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Elevated levels of Creatine Kinase-MB (CK-MB) Isoenzyme are a common phenomenon among rotavirus
(RV) diarrhea. However, few studies have addressed this issue using large sample size. In current study,
1,118 children (age <5 years) hospitalized with diarrhea in Guangzhou Women and Children’s Medical
Center from 2012 to 2015 were finally included. Changing pattern of CK-MB and its relationship with
RV-infection were analyzed and characterized. Multivariate linear regression models showed that

. RV-positive cases had a 28% rise in CK-MB compared to RV-negative cases (OR=1.28, 95% Cl: 1.15

 to1.41, P <0.01) after controlling for age, gender, season of admission, and weight. The pattern of

. change showed that CK-MB level of RV-positive group started to rise immediately at the 1t day of

. diarrhea, reached the peak on days 2 to 4, declined during 4-9 days, and then reached a relatively stable
level when compared to the RV-negative group. Mediation analyses showed that indirect effect of RV
infection on the increase of CK-MB via Vesikari score was significant (3 =8.01, P < 0.01), but direct
effect was not (3=9.96, P =0.12). Thus, elevated CK-MB value is a common finding in RV-infection and
completely mediated by the severity of diarrhea. CK-MB monitoring may help to identify children with
more severe viral infection.

Diarrhea leads to high morbidity and mortality rates in children, especially in developing countries'. Rotavirus
© (RV) is the most common cause of severe and dehydrating diarrheal disease among children aged <5 years
© worldwide®. As of April 2016, according to WHO estimates, globally 215,000 children aged <5 years die each
. year from vaccine-preventable rotavirus infections, and the vast majority of these children live in low-income
© countries’. In the developing countries such as China, RV infection caused approximately 47.8% of diarrhea hos-
© pitalizations among children?®, and 53,559 children died during 2003-2012*. However, only 22.5% of them have
* received at least 1 dose of the Lanzhou lamb rotavirus (LLR) vaccine in Guangzhou®, which is much lower than
: vaccine coverage in the USA (78%)°.

: Previous studies suggested that RV may cause some extra intestinal injuries including liver damage’, nephri-
tis®, central nervous system complications® (e.g, meningoencephalitis)'?, exanthema!!, myocarditis', and even
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Figure 1. Study sample selection.

death®!>13, Creatine Kinase-MB Isoenzyme (CK-MB), one form of the myocardial fraction of creatinine phos-
phokinase, was used extensively as an indication for myocardial damage. An elevation in CK-MB is a significant
predictor of adverse heart events and was found to be correlated with myocardial infarct size'* . Recent studies
suggested that RV infection may cause an increase in CK-MB Isoenzyme. For example, Shi et al. demonstrated
that elevated CK-MB were found among 55% of the RV infected Chinese children aged 2-48 months'¢, which
was subsequently confirmed by Li et al.’. Similar studies had been also conducted in Japan'®-2* and Korea?!. A
clinical study of Tatsumi et al.'®. showed that children with RV-gastroenteritis (n =41, 1.4-6.9 years) had a signif-
icantly higher CK-MB/CK ratio (0.61 vs. 0.17) than healthy subjects (n =55, 1.3-5.8 years). Significant difference
of patients’ CK activities was also observed between RV antigen positive children (n= 14, 60.0 =20.6 U/I) and
control children (n =105, 7.1 & 2.9 U/I) in the studies of Hoshino et al.'>%.

Obviously, current evidence for the potential relationship between RV infection and CK-MB (or CK) has
been mainly based on small sample size. Furthermore, only univariate analyses were considered in previous stud-
ies, which couldn’t eliminate the confounding effects from potential confounding variables. The determination
of whether there is such an association has potential importance for managing RV infection, for preventing of
adverse events, and for understanding mechanisms of severe complications caused by RV. Thus, a more compre-
hensive study with larger sample size and proper design was performed to (1) assess the association between RV
infection and the level of CK-MB; (2) to explore the dynamic changes of CK-MB after RV infection; and (3) test
this type of association: direct or indirect.

Results

A total of 1,500 children were finally enrolled, of whom 1,118 were included in the final analyses. Three hundred
and eighty-two children were not included due to the following reasons: congenital heart disease, hepatic, renal or
other severe disease which might cause elevated serum CK-MB (n=127); other viral infections or co-infections
(n=131); no information on CK-MB (n=124) (Fig. 1).

Participant characteristics. Characteristics of patients are summarized overall and by RV status in Table 1.
Among the 1,118 subjects included in the analysis, there were 780 (69.8%) males and 599 (53.6%) RV-positive
children, with a mean age of 14.31 months (SD = 10.47 months). Table 1 shows that the RV-positive children
were significantly older and thus had higher body weights than the RV-negative children. Gender is equally dis-
tributed. According to the seasons in the Northern Hemisphere, winter had much higher RV-infection incidence
than three other seasons. Exploratory analysis showed that both CK-MB and CK were significantly higher among
RV-positive group than that of RV-negative group. Subsequently, detailed analyses were carried out for every
age group in the CK-MB (Fig. 2) and CK levels (Supplementary Figure S1). As shown in Figs 2 and S1, elevated
CK-MB and CK occur in almost all age groups.

These results were also confirmed in multivariate analyses. As shown in Supplementary Tables S1 and S2, even
after controlling for age, gender, season of admission and weight, RV-positive children still suffered a 28% rise in
CK-MB (OR=1.28,95% CI: 1.15 to 1.41, P < 0.01) and 15% rise in CK (OR=1.15,95% CI: 1.01 to 1.32, P=0.04)
compared to RV-negative children.

SCIENTIFICREPORTS|7: 7674 | DOI:10.1038/s41598-017-07636-4 2


http://S1
http://S1
http://S1
http://S2

www.nature.com/scientificreports/

Gender

Male 780 (69.8) 411 (52.7) 369 (47.3) 0.81 0.37
Female 338 (30.2) 188 (55.6) 150 (44.4)

Season of admission

Spring 120 (10.7) 61 (50.8) 59 (49.2) 122.11 <0.01
Summer 183 (16.4) 40 (21.9) 143 (78.1)

Autumn 357 (31.9) 180 (50.4) 177 (49.6)

Winter 458 (41.0) 318 (69.4) 140 (30.6)

Age(months) 14.31+10.47 16.61£10.93 11.65+9.23 8.13 <0.01*
Weight(Kg) 9.20+3.03 9.93+2.86 8.22+2.98 8.41 <0.01*
CK-MB(U/L) 42 (27-74.25) 55 (30-87) 35 (24-54) 8.64 <0.01*
CK(U/L) 98 (64-157) 108 (75-167.25) 83 (52-142) 6.27 <0.01*

Table 1. Characteristics of rotavirus-positive and rotavirus-negative. Data are presented as n (%) and

mean =+ standard deviation (SD) and median (interquartile range, IQR). *P-value are shown for between-groups
comparisons of values using Student t-test. *P-value are shown for between-groups comparisons of values using
Mann Whitney U test. CK-MB, Creatine Kinase-MB; CK, Creatine Kinase.
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Figure 2. Changes of geometric means of CK-MB titers in RV-positive and RV-negative children according
to age by months. CK-MB values in RV-negative children in every age group were as references. P < 0.05,
#'P < 0.01. RV, rotavirus; CK-MB, Creatine Kinase-MB.
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Figure 3. Changing patterns of geometric means of CK-MB titers in RV-positive and RV-negative children
according to days after onset of diarrhea. CK-MB values in RV-negative children in every day after onset of
diarrhea were as references. P < 0.05, *'P < 0.01. RV, rotavirus; CK-MB, Creatine Kinase-MB.

Dynamic changes of levels of CK-MB and CK after the onset of diarrhea. As demonstrated in Fig. 3,
the level of CK-MB of patients with RV-infection was compared with patients who didn’t have RV-infection. We
found that geometric means (GMs) of CK-MB increased dramatically at the first day of onset of diarrhea in the
RV-infected children. Peak CK-MB values were reached on days 2 to 4, and then declined over the next 4 days
to relatively stable levels. On day 1 the GMs were 46.06 U/L and 30.56 U/L in those children with and without
RV-infection, respectively (P = 0.048). There were significant differences on days 1-8 between RV-positive and
RV-negative children (71.05U/L vs 38.23 U/L, P < 0.01), while no significant differences were found on days 9-14
(41.76 U/L vs 36.59 U/L, P =0.181). Similar phenomenon were also recorded in the change of CK (Supplementary
Figure S2).
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Figure 4. Mediation analysis of RV infection and the level of CK-MB.

Mediating role of disease severity in the association between RV infection and CK-MB or CK
level. Figure 4 illustrates the mediation effect of the association between RV-infection and elevated CK-MB or
CK. The severity of diarrhea (Vesikari score) was a significant mediator of the association between RV-infection
and elevated CK-MB. After controlling for Vesikari score, the association between the RV-infection and ele-
vated CK-MB was no longer significant (3 =9.96, SE = 6.45, bootstrapped bias-corrected 95% CI: —2.71 to 22.63,
P =0.12), but the presence of RV-infection was significantly associated with higher Vesikari score (3 =1.87,
SE=0.22, P <0.01), which was in turn associated with higher CK-BM (3=4.28, SE=1.06, P < 0.01). The indi-
rect coeflicient was significant (3 =8.01, SE = 3.48, bootstrapped bias-corrected 95% CI: 2.49 to 15.91, P < 0.01),
which means that RV infection was associated with approximately 8.01 U/L higher CK-MB values as mediated
by diarrhea severity. However, neither direct effect (3 =26.97, bootstrapped bias-corrected 95% CI: —92.51 to
167.63, P=0.79) nor indirect effect (3 =37.47, bootstrapped bias-corrected 95% CI: —7.62 to 109.80, P=0.21) of
RV infection on the increase of CK via diarrhea severity were significantly (Supplementary Figure S3).

Discussion

Most of earlier studies showed RV infection was associated with elevated CK-MB!¢-1%:21 or CK'* . However,
there were several major limitations of previous studies, for example uncertainty of inclusion or exclusion criteria,
no efficient comparative groups, no multivariate model to adjust for the potential confounding factors, and small
sample size. Due to these limitations and based on strict inclusion and exclusion criteria, multivariate analysis,
and large sample size, we assessed comprehensively the association between RV-infection and CK-MB for the
first time. Results showed that rotavirus infection was associated with a 28% elevation of CK-MB (OR=1.28,
95% CI: 1.15 to 1.41). Marginally significant association between RV-infection and elevated CK was also observed
(OR=1.15,95% CI: 1.01 to 1.32). This may be because that CK-MB is a more sensitive marker than CK for car-
diac function damage®>.

Regrettably, as described in the introduction section, studies focusing on the association between RV infec-
tion and level of CK-MB or CK are mainly limited in East Asian countries and regions. This may be related to
the different medical behavior patterns between the East and the West. For example, in China, irrespectively of
what disease the patients suffer from, “extensive” blood tests will be carried out which are relevant for the func-
tions of the heart, liver, kidney, and other organs. In Western countries, a patient admitting with diarrhea disease
only receives a “precision and specific” test related to the digestive system. Therefore, there are more clinical and
biochemical data in Eastern countries to support searches for correlations. The mechanism by which the CK-MB
and CK levels are raised by RV infection is not known. Elevation of CK-MB or cardiac troponin (cTn) had been
observed among dengue virus and respiratory syncytial virus infection patients?® 2%, Furthermore, myocarditis
and dilated cardiomyopathy had been observed among hepatitis C virus patients® 2. Both our and previous
results suggested that virus infection may injury myocardium through certain mechanisms. Obviously, to some
extents, these remind us to pay close attention to the change of an indicator of myocardial injury when facing
children with diarrhea.

It is of great clinical significance to understand the changing pattern of CK-MB after RV infection. In this
study, we used geometric means of CK-MB after the onset of diarrhea to explore patterns of change in CK-MB
levels. CK-MB increased immediately at the first day of onset of diarrhea in the RV-infected children and peak
CK-MB values were reached on days 2 to 4. The CK-MB peak after 1 day is earlier than the findings of Shi and
his colleagues'®, who found that the peak CK-MB value was reached on days 6 to 9. This inconsistency may be
related to the difference of study population, (1) patients in the Shi et al. study were much younger than those of
current study (6.7 months vs. 14.31 months), and (2) including many patients with myocardial injury. However,
both studies suggest that there is a window period on the detection of abnormal cardiac function among children
with diarrhea. Thus, for common children with RV diarrhea, we should take monitoring and preventive measures
timely within this period of three days. In addition, to assess the interrelationship between RV infection and the
level of CK-MB, this study explored the potential type of this association: direct or indirect? Results showed that
severity of diarrhea completely mediated the effect of RV infection on CK-MB change. Some previous published
papers may help to explain the mediating role of the severity of diarrhea in the association between RV-infection
and elevated CK-MB. For example, Li et al. discovered a positive association between the serum myocardial
enzyme and the severity of disease among children with RV-infected diarrhea?. Two other studies also found
that both the level of CK-MB and the proportion of elevated CK-MB of the severe disease group were higher
than those in the mild disease group?®*. However, Huang et al. found no association between severity of disease
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and degree of myocardial injury among 116 RV-infected children®. These inconsistencies could be attributed to
differences in the severity of diarrhea. Because the criteria adopted by Huang et al. could not comprehensively
evaluate the severity of the disease compared to the total Vasikari score commonly used. There is a possible mech-
anism by which the severity of diarrhea may mediate the effect of RV-infection on the elevation of CK-MB: (1)
rotavirus infection causes severe diarrhea, (2) severe diarrhea results in a loss of electrolytes and dehydration®!,
and (3) electrolyte imbalances, particularly the lack of potassium, makes cardiac muscle irritable and leads to the
increasing of CK-MB?2,

However, this study has some limitations which have to be pointed out. First, given the nature of retrospective
observational study design, many meaningful parameters were unavailable. For example, cTn I has been proved
to be a very sensitive tool to detect minor myocardial injury'# >33, but cTn measurements were not available for
the present study. A further deficit of present study is the lack of data on viral antigen or nucleic acids in blood.
In that case, we can analyze the relationship between CK-MB level and the load of RV in circulation. Second, we
hypothesized that CK-MB can be used to identify children at high risk for cardiac function injury from diarrhea
hospitalizations. But regrettably, for children admitted with diarrhea, we lacked more detailed data of cardiac
symptoms or signs to confirm the clinical practice. Third, the pattern of CK-MB change after RV-infection was
fitted mainly based on the data from different patients at different time points. Thus, a prospective study should be
conducted with a series of consecutive plasma CK-MB value to acquire a more accurate change pattern. Fourth,
future studies to establish the mechanisms are warranted to ascertain the elevation of CK-MB after RV infection.

Conclusion

An elevated CK-MB value is a common finding in children with rotavirus diarrhea, with a peak during days 2-4
of acute illness. The association between RV-infection and elevated CK-MB was significantly mediated by the
severity of the diarrhea. These findings may provide a novel insight into the mechanism by which RV-infection
induced CK-MB elevation and in the therapeutic implications of diarrhea-related complications.

Methods

Study population. Acute diarrhea was defined as three or more loose, or looser-than-normal stools during
a 24-hour period and significant changes in the stool exterior, including watery textures, mucous, or thin paste
but excluded the presence of pus or blood**. Children admitting between Jan 1, 2012 and Dec 31, 2015 to the
Department of Gastroenterology of Guangzhou Women and Children’s Medical Center (GWCMC) and meeting
the following inclusion criteria were enrolled: (1) hospitalized with acute diarrhea, (2) younger than 5 years of
age. Exclusion criteria comprised children with congenital heart disease, hepatic, renal or other severe disease
which might cause elevated serum CK-MB levels. This study was approved by the Medical Ethics Committee of
Guangzhou Women and Children’s Medical Center. And the methods in the study were conducted in accordance
with the guidelines of the Declaration of Helsinki. Written informed consent was obtained from all the guardians
of the participants.

Data and stool collection. Stool specimens were collected from each patient in a sterile stool container.
After collection, the samples were held at room temperature for no longer than 3 hours before freezing and were
kept frozen until testing.

Trained study staff reviewed medical records to extract the relevant data, then recorded them on a standard-
ized case report form. Information collection included the child’s demographics, anthropometric measurements,
date of admission, diarrheal treatment and outcome, the number of days hospitalized, and laboratory tests, espe-
cially the laboratory findings of CK-MB and CK isoenzymes.

Assessment of severity of diarrhea. The enrolled child’s clinical information of frequency and duration
of diarrhea and vomiting, extent of fever, and dehydration before admission were derived from standardized
interviews with the attending clinician, and from medical record abstraction. The severity of diarrhea was eval-
uated using the 20-point Vesikari scoring system based on the longest duration and peak frequency of diarrhea
and vomiting, extent of fever, degree of dehydration, and treatment provided™ by using the data at admission. A
higher score (up to 20) indicates more severe diarrhea.

Laboratory virus testing. Once a week, stool specimens were tested for the presence of rotavirus by the
immune colloidal gold technique using a commercial kit-Rotascreen® Dipstick (Beijing Wantai Biological
Pharmacy Enterprise Co. Ltd., Beijing, China) according to the manufacturer’s instructions. Norovirus, astro-
virus, and adenovirus were detected by Polymerase Chain Reaction (PCR) using the Quantitative Polymerase
Chain Reaction Detecting System ABI7500 (Applied Biosystems, America) as described previously*®. To rule out
the impacts of other viruses, non-rotavirus infection or co-infection were excluded from the final analysis.

Statistical analysis. Categorical variables were expressed as the percentage and compared by Chi-square
test. Continuous variables were reported as mean (standard deviation, SD) or median (interquartile range, IQR)
and compared using the Student’s t-test or Mann-Whitney test, where appropriate. CK-MB and CK levels were
natural log-transformed due to skewness. Multivariate linear regression models of CK-MB levels were used to
estimate odds ratios (OR) and 95% confidence intervals (95% CI) for influencing factors. For children with mul-
tiple CK-MB and CK isoenzymes examinations, only the first one were included in the analyses.

Geometric mean (GM) and geometric standard deviation (GSD) of CK-MB and CK titers for each age group
and days after onset of diarrhea were calculated. GSD represents the antilog of SD of the arithmetic mean of the
log enzyme titers, indicating that the variance of the GM represents a range of GM multiplied or divided by the
GSD. And when compared data and how they changed with age and days after the onset of diarrhea, we used a
line graph.
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The mediating effect of the severity of the diarrhea on the relationship between the RV-infection and elevated
CK-MB was tested using the three-step regression described by Baron and Kenny?*” & Cerin and MacKinnon®.
First, testing the direct relationship between RV infection and CK-MB; second, testing the effect of RV infection
on Vesikari score; and third, testing the effect of Vesikari score on CK-MB after controlling for RV infection.
Mediation is demonstrated when the main independent variable (i.e., RV-infection) is significantly associated
with the main dependent variable (i.e., CK-MB level); the independent variable (i.e., RV-infection) is signifi-
cantly associated with the mediator variable (i.e., Vesikari score); and the mediator variable (i.e., Vesikari score)
is significantly associated with the dependent variable (i.e., CK-MB level) when the independent variable (i.e.,
RV-infection) is controlled. Bootstrapped bias corrected 95% Cls of the direct and indirect effects were computed
with 5000 bootstrapped samples.

All of the P values were two-sided and statistical significance was assessed at P=0.05. The analysis was con-
ducted using R Version 3.3.2 and GraphPad Prism 5.0.

References

1. Van Trang, N. et al. Association between norovirus and rotavirus infection and histo-blood group antigen types in Vietnamese
children. J Clin Microbiol 52, 1366-1374 (2014).

2. Tate, ]. E., Burton, A. H., Boschi-Pinto, C., Parashar, U. D. & World Health Organization-Coordinated Global Rotavirus Surveillance,
N. Global, Regional, and National Estimates of Rotavirus Mortality in Children<5 Years of Age, 2000-2013. Clinical infectious
diseases: an official publication of the Infectious Diseases Society of America 62 Suppl 2, $96-5105 (2016).

. Duan, Z.]. et al. Hospital-Based Surveillance of Rotavirus Diarrhea in the People’s Republic of China, August 2003-July 2007. The
Journal of infectious diseases 200(Suppl 1), S167-173 (2009).

. Zhang, J. et al. Rotavirus-specific and Overall Diarrhea Mortality in Chinese Children Younger than 5 Years: 2003 to 2012. The
Pediatric infectious disease journal 34, €233-237 (2015).

W

'S

5. He, Q. et al. Rotavirus vaccination coverage among children aged 2-59 months: a report from Guangzhou, China. PloS one 8, €68169

6. (Lze(illlizn, E. et al. Rotavirus vaccines and health care utilization for diarrhea in the United States (200-2011). Pediatrics 134, 15-23

7. Eer(i)tlc:il?).aum, J. E. & Daghistani, R. Rotavirus causes hepatic transaminase elevation. Digestive diseases and sciences 52, 3396-3398

8. EGZSEZ%M A. et al. Extraintestinal rotavirus infections in children with immunodeficiency. The Journal of pediatrics 120, 912-917
1992).

9. Lynch, M. et al. Rotavirus and central nervous system symptoms: cause or contaminant? Case reports and review. Clinical infectious
diseases: an official publication of the Infectious Diseases Society of America 33, 932-938 (2001).
10. Dickey, M. et al. Rotavirus meningoencephalitis in a previously healthy child and a review of the literature. The Pediatric infectious
disease journal 28, 318-321 (2009).
. Zulfikar Akelma, A. et al. Macular exanthema in a child with rotavirus gastroenteritis: a case report. Archivos argentinos de pediatria
112, €53-56 (2014).

12. Grech, V,, Calvagna, V., Falzon, A. & Mifsud, A. Fatal, rotavirus-associated myocarditis and pneumonitis in a 2-year-old boy. Annals
of tropical paediatrics 21, 147-148 (2001).

13. Desai, R. et al. Potential intussusception risk versus benefits of rotavirus vaccination in the United States. The Pediatric infectious
disease journal 32,1-7 (2013).

14. Costa, T. N., Cassaro Strunz, C. M., Nicolau, J. C. & Gutierrez, P. S. Comparison of MB fraction of creatine kinase mass and troponin
I serum levels with necropsy findings in acute myocardial infarction. The American journal of cardiology 101, 311-314 (2008).

15. Gollop, N. D, Dhullipala, A., Nagrath, N. & Myint, P. K. Is periprocedural CK-MB a better indicator of prognosis after emergency
and elective percutaneous coronary intervention compared with post-procedural cardiac troponins? Interactive cardiovascular and
thoracic surgery 17, 867-871 (2013).

16. Shi, X. W,, Chen, X. Q,, Yin, M. D. & Cao, Q. Dynamic variation of creatine kinase MB isoenzymes and diagnostic value of
myocardial damage in children with rotavirus diarrhea. Int ] Pediatr 42, 464-467 (2015).

17. Li, L. & Du, X. Y. The correlation between serum cytokine expression and myocardial enzymes in children with rotavirus enteritis.
International Journal of Virology 22, 427-432 (2015).

18. Tatsumi., K. et al. Increased serum CK-M/CK ratio and its relation to serum uric acid with rotavirus gastroenteritis. Recent
Advancement in Pediatrics 02,01-07 (2015).

19. Hoshino, T., Hosokawa, N., Kumasaka, K. & Kawano, K. The relationship of serum mitochondrial creatine kinase and rotavirus
gastroenteritis in pediatric patients. Rinsho Byori 49, 597-602 (2001).

20. Hoshino, T., Hosokawa, N., Yanai, M., Kumasaka, K. & Kawano, K. A study of serum mitochondrial enzymes(mCK, mAST, nMDH)
in rotavirus and adenovirus gastroenteritis in pediatric patients. Rinsho Byori 49, 1157-1161 (2001).

21. Bae, W. T. et al. Elevated Serum Creatine Kinase Level in Rotavirus Gastroenteritis. Korean J Pediatr Gastroenterol Nutr 8, 117-121
(2005).

22. Bodor, G. S. Biochemical Markers of Myocardial Damage. EJIFCC 27, 95-111 (2016).

23. Checchia, P. A. et al. Myocardial injury in children with respiratory syncytial virus infection. Pediatric critical care medicine: a
journal of the Society of Critical Care Medicine and the World Federation of Pediatric Intensive and Critical Care Societies 1, 146-150
(2000).

24. Wichmann, D. et al. Cardiac involvement in dengue virus infections during the 2004/2005 dengue fever season in Sri Lanka. The
Southeast Asian journal of tropical medicine and public health 40, 727-730 (2009).

25. Matsumori, A. Hepatitis C virus infection and cardiomyopathies. Circulation research 96, 144-147 (2005).

26. Matsumori, A., Shimada, T., Chapman, N. M., Tracy, S. M. & Mason, J. W. Myocarditis and heart failure associated with hepatitis C
virus infection. Journal of cardiac failure 12, 293-298 (2006).

27. Li, B. Q. & Wang, Q. X. Analysis of serum myocardial enzyme in infant diarrhea caused by rotavirus. Applied Journal of General
Practice 5,229-230 (2007).

28. Li, S. L. & Sun, H. C. Discussing the relationship between the state of autumn diarrhea and CK-MB. Central Plains Medical Journal
34, 4-5(2007).

29. Gong, X. Y. Changes of myocardial enzymes, troponin, and alanine aminotransferase of children with rotavirus enteritis and its
clinical analysis. Zhejiang Medical Education 11, 50-52 (2012).

30. Huang, L. X. et al. Study on rotavirus enteritis combined with myocardial damage in infants. Chinese Journal of Child Health Care

14, 635-636 (2006).
. Wakwe, V. C. & Okon, K. O. Plasma electrolyte pattern of children with protein energy malnutrition and children with prolonged
diarrhoea. Journal of tropical pediatrics 41, 59-60 (1995).

1

—_

3

—

SCIENTIFICREPORTS|7: 7674 | DOI:10.1038/s41598-017-07636-4 6



www.nature.com/scientificreports/

32. Frustaci, A., Pennestri & Scoppetta, C. Myocardial damage due to hypokalaemia and hypophosphataemia. Postgraduate medical
journal 60, 679-681 (1984).

33. Al-Otaiby, M. A,, Al-Amri, H. S. & Al-Moghairi, A. M. The clinical significance of cardiac troponins in medical practice. Journal of
the Saudi Heart Association 23,3-11 (2011).

34. Liu, L. et al. Epidemiological aspects of rotavirus and adenovirus in hospitalized children with diarrhea: a 5-year survey in Beijing.
BMC Infect Dis 16, 508 (2016).

35. Ruuska, T. & Vesikari, T. Rotavirus disease in Finnish children: use of numerical scores for clinical severity of diarrhoeal episodes.
Scandinavian journal of infectious diseases 22, 259-267 (1990).

36. Ren, Z. et al. Etiological study of enteric viruses and the genetic diversity of norovirus, sapovirus, adenovirus, and astrovirus in
children with diarrhea in Chongqing, China. BMC Infect Dis 13, 412 (2013).

37. Baron, R. M. & Kenny, D. A. The moderator-mediator variable distinction in social psychological research: conceptual, strategic, and
statistical considerations. ] Pers Soc Psychol 51, 1173-1182 (1986).

38. Cerin, E. & Mackinnon, D. P. A commentary on current practice in mediating variable analyses in behavioural nutrition and
physical activity. Public health nutrition 12, 1182-1188 (2009).

Acknowledgements
This work was supported by the Guangzhou Institute of Pediatrics/Guangzhou Women and Children’s Medical
Center [NO. KCP-2016-002]. We also thanked all of the subjects and their caretakers.

Author Contributions

J.Z.,H.Z., H.-Y.L. and S.G. contributed to study concept design, data management and analysis, and manuscript
writing, H.-Y.L. and S.G. also contributed to data management manuscript revision and approval of final
submission. R.G., H.-X.L., H.S. and L.P. contributed to study concept and design and data collection, manuscript
review and study supervision.

Additional Information
Supplementary information accompanies this paper at doi:10.1038/s41598-017-07636-4

Competing Interests: The authors declare that they have no competing interests.

Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

¥ License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2017

SCIENTIFICREPORTS|7: 7674 | DOI:10.1038/541598-017-07636-4 7


http://dx.doi.org/10.1038/s41598-017-07636-4
http://creativecommons.org/licenses/by/4.0/

	Interrelationship of rotavirus infection and Creatine Kinase-MB isoenzyme levels in children hospitalized with acute gastro ...
	Results

	Participant characteristics. 
	Dynamic changes of levels of CK-MB and CK after the onset of diarrhea. 
	Mediating role of disease severity in the association between RV infection and CK-MB or CK level. 

	Discussion

	Conclusion

	Methods

	Study population. 
	Data and stool collection. 
	Assessment of severity of diarrhea. 
	Laboratory virus testing. 
	Statistical analysis. 

	Acknowledgements

	Figure 1 Study sample selection.
	Figure 2 Changes of geometric means of CK-MB titers in RV-positive and RV-negative children according to age by months.
	Figure 3 Changing patterns of geometric means of CK-MB titers in RV-positive and RV-negative children according to days after onset of diarrhea.
	Figure 4 Mediation analysis of RV infection and the level of CK-MB.
	Table 1 Characteristics of rotavirus-positive and rotavirus-negative.




