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1. Introduction 
The Coronavirus Disease-2019 (COVID-19) pandemic, caused 
by the Severe Acute Respiratory Syndrome Coronavirus-2 
(SARS-CoV-2) virus, still affects the entire world. Although 
COVID-19 usually appears with clinical findings of the 
respiratory system, it can affect many systems. Neurological 
involvement - changes in consciousness, encephalopathy, 
headache, cerebrovascular events, and muscle involvement- 
are seen less frequently (1,2). 

Approximately 2-5% of the cases are pediatric patients. 
Excluding Multisystemic Inflammatory Syndrome in Children 
(MIS-C) and serious Kawasaki-like clinical conditions, they 
generally apply with milder symptoms (3-5). Every day, new 
articles about the short and long-term effects of the virus are 
added to the literature; however, there is no clear information 
on the impact of COVID-19 on neuromotor development in 
infants yet.  

The long-term effects of the SARS-CoV-2 virus on infants 
are not fully known. What kind of an effect it will have on 
neuromotor development in the future will be clear as a result 
of follow-up. Considering that it may have negative effects, the 
neuromotor development of infants aged 6-18 months 
hospitalized for COVID-19 was evaluated compared to healthy 
infants of the same age.  

2. Material and Methods 
This study was designed as a case-control study to determine 
whether COVID-19 infection has a negative effect on the 
neuromotor development of infants. As the case group, 6-18 
month-old infants who were hospitalized and treated at the 
Children's Hospital due to COVID-19 between September 
2020 and June 2021 were included in the study. 27 of 42 
patients who definitively tested SARS-CoV-2 PCR + based on 
their nasopharyngeal swab sample agreed to participate in the 
study. Three infants with MIS-C were excluded. 
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Abstract 
The effects of the COVID-19 pandemic on the neuromotor development of infants are not clear yet. Based on the hypothesis that COVID-19 may 
cause a delay in infant neuromotor development, this study aimed to evaluate and compare the neuromotor development of 6-18 month-old infants 
hospitalized for COVID-19 and healthy children. All of the children were assessed at one point by the pediatric neurologist and pediatric 
physiotherapist. The Denver II developmental screening test (DDST), Hammersmith Infant Neurological Examination (HINE) test, and Alberta 
Infant Motor Scale (AIMS) were used to determine the neurodevelopmental status of the infants. SARS-CoV-2 PCR-positive 27 children (14 
boys, 13 girls) and 29 healthy children (15 boys, 14 girls) were included in the study. The clinical findings of most of the patients were mild. The 
mean age of the patients was 11.4±4.2 months, and the mean length of hospital stay was 4.6±2.4 days. The most common symptom was fever in 
19 patients (70%), followed by cough (25.9%), diarrhea (25.9%), vomiting (18.5%), loss of appetite (14.8%), myalgia (11.1%), dyspnea (3.7%), 
and sore throat (3.7%). No significant feature was detected in laboratory and imaging findings. The DDST was abnormal in 3 COVID+ patients: 
one was a 6-month-old patient with a birth history of asphyxia, and the others were age-retarded in language and social development with no 
chronic disease. There was no significant difference in the HINE and AIMS tests. In small-scale and short-term follow-up, we found that COVID-
19 did not inhibit the neuromotor development of infants except for slight retardation in language and social. 
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Randomly selected healthy infants of the same age who 
applied to the Children's Hospital for the follow-up of healthy 
children were included in the study as the control group. The 
Denver II developmental screening test, Hammersmith Infant 
Neurological Examination (HINE), and Alberta Infant Motor 
Scale (AIMS) were used to evaluate the neuromotor 
development of case and control groups. All groups were 
examined by the same pediatric neurologist, and HINE and 
AIMS evaluations were made by the same pediatric 
physiotherapist. Sociodemographic data and clinical findings 
of the patients were recorded in the patient form by examining 
the hospital records. 

Patients were examined for HINE and AIMS assessments 
when they reached the 6th, 9th, 12th, 15th, or 18th months at 
one point, and the Denver II developmental tests were 
performed synchronously. In addition, HINE, AIMS, and 
DENVER II tests were applied to the control groups in the 
same age range.  

2.1. Tests 
Hammersmith Infant Neurological Examination (HINE): The 
test was developed for infants aged two months to 24 months. 
It consists of three steps and three subsections. The section 
consists of 26 steps and aims to evaluate the neurological status 
of the infant. This section is used when calculating the optimal 
score. Other sections include developmental motor milestones 
and behavioral status but are not included in the scoring. 

Alberta Infant Motor Scale (AIMS): This observational 
scale evaluates the motor development of infants from birth to 
independent walking. It consists of 58 items observed in prone, 
supine, sitting, and standing positions. A validity study was 
conducted for Turkish infants, and the norms are valid for 
Turkish infants (6). 

Denver-II developmental screening test (DDST): It 
evaluates four main areas, personal-social, language, fine and 
gross motor, in children and infants aged between 0 and 60 
months and offers norm values for all areas.  

2.2. COVID-19 clinical classification 
Based on the clinical classification of Dong et al. (3,7), the 
disease is classified as asymptomatic (no symptoms, SARS-
CoV-2 +), mild (fever, mild upper respiratory tract infection 
(URTI) and gastrointestinal system (GIS) problems), moderate 
(dyspnea, need for intensive care), and severe (multiple organ 
failure, MIS-C).  

2.3. Statistical Analysis 
Statistical analyses were performed using the SPSS package 
program 25th Edition (trial version). The Shapiro-Wilk test 
was used to determine whether the quantitative variables were 
suitable for normal distribution. The Independent sample t-test 
was used for normally distributed quantitative variables, and 
quantitative variables without normal distribution were 
compared with the Mann-Whitney U test. Descriptive statistics 
of quantitative variables conforming to normal distribution 

were shown as mean±standard deviation, and descriptive 
statistics of non-normally distributed quantitative variables 
were shown as median (25-75th percentile) or (IQR) or (min-
max). Descriptive statistics on qualitative variables were 
expressed as frequency (%). p<0.05 was considered 
statistically significant. 

2.4. Ethics 
Informed consent was taken from the parents/guardians of the 
patients. The study was conducted in concordance with the 
Declaration of Helsinki-Ethical Principles for Medical 
Research Involving Human Subjects.  

Ethical approval was obtained from the local Clinical 
Research Ethics Committee for the study (Date: 04.03.2021, 
Number: 16). 

3. Results 
SARS-CoV-2 PCR-positive 27 children (14 boys, 13 girls) and 
29 healthy children (15 boys, 14 girls) were included in the 
study. SARS-CoV-2 PCR + was detected in the families of 23 
(85.2%) infants with SARS-CoV-2 PCR +. Only three infants 
with COVID-19 infection had a chronic disease (12 months 
with cerebral palsy, 6 months with a history of birth asphyxia, 
15 months with atrial septal defect requiring medical 
treatment). Five (18.5%) of the children were asymptomatic; 
20 (74.1%) had mild, and two (7.4%) had moderate COVID 
infections. The most common symptom was fever in 19 
patients (70%), followed by cough (25.9%), diarrhea (25.9%), 
vomiting (18.5%), loss of appetite (14.8%), myalgia (11.1%), 
fatigue (7.4%), dyspnea (3.7%), and sore throat (3.7%). 
Abdominal pain, chest pain, arrhythmia, and seizures were not 
seen. 

The mean age of the patients was 11.4±4.2 months, and the 
mean length of hospital stay was 4.6±2.4 days. Detailed 
laboratory findings of our patients are summarized in Table 1. 
Only one patient had lymphopenia (1200 /mm3). D-dimer was 
detected at >500 IU in nine patients. Vitamin D was above 20 
pg/ml in all patients. Three patients were deficient in vitamin 
B12 (<200 pg/ml). 

Table 1. Laboratory data findings of our patients 
Lab n Median 25-75th percentil 
Sedimentation (mm/h) 17 8 5,5-21,5 
CRP (mg/L) 26 1,29 0,4-12 
WBC (103 /ml) 26 8600 7445-9840 
PLT (103 /ml) 26 282000 231000-399000 
Ferritin (ng/ml) 24 167 66-262 
D-dimer (ng/ml) 22 428 306-1039 
Fibrinogen (mg/dl) 16 216 171-294 
Vitamin B12 (pg/ml) 19 289 228-577 
Vitamin D (ng/ml) 18 35 26-51 
TSH (µU/ml) 19 4,6 2,24-6,45 
fT4 (ng/dl) 19 1,17 0,93-1,39 

CRP: C-reactive protein, fT4: Free tyroxine, PLT: Platelet, TSH: Thyroid     
stimulating hormone, WBC: White blood cell 

Chest radiography was performed on 17 of the hospitalized 
patients, thorax computed tomography was performed on four, 
and all were reported as normal.  
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Patients were mostly treated symptomatically. Twenty-one 
patients received antibiotic treatment; 13 were given antivirals; 
eight were given zinc; four received steroid treatment. 

The DDST was abnormal in three COVID+ patients: one 
was a 6-month-old patient with a history of asphyxia, and the 
others were infants without chronic diseases, who were age-
retarded in language and social development. On the other 
hand, a healthy 12-month-old patient had an abnormal DDST 
and was retarded in gross motor development. In the 15th 

month, the median of the group with COVID in the gross motor 
step of the DDST was consistent with 17 months, while the 
healthy group was compatible with 16 months. Similarly, at the 
9th month, the median of the group with COVID-19 at 
language development was compatible with 9.5 months, while 
the healthy group was compatible with 9 months. The 
comparison of DDST results of infants with COVID-19 and the 
control group is shown in Table 2. 

 

Table 2. Comparison of Denver developmental screening test between COVID-19 positive and healthy infants 

Age 
(Median) 6 months 9 months 12 months 15 months 18 months 

Denver C    
(n=7) 

H 
(n=8) p C  

(n=4) 
H 

(n=4) p C  
(n=7) 

H 
(n=9) p C  

(n=5) 
H 

(n=3) p C  
(n=4) 

H 
(n=5) p 

Examination 
time after 
COVID 
infection 
(Months) 

4.4 
(3.5-5.5)   6.1  

(3.5-8)   5.6 
(3-8)   8.5 

(7-10.5)   
4.8 

(2.5-
11.5) 

  

Gross motor 6 
 6.5 0.15* 9.5 

 10 1** 12 
 12 0.84* 17 

 16 0,4* 19 
 20 0,56* 

Fine motor 6 
 7 0.12* 9.5 

 10 0.69* 12 
 12 0.76* 15 

 16 0.14* 18.5 
 22 0.35** 

Language 6* 
 7.5* 0.04* 9.5 

 9 1* 12 
 13 0.47* 15 

 20 0,15** 19.5 
 20 0.72** 

Social 7 
 7,5 0.28* 9 

 9 0.78** 12 
 13 0.17* 16 

 17 0.3** 18 
 24 0.56* 

C=Infants with COVID-19, H= Healty infants, * Mann Whitney U test **Independent T test 

Contrary to expectations, median and mean HINE scores at 
15 and 18 months were higher in COVID+ compared to the 
healthy children. This difference was not statistically 
significant. Evaluation of the results of the HINE test is given 
in Table 3 (Fig.1).  

 

AIMS score of 6,9,15, and 18 months was slightly higher 
in healthy children, but in the 12th month, a slight, not 
statistically significant elevation was unexpectedly found in 
COVID + children. Evaluation of the results of the AIMS test 
is given in Table 4 (Fig. 2). 

 

Table 3. Comparison of HINE test between COVID-19 positive and healthy infants 
 HINE COVID-19 infants HINE healthy infants  

Age n Mean Median Min-max n Mean Median Min-max p 
6 mo 7 69.5±7.1 72 57-78 8 73±2.7 72.5 70-77 0.25* 

9 mo 4 74.5±3 75 71-77 4 75.5±0.6 75.5 75-76 1.0** 
12 mo 7 72.2±4.3 74 65-77 9 75.2±2.3 76 70-78 0.10* 
15 mo 5 76.8±1.8 78 74-78 3 75.3±1.2 76 74-76 0.25** 
18 mo 4 77.5±0,6 77.5 77-78 5 76±1.4 76 74-78 0.11** 

*Independent T test, **Mann Whitney U test 
HINE optimal score cut off value is 69 for 6 months 69, and 71 for the 9,12,15 and 18 months 
 
Table 4. Comparison of AIMS test between COVID-19 positive and healthy infants 

 AIMS COVID-19 infants AIMS healthy infants  
Age n Mean Median Min-max n Mean Median Min-max p 
6 mo 7 25.4±5.8 27 15-33 8 27.7±1.6 27.5 26-30 0.34* 
9 mo 4 42.7±6.8 44 34-49 4 45.5±5.6 44.5 40-53 0.55* 
12 mo 7 49.5±14.2 55 18-58 9 50.8±7.2 53 33-58 0.35** 
15 mo 5 57.6±0,5 58 57-58 3 57±3.6 58 53-60 0.78** 
18 mo 4 58±0.0 58 58-58 5 58.4±0.9 58 58-60 0.73** 

*Independent T test, **Mann Whitney U test 
AIMS 50th percentile values for 6 months: 25, for 9 months:46, for 12 months:56, for 15 months: 58, for 18 months:  58 
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Fig. 1. Comparison of Hammersmith Infant Neurological Examination 
(HINE) test between healthy (median 76 points) and COVID-19-
positive children (median 75 points) 
 

 
Fig. 2. Comparison of Alberta Infant Motor Scale (AIMS) test between 
healthy (median 52 points) and COVID-19-positive children (median 55 
points) 

 

4. Discussion 
This study showed that COVID-19 does not affect neuromotor 
development except in the language domain in the short term 
period. 

COVID-19 infection usually produces a milder clinical 
picture in children (8,9). When we compare children with adult 
patients, smaller numbers, lower incidence, milder symptoms, 
lower mortality (about 0–0.2%), and better prognosis are seen 
in pediatric patients. Current studies show that approximately 
5% are infected with SARS-CoV-2. But also, children may 
become critically ill or show increased inflammatory response 
and experience MIS-C (10,11).  

Many hypotheses have been suggested that may be the 
reason for the mild disease course in children, including the 
difference in the immune system and angiotensin-converting 
enzyme (ACE) receptors in adults, Bacillus Calmette-Guerin 
(BCG) vaccination in children, second-third generation viral 
exposure after adults (12,13). 

Severe course of the COVID-19 disease in childhood has 
been associated with immunodeficiency or concomitant 
diseases such as type 1 diabetes mellitus, asthma, congenital 
heart diseases, obesity, hypertension, epileptic and 
neuropsychiatric disorders (14). 

Malnutrition is also a risk factor for severe SARS-CoV-2 
infection (15). 

In our patient group, only three patients had a chronic 
disease, none of whom had severe COVID-19 disease. One of 
them was found to be retarded in the Denver developmental 
scale. Since one of the patients diagnosed with MIS-C died and 
the others were referred to an advanced center, they were not 
included in the study. These patients did not have any known 
chronic disease.  

Considering the clinical table of COVID-19, pulmonary, 
cardiovascular, gastrointestinal, neurological, renal, ocular, 
and dermatological findings can be seen in addition to general 
findings (16). In a meta-analysis that included children aged 
under five, half of which were infants, respiratory and 
gastrointestinal system complaints were observed most 
frequently after fever (17). Many publications in the literature 
confirm this finding (10,11,18). In the study conducted by Al 
Yazidi et al. (19), these complaints (fever, respiratory, and GIS 
problems) were seen at a rate of 46.8%, 33.5%, and 31.5%, 
respectively. In our study, fever was seen at a higher rate 
(70%), whereas the others were similar. In the study conducted 
by Panetta et al. (20) in Canada with only infants, GIS 
symptoms were found at the highest rate, 85%, followed by 
fever and respiratory symptoms. In the study of Iijima et al. 
(21)  in Japan, including little infants under three months, the 
most common symptom was respiratory symptoms, followed 
by fever and GIS symptoms. The same study reported that GIS 
involvement was less in their studies in which infants under 
three months were examined as a literature review (from 
different countries such as the USA, Saudi Arabia, and China). 
(21) In a study examining the clinical findings of 15-day-24-
month-old infants in Turkey, the most frequently seen 
symptoms were fever by 65.5%, cough by 48.3%, and diarrhea 
by 20.7%, and it was reported that diarrhea was seen much less 
frequently in older children (22). Both outpatients and 
inpatients were included in the above-mentioned study. 
Although only inpatients were included in our study, similar 
rates indicate that the disease is generally mild. The presence 
of different clinical findings in different centers can be 
interpreted as the changes in the clinical picture due to SARS-
CoV-2 variants and the changes in findings due to age. 

Consistent with the literature, there were no serious 
abnormalities in laboratory and imaging findings (23,24). In 
the study in which hospitalized children were evaluated after 
four months of follow-up, the distribution of boys and girls and 
laboratory data were similar to our study. There were no 
patients with severe sequelae (25).  

In the later stages of the pandemic, severe cases also began 
to be seen among children. Blazkova et al. (26) reported an 
infant with cerebral venous sinus thrombosis who applied with 
focal seizure, and Fraser et al. (27) reported a 6-month-old 
infant with middle cerebral artery and multi-organ infarctions 
after fever. Some studies reported COVID-19-related stroke 
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and its forms in older people (28). Bulging fontanel in a 4-
month-old infant-intracranial hypertension case was reported 
(29). In another study, 24-, 15-, and 8-month-old patients with 
acute febrile encephalopathy and febrile status epilepticus were 
reported (30). No neurological involvement was observed in 
our inpatient group, but we witnessed that the patients who 
applied to the pediatric neurology outpatient clinic with febrile 
seizures tested COVID-19 positive. 

Although rare, neurological damage caused by COVID-19 
infection may lead to permanent pictures in infants and 
children. Singer et al. (31) reported in their article in which they 
mentioned the neurological involvement of COVID-19 
decreased/absence of cognitive object examination, inability to 
develop imitation games, retardation in language, difficulty in 
learning numbers and colors in an academic sense, retardation 
of fine and gross motor milestones in terms of motor sense, 
irritability and sleep disorders in terms of behavior and mood 
for those between the ages of 0-3 in the signs of potential 
neurodevelopmental impairment following acquired brain 
injury table.  

Since it is known that early diagnosis and intervention in 
neuromotor disorders will increase the success of 
rehabilitation, we tried to determine the neuromotor 
development of infants with different tests (HINE on cerebral 
involvement and its sequelae, AIMS on motor skills, DDST on 
status in four developmental stages) in our study. 

Snyder et al. (32) interviewed families, babysitters, and 
health professionals. All of these groups thought that the 
pandemic period negatively impacted the environmental 
conditions children would need for their social, language, and 
motor development. The aforementioned study suggested 
investigating whether infants are negatively affected by 
pandemic conditions in areas such as muscle strength, activity 
level, and social development.   

Shuffrey et al. (33) found that the neuromotor development 
of 6-month-old infants during the pandemic was retarded 
compared to pre-pandemic, regardless of COVID-19. The 6th-
month neuromotor development of infants exposed to SARS-
CoV-2 in the intrauterine period and infants born during the 
COVID-19 pandemic independent of the mother's SARS-CoV-
2 status were evaluated and compared with children whose 
neuromotor development was checked with the same test 
before the pandemic. It was observed that the gross motor, fine 
motor, and social development of 114 infants with and without 
intrauterine exposure during the COVID-19 pandemic were 
statistically significantly lower at six months compared to 62 
children before the pandemic.  

Our study evaluated infants of different ages with and 
without COVID-19 infection. Language development in the 
sixth month was significantly lower in patients with COVID-
19, and there was no statistical difference in other 
developmental areas. We attribute this to the fact that the study 

was cross-sectional, that the tests were performed at a single 
center, and that the disease did not affect children since it was 
mostly asymptomatic or mild. Repeating the test with the same 
infant at different months would be more reliable. However, 
we think that long-term follow-up is necessary for these 
infants. 

The infection directly affects the body functions; however, 
we cannot ignore the fact that social and child psychology are 
affected, the care is completely left to the responsibility of the 
nuclear family during infancy, and the screen exposure 
increases because people stay at home. It is known that 
prolonged screen time causes retardation in cognitive, 
language, and motor development (34). Although it is 
generally thought that children fall behind in language, 
cognitive, and motor skills, it has been observed that children 
are not adversely affected by this situation and are resilient. 
(35) We will be able to see the results of the studies on this 
subject in the literature in the near future. 

Limitations of research : There are some limitations of our 
study. The sampling size is small, and the study was carried out 
with patient data from only one center; a total of 56 children 
(27 COVID+, 29 healthy children) were included. Results may 
vary with larger sample sizes and multicentric data from 
different regions. The neurodevelopmental assessment was 
done at one point, and the infants' previous developmental state 
is unknown. However, the tests used in this study are not 
routinely recommended for the healthy children examination. 
Further studies on this subject are needed. 

Strengths of research: All babies were examined by the 
same pediatric neurologist, and three identical tests measuring 
neuromotor development (DDST II, HINE, and AIMS) were 
used to provide objective data. 

This case-control study investigated whether there was a 
pause or regression in the neuromotor development of infants 
who had COVID-19. 

Neuromotor retardation was not detected in our 
examination and the results of objective tests such as DDST II, 
HINE, and AIMS. There was a statistical significance only in 
the language section of DDST II of the 6-month-old babies 
with COVID-19 who were behind the healthy ones, but they 
were not out of the normal. (6-7.5 months) During the small-
scale and short-term follow-up, we found that COVID-19 did 
not pose an obvious obstacle to the neuromotor development 
of infants. 
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