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Abstract 

Introduction The frequency of mother‑to‑child transmission (MTCT) of human immunodeficiency virus (HIV) 
in Latin America has decreased considerably. However, new infections continue to be recorded, and the pediatric 
population remains one of the most vulnerable groups in this region. The main objective of the study was to describe 
the clinical, epidemiological and psychosocial characteristics of new diagnoses of HIV MTCT in 2018 in the PLANTAIDS 
network (Paediatric Network for Prevention, Early Detection and Treatment of HIV in Children) during the 3 years 
following diagnosis.

Methodology Retrospective, multicenter, descriptive study based on a 3‑year follow‑up of patients diagnosed 
with HIV infection due to MTCT in 2018 in 10 hospitals in 8 Latin American countries (Costa Rica, Ecuador, Mexico, 
Honduras, El Salvador, Panama, Guatemala and Venezuela). The hospitals belonged to the PLANTAIDS network, which 
is included in CYTED (Ibero‑American Programme of Science and Technology for Development).

Results The study population comprised 72 pediatric patients (38.9% male). The median age at diagnosis 
was 2.4 years (IQR: 0.8–5.4). There were 35 cases of opportunistic infections corresponding to 25 patients (34.7%), 
with tuberculosis being the most common. Adequate childhood vaccination coverage was achieved in 80.5%. 
There were 3 cases of acute SARS‑CoV‑2 infection, and these were asymptomatic or mildly symptomatic. According 
to the Centers for Disease Control and Prevention (CDC) classification, the most frequent clinical‑immunological stage 
at all check‑ups was C1. Three patients died from opportunistic infections and/or advanced HIV infection.
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Introduction
According to data from the Joint United Nations Pro-
gram on HIV/AIDS (UNAIDS) [1], new HIV infec-
tions in children worldwide were reduced by more than 
half (54%) between 2010 and 2020, mainly owing to 
increased antiretroviral coverage in pregnant women. 
However, this trend slowed during the COVID-19 pan-
demic, with an estimated 400 new infections occurring 
every day in children under 15  years of age in 2020, 
leading to a total of 150 000 new infections and 99 000 
deaths due to HIV in the pediatric age group.

Consistent with data from throughout the world, 
the rate of mother-to-child transmission (MTCT) of 
HIV has declined considerably in recent years (from 
20.01% in 2010 to 14.07% in 2018) [2]. Nevertheless, the 
pediatric population remains one of the most vulner-
able groups in the region and faces great difficulties in 
reaching the 95–95-95 targets set by UNAIDS to end 
the AIDS epidemic.

During the first 5  years of life, disease progression 
can be particularly rapid [3]; therefore, early diagno-
sis and initiation of antiretroviral treatment (ART) are 
essential [4]. Subsequent adherence to ART will play a 
key role in the efficacy of the antiviral response.

This study provides follow-up data for a Latin Ameri-
can cohort of children diagnosed with MTCT HIV 
infection in 2018 [5]. The main objective of the study 
was to describe the clinical, analytical, and psychoso-
cial characteristics of new diagnoses of MTCT in 2018 
in the PLANTAIDS Network of the CYTED program 
(Ibero-American Programme of Science and Technol-
ogy for Development) 3 years after diagnosis.

The secondary objective was to evaluate the relation-
ship between early diagnosis (less than 1 year) and the 
clinical and immunological progress of patients.

Methods
Design
Retrospective, multicenter, analytical, and descriptive 
study on the 3-year follow-up of patients diagnosed 
with HIV infection due to MTCT in 2018 in 10 hospi-
tals in 8 countries (Costa Rica, Ecuador, Mexico, Hon-
duras, El Salvador, Panama, Guatemala, and Venezuela) 
belonging to the PLANTAIDS network of the CYTED 
[5] program.

Variables
Variables were recorded in a REDCap (Research Elec-
tronic Data Capture) database and included informa-
tion about treatment, clinical and immunological status, 
opportunistic infections, SARS-CoV-2 infection, and 
mortality from diagnosis to 3  years of follow-up. To 
this end, 4 successive check-ups were proposed. The 
first covered diagnosis to 6  months, the second from 7 
to 12  months, the third from 13 to 24  months, and the 
fourth from 25 to 36 months after diagnosis.

To establish the clinical and immunological stage of the 
participants, we used the 1994 revised classification sys-
tem for HIV infection in children less than 13 years of age 
(CDC).

The World Health Organization (WHO) child growth 
standards were used to analyze the anthropometry of the 
patients at each check-up, using the weight and height 
percentile in children under 5 years of age and the body 
mass index (BMI) in children over 5 years of age.

Statistical analysis
Continuous variables were described using the median 
and interquartile range (IQR); qualitative variables were 
described using frequencies and percentages. Quantita-
tive variables were compared using the t test in the case 
of parametric variables and the Mann–Whitney test in 
the case of non-parametric variables. The Wilcoxon test 
was used for paired data comparisons. Regarding the 
qualitative variables, the chi-square test was used for 
parametric variables, Fisher’s exact test for non-paramet-
ric variables, and McNemar’s test for paired data. In all 
comparisons, an alpha error of less than 0.05 was used to 
establish statistical significance.

Definitions
Adherence to antiretroviral therapy (ART): “good adher-
ence” was defined as taking the medication on more than 
90% of the days, based on the patient’s or caregiver’s self-
reported adherence.

Psychomotor development: “normal” psychomotor 
development was defined as the correct acquisition of 
developmental milestones according to the patient’s age 
based on the physician’s criteria; any other types of psy-
chomotor development were considered “pathological”.

Conclusions It is important to diagnose HIV infection early in pediatrics, since early initiation of ART is associated 
with a decrease in mortality. Despite this, HIV infection has a poor prognosis in children, necessitating adequate 
follow‑up to ensure adherence to health care and ART, although it can sometimes prove difficult in children.
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Vaccination: “correct vaccination” was defined as age-
appropriate immunization according to the vaccination 
schedule in each country of origin.

Early HIV diagnosis: “Early diagnosis” was defined as 
that made during the first year of the patient’s life.

Results
The study population comprised 72 pediatric patients 
(38.9% male) diagnosed with HIV infection by MTCT 
during 2018 in the PLANTAIDS Network. Regard-
ing their countries of origin, 21 were from Ecuador, 14 
from Mexico, 14 from Guatemala, 7 from Panama, 6 
from El Salvador, 5 from Honduras, 3 from Venezuela, 
and 2 from Costa Rica. The median age at diagnosis was 
2.4  years (IQR: 0.8–5.4). Twenty-three patients (31.9%) 
were diagnosed in the first year of life. According to the 
CDC classification for people living with HIV [6], the 
most frequent clinical-immunological stage at all check-
ups was C1. ART was prescribed early after diagnosis 
in all patients, except for one (aged 3.3  years and clini-
cally asymptomatic [stage N1]), in whom it was decided 

to temporarily postpone initiation owing to the unavail-
ability of a caregiver at the time (mother with cerebral 
toxoplasmosis, father not present). The ART regimens 
in force at each check-up, chosen according to the treat-
ment guidelines and strategies of each country, are pre-
sented in Fig. 1.

ART-induced toxicity was reported on 15 occasions 
during follow-up (15/260, 5.8%), lipid profile abnor-
malities being the most frequent (46.7%), followed by 
diarrhea, vomiting, anemia, and rash. On 6 of the 7 occa-
sions when lipid profile alterations were identified, the 
patient was receiving a regimen that included lopinavir 
boosted with ritonavir (LPV/r), and on 1 occasion efa-
virenz (EFV). No ART regimen was changed based on 
lipotoxicity.

A total of 35 opportunistic infections were reported at 
the 4 check-ups (25 patients), the most frequent being 
tuberculosis, with 11 cases (31.43%). The patients with 
suspected tuberculosis were from 3 countries (Panama, 
Mexico, and Ecuador). The index case was known in 5 
cases (5/11, 45.5%). Based on the symptoms, there were 4 

Fig. 1 ART regimens in force at each of the check‑ups

Legend: Other ART regimens*: ABC (abacavir)-3TC (lamivudine)-DTG (dolutegravir), ABC-3TC-RTV (ritonavir), AZT (zidovudine)-ABC-3TC, ABC-3TC-NVP 
(nevirapine), AZT-3TC-RTV, 3TC-TDF (tenofovir disoproxil fumarate)-EFV (efavirenz), 3TC-TDF-DTG, AZT-ABC-EFV, AZT-FTC (emtricitabine)-DTG, BIC 
(bictegravir)-TAF (tenofovir alafenamide)-FTC, AZT-3TC-DTG.

Check-up 1: diagnosis - 6 m

Check-up 2: 7 m - 12 m

Check-up 3: 13 m - 24 m

Check-up 4: 25 m - 36 m 
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cases of suspected disseminated disease (4/11, 36.4%). In 
all 3 countries, the diagnosis was established using Gen-
eXpert MTB. However, microbiological confirmation was 
only achieved in 1 patient (positive smear microscopy, 
culture, and GeneXpert sputum). Neither the interferon 
gamma release assay (IGRA) nor the lateral flow urine 
lipoarabinomannan assay (LF-LAM) was performed 
owing to lack of availability. The remaining opportunis-
tic infections that occurred during follow-up included 
cytomegalovirus infection (14.3%), Pneumocystis jirovecii 
infection (2.9%), and "other opportunistic infections" (eg, 
pneumonia, otitis, abscess, varicella, histoplasmosis) in 
51.4%.

Regarding active immunization, of the patients who 
completed follow-up, adequate vaccination coverage was 
recorded in 80.5% (33/41) at the last check-up, according 
to age and country of origin. As for vaccination, 92.9% 
(39/42) were fully vaccinated against hepatitis B virus 
(HBV), 87.8% (36/41) against diphtheria-tetanus-pertus-
sis (dTP), 92.7% (38/41) against Haemophilus influenzae 
(Hib) and 90.2% (37/41) against pneumococcus. In the 
case of pneumococcus, all patients received a conjugate 
vaccine (no polysaccharide vaccines were administered 
against pneumococcus). In all, 85.4% (35/41) received at 
least 1 dose against rotavirus, and 31% (13/42) received at 
least 1 dose against hepatitis A virus. Vaccination against 
poliomyelitis was by attenuated vaccine (oral polio) in 
10.3% of cases (4/39), by inactivated vaccine (parenteral 
polio) in 41% (16/39), and by administration of both 
types of vaccine in 48.7% (19/39). Regarding live vaccines, 
97.6% (40/41) received 1 or 2 doses of measles-rubella-
mumps vaccine (MMR), 24.4% (10/41) were vaccinated 
against varicella, and 27.9% (12/43) against yellow fever. 
Vaccination against tuberculosis or bacillus Calmette-
Guérin (BCG) was administered in 90% (36/40) of cases. 
Of the 11 patients in whom tuberculosis was suspected, 
10 (90.9%) had received BCG at birth, with no evidence 
of subsequent lymphadenitis or disseminated disease 
("BCGitis").

Regarding feeding mode, 45.5% (30/66) were breastfed, 
with a median duration of 8 months (IQR: 5–18).

As for immunologic status, 74.6% of patients had a viral 
load < 50 copies/ml and immunologic stage 1 at the last 
check-up. The remaining characteristics of treatment and 
clinical and immunologic status at each of the check-ups 
are detailed in Table 1. Likewise, Fig. 2 shows the differ-
ent immunological stages during follow-up, as well as 
other parameters (viral load, opportunistic infections, 
and weight).

Three 3 cases of COVID-19 infection were reported, 1 
of which was asymptomatic and 2 manifested only with 
fever. None required hospital admission or ventilatory 
support, and the patients received only symptomatic 

treatment. No cases compatible with pediatric inflam-
matory multisystemic syndrome related to SARS-CoV-2 
(PIMS) were reported.

Three patients died during follow-up. The first died 
6  months after diagnosis from opportunistic infections 
(septic shock and disseminated histoplasmosis). The sec-
ond patient died from disseminated aspergillosis in the 
context of advanced HIV disease owing to inadequate fol-
low-up after diagnosis. The third patient died a few days 
after diagnosis from advanced HIV infection, opportun-
istic P. jirovecii infection, and refractory pneumothorax. 
One month after the last check-up, a fourth patient also 
died from acute fulminant hepatitis of unknown origin. 
Figure 3 details the losses to follow-up and their causes.

Table 2 compares the clinical and analytical character-
istics of the children diagnosed with HIV infection early 
with those in whom the diagnosis was made late.

Table  3 compares the immunological values (viral 
load and CD4 cells) between these 2 groups of patients, 
between the different check-ups, and between the end of 
follow-up and the beginning of follow-up. In general, no 
statistically significant differences were observed when 
comparing the intermediate check-ups, but statistically 
significant differences were observed when compar-
ing the first with the last check-up (after several years of 
treatment).

In terms of adherence, Table  4 compares the clinical 
and analytical characteristics between children with poor 
and adequate adherence.

Discussion
It is estimated that in 2018 in Latin America 36,000 chil-
dren (0–14 years) were living with HIV and the number 
of new infections in pediatric age was 4100 [7]. However, 
few studies have analyzed the frequency of new diag-
noses of perinatally transmitted HIV infection in Latin 
American countries. This study describes the clinical 
and immunological characteristics, antiretroviral treat-
ment and vaccination of a cohort of  72  patients diag-
nosed with vertically transmitted HIV infection in 2018 
over 3 years of follow-up in 8 Latin American countries 
(PLANTAIDS).

The natural history of HIV infection has changed dra-
matically with the advent of ART: infant mortality has 
fallen, and disease progression has slowed considerably 
[8]. However, given the aggressiveness of HIV infection 
in children who do not receive ART and its accelerated 
progression during the first years of life, the delay in diag-
nosis and in the initiation of ART leads to HIV-associated 
deaths. Three patients died in our study, possibly due to 
late diagnosis and subsequent disease progression. These 
mortality data are slightly lower than those reported in 
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other Latin American cohorts of children living with HIV 
[9, 10].

In line with current international guidelines [11–14], 
ART was initiated in practically all children in the cohort 
after diagnosis, regardless of the CD4 count at the time 
of diagnosis. Early initiation of ART (first months after 
diagnosis) has been shown to reduce mortality, but has 
also been associated with better immunological recov-
ery [15–17], improved anthropometric parameters [18–
20], improved neurocognitive profile [21, 22], reduced 
viral reservoir [23–25], and long-term reduction in the 
frequency of non-AIDS events [26]. In our study, we 
found no statistically significant differences in clinical 

parameters (clinical/immunological stage, opportunis-
tic infections, hospitalizations, and mortality), immu-
nological parameters (CD4 count, CD4%, CD4/CD8 
ratio, and viral load), or psychomotor development 
between patients diagnosed in the first year of life (early 
initiation of ART) and those diagnosed later. These dif-
ferences could be explained by the fact that, in many of 
the cases we studied, ART was initiated in the advanced 
stage of the disease, regardless of the age of the child. 
This highlights the rapid progression of infection in the 
pediatric age group. On the other hand, we did observe 
a statistically significant difference between the 2 groups 
of patients in terms of reduction in viral load between 

Table 1 Clinical and immunological characteristics, treatment, SARS‑CoV‑2 infection, and psychosocial care at each of the check‑ups

ART Antiretroviral treatment, P Percentile, BMI Body mass index
¥ Only in children under 5 years
§ Only in children over 5 years
a According to the CDC clinical classification

Check-up 1
(diagnosis – 6 m)

Check-up 2
(7 m – 12 m)

Check-up 3
(13 m – 24 m)

Check-up 4
(25 m – 36 m)

Age (years)
Median (IQR)

3 (1.1–6.05) 3.75 (1.80–8.08) 4.95 (2.73–9.03) 5.95 (4.20–9.08)

ART 68/69 (98.55%) 65/65 (100%) 64/64 (100%) 61/61 (100%)

Good adherence 57/67 (85.07%) 52/61 (85.25%) 53/64 (82.81%) 55/60 (91.67%)

CD4 (cells/µl)
Median (IQR)

875 (540–1338) 1084 (763–1492.5) 985 (696–1259) 1102 (821.5–1371.25)

Viral load < 50 copies/ml 20/68 (29.41%) 34/59 (57.63%) 40/61 (65.57%) 44/59 (74.57%)

Opportunistic infections 28/72 (29.17%) 8/65 (12.31%) 4/61 (6.56%) 4/62 (6.45%)

SARS-CoV-2 infection 0/43 (0%) 0/62 (0%) 0/41 (0%) 3/43 (6.98%)

Clinical stage Na 9/71 (12.67%) 7/63 (11.11%) 7/64 (10.94%) 7/58 (12.07%)

Clinical stage Aa 16/71 (22.53%) 16/63 (25.40%) 18/64 (28.13%) 17/58 (29.31%)

Clinical stage Ba 12/71 (16.90%) 11/63 (17.46%) 9/64 (14.06%) 8/58 (13.79%)

Clinical stage Ca 34/71 (47.89%) 29/63 (46.03%) 30/64 (46.88%) 26/58 (44.83%)

Immunological stage 1 36/64 (56.25%) 41/59 (69.49%) 42/57 (73.68%) 46/56 (82.14%)

Immunological stage 2 17/64 (26.56%) 16/59 (27.12%) 11/57 (19,30%) 8/56 (14.29%)

Immunological stage 3 11/64 (17.19%) 2/59 (3.39%) 4/57 (7.12%) 2/56 (3.57%)

P < 3 weight¥ 13/46 (28.26%) 3/38 (7.89%) 2/30 (6.67%) 3/24 (12.5%)

P > 97 weight¥ 1/46 (2.17%) 1/38 (2.63%) 0/30 (0%) 0/24 (0%)

P < 3 height¥ 23/45 (51.11%) 16/38 (42.11%) 9/30 (30%) 8/24 (33.33%)

P > 97 height¥ 0/45 (0%) 0/38 (0%) 0/30 (0%) 0/24 (0%)

BMI
Median (IQR)¥

15.70
(15.09–16.90)

16.19
(14.95–17.72)

16.29
(14.48–17.21)

16.30
(15.31–17.41)

P < 3 BMI§ 1/21 (4.17%) 1/24 (4.17%) 1/31 (3.23%) 1/36 (2.78%)

P > 85 BMI§ 2/21 (8.33%) 4/24 (16.67%) 4/31 (12.90%) 3/36 (8.33%)

Pathological psychomotor 
development

12/69 (17.39%) 10/65 (15.38%) 9/64 (14.06%) 5/61 (8.20%)

Correct vaccination 36/53 (67.92%) 33/47 (70.21%) 34/44 (77.27%) 33/41 (80.49%)

COVID-19 vaccine 1/36 (2.78%) 0/30 (0%) 3/35 (8.57%) 5/35 (14.29%)

COVID-19 vaccine type Comirnaty (Pfizer‑BioNTech) 2 × Comirnaty 
(Pfizer‑BioNTech)
CoronoVac (Sinovac 
Biotech)

3 × Comirnaty (Pfizer‑BioNTech)
2 × CoronoVac (Sinovac Biotech)
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the beginning and the end of follow-up (after 3  years 
on ART) and increase in CD4 count in those older than 
1 year. No statistically significant differences were found 
in CD4 counts between the first and fourth check-ups in 
children under 1 year of age, possibly because the range 
of lymphocytes considered normal decreases with age 
[27]. 

Based on current international guidelines [11–14], ini-
tial ART in children consists of a combination of at least 
3 antiretroviral drugs. In accordance with the WHO 
recommendations [11] in force at the time of the study, 
we observed less frequent use of AZT (zidovudine) and 

LPV/r during follow-up, with a progressive trend toward 
incorporation of new drugs, such as integrase inhibitors 
(dolutegravir or bictegravir), especially in older patients. 
However, at the time of this study, some of these "new 
drugs" were not yet universally available, thus account-
ing for the use of outdated regimens (such as AZT or 
raltegravir in patients older than 1  month, EFV in chil-
dren under 3  years of age…). Moreover, administration 
of ART to children is hampered by several obstacles [28, 
29] that have a direct impact on adherence, as follows: a 
small number of approved drugs; specific dosages based 
on age, weight, or pubertal development; the need for 

Fig. 2 Evolution of the CDC immunological classification, viral load, opportunistic infections, and weight during follow‑up

Legend:

VL: viral load

OI: opportunistic infections

P: percentile

* Only in children under 5 years

** Only in children over 5 years

 Check-up 1: diagnosis - 6 m

 Check-up 2: 7 m - 12 m

 Check-up 3: 13 m - 24 m

 Check-up 4: 25 m - 36 m 
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Fig. 3 Total number of patients available at each check‑up and cause of loss to follow‑up

Legend:

Check-up 1: diagnosis - 6 m

Check-up 2: 7 m - 12 m

Check-up 3: 13 m - 24 m

Check-up 4: 25 m - 36 m 

Table 2 Comparison of clinical and analytical characteristics of children with early versus late diagnosis

IQR Interquartile range

Age < 1 year (n = 23) Age > 1 year (n = 49) p

Opportunistic infections during follow-up 8/20 (40%) 17/44 (38.64%) 0.9

Clinical stage N/A during follow-up 5/19 (26.32%) 16/38 (42.11%) 0.38

Clinical stage C during follow-up 12/19 (63.16%) 24/45 (53.33%) 0.47

Immunological stage 3 throughout follow-up 6/17 (35.29%) 9/32 (28.13%) 0.6

Pathological psychomotor development during follow-up 6/20 (30%) 7/40 (17.5%) 0.27

CD4 cells at check-up 4 (cells/µl)
Median (IQR), n = 56

1175 (770) 1050 (477) 0.08

CD4 percentage at check-up 4
Median (IQR), n = 36

35.7% (9.70%) 33% (10.25%) 0.4

CD4/CD8 ratio at check-up 4
Median (IQR), n = 26

1.14 (0.84) 0.84 (0.56) 0.5

Viral load at check-up 4 (copies/ml)
Median (IQR), n = 59

40 (186) 20 (45) 0.09

Good adherence at all check-ups 10/20 (50%) 32/41 (78.04%) 0.03
Toxicity during follow-up 1/20 (5%) 8/41 (19.51%) 0.13

Psychosocial care during follow-up 20/22 (90.91%) 44/49 (89.80%) 1

Hospitalization during follow-up 8/21 (38.10%) 9/40 (22.50%) 0.2

Deaths during follow-up 0/20 (0%) 3/43 (6.98%) 0.55
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special presentations (syrups, dispersible tablets); and 
the need for adequate palatability. In our study, only 
2 patients were able to benefit from the convenience of 
co-formulated drugs (2 adolescent patients who were 
prescribed Biktarvy® [FTC-TAF-BIC]). Consistent with 
recent publications [30], the most frequent adverse effect 

in our study was lipid profile abnormalities, which was 
associated with the use of boosted protease inhibitors or 
EFV.

Pediatric patients living with HIV have an increased 
risk of more illnesses and more severe illnesses than 
uninfected children; therefore, appropriate immunization 

Table 3 Evolution of immunovirological values   in children with early versus late diagnosis during follow‑up

IQR Interquartile range

p: check-up 1 vs check-up 2

p*: check-up 2 vs check-up 3

p**: check-up 3 vs check-up 4

p***: check-up 1 vs check-up 4

Check-up 1
(diagnosis – 6 m)

Check-up 2
(7 m – 12 m)

p Check-up 3
(13 m – 24 m)

p* Check-up 4
(25 m – 36 m)

p** p***

Viral load n = 68 n = 59 n = 61 n = 59

≤ 1 year (n = 23)
Median (IQR)

2106 (30212.5) 292 (22800) 0.24 116 (48995) 0.8 40 (240) 0.25 < 0.01

> 1 year (n = 49)
Median (IQR)

82 (2605) 40 (58) 0.02 40 (46) 0.83 30 (40) 0.78 < 0.01

Global (n = 72)
Median (IQR)

185 (5972) 40 (263) 0.02 40 (161.5) 0.8 40 (60) 0.4 < 0.01

CD4 n = 65 n = 59 n = 57 n = 56

≤ 1 year (n = 23)
Median (IQR)

1340 (946) 1517 (1393) 0.3 1082 (795) 0.2 1175 (770) 0.59 0.29

> 1 year (n = 49)
Median (IQR)

648 (742.5) 954 (480.75) < 0.01 957 (563) 0.75 1050 (447) 0.3 < 0.01

Global (n = 72)
Median (IQR)

875 (808) 1084 (759) < 0.01 985 (577.5) 0.6 1102 (557.25) 0.7 0.07

Table 4 Comparison of clinical and analytical characteristics between children with poor (< 90%) and adequate adherence (> 90%)

IQR Interquartile range

Adherence > 90%
(n = 42)

Adherence < 90%
(n = 19)

p

Opportunistic infections during follow-up 10/41 (24.4%) 10/18 (55.6%) 0.02
Clinical stage N/A during follow-up 20/39 (51.3%) 0/16 (0%) < 0.01
Clinical stage C during follow-up 15/40 (37.5%) 15/17 (88.2%) < 0.01
Immunological stage 3 throughout follow-up 5/34 (14.7%) 8/12 (66.7%) < 0.01
Pathological psychomotor development during follow-up 7/42 (16.7%) 5/17 (29.4%) 0.27

CD4 cells at check-up 4 (cells/µl)
Median (IQR), n = 54

1086 (511) 1175 (758) 0.85

CD4 percentage at check-up 4
Median (IQR), n = 25

34.7% (10.6%) 32.5% (16.1%) 0.42

CD4/CD8 ratio at check-up 4
Median (IQR), n = 25

0.97 (0.49) 0.69 (1.04) 0.7

Viral load at check-up 4 (copies/ml)
Median (IQR), n = 57

40 (40) 40 (2395) 0.06

Viral load < 50 copies/ml at check-up 4 8/39 (20.5%) 7/18 (38.9%) 0.14

Toxicity during follow-up 7/42 (16.7%) 1/17 (5.9%) 0.27

Psychosocial care during follow-up 37/42 (88.1%) 17/19 (89.5%) 0.88

Hospitalization during follow-up 10/42 (23.8%) 6/17 (35.5%) 0.37

Deaths during follow-up 1/42 (2.4%) 0/17 (0%) 0.71
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during childhood is important [31]. In general, chil-
dren should be immunized according to the vaccination 
schedule in force in each country. Although most vac-
cines have been shown to be safe and effective in HIV-
infected patients [32–34], it should be borne in mind that 
in the case of vaccines containing live attenuated viruses, 
the patient must remain asymptomatic and not immuno-
suppressed so that the vaccine can be administered safely. 
In our study, a not insignificant proportion of patients 
were immunized with live attenuated vaccines (12 chil-
dren received yellow fever vaccine, 10 received varicella 
vaccine, 40 received at least 1 dose of MMR vaccine, and 
23 patients received at least 1 oral dose of polio vaccine), 
although the immunological status of the patients at the 
time of administration of these vaccines is unknown. 
Vaccination against tuberculosis (BCG) is not usually rec-
ommended in children with HIV infection owing to the 
risk of disseminated mycobacterial disease after adminis-
tration [35]. However, since Latin America is considered 
a high incidence area for tuberculosis, the BCG vaccine is 
included in most of the systematic vaccination schedules. 
In our study, this vaccine was administered to more than 
a third of the patients. This is not surprising, consider-
ing that, at the time of administration of the BCG vaccine 
(at birth), the diagnosis of HIV infection was unknown in 
most of the children. Nevertheless, no significant adverse 
effects were observed in any patient after administra-
tion of live attenuated vaccines or BCG vaccine, possi-
bly because the most frequent immunological stage at 
all check-ups was 1 (not evidence of suppression). These 
vaccination rates, together with those for the other most 
common preventable diseases (92.9% against HBV, 87.8% 
against dTP, 92.7% against Hib, and 90.2% against pneu-
mococcus), are similar to those published in children liv-
ing with HIV in Latin America [36]. Only 8 patients were 
vaccinated against SARS-CoV-2 infection.

In children, HIV infection leads to malnutrition, which 
in turn can lead to growth retardation, although findings 
differ widely depending on the geographical area and are 
more accentuated in middle- and low-income countries 
[37–42]. In our work, 28.3% and 51.1% of children under 
5 years of age had, respectively, a weight and height per-
centile of less than 3 at the first check-up after diagnosis, 
with a slight improvement in subsequent check-ups, after 
several months or years in treatment. As for children 
older than 5  years, the figures are not so striking, and 
only 4.2% of the patients had a BMI in a percentile lower 
than 3. Although the delay in growth and lower scores 
than expected in terms of weight and height are the most 
frequent observations, some studies also present data on 
overweight and obesity in children living with HIV [30, 
43]. In our case, the highest number of patients under 
5  years of age with a weight percentile greater than 97 

(2.6%) was obtained at the second check-up, with lower 
figures found at the other 3 check-ups. At the second 
check-up, 16.7% of children older than 5  years had a 
BMI above the 85th percentile, which the WHO consid-
ers overweight. Therefore, in our study, we found higher 
rates of delayed growth (weight and height) in children 
under 5  years of age (with improvement after starting 
ART) and a greater tendency to be overweight in children 
over 5  years of age. This trend toward obesity has also 
been observed in other studies of children and adults liv-
ing with HIV in Latin America [44], and could be attrib-
uted to the adoption of diets rich in carbohydrates and 
refined fats. This type of low diversity dietary pattern has 
been associated with poverty and extreme poverty [45].

The figures observed for opportunistic infections are 
similar to those presented in other studies [46, 47], with 
tuberculosis being the most frequent. Confirming a diag-
nosis of tuberculosis in children is complicated owing 
to the difficulty in obtaining adequate samples (invasive 
procedures are usually required). In addition, microbio-
logical tests based on culture or nucleic acid detection 
have low sensitivity because of the paucibacillary nature 
of the disease [48]. Thus, in our study, microbiologi-
cal confirmation was only achieved in 1 patient. In the 
remaining cases, empirical treatment was established 
based on the clinical and/or epidemiological context.

Breastfeeding is not generally recommended in children 
living with HIV owing to the risk of disease transmission 
[49–51]. According to the WHO, exclusive breastfeeding 
should be recommended in countries where this strategy 
is feasible, safe, acceptable, affordable, and sustainable in 
order to prevent MTCT of HIV. However, in our work, 
we observed that somewhat less than half of the children 
were breastfed, and, as discussed above, the diagnosis of 
HIV infection was unknown in most cases at birth. Con-
sequently, we do not know whether the infection could 
have been acquired through breastfeeding in these cases, 
thus emphasizing the importance of HIV screening in 
pregnancy and childbirth, as well as in cases where the 
mother’s partner has HIV infection.

It is essential to guarantee adequate therapeutic adher-
ence, as this enables viral suppression to be maintained 
[52]. However, this is not always easy in children. In 
our study, adherence was appropriate in only 85% of 
patients at the start of follow-up in our study, although 
we found statistically significant differences in the num-
ber of patients with a more advanced clinical stage and in 
the reduction in the number of opportunistic infections 
between children with adequate adherence and those 
without it.

We recorded only 3 cases of acute SARS-CoV-2 infec-
tion, all of which involved asymptomatic or mild symp-
toms. However, owing to the pandemic, 3 patients were 
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lost to follow-up. One withdrew from clinical follow-up 
and discontinued ART, leading eventually to disease pro-
gression and virological and immunological failure.

Conclusions
It is important to diagnose HIV infection early and ensure 
that infected children are monitored appropriately, since 
early initiation of ART is associated with a decrease in 
mortality and has multiple clinical and antibody-related 
benefits, in both the short and the long term.

Even so, despite initiation of ART, patients with 
advanced disease can die.

It is important to closely monitor weight and nutri-
tional development (insisting on an appropriate diet to 
prevent nutritional deficits, overweight, and obesity).

In addition, children living with HIV should be prop-
erly immunized by improving vaccination coverage and 
financing the vaccines needed to complete immunization 
(meningococcal B, meningococcal ACWY, pneumococ-
cal polysaccharide), which are not included in routine 
immunization schedules.

Adherence to ART is essential for an adequate treat-
ment response, although it can sometimes prove difficult 
in children. Resources need to be invested in improving 
adherence through development of more antiretroviral 
drugs, facilitating access to already approved drugs (as is 
the case of integrase inhibitors in many Latin American 
countries), and pharmacological presentations appropri-
ate to the pediatric age group.

Despite the limitations of a small sample, we found that 
patients with acute SARS-CoV-2 infection did not differ 
in terms of clinical manifestations or severity from unin-
fected children, although, indirectly, the COVID pan-
demic may have influenced their follow-up.
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