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Abstract. Recent studies have suggested that Autism Spectrum Disorder 
(ASD) may be caused by immunological factors, particularly, abnormalities in 
the innate immune system. Polymorphonuclear neutrophils (PMNs) play a criti-
cal role in host defense against infection and in the resolution of inflammation, 
hence lysozyme plays an important role in the innate immune system. The aim 
of this study was to determine the in vitro phagocytic and lysozyme activity in 
individuals with ASD, by biochemical and immunological techniques. Results 
indicate that there are no qualitative or quantitative differences in the in vitro 
phagocytic activity between ASD and typical development (TD) subjects. The 
ability to reduce Nitro Blue Tetrazolium by PMNs was compared and there were 
no significant differences between groups. The percentage of yeasts eliminated 
by phagocytosis at 20 minutes of exposure to PMNs, was lower in ASD children 
compared to TD children; however, no significant differences were observed 
between the percentages of cells eliminated after 5 and 20 minutes of treat-
ment in both populations (p>0.05). Serum lysozyme basal levels were greater 
in children with ASD probably due to a compensatory state because of the im-
munological deregulation reported for this neurodevelopmental disorder.
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INTRODUCTION

Autism spectrum disorder (ASD) com-
prises a series of neurodevelopmental dis-
orders characterized by stereotyped behav-
iors, language deficits, communication and 
social interaction difficulties (1). The inci-
dence of ASD has increased until reaching 
in 2014, 14.7 cases per 1,000 children, 1 by 
every 68, only in the United States (2). The 
pathophysiology of ASD involves genetic, 
environmental, metabolic, neurological and 
immune processes. The alteration of most 
components of the immune system has been 
described, including the decrease of cellular 
subpopulations, alteration in the cytokines 

mediated patterns and deviation in the im-
munoglobulins (Igs) functioning, favoring 
the development of autoimmunity, immu-
nodeficiency and allergy. (3,4). In the last 
decades the studies seek to understand the 
molecular interdependence between the im-
mune and the nervous system as the main 
ethiopathology of ASD; however, this inter-
action, linked to the central nervous system 
and considered as a type of “cerebral aller-
gy”, is controversial (5).

 As part of the innate immune response, 
phagocytosis is an effective mechanism of 
host defense against microorganisms. This 
function is made by two main categories 
of phagocytic cells: the polymorphonucle-
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Resumen. Estudios recientes han sugerido que la etiología de los Tras-
torno del Espectro Autista (TEA) puede ser causada por factores inmunoló-
gicos, particularmente anormalidades en el sistema inmunitario innato. Los 
neutrófilos polimorfonucleares (PMNs) juegan un papel crítico en la defensa 
del huésped contra la infección y en la resolución de la inflamación, así como la 
lisozima juega un papel importante en la inmunidad innata. El objetivo de este 
estudio fue determinar la actividad fagocítica y la lisozima in vitro de indivi-
duos con TEA, mediante técnicas bioquímicas e inmunológicas. Los resultados 
indican que no hay diferencias cuali-cuantitativas en la actividad fagocítica in 
vitro entre individuos con TEA y sujetos con desarrollo típico (DT). Se comparó 
la capacidad de reducir nitroazul de tetrazolio por PMNs y no hubo diferencias 
significativas entre los grupos. El porcentaje de levaduras eliminadas por fago-
citosis a los 20 minutos de exposición a los PMNs fue menor en los niños con 
TEA en comparación con los niños con DT; sin embargo, no se observaron dife-
rencias significativas entre los porcentajes de células eliminadas después de 5 y 
20 minutos de tratamiento en ambas poblaciones (p>0,05). Los niveles basales 
de lisozima sérica fueron mayores en niños con TEA probablemente debido a un 
estado compensatorio como consecuencia de la desregulación inmunológica 
reportada para este trastorno del neurodesarrollo.
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ar cells (PMN) and the mononuclear cells 
(MN), both originate in the bone marrow 
and are formed by cells that circulate in the 
blood or are fixed in the tissues and migrate 
to sites of inflammation where they do their 
function (6). The dysfunction of cellular and 
humoral elements mediating the immune 
response, justify the interest and the need 
to carry out studies to evaluate the phago-
cytic and serum lysozyme activities as part 
of the non-specific defense immune mecha-
nisms. Lysozyme activity and phagocytosis in 
children with ASD have not been clarified to 
this date. A few studies have shown the mi-
croglia role in phagocytosis and structural 
remodeling of brain development (7), but no 
research has been carried out to study sys-
temic phagocytosis in which the humoral re-
sponse might act as a risk factor predispos-
ing children with ASD to infectious diseases.

PATIENTS AND METHODS

Participants and enrollment criteria 
 Participants were recruited from Zulia 

State (Venezuela) with the autism founda-
tion. The study population consisted of 66 in-
dividuals, 33 with ASD, diagnosed under the 
Diagnostic and Statistical Manual of Mental 
Disorders (DSM-V) criteria and 33 neuro-
typical (TD) subjects in pediatric ages (ASD: 
7.91 ± 3.4 years and TD: 7.8 ± 4.4 years), 
all of the subjects were male and 17/33 of 
them were diagnosed with High Function-
ing Autism (HFA). The participants were 
divided into two groups: a) ASD group: in-
dividuals diagnosed with ASD, b) Unrelated 
control group: individuals with neurotypical 
development (TD) without diagnosis of ASD. 
Individuals who had received anti-inflamma-
tory treatment such as: NSAIDs and steroids 
three months prior to taking the sample and 
who suffers from any immunological disease 
(Primary immunodeficiency diseases, infan-
tile autoimmunity or hypersensitivity reac-
tions) were excluded from the study, even 
those who presented some psychological, 
psychiatric or other medical disease.

Study protocol
Individuals were selected and enrolled 

in the study following a stratified sampling of 
the population. The approval of the bioethics 
committee associated with the Autism Free 
Chair was carried out following the delinea-
tion of the Helsinki Declaration of 1975 re-
vised in 2008. The study was explained to 
the participants and informed parent/child 
consent was acquired. Five milliliters of blood 
were obtained from each participant by veni-
puncture conventional method with and with-
out anticoagulant (EDTA). The samples with 
anticoagulant were used for the extraction 
of mononuclear cells by the density gradient 
technique with Histopaque®-1077 (Sigma-
Aldrich, Darmstadt, Germany) with the pur-
pose of separating the neutrophils PMNs. 
The samples collected without anticoagulant 
were kept at 37ºC for 1 hour, allowing retrac-
tion of the clot and subsequent collection of 
the serum by centrifuging at 2000 rpm for 10 
minutes. Serum samples were aliquoted and 
stored in the refrigerator at -20°C until pro-
cessing.

Measurement of in vitro phagocytic  
and lysozyme activity

Three tests were carried out, the first 
one related to the measurement of in vitro 
lysozyme activity in basal serum through the 
Lysozyme Plate Lysis Assay according to the 
Mock and Peters (8) technique. The second 
test was related to the indirect measure-
ment of in vitro phagocytic activity through 
the Nitro Blue Tetrazolium Reduction (NBT) 
procedure (9). This procedure measures the 
in vitro phagocytic activity by determining 
if the cells are able to reducing NBT from 
its oxidized form of yellow to a blue-purple 
color, becoming cells easily recognizable by 
the formation of formazan crystals. Finally, 
the cells that had the blue-stained cyto-
plasm were quantified in relation to a hun-
dred total the cells that had the blue-stained 
cytoplasm were quantified in relation to a 
hundred total cells. The third one was the 
Plate Dilution Technique as a phagocytic 
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test, which consists in separating the sedi-
ment that contained neutrophils from gra-
dient separation tube by Histopaque®-1077 
(Sigma-Aldrich, Darmstadt, Germany). Red 
blood cell lysis was performed, to purify the 
granulocytes with ammonium chloride, then 
centrifuged at 1500 rpm for 10 minutes at 
4°C and the supernatant was discarded; the 
cellular cue was resuspended by adding 3.5% 
NaCl; it was centrifuged again at 1500 rpm 
for 10 min at 4°C, and the cells were resus-
pended in phosphate-buffered saline (PBS); 
it was centrifuged and the cells were main-
tained in PBS until its quantification.

 A culture of the microbial specie Can-
dida albicans ATCC 18804 standardized for 
106 viable yeasts / 10 μL was used, from 
its growth curve (this density was obtained 
at 18 hours of culture in tubes containing 
heart brain infusion). Cell counting was 
performed in a hematimeter chamber, us-
ing trypan blue dye, to measure viability, 
cell density was adjusted to 106 neutrophils 
PMNs/mL with autologous plasma. Then, 
neutrophil PMN suspension was mixed with 
the culture of C. albicans ATCC 18804 (ra-
tio 1: 1) and incubated at 37°C. Aliquots of 
each mixture were extracted at 5 min and 
at 20 min, performing serial dilutions, pre-
viously standardized, in order to obtain an 
optimal number of viable cells for the colony 
count (dilutions 10-1 y 10-2). It was estab-
lished as initial time (0 min of exposure) to 
a group of tubes (controls) containing the 
yeast culture without PMN neutrophils (only 
autologous plasma), processed immediately 
after adding C. albicans. One hundred μL of 
each dilution and at each incubation time 
were subsequently cultured on plates with 
Sabouraud dextrose agar (SDA), uniformly 
distributing the inoculum with a Drigalski 
spatula. These plates were incubated at 37°C 
for 24 hours, and finally proceeded to count 
colonies (viable yeasts). The percentage of 
phagocytosed cells was calculated from the 
difference between the viable yeasts in each 
plate for the corresponding exposure time 

(5 and 20 min) and the amount of yeasts 
present at time zero.

Lysozyme Plate Lysis Assay measures lysis 
halos on the agar plates containing the micro-
organism whose cell wall is susceptible to the 
hydrolytic action of the enzyme. A culture of 
the microbial specie Micrococcus lysodeikticus 
in each plate were placed eight samples: three 
constituted by standard solutions (dilutions of 
chicken lysozyme 10-1, 10-2 and 10-3, obtained 
from a stock solution at 1%, equivalent to 
462,000 Units of lysozyme / mL) and five sam-
ples belonging to the serum of patients and/or 
healthy children. All the tests were performed 
in duplicate. The plates were then taken to 
the oven at 37°C for 16-18 hours. Finally, di-
ameters (mm) of the lysis halos formed on the 
plates were measured; the lysozyme values in 
the serum samples of children with ASD and of 
TD children were extrapolated from a calibra-
tion graph made with the different dilutions of 
the lysozyme standard, versus the diameters of 
the lysis halos.

Statistical Analysis. The SPSS Software 
v.24 was used depending on the types of data 
obtained. The data were analyzed by running 
the Student’s “t” test, in order to establish 
differences between the control and patho-
logical groups, considered significant when 
the value of p<0.05.

RESULTS

In the study of the function of phago-
cytic cells, through the NBT technique, the 
results obtained allowed us to indicate, both 
in children with ASD and in children TD, 
that all the cells evaluated, mainly from the 
granulocytic serie, were able to reduce the ni-
tro blue tetrazolium dye, the amount of cells 
whose cytoplasm presented formazan crystals 
were quantified in relation to hundred cells 
(Fig. 1); this shows that children with ASD 
cells expressed the characteristic respiratory 
burst, 100% of the ASD and TD children cells 
were positive to the NBT reduction, likewise, 
taking into account the results obtained and 
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the basis of the technique used, granulocytes 
of children with ASD spontaneously showed 
phagocytic activity. 

 Plate dilution technique assessed the 
percentage of yeasts eliminated by phagocy-
tosis at 20 minutes of exposure to neutrophils 
PMNs was lower in ASD children compared to 
healthy children (Table I); however, no sig-
nificant differences were observed between 
the percentages of eliminated cells at 5 and 
20 minutes (Fig. 2), in the two populations 
evaluated (p>0.05). Notwithstanding, there 
was apparently a tendency to increase the 
percentage of eliminated yeasts (microbicidal 
activity) in the TD children compared with 
the ASD children (Fig. 3). Both groups were 
very heterogeneous in terms of the average 
values obtained, with coefficients of variation 
>50%, due to the differences observed in the 
percentages of phagocytosis and elimination 
of C. albicans for each group. 

 Lysozyme plate lysis assay assessed ly-
sozyme activity, this was detected and quan-
tified by the plate lysis method upon the Mi-
crococcus lisodeitikus (Fig. 4). In this study, 
the lytic activity of serum lysozyme was de-
termined at pH 6, at which in previous stages 
of this investigation it was shown to have the 
highest activity in patients evaluated (data 
not included). The test shows the suscepti-
bility of the bacterial wall by the hydrolytic 
action of the enzyme evidenced by the ap-
pearance of lysis halos on the plates of agar 
containing the microorganism. The serum 
lysozyme levels were significantly higher in 
children with ASD (55.94 ± 25.66 Units/
mL) compared to the TD children (31.79 ± 
16.61 Units/mL) (p<0.0000001) (Fig. 5), 
coefficients of variation of the samples of 
children with autism and TD children were 
45.87% and 52.27%, respectively.

Fig. 1. Phagocytic cells treated with tetrazolium nitro blue dye (NBT). (a) Children with ASD. (b) TD Chil-
dren. 1000X.

(a) (b)

TABLE I 
EVALUATION OF PHAGOCYTIC AND MICROBICIDAL CAPACITY OF NEUTROPHIL 

POLYMORPHONUCLEAR LEUKOCYTES AGAINST Candida albicans

Exposure Time (min) Eliminated yeasts (%)

Children with ASD 
 (n = 33)

5
20

26.78 ± 24.21
30.31 ± 15.51

TD Children 
 (n = 33)

5
20

23.92 ± 23.38
42.87 ± 22.39
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Fig. 2. Colonies of Candida albicans in Sabouraud dextrose agar plates, after exposure (5 and 20 minutes) to 
polymorphonuclear neutrophils isolated from children with ASD (a) and TD children (b).

Fig. 3. Representation of phagocytic and microbicidal capacity of polymorphonuclear neutrophil leukocytes 
against the yeast Candida albicans, in children with ASD vs TD children.
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DISCUSSION

In this research, phagocytic activity 
and serum lysozyme were evaluated as com-
ponents of the innate immune response in 
children with ASD. Previous reports have re-
ported an innate and specific immunity de-
regulation in these children, involving both 
humoral and cellular response, which is im-
portant because these systems act in con-

junction (10-14). The respiratory burst is a 
mechanism that describes a metabolic path-
way in which oxygen consumption occurs 
abruptly, the function of this is to produce 
a group of highly reactive intermediates by 
partial reduction of oxygen. The respiratory 
burst occurs with the neutrophils PMNs. This 
is a reversible process that does not require 
any process of internalization or degranula-
tion (6).

(b)(a)

Fig. 4. Lysis halos on agar plates containing Micrococcus lysodeikticus. (a) TD children (b) ASD children.

Fig. 5. Basal levels of serum lysozyme in children with ASD and TD children. (* indicates statistically signifi-
cant differences).
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When these phagocytic cells do not have 
the capacity to eliminate certain microor-
ganisms, they do not express the respiratory 
burst and do not reduce the NBT. It should 
be emphasized that NBT reduction may be 
due to several factors, despite this, it is com-
monly used to measure non-enzymatic or 
oxidative degradation, oxidation-Reduction 
reactions whose electrons can be captured 
by the NBT cause the color change of the 
chromophore and reveal the presence and 
intensity of the reaction. A typical example 
of children where this case turns out to be 
the main defect is the chronic granuloma-
tous disease, in which patients are affected 
by repeated bacterial infections (15). The 
percentage of eliminated yeasts by phagocy-
tosis by neutrophils PMNs was lower in ASD 
children (26.78 ± 24.21 and 30.31 ± 15.51 
at 5 and 20 min respectively) compared to 
TD children (23.92 ± 23.38 and 42.87 ± 
22.39 at 5 and 20 min respectively); however, 
no statistically or physiologically significant 
differences were observed. Studies in mu-
rine models of autism comorbidities dem-
onstrate the phagocytic activity of systemic 
immune cells is compromised in a Drosophila 
melanogaster model of X Fragile, highlighting 
intriguing new mechanistic connections be-
tween FMRP (Fragile X Mental Retardation 
Protein), innate immunity, and abnormal de-
velopment (16).

The NBT reduction assay has been used 
to measure the oxidative capacity of phago-
cytic and non-phagocytic cells (17-21). In 
the case of phagocyte cells, it is linked to 
phagocytosis. The reduction of NBT may also 
be linked to the oxidative basal state of the 
cell (22) as well as in chronic granulomatous 
disease, where there is an oxidative metabo-
lism alteration in phagocytes (23). This test 
can also measure cell adhesion, lysosomal 
degranulation (24) and even the oxidative 
capacity of isolated mitochondria (25). The 
induction of cytokines that modify the oxi-
dative metabolism and the capacity of ROS 
to induced apoptosis, reduce the number of 
cells that can yield changes in NBT reduction 

values (26). When using the NBT reduction 
test, it would be of interest to study wheth-
er the results correspond to the phagocytic 
capacity or the possible role of the previous 
described conditions.

The lysozyme, on the other hand, is an 
endo-acetyl-muraminidase that breaks the 
bonds between repeating units of N-acetyl-
muramic acid and N-acetylglucosamine in 
peptidoglycans of the bacterial wall. This im-
portant humoral component is an enzyme 
with antimicrobial activity that is present in 
elevated levels of the primary and second-
ary cytoplasmic nuclei of polymorphonuclear 
cells, neutrophils and those that are least ele-
vated in macrophages. They are also found in 
lacrimal and salivary fluids, urine, sweat, pan-
creatic juice and other mucous membranes 
or organs, where it is produced by specialized 
secret cells. It can usually cause lysis in gram-
positive and gram-negative bacteria.

Lysozyme is considered as an indicator 
of innate immune response and even more, 
phagocytic activity. This is based on the 
premise that the phagocytic activity leads to 
the release of certain granular components 
into the extracellular environment, and 
based on the assumption that if phagocytosis 
is stimulated by the presence of an immuno-
gen, then the amount of lysozyme presents 
in the affected compartments and in serum 
blood is increased. However, it is not clear 
whether the amount of intact lysozyme re-
leased by the activated phagocytes is enough 
to detect an increase in the enzyme beyond 
the limits of these compartments. It can be 
inferred that an increase in circulating lev-
els of lysozyme should not be an indicator 
of increased phagocytic activity. However, 
recent studies report an altered physiologi-
cal behavior of lysozyme in children with au-
tism. In the first one it was a study carried 
out in murine model of autophagy in which 
Lyz2-Cre mice was owing to dysfunctional 
synaptic pruning by microglia during early 
brain development. Microglia have a cru-
cial role in the development of functional 
brain connectivity by eliminating unneces-
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sary synapses through phagolysosomes dur-
ing the first three weeks of life. Autophagy 
in microglia may affect the functional con-
nectivity between brain regions and impair-
ment of microglial autophagy results in re-
duced functional connectivity and ASD-like 
behaviors (27). Additionally, stool lysozyme 
was somewhat lower in children with autism 
(27%, p = 0.04), according to the authors 
of the study, possibly associated with probi-
otic usage (28). In this study, the basal levels 
of serum lysozyme in children with ASD are 
higher, compared to the levels of the enzyme 
in children TD inferring that this metabolic 
feature is due to a compensatory state by the 
immune system because immunological de-
regulation reported in many defense mecha-
nisms in this type of disorder.

As a conclusion we found that there are 
no in vitro qualitative and quantitative differ-
ences in phagocytic activity measured by the 
ability to reduce nitro blue tetrazolium and 
elimination levels of Candida albicans me-
diated by polymorphonuclear cells between 
children with ASD and TD children. The basal 
levels of serum lysozyme in children with ASD 
are significantly higher, which mean that chil-
dren with ASD tries to regulate immunologi-
cal alterations, compensating the humoral 
with cellular activity and backwards, which is 
evidenced with the increase of lysozyme basal 
levels when phagocytic activity of the poly-
morphonuclear cells is diminished.
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