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Abstract: Objective: To investigate the changes and significance of humoral immunity, myocardial damage, trace
elements and inflammatory factors levels in children with rotavirus enteritis. Methods: One hundred children with
rotavirus enteritis admitted to our hospital from January 2019 to December 2020 were retrospectively selected as
the case group, and they were divided into a no dehydration group (33 cases), mild dehydration group (41 cases),
and moderate dehydration group (26 cases). Another 100 children with rotavirus-negative enteritis during the same
period were selected as the control group. Serum immunoglobulin, cardiac enzyme profile, trace elements, and
interleukin-6 (IL-6) levels were compared between the two groups, and among the case groups for different degrees
of dehydration. Results: Serum immunoglobulin A (IgA), immunoglobulin G (IgG), immunoglobulin M (IgM), zinc,
magnesium, and calcium in the case group were lower than in controls (P<0.05). Serum lactate dehydrogenase
(LDH), a-hydroxybutyrate dehydrogenase (a-HBDH), creatine kinase (CK), and creatine kinase isoenzyme (CK-MB)
in the case group were higher than in controls (P<0.05). Serum IL-6, interleukin-8 (IL-8), tumor necrosis factor-o
(TNF-ox) were also higher in cases than controls (P<0.05). Serum IgA, I1gG, 1gM, zinc, magnesium, and calcium in
children with rotavirus enteritis with mild dehydration were lower than those without dehydration, but higher than
those with moderate dehydration (P<0.05). Serum LDH, a-HBDH, CK, and CK-MB in children with rotavirus enteritis
with mild dehydration were higher than those without dehydration, but lower than those with moderate dehydration
(P<0.05). Serum IL-6, IL-8, and TNF-« in children with rotavirus enteritis with mild dehydration were higher than
those without dehydration, but lower than those with moderate dehydration (P<0.05). Conclusion: Children with
rotavirus enteritis with more severe dehydration exhibited lower levels of humoral immunity and trace elements and
greater myocardial damage and inflammatory response. Early detection can accurately assess the condition and
provide a reference for clinical treatment.
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Data show that the incidence of rotavirus en-
teritis in community, outpatient and inpatient
departments was 10%, 26%, and 46%, respec-

Introduction

Enteritis caused by rotavirus is a common dis-

ease in infants and children. It has been report-
ed that children under 5 years of age are most
prone to infection with rotavirus. Studies have
shown that rotavirus enteritis mainly affects
infants and children aged 6-24 months, mostly
in early spring, late autumn, and winter, with an
acute onset and incubation period, accounting
for about 40%-60% of childhood enteritis [1].

tively [2]. Children with rotavirus enteritis have
symptoms such as vomiting, watery diarrhea,
and low-grade fever, and most of them are
dehydrated due to the large amount of fluid lost
by diarrhea.

The children have immature gastrointestinal
tracts and immune systems. Rotavirus is highly
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resistant and multiplies in the cells of the small
intestine, causing intestinal mucosal damage
and leading to clinical symptoms such as dehy-
dration, diarrhea, and acidosis. In severe cases,
rotavirus enteritis can also lead to malnutrition,
impede growth and development, and threaten
the life and health of the children. When chil-
dren are infected with rotavirus, their immune
function is impaired, leaving non-specific sub-
stances in the blood circulation that can dam-
age the function of extraintestinal organs such
as the heart, nerves, liver and gallbladder [3,
4]. It has been found that about 50%-70% of
rotavirus enteritis is accompanied by myocar-
dial damage [5].

The specific pathogenesis of myocardial dam-
age caused by rotavirus has not been fully elu-
cidated. Data suggest that rotavirus infection
damages the heart and other organs through
viral replication and virus circulation into the
bloodstream [6]. It has also been suggested
that rotavirus directly induces cellular damage,
leading to immunosuppression, toxic killing of
cardiac myocytes, and changes in the myocar-
dial enzyme spectrum [7]. Immunosuppression
is associated with micronutrient abnormalities,
and evidence has shown that most patients
with enterocolitis have reduced or dispropor-
tionate levels of the micronutrient zinc and cer-
tain trace elements [8]. The inflammatory res-
ponse also plays an important role in the pa-
thogenesis of rotavirus enteritis. However, th-
ere are no relevant studies on humoral immu-
nity, myocardial damage, trace elements and
inflammatory reaction related to dehydration in
rotavirus enteritis patients. Therefore, in this
innovative study, children with rotavirus enteri-
tis were selected as the research subjects, and
the changes in humoral immunity, myocardial
damage, trace elements and inflammatory fac-
tors levels in children with varying degrees of
dehydration were studied to explore the rela-
tionship between these indicators and dehy-
dration, so as to provide a reference for the
diagnosis and treatment of children with viral
enteritis.

Materials and methods
Baseline data

One hundred children with rotavirus enteritis
admitted to our hospital from January 2019 to
December 2020 were retrospectively selected
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as the case group, and they were divided into
three subgroups: 33 cases without dehydra-
tion, 41 cases with mild dehydration (fluid loss
<5% of the body weight), and 26 cases with
moderate dehydration (5% of the body weight <
fluid loss <10% of the body weight).

Inclusion criteria: Children who met the diag-
nostic criteria of rotavirus enteritis, with rotavi-
rus-positive confirmed by fecal colloidal gold
test; children with >5 times of loose or yellow
watery stools; children aged <2 years; and chil-
dren with diarrhea and vomiting. All guardians
of children signed the informed consent.

Exclusion criteria: Children with gastrointesti-
nal diseases, viral or bacterial infections; those
with severe complications such as shock or
severe dehydration; those who had received
relevant treatment; those with organ insuffi-
ciency or immunodeficiency diseases; and th-
ose with concomitant malignant tumors.

Another 100 children with rotavirus-negative
enteritis during the same period were select-
ed as the control group. Written informed con-
sent was obtained from the guardians of the
subjects prior to the beginning of the trial. The
trial was approved by the Medical Ethics Com-
mittee of Affiliated Shenzhen Maternity & Child
Healthcare Hospital, Southern Medical Univer-
sity (Approval No. NCT05368428).

Methods

In both groups, 3 mL of fasting venous blood
was taken on the 2nd day of admission,
followed by centrifugation for 10 min at 1500
rom, and the supernatant was stored at
-80°C for testing. Immunoglobulins A, G and M
(IgA, 1gG, 1gM) were detected by radioimmuno-
assay (Shanghai Hengyuan Biological Co. Ltd).
Creatine kinase (CK), creatine kinase isoen-
zyme (CK-MB), lactate dehydrogenase (LDH)
and o-hydroxybutyrate dehydrogenase (o-HB-
DH) were detected by BIOBASE automatic bio-
chemical analyzer (Shandong Boke Biological
Industry Co. Ltd.). The trace elements including
zinc, iron, copper, lead, magnesium and calci-
um were detected using iCE 3300 AAS atomic
absorption spectrometer (Thermo Fisher Scien-
tific (China) Co.). Interleukin-6 (IL-6), interleu-
kin-8 (IL-8), and tumor necrosis factor-a (TNF-
o) were measured by enzyme-linked immuno-
sorbent assay (ELISA), and the kits were pur-
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Table 1. Comparison of baseline data (X +s; n, %)

dration, but lower than those wi-

Case group Control group

Baseline data (n=100) (n=100)

th moderate dehydration (P<0.05,

Age (months)

Gender Male 53 (53) 55 (55)
Female A7 (47) 45 (45)

Duration of illness (d) 4.17+0.38 4.18+0.41

12.64+3.45 12.31+3.57 0.529 0.598

0.179 0.858

2] Table 3).
Micronutrients
0.777
Serum trace elements zinc, mag-
nesium and calcium in the case

chased from Shanghai Hengyuan Biological Co.
Ltd.

Statistical methods

All data were processed by SPSS 22.0 statisti-
cal software and plotted on GraphPad Prism 8
software. Enumeration data were expressed as
(n, %) and examined by x? test. Data conforming
to a normal distribution were represented by
(X+£s), and intergroup comparison was per-
formed by independent samples t-test. Data
not conforming to a normal distribution such as
IgA and IgM were expressed as median (upper
and lower quartiles) [M (P, to P_ )] and exam-
ined by Mann-Whitney U test. One-way ANOVA
was used for comparison among multiple
groups, and the least significant difference
(LSD) test was used for pairwise comparison
between groups. Significance was set at P<
0.05.

Results
Baseline data

Baseline data such as gender, age, and dura-
tion of disease were compared between the
two groups, exhibiting no significant difference
(P>0.05, Table 1).

Humoral immunity, myocardial damage

Serum IgA, IgG, and IgM in the case group were
significantly lower than those of the control
group (P<0.05), whereas serum LDH, a-HBDH,
CK, and CK-MB in the case group were signifi-
cantly higher than in the control group (P<0.05)
(Table 2). Serum IgA, 1gG, and IgM in children
with rotavirus enteritis with mild dehydration
were lower than those without dehydration, but
higher than those with moderate dehydration
(P<0.05). Serum LDH, a-HBDH, CK, CK-MB in
children with rotavirus enteritis with mild dehy-
dration were higher than those without dehy-

454

group were significantly lower th-
an those in the control group
(P<0.05), but the serum trace elements iron,
copper and lead were not significantly different
between the two groups (P>0.05, Table 4).
Serum trace elements zinc, magnesium and
calcium in children with rotavirus enteritis with
mild dehydration were lower than those without
dehydration, but higher than those with moder-
ate dehydration (P<0.05). Serum trace ele-
ments iron, copper and lead in children with
rotavirus enteritis with different levels of de-
hydration showed no significant difference
(P>0.05, Table 5).

IL-6, IL-8, and TNF-o levels

IL-6, IL-8, and TNF-a levels in the case group
were (16.36+2.37) pg/mL, (22.49+2.59) pg/
mL, and (4.68+0.92) ug/L, respectively, which
was significantly higher than (3.30+0.64) pg/
mL, (6.49+0.59) pg/mL, and (2.13+0.52) ug/L,
respectively, in the control group (t=53.184,
40.797, 15.028, P<0.001). IL-6, IL-8 and TNF-a
levels in children with rotavirus enteritis with
mild dehydration were (16.20+£1.91) pg/mL,
(22.12+2.54) pg/mL, and (4.82+0.95) pg/L,
respectively, higher than those without dehy-
dration [(14.55+1.92) pg/mL, (18.49+2.38)
pg/mL, and (4.04+0.88) ug/L, respectively],
but lower than those with moderate dehydra-
tion [(18.88+1.56) pg/mL, (26.67+3.25) pg/
mL, and (5.53+0.98) ug/L, respectively], show-
ing significant three-fold differencs (t=41.071,
67.096, 18.656, P<0.001) (Figures 1-3).

Discussion

The pathogenesis of rotavirus enteritis remains
unclear, and some studies suggest that rotavi-
rus enteritis is mainly caused by the invasion of
the small intestine by rotavirus, resulting in
atrophy and swelling of the small intestinal villi,
along with proliferation of cells in the lamina
propria, leading to dysfunction of secretion and
absorption and thus inducing diarrhea [9-11]. If
rotavirus enteritis is left untreated, it can lead
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Table 2. Comparison of immunoglobulin, and cardiac enzyme spectrum between groups (n, %)

Value Case group (n=100) Control group (n=100) Z/t P

Immunoglobulin IgA (g/L) 0.70(0.601t0 0.80) 1.30 (0.60 to 2.00) 5.331 <0.001
IgG (g/L) 7.82+2.55 9.26+2.96 3.686 <0.001
IgM (g/L) 1.00 (0.33 t0 2.00) 1.30 (0.40 to 2.10) 0.621 0.534

Cardiac enzyme spectrum LDH (U/L) 256.34+36.07 236.87+32.41 4.015 <0.001
o-HBDH (U/L) 250.58+47.13 187.64+33.84 10.848 <0.001
CK (U/L) 317.04+45.68 111.74+29.85 37.623 <0.001
CK-MB (U/L) 86.99+9.48 21.28+6.82 56.267 <0.001

Table 3. Comparison of immunoglobulin and cardiac enzyme in case group with different degrees of

dehydration (X s)

Value No d(?;y;?rjtlon Mild ?f:ii;atlon Moderazsj;g)yd ration F p

Immunoglobulin IgA (g/L) 0.84+0.13 0.70+0.14 0.50+0.16 41.555 <0.001
18G (g/L) 9.38+1.53 7.70+1.19 6.43+1.11 38.849 <0.001
1gM (g/L) 1.75+0.25 1.22+0.25 0.84+0.27 95.466  <0.001

Cardiac enzyme spectrum LDH (U/L) 233.714+28.51  250.13+24.09 294.81+27.91 40.213 <0.001
o-HBDH (U/L) 229.74+25.04 251.89+26.99 291.00+31.85 35.868 <0.001
CK (U/L) 287.28+35.72  313.61+33.56 360.35+34.65 32.842 <0.001
CK-MB (U/L) 77.54+8.27 87.73+7.88 97.61+7.60 46.797 <0.001

Table 4. Comparison of serum trace elements between two

groups (X+s; U/L)

tion [14, 15]. Serum IgA, IgG
and IgM in the case group were

Case group

Control group

significantly lower than those of

Trace element (n=100) (n=100) t P the control group. Serum IgA,
Zinc (umol/L) 65.78410.54 76.89:7.85 8454 <0001  '8G and IgMlevels in children

with rotavirus enteritis with mi-
Iron (mmol/L) 8.05+0.68 7.94+0.67 1152 0.251 \d dehydration were lower than
Copper (umol/L) 22.32+1.96 22.69+3.09 1.011 0.313 those without dehydration, but
Lead (ug/L) 30.38+5.23  30.15+5.75 0.296 0.768 higher than those with mod-
Magnesium (mmol/L) 1.56+0.16 1.64+0.23 2.855 0.005 erate dehydration. The results
Calcium (mmol/L) 1.91+0.15 1.97£0.19 2.479 0.014 of the study showed that the

to varying degrees of dehydration and even
death. Humoral immunity is also called anti-
body-mediated immunity. With assistance from
helper T cells, B cells differentiate into plasma
B cells, which can produce antibodies against
specific antigens [12, 13]. Humoral immunity
defends against and monitors viruses and
plays an important role in organism immunity.
IgA, 1gG, and IgM are all anti-infective antibod-
ies, of which IgG is associated with most anti-
toxin, antibacterial, and antiviral antibodies.
Children with rotavirus enteritis suffer from
immune dysfunction, with weakened function
of T cells and B cells, and reduced conversion
of Ig classes in B cells, which delays the secre-
tion and synthesis of Ig and conversion of anti-
bodies, resulting in a decline of immune func-
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humoral immunity of children

with rotavirus enteritis was
weakened with increasing severity of dehy-
dration.

Studies have shown that rotavirus infection
induces myocardial damage, and the pathogen-
esis of myocardial damage may be caused by
the entry of rotavirus into the circulation throu-
gh the gastrointestinal barrier, leading to dam-
age to several organs [16]. Cardiomyocyte en-
zymes are widely distributed throughout the
body, with highest levels in skeletal muscle
and myocardium, and the cardiomyocyte mem-
branes prevent extravasation of cardiomyocyte
enzymes into the blood. When the myocardium
is damaged, cardiac enzymes were released
into the blood circulation, leading to elevated
serum LDH, CK, and CK-MB levels in the case

Am J Transl Res 2022;14(1):452-459
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Table 5. Comparison of serum trace elements in case groups with different degrees of dehydration
(X+s)

No dehydration Mild dehydration =~ Moderate dehydration

Trace element (n=33) (n=41) (n=26) F P
Zinc (umol/L) 73.26+7.37 64.90+7.24 57.78+6.36 35.449 <0.001
Iron (mmol/L) 7.89+0.83 8.27+1.01 8.20+0.86 1.688 0.190
Copper (umol/L) 22.48+2.38 22.64+1.94 22.05+2.55 0.554 0.577
Lead (pg/L) 30.33+9.30 30.46+9.32 30.30+9.20 0.003 0.997
Magnesium (mmol/L) 1.78+0.04 1.62+0.05 1.45+0.06 319.473 <0.001
Calcium (mmol/L) 2.02+0.06 1.93+0.07 1.78+0.05 109.492 <0.001
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Figure 1. Comparison of serum IL-6 levels. A: Serum IL-6 levels; B: Serum IL-6 levels. Compared to the control group,
#P<0.05; compared to children without dehydration, *P<0.05; compared to children with mild dehydration, ¥P<0.05.
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Figure 2. Comparison of serum IL-8 levels. A: Serum IL-8; B: Serum IL-8 levels. Compared to the control group,
#P<0.05; compared to children without dehydration, *P<0.05; compared to children with mild dehydration, ¥P<0.05.

group [17]. CK-MB is rapidly elevated in the of children with rotavirus enteritis have abnor-
early stage of myocardial damage [18]. Bon- mally high expression of CK-MB, which may
koungou et al. have shown that more than 50% lead to sudden death [19]. In this study, LDH,
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Figure 3. Comparison of serum TNF-« levels. A: Serum TNF-a levels; B: Serum TNF-« levels. Compared to the control
group, *P<0.05; compared to children without dehydration, “P<0.05; compared to children with mild dehydration,

4P<0.05.

a-HBDH, CK, and CK-MB in the case group
were significantly higher than those of the con-
trol group. Serum LDH, o-HBDH, CK, and CK-
MB in children with rotavirus enteritis with mild
dehydration were higher than those without
dehydration, but lower than those with moder-
ate dehydration. The findings suggest that myo-
cardial damage in children with rotavirus en-
teritis may be related to electrolyte disturbanc-
es and circulatory disturbances caused by de-
hydration.

In rotavirus infection, serum trace elements
show a significant decrease, and the changes
in trace elements are associated with compli-
cations, indicating a close relationship between
trace elements and infectious and viral diseas-
es. Zinc is directly involved in the synthesis of
proteins and nucleic acids, humoral immunity,
cellular immunity and energy metabolism. In
the early stages of infectious diseases, leuko-
cytes and phagocytes release leukocyte endog-
enous mediators (LEN) that directly contribute
to copper and zinc metabolism. The decrease
in serum zinc during the early stage of infection
may be due to the action of LEN at metastatic
sites on the surface of hepatocytes, which
impedes zinc uptake by hepatocytes, and re-
sults in reduced dietary intake, leading to in-
creased gastrointestinal loss and small intesti-
nal malabsorption, which is aggravated by diar-
rhea. Agarwal et al. have found that children
with rotavirus enteritis have low expression of
serum zinc [20], and Sakai et al. [21] have
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pointed out that blood trace elements are
closely related to severity and prognosis of
enteritis through animal model. In this study,
serum zinc, magnesium, and calcium in the
case group were significantly lower than those
in the control group. Serum zinc, magnesium
and calcium in children with rotavirus enteritis
with mild dehydration were lower than those
without dehydration, but higher than those with
moderate dehydration. The results of the study
showed that children with rotavirus enteritis
had lower levels of the zinc, magnesium and
calcium. The levels of the trace elements zinc,
enzymes and calcium were decreased further
with the increased level of dehydration. The
decrease in magnesium may be because [22,
23]: children with rotavirus enteritis often have
diarrhea, leading to malabsorption and insuffi-
cient magnesium intake and excretion with
feces; loss of acid-base balance leading to
intracellular translocation of magnesium ions;
dehydration allows a secondary increase in al-
dosterone, reducing magnesium reabsorption
by the distal tubule of the kidney, leading to
increased excretion of magnesium. The decre-
ase in calcium may be due to the opening of
calcium ion channels that cause the inward
flow of calcium into the cells, which is involved
in the release of chemical mediators [24].

Epithelial cells are not only a physical barrier
against infection, but also play an important
role in the immune response and tissue remod-
eling after healing. Oral epithelial cells can rec-

Am J Transl Res 2022;14(1):452-459



Findings in children with rotavirus enteritis

ognize invading pathogens and stimulate epi-
thelial cells to produce inflammatory cytokines
by activating signaling pathways [25]. As pro-
inflammatory cytokines, IL-6 and IL-8 are main-
ly produced by T cells and fibroblasts and play a
key role in humoral and cellular immunity. IL-6
and IL-8 act together with TNF-a to increase
vascular permeability, destroy intestinal muco-
sa, and ultimately promote the inflammatory
response, which plays a vital role in the patho-
genesis of rotavirus enteritis [26, 27]. In this
study, serum IL-6, IL-8, and TNF-a in the case
group were significantly higher than those in
the control group. Serum IL-6, IL-8, and TNF-a
in children with rotavirus enteritis with mild
dehydration were higher than those without
dehydration, but lower than those with moder-
ate dehydration. The results of the study sh-
owed that rotavirus enteritis produces an in-
flammatory response, and children with more
severe dehydration exhibit a greater inflamma-
tory response.

In conclusion, children with rotavirus enteritis
have low levels of trace elements and de-
creased immune function, and the body will
produce an inflammatory response, which
eventually leads to myocardial damage. Chil-
dren with more severe dehydration exhibited
lower trace elements level and humoral immune
function, and severer myocardial damage and
inflammatory response. Therefore, early detec-
tion of humoral immune, myocardial damage,
trace elements and inflammatory factors levels
can accurately assess the condition and pro-
vide supplementary reference for clinical treat-
ment. The shortcomings of this study are as
follows: (1) the sample size was relatively sm-
all; (2) humoral immunity, myocardial damage,
trace elements and inflammatory factors in
children with rotavirus enteritis at different
time points were not explored; (3) the associa-
tion between humoral immunity, myocardial
damage, trace elements, and inflammatory fac-
tors was not discussed. Therefore, the study
needs to be verified with larger samples and to
analyze the correlation between changes in lev-
els of humoral immunity, myocardial damage,
trace elements and inflammatory factors per-
formed in children at different time points.
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