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ABSTRACT. In this study, we investigated the prognostic factors of 
infantile rotavirus (RV) infection. A total of 102 infants with RV enteritis 
were divided into 2 groups according to the standards of improvement 
and cure at the time of discharge from the hospital: improvement group 
(N = 58; 47 males and 11 females with an average age of 15.19 ± 5.03 
months) and the cure group (N = 44; 34 males and 10 females with an 
average age of 10.02 ± 4.92 months). Both groups were phlebotomized 
for the detection of serum glutamic oxaloacetic aminotransferase, 
creatine kinase-MB, and lactate dehydrogenase. Prognostic factors 
and clinical data were analyzed by univariate and multivariate logistic 
analysis. Among the 102 cases of RV infection, 58 were cured and 44 
were improved. Univariate analysis showed that the 2 groups were 
significantly different in age, feeding pattern, concentrations of serum 
glutamic oxaloacetic aminotransferase, creatine kinase-MB, and 
lactate dehydrogenase, and central nervous system damage. Logistic 
regression analysis showed that age, feeding, and central nervous 
system damage were significant independent prognostic factors for 
RV enteritis (P < 0.05). There were no statistical differences in gender, 
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course of disease, and respiratory infection (P < 0.05). Both myocardial 
and hepatic damages presented a temporary feature in the infants and 
had no significant influence on prognosis. Age, feeding pattern, and 
central nervous system damage are significant independent prognostic 
factors for RV infection. These factors should be carefully considered 
in clinical practice.
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INTRODUCTION

Rotavirus (RV) is the most common pathogen causing severe diarrhea in children un-
der 5 years old worldwide. Nearly all children under 5 years have experienced gastroenteritis 
caused by RV infection, both in developed and developing countries. In addition to enteral 
infection, RV can cause parenteral damage (Chiappini et al., 2005; Ramani et al., 2010). RV 
infection has a sudden onset and is often accompanied by symptoms such as fever, vomiting, 
and diarrhea. Severe infection can result in life-threatening dehydration and electrolyte distur-
bances. In developing countries, infantile diarrhea is a primary cause for deaths, ranking 2nd 
after pneumonia (Parashar et al., 2006; Black et al., 2010). However, because of a variety of 
RV subtypes and lack of satisfactory cross protection, an effective prevention and cure method 
for RV infection has not been developed (Desselberger and Huppertz, 2011). 

To explore the prognostic factors for infantile RV infection, we retrospectively analyzed 
the prognoses, general conditions, and parenteral damages of 102 infants with RV enteritis.

MATERIAL AND METHODS

Subjects

A total of 102 children presenting water- or egg drop soup-like stools accompanied by 
clinical symptoms such as vomiting and fever received treatment at the First Affiliated Hospi-
tal of Anhui Medical University between July 2007 and July 2010. All patients had complete 
data. This study was conducted in accordance with the Declaration of Helsinki and approved 
by the Ethics Committee of the First Affiliated Hospital of Anhui Medical University. Written 
informed consent was obtained from all participants’ guardians. 

The first stool sample after hospitalization was collected from each child for RV anti-
gen detection using the gold-labeled method. All children were confirmed to have RV infection 
and met the diagnostic criteria of RV enteritis (Medici et al., 2011). They were all confirmed to 
have no histories of congenital heart disease, myocarditis, toxic encephalopathy, hepatorenal 
diseases, and various muscle diseases. They had no medical history of apparent respiratory or 
alimentary infection within 1 month. Cure criteria included a noticeable improvement in stool 
characteristics within 3 days after treatment, at least 2 times of defecation reduced daily, no 
parenteral symptoms, and a negative result within 7 days according to clinical stool RV anti-
gen detection (Fang, 2011). Improvement criteria included a marked reduction in the number 
of defecations within 3 days after treatment compared with before treatment, an improvement 
in stool characteristics, and disappearance or noticeable alleviation of other clinical symptoms 
(Fang, 2011). Based on these criteria, the patients were divided into cure and improvement 
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groups (N = 58 and 44, respectively). The cure group included 47 males and 11 females with 
an average age of 15.19 ± 5.03 months. The improvement group included 34 males and 10 
females with an average age of 10.02 ± 4.92 months.

Detection methods and judgment criteria 

Fresh stools were collected from both groups immediately after hospitalization. RV 
antigen detection was performed using the gold labeled method (the kit was supplied by Bei-
jing Wantai Biological Pharmacy, China). Venous blood (approximately 2 mL) was extracted 
on an empty stomach in the morning. Serum glutamic oxaloacetic aminotransferase (SCOT), 
creatine kinase-MB (CK-MB), and lactate dehydrogenase (LDH) were continuously deter-
mined using an AU5400 automatic biochemistry analyzer (Olympus, Tokyo, Japan). The judg-
ment criteria of parenteral damages were as follows: 1) hepatic damage: SCOT > 40 U/L; 2) 
myocardial damage: CK-MB > 25 U/L and LDH > 215 U/L; 3) respiratory tract infection: 
cough, nasal discharge, thickened bilateral pulmonary respiratory sounds, and increased bi-
lateral pulmonary markings according to chest radiography; and 4) central nervous system 
(CNS) damage: altered consciousness, convulsions, intracranial hypertension, or changes in 
cerebrospinal fluid.

Statistical analysis 

Data were analyzed using the SPSS13.0 software (SPSS, Inc., Chicago, IL, USA). 
Measurement data are reported as means ± standard error (means ± SE) and tested using t test. 
The c2 test was used to compare rates. Logistic regression analysis was performed for multi-
variate analysis with odd ratios and their 95% confidence intervals (CI) for relative risks. P < 
0.05 was considered to be statistically significant.

General data and univariate analysis 

Among the 102 patients, 58 recovered and 44 improved. Univariate analyses of 9 
indices were performed between groups. The ages, feeding patterns, SCOT concentrations, 
CK-MB concentrations, LDH concentrations, and the presence or absence of CNS damage of 
the 2 groups showed significant differences (P < 0.05), whereas gender, courses of disease, and 
the presence or absence of respiratory infection did not (P > 0.05). The results are summarized 
in Tables 1 and 2.

Table 1. General conditions of both groups.

Group 	 Case number	                      Gender		  Age (months)	 Course of disease (days)	                Feeding pattern

		  Male	 Female			   Breast 	 Artificial

Cure	 58	 47	 11	   15.19 ± 5.031	 9.3 3 ± 4.85	 48	 10
Improvement	 44	 34	 10	 10.02 ± 4.92	  15.3 ± 6.85	 29	 15
t or c value		          0.217		  8.50	 6.70	          3.839
P value		          0.642		  0.01	   0.037	     <0.05
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Table 2. Parenteral damages in both groups.

Group	 Hepatic damage (U/L)	                         Myocardial damage (U/L)	                   Respiratory infection	            CNS damage

	 SCOT	 CK-MB	 LDH	 Yes	 No	 Yes	 No

Cure	 52.74 ± 18.02	 36.63 ± 9.13	 230.30 ± 48.78	 30	 28	   4	 54
Improvement	 90.19 ± 22.06	   70.63 ± 18.62	 360.55 ± 36.24	 22	 22	 15	 29
t or c value	 -40.41	 -27.88	 -7.65	 0.546	 12.207
P value	      0.001	      0.001	    0.002	                     0.460		                    0.001

Multivariate analysis 

Logistic regression analysis was performed for all univariate indices using the SPSS13.0 
software. The binary categorical variables were 0 for clinical cure and 1 for improvement. The 
analysis showed that age, feeding pattern, and CNS damage were 3 significant independent risk 
factors for the prognosis of infantile RV enteritis. The results are summarized in Table 3.

Table 3. Logistic regression analysis of prognosis associated risk factors of infantile RV enteritis.

Variable	 Partial regression coefficient	 Standard error of partial regression coefficient	 P value	 Odds ratio (95%CI)

Age	 2.526	 0.659	 0.021	   9.602 (1.265-16.472)
Feeding pattern	 3.352	 0.818	 0.001	   28.533 (5.749-141.802)
CNS damage	 2.002	 0.518	 0.009	 19.339 (5.757-14.962)

DISCUSSION

RV enteritis is a commonly and frequently encountered disease in infants. RV in-
fection-related diarrhea results in at least 600,000 deaths annually in developing countries. 
However, to date, no effective drugs for RV infection have been developed (Parashar et al., 
1998; Grandy et al., 2010). There are 7 types of RV. Among them, group A includes the most 
common viruses that primarily affect infants. RV can lead to digestive system symptoms such 
as vomiting and diarrhea, as well as the involvement of other systems such as myocardial and 
hepatorenal damages (Ramani et al., 2010). In this study, all 102 infants with RV enteritis 
showed varying severity of myocardial and hepatorenal damages or respiratory system infec-
tion and CNS damage, which was consistent with previously reported observations (Liu et al., 
2009; Fujita et al., 2010).   

The factors associated with patients’ prognoses such as the general conditions and 
parenteral damages were analyzed. Univariate analysis showed that the cure and improvement 
groups displayed significant differences between the ages, feeding patterns, SCOT concentra-
tions, CK-MB concentrations, and LDH concentrations, as well as the presence or absence of 
CNS damage. This indicates that the prognosis of RV infection is correlated with onset age, 
feeding pattern, and hepatic, myocardial, and CNS damages. RV infection primarily occurs in 
infants between 6 months and 2 years of age (Macartney et al., 2011). In this study, the average 
age of the improvement group was lower than that of the cure group. This may be attributable 
to the immaturity of intestinal immune functions because of their younger age or a poor virus-
adhering and -neutralizing capacity resulting from lower immunoglobulin A (IgA) level (Di 
Niro et al., 2010). Feeding pattern also influences prognosis. In this study, the proportion of 
infants fed breast milk in the cure group was higher than that in the improvement group. Cur-
rently, the role of breast feeding in preventing infantile RV infection has attracted increased at-
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tention. Different feeding patterns have varying impacts on the occurrence of RV diarrhea, the 
severity of RV infection, and the treatment effect on RV infection (Deng et al., 2007). Breast-
feeding prevents and reduces the incidence of infantile RV infection; additionally, it eases the 
severity of infantile dehydration and diarrhea and shortens average hospital days compared 
with artificial feeding (Gu and Shen, 2010). These effects of breast-feeding are thought to 
be associated with the action of secretory IgA (sIgA) in breast milk. However, recent studies 
have shown that large amounts of oligosaccharide and complex carbohydrates in breast milk, 
particularly lactadherin (a type of lipophilic glycoprotein on fat globule membrane surfaces), 
also play similar preventive roles (Shi and Gilbert, 2003). Lactadherin can evoke a series of 
vital movements by binding to the aVβ3 and aVβ5 integrin receptors in various cells in vivo. 
It can also regulate the activity of gastrointestinal immune cells, strengthening their anti-RV 
capacity and thus benefiting the prevention and cure of RV infection (Black and Armstrong, 
1998; Newburg et al., 1998; Shahriar et al., 2006). Furthermore, in this study, the concentra-
tions of SCOT, CK-MB, and LDH in the cure group were lower than those in the improvement 
group. This may be related to the severity of hepatic and myocardial damages and pathological 
conditions at the time of RV infection. Severe hepatic cell damage may provide a satisfactory 
foundation for virus replication (Liu et al., 2009; Fujita et al., 2010). However, a previous 
study showed that the younger the age of onset, the higher the risk of hepatic damage; hepatic 
damage is age-correlated rather than pathological condition-correlated (Fang, 2011). Another 
similar study showed that a younger age is related to higher incidence rates of hepatic and 
myocardial damages (Black and Armstrong, 1998). The increased activity of serum myocar-
dial enzymes are closely correlated with pathological conditions; the more severe the degree 
of dehydration, the more significantly the activity of myocardial enzymes will increase (Liu 
et al., 2009; Fujita et al., 2010). A potential explanation for this observation may be correlated 
with the barrier function of the infantile intestinal mucosa: sIgA insufficiency facilitates the 
access of the virus through the barrier into the blood circulation. Although increases in myo-
cardial enzymes may be correlated with fever, dehydration, and pachyemia, whether RV and 
its toxins cause direct myocardial damage remains unknown. Moreover, in this study, some 
infants presented convulsions, for which aseptic meningitis cannot be excluded (Tang et al., 
2010). The existence of RV in the cerebrospinal fluid in infants with RV enteritis complicated 
by meningitis suggests that RV can lead to viremia (Medici et al., 2011), which can lead to CNS 
damage (Kawano et al., 2007). However, it has been suggested that both RV-caused viremia and 
brain damage lack a reliable theoretical basis (Fang, 2011). This study shows that CNS damage 
may be a prognostic factor for RV. Nevertheless, this result must be further explored.

Because univariate analysis could not completely exclude the possible impacts of 
causal factors and confounding factors in this study, multivariate logistic regression analysis 
was performed. The results showed that age, feeding pattern, and CNS damage were signifi-
cant independent risk factors for the prognosis of infantile RV enteritis. Although RV enteritis 
is often complicated by hepatic functional damage (Rauschenfels et al., 2009; Kawashima et 
al., 2012; Akelma et al., 2013), multivariate logistic analysis revealed no correlation between 
hepatic functional damage and the prognosis of RV enteritis. This may be because myocardial 
and hepatic damages are temporary rather than irreversible in most infants with RV enteritis. 
Therefore, both groups can recover after active symptomatic treatment and liver-protecting 
and myocardium-nourishing treatment. However, to avoid the aggravation of pathological 
conditions or even sudden cardiac death, electrocardiography and myocardial enzymogram 
examination should be performed to determine whether RV enteritis is complicated by he-
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patic and myocardial damages. Furthermore, breast-feeding should be advocated and actively 
popularized.
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