Du et al. Virology Journal (2022) 19:166

https:/doi.org/10.1186/512985-022-01898-9 Virol ogy J ournal

RESEARCH Open Access

: ®
Global burden and trends of rotavirus Gl

infection-associated deaths from 1990 to 2019:
an observational trend study

Yuxia Du'", Can Chen'", Xiaobao Zhang'", Danying Yan', Daixi Jiang', Xiaoxiao Liu', Mengya Yang',
Cheng Ding', Lei Lan', Robert Hecht?, Changtai Zhu®*" and Shigui Yang'™"

Abstract

Background: Rotavirus is the leading global pathogen of diarrhea-associated mortality and poses a great threat to
public health in all age groups. This study aimed to explore the global burden and 30-year change patterns of rotavi-
rus infection-associated deaths.

Methods: Based on the Global Burden of Disease 2019 Study (GBD 2019), we analyzed the age-standardized death
rate (ASDR) of rotavirus infection by sex, geographical region, and sociodemographic index (SDI) from 1990 to 2019.
A Joinpoint regression model was used to analyze the global trends in rotavirus infection over the 30 years, SaTScan
software was used to detect the spatial and temporal aggregations, and a generalized linear model to explore the
relationship between sociodemographic factors and death rates of rotavirus infection.

Results: Globally, rotavirus infection was the leading cause of diarrheal deaths, accounting for 19.11% of deaths from
diarrhea in 2019. Rotavirus caused a higher death burden in African, Oceanian, and South Asian countries in the past
three decades. The ASDR of rotavirus declined from 11.39 (95% uncertainty interval [95% UI] 5.46-19.48) per 100,000
people in 1990 to 341 (95% Ul 1.60-6.01) per 100,000 people in 2019, with an average annual percentage change
(AAPC) (—4.07%, P < 0.05). However, a significant uptrend was found in high-income North America (AAPC=1.79%,
P<0.05). The death rate was the highest among children under 5 years worldwide. However, the death rates of elderly
individuals over 70 years were higher than those of children under 5 years in 2019 among high, high-middle, middle,
and low-middle SDI regions. Current health expenditure, gross domestic product per capita, and the number of physi-
cians per 1000 people were significantly negatively correlated with death rates of rotavirus.

Conclusions: Although the global trends in the rotavirus burden have decreased substantially over the past three
decades, the burden of rotavirus remained high in Africa, Oceania, and South Asia. Children under 5 years and elderly
individuals over 70 years were the populations most at risk for rotavirus infection-associated deaths, especially elderly
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individuals over 70 years in relatively high SDI regions. More attention should be paid to these areas and populations,
and effective public health policies should be implemented in the future.

Keywords: Rotavirus, Global burden, Global trends, Joinpoint regression model

Introduction

In 2016, diarrheal diseases were the eighth leading cause
of death among all ages and the fourth leading cause of
death among children under 5 years [1, 2]. Rotavirus was
the leading pathogen of death of diarrheal disease [1,
3-5], causing more than 258,000,000 (95% uncertainty
interval [95% UI]: 193,000,000—34:1,000,000) infections
and nearly 129,000 (95% UI 104,500-155,600) deaths
among children under 5 years globally in 2016 [2]. To
prevent rotavirus infection, the World Health Organiza-
tion (WHO) first recommended including the rotavirus
vaccine in national immunization programs in the Euro-
pean region and America in 2006. It was recommended
in 2009 that the vaccine be extended to all regions world-
wide [6, 7].

As the main pathogen of gastroenteritis, rotavirus
infection and death occur in all countries worldwide,
but mainly in developing countries [6]. In recent dec-
ades, some studies have reported reductions in rotavi-
rus infections and deaths due to improvements in safe
water, sanitation, and medical care, as well as advances
in prevention and treatment, such as using rotavirus vac-
cines [8, 9]. However, the burden of rotavirus remained
high, and rotavirus was still a highly prevalent cause of
diarrhea worldwide [2]. In addition, several studies have
found an upward trend in the burden of rotavirus among
elderly individuals. In Europe, the European Rotavirus
Network (EuroRotaNet) has found that the proportion
of rotavirus infections among elderly individuals has
increased in countries such as Germany and Finland [10].
In Australia, a study showed increased hospitalization
rates among elderly individuals [11].

Although some studies have reported the burden of
rotavirus in certain regions or countries, the global bur-
den and epidemiological trends of rotavirus change dur-
ing long-term epidemics have rarely been studied. In
particular, the burden and trends of rotavirus among
elderly individuals (adults 70 years and older) have not
been systematically elucidated. In addition, different risk
factors between regions, unbalanced medical and health
resources, and differences in the sociodemographic index
(SDI) might affect the death burden of rotavirus. How-
ever, there is no systematic study on this aspect. Thus,
based on the latest data from the Global Burden of Dis-
ease 2019 Study (GBD 2019), we investigated the global
burden and the change in the pattern of rotavirus-asso-
ciated mortality to identify regions or populations with

high or rising mortality. We provide insights into the for-
mulation of targeted policies and actions to reduce the
burden of rotavirus.

Methods

Data sources

We obtained data on the global burden of rotavirus from
GBD 2019. Comprehensive and standardized assess-
ments of the world’s health for 369 diseases, injuries, and
impairments from 1990 to 2019 were available in GBD
2019, using consistent methods across countries to com-
pare them. GBD 2019 included 204 countries and terri-
tories divided into 21 regions based on epidemiological
similarities and geographical proximity and five groups
according to SDI quintiles (low, low-middle, middle,
high-middle, and high SDI). The SDI is a comprehen-
sive indicator of economic growth, educational attain-
ment, and fertility rate. This study extracted the number
of deaths, death rates, and ASDRs of rotavirus infection
with 95% Uls from 1990 to 2019, and stratified analyses
were conducted by age, sex, location and year.

Joinpoint regression model analysis

We used a joinpoint regression model to examine the
temporal trend of ASDRs of rotavirus infection in dif-
ferent SDI regions from 1990 to 2019. The annual per-
centage changes (APCs) and average annual percentage
changes (AAPCs) with 95% confidence intervals (Cls)
were then calculated by fitting a regression line to the
natural logarithm of the rates using the year as a regres-
sion variable. We used the Z test to assess whether an
APC and an AAPC differed significantly from zero. If
the APC and AAPC were significant (P<0.05), they were
considered to be increasing or decreasing; Otherwise,
they were considered stable.

Spatial and temporal aggregation analysis

We retrospectively identified clusters of rotavirus infec-
tion-associated deaths via spatial and temporal aggre-
gation analysis using the statistical package SaTScan
(version 9.5). Poisson distribution was selected for the
probabilistic model, and a dynamic space—time two-
dimensional cylindrical scanning window was established
to scan time and country units. The expected number of
deaths, logarithmic likelihood ratios (LLRs), and relative
risks (RRs) were calculated in each scan window. LLRs
were used to estimate the most likely clustering regions
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and then classify the clusters according to the estimated
size of the LLRs. Monte Carlo simulation was used to
evaluate statistical significance, and the significance level
was set at P<0.05.

Generalized linear model (GLM)

We selected 7 covariates from 14 country-level sociode-
mographic covariates across 199 countries from 1990 to
2019, including the gross domestic product (GDP) per
capita, current health expenditure (% of GDP), current
health expenditure per person, percentage of the popu-
lation aged 0-14, the number of physicians per 1000
people, the proportion of the urban population and the
number of population. Several types of GLMs were used
to fit each country-level sociodemographic covariate and
death rates of rotavirus. According to the Akaike infor-
mation criterion, the best fitting model of corresponding
variables was determined to be a Gaussian distribution.
The fitted model equation is as follows:

Log[E(Yt)] =B0+ f5(Current health expenditure (%
of GDP))+ B(Log current health expenditure per per-
son) 4 B(Percentage of the population aged 0-14) 4 S(Log
GDP per capita)+S(Number of physicians per
1000) 4 B(Proportion of the urban population)+ (Log
number of population).

Yt denoted the death rate; S0 was the intercept and
represented the association between each country-level
sociodemographic covariate and the death rates of rota-
virus infection; A positive value of 5 indicated a positive
correlation, and a negative value indicated a negative cor-
relation; We set the significance level at P<0.05.

Software
We used Microsoft Excel 2016 for data extraction, sort-
ing, and cleaning, and R (version 3.2.3), SaTScan (ver-
sion 9.5) and Join-point (version 4.8.0.1) for statistical
analysis.

Results

Global burden and trends of rotavirus infection-associated
deaths

Globally, rotavirus was the predominant pathogen caus-
ing diarrheal deaths among the 13 pathogens included in
GBD 2019, accounting for 19.11% of deaths from diar-
rhea in 2019, corresponding to 235,331 deaths (110,221—
415,457) (Additional file 1: Fig. S1). In the past three
decades, the number of deaths due to rotavirus infection
decreased from 659,053 (95% UI 314,974-1,125,598)
in 1990 to 235,331 (95% UI 110,221-415,457) in 2019
(Table 1). Regionally, the ASDRs decreased in most of the
21 regions, but increased in high-income North Amer-
ica from 1990 to 2019, with a significant AAPC (1.79%,
P<0.05) (Additional file 2: Fig. S2B). In the subgroup
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analysis by sex, the burden of rotavirus for males was
higher than that for females in some regions, especially
in Oceania. Interestingly, the ASDRs presented a signifi-
cant uptrend for females in high-income North America
(AAPC=1.72%, P<0.05) and Australia (AAPC=0.74%,
P<0.05). Although the ASDRs of females in Western
Europe also presented an uptrend, there was no statisti-
cal significance (AAPC=0.16%, P=0.66) (Additional
file 2: Fig. S2).

Nationally, rotavirus caused a higher burden in African,
Oceanian, and South Asian countries. In 1990, the ASDR
of rotavirus infection was greatest in Niger, whereas in
2019, Chad showed the highest ASDR, followed by the
Central African Republic and Niger. However, the lowest
ASDR was recorded in Ireland in 1990, followed by Aus-
tria, whereas Estonia presented the lowest ASDR in 2019
(Fig. 1A-B). During the past 30 years, the ASDRs of rota-
virus infection exhibited a downtrend in most countries,
among which Uzbekistan presented the lowest AAPC
(—13.43%, P<0.05). In contrast, the ASDRs presented an
uptrend in countries such as Austria and Sweden, and the
AAPC (7.13%, P<0.05) in Austria was the greatest from
1990 to 2019 (Fig. 1C).

The spatial and temporal aggregation analysis showed
two levels of spatial and temporal aggregation areas.
The first level spatial and temporal aggregation area
was composed primarily of 29 African countries such
as Congo, Nigeria, and Chad. The gathering time was
from 1990/1/1 to 2004/12/31, with a relative risk of
11.62 (LLR=4,822,394.07, P<0.05). The number of
deaths due to rotavirus infection reported in the regions
was 3,403,358, and the number of expected deaths was
378,326. The second-level spatial and temporal aggre-
gation area was in South Asia, comprising 27 countries
from 1990/1/1 to 2004/12/31, with a relative risk of 2.05
(LLR=581,306.58, P<0.05). The number of deaths due to
rotavirus infection reported in the areas was 3,413,613,
and the number of expected deaths was 1,906,684
(Fig. 1D).

SDI- and age-specific burden and trends of rotavirus
infection-associated deaths

Among the five SDI regions in 2019, the low SDI region
bore the heaviest burden of rotavirus with a total num-
ber of deaths of 130,065 (95% Ul 58,667—-232,527) and
an ASDR of 10.71 (95% UI 4.80-19.71) per 100,000
people (Table 1). From 1990 to 2019, the ASDRs pre-
sented a downtrend in five SDI regions with signifi-
cant AAPCs (Fig. 2A-F). However, the ASDRs showed
a significant uptrend in the high-middle SDI region
from 2017 to 2019 (APC =5.87%, P<0.05). From 2016
to 2019, the ASDRs of rotavirus infection presented
an uptrend in the middle SDI area with no statistical
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significance (APC=0.60%, P=0.14) (Fig. 2C, D). Fur-
thermore, the ASDRs of rotavirus infection decreased
with the increase of SDI index, presenting higher SDI
regions showing a lower burden (Additional file 3: Fig.
S3A).

Children under 5 years and elderly individuals over
70 years were the two main age groups with signifi-
cantly high death rates of rotavirus infection. The
death rates of elderly individuals over 70 years showed
an uptrend in the high-middle SDI area from 1990 to
2019 with a significant APC (1.29%, P<0.05). In addi-
tion, the death rates of elderly individuals over 70 years
also showed an uptrend in the high SDI region, though
with no statistical significance (APC =0.40%, P=0.34)
(Fig. 2H-L). Children under 5 years remained the main
age group for rotavirus infection-associated deaths
globally, with ratios (elderly individuals over 70 years
vs. children under 5 years) from 0.28 in 1990 to 0.45
in 2019 (Fig. 3). Moreover, the death rates of elderly
individuals over 70 years were found to be higher than
those of children under 5 years in 2019 among high,
high-middle, middle, and low-middle SDI regions,
with the ratios (elderly individuals over 70 years vs.
children under 5 years) from 1.27 in the low-middle
SDI regions to 2.69 in the high SDI regions (Fig. 3). It
meant that elderly individuals over 70 years necessitate
attention in these regions.

The effect of sociodemographic factors on the death rates
of rotavirus infection

The GLM showed that the current health expenditure
(% of GDP) (f=-—0.034, P=0.049), GDP per capita
(8=—-0.171, P=0.040), and the number of physicians
per 1000 people (8=—0.285, P<0.001) had significant
negative effects on the death rates of rotavirus infection.
The proportion of the urban population had a negative
effect on the death rates with no statistical significance
(8=—0.003, P=0.146). In contrast, the percentage of the
population aged 0-14 (5=0.178, P<0.001) and the num-
ber of population (8=0.108, P<0.001) were significantly
positively correlated with death rates. Although the cur-
rent health expenditure per person (=0.108, P=0.160)
was also positively correlated with the death rates, there
was no statistical significance (Table 2). A correlation
analysis at the national level showed a significant negative
correlation (R=—0.64, P<0.05) between the ASDRs of
rotavirus infection and the SDI index in 2019 (Additional
file 3: Fig. S3B).

Discussion

This study estimated the global burden and trends of
rotavirus infection-associated deaths in the past three
decades. We showed that the ASDRs of rotavirus infec-
tion dramatically decreased from 1990 to 2019. However,
the ASDRs remained unacceptably high in developing
countries (e.g., Africa, Oceania, and South Asia), and
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the three countries with the highest ASDRs of rotavirus
infection were all in Africa. Rotavirus is primarily trans-
mitted via the fecal-oral route. In addition, the transmis-
sion may also occur through feces-contaminated food,
water, hands and surfaces and respiratory droplets [6,
12]. Rotavirus infection mainly causes gastrointestinal
symptoms such as diarrhea. Using rotavirus vaccine and
enhanced interventions, such as improving sanitation
and water sanitation and hygiene, supplementing vitamin

A, zinc and oral rehydration salts (ORS), and appropri-
ate case management, can reduce the burden of diarrhea
[13, 14]. Compared to developed countries, the ASDRs of
rotavirus infection were higher in developing countries,
which might be attributed to lower hygiene standards,
malnutrition, poor sanitation and inadequate access to
medical care [8, 13, 15]. Vaccines are the most effective
public health intervention for preventing and control-
ling infectious diseases. The use of vaccines reduced the
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hospitalization rates for rotavirus infection [16, 17]. Two
oral vaccines, RotaTeq and Rotarix, have been success-
fully deployed since 2006, and rotavirus vaccines were
introduced in more than 100 countries in 2019. Some
studies have shown different efficacies of rotavirus vac-
cines in different countries [6, 18-20]. For example,
Rotarix prevented 90.4% of severe rotavirus infections
in Europe, but only 61.2% were prevented in Africa [21,
22]. RotaTeq’s efficacy in treating severe gastroenteritis
ranges from 83 to 100% in developed countries such as
the United States and Finland but only 30 to 74% in the
developing country of Nicaragua [23, 24]. In addition,
Chad and the Central African Republic, two countries in
Africa with the highest ASDRs in 2019, had not yet intro-
duced a rotavirus vaccine by the end of 2020 [25]. There-
fore, there is a need to develop more effective vaccines
and strengthen interventions. Countries that have not yet
introduced rotavirus vaccines need to be encouraged to
actively introduce vaccines to reduce the burden of rota-
virus in these regions.

Differences in the burden of rotavirus infection-asso-
ciated deaths have emerged between males and females.
The ASDRs for males in some areas were higher than in
females, particularly in Oceania, where the ratio of the
ASDRs between males and females was 2.11. Salim et al.
also reported that the ratio of rotavirus infection between
boys and girls was 1.6: 1, indicating that boys are more
susceptible to rotavirus infection than girls [26]. A pre-
vious study suggested that most infectious disease symp-
toms in children are more likely to occur in males [27].

In addition, sex differences in the burden of rotavirus
infection-associated deaths can be explained by various
factors, such as differences in behavior, hormonal differ-
ences, immune function differences, and gene expres-
sion between males and females [28, 29]. All these factors
could lead to differences in the burden of rotavirus infec-
tion-associated deaths between the sexes. However, the
exact biological mechanisms involved remain unclear
and further research is needed.

Children under 5 years and elderly individuals over
70 years were the two main age groups with a signifi-
cantly high burden of rotavirus, as they have relatively
poor immunity and are more susceptible to infectious
diseases. This agrees with the finding that the burden of
diarrheal diseases was heaviest in these two age groups
[1]. Because global initiatives to reduce the burden of
diarrhea have mostly focused on children under 5 years,
and the use of rotavirus vaccines, the death rates of
rotavirus infection among children under 5 years have
declined dramatically in the past three decades. In 2019,
the death rates of elderly individuals over 70 years were
higher than those of children under 5 years in high, high-
middle, middle and low-middle SDI regions. This might
be ascribed to the rapid aging of populations in both
developed and developing countries, and elderly indi-
viduals are vulnerable to death from infectious diseases
because of weakened immunity and underlying diseases
[30]. Population aging is a global problem, and studies
have reported that population growth and aging lead to
increased disease burden [31, 32]. Moreover, more elderly
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Table 1 The death numbers and ASDR of rotavirus infection in 1990 and 2019 with AAPCs over the 30 years

1990 2019

Death number(95% Ul) ASDR(95% UI) Death number(95% Ul) ASDR(95% Ul) AAPC, %(95% Cl)

Global

Gender
Male

Female

SDI rank

High SDI
High-middle SDI
Middle-SDI
Low-middle SDI

Low SDI

GBD regions

Andean Latin America
Australasia

Caribbean

Central Asia

Central Europe
Central Latin America

Central Sub-Saharan
Africa

East Asia
Eastern Europe

Eastern Sub-Saharan
Africa

High-income Asia Pacific

High-income North
America

North Africa and Middle
East

Oceania

South Asia

Southeast Asia
Southern Latin America

Southern Sub-Saharan
Africa

Tropical Latin America
Western Europe

Western Sub-Saharan
Africa

659,053 (314,974~
1,125,598)

352,867 (166,183—
608,843)

306,187 (145,000~
534,575)

1443 (674-2549)
18,990 (9183-30411
126,931 (61,348-209,772)

260,739 (119,730~
467,415)

250,593 (113,581~
428,636)

6002 (3725-8524)

9 (4-16)

3603 (1701-6255)
1910 (716-3917)

262 (125-429)

21,355 (11,627-32,566)
35,801 (16,072-62,837)

39,195 (18,103-61,488)
618 (298-963)
67,508 (30,011-121,444)

179 (76-336)
45 (22-76)

26,666 (10,860-50,417)

1028 (495-1725)

191,715 (83,315-357,226)
81,417 (36,466-141,759)
320 (140-588)

4478 (1730-9078)

10,271 (4282-19,778)
157 (61-314)
166,514 (72,971-296,750)

11.39 (5.46-19.48)

12.65 (6.01-21.86)

10.55 (4.85-18.75)

0.22 (0.10-0.39)
1.86 (0.90-2.99)
7.31(347-12.34)
24.01 (11.32-42.68)

37.52(17.2-67.01)

13.64 (8.29-20.36)
0.04 (0.02-0.08)
9.07 (4.3-15.79)
2.03(0.76-4.16)
0.31(0.15-0.51)
11.96 (642-18.51)
46.14 (21.48-80.74)

344 (1.63-543)
0.40 (0.19-0.62)
2049 (9.16-37.71)

0.13 (0.06-0.24)
0.02 (0.01-0.03)

5.09(2.10-9.67)

3223 (16.62-57.66)
2542 (11.10-46.54)
16.23 (7.09-28.74)
0.66 (0.29-1.23)
7.71(2.93-15.25)

6.37 (2.67-12.09)
0.03 (0.01-0.07)
59.94 (26.39-106.39)

235,331 (110,221-
415,457)

122,824 (59,570-215,761)

112,506 (50,821-208,725)

704 (278-1444)

6201 (2951-11,537)
42,881 (21,626-76,459
55,338 (25,198-101,806)

130,065 (58,667-232,527)

757 (369-1465)
25(9-53)

763 (292-1481)

135 (46-302)

27 (14-47)

2765 (1369-4729)
15,409 (5216-32,211)

1227 (626-2020)
71(33-117)
28,148 (13,311-50,067)

289 (103-647)
130 (51-274)

7974 (3394-14,796)

1379 (676-2384)

64,372 (28,290-126,945)
13,618 (6039-25,555)
117 (46-232)

1687 (652-3543)

911 (389-1756)
262 (104-533)
95,265 (41,399-172,892)

341 (1.60-6.01)

3.65(1.78-6.42)

3.21(1.46-5.83)

0.05 (0.02-0.09

0.44 (0.22-0.75

2.28(1.17-4.02
(

)
)
)
3.94(1.73-7.54)

10.71 (4.80-19.71)

1.30 (0.62-2.55
0.05 (0.02-0.11
1.75 (0.65-3.48
0.14 (0.05-0.32
0.04 (0.02-0.06
1.23(0.61-2.11

11.99 (4.53-23.29)

0.14(0.07-0.22)
0.06 (0.03-0.09)
4.95(2.33-9.18)

0.07 (0.03-0.14)
0.03 (0.01-0.06)

1.36 (0.58-2.54)

18.38 (8.90-32.64)
5.77 (247-11.49)

2.52(1.11-4.82)
0.16 (0.07-0.32)
2.63(0.97-5.72)

048 (0.20-0.94)
0.03 (0.01-0.06)

18.26 (8.15-32.78)

—4.07* (—4.32,—3.81)

—4.18*% (—4.30,—4.07)

—4.03* (—4.25,—3.80)

—5.13%(=5.50,—4.76)
—4.88* (—5.02,—4.74)
—397%(—4.16,—3.78)
—6.12%(—6.38,—5.85)

—4.22% (—4.46,—3.98)

—8.22% (—8.59,—7.85)
0.63 (=0.01,1.27)
—6.04* (—6.49,—5.59)
—8.70%(—9.01,—839)
—6.82%(—7.28—-637)
—751*%(=7.72,—7.30)
- )

1 (
—441% (—4.80,—4.02

—1051% (= 11.04,—9.98)
—635%(—7.27,—543)
—4.76* (—5.00,—4.51)

—2.19%(—2.63,—1.75)
1.79%(1.58,2.01)

—445% (—4.80,—4.11)

—1.93*%(=2.15-1.71)
—5.00% (—5.36,—4.64)
—6.22%(—6.33,—6.11)
—4.62%(=553,—-370)
—3.67%(—4.14,—3.21)

—865%(—9.47,—783)
—0.77*%(—1.36,—0.18)
—4.07* (—4.32,—3.81)

The AAPCs with asterisks (*) are statistically significant (P<0.05).

ASDR age-standardized death rate; AAPC average annual percentage change.

individuals live in hospitals and nursing homes in higher
SDI regions with improved health and medical security.
Edmonson et al. reported that when rotavirus infec-
tion occurs in nursing homes, it spreads quickly [33].

In addition, the increased burden of rotavirus among
elderly individuals might also be due to increased patho-
gen testing in health care facilities of stool samples from
elderly patients with gastroenteritis [34, 35]. This finding
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Table 2 The correlation analysis of sociodemographic factors to
the death rates of rotavirus infection

Factors B Std. Error Pvalue
Current health expenditure (% of GDP) —0034 0017 0.049
Log current health expenditure per 0.108 0.077 0.160
person

Percentage of the population aged 0-14 0.178 0.004 <0.001
Log GDP per capita —0.171 0.083 0.040
Number of physicians per 1000 people —0.285 0.028 <0.001
Proportion of the urban population —0.003 0.002 0.146
Log number of population 0.108 0.013 <0.001
(Intercept) —5673 0524 <0.001

emphasizes the need for targeted interventions for rota-
virus infections in elderly individuals over 70 years, such
as whether vaccines should be recommended for these
individuals.

Notably, our findings also indicated that the burden of
rotavirus was negatively correlated with current health
expenditure (% of GDP), GDP per capita, and the number
of physicians per 1000 people. Claudine et al. reported
that children from low-income families were at higher
risk of diarrhea than those from wealthy families [36].
Previous studies also reported that risk factors associ-
ated with diarrheal mortality are inadequate access to
medical care, malnutrition and poverty [14, 37, 38], sug-
gesting that increasing GDP per capita and health care
levels (health expenditure and the number of physicians)
can reduce the burden of rotavirus-associated diarrhea.
There was a positive correlation between the percentage
of the population aged 0-14 and the burden of rotavirus.
This is easy to explain because children under 5 years
old were most at risk for rotavirus due to their weakened
immune systems. The above risk factors can support the
implementation of specific policies to reduce the burden
of rotavirus.

Limitation

First, although the sensitivity and specificity of ELISA
are high (>95%) and the detection of rotavirus has been
increasingly implicated in diarrheal diseases, targeted
pathogen detection of rotavirus is still insufficient in
diarrhea cases. In adults, diarrheal diseases attribut-
able to rotavirus are mostly subclinical or mild, they are
less likely to go to the hospital, and hospitals rarely con-
duct rotavirus testing in adult patients with diarrhea.
As a result, the number of confirmed rotavirus cases
reported to public health authorities may be lower than
is the case. In particular, in developing regions, data on
the incidence of diarrhea and its causes are scarce, and
this area relies more on model estimation. All these
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factors may lead to an underestimation of the number
and morbidity of rotavirus infections. Second, our study
discussed only the burden of rotavirus infection-asso-
ciated death, which only partly reflects the disease bur-
den of rotavirus. In the future, more research is needed
to explore the disease burden of rotavirus with multiple
indicators to provide more comprehensive evidence and
support for policy-making.

Conclusions

We analyzed the global burden and trends of rotavirus
infection-associated deaths in the past three decades by
age and sex in different regions and countries. Although
the global trend has decreased substantially in the past
three decades, the burden of rotavirus remained high in
Africa, Oceania, and South Asia. Children under 5 years
and elderly individuals over 70 years population were
most at risk of rotavirus infection-associated deaths,
especially for elderly individuals over 70 years in rela-
tively high SDI regions. More attention should be paid to
these regions and populations, and effective public health
policies should be implemented, including improving
medical care, strengthening the protection of vulnerable
groups, increasing the coverage of existing vaccines, and
developing more effective vaccines in the future.

Abbreviations

GBD 2019: Global Burden of Disease 2019 Study; ASDR: Age-standardized
death rate; SDI: Sociodemographic index; 95% Ul: 95% uncertainty interval;
AAPC: Average annual percentage change; WHO: World Health Organiza-
tion; EuroRotaNet: European Rotavirus Network; APC: Annual percentage
change; Cl: Confidence intervals; LLR: Logarithmic likelihood ratio; RR: Relative
risk; GDP: Gross domestic product; GLM: Generalized linear model; ORS: Oral
rehydration salts.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512985-022-01898-9.

Additional file 1. Fig. S1. 13 pathogens caused diarrhea globally for 1990
and 2019, including deaths number and their percentage.

Additional file 2. Fig. S2. Temporal trends and gender-specific burden
of rotavirus infection-associated deaths in 21 regions. A ASDRs in 1990; B
AAPCs from 1990 to 2019; C ASDRs in 2019. The AAPCs with asterisks (*)
are not statistically significant (P > 0.05).

Additional file 3. Fig. S3. Association between rotavirus infection-asso-
ciated deaths and SDI. A ASDRs of 21 regions; B ASDRs of 204 countries
and territories.

Acknowledgements
None.

Author contributions

S.. designed the study; YD, C.C, X.Z,D.Y, DJ, XL, M.Y, CD, and L.L. collected
data; Y.D,, C.C. and X.Z. analyzed data; Y.D and C.C checked the data and
results; S.Y, Y.D.,, C.C. and X.Z. interpreted the data and wrote the report; RH.
and C.Z. modified the language; S.Y, C.Z. and RH. revised the report from


https://doi.org/10.1186/s12985-022-01898-9
https://doi.org/10.1186/s12985-022-01898-9

Du et al. Virology Journal (2022) 19:166

the preliminary draft to submission. All authors have read and agreed to the
published version of the manuscript. All authors read and approved the final
manuscript.

Funding

This study was supported by grants from the National Natural Science
Foundation of China (grant number: 82173577, 81672005, U1611264,
81001271), the Mega-Project of National Science and Technology for the 12th
and 13th Five-Year Plan of China (grant number: 20182X10715-014-002 and
20147X10004008).

Availability of data and materials
All data generated or analysed during this study are included in this published
article [and its supplementary information files].

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests

The authors declare that the research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential
conflict of interest.

Author details

'Department of Public Health, State Key Laboratory for Diagnosis and Treat-
ment of Infectious Diseases, National Clinical Research Center for Infectious
Diseases, Collaborative Innovation Center for Diagnosis and Treatment

of Infectious Diseases, The First Affiliated Hospital, Zhejiang University School
of Medicine, 79 Qingchun Road, Hangzhou, China. 2Department of Epidemiol-
ogy of Microbial Diseases, Yale School of Public Health, New Haven, CT 06520,
USA. 3Department of Laboratory Medicine, Shanghai Jiao Tong University
Affiliated Sixth People’s Hospital, Shanghai, China.

Received: 4 July 2022 Accepted: 3 October 2022
Published online: 20 October 2022

References

1. Troeger C, Blacker BF, Khalil IA, Rao PC, Cao S, Zimsen SRM, et al. Estimates
of the global, regional, and national morbidity, mortality, and aetiologies
of diarrhoea in 195 countries: a systematic analysis for the Global Burden
of Disease Study 2016. Lancet Infect Dis. 2018;18(11):1211-28. https://doi.
0rg/10.1016/51473-3099(18)30362-1.

2. Troeger C, Khalil IA, Rao PC, Cao S, Blacker BF, Ahmed T, et al. Rotavirus
vaccination and the global burden of rotavirus diarrhea among children
younger than 5 years. JAMA Pediatr. 2018;172(10):958-65. https://doi.org/
10.1001/jamapediatrics.2018.1960.

3. Troeger C, Forouzanfar M, Rao PC, Khalil |, Brown A, Reiner RC, et al. Esti-
mates of global, regional, and national morbidity, mortality, and aetiolo-
gies of diarrhoeal diseases: a systematic analysis for the Global Burden of
Disease Study 2015. Lancet Infect Dis. 2017;17(9):909-48. https://doi.org/
10.1016/51473-3099(17)30276-1.

4. Wang H, Naghavi M, Allen C, Barber RM, Bhutta ZA, Carter A, et al.

Global, regional, and national life expectancy, all-cause mortality, and
cause-specific mortality for 249 causes of death, 1980-2015: a systematic
analysis for the Global Burden of Disease Study 2015. The Lancet.
2016;388(10053):1459-544. https://doi.org/10.1016/50140-6736(16)
31012-1.

5. Tate JE, Burton AH, Boschi-Pinto C, Parashar UD. Global, regional, and
national estimates of rotavirus mortality in children <5 years of age,
2000-2013. Clin Infect Dis. 2016;62(Suppl 2):596-s105. https://doi.org/10.
1093/cid/civi013.

20.

21

22.

23.

24.

Page 9 of 10

Sadig A, Bostan N, Yinda KC, Naseem S, Sattar S. Rotavirus: genetics,
pathogenesis and vaccine advances. Rev Med Virol. 2018;28(6): €2003.
https://doi.org/10.1002/rmv.2003.

Hallowell BD, Tate J, Parashar U. An overview of rotavirus vaccination pro-
grams in developing countries. Expert Rev Vaccines. 2020;19(6):529-37.
https://doi.org/10.1080/14760584.2020.1775079.

Lestari FB, Vongpunsawad S, Wanlapakorn N, Poovorawan Y. Rotavirus
infection in children in Southeast Asia 2008-2018: disease burden,
genotype distribution, seasonality, and vaccination. J Biomed Sci.
2020;27(1):66. https://doi.org/10.1186/512929-020-00649-8.

Kawai K, O'Brien MA, Goveia MG, Mast TC, El Khoury AC. Burden of
rotavirus gastroenteritis and distribution of rotavirus strains in Asia: a
systematic review. Vaccine. 2012;30(7):1244-54. https://doi.org/10.1016/.
vaccine.2011.12.092.

Eurorotanet annual report 2020. EuroRotaNet surveillance network. 2021.
Available: https://www.eurorotanet.com/wp-content/uploads/2021/11/
EuroRotaNet_report-2020_20211115_Final_v1.0.pdf. Accessed 10 May
2022.

. Dey A, Wang H, Menzies R, Macartney K. Changes in hospitalisations for

acute gastroenteritis in Australia after the national rotavirus vaccination
program. Med J Aust. 2012;197(8):453-7. https://doi.org/10.5694/mja12.
10062.

Bernstein DI. Rotavirus overview. Pediatr Infect Dis J. 2009;28(3
Suppl):S50-3. https://doi.org/10.1097/INF.0b013e3181967bee.

Qazi S, Aboubaker S, MacLean R, Fontaine O, Mantel C, Goodman T,

et al. Ending preventable child deaths from pneumonia and diar-

rhoea by 2025. Development of the integrated global action plan for
the prevention and control of pneumonia and diarrhoea. Arch Dis
Child. 2015;100(Suppl 1):523-8. https://doi.org/10.1136/archdischi
|d-2013-305429.

Masanja H, Mongi P, Baraka J, Jackson B, Kisisiwe Y, Manji K, et al. Factors
associated with the decline in under five diarrhea mortality in Tanzania
from 1980-2015. J Glob Health. 2019;9(2):020806. https://doi.org/10.
7189/jogh.09.020806.

Kotloff KL. The burden and etiology of diarrheal illness in developing
countries. Pediatr Clin North Am. 2017,64(4):799-814. https://doi.org/10.
1016/j.pcl.2017.03.006.

Keating GM. Rotavirus vaccine RIX4414 (Rotarix). Paediatr Drugs.
2006;8(6):389-95. https://doi.org/10.2165/00148581-200608060-00006.
Koéivumagi K, Toompere K, Soeorg H, Kallas E, Jogeda EL, Huik K, et al.
Acute gastroenteritis hospitalizations after implementation of universal
mass vaccination against rotavirus. Vaccine. 2020;38(13):2879-86. https://
doi.org/10.1016/j.vaccine.2020.01.098.

JiangV, Jiang B, Tate J, Parashar UD, Patel MM. Performance of rota-

virus vaccines in developed and developing countries. Hum Vaccin.
2010;6(7):532-42. https://doi.org/104161/hv.6.7.11278.

Kirkwood CD, Ma LF, Carey ME, Steele AD. The rotavirus vaccine develop-
ment pipeline. Vaccine. 2019;37(50):7328-35. https://doi.org/10.1016/j.
vaccine.2017.03.076.

Cherian T, Wang S, Mantel C. Rotavirus vaccines in developing countries:
the potential impact, implementation challenges, and remaining ques-
tions. Vaccine. 2012;30(Suppl 1):A3-6. https://doi.org/10.1016/j.vaccine.
2011.10.007.

Vesikari T, Karvonen A, Prymula R, Schuster V, Tejedor JC, Cohen R, et al.
Efficacy of human rotavirus vaccine against rotavirus gastroenteritis dur-
ing the first 2 years of life in European infants: randomised, double-blind
controlled study. Lancet. 2007;370(9601):1757-63. https://doi.org/10.
1016/50140-6736(07)61744-9.

Madhi SA, Cunliffe NA, Steele D, Witte D, Kirsten M, Louw C, et al. Effect
of human rotavirus vaccine on severe diarrhea in African infants. N Engl J
Med. 2010;362(4):289-98. https://doi.org/10.1056/NEJM0a0904797.
Vesikari T, Matson DO, Dennehy P, Van Damme P, Santosham M, Rodri-
guez Z, et al. Safety and efficacy of a pentavalent human-bovine (WC3)
reassortant rotavirus vaccine. N Engl J Med. 2006;354(1):23-33. https://
doi.org/10.1056/NEJM0a052664.

Patel M, Pedreira C, De Oliveira LH, Tate J, Orozco M, Mercado J, et al.
Association between pentavalent rotavirus vaccine and severe rotavirus
diarrhea among children in Nicaragua. JAMA. 2009;301(21):2243-51.
https://doi.org/10.1001/jama.2009.756.


https://doi.org/10.1016/s1473-3099(18)30362-1
https://doi.org/10.1016/s1473-3099(18)30362-1
https://doi.org/10.1001/jamapediatrics.2018.1960
https://doi.org/10.1001/jamapediatrics.2018.1960
https://doi.org/10.1016/s1473-3099(17)30276-1
https://doi.org/10.1016/s1473-3099(17)30276-1
https://doi.org/10.1016/s0140-6736(16)31012-1
https://doi.org/10.1016/s0140-6736(16)31012-1
https://doi.org/10.1093/cid/civ1013
https://doi.org/10.1093/cid/civ1013
https://doi.org/10.1002/rmv.2003
https://doi.org/10.1080/14760584.2020.1775079
https://doi.org/10.1186/s12929-020-00649-8
https://doi.org/10.1016/j.vaccine.2011.12.092
https://doi.org/10.1016/j.vaccine.2011.12.092
https://www.eurorotanet.com/wp-content/uploads/2021/11/EuroRotaNet_report-2020_20211115_Final_v1.0.pdf
https://www.eurorotanet.com/wp-content/uploads/2021/11/EuroRotaNet_report-2020_20211115_Final_v1.0.pdf
https://doi.org/10.5694/mja12.10062
https://doi.org/10.5694/mja12.10062
https://doi.org/10.1097/INF.0b013e3181967bee
https://doi.org/10.1136/archdischild-2013-305429
https://doi.org/10.1136/archdischild-2013-305429
https://doi.org/10.7189/jogh.09.020806
https://doi.org/10.7189/jogh.09.020806
https://doi.org/10.1016/j.pcl.2017.03.006
https://doi.org/10.1016/j.pcl.2017.03.006
https://doi.org/10.2165/00148581-200608060-00006
https://doi.org/10.1016/j.vaccine.2020.01.098
https://doi.org/10.1016/j.vaccine.2020.01.098
https://doi.org/10.4161/hv.6.7.11278
https://doi.org/10.1016/j.vaccine.2017.03.076
https://doi.org/10.1016/j.vaccine.2017.03.076
https://doi.org/10.1016/j.vaccine.2011.10.007
https://doi.org/10.1016/j.vaccine.2011.10.007
https://doi.org/10.1016/s0140-6736(07)61744-9
https://doi.org/10.1016/s0140-6736(07)61744-9
https://doi.org/10.1056/NEJMoa0904797
https://doi.org/10.1056/NEJMoa052664
https://doi.org/10.1056/NEJMoa052664
https://doi.org/10.1001/jama.2009.756

Du et al. Virology Journal

25.

26.

27.

28.

29.

30.

31.

32.

33

34

35.

36.

37.

38.

(2022) 19:166

Okafor CE, Ekwunife Ol. Introducing rotavirus vaccine in eight sub-
Saharan African countries: a cost-benefit analysis. Lancet Glob Health.
2021;9(8):21088-100. https://doi.org/10.1016/52214-109%(21)00220-5.
Salim H, Karyana IP, Sanjaya-Putra |G, Budiarsa S, Soenarto Y. Risk factors of
rotavirus diarrhea in hospitalized children in Sanglah Hospital, Denpasar:
a prospective cohort study. BMC Gastroenterol. 2014;14:54. https://doi.
org/10.1186/1471-230x-14-54.

PeerV, Schwartz N, Green MS. A pooled analysis of sex differences in
Rotaviral enteritis incidence rates in three countries over different time
periods. Womens Health Rep (New Rochelle). 2022;3(1):228-37. https://
doi.org/10.1089/whr.2021.0096.

Klein SL. The effects of hormones on sex differences in infection: from
genes to behavior. Neurosci Biobehav Rev. 2000;,24(6):627-38. https://doi.
0rg/10.1016/50149-7634(00)00027-0.

Pinheiro |, Dejager L, Libert C. X-chromosome-located microRNAs in
immunity: might they explain male/female differences? The X chromo-
some-genomic context may affect X-located miRNAs and downstream
signaling, thereby contributing to the enhanced immune response of
females. BioEssays. 2011;33(11):791-802. https://doi.org/10.1002/bies.
201100047.

Ciabattini A, Nardini C, Santoro F, Garagnani P, Franceschi C, Medaglini D.
Vaccination in the elderly: the challenge of immune changes with aging.
Semin Immunol. 2018;40:83-94. https://doi.org/10.1016/j.smim.2018.10.
010.

Charlson FJ, Ferrari AJ, Santomauro DF, Diminic S, Stockings E, Scott JG,
et al. Global epidemiology and burden of schizophrenia: findings from
the global burden of disease study 2016. Schizophr Bull. 2018;44(6):1195-
203. https://doi.org/10.1093/schbul/sby058.

Palazzo C, Nguyen C, Lefevre-Colau MM, Rannou F, Poiraudeau S. Risk fac-
tors and burden of osteoarthritis. Ann Phys Rehabil Med. 2016;59(3):134—
8. https://doi.org/10.1016/j.rehab.2016.01.006.

Edmonson LM, Ebbert JO, Evans JM. Report of a rotavirus outbreak in an
adult nursing home population. J Am Med Dir Assoc. 2000;1(4):175-9.
Field EJ, Vally H, Grimwood K, Lambert SB. Pentavalent rotavirus vaccine
and prevention of gastroenteritis hospitalizations in Australia. Pediatrics.
2010;126(3):506-12. https://doi.org/10.1542/peds.2010-0443.

Lambert SB, Faux CE, Hall L, Birrell FA, Peterson KV, Selvey CE, et al. Early
evidence for direct and indirect effects of the infant rotavirus vaccine
program in Queensland. Med J Aust. 2009;191(3):157-60. https://doi.org/
10.5694/j.1326-5377.2009.t002727 X.

Claudine U, Kim JY, Kim EM, Yong TS. Association between sociodemo-
graphic factors and diarrhea in children under 5 years in Rwanda. Korean
J Parasitol. 2021;59(1):61-5. https://doi.org/10.3347/kjp.2021.59.1.61.
Acécio S, Mandomando I, Nhampossa T, Quinté L, Vubil D, Sacoor C, et al.
Risk factors for death among children 0-59 months of age with moder-
ate-to-severe diarrhea in Manhica district, southern Mozambique. BMC
Infect Dis. 2019;19(1):322. https://doi.org/10.1186/512879-019-3948-9.
Rheingans R, Anderson JD, Bagamian KH, Laytner LA, Pecenka CJ, Gilani
SSA, et al. Effects of geographic and economic heterogeneity on the
burden of rotavirus diarrhea and the impact and cost-effectiveness of
vaccination in Pakistan. Vaccine. 2018;36(51):7780-9. https://doi.org/10.
1016/j.vaccine.2018.02.008.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 10 of 10

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1016/s2214-109x(21)00220-5
https://doi.org/10.1186/1471-230x-14-54
https://doi.org/10.1186/1471-230x-14-54
https://doi.org/10.1089/whr.2021.0096
https://doi.org/10.1089/whr.2021.0096
https://doi.org/10.1016/s0149-7634(00)00027-0
https://doi.org/10.1016/s0149-7634(00)00027-0
https://doi.org/10.1002/bies.201100047
https://doi.org/10.1002/bies.201100047
https://doi.org/10.1016/j.smim.2018.10.010
https://doi.org/10.1016/j.smim.2018.10.010
https://doi.org/10.1093/schbul/sby058
https://doi.org/10.1016/j.rehab.2016.01.006
https://doi.org/10.1542/peds.2010-0443
https://doi.org/10.5694/j.1326-5377.2009.tb02727.x
https://doi.org/10.5694/j.1326-5377.2009.tb02727.x
https://doi.org/10.3347/kjp.2021.59.1.61
https://doi.org/10.1186/s12879-019-3948-9
https://doi.org/10.1016/j.vaccine.2018.02.008
https://doi.org/10.1016/j.vaccine.2018.02.008

	Global burden and trends of rotavirus infection-associated deaths from 1990 to 2019: an observational trend study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Data sources
	Joinpoint regression model analysis
	Spatial and temporal aggregation analysis
	Generalized linear model (GLM)
	Software

	Results
	Global burden and trends of rotavirus infection-associated deaths
	SDI- and age-specific burden and trends of rotavirus infection-associated deaths
	The effect of sociodemographic factors on the death rates of rotavirus infection

	Discussion
	Limitation

	Conclusions
	Acknowledgements
	References


