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Abstract 
Background: The infection with HIV has been related to neurological dis-
orders that are very frequent, since this virus crosses the blood-brain barrier 
and enters the CNS, thus affecting its neurological development. About 50% - 
90% of infected patients, with an average age of onset from 19 months to 3 
years old may present some types of neurological alteration during the course 
of the disease. Currently in Guatemala, there are no researches that show 
changes in the neurodevelopment of patients infected with HIV. Objective: 
To identify neurodevelopment of pediatric patients infected with the HIV, 
taking into consideration clinical and epidemiological characteristics. Mate-
rials and Methods: Fifty-six patients, who were under 8 years and 6 months 
of age, that met the inclusion criteria (confirmed diagnosis of HIV), were 
evaluated through neurodevelopment test (Bayley Test and McCarthy’s Scale) 
during the months of May and June of 2016. Results: Within the neurodeve-
lopment evaluation, it was discovered that between 36% and 54% of evaluated 
patients that were 3 years and 6 months to 8 years and 6 months old, pre-
sented alterations in more than one area of neurodevelopment, correlating it 
with studies performed in other countries with 30% - 70% of neurological af-
fection. Conclusions-All infected patients have alterations in more than one 
area of neurodevelopment. The most affected areas of neurodevelopment 
were the verbal, numerical and cognitive areas. 
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1. Introduction 

The comprehensive care unit for HIV and chronic infections of Roosevelt Hos-
pital is located in the capital of Guatemala. Roosevelt Hospital is a reference 
center for the whole country. The pediatrics area of the HIV unit has operated 
since October 2003 and currently serves about 350 children living with HIV 
from 0 to 24 years of age, being one of the most important pediatrics areas in 
Central America. It offers the services of molecular biology, in addition to all the 
basic laboratories. Antiretroviral treatment is provided by the Ministry of 
Health. It has a multidisciplinary personnel that includes doctors specialized in 
the subject, a pharmacist, a nurse, a social worker, a nutritionist and a psychologist. 
Additionally, the hospital has all the medical subspecialties in the area of pediatrics. 

Neurological development is necessary for learning and productivity, so de-
velopmental disorders have been associated with poor academic performance, 
behavioral problems, and social adjustment problems [1] [2]. 

The infection of the Human Immunodeficiency Virus (HIV) has been related 
to neurological disorders that are very frequent, since this virus can affect any 
part of the nervous system. This is because the HIV virus crosses the blood-brain 
barrier and enters the nervous system through the monocytes [3] [4] [5] [6]. 
During the first years of age, the virus shows a rapid progression, which can lead 
to more neurological complications during the person’s growth, hence a poor 
development [7] [8]. 

Around 50% - 90% of infected patients, with an average age of onset from 19 
months to 3 years old may present some type of neurological alteration during the 
disease, associated with a significant delay in neurological development [9] [10]. 

In studies conducted in Jamaica and Africa in pediatric patients infected with 
HIV, neurodevelopment was evaluated and compared to groups of non-infected 
patients, and they observed that between 20% - 30% of the HIV-infected patients 
that were evaluated, had some types of alteration in their neurodevelopment, 
concluding that infected children have a poor performance in neurodevelop-
ment areas compared to uninfected patients [11]. 

In Guatemala, there is significant underreporting of HIV-infected children. 
For 2011, 2371 cases were estimated in children of 0 - 14 years of age, 
representing 3.7% of the entire population with HIV, according to the National 
Center of Epidemiology [9]. For this year, there will be approximately 3726 new 
HIV-cases in children aged 0 - 14, of a total population of 87,252 in all of Gua-
temala, and this figure is increasing [10]. 

This study addresses he neurodevelopment of pediatric patients with HIV at 
the pediatric area of the infectious clinic of Roosevelt Hospital in order to iden-
tify the affected areas (motor, cognitive, verbal) correlating them with clinical 
and epidemiological characteristics such as: age, sex, CD4 count, viral load, and 
clinical stage [12]. 

2. Materials and Methods 

Descriptive, cross-sectional, observational study. 
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Population 

132 children under the age of 8 years and 6 months of age, infected with 
HIV attending the outpatient unit, pediatric area of the infectious disease of 
Roosevelt Hospital. 

Sample 

56 children under the age of 8 years and 6 months, infected with HIV. 

Sampling Plan 

Convenience sampling: during the months of May to November of 2016, 
the outpatient unit, pediatric area of the infectious disease of Roosevelt 
Hospital was regularly attended, where a neurodevelopment test was per-
formed on children under the age of 8 years and 6 months [12]. 

3. Results 

For the development of the study, pediatric patients under the age of 8 years and 
6 months, infected with HIV, were included. These patients were followed up on 
at the Pediatric area of the Infectious Diseases Unit of Roosevelt Hospital during 
May and November of 2016 [12]. 

Data was obtained from a sample of 56 pediatric patients infected with HIV. 
Important epidemiological characteristics of each patient were obtained (Table 
1) during the evaluation of neurodevelopment. 
 
Table 1. Epidemiological characterization of the sample, during the months of May to 
November of 2016, at the outpatient unit, pediatric infectiology of the Roosevelt Hospital. 
n = 56 children. 

Epidemiological Characteristics Cases 

Sex Women 51 (91.1%) Men 5 (8.9%) 

Age at time of evaluation 

0 a 2ª 
>2 a 4ª 
>4 a 6ª 
>6 a 8ª 

>8ª 

2 (3.6%) 
11 (19.6%) 
17 (28.9%) 
15 (26.8%) 
11 (19.6%) 

Scholarship 

None 
Some degree 

2˚ grade 
3˚ grade 
No age 

12 (21.4%) 
8 (14.3%) 
12 (21.4%) 

5 (8.9%) 
19 (33.9%) 

Department 
Guatemala City 

Other 
20 (357%) 
36 (64.3%) 

Person In charge 

Mother 
Father 

Family member 
Shelter 

35 (62.5% 
4 (7.1%) 
5 (8.9%) 

12 (214%) 

Source: Study Database [12] [13]. 
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3.1. Clinical Features 

The following results were obtained using data from each patient’s medical 
record. 

Data was tabulated from the first laboratory tests that were performed at the 
time of the diagnosis and the last laboratory tests at the time of the neurodeve-
lopmental test (Graph 1). 
 

 
Graph 1. Distribution of viral load at the time of HIV diagnosis and at the time of the 
study. The scale is in logarithms of base 10, during the months of May to November of 
2016, at the outpatient unit, pediatric infectiology of the Roosevelt Hospital. n = 56. 
Source: Study Database [12] 1 = Viral load at the time of diagnosis. 2 = Viral load at the 
time of neurodevelopmental evaluation. 

 
There was a significant decrease in viral load, 76.8% of patients had a viral 

load of 100,000 to 1,000,000 copies/ml at the time of HIV diagnosis, at the time 
of the study <400 copies/ml with an average of 60 months of TARGA. 

The sample at the time of the evaluation was 26 patients. The rest of the pa-
tients (30) had undetectable viral loads of HIV, so they were not included in the 
graph. 

Seventy-five percent of the patients studied were in stages B and C and 39.2% 
of those in the immunological stage 3, due to the late diagnosis of HIV in child-
ren in the country. 

The choice of the current treatment, TARGA 1 and TARGA 2 of each patient 
was in agreement with the different mutations that they presented in their analy-
sis. 

3.2. Neurodevelopment Indicators 

The sample was divided into two groups: 
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All the patients evaluated had laboratory tests in their medical records and 
each was classified by their CD4 count and viral load, to establish in which stage 
they were (Table 2, Table 3). 
 
Table 2. CD4 distribution at the time of HIV diagnosis and at the time of the study. May 
to November of 2016, at the outpatient unit, pediatric infectiology of the Roosevelt Hos-
pital. n = 56 children. 

Characteristics Cases 
Mean 

(IC 95%) 

Mean of CD4 at the time of diagnosis of HIV  
973 

(798, 1149) 
Mean of CD4 at the time of neurodevelopmental  

evaluation 
 

1164 
(1044, 1284) 

Difference of CD4 between the time of  
neurodevelopment assessment and the diagnosis of HIV 

 91.8 (40, 144) 

Source: Study Database [12]. There was an increase in CD4 numbers with an average of 92 cells/μl, with a 
range of 40 to 144 cells/μl, with an average of 60 months of TARGA. 

 
Table 3. Clinical and immunological characterization of children, during the months of 
May to November of 2016, at the outpatient unit, pediatric infectiology of the Roosevelt 
Hospital. n = 56. 

Clinical Characteristics Cases 

  Stage “N” Stage “A” Stage “B” Stage “C” 

  10 (17.9%) 4 (7.1%) 16 (28.6%) 26 (46.4%) 

 1 6 (10.7%) 3 (5.4%) 7 (12.5%) 8 (14.3%) 

 2 3 (5.4%) 1 (1.8%) 5 (8.9%) 0 (0%) 

 3 1 (1.8%) 0 (0%) 4 (7.1%) 18 (32.1%) 

Treatment 

Without treatment/ containment 5 (8.9%) 

TARGA 1 35 (62.5%) 

TARGA 2 16 (28.6%) 

Associated Pathology 
Without 53 (94.6%) 

With 3 (5.4%) 

Source: Study Database [12] [14] [15] [16] [17] [18]. TARGA 1 = 2 Reverse Transcriptase Inhibitors nuc-
leoside analogs + 1 protease inhibitor TARGA 2 = 2 Reverse transcriptase inhibitors nucleoside analogues + 
1 Reverse transcriptase inhibitor NO nucleoside Containment Treatment = Lamivudine (3TC). 

 
-Bayley’s scale. It was used in children under 3 years and 6 months of age. It 

consists of 5 tests that contain from 24 to 33 items which were evaluated de-
pending on the age. The score was obtained by means of the right answers re-
lated to the standard scores for the patient’s age (Graph 2) [12]. 

-McCarthy’s scale: It was used in children from 3 years and 6 months of age to 
8 years and 6 months of age. This scale consisted of 18 tests which were grouped 
into 6 skills; the tests were applied depending on the age of the patient. The score 
of each aptitude obtained through the evaluation was converted into a typical 
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score by means of scales for the age of each patient; this score was used for this 
study (Graph 3) [12].  

All children (100% of the 6 children) scored at “risk” level in all skills assessed, 
which is why no estimates are presented for the different classification levels 
(Graph 2).  

 

 
Graph 2. Scores obtained in the 5 areas of neurodevelopment through the Bayley scale, 
during the months of May to November of 2016, at the outpatient unit, pediatric infecti-
ology of the Roosevelt Hospital. n = 6. Source: Study Database [12] [19]. 
 

 
Graph 3. Percentage of children evaluated in the 6 areas of neurodevelopment using the 
McCarthy scale, during the months of May to November, 2016, at the outpatient unit, 
pediatric infectiology of the Roosevelt Hospital. n = 50 Source: Study Database [12]. 

4. Analysis and Discussion 

In 2015, it was estimated that 4274 people aged 0 - 14 years were living with 
HIV. For the same year, 331 new cases that were considered mother-to-child 
transmissions were discovered. There is currently no new data indicating the 
exact number of pediatric patients living with HIV in the country [10] [20]. 

In Guatemala, there is no accurate information to determine the magnitude 
and distribution of cases of pediatric patients living with HIV [21]. In this type 
of patients, the diagnosis is often very difficult to perform, since there is no exact 
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control of women with childbearing age infected with HIV in the country, with 
pregnancy in infected women being the main risk factor of children acquiring 
the infection by the vertical route, resulting in a late diagnosis [22] [23] [24]. 

The late diagnosis in these patients has been associated with multiple condi-
tions and among them are alterations in neurological development. These altera-
tions are due to the virus showing a rapid replication in the first years of life 
[13]. 

Multiple studies have shown that approximately 50% to 60% of infected pe-
diatric patients present some neurological impairment in the early years, with an 
average age of 19 months to 3 years [20] [25] [26]. 

Data was obtained from 56 HIV-infected pediatric patients attending the out-
patient unit, pediatric infectiology of the Roosevelt Hospital. The study included 
epidemiological, clinical and neurodevelopmental progressions. 

Within the epidemiological characteristics obtained in the study it was found 
that: 

- 91.1% of evaluated patients were female, which corresponded to 38.1% of 
the total population of children under 8 years and 6 months. 
- As for the group according to age, no significant difference was found in 
the populations. 
- Within the group according to schooling, it was found that 33.9% of the 
studied population did not have the school age (under 4 years) and that on-
ly 44.6% was attending some grade of nursery or elementary school, the rest 
of the evaluated population 21.4%, were not attending school. 
- According to the Ministry of Education, which is in charge of nursery, 
elementary and middle school education, the net enrollment rate by 2015 
was 81% for the primary level, 19% of the population was not covered and 
approximately 4% belong to patients infected with HIV [27]. 
- According to birthplace of evaluated patients, it was found that 35.7% of 
the population is concentrated in the capital city; this may be due to the fact 
that in the western area of the country there is a care unit for patients in-
fected with HIV since there is a poor diagnosis of HIV in the interior of the 
country. 
- According to the child’s caregiver type, it was found that 62.5% were in 
charge of the mother and 21.4% were in a shelter. 

Among the clinical characteristics evaluated in the study it was found that: 

- 35.7% of the population had a diagnosis of HIV within the first 6 months 
of life; the result was equivalent to patients living in the capital city. 
- 46.4% of patients infected with HIV were in stage C, indicating that their 
diagnosis was not early. 
- Relating the two previous points, it is indicated that the patients diagnosed 
before 6 months of age, presented some disease that suggested the diagnosis 
of HIV, which confirms that there is not an adequate and correct diagnosis 
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of the infection in pediatric patients. 
- 91.1% of the evaluated population were receiving antiretroviral treatment 
[22] and 8.9% of the population were not. This was due to the group of pa-
tients who were in this treatment group (only with 1 medication, due to 
multiple resistances to the rest of antiretrovirals) or patients who were pro-
gressing slowly [28]. 

100% of the patients under 3 years and 6 months of age were found to be at 
risk of neurodevelopmental alterations, according to Bayley’s scale, probably due 
to lack of encouragement from the family member or caregiver. 

Within the neurodevelopmental evaluation, it was found that between 36% - 
54% of the evaluated patients from 3 years and 6 months to 8 years and 6 
months of age, presented alterations in more than one area of neurodevelop-
ment, with the McCarthy scale being correlated with studies carried out in other 
countries with 30% - 70% of neurological involvement. 

5. Conclusions 

Between 36% - 54% of children aged 3 years and 6 months to 8 years and 6 
months, had alterations in more than one area of neurodevelopment and 100% 
of children under 3 years and 6 months, were classified at risk level in all eva-
luated areas of neurodevelopment. 

The most affected areas of neurodevelopment in children older than 3 years 
and 6 months to 8 years and 6 months were the verbal, numerical and cognitive 
areas, with very low scores for age, according to the McCarthy scale. 

The clinical characteristics that were most related to neurodevelopment for 
children under 8 years and 6 months of age were, viral load and clinical stage, 
according to the Bayley and McCarthy neurodevelopmental scales. 

The age at diagnosis is the most important epidemiological features associated 
with low and very low neurodevelopmental scores according to the McCarthy 
scale. There is an inversely proportional relationship between late diagnosis and 
neurodevelopment with low and very low scores for age. 
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