting osteoclasts activity, osteopetrosis had been 
categorized depending on clinical characteristics and 
inheritance patterns. The malignant or infantile osteo-
petrosis with autosomal recessive inheritance pattern 
is the most severe form and the one with the earliest 
presentation. Intermediate osteopetrosis also has an 
autosomal recessive inheritance pattern, and benign or 
adult osteopetrosis is inherited in an autosomal domi-
nant pattern.

Clinical description

The increase in bone mineral density results in partic-
ular physical characteristics, such as macrocephaly, cra-
niofacial deformities, and generalized sclerosis. However, 
the primary involvement is in the bone marrow and cen-
tral nervous system. The bone marrow’s infiltration pro-
duces bone marrow failure; thus, hematopoiesis is 
compromised, and extramedullary hematopoiesis 
appears, which manifests itself as hepatosplenomegaly.

Etiology

Osteopetrosis is caused by a failure in osteoclasts’ 
development and function. Furthermore, mutations in 
at least 10 genes are found in approximately 70% of 
patients. This disorder has an autosomal dominant or 
autosomal recessive inheritance pattern, being the last 
one the most severe form of presentation7.

Osteoclasts are highly specialized cells derived from 
mononuclear precursors from the myeloid lineage. 
Their function is bone resorption, a fundamental pro-
cess for remodeling and maintaining bone stability and 
mineral homeostasis.

Some osteopetrosis cases are caused by mutations 
in genes involved in pH acidification, which depends 
on the proper function of V-ATPase and CLCN-7. 
Homozygous mutations in these genes can cause 
malignant osteopetrosis.

100% se consideró un trasplante exitoso. Sin embargo, el paciente presentó retraso en el injerto plaquetario, por lo que se 
administró factor estimulante de plaquetas por 6 meses. Actualmente el paciente se encuentra libre de enfermedad, en 
seguimiento ambulatorio, sin datos de enfermedad del injerto contra el hospedero y con pruebas de neurodesarrollo sin 
deterioro neurológico progresivo. Conclusiones: La osteopetrosis es una enfermedad infantil que requiere una sospecha 
clínica y un diagnóstico temprano, ya que es necesario un TCPH a corta edad como tratamiento para evitar la progresión 
de la enfermedad y el deterioro de las funciones neurosensoriales, hematológicas y endocrinológicas que puede derivar en 
la defunción del paciente. 

Palabras clave: Osteopetrosis. Trasplante de células progenitoras hematopoyéticas. Trasplante de médula ósea.
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Diagnosis

The diagnosis of childhood osteopetrosis is based on 
clinical and radiographic evaluations and confirmed by 
genetic testing2. It is essential to consider the diagnosis 
based on clinical suspicion and corroborate it by radi-
ography and image studies, where cortical atrophy and 
generalized sclerosis mainly affecting the skull, pelvis, 
and spine can be appreciated. The characteristic image 
of bone within a bone, particularly in vertebrae and 
phalanges, can be observed. Age of presentation, 
inheritance, and associated clinical features such as 
pancytopenia, neurodegeneration, mental retardation, 
tubular acidosis, neuronal compression, and visual and 
auditory impairment support the diagnosis.

In case of suspicion, laboratory studies should be 
requested, such as serum calcium, parathyroid hor-
mone, phosphorus, creatinine, 25-hydroxyvitamin D, 
and lactic dehydrogenase levels, which provide mineral 

homeostasis data. Also, a complete blood count with 
differential is necessary for bone marrow failure evalu-
ation. Bone biopsy is useful for differentiating rich or 
deficit osteoclasts forms of osteopetrosis; however, it 
should not be performed routinely and is not essential 
for diagnosis.

Creatine kinase BB isoenzyme has been detected in 
patients with malignant osteopetrosis with CLCN-7 
mutation; however, its levels do not correlate with the 
severity of the disease, and normal levels do not 
exclude the diagnosis8.

Finally, the specific mutation must be confirmed by 
genetic testing to provide follow-up, prognosis, a prob-
able response to treatment, recurrence, and genetic 
counseling.

Multidisciplinary management of these patients is 
vital since multiple organs and systems are affected. 
Endocrinologically, serum calcium levels should be 

Table 1. Characteristics of the different types of osteopetrosis and genetic classification

Population Inheritance Bone marrow 
failure

Diagnosis Clinical features Prognosis Associated genes 
(% of presentation)

Life 
expectancy

Adult AD No Incidental Asymptomatic. 
However, in type I, 
there is skull 
affection, and in 
type II, there is the 
involvement of the 
cranial base, 
vertebrae, pelvis, 
and long bones. In 
some cases, bone 
pain or fractures 
have been reported

Good CA II
RANKL

Normal

Childhood AR Severe One year of 
age

Blindness, hearing 
loss, growth 
retardation, frequent 
fractures, severe 
hypocalcemia, 
hydrocephalus, 
neurodegeneration

Poor TCIRG1 (51-53%)*
CLCN7 (13-16%)**
OSTM1 (2-6%)*

0-10 years
0-3 years
0-2 years

Intermediate AR Variable Childhood/
adolescence

Bone pain, arthritis, 
blindness, hearing 
loss, osteomyelitis, 
anemia

Variable PLEKHMI
CLCN7
LRP5
CA II

Variable

Gene and 
transcript

Location Variant Genotype Classification

CLCN7 Exon 5/25 ENST00000382745.4:c.376C>T
ENSP00000372193.4:p.Arg126Cys
Grch37 (hg19) chr16: 1510925
Grch38 (hg38) chr16: 1460924

Homozygous Probably pathogenic variant
Missense variant

*Percentage of presentation of genes in malignant childhood osteopetrosis.
**Detected in our patient by genetic sequencing.
AR: autosomal recessive; AD: autosomal dominant. 
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monitored since bone cannot mobilize calcium due to 
the osteoclasts’ defect, which causes hypocalcemia 
and, secondary to this, tetany and seizures.

It is necessary to periodically evaluate patients’ visual 
capacity to detect and control the emergence of major 
visual complications, such as optic nerve atrophy. 
Patients often have dental abnormalities, such as 
delayed or failed tooth eruption, malformation, and easy 
teeth loss. Fractures and their complications with 
osteomyelitis are frequent. Therefore, an expert ortho-
pedic surgeon should evaluate patients. Neurologically, 
developmental delay, compression neuropathies, and 
craniofacial deformities should be intentionally sought.

Regarding hearing, nerve compression can lead to 
sensorineural deafness. Concerning hematological 
complications, pancytopenia is the primary life-threat-
ening condition of patients with osteopetrosis, leading 
to severe infections and bleeding5.

Differential diagnosis

The differential diagnosis should be made with any 
disease that causes bone sclerosis, such as berylliosis, 
myelofibrosis, Paget’s disease, and malignant dis-
eases. X-rays may show an increase in bone mineral 
density; however, compared to osteopetrosis, this alter-
ation improves overtime. When osteopetrosis is diag-
nosed, it is essential to distinguish the subtype because 
each has a different evolution, progression, prognosis, 
and treatment.

Genetic alterations

The primary characteristic mutation of osteopetrosis 
is found in the TCIRG1 gene, which encodes the α3 
subunit of the vacuolar H+ATPase (V-ATPase), which 
pumps protons through the membranes, helping to reg-
ulate cellular and extracellular pH.

The V-ATPase plays an essential role on the surface 
of osteoclasts. This protein is embedded in a mem-
brane that contacts the bone’s surface and forms a 
compartment between the osteoclast and the bone 
surface. Its function is to pump protons into the bone, 
acidifying it and creating a suitable bone resorption 
environment9. This mutation is responsible for 50% of 
patients diagnosed with recessive osteopetrosis10.

The CLCN7 gene encodes a chloride channel (CLC-7) 
that provides electroneutrality during the acidification 
process4. The mutation of this gene is present in 
10-15% of patients with malignant osteopetrosis.

The third gene involved in this disease is OSTM1, 
which causes a more aggressive disease phenotype, 
shortening survival.

Treatment

HSCT is a procedure in which stem cells (HSC) from 
a disease-free donor are infused into patients with the 
disease. This procedure is performed to restore bone 
marrow function. There are different types of HSCT, 
depending on the type of HSC donor: autologous trans-
plant (donor and recipient are the same subject), alloge-
neic transplant, which is performed from a donor with 
human leukocyte antigen (HLA) 100% compatible with 
the recipient and can be a related donor (family member) 
or an unrelated donor (non-family member), and hap-
loidentical transplant, in which the family donor has an 
HLA 50% compatible with the recipient.

The initial treatment of osteopetrosis is mainly sup-
portive and focuses on treating the main complications, 
such as pancytopenia, infections, and bleeding.

Fractures and arthritis require specialized treatment 
and follow-up since there is usually a delay in consol-
idation, osteomyelitis, and recurrent fractures.

Developmental delay and seizures associated with nor-
mal calcium levels often indicate childhood osteopetrosis. 
Neurological evaluations, including magnetic resonance 
imaging (MRI) and electroencephalogram, periodic oph-
thalmological examinations, including visual evoked 
potentials, and fundus examination to detect optic nerve 
atrophy, should be performed as soon as possible.

Hearing function evaluations should also be per-
formed because, initially, neurosensory damage is mild; 
however, it may contraindicate HSCT as it progresses 
to severe forms.

Bone marrow failure can be treated initially with plate-
let and red blood cell concentrates transfusions; how-
ever, the definitive treatment of osteopetrosis is 
Allo-HSCT. In this pathology, HSCT is considered a 
therapeutic emergency because, as the disease pro-
gresses, sensory, visual, and hearing alterations 
become irreversible if treatment is late.

Transplant-related complications include transplant 
rejection, delayed graft function, hepatic sinusoidal 
occlusive syndrome, pulmonary hypertension, and 
hypercalcemic crises11.

It is necessary to keep this disease under consider-
ation when evaluating a patient with multiple dysmor-
phia, retarded growth and development, as well as 
sensory alterations, accompanied by metabolic and 
hematological alterations since timely diagnosis will 
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allow to perform an effective treatment and thus avoid 
a progression of the disease with more significant neu-
rosensory impairment. Highlighting the importance of 
this pathology’s treatment, we present the case of a 
patient with osteopetrosis treated with an Allo-HSCT, 
who had a successful evolution, even with a late dis-
ease diagnosis and a mild neurosensorial impairment.

Clinical case

We present the case of a 3-year and 2-month-old 
male patient from the State of Mexico. In his family 
medical history, healthy parents with no chronic degen-
erative diseases or consanguinity, a healthy 8-year-old 
sister, and no history of cancer, genetic or metabolic 
diseases, or immunodeficiency were reported.

At 1 year of age, the patient attended the Hospital 
Infantil de México Federico Gómez (HIMFG) for present-
ing community-acquired pneumonia (CAP), and later 
required hospitalizations for the same diagnosis (Fig. 1).

At 3 years of age, he was admitted again for CAP. On 
physical examination, generalized integument paleness, 
macrocephaly, hypertelorism, microretrognathia, promi-
nent forehead, telecanthus, trichiasis, prominent eyes, 
flat nasal bridge, short neck, and narrow chest were 
observed. The skull X-ray showed the mask sign, char-
acterized by generalized bone hyperdensity, predomi-
nantly at the base of the skull, which gave it the 
appearance of a mask in the orbital region. A chest 
X-ray was performed, observing an increase in bone 
density at the rib, sternal, and vertebral level. In addi-
tion, the bone within a bone sign, which consists of 
lines parallel to the tibia’s cortical bone, was observed 
in the long bone X-ray. In laboratory studies, bicytopenia 
was reported in the complete blood count (hemoglobin 
5.7 mg/dl, hematocrit 17.7%, leukocytes 13,400 cells/µL, 
total neutrophils 4020 cells/µL, and platelets 22,000 cells/
µL). Therefore, as part of the approach, a bone marrow 
biopsy was requested, which reported hypocellularity, 
small intertrabecular spaces with fibrous tissue, and 
endochondral ossification. Due to the presence of dys-
morphic syndrome, the patient required evaluation by 
the genetics service.

The patient was diagnosed with osteopetrosis at 3 
years and 2 months of age, and as part of the evalua-
tion by the HSCT service, the molecular study was 
carried out using second-generation sequencing in the 
HIMFG Research Unit. A mutation in the CLCN7 gene 
was reported, and the patient was classified as a homo-
zygous genotype (Table  1). With this mutation, the 
patient met the criteria for an Allo-HSCT.

During hospitalization, the patient presented bilateral 
serous otitis media with secondary conductive hearing 
loss, for which ventilation tubes were placed. Influenza 
was detected, requiring antiviral treatment; another 
event of otitis media with otorrhea occurred, for which 
the patient required myringotomy and placement of ven-
tilation tubes again. 

A skull MRI was performed in the pre-transplant eval-
uations, where frank cortical atrophy with secondary 
ventricular dilation associated with its underlying 
pathology was observed. We detected a slight alter-
ation in the bilateral visual pathways’ conduction, 
together with a normal audiometry report, employing 
visual evoked potentials. Due to these results and the 
significant risk of developmental delay, the Infant 
Development Assessment test was performed, in which 
the patient met the criteria for risk of developmental 
delay. In the Battelle developmental test, a total devel-
opment ratio of 63 was reported, corresponding to an 
equivalent age of 2 years and 3 months of age (deficit 
of 1 year and 5 months [37%]). Finally, the patient was 
diagnosed with global neurodevelopmental delay.

According to the HSCT protocol of the HIMFG, comor-
bidities were evaluated by the following services: ophthal-
mology, endocrinology, cardiology, infectology, 
otorhinolaryngology, pulmonology, nephrology and gas-
troenterology, and nutrition. Neurosensory, severe visual, 
or hearing damage were ruled out. In the admission blood 
count, before the HSCT, the following results were 
reported: total leukocytes 5300 cells/µL, total neutrophils 
2070 cells/µL, platelets 35,000 cells/µL, and hemoglobin 
9.1 mg/dL. At 3 years and 9 months of age, Allo-HSCT 
was performed from 100% compatible related donor (sis-
ter), using a myeloablative conditioning regimen: on days 
−7, −6, −5, and −4, the patient received busulfan 
(1.2 mg/kg/day), and on days −3 and −2, cyclophospha-
mide (60 mg/kg/day). Subsequently, a dose of 
4.7 × 107 cells/kg obtained from bone marrow was infused.

As part of the prophylaxis for graft-versus-host dis-
ease (GvHD), immunosuppression was used based on 
cyclosporine (CsA, 3 mg/kg/day) and methotrexate 
(15 mg/m2 day +1 and 10 mg/m2 day on days +1, + 3, 
+5, +7, and +11). However, due to the lack of graft data 
on day +22, the calcineurin inhibitor dose was decreased, 
continuing with stimulation using granulocyte stimulating 
factor (Filgrastim). On day +27, granulocytic graft data 
with a total neutrophil count of 1200/µL were observed. 
On day +35, the patient showed 100% chimerism. 
Therefore, the dose of Filgrastim was decreased, and 
treatment with platelet-stimulating factor (Eltrombopag) 
was added, which continued for 6 months.
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During this period, the patient developed pneumonitis 
–requiring supplemental oxygen support through nasal 
prongs and inhaled steroid management–and presented 
hypercalcemia and hyperphosphatemia–which responded 
to management with hydration, forced diuresis, and phos-
phorus chelator, with no other complications. Subsequently, 
on day +46, Grade II acute GvHD was diagnosed, sup-
ported by altered liver function tests with elevated biliru-
bin, for which treatment with methylprednisolone (1 mg/
kg/day), cyclosporine, and ursodeoxycholic acid was 
administered. The treatment was gradually decreased 
according to the clinical course and CsA levels. Due to 
the adequate response to treatment, it was possible to 
withdraw immunosuppressive drugs (currently, the patient 
is not immunosuppressed).

According to the follow-up protocol, a periodic quantifi-
cation of chimerism was carried out (on days +15, +21, 
+28, +35, +100, and +150) to verify the transplant graft. On 
day +15, a chimera of 16.6% was found; subsequently, on 
day +21, the percentage increased to 59.88%, and on days 
+35, +100, and +150 after HSCT, 100% chimerism was 
documented (Fig.  2). At present, at 5 years of age, the 
patient continues in monthly outpatient follow-up and is in 
the process of entering preschool education. Furthermore, 
cell numbers are normal, with no platelet-stimulating factor 

or erythropoietin requirement, no GvHD data, and defera-
sirox treatment to avoid iron overload. Due to delayed 
growth, a weight of 14.2 kg (PZ −2), and a height of 90 cm 
(PZ −3) at 5 years and 3 months of age, the patient is 
being followed up by the endocrinology service. The patient 
maintains a visual capacity with a slight deficit but no pro-
gression and under ophthalmology service follow-up.

In addition, the patient undergoes an annual audio-
logical evaluation, with no apparent deficit. As part of 
the follow-up, the EDI test that reported significant 
developmental delay improved compared to the previ-
ous results. An increase in the score of six evaluated 
domains was observed, finding that the personal-social 
and adaptive sphere significantly improved. Since the 
patient showed no added neurological deficit and an 
improvement was reported in neurodevelopmental tests, 
a new neurological imaging study was not considered 
necessary at the time. At present, the patient is being 
monitored by the neurodevelopment and neurology 
service.

Discussion

Infantile osteopetrosis is a rare hereditary disease, 
with a characteristic phenotype of short stature, 

Figure 1. Chronological evolution of a patient with osteopetrosis. CAP: community-acquired pneumonia; GvHD: graft-
versus-host disease; HIMFG: Hospital Infantil de México Federico Gómez; HLA: human leukocyte antigen; 
HSCT: hematopoietic stem cell transplantation; IC: interconsultation.
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hypocalcemia, fractures, compression neuropathy, and 
pancytopenia; it is caused by the failure in the devel-
opment and function of osteoclasts. We present the 
case of a 5-year-old male with a CLCN7 gene mutation 
and a 1-year follow-up after Allo-HSCT. Because osteo-
petrosis is caused by a defect in the osteoclasts derived 
from the hematopoietic cell line, bone marrow trans-
plantation is the definitive treatment. Our patient under-
went Allo-HSCT at 3 years and 9 months of age and 
currently has normal cell counts. The skeletal deformi-
ties and bone sclerosis shown on the X-rays improved 
since treatment (Fig. 3). Since the first approach, this 
patient exceeded the 3-year life expectancy reported 
for osteopetrosis patients with the CLCN-7 mutation 
(Table 1). Over 600 days after the transplant, the patient 
has shown a favorable evolution, decreasing the need 
for transfusions and hospitalization. Furthermore, skel-
etal deformities and neurodevelopmental tests have 
improved, leading to a better quality of life.

Severe osteopetrosis with increased bone mineral 
density results from the absence of osteoclasts, caused 
by a defect in the differentiation of osteoclast precur-
sors or by dysfunctional osteoclasts. Therefore, the 

definitive treatment must be the transplant of hemato-
poietic stem cells with a bone marrow origin to obtain 
bone marrow-derived osteoclasts.

Abnormal bone expansion interferes with hematopoi-
esis, causing life-threatening pancytopenia and extra-
medullary hematopoiesis in the spleen and liver, and 
frequent hepatosplenomegaly. This patient presented 
pancytopenia at diagnosis. Initially, an infiltrative syn-
drome was suspected but ruled out; later, osteopetrosis 
was diagnosed.

Patients with some mutation usually have neurosen-
sory, visual, and auditory alterations caused by bone 
compression12. In this patient, cortical atrophy accom-
panied with secondary ventricular dilation and bilateral 
visual pathway conduction alteration was documented, 
consistent with some reports in which MRIs show 
myelination delay and progressive cortical and subcor-
tical atrophy13. The leading causes of death in these 
patients are infections, bleeding, and severe anemia, 
and allogeneic hematopoietic progenitor cells trans-
plant is the only curative option14. A 5-year survival rate 
of 73% is reported when 100% compatible donor trans-
plant is performed15. Risk of death increases in the first 

Figure 2. Laboratory studies of the patient with post-transplant osteopetrosis. A. Hemoglobin value after transplantation. 
B. Molecular chimerism after transplantation. C. Platelet value after transplantation. D. Granulocytic value after 
transplantation.
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10 years if Allo-HSCT is not performed due to the sup-
pression of hematopoiesis in the bone marrow and its 
consequences.

The highest survival is reported in patients who 
received a transplant 100% HLA compatible of a related 
donor. The 5- and 10-year survival in patients with 
100% compatible related donor Allo-HSCT is 62% in 
both, while for transplant of unrelated donor decreases 
to 42% and 39%, respectively. Therefore, it is of critical 
importance to obtain a related donor Allo-HSCT16. As 
for the complications that can occur after transplant in 
patients with osteopetrosis, primary and late graft fail-
ure has been described. In the present case, we 
observed delayed platelet engraftment with an ade-
quate response to the platelet-stimulating factor. This 
complication imposes a higher mortality risk in trans-
planted patients17.

The leading cause of transplant-related mortality is 
graft failure, accounting for 50% of deaths in transplants 
from related donors and 43% from unrelated donors.

Allo-HSCT improves bone lesions within 2 months, 
and they resolve entirely within a year of transplant18. 
However, survivors reported that only 7% experience 
improvement regarding the optical damage, 69% show 
no progression, and 25% show deterioration.

This clinical case generates essential information 
about HSCT and osteopetrosis despite the age at the 
time of diagnosis because the evolution has been 
favorable. Therefore, we emphasize the importance of 
clinical suspicion for timely diagnosis and treatment. As 
no documented evidence exists in our country, it is 

imperative to generate this kind of reports due to the 
remarkable improvement that a timely treatment means 
in patients’ quality of life and survival.

There is only one previous report in our country, doc-
umenting a 9-month-old patient who required a second 
transplant at 13 months of age, using the umbilical cord 
as a cellular source on both occasions19. It is necessary 
to continue investigating and reporting these cases to 
enrich this knowledge.

In this case, we emphasize the importance of early 
diagnosis. Suspicion of the disease in a patient with 
pancytopenia, craniofacial and thoracic dysmorphia, 
hepatosplenomegaly, and radiological evidence of bone 
sclerosis should prompt a comprehensive approach and 
early osteopetrosis diagnosis. Therefore, timely inter-
ventions and early treatment with Allo-HSCT could be 
established to improve the patient’s clinical conditions. 
It is essential to perform an Allo-HSCT, preferably before 
1 year of age, to avoid progressive and irreversible neu-
rological damage and decrease mortality. It has been 
shown that patients who have 100% compatible donor 
for Allo-HSCT have a 5-year survival of 73%. However, 
with an unrelated donor, survival of 40% has been 
reported.

Timely Allo-HSCT has an impact on the patient’s 
prognosis and quality of life. It is possible to perform 
late Allo-HSCT in a patient with mild neurosensory 
deficits and achieve a cure for osteopetrosis, stop the 
progression of neurological damage, and achieve an 
adequate quality of life on the condition where a multi-
disciplinary treatment is available.

Figure 3. Osteopetrosis patient imaging studies. A. X-ray of the skull showing mask sign. Predominant generalized bone 
hyperdensity is observed at the base of the skull (before transplantation). B. X-ray of tibia and fibula with the bone 
within a bone sign. C. X-ray of the skull after transplantation with decreased bone hyperdensity.
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CLINICAL CASE

Abstract

Background: Progressive fibrodysplasia ossificans is a rare genetic disease with heterozygous mutations (autosomal domi-
nant inheritance) in the ACVR1 gene, which causes progressive heterotopic ossification in muscles, tendons, and ligaments, 
usually secondary to trauma. The ossification foci generate pain, joint ankyloses, and restricted movement. Congenital shor-
tening and medial deviation first metatarsal of the foot is a distinctive feature. This report aimed to present an educational 
value case of a patient with clinical, imaging, and molecular diagnosis of progressive fibrodysplasia ossificans, recognized 
as a rare condition that severely affects the quality of life. Case report: We present the case of a 6-year-old female patient 
with lumps in the right scapular and dorsal region, progressive joint rigidity, and short first metatarsal medially deviated 
since birth. By imaging studies, we established the diagnosis of progressive fibrodysplasia ossificans. Sanger sequencing 
of ACVR1 reported c.617G>A (p.Arg206His). Conclusions: Confirmation of the diagnosis allowed genetic counseling, inclu-
ding a comprehensive explanation of the disease’s natural history and measures to prevent its rapid progression.

Key words: Myositis ossificans. Diagnostic. Genetics. Genetic counseling.

Diagnóstico clínico, radiológico y molecular de fibrodisplasia osificante progresiva

Resumen

Introducción: La fibrodisplasia osificante progresiva es una enfermedad genética poco frecuente, causada por variantes 
patogénicas en estado heterocigoto (herencia autosómica dominante) en el gen ACVR1, que provoca osificación heterotó-
pica progresiva en músculos, tendones y ligamentos, comúnmente secundaria a traumatismos. Los focos de osificación 
generan dolor, anquilosis articular y restricción del movimiento. Es característico el acortamiento congénito y la desviación 
medial del primer metatarsiano del pie. El objetivo de este reporte es presentar un caso de alto valor educativo de una 
paciente con diagnóstico clínico, imagenológico y molecular de fibrodisplasia osificante progresiva, reconocida como una 
condición infrecuente y que afecta de manera grave la calidad de vida. Caso clínico: Paciente de sexo femenino con tu-
moraciones induradas en la región dorsal y escapular, detectadas a los 6 años de vida. Cursaba además con rigidez articular 
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Introduction

The prevalence of fibrodysplasia ossificans progres-
siva (FOP) is 0.6 to 1.36 cases per million people world-
wide, with no predisposition by ethnicity or sex1. It is 
caused by pathogenic variants in the heterozygous 
state (autosomal dominant inheritance) in the ACVR1 
gene (located in 2q24.1) that encodes the activin A 
receptor type I (ACVR1)2. The c.617G>A (p.Arg206His) 
mutation has been detected in 95% of the cases (clas-
sic form)3.

The soft tissue (muscles, tendons, and ligaments) is 
continuously regenerated in healthy individuals on a 
daily basis and following trauma4. At the cellular level, 
this happens through various members of the trans-
forming growth factor-beta family (TGF-β). TGF-β family 
members are classified as osteogenic such as bone 
morphogenic proteins (BMPs) and non-osteogenic 
such as activin A. In turn, activin A intervenes in the 
differentiation of interstitial myogenic and mesenchymal 
cells during muscle fiber regeneration5.

In the classic FOP, a gain of function in the ACVR1 
receptor produces the abnormal overactivation of the 
intracellular signaling pathway by non-osteogenic 
ligands, causing the transformation of soft tissue pre-
cursor cells into chondrocytes and osteoblasts, which 
are then responsible for heterotopic endochondral bone 
formation4,6.

Heterotopic ossification mainly affects the axial, dor-
sal, and cranial skeleton. This process starts from the 
central part with progression towards the ventral, 
appendicular, and caudal regions7,8. Trauma, surgeries, 
and intramuscular injections damage the soft tissue 
and create inflammatory foci, which subsequently 
undergo heterotopic ossification, causing stiffness and 
limited movement of adjacent joints9.

In patients with the classic form of FOP, shortening 
and medial deviation or monophalangism of the first 
metatarsal or both are present from birth10. Cervical 
vertebrae fusion (from C2 to C7), high and narrow ver-
tebral bodies, short and wide femoral necks may also 
be present, as well as osteochondromas in the medial 
part of the tibia11. These patients frequently present 

thoracic insufficiency syndrome, which predisposes to 
frequent pneumonia episodes that are usually an 
important cause of mortality8. Also, they can show con-
ductive hearing loss due to the middle ear’s ossifica-
tion, while sensorineural hearing loss is also reported 
due to the affection of the auditory nerve or the cochlea7. 
In the presence of clinical and radiographic suspicion 
of this disease, the diagnosis is confirmed by molecular 
studies in search of pathogenic variants in ACVR17,9.

This report aims to describe a patient with clinical, 
radiological, and molecular FOP diagnosis. Awareness 
of this pathology will allow timely identification of 
patients with this condition, thus, avoiding unnecessary 
interventions that worsen their already precarious qual-
ity of life.

Clinical case

We report the case of a 10-year-old female patient 
product of the second pregnancy of healthy non-con-
sanguineous parents and with two apparently healthy 
siblings. At birth, the patient was hospitalized for 
5 days for low birth weight (1700 g) and height (42 cm). 
Subsequently, the patient showed normal develop-
ment during infancy and childhood, with no other rel-
evant antecedents. At 6 years of age, two indurated 
tumors were identified: one of 3.5 cm in the right 
scapular region and another of 5.5 cm at the dorsal 
vertebrae level. The patient underwent an orthopedic 
evaluation, and the biopsy of these tumors concluded 
myofibromatosis. After performing the diagnostic pro-
cedure, the tumors increased in size. The patient also 
presented joint stiffness of the upper extremities, lim-
itation for rotation and flexion of the neck, and severe 
scoliosis. The Rheumatology department ruled out 
inflammatory pathological conditions. The patient 
underwent reevaluation by the Medical Genetics 
department. Physical examination indicated that the 
patient’s weight was found on the 10th percentile and 
height and head circumference on the 50th percentile. 
Also, the patient showed reduced neck mobility (rota-
tion and flexion), shoulder, elbow, and wrist joints 

progresiva y primer metatarsiano del pie acortado y con desviación en sentido medial desde el nacimiento. Por estudios de 
imagen se estableció el diagnóstico de fibrodisplasia osificante progresiva. Por secuenciación Sanger se reportó c.617G>A 
(p.Arg206His) en ACVR1. Conclusiones: La confirmación del diagnóstico permitió ofrecer un asesoramiento genético integral, 
incluyendo una amplia explicación de la evolución natural del padecimiento y de las medidas preventivas para disminuir su 
rápida progresión.

Palabras clave: Miositis osificante. Diagnóstico. Genética. Asesoramiento genético.
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stiffness, body asymmetry secondary to scoliosis, 
indurated tumors in the scapular and infrascapular 
areas (sites where biopsies had been performed), and 
a right infra-axillary tumor (Figure 1A). Short first toes 
with medial deviation were observed and present 
since birth according to the mother (Figure  1B). The 
anteroposterior feet X-ray showed bilateral fusion of 
the fourth and fifth metatarsals’ proximal portion and 
shortening of the phalanges of the first toe with medial 
deviation. Dorsal, lumbar, and long bone X-rays 
showed soft tissue calcifications in several regions: 
the left cervical paravertebral region with an extension 
towards the left pectoral region (Figures 2A and 2C), 
the bilateral lumbar paravertebral level (Figure 2B), the 
left hip joint and femoral metaphyses bony projections 
(Figures 2B and 2D).

Computed tomography of the spine reported scolio-
sis, heterogeneous, poorly defined, multiple images 
with calcium depositions in the spine (bilaterally), tra-
pezius, and back muscles (Figure 3).

The diagnosis of fibrodysplasia ossificans progres-
siva was established based on the radiological findings 
and physical examination. Subsequently, molecular 
studies were carried out at the Instituto Nacional de 
Rehabilitación (National Institute of Rehabilitation). 
Sanger sequencing of ACVR1 reported the pathogenic 
variant in heterozygous state c.617G>A (p.Arg206His) 
in exon 6. Upon diagnosis confirmation, preventive 
measures were indicated, such as the use of protective 

cushions, administration of intramuscular injections 
only of vital importance, and not allowing surgical 
removal of the tumors.

The patient’s last evaluation showed limitation of 
arm elevation above the 180° plane, difficulty in dress-
ing and writing, and pain when remaining in a sitting 
or standing position for long periods. An audiological 
evaluation reported probable ossification of the middle 
ear ossicles. An MRI of the ear was indicated but has 
not been performed to date. The patient continues to 
be monitored by the Orthopedic and Rehabilitation 
services to treat scoliosis and for physical therapy and 
pain management with non-steroidal anti-inflamma-
tory drugs, which, so far, have been sufficient to 
reduce the discomfort caused by tumors and joint 
stiffness.

Discussion

Based on clinical and radiological features and the 
molecular results of the ACVR1 sequencing, the clas-
sic FOP form with the most frequently reported 

Figure  1. A. Back of the patient with ossification foci on 
scapulas, dorsal vertebrae (scars from previous surgical 
procedures), and body asymmetry by scoliosis. 
B. Shortening of the first toe with medial deviation.

A B

Figure 2. X-rays of the patient. A. Heterotopic ossification 
in the left cervical paravertebral region B. Heterotopic 
ossification in the lumbar paravertebral level bilaterally 
and the left coxofemoral joint. C. Heterotopic ossification 
in scapular and infraaxillary region D. Bone protrusions in 
femoral metaphyses due to heterotopic ossification of the 
iliotibial ligament.

A B
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pathogenic variant worldwide was diagnosed. The evo-
lution in the present case is similar to previous reports 
in patients with the same variant, with heterotopic ossi-
fication foci appearing in the back, neck, and scapulas 
between one and 15 years of age, bilateral shortening 
with a medial deviation of the first toe since birth (vir-
tually pathognomonic) and progression of the disease 
with the appearance of more ossification foci, and 
ankylosis limiting movement12-14. This mutation leads 
to the abnormal function of ACVR1, resulting in 
increased activation of the BMP pathway (osteogenic 
ligand) when exposed to the inflammatory stimulus 
secondary to trauma, giving rise to heterotopic ossifi-
cation foci. FOP timely diagnosis allows avoiding 
unnecessary procedures that aggravate the clinical 
presentation. Due to late diagnosis, most patients have 
already undergone invasive studies that aggravate 
their condition. As this disease is highly disabling, it 
must be suspected in the presence of heterotopic ossi-
fication foci. Shortening of the first toe identification 
provides an excellent opportunity for clinical suspicion 
from the first years of life, allowing the differential diag-
nosis with entities that also present heterotopic ossifi-
cations, such as disorders of GNAS inactivation and 
Klippel Feil syndrome15,16.

Once the FOP diagnosis has been established, the 
following preventive measures can improve the quality 
of life: restriction of physical activities to avoid falls or 
other traumas (without being strict, since the functional 

state of the joints must be maintained); physical reha-
bilitation, which should be focused on exercises that 
avoid passive movement—that can result in tissue 
inflammation leading to ossification—and exercises that 
help patients perform their daily activities. Intramuscular 
injections should be avoided as much as possible (sub-
cutaneous injections and venipuncture do not represent 
the same risk). Dental care is also important; however, 
it is necessary to avoid keeping the mouth open for 
prolonged periods to prevent joint ankylosis. Removal 
of the tumors should be avoided, as it will cause a 
recurrence of heterotopic ossification foci and, thus, 
disease progression17.

Interdisciplinary treatment by Pneumology (for eval-
uating lung function), Physical Medicine and 
Rehabilitation, Orthopedics, and Audiology services 
is important17. Due to the autosomal dominant inher-
itance pattern of this disease, the offspring’s risk for 
an affected individual is 50% per gestational event 
regardless of the sex of the product. Although family 
cases are very infrequent, comprehensive genetic 
counseling should be offered, including planning and 
preventing complications in the pre-pregnancy stage 
since this kind of pregnancy is classified as a high 
obstetric risk. The patient should be advised on the 
offspring’s risk of developing the disease and the 
obstetric risks (thromboembolism due to prolonged 
immobilization, respiratory distress due to restrictive 
lung disease, delivery complications due to pelvic 

Figure 3. Tomography with a 3D reconstruction of the patient where heterotopic ossification is observed in posterior 
soft tissues, extending from the skull base to the lumbar region (A), involving paravertebral and infrascapular muscles 
(B). Fusion is observed along the tenth left posterior costal arch and dorsal kyphoscoliosis (C).
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muscles’ ossification, prematurity, and fetal dis-
tress)17. Some studies on diagnosis during pregnancy 
have reported shortening and medial deviation of the 
first metatarsal on structural ultrasound, leading to 
suspicion of this disease18. As no curative treatment 
currently exists, therapy is primarily directed at sup-
portive measures such as those mentioned 
above. Non-steroidal anti-inflammatory drugs and 
corticosteroids are used to decrease excessive 
inflammation and control pain; some drugs such as 
bisphosphonates and leukotriene inhibitors are also 
used but with little efficacy6. Currently, therapies 
aimed at slowing the progression and preventing the 
formation of ossification foci are being developed6. In 
phase 2 clinical study, promising results have been 
shown: evidence showed a decrease in the size of 
heterotopic ossification foci and arrest of disease pro-
gression using a selective retinoic acid receptor 
gamma agonist (palovarotene)19,20.

Manifestations of this condition are incapacitating 
and seriously affect the quality of life, for which a timely 
diagnosis is imperative to prevent situations that trigger 
ossification foci. In this case, comprehensive genetic 
counseling was provided, including a broad explanation 
of the condition’s natural history. The patient and the 
family were made aware of the risks of recurrence for 
the parents of the index case (less than 1% because it 
is a de novo variant) and for the patient’s offspring 
(50%). The patient started an interdisciplinary treatment 
that has been of great benefit to the patient.
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CASO CLíNICO

Resumen

Introducción: Los trastornos genéticos que afectan la homeostasis del surfactante pulmonar son una causa importante del 
síndrome de dificultad respiratoria en el recién nacido a término y de enfermedad pulmonar intersticial difusa en niños. El 
transportador ABCA3 (ATP binding cassette A3) interviene en la producción normal del surfactante que recubre el interior 
de las paredes alveolares y funciona como agente tensioactivo. Caso clínico: Recién nacido a término que presentó difi-
cultad respiratoria a los 3 días de vida y requirió ventilación mecánica. Los estudios para determinar otras causas de en-
fermedad pulmonar fueron negativos. Se realizó una biopsia de pulmón para realizar estudios de microscopía óptica y mi-
croscopía electrónica. Esta última mostró pequeños cuerpos lamelares anómalos, además de condensaciones electrodensas 
periféricas, características de las mutaciones del transportador ABCA3. Se inició tratamiento con pulsos de metilprednisolo-
na, hidroxicloroquina, azitromicina y corticoides inhalados a dosis altas, y la respuesta clínica y radiológica fue favorable 
durante el seguimiento. Conclusiones: La correlación de las características clínicas y de las imágenes (tomografía y mi-
croscopía electrónica) puede ser útil para el diagnóstico de la disfunción del surfactante pulmonar, especialmente en los 
países de bajos y medianos recursos que no disponen de estudios genéticos para determinar las diferentes mutaciones 
del transportador ABCA3. Este es uno de los primeros casos reportados en Perú con respuesta adecuada al tratamiento y 
evolución favorable durante el seguimiento. 

Palabras clave: Surfactante pulmonar. Transportador ABCA3. Enfermedades pulmonares. Niño. Recién nacido.

Surfactant ABCA3 transporter dysfunction: a case report from Peru

Abstract 

Background: Genetic disorders affecting pulmonary surfactant homeostasis are a major cause of respiratory distress syn-
drome in full-term newborn and childhood interstitial lung disease. The ABCA3 transporter (ATP binding cassette A3) inter-
venes in the normal production of surfactant that covers the interior of alveolar walls and plays a fundamental role as a 
surfactant. Case report: Male term newborn who presented respiratory distress 3 days after birth and required mechanical 
ventilation. Studies to determine other causes of lung disease were negative. Lung biopsy was performed for the study with 
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Introducción

El surfactante es un agente tensioactivo secretado por 
los neumocitos de tipo II presentes en los alvéolos. Está 
conformado por un complejo lipoproteico, cuya función 
fundamental es reducir la tensión superficial de las pare-
des alveolares, evitando el colapso de los alvéolos al 
final de la espiración1. Existen trastornos genéticos que 
alteran el metabolismo del surfactante; aunque son poco 
frecuentes, pueden causar una morbimortalidad signifi-
cativa en la población neonatal y pediátrica2,3. 

El transportador ABCA3 (ATP binding cassette A3) 
es una proteína transmembrana encontrada en los 
cuerpos lamelares de los neumocitos de tipo II, cuya 
función es el transporte, desde el citosol hacia el interior 
de los cuerpos lamelares, de las proteínas y los fosfo-
lípidos que conforman el surfactante4,5. Las mutaciones 
genéticas que afectan la expresión del transportador 
ABCA3, la síntesis de las proteínas surfactantes B y C, 
y las mutaciones del gen NKX2-1 originan la enferme-
dad pulmonar intersticial de gravedad variable en el 
recién nacido. Debido a la superposición de signos 
clínicos y radiológicos, es necesario plantearse diag-
nósticos diferenciales1,4,6.

Aunque se desconoce la verdadera incidencia, las 
mutaciones del gen que codifica el transportador 
ABCA3 son la causa más frecuente de disfunción del 
surfactante7,8. Se ha estimado una frecuencia de pre-
sentación de 1/3100 a 1/18,000 en individuos de dife-
rentes grupos étnicos9. 

La prueba diagnóstica definitiva para los errores inna-
tos del metabolismo del surfactante es el estudio gené-
tico de las mutaciones específicas de estos genes4,10. 
Sin embargo, las características clínicas y radiológicas 
de la enfermedad, asociadas con los hallazgos de la 
biopsia pulmonar en la microscopía óptica, la identifi-
cación de las proteínas del surfactante por inmunohis-
toquímica y el estudio ultraestructural de los cuerpos 
lamelares de los neumocitos de tipo II mediante micros-
copía electrónica son de gran ayuda para el diagnóstico 
de estas disfunciones del surfactante, en especial en 

países con escasos recursos, donde no se dispone de 
estudios genéticos para identificar las mutaciones 
causantes11.

Debido a la infrecuente presentación de los errores 
innatos del metabolismo del surfactante y el mal pro-
nóstico que, en general, acompaña a esta patología, 
el objetivo del presente caso fue reportar una ade-
cuada respuesta terapéutica de un recién nacido a 
término con cuadro clínico, imágenes y estudio de 
microscopía óptica y electrónica compatibles con una 
mutación del transportador ABCA3. 

Caso clínico

Paciente de sexo masculino, recién nacido a término 
por parto eutócico con 39 semanas de edad gestacional 
(primera gestación), con peso al nacer de 2480 g y 
Apgar 81-95, sin complicaciones durante el parto. A los 
3 días de nacido presentó dificultad respiratoria mar-
cada, por lo cual fue intubado y conectado a un equipo 
de ventilación mecánica; además, se le administró nutri-
ción parenteral durante 2 semanas. Posteriormente dejó 
la ventilación mecánica y se observó taquipnea persis-
tente, incremento progresivo del esfuerzo respiratorio, 
hipoxemia persistente y dependencia de oxígeno para 
mantener una saturación adecuada. Debido a la falta de 
mejoría clínica, el paciente fue transferido al Instituto 
Nacional de Salud del Niño de Breña (Lima, Perú) a los 
24 días de nacido. No tenía antecedentes familiares de 
enfermedades pulmonares o congénitas, y tampoco se 
reportaron intercurrencias durante la gestación.

A su ingreso al servicio de emergencia se le encon-
tró taquipneico, con frecuencia respiratoria de 90 res-
piraciones por minuto, saturación de oxígeno al 95% y 
oxígeno suplementario con fracción inspirada de oxí-
geno al 50%. En la exploración física se le encontró 
despierto, reactivo a estímulos, con tórax excavado y 
politirajes. En la auscultación pulmonar se encontraron 
subcrépitos difusos en ambos hemitórax. El resto de la 
exploración fue normal.

light microscopy and electron microscopy. Electron microscopy showed small abnormal lamellar bodies in addition to peri-
pheral electrodense condensations characteristic of ABCA3 transporter mutation. Treatment was started with pulses of me-
thylprednisolone, hydroxychloroquine, azithromycin, and high-dose inhaled corticosteroids, finding a favorable clinical and 
radiological response to follow-up. Conclusions: Correlation of clinical characteristics and images (tomography and electron 
microscopy) can be useful for the diagnosis of lung surfactant dysfunction, especially in low and medium-income countries 
where genetic studies to determine the different ABCA3 transporter mutations are not available. This is one of the first cases 
reported in Peru with an adequate response to treatment and favorable evolution to follow-up.

Key words: Pulmonary surfactants. ATP binding cassette A3. Lung diseases. Child. Newborn.
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En los exámenes de laboratorio se encontró en 
rango normal el título de anticuerpos IgM-IgG para 
perfil TORCH (toxoplasmosis, rubeola, citomegalovi-
rus, herpes simple), adenovirus y Mycoplasma pneu-
moniae. La serología para el virus de inmunodeficiencia 
humana fue negativa. Los hemocultivos seriados fue-
ron negativos. La inmunofluorescencia para virus sin-
citial respiratorio, adenovirus, influenza tipo A y B y 
parainfluenza tipo 1, 2 y 3 fue negativa. El dosaje de 
inmunoglobulinas séricas totales fue normal para IgM, 
IgG, IgA e IgE. La citometría de flujo con recuento y 
fenotipo de linfocitos T, linfocitos B y linfocitos NK 
estaba en rango normal para la edad. También se rea-
lizaron fondo de ojo y ecocardiografía, con resultados 
normales.

La radiografía de tórax y la tomografía espiral multi-
corte de tórax mostraron compromiso intersticial difuso 
bilateral con patrón de vidrio esmerilado (Fig. 1).

Debido a la hipoxemia y la taquipnea persistente, y 
ante la sospecha de enfermedad pulmonar intersticial 
difusa de la infancia, el paciente fue programado para 
una biopsia de pulmón a cielo abierto. La microscopía 
óptica de la biopsia de pulmón mostró engrosamiento 
de los septos alveolares, constituido fundamental-
mente por hiperplasia de los neumocitos de tipo II, y 
la presencia de macrófagos espumosos PAS (ácido 
peryódico de Schiff) positivos en el interior de la luz 
alveolar. La microscopía electrónica de la biopsia de 
pulmón mostró cuerpos lamelares pequeños y anóma-
los, con presencia de condensaciones electrondensas 
periféricas, muy características de la deficiencia del 
transportador ABCA3 (Fig. 2). 

A los 3 meses de edad, con resultados de la biopsia 
de pulmón sugerente de disfunción del surfactante, se 
inició un tratamiento con pulsos de metilprednisolona 
(dosis de 30 mg/kg al día por 3 días consecutivos), que 
se repitió mensualmente durante 6 meses y luego fue 
espaciado con intervalos de 2 meses. Además de los 
pulsos de metilprednisolona se indicó tratamiento coad-
yuvante antiinflamatorio e inmunomodulador con hidroxi-
cloroquina (dosis de 10 mg/kg al día fraccionados en 
dos tomas) y azitromicina (dosis de 10 mg/kg tres veces 
por semana). Adicionalmente se indicaron corticoides 
inhalados a dosis altas. 

Como la evolución clínica-radiológica fue favorable, 
el paciente dejó el oxígeno luego del tercer ciclo de 
pulsos de metilprednisolona. El paciente no requirió 
atención en la unidad de cuidados intensivos y no pre-
sentó infecciones agregadas ni otro tipo de complica-
ciones, por lo que fue dado de alta. Toleró 
adecuadamente los pulsos de metilprednisolona, 

recibiendo seis ciclos mensuales seguidos de seis 
ciclos bimensuales de manera ambulatoria. Asimismo, 
toleró la hidroxicloroquina por 18 meses sin complica-
ciones. Se le realizó un fondo de ojo basal y luego 
controles periódicos, los cuales fueron normales. 
Actualmente el paciente se encuentra estable en trata-
miento con azitromicina tres veces por semana y cor-
ticoides inhalados a dosis altas.

Durante el seguimiento, el paciente ingresó breve-
mente al hospital por una infección viral intercurrente 
sin complicaciones, a la edad de 1 año. Actualmente, 
a los 3 años de edad, se sigue periódicamente en el 
consultorio ambulatorio de neumología y su evolución 
clínica y radiológica es estacionaria (Fig. 3).

Discusión

Se presenta el caso de un recién nacido a término, 
con signos de dificultad respiratoria, cuyas manifesta-
ciones clínicas y radiológicas fueron compatibles con 
enfermedad pulmonar intersticial difusa. 

En los niños menores de 2 años, la causa más fre-
cuente de enfermedad pulmonar intersticial difusa es 
la disfunción del surfactante o error innato del metabo-
lismo del surfactante. La disfunción del surfactante se 
origina por mutaciones genéticas que afectan la sínte-
sis de las proteínas precursoras del surfactante o su 
transporte12,13. La familia de transportadores ABC 
consta de más de 40 proteínas; la subfamilia ABCA 
está involucrada en el transporte de fosfolípidos y 
colesterol, dentro y entre las células. El ABCA3 es un 
transportador de fosfatidilcolina, el ABCA1 transporta 
colesterol y fosfolípidos, el ABCA4 transporta fosfatidi-
letanolamina, el ABCA7 transporta fosfatidilcolina 

Figura 1. A: Radiografía de tórax en la que se observa un 
patrón intersticial moderado en ambos campos 
pulmonares. B: Tomografía de tórax en la que se observa 
compromiso intersticial difuso bilateral moderado con 
patrón en vidrio esmerilado y pequeñas imágenes 
quísticas intraparenquimales (1 mes de edad).

A B
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y esfingomielina, pero no colesterol, y el ABCA12 par-
ticipa en el flujo de lípidos. Por tanto, la familia de 
transportadores ABCA posee especificidad por deter-
minados sustratos lipídicos. Al tener esta especificidad 
por sustratos lipídicos, los pacientes con mutaciones 
en el transportador ABCA3 presentarían una dismi-
nuida proporción de fosfatidilcolina en el surfactante 
pulmonar, además de ciertas características que se 
pueden identificar por microscopía electrónica, como 
los cuerpos lamelares anormales, lo que respalda el 
diagnóstico en el paciente7,11. 

El transportador ABCA3 desempeña un papel funda-
mental en la homeostasis del surfactante pulmonar, 
pues es el encargado de transportar las proteínas y los 
fosfolípidos precursores del surfactante desde el cito-
sol del neumocito de tipo II hacia el interior de los 
cuerpos lamelares y a través de la membrana celular 

a la superficie alveolar. Las mutaciones del gen ABCA3 
son la causa más frecuente de enfermedad pulmonar 
intersticial difusa secundaria a disfunción del surfac-
tante. La gravedad y el pronóstico de la enfermedad 
dependen del tipo y la zigocidad de la mutación, de la 
expresión fenotípica y de factores asociados, por lo 
que la patología puede manifestarse por primera vez 
en el niño mayor o el adulto4,5.

Se deben sospechar deficiencias genéticas de las 
proteínas surfactantes en todo recién nacido a término 
y en aquellos prematuros que no siguen un curso clí-
nico normal, que presentan dificultad respiratoria pro-
gresiva inexplicable, hipoxemia y alteraciones 
radiológicas difusas, siempre que se hayan excluido 
causas comunes y de acuerdo con los protocolos inter-
nacionales sobre el manejo de la enfermedad pulmo-
nar intersticial en niños. En el paciente de este caso 
se realizaron diferentes estudios que incluyeron exá-
menes de laboratorio, radiografía y tomografía de 
tórax, ecocardiografía y biopsia pulmonar. La biopsia 
pulmonar proporciona un diagnóstico histopatológico 
cuando el diagnóstico genético no es concluyente y la 
progresión de la enfermedad no da tiempo para estu-
dios genéticos, o cuando no se dispone de estos13. 

En la tomografía se evidenció compromiso pulmonar 
intersticial con patrón en vidrio esmerilado y algunos 
quistes pequeños intraparenquimales, similar a lo 
reportado por Doan, et al.14 en nueve niños con defi-
ciencia en el transportador ABCA3. Debido a que estos 
hallazgos no son exclusivos de la deficiencia del trans-
portador ABCA3, fue necesario realizar una biopsia 

Figura  2. Microscopía óptica. A: Septos alveolares engrosados constituidos fundamentalmente por hiperplasia de 
neumocitos de tipo II y leve infiltrado inflamatorio linfohistiocitario. Ausencia de fibrosis intersticial (tinción de 
hematoxilina-eosina, × 200). B: Macrófagos espumosos PAS positivos en el interior de la luz alveolar (× 400). Microscopía 
electrónica. C: Cuerpos lamelares pequeños y anómalos con presencia de condensaciones electrondensas periféricas 
concéntricas (flechas) (tamaño de barra: 500 nm).

A B C

Figura 3. A: Radiografía de tórax en la que se observa un 
tenue patrón intersticial en ambos campos pulmonares. 
B: Tomografía de tórax en la que se observa un tenue 
patrón intersticial en vidrio esmerilado (3 años de edad).
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pulmonar para su análisis por microscopía óptica y 
electrónica; esta última para realizar el estudio 
ultraestructural de los cuerpos lamelares en el interior 
de los neumocitos de tipo II15. 

Cuando no se dispone de estudios genéticos, las 
características de las anormalidades de los cuerpos 
lamelares identificadas mediante microscopía electrónica 
permiten realizar una aproximación diagnóstica bastante 
cercana de la mutación del transportador ABCA3 como 
causa de la disfunción del surfactante11. En los casos de 
mutación del transportador ABCA3 son característicos los 
cuerpos lamelares pequeños con membranas de fosfolí-
pidos densamente empaquetados y formaciones elec-
trondensas periféricas (excéntricas), lo que la diferencia 
de otras disfunciones del surfactante3,10. 

Por otro lado, no fue posible realizar el estudio de 
fosfolípidos y proteínas del surfactante en el líquido del 
lavado broncoalveolar. Se sabe que los pacientes con 
mutaciones de ABCA3 presentan una proporción sig-
nificativamente disminuida de fosfatidilcolina en el 
lavado broncoalveolar. Si se hubiera realizado este 
estudio, podría haber orientado el diagnóstico7. 

Se conoce que la producción de surfactante aumenta 
notablemente al final de la gestación y se acelera con los 
glucocorticoides. Los estudios en modelos animales han 
demostrado que los glucocorticoides regulan la expresión 
de la proteína ABCA3 presente en la membrana limitante 
de los cuerpos lamelares. Este mecanismo se debe a la 
unión del receptor del glucocorticoide a un sitio específico 
en la región promotora del gen ABCA3, denominada ele-
mento de respuesta de glucocorticoide (GRE), que induce 
la activación transcripcional y la subsecuente expresión 
de la proteína ABCA315. También se han descrito otros 
factores de transcripción que regulan la expresión del gen 
ABCA3 en el pulmón, como la proteína de unión a ele-
mentos reguladores de esteroles (SREBP) y el factor de 
transcripción tiroideo-1 (Nkx2.1)16. 

La eficacia terapéutica en pacientes con disfunción 
del transportador ABCA3 es variable. Ocasionalmente 
se observa una respuesta transitoria a la administra-
ción de surfactante exógeno17. No existen ensayos clí-
nicos aleatorizados sobre el tratamiento de la 
enfermedad pulmonar intersticial difusa en niños; sin 
embargo, algunas instituciones con experiencia en el 
manejo de patologías pulmonares en niños recomien-
dan pulsos de metilprednisolona, prednisona y terapias 
complementarias con hidroxicloroquina y azitromi-
cina13. Estos medicamentos han sido utilizados en dife-
rentes reportes de casos con una respuesta clínica 
variable14,17-20.

El paciente del presente caso recibió terapia combi-
nada triple con metilprednisolona, hidroxicloroquina y 
azitromicina por un periodo prolongado, logrando una 
mejoría clínica significativa. En la actualidad, el paciente 
no requiere oxígeno suplementario y se mantiene esta-
ble. Sin embargo, el pronóstico a largo plazo es incierto 
y varía de acuerdo con el tipo de mutación21. En algu-
nos centros europeos se realiza el trasplante combi-
nado de corazón y pulmón en pacientes que no 
responden al tratamiento2. En Perú no se ha realizado 
trasplante pulmonar en niños, por lo que debe optarse 
por el tratamiento médico prolongado.

Los pacientes con esta afección presentan episodios 
hipóxicos intermitentes, nutrición subóptima y disminu-
ción de la estimulación del desarrollo psicomotor, y 
deben recibir apoyo ventilatorio cuando lo requieran, 
terapia respiratoria, soporte nutricional y terapia 
física22. 

La mutación del gen que codifica al transportador 
ABCA3 es una causa infrecuente de enfermedad pul-
monar intersticial secundaria a disfunción del surfac-
tante en recién nacidos y niños. La confirmación 
diagnóstica se consigue mediante estudios genéticos 
para determinar la presencia de mutaciones en el gen 
ABCA3. Sin embargo, a falta de estos estudios, la 
correlación de las características clínicas, radiológicas 
y tomográficas con los hallazgos en la microscopía 
óptica y electrónica de la biopsia de pulmón permiten 
realizar el diagnóstico presuntivo cercano de la muta-
ción del transportador ABCA3. 
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CASO CLíNICO

Resumen 

Introducción: El síndrome de Bannayan-Riley-Ruvalcaba (SBRR) forma parte de la enfermedad de PTEN tumor-hamartoma, 
que comprende los síndromes de Cowden, Proteus y similar a Proteus, los cuales presentan un espectro de lesiones cutá-
neas, mucosas, de mama, tiroides y tracto gastrointestinal, así como polipomatosis hereditaria autosómica dominante. El 
SBRR se caracteriza por macrocefalia, lipomatosis, hemangiomatosis, pólipos intestinales, lentiginosis genital y discapacidad 
intelectual. El diagnóstico clínico y de variantes patogénicas en el gen PTEN, detectables en el 60% de los afectados, brin-
da la oportunidad de un manejo adecuado y de asesoramiento genético. Caso clínico: Se reporta el caso de un paciente 
en edad escolar que fue enviado a valoración inicial a dermatología por presentar antecedente de macrocefalia al nacimien-
to, lentiginosis genital, retraso en el desarrollo psicomotor y posteriormente rectorragia secundaria a polipomatosis intestinal. 
Se le realizó el diagnóstico clínico y molecular de SBRR. Conclusiones: El SBRR es poco frecuente, lo que puede retrasar 
el diagnóstico para los pacientes y los familiares en riesgo, por lo que es importante conocer sus características clínicas en 
el paciente pediátrico para lograr un diagnóstico y un manejo oportunos.

Palabras clave: Síndrome Bannayan-Riley-Ruvalcaba. PTEN. Polipomatosis. Lentiginosis genital. México.

Bannayan-Riley-Rubalcaba syndrome in pediatrics

Abstract

Background: Bannayan-Riley-Ruvalcaba syndrome (BRRS) is part of the PTEN tumor-hamartoma disease, which includes 
the Cowden, Proteus and Proteus-like syndromes, which present a spectrum of skin, mucosal, breast, thyroid, and gastroin-
testinal tract lesions, as well as autosomal dominant hereditary polypomatosis. BRRS is characterized by macrocephaly, li-
pomatosis, hemangiomatosis, intestinal polyps, genital lentiginosis, and intellectual disability. Clinical diagnosis and diagnosis 
of pathogenic variants in the PTEN gene, detectable in 60% of those affected, provides the opportunity for appropriate 
management and genetic counseling. Case report: We report the case of a school-age patient who was sent to an initial 
dermatological evaluation for presenting a history of macrocephaly at birth, genital lentiginosis, delayed psychomotor deve-
lopment and later rectal bleeding secondary to intestinal polypomatosis. A clinical and molecular diagnosis of BRRS was 
carried out. Conclusions: BRRS is rare, which can delay the diagnosis for patients and relatives at risk, so it is important to 
know its clinical characteristics in pediatric patients to achieve a timely diagnosis and management.
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Introducción

En 1960, Riley y Smith1 agruparon la tríada de macro-
cefalia, pseudopapiledema y hemangiomas. En 1971, 
Bannayan2 describió el conjunto de macrocefalia, lipo-
matosis y hemangiomas, mientras que Ruvalcaba, en 
1980, asoció macrocefalia, pólipos hamartomatosos 
intestinales, lentiginosis genital y discapacidad intelec-
tual. Finalmente, en 1990, Cohen4 sugirió que todas 
estas características podrían entrar en una única enfer-
medad denominada síndrome de Bannayan-Riley-
Ruvalcaba (SBRR; OMIM158350). El SBRR se incluye 
entre los síndromes de PTEN y tumores hamartomato-
sos, en el cual se agrupan otros como los síndromes 
de Cowden y de Proteus1-4. 

En este reporte se presenta un caso de SBRR diag-
nosticado en un hospital de tercer nivel de atención de 
México, al mismo tiempo que se realiza una breve 
revisión de la literatura para familiarizar a los médicos 
generales y a los pediatras con esta enfermedad de 
baja prevalencia con predisposición a diversas 
neoplasias.

Caso clínico

Paciente de sexo masculino, producto de primera y 
única gesta, con ambos progenitores aparentemente 
sanos, no consanguíneos; se desconocen más datos 
del padre biológico. Control prenatal referido como 
adecuado; la madre cursó con infección de vía urina-
rias en el primer trimestre, y el resto del embarazo se 
reportó sin complicaciones. A falta de progresión del 
trabajo de parto, se realizó cesárea secundaria sin 
complicaciones al nacimiento. La somatometría neona-
tal indicó un peso de 3800 g. Al nacimiento se detectó 
macrocefalia, pero la madre no recuerda el perímetro 
cefálico. El binomio egresó sin eventualidades. Los 
hitos del desarrollo se refirieron con la presencia de 
bisílabos a los 9 meses, bipedestación a los 15 meses 
y control de esfínteres a los 4 años.

El paciente acudió por primera vez al Hospital de 
Especialidades Pediátricas a los 4 años de edad por 
presentar hipertrofia amigdalina de grado IV con amig-
dalitis crónica, por lo que fue programado por el servicio 
de otorrinolaringología para realización de adenoamig-
dalectomía en julio de 2012. A los 6 años, se detectó la 
presencia de máculas pigmentadas de color café en los 
genitales, por lo fue atendido por un médico en el Centro 
de Salud de Bochil, quien lo refirió al servicio de derma-
tología del Hospital de Especialidades Pediátricas, en 
Tuxtla. 

En la exploración física se detectó macrocefalia con 
un perímetro cefálico de 57 cm (> P75), peso de 
16.6 kg, talla de 100 cm, pequeñas máculas de color 
café diseminadas en la cara, el tronco y las extremida-
des, que afectaban los labios, el pene (Figura 1 A) y 
los ortejos (Figura 1 B), la mayoría entre 2 y 4 mm, y 
presencia de extremidades con braquidactilia. En ese 
momento se consideraron diagnósticos diferenciales 
de síndrome de Peutz-Jeghers y SBRR. Se exploró de 
forma dirigida a la madre, sin encontrar estigmas cutá-
neos. Durante el seguimiento, el paciente presentó rec-
torragia recurrente, por lo que se le practicó una 
colonoscopia. Se resecaron dos pólipos rectales, con 
reporte de anatomía patológica como pólipos rectales 
juveniles, el mayor de 0.7 × 0.5 cm y el menor de 0.5 
× 0.4 cm, sin evidencia de neoplasia. Continuando con 
el abordaje diagnóstico, se realizó de forma externa un 
análisis molecular en sangre periférica mediante exoma 
dirigido para síndromes de predisposición a cáncer 
hereditario de 94 genes, basado en la tecnología de 
captura con sondas de oligonucleótidos (Nextera Rapid 
Capture Illumina Inc.) y secuenciación de siguiente 
generación en el equipo MiSeq. Se encontró la variante 
NM_000314.6:c.955delA del gen PTEN (phosphatase 
and tensin homolog deleted on chromosome 10), que 
origina el cambio en la proteína NP_000305.3:P.
Thr319LefusTer2. Para el análisis bioinformático se 
emplearon los programas Trimmomatic, BWA (algo-
ritmo mem) y GATK, y para la anotación de las varian-
tes se empleó SnpEff, Mutation Taster e información 
de bases de datos y de la literatura internacional. La 
variante se clasificó como patogénica, pese a que no 
ha sido reportada en dbSNP, ClinVar del NCBI (National 
Center for Biotechnology Information) ni HGMD (Human 
Gene Mutation Database) (último acceso en agosto del 
2020). Sin embargo, otras variantes que afectan al 
nucleótido 955 por deleción o duplicación han sido 
reportadas y clasificadas como patogénicas. No se 

Figura 1. A: lentiginosis en zona genital. B: lentiginosis 
en ortejos.
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realizó ningún análisis in silico, ya que no se cuenta 
con el recurso. A la madre del paciente se le realizó el 
estudio molecular en búsqueda de la variante encon-
trada; sin embargo, se reportó como normal y se brindó 
asesoramiento genético.

De acuerdo con los hallazgos clínicos y moleculares 
se realizó el diagnóstico de SBRR de novo. 

En la Tabla 1 se resumen las valoraciones y los abor-
dajes por aparatos y sistemas, con su cronología.

Discusión 

El SBRR es una enfermedad poco frecuente; en todo 
el mundo se han reportado cerca de 100 casos, con 
una incidencia de 1 en 200,000. Sin embargo, la cifra 
podría ser mayor debido a la dificultad para realizar el 
diagnóstico ante síntomas inespecíficos5-7. Se ha 
observado un predominio de casos en el sexo mascu-
lino que podría relacionarse con las máculas hiperpig-
mentadas en el pene como hallazgo específico8. 

El SBRR se origina por variantes patogénicas en 
línea germinal del gen PTEN, que en su mayoría 
corresponden a un patrón de herencia autosómico 
dominante; sin embargo, el 10-45% de los casos son 
de novo9. El 65% de las variantes patogénicas se 
encuentran en regiones codificantes y el 11% se deben 
a duplicaciones o deleciones que, en su mayoría, 
recaen en el exón 5, en el centro catalítico de la fosfa-
tasa. Recientemente se han reportado en el exón 9, ya 
que no se habían documentado variantes10. En 

diversos tumores (tiroides, mama, endometrio, próstata 
y riñón) se han encontrado mutaciones somáticas en 
el gen PTEN10.

El gen PTEN, locus 10q23, consta de nueve exones 
y se expresa de forma ubicua en diversos órganos, en 
particular en el tejido graso y el bazo. PTEN codifica 
una fosfatasa con sustratos lipídicos y proteicos con 
actividad constitutiva de supresor tumoral7, facilitando 
la apoptosis o el arresto del ciclo celular en la fase G1 
mediante la actividad fosfatasa, y regulando de forma 
negativa las concentraciones intracelulares de fosfati-
dilinositol trifosfato, así como la vía de señalización de 
AKT/PKB11. Las mutaciones de este gen resultan en 
síndromes de sobrecrecimiento y malignidad, por lo 
cual se ha sugerido mantener el tamizaje ante el riesgo 
aumentado de desarrollar cáncer de mama, tiroides, 
endometrio, carcinomas renales y melanoma cutáneo. 
Se han observado mutaciones de PTEN en numerosas 
neoplasias esporádicas (hematológicas y sólidas)11,12. 
Clínicamente, se presentan con múltiples lipomas, 
hemangiomas, polipomatosis intestinal hamartoma-
tosa, malformaciones arteriovenosas, retraso en el 
neurodesarrollo, autismo, macrocefalia y lentiginosis 
genital. Otras características que se han asociado son 
hueso frontal prominente, hipertelorismo, alteraciones 
tiroideas, alteraciones retinianas, escoliosis, pectus 
excavatum, hiperlaxitud articular y miopatía proximal 
con hipotonía13,14. 

Aunque no existen criterios diagnósticos definidos, 
Parisi, et al.14 propusieron al menos dos de los 

Tabla 1. Cronología de los hallazgos y valoraciones del caso

Aparatos y sistemas Edad de presentación Hallazgos

Neurológico 1. Al nacimiento
2.  Detectado en febrero de 

2017 por psicología
3.  Detectado en febrero de 

2017 por psicología

1. Macrocefalia
2.  Déficit de atención de acuerdo con el Kiddie Schedule for Affective Disorders 

and Schizophrenia
3.  Capacidad intelectual limítrofe con coeficiente intelectual de 74 según la 

Escala de Wechsler de inteligencia para niños

Cardiovascular Sin problemas detectados Sin problemas detectados

Respiratorio 4 años Infecciones de vías respiratorias altas de repetición, se detecta hipertrofia 
amigdalina de grado IV con amigdalitis crónica (amigdalectomía)

Gastrointestinal 10 años Rectorragia
Colonoscopia: poliposis múltiple + polipectomía + cauterización de pólipos 
sésiles. Se observa en recto y sigmoides múltiples pólipos sésiles y un par 
pediculados de 5 mm

Endocrinología Sin problemas detectados Sin problemas detectados

Tegumentario 6 años Máculas pigmentadas de color café en cara, tronco y extremidades que afectan 
labios, pene, mucosa genital y ortejos

Renal Sin problemas detectados Sin problemas detectados
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siguientes: macrocefalia, hamartomas (incluyendo al 
menos un lipoma, hemangioma o pólipo intestinal) y 
máculas en el pene para pacientes de sexo masculino. 
El diagnóstico se confirma mediante la identificación 
de mutaciones en el gen PTEN15. Pilarski, et al.16 han 
propuesto algunos criterios diagnósticos para síndro-
mes de PTEN y tumores hamartomatosos (Tabla 2). 

Se han demostrado mutaciones idénticas en PTEN 
en pacientes con síndrome de Cowden. Existen familias 
con superposición de síndrome de Cowden y SBRR, 
con miembros que manifiestan ambos fenotipos. Debido 
a tal superposición clínica y genética, el SBBR y el 
síndrome de Cowden ahora se aceptan como expresio-
nes fenotípicas diferentes del mismo síndrome alélico 
y se denominan colectivamente síndrome de hamarto-
ma-tumor PTEN16. Se han reportado todos los tipos de 
variantes patogénicas en las mutaciones de PTEN 
(deleciones completas del exón, pérdida de función, 
sentido equivocado y promotor), aunque sin una clara 
correlación genotipo-fenotipo, ya que incluso pacientes 
con la misma variante patogénica presentan fenotipos 

distintos del SBRR16. Ante la falta de una correlación 
firme genotipo-fenotipo, es recomendable que los 
pacientes con una variante de PTEN patógena o pro-
bablemente patógena presente en la infancia sigan las 
pautas de vigilancia para la detección oportuna de cán-
cer a medida que envejecen16-18.

En este reporte se expone el caso de un paciente 
que acudió por primera vez a la consulta de dermato-
logía por lentiginosis genital, asintomático, en quien se 
sospechó el diagnóstico de SBRR por las máculas en 
el pene y la macrocefalia. Posteriormente, en el abor-
daje integral se detectaron problemas conductuales, 
retraso del desarrollo y discapacidad intelectual. 
Además, en un periodo corto, el paciente presentó 
rectorragia secundaria y polipomatosis intestinal. Se 
detectó una variación de la mutación del gen PTEN que 
incluye un número importante de las alteraciones des-
critas para este síndrome. 

En México se tienen reportados muy pocos casos de 
SBRR. En una revisión de reportes de caso se identi-
ficaron al menos cinco, de los cuales cuatro se 

Tabla 2. Criterios diagnósticos para síndromes de PTEN y tumores hamartomatosos16

Criterios diagnósticos para PHTS

Criterios mayores
Cáncer de mama
Cáncer endometrial (epitelial)
Cáncer de tiroides (folicular)
Hamartomas gastrointestinales (incluye ganglioneuromas, pero se excluyen pólipos hiperplásicos; ≥ 3)
Macrocefalia (> P75)
Pigmentación macular del glande del pene
Múltiples lesiones mucocutáneas (cualquiera de las siguientes):

– Triquilemoma múltiple (> 3, al menos uno comprobada por biopsia)
– Queratosis acral (≥ 3 fosas queratósicas palmoplantares o pápulas hiperqueratósicas acrales)
– Neuromas mucocutáneos (≥ 3)
– Papilomas orales (en particular en lengua y encías) múltiples (≥ 3) o comprobado por biopsia o diagnosticado por el dermatólogo

Criterios menores
Trastornos del espectro autista
Cáncer de colon
Lipomas (≥ 3)
Discapacidad intelectual
Carcinoma de células renales
Lipomatosis testicular
Cáncer tiroideo (papilar o variante folicular del papilar)
Lesiones estructurales tiroideas (adenoma)

Aplicación de criterios
El diagnóstico operacional debe incluir uno de los siguientes:

– Tres o más criterios mayores, pero uno debe incluir macrocefalia o hamartomas gastrointestinales o
– Dos criterios mayores y tres criterios menores

El diagnóstico operacional en una familia en la que un individuo cumpla los criterios clínicos para PHTS o tenga una variante 
patogénica del PTEN debe incluir lo siguiente:

1. Dos criterios mayores, o
2. Un criterio mayor y dos criterios menores, o
3. Tres criterios menores 

PHTS: síndrome de tumor hamartoma PTEN.
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reportaron en un estudio de polipomatosis gastrointes-
tinal en pediatría. El otro caso correspondió a un estu-
dio de manchas de color café con leche en una consulta 
externa de dermatología19,20.

Familiarizarse con este tipo de enfermedades poco 
frecuentes permitirá buscar de manera intencionada el 
diagnóstico del paciente: los hallazgos clínicos descri-
tos (macrocefalia, lentiginosis genital, retardo del neu-
rodesarrollo y discapacidad intelectual) por sí solos 
llevarán a la sospecha de este síndrome, el cual debe 
ser confirmado con estudios moleculares. En la 
Figura 2 se propone un flujograma para el seguimiento 
de los pacientes con SBRR de acuerdo con la edad.

La importancia del diagnóstico de SBRR recae en 
su asociación con el desarrollo de neoplasias en la 
edad adulta y con otras complicaciones que requieren 
cribado para su detección y manejo oportuno. 
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