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Preplanned Studies

A Case Study on the Disease Burden and Influencing Factors of
Imported Malaria Patients in a County-Level Hospital — Guangxi
Zhuang Autonomous Region, China, 2016-2019

Qiuli Xu'; Kangming Lin'; Shenning Lu'; Lei Duan'; Hongrang Zhou?; Xuejiao Ma'; Bei Wang'; Ning Xiao'*

Summary

What is already known on this topic?

Imported malaria cases endanger people’s health and
potentially cause local re-transmission, and they may
also cause economic loss on patients’ families and
society as a whole.

What is added by this report?

This is the first report to focus on the disease burden of
a case study incurred by the imported malaria. The
results indicated that the median direct medical cost
was 2,904.4 CNY and the median indirect cost was
242.0 CNY for a patient’s hospitalization. The
economic cost was related to age, time between onset
and diagnosis, and days of stay in hospital.

What are the implications for public health
practice?

This study analyzed the main causes based on both
direct and indirect economic loss of imported malaria
cases to provide general information for the evaluation
of the disease burden of imported malaria patients and
shed light on the rational allocation of medical

resources.

Although no locally transmitted malaria cases have
been reported in China since 2017, the number of
imported cases still remained high in recent years.
From 2017 to 2019, China has reported 8,202
imported malaria cases and 33 deaths (/-4). Imported
malaria not only puts the health and safety of local
residents at risk, but also takes an economic toll on the
patients’ families and the communities (5). This paper
assessed the disease burden of imported malaria
patients and possible determinants based on economic
loss, which aims to inform policymaking and promote
rational allocation of medical resources in China
during the elimination and post-elimination stage. The
study targeted imported malaria patients who visited
the People’s Hospital of Shanglin County (a designated

hospital for malaria diagnosis and treatment) in

Chinese Center for Disease Control and Prevention

Guangxi Zhuang Autonomous Region from January 1,
2016 to December 31, 2019 to calculate the economic
cost during stay in the hospital and explore influencing
factors through univariate analysis and multiple linear
regression. The median of direct medical cost was
2,904.4 CNY and the median of indirect cost was
242.0 CNY. Univariate analysis showed that the direct
cost was related to days of stay in hospital, and there
was no significant difference in indirect cost among
groups. Multiple linear regression analysis indicated
total economic burden depended on the patients’ age,
interval between onset and diagnosis, and days of stay
in hospital. Therefore, standardized treatment leading
to normal hospital stay and enhanced health education
on malaria prevention can effectively reduce the
economic loss of imported malaria patients.

Guangxi Zhuang Autonomous Region is located in
the south of China where malaria was historically
highly prevalent. A total of 3,195 malaria cases were
reported in Guangxi from 2010 to 2019, of which
3,193 were imported cases. Most imported malaria
cases were P. falciparum infection, which accounted for
72.3% (2,310/3,193), followed by P. ovale 13.9%
(444/3,193). According to the report, the medical
information of 3,159/3,193 (98.94%) patients was
obtained, in which 70.7% (2,233/3,159) were treated
in Shanglin County medical institutions and the local
CDC (6). Therefore, Shanglin County was selected as
the study site.

The disease burden evaluation of imported malaria
patients in this study was comprised of direct cost and
indirect cost. Direct cost contains hospitalization
expenses, while indirect cost refers to economic loss
caused by work delays during the treatment. The
formula for indirect cost in this study was as follows:
indirect costs = hospitalized days x Shanglin County
GDP per person/365. Based on the Statistical Bulletin
of National Economic and Social Development of
Shanglin County in 2019, the GDP per capita of the
county is 22,086 CNY, and the average daily GDP per
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capita is 60.5 CNY (22,086.0/365).

In this study, the People’s Hospital of Shanglin was
selected as the target institution. The case information
of all imported malaria patients treated in the hospital
from January 1, 2016 to December 31, 2019 was
collected through medical records investigation for
further analysis, excluding data with logic errors and
incomplete information. Considering the impact of
price growth and other factors on hospitalization costs
in different years, the hospitalization costs from 2016
to 2018 were standardized by consulting the
Consumer Price Index (CPI) of Guangxi from 2017 to
2019 (7~9) and taking the hospitalization costs in
2019 as the baseline. For example, hospitalization
expenses in 2016 (standardized) = hospitalization
expenses in 2016 x (1 + 2017°s CPI) x (1 + 2018’s
CPI) x (1 + 2019s CPI). The case information
included the patient’s gender, age, infected Plasmodium
species, interval between onset and diagnosis, days of
stay in hospital, hospitalization cost, and the cost of
each item, etc.

The data were recorded in Excel and statistical
analyses were performed using SAS software (version
9.4, SAS Institute, Cary, NC, USA). Descriptive
statistical analysis was used to describe the general
characteristics of the patients. Since direct costs,
indirect costs, and total costs did not meet the normal
distribution, the quantitative data were analyzed by
means, median, and Q1 and Q3. Wilcoxon rank sum
test was carried out for comparison between two
groups, and Kruskal-Wallis one-way ANOVA test was
conducted for comparison between multiple groups.
Through square root transformation, the total
economic burden satisfied the normal distribution, and
multiple linear regression analysis was performed step-
by-step to screen independent variables using test level
a =0.05.

The results showed that 537 imported malaria cases
were collected from the People’s Hospital of Shanglin,
including 527 males and 10 females. The median age
was 40 years, with patients aged 20-49 years
accounting for 77.1% (414/537), and each patient was
hospitalized for 4 days. The median direct cost was
2,904.4 CNY, accounting for 92.3% of the total
expenditures (2,904.4/3,146.4), with the cost of
laboratory tests, drug products, and examination as the
top three costs. The median indirect cost was 242.0
CNY, accounting for 7.7% of the total economic
burden (242.0/3,146.4) (Figure 1). Univariate analysis
showed that direct expenses were only related to days
of stay in the hospital and that the direct cost of
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FIGURE 1. Composition of economic costs of imported
malaria patients in Shanglin County, Guangxi Zhuang
Autonomous Region from 2016 to 2019. (A) Proportion of
direct costs of imported malaria patients. (B) Proportion of
the total economic burden of imported malaria patients.

hospital stay >4 days group was higher than that of
hospital stay <4 days group (Table 1). There was no
significant difference in indirect cost among the groups
(Table 1). Multiple linear regression analysis of the
total economic burden showed that total cost was
highly related to age, days of stay in hospital, and
onset-diagnosis time (Table 2).

DISCUSSION

The total economic burden of a malaria case was
about 3,146.4 CNY, which was 14.2% of the local per
capita GDP, bringing a major economic burden to
families of the patients. Most malaria inpatients in the
People’s Hospital of Shanglin were males aged 20-49
years, which was consistent with the characteristics of
most imported malaria cases being migrant workers
(10). Among the direct costs of malaria-related
treatment, the costs of laboratories, drugs, and
examinations were relatively high, which may be
caused by the frequent examination of blood routine,
blood biochemistry, urine routine, and other indicators
for malaria diagnosis, disease progress, and drug side
effects. Although antimalarial drugs were free of
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TABLE 1. The average medical costs of imported malaria patients in Shanglin County, Guangxi Zhuang Autonomous

Region, 2016-2019.

Indicator Total, n(%) Direct c?st Indirect*cost
Mean Median (Q1, Q3) ZIx? value Pvalue MeanMedian (Q1,Q3)  Z/x? value P value
Gender
Female 527(98.1) 3,030.8 2,895.4 (2,408.9, 3,459.2) 1.11 0.26 244.6 242.0 (181.5,302.5) 1.2 0.23
Male 10(1.9)  3,178.1 3,309.0 (2,748.9, 3,560.6) 260.2 242.0 (242.0,302.5)
Age (years) 4.29 0.12 3.2 0.20
<20 2(0.4) 2,576.22,576.2 (2,428.8, 2,723.6) 211.8 211.8 (181.5, 242.0)
20-49 414(77.1) 3,014.92,861.0 (2,414.3, 3,444.6) 242.7 242.0 (181.5,302.5)
>50 121(22.5) 3,104.7 3,056.7 (2,407.6, 3,556.8) 253.0 242.0 (181.5,302.5)
Onset-diagnosis days (days) 0.80 0.42 1.4 0.18
<1 289(53.8) 2,993.6 2,895.4 (2,433.9, 3,284.1) 237.2 242.0 (181.5,242.0)
>1 248(46.2) 3,080.0 2,935.9 (2,390.6, 3,524.1) 254.0 242.0 (181.5, 302.5)
Length of stay (days) -10.07  <0.01 - -
<4 186(34.6) 2,540.9 2,559.5 (2,060.0, 2,874.7) - - -
>4 351(65.4) 3,294.53,129.9 (2,693.4, 3,690.9) - - -
Species classification 2.16 0.71 3.7 0.45
P. falciparum 328(61.1) 3,101.22,916.2 (2,433.9, 3,494.0) 252.0 242.0 (181.5,302.5)
P. ovale 176(32.8) 2,931.52,920.3 (2,380.7, 3,443.3) 232.4 242.0 (181.5,302.5)
P. vivax 17(3.2)  2,800.02,713.8 (2,219.6, 3,462.6) 249.1 242.0 (181.5,302.5)
Mixed-infection 9(1.7) 3,081.12,895.4 (2,754.1, 3,500.2) 235.3 242.0 (181.5,242.0)
P. malariae 7(1.3) 2,930.8 3,140.1 (2,802.6, 3,245.0) 233.4 242.0 (242.0,242.0)

" Q1, known as the “Smaller Quartile”, is equal to the 25% of all values in the sample, from smallest to largest. Q3, known as the “higher
fourth quantile”, is equal to the 75% of all values in the sample, from smallest to largest.

TABLE 2. Multiple linear regression results of total cost of imported malaria patients in Shanglin County, Guangxi Zhuang

Autonomoums Region, 2016-2019.

Variable B Standard error Standard t value P value
Intercept 1,822.8 151.3 0 121 <0.01
Age 7.7 3.3 0.1 24 0.02
Length of stay 268.6 17.7 0.5 15.1 <0.01
Onset-diagnosis interval (days) -3.3 1.5 -0.1 -2.2 0.03

charge, other drugs for related symptoms and
supportive treatment drugs were required during
hospitalization. The differential diagnosis of malaria
and other diseases often required B-scan ultrasound,
electrocardiogram, X ray and other examinations.
Univariate analysis showed that longer stays in the
hospital affected the direct cost of hospital stay as the
hospital stay >4 days group had higher costs than the
hospital stay <4 days group. The differences in indirect
costs between groups were not statistically significant,
which means that the differences in hospitalization
days between groups were not statistically significant.
For univariate analysis, both age and onset-diagnosis
interval were included as categorical variables, while

Chinese Center for Disease Control and Prevention

continuous variables were included for multiple linear
regression, which could explain the difference in
results. Multiple linear regression analysis showed that
age, longer stay, and the onset-diagnosis interval
affected the total cost. The interval between onset and
diagnosis might affect the severity of the patient’s
illness. The longer the time spent from onset to
treatment for diagnosis, the worse the patient will
become, leading to an increase in economic costs. The
length of the hospital stay might be related to the
severity of the patient’s symptoms and various
indicators of the body of patients. As the hospital stay
was extended, the total costs of various items including
bed fee, medical consultation fee, and nursing fee

CCDC Weekly /Vol.3/No. 17 353
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would rise accordingly, thus causing higher hospital
costs.

This study was subject to some limitations. First, the
direct economic burden included direct medical
expenses and direct non-medical expenses. Because
imported malaria cases were scattered and there were
little direct non-medical burden data available through
the field investigations, the study did not include direct
non-medical expenses, such as meals, accommodation,
and transportation for patients and their families.
Second, it was found in a survey in Shanglin County
that only 6.7% (2/30) of the imported malaria patients
had a caretaker to take care of them all day in the
hospital. Therefore, the indirect economic burden in
this study only took into account for patients who
missed work due to illness. Finally, the relatively poor

balance between groups contributed to poor
comparability between groups, such as gender
grouping.

In conclusion, the economic burden of imported
malaria patients in Guangxi Zhuang Autonomous
Region was affected by age, the length of
hospitalization, and the interval between onset and
diagnosis. Therefore, by advocating reasonable medical
treatment behavior and standardizing hospitalization,
discharge, and the length of hospitalization, the
treatment costs of imported malaria patients could be
effectively reduced. In addition, one of the most crucial
strategies and approaches to reducing the malaria
disease burden is to strengthen health education and
personal self-protection for people who travel abroad to
endemic areas so as to reduce the chance of malaria
infection, mitigate the threat of malaria importation,
and consolidate the achievements of malaria
elimination.

Funding: Supported by the National Key Research
and Development Program of China (No.
2016YFC1200502) and the WHO Biennial
Cooperative Project (No. 2012/269948-0).
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Preplanned Studies

Challenges of Sustaining Malaria Community Case Management
in 81 Township Hospitals along the China-Myanmar Border
Region — Yunnan Province, China, 2020

Wei Ding'; Shenning Lu'; Qiuli Xu'; Xuejiao Ma'; Bei Wang'; Jingbo Xue'; Xiaodong Sun?
Jianwei Xu* Chris Cotter’; Duoquan Wang'*; Yayi Guan'; Ning Xiao'

Summary

What is already known on this topic?

The health workforce at township hospitals in the
China-Myanmar border region has played a key role in
sustaining Community case management of malaria
(CCMm), while few studies have investigated their
performance and challenges.

What is added by this report?

Sustaining CCMm in the region was subject to the
following major challenges: insufficient training on
malaria diagnosis and testing, lacking necessary and
timely treatment for patients, and risks of instability
among the malaria workforce.

What are the implications for public health
practice?

These challenges called for the national and provincial
authorities to provide regular trainings and intensive
supervision to strengthen malaria diagnosis and
treatment capacity in the region and to set up incentive
mechanisms and individual career development paths
to sustain the workforce.

Through years of malaria elimination efforts, China
has been on track for the World Health Organization
(WHO)’s malaria-free certification after reporting 3
consecutive years of 0 indigenous case since 2017 ([).
Sustaining the elimination efforts in the border region
of Yunnan Province is critical as it shares a long
borderline with Myanmar without natural barriers and
faced malaria importation and the risk of re-
establishment due to mutual business and population
movement (2—4). Community case management of
malaria (CCMm) promotes the early detection,
prompt testing, and appropriate treatment of malaria
in communities. To consolidate the efforts, this study
assessed the status of CCMm in 81 township hospitals
of 6 border counties in Yunnan in 2020 by
investigating the knowledge and practice of health
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workforce and their challenges in the delivery of
malaria diagnostic and treatment services through a
structured questionnaire. The results showed that the
CCMm was satisfactory for case recognition and
testing by rapid diagnostic tests (RDTs), while both
training on malaria diagnosis and providing necessary
treatment for patients were insufficient, and risks of
instability in the malaria workforce existed. It is
recommended to provide regular training and intensive
supervision for the malaria workforce to identify
strategies to sustain the workforce.

The study was conducted from July to December
2020. All relevant malaria health staff (568) of all
township hospitals (81) from 6 counties (Yingjiang,
Tengchong, Cangyuan, Longling, Longchuan, and
Lushui) was included in the study. The 6 counties were
selected out of 18 total border counties by having a
higher number of imported malaria cases in the border
region between January 1, 2017 and December 31,
2019 according to the data from China Information
System for Disease Control and Prevention (CISDCP).

The questionnaire was generated using an online
survey tool Wenjuanxing (WJX, https://www.wjx.cn/,
in Chinese) and was pretested among 32 health staff in
Tengchong County and Simao County. The finalized
questionnaire was delivered to the targeted respondents
by a mobile application and administrated by the field
investigators of local CDCs. Written informed consent
was obtained from each respondent. Results were
collected by WJX and analyzed by Microsoft Office
Excel (version 2019; Microsoft Corp, Beijing, China).

The average age of the respondents was 32.15+8.40
years and 53.7% (305/568) were aged between 30-50
years; 88.4% (502/568) had bachelor’s degree or junior
college degree in medicine. Among all the respondents,
44.7% (254/568) were physicians responsible for the
diagnosis and treatment of malaria, 26.4% (150/568)
were lab technicians responsible for testing the malaria

suspects, and 28.9% (164/568) were public health
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doctors responsible for reporting infectious diseases
and conducting epidemiological investigations.

Most physicians (94.9%, 241/254) would suspect
malaria if any patient presented symptoms including
chills, fever, and shivering. However, half (50%,
127/254) of the respondents had not received any
training on diagnosis and treatment of malaria over the
past 3 years, and nearly one-third (33.1%, 84/254) of
respondents had never had a patient with malaria
infection during their practice. In addition, 53.5% of
respondents did not provide malaria treatment in local
hospitals (Table 1).

Most lab technicians had knowledge of (96.7%,
145/150) and were capable (90.7%, 136/150) of using
RDTs, while 55.3% (83/150) of them were not
adequately trained for preparing blood films, and
47.3% (71/150) could not identify Plasmodium species
through microscopy. Only 50.7% (76/150) were
trained on microscopy examination of Plasmodium
during the past 3 years (Table 2).

Among the 164 public health doctors, 29.3%
(48/164) reported a lack of regular review of blood

films by local county CDCs. Over a quarter (28.7%,
47/164) mentioned shortages of necessary anti-malarial
drugs in their hospitals. Almost every respondent
(99.4%, 163/164) was engaged in the malaria health
education activities, while the promotion via official
WeChat account only made up for 26.2% (43/174). In
addition, 68.3% (112/164) reported “no change” in
terms of the number of malaria health staffs during the
last 3 years. Inadequate training (70.7%, 116/164) and
professional movement (59.8%, 98/164) stood out as 2
major challenges (Table 3).

DISCUSSION

This study assessed the knowledge and practices of
the physicians, lab technicians, and public health
doctors who worked at the township hospitals in
border counties in Yunnan and the challenges during
their work on malaria. Positive findings from the study
included the following: local township health staff at
the Yunnan border area was relatively young and well
educated; physicians were vigilant in recognizing the

TABLE 1. Physicians’ knowledge and practice of malaria diagnosis and treatment in the 81 township hospitals of 6 border

counties, Yunnan Province, 2020.

Variable Yingjiang, Tengchong, Cangyuan, Longling, Longchuan, Lushui, Total,
n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Knowledge of malaria symptoms
Yes 49 (98.0) 71(94.7) 17 (77.3) 46 (97.9) 21 (95.5) 37 (97.4) 241 (94.9)
No 1(2.0) 4 (5.3) 5(22.7) 1(2.1) 1(4.6) 1(2.6) 13 (5.1)
Trained in last 3 years
Yes 37 (74.0) 28 (37.3) 7 (31.8) 28 (59.6) 10 (45.5) 17 (44.7) 127 (50.0)
No 13 (26.0) 47 (62.7) 15 (68.2) 19 (40.4) 12 (54.6) 21 (55.3) 127 (50.0)
Recognize high-risk groups
Returnees 49 (98.0) (96.0) 18 (81.8) 43 (91.5) 19 (86.4) 32 (84.2) 223 (87.8)
Migrants 43 (86.0) 7 (89.3) 16 (72.7) 44 (93.6) 18 (81.8) 32 (84.2) 0 (86.6)
Women 11 (22.0) 16 (21.3) 4 (25.0) 13 (27.7) 9 (40.9) 9(23.7) 62 (24.4)
Children 13 (26.0) 22 (29.3) 7 (43.8) 15 (31.9) 8 (36.4) 11 (29.0) 76 (29.9)
Others 1(2.0) 4(5.3) 4 (25.0) 2 (4.3) 0(0.0) 1(2.6) 2(4.7)
Provided treatment
Yes 31 (62.0) 35 (46.7) 15 (68.2) 23 (48.9) 8 (36.4) 6 (15.8) 118 (46.5)
No 19 (38.0) 40 (53.3) 7 (31.8) 24 (51.1) 14 (63.6) 32 (84.2) 136 (53.5)
Last malaria patient received
Never 11 (22.0) 3(17.3) 9 (40.9) 21 (44.7) 10 (45.5) 20 (52.6) 84 (33.1)
<5 years ago 19 (38.0) 3(30.7) 5(22.7) 8 (17.0) 6 (27.3) 3(7.9) 64 (25.2)
5-10 years ago 14 (28.0) 23 (30.7) 3(13.6) 10 (21.3) 3(13.6) 8(21.1) 61 (24.0)
>10 years ago 6 (12.0) 6 (21.3) 5(22.7) 8 (17.0) 3(13.6) 7(18.4) 45 (17.7)
Total 50 (19.7) 5 (29.5) 22 (8.7) 47 (18.5) 22 (8.7) 38 (15.0) 54 (100.0)
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TABLE 2. Lab technicians’ knowledge and practice on malaria testing including use of rapid diagnostic tests (RDTs) in the
81 township hospitals of 6 border counties, Yunnan Province, 2020.

Variable Yingjiang, Tengchong, Cangyuan, Longling, Longchuan, Lushui, Total,
n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Know about RDTs

Yes 33 (100.0) 32 (94.1) 20 (95.2) 28 (100.0) 16 (100.0) 16 (88.9) 145 (96.7)

No 0 (0) 2 (5.9) 1(4.8) 0 (0) 0 (0) 2(11.1) 5(3.3)
Be able to use RDTs

Yes 33(100.0) 29 (85.3) 20 (95.2) 26 (92.9) 16 (100.0) 12 (66.7) 136 (90.7)

No 0 (0) 5(14.7) 1(4.8) 2(7.1) 0(0) 6 (33.3) 14 (9.3)
Use RDTs in daily work

Always 11(33.3) 13(38.2) 4 (19.1) 19 (67.9) 4(25.0) 0 (0) 51 (34.0)

Sometimes 22 (66.7) 16 (47.1) 15 (71.4) 7 (25.0) 11 (68.8) 10 (55.6) 81 (54.0)

Never 0(0.0) 5(14.7) 2(9.5) 2(7.1) 1(6.3) 8 (44.4) 18 (12.0)
Blood film preparation

Skillful 15 (45.5) 13(38.2) 8 (38.1) 10 (35.7) 5(31.3) 8 (44.4) 59 (39.3)

Not skillful 13 (39.4) 20 (58.8) 13 (61.90) 18 (64.3) 10 (62.5) 9 (50.0) 83 (55.3)

No 5(15.2) 1(2.9) 0 (0) 0 (0) 1(6.3) 1(5.6) 8(5.3)
Received microscopy training

Yes 16 (48.5) 16 (47.1) 7 (33.3) 19 (67.9) 5(31.3) 13 (72.2) 76 (50.7)

No 17 (51.5) 18 (52.9) 14 (66.7) 9(32.1) 11 (68.8) 5(27.8) 74 (49.3)
Microscopy ability

Can identify species 16 (48.5) 18 (52.9) 6 (28.6) 7 (25.0) 3(18.8) 5(27.8) 55 (36.7)

Cannot identify species 10 (30.3) 11 (32.4) 11 (52.4) 18 (64.3) 10 (62.5) 11 (61.1) 71 (47.3)

No 7(21.2) 5(14.7) 4 (19.1) 3(10.7) 3(18.8) 2(11.1) 24 (16.0)
RDTs stock outs in last 1 year

Yes 1(3.0) 1(2.9) 1(4.8) 1(3.6) 1(6.3) 0(0) 5(3.3)

No 32 (97.0) 33 (97.1) 20 (95.2) 27 (96.4) 15 (93.8) 18 (100) 145 (96.7)
Total 33 (22.0) 34 (22.7) 21 (14.0) 28 (18.7) 16 (10.7) 18 (12.0) 150 (100.0)

malaria patients; and almost all lab technicians knew
and were able to use RDTs. Challenges were also
identified in three aspects. First, there was insufficient
training on malaria diagnosis and testing. The results
showed that lab technicians had a low proficiency in
preparing blood films and public health doctors
regarded lacking adequate training for malaria as one
of their major challenges in work. The findings were
consistent with the previous studies (5-7) that
suggested that training the malaria workforce was
urgently required to sustain the malaria diagnosis and
treatment capacity in the post-elimination era. Second,
there was a lack of necessary treatment for patients.
Only 46% of the interviewed physicians confirmed
providing the necessary treatments to patients that had
been diagnosed with malaria, which might partially be
linked to a shortage of antimalarials. Nevertheless,
delayed treatment would threaten the life of severe
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malaria patients and might leave untreated patients
become indirect infection sources that lead to a
secondary infection from imported cases. Finally, there
were risks of instability among the local malaria
workforce. Although the movement of malaria health
staff was not obvious, 59.8% and 36.0% of the public
health doctors regarded the instability (movement) of
staff and the aging of experienced staff as challenges.
According to our follow-up interviews, with the
elimination of malaria, fewer cases were received in
local township hospitals (some hospitals have even not
received any malaria patients in the past 3 years),
which might explain the shift of the malaria workforce.
On the other hand, experienced staff tends to get into
upper-level medical facilities once they accumulate
enough experiences at the township level and this
would contribute to losses of the experienced malaria
workforce.
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TABLE 3. Public health doctors’ knowledge and practice on malaria case management and the challenges in the 81
township hospitals of 6 border counties, Yunnan Province, 2020.

Variable Yingjiang, = Tengchong, Cangyuan, Longling, Longchuan, Lushui, Total,
n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Review of blood films
Yes 21(72.4) 30 (73.2) 12 (80.0) 28 (90.3) 7 (41.2) 18 (58.1) 116 (70.7)
No 8 (27.6) 11 (26.8) 3(20.0) 3(9.7) 10 (58.8) 13 (41.9) 48 (29.3)
Assist in case investigation
Perform case survey 19 (65.5) 28 (68.3) 10 (66.7) 29 (93.6) 12 (70.6) 22 (71.0) 120 (73.2)
Provide case information 7 (24.1) 11 (26.8) 5(33.3) 2 (6.5) 3(17.7) 7 (22.6) 35 (21.3)
Others 1(3.4) 2(4.9) 0(0) 0 (0) 0 (0) 0 (0) 3(1.8)
No 2(6.9) 0 (0) 0 (0) 0 (0) 2(11.8) 2 (6.45) 6 (3.7)
Assist in foci response
Fill in registration form 21 (72.4) 27 (65.8) 7 (46.7) 28 (90.3) 7(41.2) 26 (83.87) 116 (70.7)
Survey of companions 5(17.2) 7(17.1) 2(13.3) 2 (6.5) 4 (23.5) 2 (6.45) 22 (13.4)
Vector investigation 0 (0) 0 (0) 2(13.3) 0 (0) 0 (0) 0(0) 2(1.2)
Vector control 0(0) 0 (0) 0 (0) 0 (0) 1(5.9) 0 (0) 1(0.6)
Health education 1(3.5) 8 (19.5) 4 (26.7) 1(3.2) 2(11.8) 1(3.23) 17 (10.4)
No 2(6.9) 0 (0) 0 (0) 0 (0) 3(17.7) 2 (6.5) 7 (4.3)
Antimalarials in stock
Yes 20 (69.0) 34 (82.9) 10 (66.7) 30 (96.8) 9 (52.9) 14 (45.2) 117 (71.3)
No 9(31.0) 7(17.1) 5(33.3) 1(3.2) 8 (47.1) 17 (54.8) 47 (28.7)
Health education
Provide leaflets in hospital 21 (72.4) 29 (70.7) 15 (100.0) 27 (87.1) 14 (82.4) 24 (77.4) 130 (79.3)
Malaria Day campaign 18 (62.1) 39 (95.1) 11(73.3) 26 (83.9) 9 (52.9) 22 (71.0) 125 (76.2)
Promotion in villages 22 (75.9) 28 (68.29) 11(73.3) 21 (67.7) 13 (76.5) 24 (77.4) 119 (72.6)
Promotion via WeChat 5(17.2) 14 (34.15) 4 (26.67) 15 (48.4) 2(11.8) 3(9.7) 43 (26.2)
No 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1(3.2) 1(0.6)
Movement of malaria staff
Increase 10 (34.5) 7(17.1) 5(33.3) 0 (0) 3(17.7) 5(16.1) 30 (18.3)
Reduce 4(13.8) 1(2.4) 0 (0) 2 (6.5) 1(5.9) 5(16.1) 13 (7.9)
No change 15 (561.7) 31 (75.6) 10 (66.7) 28 (90.3) 9 (52.9) 19 (61.3) 112 (68.3)
Unknown 0(0) 2(4.9) 0 (0) 1(3.2) 4 (23.5) 2 (6.5) 9 (5.5)
Malaria-related work
Radical treatment 9(31.0) 21 (51.2) 6 (40.0) 21 (67.7) 5(25.4) 8 (25.8) 70 (42.7)
Insecticide spray 26 (89.7) 23 (56.1) 14 (93.3) 20 (64.5) 13 (76.5) 22 (71.0) 118 (72.0)
Promote nets use 23 (79.3) 31 (75.6) 11(73.3) 20 (64.5) 16 (94.12) 23 (74.2) 124 (75.6)
Distribute antimalarials 17 (58.6) 31 (75.6) 11 (73.3) 28 (90.3) 12 (70.6) 23 (74.2) 122 (74.4)
Challenges
Staff shifting 17 (58.6) 22 (53.7) 8 (53.3) 20 (64.5) 7 (41.2) 24 (77.4) 98 (59.8)
Aging of experienced staff 10 (34.5) 17 (41.5) 6 (40.0) 8(25.8) 5(29.4) 13 (41.9) 59 (36.0)
Lack motivation 9(31.0) 8 (19.5) 1(6.7) 8 (25.8) 4 (23.5) 9 (29.0) 39 (23.8)
Heavy workload 14 (48.3) 20 (48.8) 12 (80.0) 9 (29.0) 4 (23.5) 17 (54.8) 76 (46.3)
Inadequate training 21 (72.4) 28 (68.3) 9 (60.0) 24 (77.4) 13 (76.5) 21 (67.7) 116 (70.7)
Others 1(3.5) 2(4.9) 1(6.7) 0 (0) 0 (0) 0 (0) 4(24)
Impacted by COVID-19
Yes 6 (20.7) 14 (34.2) 4(26.7) 5(16.1) 1(5.9) 7 (22.6) 37 (22.6)
No 23 (79.3) 27 (65.9) 11 (73.3) 26 (83.9) 16 (94.1) 24 (77.4) 127 (77.4)
Total 29 (17.7) 41 (25.0) 15(9.1) 31(18.9) 17 (10.4) 31(18.9) 164 (100.0)
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According to the WHO framework of malaria
elimination (8), maintaining the malaria technical
expertise and and political
commitment at national and subnational levels are
among the key points for countries to prevent re-
establishment of malaria transmission. In this regard, it
is necessary for local government of the border region
to sustain their current efforts, with additional focus on
training the local health workforce; increasing
supervision on malaria testing and treatmeng
strengthening the capacities on risk identification; and
sustaining the local malaria workforce through certain
strategies such as include the stability of malaria
workforce as a key performance indicator in health
facilities. Yunnan’s malaria diagnostic reference
laboratory has improved the standardization of blood
examination in the province since its establishment in
2012 (7). It is recommended to reinforce its function
in the training of lab technicians and supervision of the
quality on slide preparation. Raising the malaria
awareness of the public and the targeted groups is also
recommended. As most malaria patients admitted in
hospitals were the returning laborers who worked in
construction sites, lumbering and mine industry (9),
we encourage local health facilities to increase use of
social applications such as WeChat [the most widely
used mobile social application in China, which has
proven improvement in efficiency of public health
education (Z0)] for disseminating information on
malaria prevention among the general public and
targeted groups including the laborers and the related
companies to provide tailored information.

The study was subject to at least two limitations:
First, selection of the study groups might not capture
all relevant information. For instance, the performance
of case notification was not assessed because the duty
falls into different positions across hospitals, and those
who are responsible for case notification might not be
covered in the study. Second, the respondents were
subject to potential recall bias. The answers of the
respondents were not capable of being cross verified as
the study did not cover patients or the hospitals’
administrators.

In conclusion, the CCMm in Yunnan border
townships has performed satisfactorily in terms of case
detection and testing by RDTs, whereas training on
both malaria case diagnosis and
insufficient and the risk of workforce instability exists.
It is recommended to provide regular training and
intensive supervision to strengthen the malaria
diagnosis and treatment capacity in the region and to

sustaining  financial

treatment is
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set up incentive mechanisms and individual career
development path to sustain the workforce.
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Malaria Deaths — China, 2011-2020
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ABSTRACT

Introduction: The malaria deaths (MDs) caused by
imported Plasmodium falciparum has become a great
challenge. This article analyzed MDs in China in
2011-2020 to provide evidence-based data for further
strategies and interventions adjustment.

Methods: Individual data via the National
Notifiable Disease Reporting System (NNDRS) in
2011-2020 were collected. The Plasmodium species,
case classification, temporal and spatial distribution,
and source of MDs were analyzed to explore MD
characteristics. The Parasitic Diseases Information
Reporting Management System (PDIRMS) of MDs in
2013-2020 which explored clinical symptom and
treatment was also collected and analyzed.

Results: A total of 165 MDs with a mortality rate of
0.5% were recorded in the NNDRS from 2011 to
2020. Among them, 164 (99.4%) died due to imported
malaria cases, 1 (0.6%) died of indigenous case reported
in Yunnan in 2013. The number of MDs showed a
decreasing trend from 2011 (n=30) to 2020 (n=6). The
MDs consisted of 160 (97.0%) P. falciparum cases, 1
(0.6%) mixed infection case, and 4 (2.4%) clinical
diagnosed cases. The MDs were mainly reported in
Guangdong (n=18, 10.9%), Sichuan (n=17, 10.3%),
Beijing (n=15, 9.1%) and Henan (n=15, 9.1%). The
PDIRMS had reported 121 MDs from 2013-2020, and
46.3% (n=56) of MDs exhibited severe brain damage,
and most of the patients (n=95, 78.5%) were
administrated by artemisinin combination therapy
injection form.

Conclusions: The total MDs decreased in China,
and a delay in diagnosis and treatment is the main
causes of MDs. Therefore, two actions are needed to
prevent MDs, including improving health education
for key populations such as migrant workers who come
to and return from endemic regions and maintaining
malaria diagnosis and treatment capabilities of
clinicians in medical facilities.

INTRODUCTIONS

China has eliminated indigenous malaria and
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reached this milestone for 4 consecutive years since
2017  (1-2). with globalization and
economic integration, an increasing number of people
come to or return from Africa and Southeast Asia,
which also make imported malaria as a major challenge
to malaria post-elimination stage in China (3-5).
Severe malaria infections, or even fatalities, that are
mainly caused by imported Plasmodium falciparum (P.
falciparum), would be catastrophic if diagnosis and
treatment could not be carried out promptly.
Therefore, the objective of this study was to
characterize the epidemiological status of malaria
deaths (MDs) and the symptoms and
treatments for deaths from 2011 to 2020, aiming to
provide evidence-based data that could support the
adjustment of appropriate control strategies and
activities during the malaria post-elimination stage in

China.

However,

clinical

METHODS

Data from 31 provincial-level ~administrative
divisions (PLADs) via the National Notifiable Disease
Reporting  System (NNDRS) were collected and
carefully reviewed from January 1, 2011 to December
31, 2020. The NNDRS, which was set up in 2004
after the severe acute respiratory syndrome (SARS)
outbreak, is a standardized platform that provides
healthcare systems nationwide with the ability to
detect, analyze, prevent, and respond to any
communicable diseases in the country. The clinically
diagnosed cases referred to individuals with malaria-
related symptoms [fever (axillary temperature >
37.5 °C), chills, severe malaise, headache, or vomiting]
at the time of examination, and laboratory-confirmed
cases referred to clinical cases confirmed by
microscopy, polymerase chain reaction (PCR), or rapid
diagnostic tests (RDT) in the laboratory, and both
types of cases were included in this analysis. The
clinical symptoms and treatments of all MDs from
2013 to 2020 were collected from the Parasitic
Diseases Information Reporting Management System
(PDIRMS). Data from Hong Kong, Macao, and
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Taiwan were excluded in this study. Individual
information including Plasmodium  species, case
classification, source of death cases, intervals from
onset to diagnosis, intervals from onset to death, and
treatment were used to analyze MD characteristics.
The statistical analysis was evaluated by trend chi-
squared tests (SPSS, version 21.0, IBM Corp.), and

P<0.05 was considered as statistical significance.

RESULTS

A total of 165 MDs with a fatality rate of 0.54%
were recorded in the NNDRS from 2011 to 2020
(Table 1). Among them, 164 (99.4%) MDs were due
to imported malaria cases, and 1 death was an
indigenous case (2013 in Yunnan). The number of
MDs decreased from 2011 (n=30) to 2020 (n=06), a
result which was statistically significant (evaluated by
trend chi-squared test, x2=322.153, P<0.001). The
MDs consisted of 160 (97.0%) P. falciparum cases, 1
(0.6%) mixed infection case (2012 in Xinjiang), and 4
(2.4%) clinically-diagnosed cases. Most of the MDs
(n=143, 86.7%) were reported in 22 endemic PLAD:s,
and others (n=22, 13.3%) were reported in 5 non-
endemic PLADs. The MDs were mainly reported in
Guangdong (n=18, 10.9%), Sichuan (n=17, 10.3%),
Beijing (n=15, 9.1%), and Henan (n=15, 9.1%)
(Table 2). The distribution of MDs has been shrunken
for reported cases from 14 PLADs in 2011 to 3 PLADs
in 2020. The highest number of MDs was observed in
the age group of 46 to 50 (n=32, 19.4%), followed by
the age group of 40 to 45 (n=29, 17.6%). The highest
number of MDs occurred in 2011 (n=30, 18.2%). The
temporal distribution showed that MDs was reported
throughout the whole year and monthly distribution
showed that the highest number of MDs was reported
in January (n=27, 16.4%) and February (n=23, 13.9%)
(Figure 1). The MDs (n=156, 94.5%) were reported in
hospitals and CDCs (n=9, 5.5%). In addition, the
MDs were mainly reported by facilities at the
prefecture level (n=95, 57.6%), at the provincial level
(n=54, 32.7%), and at the county level (n=16, 9.7%).
The average medium of interval from onset to
diagnosis was 7 days, and the average medium of
interval from onset to death was 8 days. Most of the
MDs were from people of Chinese nationality (n=162,
98.2%).

The MDs due to imported cases were from 30
countries and 2 continents. Among them, 150 cases
(90.9%) were from Africa and mainly from Central

Chinese Center for Disease Control and Prevention

TABLE 1. Malaria cases, deaths, and case-fatality rate
reported in China (2011-2020).

Deaths

Year Total case

Total deaths Case-fatality rate (%)

2011 4,450 30 0.67
2012 2,714 15 0.55
2013 4,137 21 0.51
2014 3,081 24 0.78
2015 3,277 21 0.64
2016 3,320 15 0.45
2017 2,861 7 0.24
2018 2,678 7 0.26
2019 2,674 19 0.71
2020 1,086 6 0.55
Total 30,278 165 0.54

(n=59, 35.8%) and West Africa (n=47, 28.5%),
including Angola (n=27, 16.4%), Nigeria (n=17,
10.3%), and Mozambique (n=10, 6.1%) (Table 3).
For the MDs from Southeast Asia, they were mainly
from Myanmar (n=8, 4.8%), Cambodia (n=1, 0.6%),
and Indonesia (n=1, 0.6%).

The PDIRMS showed that among 121 MDs
reported from 2013 to 2020, 46.3% (n=56) of them
exhibited severe brain damage and 19.0% of them
exhibited (n=23) severe liver and kidney damage. Most
of the patients (n=95, 78.5%) were administrated by
artemisinin combination therapy injection form.

DISCUSSION

Malaria mortality has declined over the past decades
in China. The findings in this study revealed that most
of the deaths were identified as imported malaria cases
in returning migrant workers from Africa, and the
findings were similar to a previously reported study (6).
This result was consistent with expectations as P.
Jalciparum was widespread in Africa, and Central and
West Africa were the main source regions of imported
deaths, which were regions with high disease burden of
malaria mortality as reported by the World Health
Organization (WHO) (7).

The interval from onset to diagnosis was 7 days in
this study, which was longer than that reported in
other non-endemic countries, whose median diagnosis
delays were 4 or more days (8). Reasons that are likely
to cause delays from onset to diagnosis are as follows.
First, the patients failed to recognize the harm of
malaria to the human body, which led to poor
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TABLE 2. Malaria deaths in 31 provincial-level administrative divisions (PLADs) in China (2011-2020).

PLADs Malaria endemicity Total cases ot C:::—t;stality rate () P'}‘:]Ptc;]:i;';] :Ifed:::ﬁ r§(%)
Guangdong Endemic 1,686 18 1.07 10.9
Sichuan Endemic 2,163 17 0.79 10.3
Henan Endemic 1,903 15 0.79 9.1
Beijing Non-endemic 769 15 1.95 9.1
Shandong Endemic 1,702 13 0.76 7.9
Fujian Endemic 880 11 1.25 6.7
Hunan Endemic 1,298 9 0.69 55
Anhui Endemic 1,645 8 0.49 438
Jiangsu Endemic 2,797 7 0.25 4.2
Hubei Endemic 1,248 7 0.56 42
Yunnan Endemic 5,415 6 0.11 3.6
Liaoning Endemic 460 6 1.30 3.6
Guangxi Endemic 3,193 5 0.16 3.0
Chongging Endemic 290 5 1.72 3.0
Shanghai Endemic 409 4 0.98 24
Hebei Endemic 456 3 0.66 1.8
Jilin Non-endemic 131 3 2.29 1.8
Zhejiang Endemic 1,723 2 0.12 1.2
Xinjiang’ Endemic 63 2 3.17 1.2
Inner Monglian Non-endemic 33 2 6.06 1.2
Shannxi Endemic 606 1 0.17 0.6
Jiangxi Endemic 399 1 0.25 0.6
Gansu Endemic 203 1 0.49 0.6
Shanxi Endemic 119 1 0.84 0.6
Hainan Endemic 99 1 1.01 0.6
Tianjing Non-endemic 92 1 1.09 0.6
Ningxia Non-endemic 40 1 2.50 0.6
Qinghai Non-endemic 17 0 0.00 0.0
Tibet Endemic 30 0 0.00 0.0
Guizhou Endemic 340 0 0.00 0.0
Heilongjiang Non-endemic 69 0 0.00 0.0

Total NA 30,278 165 0.54 100

" Xinjiang includes Xinjiang Uygur Autonomous Region and the Xinjiang Production and Construction Corps.

awareness of medical treatment. After the appearance
of symptoms such as chills and fever, patients did not
pay attention on them. They often obtained infusions
in small clinics and even self-administered medication
to relieve symptoms, which could lead to delays in
diagnosis and treatment, worsen conditions, and even
death. These factors were found in some MDs reported
recently in Beijing, Sichuan, Shanghai, Jiangsu, and

Shandong (9-13).
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Second, the clinicians had insufficient experience in
the diagnosis and treatment of malaria, and some of
them did not take the initiative to ask the patient’s
epidemiological history, so patient who had symptoms
of P. falciparum could not be promptly diagnosed.
Third, low-level hospitals for first visits were also main
factors influencing malaria deaths. In this study, 47.9%
of MDs were first diagnosed in county-level hospitals
or below, which need to be strengthened on capacity
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TABLE 3. Source of imported malaria cases contributing to deaths reported in China, 2011-2020.

Regions Country 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 Total
Africa 25 12 19 25 20 11 7 6 19 6 150
Southeast Africa 2 6 7 9 4 4 0 2 3 2 38
Mozambique 1 0 3 3 0 2 0 0 0 1 10

Uganda 0 0 2 1 3 1 0 0 1 1 9

Tanzania 0 2 0 4 0 0 0 1 0 0 7

Zambia 1 1 0 1 0 0 0 0 1 0 4

Madagascar 0 2 0 0 1 0 0 0 0 0 3

Malawi 0 1 0 0 0 0 0 0 1 0 2

South Sudan 0 0 0 0 0 1 0 1 0 0 2

Kenya 0 0 1 0 0 0 0 0 0 0 1

Egypt 0 0 1 0 0 0 0 0 0 0 1

West Africa 9 2 4 7 6 2 3 4 7 3 47
Nigeria 5 1 1 2 1 1 2 2 1 1 17

Guinea 1 0 2 1 2 0 0 0 0 2 8

Cote d’lvoire 0 0 0 1 1 0 0 1 3 0 6

Sierra Leone 0 1 0 0 1 0 1 1 2 0 6

Ghana 1 0 0 2 0 1 0 0 1 0 5

Benin 1 0 1 1 0 0 0 0 0 0 3

Mali 1 0 0 0 0 0 0 0 0 0 1

Mauritania 0 0 0 0 1 0 0 0 0 0 1

Central Africa 13 3 7 7 10 5 4 0 9 1 59
Angola 8 1 6 2 4 1 2 0 3 0 27

Cameroon 0 0 0 2 5 0 0 0 1 0 8

Equatorial Guinea 3 0 1 0 0 1 0 0 2 0 7

Democratic Republic of the Congo 0 0 0 0 1 3 2 0 0 0 6

Republic of Congo 1 1 0 1 0 0 0 0 2 1 6

Gabon 1 0 0 2 0 0 0 0 0 0 3

Chad 0 1 0 0 0 0 0 0 0 0 1

The Central African Republic 0 0 0 0 0 0 0 0 1 0 1

South Africa 0 1 0 1 0 0 0 0 0 0 2
South Africa 0 1 0 1 0 0 0 0 0 0 2

Africa (Other regions) 1 0 1 1 0 0 0 0 0 0 3
Asia 3 3 1 1 1 0 0 1 0 0 10
Southeast Asia 3 3 1 1 1 0 0 1 0 0 10
Myanmar 3 3 1 0 0 0 0 1 0 0 8

Indonesia 0 0 0 1 0 0 0 0 0 0 1

Cambodia 0 0 0 0 1 0 0 0 0 0 1

Unknown source 2 2 0 0 0 0 0 0 0 0 4
Total 30 17 20 26 21 10 7 7 19 6 164
building, particularity for malaria diagnosis and MDs reported in China (/4). Finally, most patients
treatment. A study by Tu et al. has also proved this who were infected with P. falciparum were diagnosed
point by learning the experience and lessons on 16 with malaria abroad in private clinics had previously
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FIGURE 1. Temporal distribution of malaria deaths (MDs) in China, 2011-2020.

received improper treatments such as aspirin, which
added the risk of recurrence of P. falciparum when they
returned from African countries. This was similar to 2.
vivax and P. ovale. For example, in 2014, 78.6% of all
imported P. wivax and P. ovale in Guangxi were
individuals who had been given aspirin instead of
antimalarial agents (15).

The results indicated that MDs occurred in
returning migrant workers from January and February
because most of the migrant population came back
from abroad at this period due to the Chinese Spring
Festival, and delays in diagnosis and treatment were
the main causes of MDs. Since imported P. falciparum
was now reported in every PLAD in China, timely
detection, proper treatment, and deaths prevention
caused by imported P. falciparum were major
challenges faced by post-elimination stage in China.
Therefore, some strategies and interventions should be
carried out as follows: 1) health education through
cooperation with customs and CDCs for the targeted
populations such as migrant workers who come to and
return from endemic regions; 2) maintain malaria
diagnosis and treatment capabilities of clinicians in
medical facilities above county levels, especially in the
COVID-19 prevention and control process since both
malaria and COVID-19 harbored the same clinical
symptom at the initial onset stage; and 3) improve the
ability to treat severe malaria cases. Expert panels at the
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national and provincial level could use these
recommendations derived from tracking the reasons for
MDs and provide suggestions for preventing MDs
caused by imported malaria.

The study was subject to some limitations. Not all
MDs were well recorded with the exact
epidemiological information in 2011-2020. The study
still has 5 unknown MDs imported from abroad. In
addition, not all MDs were confirmed in the
laboratory as 4 clinically diagnosed cases were found in
this study.
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Antimalarial Drug Resistance Surveillance
in China, 2016-2020

Fang Huang"; Hui Liu; He Yan'; Shuisen Zhou'; Zhigui Xia'

ABSTRACT

Introduction: Antimalarial drug resistance, especially
artemisinin resistance, has been a global threat to
reduce morbidity and mortality and to eliminate
malaria. Antimalarial drug resistance surveillance could
provide evidence for the efficacy of a national drug
policy for treatment of all reported malaria cases.

Methods:  The  therapeutic  efficacy  of
dihydroartemisinin-piperaquine  (DHA-PPQ) and
chloroquine (CQ) for the treatment of uncomplicated
Plasmodium  falciparum —and  Plasmodium  vivax
infection, respectively, was evaluated by enrolling
patients between 2016 and 2020. Surveillance of
molecular markers involved collecting blood samples
by passive or active detection and amplifying the drug
resistance genes Pfert, Pfmdrl, Pfdbfr, Pfdhps, and
PAKI3.

Results: DHA-PPQ and CQ were effective for the
treatment of P. falciparum and P. vivax infections, with
cure rates > 90% and 100%, respectively. Among the
2,492 samples, the Pfert wild-type CVMNK was the
most frequent haplotype (70.1%, 1,747/2,492), while
19.4% (484/2,492) displayed the triple mutant
haplotype CVIET. In total of 228 isolates with
sequencing in Pfdhfr and Pfdhps, high mutant
prevalence of 98.7% and 95.2% were detected,
respectively. A total of 54 non-synonymous mutations
in the PfK13 propeller domain were confirmed with a
prevalence of 3.5% (87/2,483), and the most common
mutation was A578S, with a proportion of 16.1%
(14/87), followed by Q613E (6.9%, 6/87).

Conclusion and Implications for Public Health
Practice: DHA-PPQ and CQ), the first line drugs for 2.
Jalciparum and P. vivax treatment, showed efficacy in
China. Molecular markers showed high levels of
polymorphism and resistance, which revealed an early
warning of drug resistance in imported cases.

INTRODUCTION

Great progress on malaria elimination has been

366 CCDC Weekly / Vol. 3 /No. 17

achieved in China, and thousands of imported malaria
cases annually remain a key focus in malaria
elimination and the post-elimination phase in China
(1-2). In 2012, China established the malaria diagnosis
reference laboratory network focusing on malaria
diagnosis, treatment, and surveillance, which covered
national, provincial, and county levels (3). According
to the World Health Organization (WHO) malaria
surveillance reference manual in the elimination stage,
the antimalarial drug resistance surveillance network in
China was established in 2016 and covered 8
provincial-level administrative divisions (PLADs) with
more imported malaria cases or a high risk of malaria
re-transmission  including the following: Yunnan,
Henan, Zhejiang, Shandong, Shanghai, Hunan,
Sichuan, and Guangxi. This network depended on the
malaria diagnosis reference laboratories and the
Chinese  Infectious Reporting ~ System
(CIDRS), the largest web-based communicable diseases
reporting system to provide diagnostic and treatment
support and case information for drug resistance
surveillance (2).

Up to now, P. falciparum has developed resistance to
nearly all antimalarial drugs, including artemisinin and
its derivatives (4). Antimalarial resistance surveillance is
designed to monitor the efficacy against any
Plasmodium spp. of the recommended first and second
line drugs, and any new medicine or drug that is to be
evaluated before being introduced into the national
drug policy (5). Therapeutic efficacy studies (TES)
remain the gold standard for assessing the efficacy of
antimalarial drug, and integrated drug efficacy studies
(iDES) will be introduced in low malaria transmission
or malaria elimination areas, where surveillance

Disease

capacity is strong enough to ensure all the data on
malaria cases can be used to generate information on
drug efficacy. Currently, molecular markers involved in
P. falciparum resistance against antimalarial drugs have
been confirmed (Table 1): chloroquine (CQ) resistance
markers of P. falciparum CQ-resistance transporter
(Pfert), multidrug resistance gene of P. falciparum
multidrug  resistance gene 1 (Pfmdrl), and P.
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TABLE 1. Haplotypes of Pfcrt, Pfmdr1, Pfdhfr, and Pfdhps genes conferring resistance to antimalarial drugs in Plasmodium

falciparum isolates.

Genes Regions and countries (n) Haplotype Number Prevalence Drug Chemical family
i 70.1%
Eastern Africa (145), Wild type (CVMNK) 1,747 ‘
Western Africa (957), CVIET 484 19.4%
Pfcrt (n=2,492) S(c:)irt]r:gnA:flr(i:Sa(?g%) CVMNT 120 4.8% Chloroquine  4-Aminoquinolines
North Africa (2), CV M/IN/E KIT 74 3.0%
Other regions (36) Others 67 2.7%
Wild type (NYD) 307 49.8%
NED 124 20.1%
Eastern Africa (20),
Pfmdr1 (n=617) Western Africa (185), YED 82 13.3% Amodiaquine  4-Aminoquinolines
Central Africa (165), N Y/E D 42 6.8% Lumefantrine Amino-alcohols
Southern Africa (247) -
YYD 31 5.0%
Others ' 31 5.0%
Wild type (ANCSI) 3 1.3%
AIRNI 160 70.2%
Pfdhfr (n=228) Angola (1.58)’ Pyrimethamine Antifolates
Equatorial Guinea (70) AICNI 55 2419
Others § 10 4.4%
Wild type (SAKAA) 11 4.8%
SGKAA 153 67.1%
Pfdhps (n=228) - Qgﬁ;’l'aG(Jiigg 70 SGEAA 25 11.0%  Sulfadoxine Antifolates
AGKAA 24 10.5%
Others T 15 6.6%

" CVMEK; SVMNT; CVINT; CVIKK; SVINK; CVIKT; CVMK K/T; C/S VMN K/T; CV M/l N/E/D K/T.

tYYY; NEY; N/Y ED; N/Y YD; Y Y/E D; N/Y Y/E D; N/Y Y D/Y.
$ ANRNI; AIRNI; AIRNL.
T AAKAA.

falciparum  dihydrofolate reductase (Pfdhfr) and P.
Jalciparum  dihydropteroate (Pfdhps)

conferrin rimethamine  and
g py’

synthase
resistance  to
sulfadoxine (SP), respectively. Point mutations in
PfK13 propeller region have been confirmed to be
associated with artemisinin resistance (6). Since 2008,
TES and molecular markers surveillance, 2 primary
tools for monitoring antimalarial drug resistance, have
been implemented in China for several years (7-9).
The aim of this study was to investigate the efficacy of
first line drugs for malaria treatment in Yunnan
Province and characterize the drug resistance genes in
the imported P. falciparum isolates from 2016 to 2020
in order to produce a systematic picture of antimalarial
resistance to guide drug policy.

METHODS
TES and iDES were conducted to evaluate

dihydroartemisinin-piperaquine (DHA-PPQ) for P.
falciparum treatment and CQ for P. vivax treatment in

Chinese Center for Disease Control and Prevention

Yunnan Province between 2016 and 2020. Patients
with malaria infection, including symptomatic and
asymptomatic cases confirmed in a malaria reference
laboratory by passive or active case detection, were
included, with the exception of patients with severe
malaria who were also treated with other medicines for
severe complications. Patients were followed-up from
the first day of treatment (Day 0) to the specified last
day of the follow-up period when appropriate for the
infecting species was identified and the treatment was
administered (Figure 1). Treatment outcome was
determined following the WHO guidelines for
therapeutic  efficacy monitoring including early
treatment failure (ETF), late clinical failure (LCF), late
parasitological failure (LPF), and adequate clinical and
parasitological response (ACPR) (5).

The haplotypes and polymorphisms of Pfert,
Pfmdrl, Pfdhfr, Pfdhps, and PfK13 (propeller domain)
were genotyped by sequencing the samples collected
from imported malaria cases from different sub-regions
of Africa, Asia, and Oceania between 2012 and 2019.

CCDC Weekly /Vol.3/No. 17 367
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FIGURE 1. Flowchart of iDES in case detection, treatment, and follow-up integration in the routine malaria surveillance

system in China between 2016-2020.

Abbreviations: PCD=passive case detection; ACD=active case detection; PCR=polymerase chain reaction; RDT=rapid

diagnosis test.

The sequence data were aligned and compared with
the reference sequences from PlasmoDB (http://www.
plasmodb.org).

RESULTS

A total of 60 participants were enrolled and received
observed treatment with DHA-PPQ or CQ between
2016 and 2020. The outcome of DHA-PPQ efficacy
was adjusted and corrected using a nested polymerase
chain reaction (PCR) assay. Overall, 39 participants
with P. falciparum infection completed the 42 days of
follow-up and 1 was lost to follow-up. The average
ACPR rate for DHA-PPQ in 2016 (9/10), 2017
(15/16), and 2018 (12/13) was 92.0% (minimum:
90.0%; maximum: 93.8%) (Table1). In 2017, 1
patient showed recurrent parasite infection after DHA-
PPQ treatment and was originally determined as
treatment failure but corrected to P. vivax infection by
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PCR amplification. In addition, 3 out of 39 patients
(7.7%) were still positive on Day 3 by microscopy
detection, which indicated that the time of parasite
clearance was delayed and was an early warning of
antimalarial drug resistance. The iDES was initiated in
Yunnan Province in 2020. A total of 19 imported P.
vivax patients were recruited and finished the 28 days
of follow-up. Among them, 2 participants were lost
and end of follow-up. The cure rate of CQ for P. vivax
treatment in Yunnan Province was 100.0% (17/17).
Pfert gene was sequenced in 2,492 P. falciparum
isolates imported from Africa. The most prevalent
haplotype was the wild type (70.1%, 1,747/2,492). A
total of 8 mutant haplotypes including single, double,
and triple mutant types were detected, and another 4
mixed  mutant  haplotypes  were  observed
simultaneously (Table 2). The triple mutant haplotype
CVIET (19.4%, 484/2,492) was the most common

mutant type, followed by the single mutant haplotype
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TABLE 2. Treatment outcome of therapeutic efficacy studies (TES) and integrated drug efficacy studies in Yunnan Province,

2016-2020.
ltem TES of DHA-PIP for P. falciparum treatment iDES of CQ for P. vivax treatment Total
2016 2017 2018 2020

ETF 1 2* 1 0 4

LCF 0 0 0 0 0

LPF 0 0 0 0 0

ACPR 9 14 12 19 55

PCR-corrected ACPR 9 15 12 19 56

LFU * 0 0 1 2 3

Total 10 16 13 21 60

No. of Day3 (+) 0 3 1 NA

Abbreviations: ETF=early treatment failure; LCF=late clinical failure; LPF=late parasitological failure; ACPR=adequate clinical and
parasitological response; LFU=lost to follow-up. DHA-PPQ=dihydroartemisinin—piperaquine; CQ=chloroquine; NA=not available.
" One patient in 2017 who showed treatment failure after DHA-PPQ treatment was confirmed to have P. vivax infection, using PCR

amplification, and the outcome was changed to PCR-corrected ACPR.

CVMNT (4.8%, 120/2,492).

There were 617 P. falciparum isolates collected from
Southern Africa (n=247), Western Africa (n=185),
Central Africa (n=165), and Eastern Africa (n=20) for
Pfmdrl gene sequencing. The Pfmdr] wild type NYD
was common (49.8%, 307/617). Point mutations were
identified in codons 86 and 184, and the D1246Y
mutation was absent. In addition, 2 single and 3
double mutant haplotypes were identified. The single
mutant haplotype NED was the highest prevalent
mutation (20.1%, 124/617). The double mutant
haplotype YED (13.3%, 82/617) was more common
than the haplotypes of YYY (0.5%, 3/617) and NFY
(0.2%, 1/617). The mixed mutant haplotypes were
detected. Among them, N Y/E D was the main one
and detected in 42 isolates (Table 2).

Pfdhfr and Pfdhps were genotyped in 70 P.
falciparum samples from Equatorial Guinea and 158
from Angola. Most of them revealed high mutant
prevalence and only 3 contained the Pfdhfr wild type
ANCSI (Table 2). A total of 5 mutant haplotypes were
identified and the most prevalent was the triple mutant
haplotype AIRNI (70.2%, 160/228), followed by
AICNI (24.1%, 55/228). No mixed mutant haplotype
in the Pfdhfr gene. There were 8 isolates in Pfdhps wild
type SAKAA (4.8%, 11/228). In addition, 1 single
mutant (AAKAA), 2 double mutants (SGEAA and
AGKAA), 2 triple mutants (AGKAS and SGEGA),
and 1 mixed mutant haplotype were identified. The
haplotype SGKAA with single mutant was common,
with a prevalence of 67.1% (153/228), while the
haplotypes SGEAA (11.0%, 25/228) and AGKAA
(10.5%, 24/228) with double mutant were relatively
less prevalent.

Chinese Center for Disease Control and Prevention

A total of 2,483 samples were collected including
941 from western Africa, 746 from central Africa, 666
from southern Africa, 120 from eastern Africa, 4 from
northern Africa, and 6 from Asia and Oceania. Of all
the successful sequencing samples, 2,344 isolates were
wild type, 87 isolates carried PfK13 non-synonymous
(NS) mutations, and 26 synonymous mutations were
detected in 52 samples (Table 3). The mutant alleles
A578S was detected in 14 isolates (0.6%, 14/2,483),
which was the most frequent 2fK13 mutation. Q613E
variant was carried by 6 samples, which was the
second-most frequent mutation; 74.1% (40/54) and
65.4% (17/26) of the NS and synonymous mutations
were identified in one sample each. There were 11
samples carried PfK13 mutations associated with
artemisinin resistance consisting of C580Y, R561H,
R539T, M476l, and P553L. C469C variants were
detected in 10 isolates with the highest prevalence of
synonymous mutation.

DISCUSSION

Antimalarial drug resistance is an obstacle for
malaria elimination worldwide, especially as the
emergence of artemisinin resistance in the Greater
Mekong Subregion has been an urgent regional public
health concern (10-11). In this study, DHA-PPQ was
efficacious with a high cure rate in Yunnan Province,
although it has been used as the first-line drug for the
treatment of P. falciparum for more than 10 years in
China. P. wvivax resistance to CQ has also been
identified in Southeast Asia and part of Africa (12). A
total of 17 imported P. vivax patients fully completed
the follow up in iDES with 100% efficacy. According
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TABLE 3. Numbers and proportion of non-synonymous and synonymous mutations in the PfK13 gene detected in imported

P. falciparum isolates collected during 2012—2019.

Non-synonymous mutations in PfK13

Synonymous mutations in PfK13

Variant n Proportion Variant n Proportion
A578S 14 16.1% C469C 10 19.2%
Q613E 6 6.9% R471R 6 11.5%
C580Y 3 3.4% V589V 4 7.7%
M579I 3 3.4% AB76A 3 5.8%
N664D 3 3.4% T478T 3 5.8%
C580F 2 2.3% Y493Y 3 5.8%
D464N 2 2.3% AB27A 2 3.8%
N694K 2 2.3% G496G 2 3.8%
P441S 2 2.3% N664N 2 3.8%
R539T 2 2.3% Others ' 17 32.7%
R561H 2 2.3%

R575T 2 2.3%

R622I 2 2.3%

V589l 2 2.3%

Others’ 40 46.0%

Total 87 100.0% 52 100.0%

* Others refer to the other non-synonymous mutations and one isolate of each variant, including A481T, A569T, A578T, A621S, A626T,
C469F, C469F, D462N, D464E, D584V, D648N, D648Y, E556K, F434Y, F662C, G665S, 1634T, 1646K, 1683R, K503E, K610R, K658Q,
L457S, L488V, L619E, L663V, M4761, M5621, N629S, P443R, P553L, P574L, Q613H, R575K, T437N, T4741, V589A, V603E, V650F,

V692L.

T Others refer to the other synonymous mutations and one isolate of each variant, including A557A, G454G, G533G, G638G, K610K, L492L,
P443P, R417R, R575R, S477S, T535T, T573T, T685T, V487V, V510V, V666V, Y502Y.

to the latest guideline of antimalarial drugs policy in
China, the first-line treatment drug for P. falciparum
and P. vivax infections in China were artemisinin-
based combination therapies (ACTs) and CQ plus
primaquine, respectively. Although there was no
evidence for DHA-PPQ and CQ resistance emerging
in China, continued antimalarial drug resistance
surveillance focus on the imported cases by designated
public hospitals at the provincial level should be
strengthened in the post-elimination stage.

Drug resistance is the main cause of clinical
treatment failure. Therefore, characterization of the
drug resistance markers is an important way to reveal
the drug resistance and treatment failure. In the recent
20 years, the CQ resistance of P. facliparum decreased
along with the wild type of Pfcrt increasing caused by
the termination of the use of CQ when its resistance
spread widely in Africa in the 1990s (13). In this study,
the Pfert wild type was the most common haplotype,
and the mutant prevalence was rising. Pfmdrl
mutations were observed in codons 86 and 184 in this
study, although the wild type (49.8%) was the
majority. SP resistance genes Pfdhfr and Pfdbps
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displayed high mutant prevalence of 98.7% and
95.2%, respectively. SP, the only choice for the
intermittent preventive treatment in infants (IPTi)
remain in use in Africa. This study indicated most of
the imported P. falciparum cases in China showed
high-level SP resistance. High polymorphisms of
PfK13 propeller region were revealed and 54 non-
synonymous mutations and 26 synonymous mutations
were detected, with low prevalence of 3.5% and 2.1%,
respectively. The A578S mutation was detected in 14
isolates, which was the most frequent mutation in the
PfK13 propeller domain in the isolates from Africa
(14). A few patients carrying PfKI13 mutations
associated with artemisinin resistance still showed
sensitivity to antimalarials based on the individual
information collected from CIDRS, but the systematic
efficacy study data were absent. However, the risk of
the importation of artemisinin resistance should be
particularly concerning,.

The study was subject to at least two limitations.
First, TES and iDES were only implemented in
Yunnan Province and the sample size was small.
Further study will be extensively rolled out in the eight

Chinese Center for Disease Control and Prevention



China CDC Weekly

key provinces and then nationwide in the future.
Second, plasmepsin IIIII (pm2/3), another molecular
marker associated with PPQ resistance (75), the
partner drug of DHA, was not involved in this study.
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Time to Integrate Malaria and Neglected Tropical Diseases
Control and Elimination

Dirk Engels'**; Fang Huang?’; Xiao-nong Zhou™**

Traditionally, malaria has always been considered
one of the tropical diseases. This only has changed in
the late 1990s, with the World Health Organization
(WHO) profiling HIV, tuberculosis (TB), and malaria
as priority “poverty-related” killing diseases (7). This
has led to the creation of the Global Fund to Fight
AIDS, Tuberculosis, and Malaria (2), that has
mobilized substantial resources to advance the control
of all three diseases, even if mostly in a siloed manner.

Around the same time, efforts were undertaken to
solicit international attention for an entire group of
other tropical diseases, currently still affecting over 1.7
billion people worldwide, that had been left
“neglected” (3). The global response that was mounted
to advance the control/elimination of neglected
tropical diseases (NTDs) — that are more disabling
than killing diseases — was based on a different logic.
It profiled NTDs as a group of diseases that 1) together
represented a similar burden as HIV, TB, or malaria;
2) were treatable or preventable by similar
interventions that could be delivered as integrated
packages; and 3) were entrenched in poverty as no
other diseases, urging the international community to
prioritize the deployment of development efforts
focused on the poorest sections of society.

Both global strategies have worked well, even though
with vastly different levels of resources.

Impressive global progress has been made in the
fight against malaria over the last two decades. The
malaria case incidence rate (cases per 1,000 population
at risk) has decreased from 80 in 2000 to 57 in 2019, a
reduction of almost 30%. The mortality incidence rate
(deaths per 100,000 population at risk) was reduced
from 25 in 2000 to 10 in 2019, or a reduction of 60%.
As a result, the global number of deaths due to malaria
has fallen from 736,000 in 2000 to 409,000 in 2019, a
decrease of over 40%. Over the same period, the
number of countries with fewer than 100 indigenous
malaria cases increased from 6 to 27, with 21
countries — including China — reporting zero
indigenous malaria cases for at least three consecutive
years, and 10 of these countries being certified malaria-
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free by the WHO (4). In 2019, an estimated 3.0
billion USD was spent globally on malaria control and
elimination (5).

Interventions for NTDs, especially large-scale
preventive  treatments for lymphatic filariasis,
onchocerciasis,  schistosomiasis,  soil-transmitted
helminthiasis, and trachoma, have scaled up massively
over the last decade with over a billion people reached
yearly from 2015 to 2019. This has led, at the end of
2020, to already 600 million fewer people needing
interventions for NTDs and 42 countries having
eliminated at least one NTD. A complex disease such
as sleeping sickness has been brought to the verge of
elimination, elimination of visceral leishmaniasis is
close to being achieved in South-East Asia, and the
global number of reported cases of Chagas disease has
decreased by 40% between 2011 and 2019. During the
same period, 90 million people have been freed from
the risk of vector transmission of Chagas disease, and
universal blood screening for the disease implemented
at 100% in Latin-America (6-7). The yearly amount of
Opverseaos Development Aid (ODA) funding has been
estimated to be in the order of 300 million USD per
year since 2014, leveraging a contribution in medicines
donated by the pharmaceutical sector with a value of
approximately 1.5 billion USD per year (8-9).

Despite good progress, both program areas face
challenges. The global gains in combating malaria have
levelled off in recent years. The emergence of resistance
to insecticides and medicines is threatening malaria
control and elimination (10), and the quest for novel
technological solutions is hardly coping with the need.
Redistributing resources toward control or elimination-
specific interventions, such as diagnosis and
treatments, vector control, preventive treatments in
pregnant women and children, and strengthening
surveillance systems to identify and investigate foci,
may produce economic efficiencies (5). Hence the
increasing something  more
fundamentally preventive needs to be done, and new
program and policy interventions to be developed,
such as integrated vector management along with

awareness  that
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community involvement (/7).

Likewise, notwithstanding the good progress in
scaling up of NTD interventions, progress for NTDs
such as leprosy and Guinea worm disease has been
stagnating. Thanks to progress in R&D and
implementation research interventions for NTDs such
as Buruli ulcer, scabies, rabies, and yaws are now ready
to be scaled up towards 2030, but considerable
challenges remain in terms of affordable access to the
required quantities of commodities and for
technological solutions like novel diagnostics across the
NTD spectrum. The need for novel tools and strategies
is especially critical for five or six NTDs that remain
relatively orphaned (72). These needs will not be
fulfilled if the current siloed approach and funding
logic in global health is maintained — hence the
increasing awareness for the need to find synergies with
and health areas in terms of
implementation and R&D and the need for
“development solutions” to limit the transmission of
NTDs. The latter are particularly important for
dengue and other Aedes-transmitted diseases, for which

other diseases

there are no other options than supportive treatment
and vector control.

The above challenges provide an incentive for an
integrated approach to interventions that are common
to both disease areas, as illustrated by the recent
convergence between the Zika virus outbreak and
emerging evidence of pyrethroid resistance and loss of
efficacy of long-lasting insecticidal nets (LLINs) in
malaria control, that has prompted WHO to strongly
advocate for integrated vector control in 2017 (13-14).

The recent coronavirus disease 2019 (COVID-19)
pandemic has provided a further stark reminder that
technological advancements are undeniably a big part
of the solution (75), but not the only solution. It is
equally important to reduce the risk or force of disease
transmission, whether it be airborne, vector-borne,
water-borne, food-borne, or zoonotic. This can only be
achieved by acting simultaneously on human, animal,
and environmental health through One Health
approach, in an integrated manner.

An additional argument in favour of integration is
surveillance. With an ever-increasing risk of emerging
diseases, but also an increasing number of diseases that
are on the verge of elimination and may resurge, it is
important to put cost-effective surveillance methods in
place. An integrated approach can greatly contribute to

this, as illustrated by the example of sleeping sickness
surveillance while doing rapid diagnosis of malaria in a
primary healthcare setting (16).

The current state of advancement in technology has
undoubtedly made integrated approaches more
feasible. The recent epidemics of chikungunya, Ebola
virus disease, and especially COVID-19 have shown
that new technological solutions can rapidly be
developed based on existing platforms, if will and
resources are available.

Multi-disease solutions clearly have the potential to
provide  better investment.  And
opportunities for integration or convergence of malaria
and N'TD interventions exist, such as 1) environmental
improvement aimed at control of transmission of
multiple diseases (17); 2) the setting up of integrated
entomological and disease surveillance and response
systems; 3) potential integration of WHO-
recommended preventive therapies for malaria® with
preventive treatment activities against NTDs, and
potentially with other programs such as HIV, female
genital schistosomiasis and cervical cancer prevention
and treatment programs (/8); and 4) the development
of new or improved tools with dual- or multi-disease

return on

utility such as new formulations of ivermectin targeting

residual ~ outdoor  transmission  of  malaria,
onchocerciasis, lymphatic filariasis and scabies, or
multiplex diagnostics, both for differential diagnosis
(of fevers for example) or surveillance

In conclusion, the COVID-19 pandemic has made
the world realize that a more systemic approach to
solutions is required (19), if we wish to “build back
better” in a sustainable way (20). In this endeavour, it
would be wrong to focus on epidemics only, let alone
on airborne epidemics only. Inequity in health across
the disease spectrum needs to be considered.
Furthermore, along with battered global economies,
there is likely to be less ODA funding available in the
foreseeable future. It will be important to try and go
further with less being available. Integrated approaches
may help to achieve this, and a more integrated
approach to the control and elimination of malaria and
NTDs may provide an iconic example of how this

could be done.
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" such as intermittent preventive treatment of pregnant women (IPTp), intermittent preventive treatment of infants (IPTi), and seasonal malaria

chemoprevention (SMC).
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