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Background Over the past 70 years, China has advanced significantly
in the prevention and treatment of infectious diseases while simultane-
ously undergoing a socioeconomic transformation, making it a useful
source of data for analysing relationships between public health policy
and the control of infectious diseases.

Methods We collected data on the incidence of notifiable infectious
diseases and associated fatalities in Jiangsu province in southeast Chi-
na from the Provincial Center for Disease Control and Prevention, Pro-
vincial Institute of Parasitic Diseases, and the Nationwide Notifiable
Infectious Diseases Reporting Information System. We compared data
from different historical periods using descriptive statistical methods,
joinpoint regression, and correlation analysis.

Results During 1950-2022, 75754 008 cases of 46 notifiable infectious
diseases were reported in Jiangsu, with an average annual incidence
was 1679.49 per 100 000 population and a fatality rate of 1.82 per
1000 persons. The incidence of classes A-B decreased (average annual
percent change (AAPC)=-2.1) during the entire study period, while
the incidence of class C increased (AAPC=10.8) after 2004. The inci-
dence of intestinal diseases (AAPC=-4.4) and vector-borne and zoo-
notic diseases (AAPC=-8.1) decreased rapidly, while the incidence of
sexually transmitted and blood-borne diseases (AAPC=1.8) increased.
The number of medical and health institutions and the per capita gross
domestic product correlated negatively with the annual incidence of
diseases in classes A-B, but not with fatality rates.

Conclusions Although the annual incidence of many severe infectious

diseases has decreased in Jiangsu since 1950, the incidence of sexu-

ally transmitted and blood-borne diseases increased. Socioeconomic

growth and sustainable investment in health systems are associated
-~ with better control of infectious diseases.

Although the global burden of disease has shifted from communicable to
non-communicable illness in many countries [1], epidemics and pandem-
ics of infectious diseases continue to impact society, as seen with the cur-
rent coronavirus 2019 (COVID-19) pandemic. Since the founding of the
People’s Republic of China in 1949, China has made significant advanc-
es in eradicating infectious diseases either completely (such as smallpox)
or in greater part (such as poliomyelitis, filariasis, leprosy, and neonatal
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tetanus) [2,3]. While infectious diseases shortened life expectancy in China by an average of 15.59 years in
1950, this decreased to 0.07 years in 2010 [4]. The annual incidence of 18 notifiable infectious diseases de-
creased rapidly from more than 4000 cases per 100000 in 1970 to fewer than 250 per 100000 in 2007 [5].

These public health achievements have occurred simultaneously with drastic socioeconomic changes, which
can be approximately divided into four phases: rapid socioeconomic development (1949-1965), stagnation
(1966-1978), rapid growth (1979-2003), and post-severe acute respiratory syndrome (SARS) (2004-2022)
[2]. During these phases, national and local governments made extensive investments in healthcare infra-
structure. These simultaneous processes make China a useful case study for exploring how socioeconom-
ic development and public health policy can affect the incidence of infectious diseases and their associated
fatality; studying them could help China and other countries develop and optimise public health policies
and interventions in the future.

However, existing studies have focused on the incidence and fatality rates of a few individual diseases such
as Japanese encephalitis [6], brucellosis [7], plague [8,9], and haemorrhagic fever with renal syndrome [10].
There is still a lack of comprehensive analyses on the evolving incidence and fatality rates of various infec-
tious diseases over the past 70 years. We therefore aimed to analyse the dynamics of incidence and fatality
of 46 infectious diseases in the southeast Chinese province of Jiangsu from 1950 to 2022, and investigate
their association with socioeconomic development to provide the most comprehensive dynamic profile of
infectious diseases over a long time period.

METHODS
Study setting

We based our analyses on Jiangsu province, as it ranks second in per capita gross domestic product (GDP)
among the 31 provinces and autonomous regions in China, with approximately 85 million inhabitants.
Notably, it was the first province to use the notifiable infectious disease reporting system among Chinese
provinces. Established in 1950, this system initially covered 15 infectious diseases, expanding to 35 in
1989 and 40 since 2020 [11] (Figure 1). Forty-six infectious diseases were defined as notifiable in China
from 1950 to 2022.
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Figure 1. Historical events and national policies related to the prevention and control of infectious diseases in China. AHC — acute hae-
morrhagic conjunctivitis, AIDS — acquired immune deficiency syndrome, BCG — Bacillus Calmette-Guerin, DSP — disease surveillance
point, ECM — epidemic cerebrospinal meningitis, EPI — Expanded Program on Immunization, EPS — epidemic prevention station,
HFRS — haemorrhagic fever with renal syndrome, HFMD — hand-foot-mouth disease, JE - Japanese encephalitis, NIDRIS — Nationwide
Notifiable Infectious Diseases Reporting Information System, OID — infectious diarrhoeal diseases other than cholera, dysentery, or
typhoid/paratyphoid, SARS — severe acute respiratory syndrome, STDs — sexually transmitted diseases, TBE — tick-borne encephalitis.
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Notifiable infectious diseases in southeast China

Notifiable disease data

China’s notifiable infectious disease reporting system collects data from the entire population. Previously,
infectious disease control case report carts were filled out when all suspected and confirmed cases of infec-
tious diseases were diagnosed by a clinician in medical institutions. These cards were required to be initially
mailed on paper to the local center for disease control and prevention (CDC), then sent in electronic form
starting in 1985. The local CDC staff conducted manual statistics to form aggregated data, reporting their
findings step by step. After 2004, these cards are directly entered by the personnel of medical institutions
through the Nationwide Notifiable Infectious Disease Reporting Information System (NIDRIS).

We obtained aggregated data of notifiable diseases from 1950 to 2003 from the Jiangsu Provincial CDC and
the Jiangsu Provincial Institute of Parasitic Diseases. Data from 1950 to 1990 included only monthly cases
and fatalities at the county level, while data from 1991 to 2003 also indicated the age, sex, and occupation
of cases. Data from 2004 to 2022 were collected from NIDRIS, which included sex, age, occupation, resi-
dential address, data of illness onset, data of diagnosis, and date of death.

Since 1950, data have been reported for so-called “class A” and “class B” infectious diseases, which are con-
sidered to be more severe. Since 2004, data have also been reported for “class C” notifiable infectious dis-
eases, which are considered less severe.

No cases of plague, filariasis, hookworm disease, and forest encephalitis were reported in Jiangsu province
during the study period, so they were not analysed in this study. Viral hepatitis was classified as subtype A,
B, or non-A/non-B for data from 1990-1996, as A, B, C, or E or “unclassified” for data from 1997-2015, or as
A, B, C, D, or E for data from 2016 onward. We analysed five subtypes of viral hepatitis, hepatitis A, B, C, D
and E as individual diseases, and as aggregated data for traditional seasonal influenza and 2009 influenza
A (HIND) into influenza. The final analysis included 46 infectious diseases.

We divided diseases from classes A and B into the following categories, based on mode of transmission:
intestinal, respiratory, vector-borne and zoonotic, sexually transmitted and blood-borne, except for neona-
tal tetanus transmitted by direct and indirect contact. Intestinal diseases included cholera, poliomyelitis,
dysentery, typhoid/paratyphoid, viral hepatitis (before 1990), hepatitis A (after 1990), and hepatitis E (after
1997). Respiratory infectious diseases included smallpox, severe acute respiratory syndrome (SARS), influ-
enza, measles, tuberculosis, epidemic cerebrospinal meningitis (ECM), pertussis, diphtheria, scarlet fever,
avian influenza H7N9, avian influenza H5N1, and COVID-19. Vector-borne and zoonotic diseases included
haemorrhagic fever with renal syndrome (HFRS), rabies, Japanese encephalitis, dengue fever, anthrax, bru-
cellosis, leptospirosis, schistosomiasis, malaria, scrub typhus, typhus, and kala-azar. Sexually transmitted
and blood-borne diseases included gonorrhoea, syphilis, acquired immune deficiency syndrome (AIDS),
hepatitis B (after 1990), hepatitis C (after 1997), and hepatitis D (after 2016).

We divided the study period into four historical stages: stage I of rapid socio-economic development (1949-
1965), stage 11 of stagnation (1966-1978), stage 111 of rapid growth (1979-2003), and stage IV of the af-
ter-SARS era (2004-2022).

Socioeconomic data

Considering the availability, representativeness, and uniformity of indicators over the past 70 years, we
characterised socio-economic development by using the number of medical and health institutions, and
per capita GDP. We defined medical and health institutions as those established according to law to engage
in disease diagnosis, treatment, and prevention, such as hospitals, clinics, outpatient departments, CDCs,
and medical research institutes.

We obtained data on demographics, the annual number of medical and health institutions, and per capita
GDP from the Jiangsu Provincial Statistical Data Compilation [12] for 1950-2005 and from the Jiangsu Pro-
vincial Bureau of Statistics [13] for 2005-2021.

Statistical analysis

We defined annual incidence as the number of cases in one year divided by the population size in the same
year, overall annual mortality as the number of deaths in one year divided by the total population size in
the same year, and the annual fatality rate for a given infectious disease as the number of deaths attributed
to that disease in one year divided by the number of cases of that disease in the same year.

We calculated the average annual percentage change (AAPC) for incidence and fatality rate and assessed
the significance of changes using Student’s t-test. We described the trend as an “increase” or “decrease” if
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the slope of the change was associated with a two-sided P<0.05, and as “stable” if it was not significant. We
estimated 95% confidence intervals (Cls) for AAPCs. We further used joinpoint regression to examine in-
cidence and fatality rate trends and explored correlations between the number of medical and health insti-
tutions or per capita GDP and the incidence or fatality rate using Pearson’s or Spearman’s correlation anal-
ysis, with significance set at P<0.05.

We performed statistical analyses using R, version 3.5.3 (R core team, Auckland, New Zealand) and join-
point regression using Joinpoint 4.9.0.1 (National Cancer Institute, Bethesda, Maryland, USA). We generat-
ed figures via GraphPad Prism 8.0. (GraphPad Software, San Diego, California, USA)

Ethics statement

Informed consent and institutional ethics approval were unnecessary because this study was conducted us-
ing anonymised data from government databases, which collected data in accordance with relevant ethics
and data protection guidelines.

RESULTS
Analysis across infectious disease categories

A total of 75754008 cases of notifiable infectious diseases were reported throughout the study period; ma-
laria, schistosomiasis, influenza, dysentery, and hand-foot-mouth disease (HFMD) accounted for 81.85% of
all cases (Table 1). The average annual incidence across all diseases and the entire study period was 1679.49
cases per 100000 population, the average annual mortality was 3.05 deaths per 100000 population, and
the fatality rate was 1.82 deaths per 1000 cases. Rabies was associated with the highest fatality, followed by
avian influenza H5N1, avian influenza H7NO, AIDS and neonatal tetanus.

The incidence of diseases in classes A-B decreased during the study period, with an AAPC of -2.1% (95%
CI=-4.0,-0.3). In contrast, the incidence of class C diseases increased from 2004 to 2022, with an AAPC
of 10.8% (95% CI=4.9, 17.0). The fatality rate remained stable for diseases in classes A-B (AAPC=-1.7%;
95% Cl=-6.5, 3.4), and class C (AAPC=16.6%, 95% CI=-9.9, 50.9). Joinpoint regression of diseases in
classes A-B during the study period showed a decreasing trend in incidence and fatality rate for intestinal
diseases, a decreasing trend in incidence but increasing trend in fatality rate for vector-borne and zoo-
notic diseases, and an increasing trend in incidence for sexually transmitted and blood-borne diseases
(Table 2, Figure 2).

Across all diseases in classes A-B, the annual incidence showed a shallow inverted U-shape during the his-
torical period of rapid socioeconomic development, a deep inverted U-shape during stagnation, a stable
low level during rapid growth, and a rapid decline in the post-SARS era (Table 2 and Figure 3, Panel A).
The incidence increased in the first stage, stabilised in the second stage, and decreased in the third and
fourth stages. The fatality rate decreased from 3.88 to 0.83 deaths per 1000 cases from the first to third
stage, returning to 3.45 deaths per 1000 cases in the fourth stage (Table 2 and Figure 3, Panel B). In par-
allel, the fatality rate was stable in the first, second and fourth stages, but showed an increasing trend in
the third stage.

From 2004 to 2022, the annual incidence of infectious diseases in classes A-B and the rate of associated fa-
tality in Jiangsu province correlated positively with the corresponding statistics at the national level (Figure
4), suggesting our analysis may be representative of the national situation.

Analysis of infectious diseases individually

Analysis of individual diseases revealed a decreasing trend in the incidence of the following 20 diseases (Ta-
ble 1, Figure 5): avian influenza H7N9, diphtheria, dysentery, ECM, hepatitis A, Japanese encephalitis, lep-
rosy, leptospirosis, measles, pertussis, poliomyelitis, rabies, relapsing fever, rubella, SARS, schistosomiasis,
smallpox, tuberculosis, typhoid/paratyphoid, and typhus. For a partially overlapping set of 16 diseases, the
rate of associated fatalities showed a decreasing trend (Table 1, Figure 5): anthrax, diphtheria, dysentery,
ECM, HFMD, hepatitis A, hepatitis B, kala-azar, measles, pertussis, relapsing fever, scarlet fever, smallpox,
typhoid/paratyphoid, typhus, and viral hepatitis.

Conversely, the analysis showed an increasing trend in the incidence of AIDS, brucellosis, hepatitis C, hep-
atitis E, scrub typhus, and syphilis, as well as an increasing trend in the rate of fatalities due to rubella,
syphilis, and tuberculosis (Table 1, Figure 5).
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Table 1. Incidence and fatality of 46 notifiable infectious diseases and their trends in Jiangsu province, China, 1950-2022

Annual Fatality Trend in incidence
incidence rate Trend
Disease Data period Cases Deaths (cases per (deaths

Trend in case-fatality rate
AAPC in % (95% CI) P-value Trend AAPC in % (95% CI) P-value

100 000 per 1000
persons) cases)

Malaria 1950-2022 34681057 750 768.89 0.022 Stable -9.9(-44.1,45.1) 0.67 Stable -11.5 (-26.5, 6.5) 0.20
Schistosomiasis* 1951-2022 14068526 0 314.40 ND Decrease -20.1 (-25.9, -13.8) <0.05 ND ND ND

Influenza 1958-2022 6141555 254 145.95 0.041 Stable 2.3(-24.7,39.1) 0.88 Stable -7.1(-28.7,21.0) 0.59
Dysentery 1950-2022 5637834 4165 124.99 0.74 Decrease 5.6 (-6.5, -4.7) <0.05 Decrease 9.7 (-15.3,-3.7) <0.05
Measles 1950-2022 4406714 43647 97.70 991 Decrease -12.0 (-16.5, -7.4) <0.05 Decrease -13.9(-159, -11.8) <0.05
Viral hepatitis 1960-2022 3401155 2813 82.49 0.83 Stable 0.1(-29,3.1) 0.97 Decrease 3.2(-6.2,-0.2) <0.05
Hepatitis A 1990-2022 411220 132 17.18 0.32 Decrease -14.5 (-174, -11.5) <0.05 Decrease -8.0 (-14.0, -1.6) <0.05
Hepatitis B 1990-2022 536722 561 2243 1.05 Stable -1.9(-4.3,0.7) 0.15 Decrease -9.3(-12.5,-5.9) <0.05
Hepatitis C 1997-2022 55596 33 2.78 0.59 Increase 11.2(9.2,13.2) <0.05 Stable -7.1(-16.7,3.6) 0.18
Hepatitis D 2016-2022 28 0 0.0049 0 Stable 17.6 (-22.6, 78.8) 0.36 Stable 0.0 (-0.0, 0.0) ND

Hepatitis E 1997-2022 60637 49 3.03 0.81 Increase 10.0 (8.1, 12.0) <0.05 Stable 0.9(-17.2,22.9) 0.93
HFMD 2008-2022 1478392 62 123.49 0.042 Stable -0.3(-13.7,15.3) 0.97 Decrease -33.8(-54.7,-34) <0.05
Pertussis 1955-2022 1096315 906 2534 0.83 Decrease -5.9 (-10.6, -0.8) <0.05 Decrease -13.4 (-18.0, -8.6) <0.05
ECM 1950-2022 1067488 44776 23.67 41.95 Decrease -9.1(-11.1,-7.1) <0.05 Decrease -6.2 (-10.4,-1.8) <0.05
Tuberculosis 1990-2022 887065 2567 35.79 2.89 Decrease -2.9(3.6,-2.1) <0.05 Increase 20.5 (94, 32.8) <0.05
Typhoid & paratyphoid 1950-2022 667161 1579 14.79 2.37 Decrease -74(-9.0,-5.7) <0.05 Decrease -14.3 (-16.1, -12.3) <0.05
Syphilis 1990-2022 452238 40 18.25 0.088 Increase 25.9 (18.5, 33.8) <0.05 Increase 19.3 (9.1, 30.3) <0.05
Gonorrhea 1990-2022 446089 1 18.00 0.0022 Stable 0.2 (-4.2,4.8) 0.94 Stable -0.2(-1.7,1.3) 0.76

OID 2004-2022 304151 3 20.31 0.0099 Stable 0.2(-49,5.7) 0.93 Stable -04(-5.1,4.5) 0.86
Japanese encephalitis 1950-2022 215428 15814 478 7341 Decrease -5.7 (-10.7,-0.3) <0.05 Stable -0.2(-11.2,12.3) 0.98
Diphtheria 1950-2022 209198 0447 4.64 45.16 Decrease -14.3 (-17.5, -11.0) <0.05 Decrease -5.6 (-10.6, -0.3) <0.05
Mumps 2004-2022 183852 1 12.28 0.0054 Stable -34(-6.8,0.2) 0.06 Stable 0.0 (-9.2,10.1) 1.00
Scarlet fever 1950-2022 136653 208 3.03 1.52 Stable 0.1 (-12.0, 14.0) 0.98 Decrease -15.0 (-18.3, -11.5) <0.05
HFRS 1955-2022 74300 2239 1.72 30.14 Stable 0.0(3.1,3.D 0.981 Stable 54(-1.6, 13.0) 0.13

Cholera 1950-2022 43776 144 0.97 3.29 Stable 3.2 (-14.9,25.2) 0.75 Stable 1.1 (3.7,6.1) 0.67
Poliomyelitis 1955-2022 35423 669 0.82 18.89 Decrease -79(-134,-2.0) <0.05 Stable -3.5 (-24.6, 23.5) 0.78

COVID-19 * 2020-2022 21740 0 8.68 0 ND ND ND ND ND ND

AIDS 1990-2022 16862 2025 0.68 17347 Increase 33.7 (19.6, 49.5) <0.05 Stable 75(-2.2,18.2) 0.14

Kala-azar 1950-1978, 1989-2022 16491 26 0.42 1.58 Stable -12.8 (-26.8, 3.8) 0.12 Decrease -2.5(-44,-0.5) <0.05
Relapsing fever 1950-1989 12810 161 0.63 12.57 Decrease -29.6 (-34.5, -24.4) <0.05 Decrease -10.6 (-11.1,-10.1) <0.05
Leptospirosis 1962-2022 12413 12 0.31 0.97 Decrease -7.8 (-13.9,-1.3) <0.05 Stable -3.2(-6.6,0.3) 0.07
Rubella * 2004-2022 10728 1 0.72 0.093 Decrease -14.7 (-122.8,-5.7) <0.05 Increase 35.7 (1.0, 82.4) <0.05
AHC 2004-2022 10138 0 0.68 0 Stable 1.7 (-13.2,19.2) 0.83 Stable 0.0 (-0.0, -0.0) ND

Typhus 1950-2022 5802 157 0.13 27.06 Decrease -14.8 (-19.0, -10.5) <0.05 Decrease -11.7 (-13.9,-9.5) <0.05
Smallpox 1950-1989 4895 333 0.25 68.03 Decrease -32.0 (-38.8, -244) <0.05 Decrease -14.7 (-179,-114) <0.05
Rabies 1955-2022 3926 3687 0.091 039.12 Decrease -3.9(-7.1,-0.6) <0.05 Stable 2.1(-6.9,11.9) 0.66
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Table 1. continued

Annual Fatality Trend in incidence Trend in case-fatality rate

incidence rate AAPC in % (95% C1 AAPC in % (95% CI
Disease DETEREL Cases Deaths  (cases per (deaths n % (95% € in e (9% €0

100 000 per 1000

persons) cases)
Brucellosis 1955-2022 1628 0 0.038 0 Increase 12.0 (3.3, 21.6) <0.05 Stable 0.0 (-0.0, 0.0) ND
Scrub typhus 1955-1989 635 0 0.034 0 Increase 39.7 (24.5, 56.8) <0.05 Stable 0.0 (-0.0, 0.0 ND
Neonatal tetanus 1990-2022 532 78 0.021 146.62 Stable 5.7 (-27.2,53.4) 0.77 Stable 4.4 (-20.8,37.8) 0.76
Dengue 1990-2022 380 0 0.015 0 Stable -4.1(-21.6,174) 0.69 Stable 0.0 (-0.0, 0.0) ND
Avian influenza H7N9 2013-2022 225 95 0.028 422.22 Decrease -52.2 (-73.0,-15.2) <0.05 Stable -39.7 (-66.9, 10.0) 0.09
Leprosy 2004-2022 184 0 0.012 0 Decrease -17.0 (-26.7,-5.9) <0.05 Stable 0.0 (-0.0, 0.0) ND
Anthrax 1955-2022 175 6 0.0040 34.29 Stable -6.1 (:30.8, 27.4) 0.69 Decrease -0.7 (-1.3,-0.1) <0.05
Echinococcosis 2004-2022 65 0 0.0043 0 Stable 1.5(-4.3,75) 0.61 Stable 0.0 (-0.0, 0.0) ND
SARS 2003-2022 6 0 0.00038 0 Decrease -23.8 (-24.1,-23.5) <0.05 Stable 0.0 (-0.0, 0.0) ND
Avian influenza H5N1 2004-2022 3 2 0.00020 666.67 Stable -6.4(-144,2.3) 0.14 Stable -29(-15.8,11.8 0.66

AAPC — average annual percentage change, AHC — acute haemorrhagic conjunctivitis, AIDS — acquired immune deficiency syndrome, CI — confidence interval, ECM — epidemic cerebrospinal meningitis, HFRS —
haemorrhagic fever with renal syndrome, HFMD — hand-foot-mouth disease, JE — Japanese encephalitis, ND — not done, OID — infectious diarrhoeal diseases other than cholera, dysentery, or typhoid/paratyphoid,
SARS — severe acute respiratory syndrome

*Data on deaths due to schistosomiasis before 2004 were unavailable.

‘tAnnual incidence data for COVID-19 were available for only three years, so no joinpoint regression could be performed.

#Only one death in rubella occurred in 2022, leading to an increasing trend in fatality rate.

Table 2. Incidence and fatality of notifiable infectious diseases (classes A-B) and their trends in Jiangsu province, China, 1950-2022, stratified by transmission route and historical period

Incidence Fatality

Cases Annual incidence Trend AAPC in % Deaths Fatality rate Trend AAPC in % P-value
(cases per (95% CI) (deaths per (95% CI)
100000 persons) 1000 cases)

Disease category

Intestinal 8726868 193 .48 Decrease -44(-5.9,-3.0) <0.05 8518 0.98 Decrease -44(-5.8,-3.0) <0.05
Respiratory 13717817 304.13 Stable -2.3(-85,4.3) 049 102175 745 Stable -3.1(-85,2.6) 0.28
Sexually transmitted and blood-borne 1507535 3342 Increase 1.8(009,2.8) <0.05 3560 2.36 Stable 1.7 (-1.1,4.6) 0.23
Vector-borne and zoonotic 49093542 1088.42 Decrease -8.1 (-10.0, -6.1) <0.05 22852 047 Increase 3.5(0.1,7.0) <0.05
Socioeconomic Period

Stage 1 (1949-65) 22174371 3397.34 Increase 16.4 (6.8, 26.8) <0.05 85970 3.88 Stable -3.5(-19.2,15.2) 0.69
Stage 11 (1966-78) 40762201 5847.67 Stable -5.8(-30.1, 27.2) 0.70 33873 0.83 Stable -9.9 (-25.6,9.1) 0.28
Stage 111 (1979-2003) 8534292 513.16 Decrease -11.0 (-14.2,-7.7) <0.05 10563 1.24 Increase 4.3(0.2,8.6) <0.05
Stage IV (2004-22) 2041585 136.32 Decrease -3.5(-44,-2.6) <0.05 7035 3.45 Stable 1.1 (-0.8, 3.0) 0.26
Entire study period 73512449 1629.79 Decrease -2.1(-4.0,-0.3) <0.05 137441 1.87 Stable -1.7(-6.5,34) 0.51

AAPC — average annual percentage change, CI — confidence interval
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Figure 2. Incidence and fatality rates for notifiable infectious diseases in classes A-B in Jiangsu province, China, stratified by transmis-
sion route.
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tifiable infectious diseases in classes A-B, according to historical period.
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Figure 4. Trends in the incidence and fatality rates of notifiable infectious diseases in classes A-B in Jiangsu province, China, 1950-
2022. Infectious diseases are grouped according to the latest classification of Class A, B and C, then alphabetical order. The incidence/
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Figure 5. Comparison of incidence of notifiable infectious dis-

eases (classes A-B) and associated fatality between Jiangsu suggests that pgbhc hgalth policies have been 'effect.ive at gradi—
province (orange) and all of China (blue), 2004-2022. cating or reducing the incidence of numerous infectious diseas-
es and the associated fatality, but that the incidence of sexually
transmitted and blood-borne diseases, mainly syphilis and AIDS, has increased. Our findings provide sup-
port for past public health interventions, while indicating the need to strengthen or redesign future inter-

ventions to control reemerging threats.

We observed strong decreases in the incidence of intestinal, vector-borne, and zoonotic diseases during the
study period. Several factors may help explain these decreases. The Patriotic Health Movement, launched in

Table 3. Incidence rank of notifiable infectious diseases in Jiangsu province, China, stratified by historical period

Stage | (1949-1965) Stage | (1966-1978) Stage I1l (1979-2003) Stage IV (2004-2022)

Disease Annual Disease Annual Disease Annual Disease Annual
oo incidence incidence incidence incidence
.:_i (cases per (cases per (cases per (cases per
< 100 000 100 000 100 000 100000
o persons) persons) persons) persons)
1 Malaria 1373.78 Malaria 3481.56 Viral hepatitis 137.04 HFMD 123.49
2 Schistosomiasis 1169.53 Schistosomiasis 944.63 Dysentery 136.55 Tuberculosis 4544
3 Measles 389.58 Influenza 604.68 Malaria 86.52 Viral hepatitis 31.57
4 Influenza 255.13 Dysentery 296.30 Influenza 46.83 Syphilis 27.81
5 Dysentery 179.14 Measles 233.65 Typhoid & 26.86 OID 20.31

paratyphoid

HFMD - hand-foot-mouth disease, OID — infectious diarrhoeal diseases other cholera

Table 4. Correlations of incidence of notifiable infectious diseases (classes A-B) and associated fatality in Jiangsu with the annual num-
ber of medical and health institutions or per capita gross domestic product, stratified by historical period

Stage 1 (1949-65) Stage Il (1966-78)  Stage 1l (1979-2003) Stage IV (2004-21)  Entire study period

Disease Socioeconomic

indicator indicator T P-value T P-value T P-value T P-value T P-value
_ Annual number of 092 <005  -068 <005  -087 <005  -0.89 <005  -0.69  <0.05
Incidence  hospitals and clinics
Per capita GDP 0.90 <0.05 -0.06 0.86 -0.99 <0.05 -0.97 <0.05 -0.90 <0.05
Annual number of
Fatality medical and health -0.70 <0.05 0.71 <0.05 -0.05 0.81 0.78 <0.05 0.08 0.51
rate institutions
Per capita GDP -0.37 0.19 -0.35 0.24 -0.02 0.92 0.76 <0.05 0.05 0.69

GDP — gross domestic product
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the 1950s, promoted sanitation and public health measures to eradicate vector-borne diseases through in-
terventions such as immunisation, access to toilets and clean drinking water, and health education [14,15].
The immunisation campaign that began in the 1950s led to the eradication of smallpox from the country
and the near-eradication of poliomyelitis, measles, ECM, pertussis, and Japanese encephalitis for different
age groups [10]. Another factor is the increase in GDP per capita since 1950, which has given many people
greater access to health, education, and other services. Indeed, we found that it correlated negatively with the
annual incidence of infectious disease, consistent with previous observations in China and other countries
that better economic conditions correlate with a lower incidence of infectious disease [17,18]. This finding
can help inform policymakers of the role of economic fluctuations in managing pandemics. Further, it may
provide guidance on the future impact of macroeconomic downturns on the spread of infectious diseases.
Strategies to identify and engage high-risk groups of infectious diseases, while also safeguarding potential-
ly tight budgets, should be prioritised for the health sector, as infectious diseases, like economic crises, are
difficult to control once they begin to spread.

In contrast to the decline in intestinal, vector-borne, and zoonotic diseases that we observed, we found an
increase in the annual incidence of sexually transmitted and blood-borne diseases, mainly syphilis and
AIDS. China’s efforts to end the commercial sex industry in the 1950s and 1960s through the closure of
brothels, the treatment of sex workers with penicillin, and regular syphilis testing among former sex work-
ers helped with controlling sexually transmitted diseases (STDs) [19,20] and, alongside other measures,
lead to their near elimination in the country [21], only for their incidence to increase again with “reform
and opening up” in the 1980s [22]. The ensuing social transformation generated large numbers of men
with disposable income, women who earn money through sexual intercourse [23], men who have inter-
course with men [24], drug users, and migrant workers [25], all of whom are at higher risk of sexually
transmitted diseases than the general population. These diseases can then spread from high-risk popula-
tions into the general community.

We found a decreasing trend in fatality rates associated with intestinal diseases, likely reflecting the wide-
spread availability of antibiotic therapy for bacterial infections such as dysentery and typhoid/paratyphoid
[26,27], which were the most frequent intestinal diseases during our study period.

We found that the number of medical and health institutions and GDP per capita correlated with incidence
or fatality rates of infectious diseases negatively or positively depending on the historical period. This may
reflect the evolution of public health policies and infrastructure during China’s development. In the rapid
socioeconomic development stage (1949-1965), the number of medical and health institutions correlated
positively with annual incidence, but negatively with fatality rates. This likely reflects improvements in dis-
ease reporting and the success of programmes to improve rural health and prevent disease that started af-
ter the first National Health Congress in August 1950 and continued until the 1980s [14]. As part of these
programmes, “epidemic prevention stations” were set up around the country based on similar stations in the
Soviet Union. By 1965, approximately 2500 epidemic prevention stations were operating across more than
two-thirds of Chinese counties [14]. In parallel, the abovementioned Patriotic Health Movement mobilised
local governments and communities to improve nutrition, sanitation, water quality, and control of infec-
tious disease [14,15]. Between 1950 and 1952, over 512 million of the country’s population of 600 million
were vaccinated against smallpox, and the last smallpox outbreak in China occurred in 1960, already 20
years before it was eradicated globally.

During the socioeconomic stagnation stage (1966-1978), the number of medical and health institutions cor-
related negatively with annual incidence but positively with fatality rate, which may reflect that Chinese ef-
forts to control infectious diseases stagnated. During this period, many epidemic prevention stations were
forced to close. Mass migration of people between urban and rural areas led to a resurgence of infectious
diseases, particularly parasitic ones, that had been controlled during the previous historical period.

In the subsequent rapid growth (1979-2003) and post-SARS (2004-2022) stages, the number of medical and
health institutions and GDP per capita correlated negatively with both annual incidence and fatality rate,
suggesting further improvement of medical and health services in parallel with economic growth. Starting
with reform and opening up in 1979, the national government addressed the severe shortage of medical and
health resources and low efficiency of service provision by opening public hospitals and, after 2001, permit-
ting the construction of private ones [28]. The country established a nationwide Expanded Programme on
Immunisation based on a cold-chain vaccine system recommended by the World Health Organisation [29].
After the 2003 SARS outbreak highlighted inadequacies in China’s infectious disease prevention system [30],
the country created a network of Centers for Disease Control modelled on the US system, and that network
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set up NIDRIS in 2004. Through NIDRIS, cases of notifiable infectious diseases and associated deaths are
reported by hospitals directly and electronically to the Chinese Centers for Disease Control, improving the
timeliness and completeness of case detection.

We found an unexpected trend of increasing fatality rates due to infectious disease in the rapid growth stage
(1979-2003). This may reflect the expansion and improvement of Disease Surveillance Points across the
country, through which causes of death are reported and analysed [31,32].

Malaria was the most frequent notifiable infectious disease in Jiangsu province across the whole study pe-
riod, while HFMD was the fifth most frequent. This ranking varied across the four historical stages. Vi-
ral hepatitis replaced malaria as the most frequent disease during the rapid growth stage (1979-2003), and
HFMD replaced viral hepatitis during the post-SARS stage. These findings are consistent with national
monitoring data [11,33].

Throughout our study period, the highest fatality rates were associated with three zoonoses: rabies (for which
fatality rates worldwide are virtually 100%), avian influenza H5N1, and avian influenza H7NO. The fatality
rates associated with avian influenza may be overestimated because of the potentially numerous asymp-
tomatic or mild cases that go unreported. Passage of influenza virus from birds to humans remains a public
health threat because of the lack of obvious symptoms in birds, but the virus may become less virulent if it
begins to circulate widely in humans [34,35].

Our findings should be interpreted with caution due to several limitations. We cannot be sure that all cas-
es of disease and associated mortality were reported, especially early during the observation period, be-
fore reporting systems were digitised. The available data did not include all infectious diseases relevant to
China’s public health situation, such as severe fever with thrombocytopenia syndrome, of which local out-
breaks have been reported [36], or scrub typhus, which was removed from the list of notifiable infectious
diseases in 1989 but which recently caused outbreaks in southern China [37]. Third, we were unable to re-
peat our analyses at the national level because of restrictions on access to such data. While our analysis of
Jiangsu aligns with national reports, whether our data from this province can be extrapolated to the rest of
the country remains to be investigated.

CONCLUSIONS

Despite these limitations, our work provides what appears to be the longest retrospective analysis of notifi-
able infectious diseases in any part of China. During the period from 1950 to 2022, China has succeeded in
strongly reducing the incidence of numerous infectious diseases and associated mortality, in part through
economic growth and sustainable investment in health systems. At the same time, the growing prosperi-
ty has challenged the control of other infectious diseases, primarily sexually transmitted and blood-borne
ones. These insights from Jiangsu province may help guide the further improvement of public health poli-
cy and infrastructure in China and other countries that struggle to control infectious disease in the face of
socioeconomic transformation.

Acknowledgments: The authors thank the Jiangsu Provincial and County Centers for Disease Control and Prevention
for their assistance in data collection.

Data availability: All datasets that is de-identified can be made available to external researchers upon reasonable re-
N\ quest to Jiangsu Provincial Center for Disease Control and Prevention, by contacting Jianli Hu jscde-hjl@qq.com.

Funding: This study was supported by grants from the National Natural Science Foundation of China (No. 82041024,
No. 82073673), the National key research and development program (No. 2022YFC2304000), the Social Develop-
ment Foundation of Jiangsu Province (No. BE2021738, No. BE2021739), Jiangsu Provincial Medical Key Discipline
(No. ZDXK202250), the Scientific Research Project of Jiangsu Provincial Health Commission (No. ZD2021037 and
No. DX202302). The funder had no role in study design, data collection, data analysis, data interpretation, or writing
of the report. The corresponding author had full access to all data in the study and had final responsibility for the de-
cision to submit for publication.

Authorship contributions: FC, FZ and JH designed the study. JH, WL, ZP, YS, QL, YW, WL and WS collected data.
JH, ZC, YZ and QD analysed data. JH and WL interpreted data and wrote the report. JH, ZP, LZ and CB revised the
report from preliminary draft to submission. FC and FZ supervised the study.

Disclosure of interest: The authors completed the ICMJE Disclosure of Interest Form (available upon request from the
corresponding author) and disclose no relevant interests.

www.jogh.org e doi: 10.7189/jogh.13.04107 11 2023 ¢ VOL. 13 « 04107



Hu et al.

(9p)
]
Q
Z
&5
o
5
T3
5
oz

1 GBD 2019 Diseases and Injuries Collaborators. Global burden of 369 diseases and injuries in 204 countries and terri-
tories, 1990-2019: a systematic analysis for the Global Burden of Disease Study 2019. Lancet. 2020;396:1204-22. Med-
line:33069326 doi:10.1016/S0140-6736(20)30925-9

2 Yang WZ. Dramatic achievements in infectious disease prevention and treatment in China during the past 70 years. Zhon-
ghua liu xing bing xue za zhi. 2019;40:1493-1498. Medline:32062906

3 Yang WZ, Jia MM. [Elimination of infectious disease in China, past and future]. Zhonghua Liu Xing Bing Xue Za Zhi.
2021;42:1907-11. Chinese. Medline:34818832

4 Liu P, Li C, Wang Y, Zeng W, Wang H, Wu H, et al. The impact of the major causes of death on life expectancy in Chi-
na: a 60-year longitudinal study. BMC Public Health. 2014;14:1193. Medline:25413667 doi:10.1186/1471-2458-14-1193

5 Wang L, Wang Y, Jin S, Wu Z, Chin DP, Koplan JP, et al. Emergence and control of infectious diseases in China. Lancet.
2008;372:1598-605. Medline:18930534 doi:10.1016/S0140-6736(08)61365-3

6 Chen XJ, Wang HY, Li XL, Gao XY, Li MH, Fu SH, et al. Japanese Encephalitis in China in the Period of 1950-2018: From
Discovery to Control. Biomed Environ Sci. 2021;34:175-83. Medline:33766213

7 Yang H, Zhang S, Wang T, Zhao C, Zhang X, Hu J, et al. Epidemiological Characteristics and Spatiotemporal Trend
Analysis of Human Brucellosis in China, 1950-2018. Int J Environ Res Public Health. 2020;17:2382. Medline:32244493
doi:10.3390/ijerph17072382

8 Han H, Liang Y, Song Z, He Z, Duan R, Chen Y, et al. Epidemiological Characteristics of Human and Animal Plague in Yun-
nan Province, China, 1950 to 2020. Microbiol Spectr. 2022;10:e0166222. Medline:36219109 doi:10.1128/spectrum.01662-22

9 He Z, Wei B, Zhang Y, Liu J, Xi J, Ciren D, et al. Distribution and Characteristics of Human Plague Cases and Yersinia
pestis Isolates from 4 Marmota Plague Foci, China, 1950-2019. Emerg Infect Dis. 2021;27:2544-53. Medline:34545784
doi:10.3201/eid2710.202239

10 Zhang R, Mao Z, Yang J, Liu S, Liu Y, Qin S, et al. The changing epidemiology of hemorrhagic fever with renal syn-
drome in Southeastern China during 1963-2020: A retrospective analysis of surveillance data. PLoS Negl Trop Dis.
2021;15:e0009673. Medline:34358248 doi:10.1371/journal.pntd.0009673

11 Jiang Y, Dou X, Yan C, Wan L, Liu H, Li M, et al. Epidemiological characteristics and trends of notifiable infectious diseases
in China from 1986 to 2016. J Glob Health. 2020;10:020803. Medline:33214900 doi:10.7189/jogh.10.020803

12 Daoke Baba (Beijing) Network Technology Co., LTD. Jiangsu Provincial Statistical Data Compilation for 1950-2005. Avail-
able: https://www.doc88.com/. Accessed: 4 September 2023.

13 Jiangsu Provincial Bureau of Statistics. Jiangsu Provincial Statistics Yearbook from 2005 to 2021. Available: http://tj jiang-
su.gov.cn. Accessed: 4 September 2023.

14 Hipgrave D. Communicable disease control in China: From Mao to now. J Glob Health. 2011;1:224-38. Medline:23198121

15 Zhao X, Yuan B, Yu Y, Jian W. Governance function analysis of the Patriotic Health Movement in China. Glob Health Res
Policy. 2019;4:34. Medline:31832541 doi:10.1186/541256-019-0126-y

16 Pan J, Wang Y, Cao L, Wang Y, Zhao Q, Tang S, et al. Impact of immunization programs on 11 childhood vaccine-prevent-
able diseases in China: 1950-2018. Innovation (Camb). 2021;2:100113. Medline:34557762 doi:10.1016/j.xinn.2021.100113

17 Sun TT, Tao R, Su CW, Umar M. How Do Economic Fluctuations Affect the Mortality of Infectious Diseases? Front Public
Health. 2021;9:678213. Medline:33968891 doi:10.3389/fpubh.2021.678213

18 Suhrcke M, Stuckler D, Suk JE, Desai M, Senek M, McKee M, et al. The impact of economic crises on communicable disease
transmission and control: a systematic review of the evidence. PLoS One. 2011;6:¢20724. Medline:21695209 doi:10.1371/
journal.pone.0020724

19 Cook IG, Dummer TJ. Changing health in China: re-evaluating the epidemiological transition model. Health Policy.
2004;67:329-43. Medline:15036820 doi:10.1016/j.healthpol.2003.07.005

20 Tucker JD, Chen XS, Peeling RW. Syphilis and Social Upheaval in China. N Engl ] Med. 2010;362:1658-1661. Med-
line:20445179 doi:10.1056/NEJMp0911149

21 Cohen MS, Henderson GE, Aiello P, Zheng H. Successtul eradication of sexually transmitted diseases in the People’s Re-
public of China: implications for the 21st century. J Infect Dis. 1996;174 Suppl 2:5223-9. Medline:8843252 doi:10.1093/
infdis/174.Supplement_2.5223

22 Shao C, Xu W, Ye G. Sexually transmitted disease control in China (1949-1994). Chin Med Sci J. 1996;11:252-7. Med-
line:9387394

23 LuF, Wang N, Wu Z, Sun X, Rehnstrom J, Poundstone K, et al. Estimating the number of people at risk for and living with
HIV in China in 2005: methods and results. Sex Transm Infect. 2006;82 Suppl 3:1ii87-91. Medline:16735299 doi:10.1136/
st1.2006.020404

24 Wong FY, Huang ZJ, Wang W, He N, Marzzurco J, Frangos S, et al. STIs and HIV among men having sex with men in Chi-
na: a ticking time bomb? AIDS Educ Prev. 2009;21:430-46. Medline:19842827 doi:10.1521/aeap.2009.21.5.430

25 Rou K, Sullivan SG, Liu P, Wu Z. Scaling up prevention programmes to reduce the sexual transmission of HIV in China.
Int J Epidemiol. 2010;39 Suppl 2:ii38-46. Medline:21113035 doi:10.1093/ije/dyq211

26 ChangJ, Xu S, Zhu S, Li Z, Yu J, Zhang Y, et al. Assessment of non-prescription antibiotic dispensing at community phar-
macies in China with simulated clients: a mixed cross-sectional and longitudinal study. Lancet Infect Dis. 2019;19:1345-
54. Medline:31588042 doi:10.1016/51473-3099(19)30324-X

27 FangY. China should curb non-prescription use of antibiotics in the community. BMJ. 2014;348:g4233. Medline:24982508
doi:10.1136/bmj.g4233

28 Tang C, Zhang Y, Chen L, Lin Y. The growth of private hospitals and their health workforce in China: a comparison with
public hospitals. Health Policy Plan. 2014;29:30-41. Medline:23335465 doi:10.1093/heapol/czs130

2023 ¢ VOL. 13 « 04107 12 www.jogh.org e doi: 10.7189/jogh.13.04107


https://pubmed.ncbi.nlm.nih.gov/33069326
https://pubmed.ncbi.nlm.nih.gov/33069326
https://doi.org/10.1016/S0140-6736(20)30925-9
https://pubmed.ncbi.nlm.nih.gov/32062906
https://pubmed.ncbi.nlm.nih.gov/34818832
https://pubmed.ncbi.nlm.nih.gov/25413667
https://doi.org/10.1186/1471-2458-14-1193
https://pubmed.ncbi.nlm.nih.gov/18930534
https://doi.org/10.1016/S0140-6736(08)61365-3
https://pubmed.ncbi.nlm.nih.gov/33766213
https://pubmed.ncbi.nlm.nih.gov/32244493
https://doi.org/10.3390/ijerph17072382
https://pubmed.ncbi.nlm.nih.gov/36219109
https://doi.org/10.1128/spectrum.01662-22
https://pubmed.ncbi.nlm.nih.gov/34545784
https://doi.org/10.3201/eid2710.202239
https://pubmed.ncbi.nlm.nih.gov/34358248
https://doi.org/10.1371/journal.pntd.0009673
https://pubmed.ncbi.nlm.nih.gov/33214900
https://doi.org/10.7189/jogh.10.020803
https://pubmed.ncbi.nlm.nih.gov/23198121
https://pubmed.ncbi.nlm.nih.gov/31832541
https://doi.org/10.1186/s41256-019-0126-y
https://pubmed.ncbi.nlm.nih.gov/34557762
https://doi.org/10.1016/j.xinn.2021.100113
https://pubmed.ncbi.nlm.nih.gov/33968891
https://doi.org/10.3389/fpubh.2021.678213
https://pubmed.ncbi.nlm.nih.gov/21695209
https://doi.org/10.1371/journal.pone.0020724
https://doi.org/10.1371/journal.pone.0020724
https://pubmed.ncbi.nlm.nih.gov/15036820
https://doi.org/10.1016/j.healthpol.2003.07.005
https://pubmed.ncbi.nlm.nih.gov/20445179
https://pubmed.ncbi.nlm.nih.gov/20445179
https://doi.org/10.1056/NEJMp0911149
https://pubmed.ncbi.nlm.nih.gov/8843252
https://doi.org/10.1093/infdis/174.Supplement_2.S223
https://doi.org/10.1093/infdis/174.Supplement_2.S223
https://pubmed.ncbi.nlm.nih.gov/9387394
https://pubmed.ncbi.nlm.nih.gov/9387394
https://pubmed.ncbi.nlm.nih.gov/16735299
https://doi.org/10.1136/sti.2006.020404
https://doi.org/10.1136/sti.2006.020404
https://pubmed.ncbi.nlm.nih.gov/19842827
https://doi.org/10.1521/aeap.2009.21.5.430
https://pubmed.ncbi.nlm.nih.gov/21113035
https://doi.org/10.1093/ije/dyq211
https://pubmed.ncbi.nlm.nih.gov/31588042
https://doi.org/10.1016/S1473-3099(19)30324-X
https://pubmed.ncbi.nlm.nih.gov/24982508
https://doi.org/10.1136/bmj.g4233
https://pubmed.ncbi.nlm.nih.gov/23335465
https://doi.org/10.1093/heapol/czs130

Notifiable infectious diseases in southeast China

29 Yu W, Lee LA, Liu Y, Scherpbier RW, Wen N, Zhang G, et al. Vaccine-preventable disease control in the People’s Republic
of China: 1949-2016. Vaccine. 2018;36:8131-7. Medline:30497834 doi:10.1016/j.vaccine.2018.10.005

30 Wei P, Cai Z, Hua J, Yu W, Chen J, Kang K, et al. Pains and Gains from China’s Experiences with Emerging Epidemics:
From SARS to H7NO. BioMed Res Int. 2016;2016:5717108. Medline:27525272 doi:10.1155/2016/5717108

31 Zhang H, Huang F, Chen W, Du X, Zhou MG, Hu J, et al. Estimates of tuberculosis mortality rates in China using the dis-
ease surveillance point system, 2004-2010. Biomed Environ Sci. 2012;25:483-8. Medline:23026530

32 Cheng P, Yin P, Ning P, Wang L, Cheng X, Liu Y, et al. Trends in traumatic brain injury mortality in China, 2006-2013: A
population-based longitudinal study. PLoS Med. 2017;14:1002332. Medline:28700591 doi:10.1371/journal.pmed.1002332

33 Yang S, Wu J, Ding C, Cui Y, Zhou Y, Li Y, et al. Epidemiological features of and changes in incidence of infectious diseas-
es in China in the first decade after the SARS outbreak: an observational trend study. Lancet Infect Dis. 2017;17:716-25.
Medline:28412150 doi:10.1016/51473-3099(17)30227-X

34 Zheng S, Zou Q, Wang X, Bao J, Yu F, Guo F, et al. Factors Associated With Fatality Due to Avian Influenza A(H7N9) In-
fection in China. Clin Infect Dis. 2020;71:128-32. Medline:31418813 doi:10.1093/cid/ciz779

35 Li FC, Choi BC, Sly T, Pak AW. Finding the real case-fatality rate of H5N1 avian influenza. J Epidemiol Community Health.
2008;62:555-9. Medline:18477756 doi:10.1136/jech.2007.064030

36 Yue Y, Ren D, Liu X, Wang Y, Liu Q, Li G. Spatio-temporal patterns of scrub typhus in mainland China, 2006-2017. PLoS
Negl Trop Dis. 2019;13:¢0007916. Medline:31790406 doi:10.1371/journal.pntd.0007916

37 Li Z, HuJ, Cui L, Hong Y, Liu J, Li P, et al. Increased Prevalence of Severe Fever with Thrombocytopenia Syndrome in
Eastern China Clustered with Multiple Genotypes and Reasserted Virus during 2010-2015. Sci Rep. 2017;7:6503. Med-
line:28747674 doi:10.1038/s41598-017-06853-1

REFERENCES

PAPERS

www.jogh.org e doi: 10.7189/jogh.13.04107 13 2023 ¢ VOL. 13 « 04107


https://pubmed.ncbi.nlm.nih.gov/30497834
https://doi.org/10.1016/j.vaccine.2018.10.005
https://pubmed.ncbi.nlm.nih.gov/27525272
https://doi.org/10.1155/2016/5717108
https://pubmed.ncbi.nlm.nih.gov/23026530
https://pubmed.ncbi.nlm.nih.gov/28700591
https://doi.org/10.1371/journal.pmed.1002332
https://pubmed.ncbi.nlm.nih.gov/28412150
https://pubmed.ncbi.nlm.nih.gov/28412150
https://doi.org/10.1016/S1473-3099(17)30227-X
https://pubmed.ncbi.nlm.nih.gov/31418813
https://doi.org/10.1093/cid/ciz779
https://pubmed.ncbi.nlm.nih.gov/18477756
https://doi.org/10.1136/jech.2007.064030
https://pubmed.ncbi.nlm.nih.gov/31790406
https://doi.org/10.1371/journal.pntd.0007916
https://pubmed.ncbi.nlm.nih.gov/28747674
https://pubmed.ncbi.nlm.nih.gov/28747674
https://doi.org/10.1038/s41598-017-06853-1

