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Abstract 

Background: Imported malaria has been an important challenge for China. Fatality rates from malaria increased in 
China, particularly in Henan Province, primarily due to malpractice and misdiagnoses in healthcare institutions, and 
the level of imported malaria. This study aims to investigate the relationship between the state of diagnosis and sub‑
sequent complications among imported malaria cases at healthcare institutions, based on malaria surveillance data in 
Henan Province from 2012 to 2017.

Methods: A retrospective descriptive analysis was performed using data from the Centre for Disease Control and 
Prevention, Zhengzhou City, the capital of Henan Province. A decision tree method was exploited to provide valuable 
insight into the correlation between imported malaria cases and healthcare institutions.

Results: From 2012 to 2017, there were 371 imported malaria cases, mostly in males aged between 20 and 50 years, 
including 319 Plasmodium falciparum cases. First visits of 32.3%, 19.9% and 15.9% malaria cases for treatment were 
to provincial, municipal and county healthcare institutions, respectively. The time interval between onset and initial 
diagnosis of 284 cases (76.5%) and the time interval between initial diagnosis and final diagnosis of 197 cases (53.1%) 
was no more than 72 h. An apparent trend was found that there were notably fewer patients misdiagnosed at first 
visit to healthcare institutions of a higher administrative level; 12.5% of cases were misdiagnosed in provincial health‑
care institutions compared to 98.2% in private clinics, leading to fewer complications at healthcare institutions of 
higher administrative level due to correct initial diagnosis. In the tree model, the rank of healthcare facilities for initial 
diagnosis, and number of days between onset and initial diagnosis, made a major contribution to the classification of 
initial diagnosis, which subsequently became the most significant factor influencing complications developed in the 
second tree model. The classification accuracy were 82.2 and 74.1%, respectively for the tree models of initial diagno‑
sis and complications developed.

Conclusion: Inadequate seeking medical care by imported malaria patients, and insufficient capacity to diagnose 
malaria by healthcare institutions of lower administrative level were identified as major factors influencing complica‑
tions of imported malaria cases in Henan Province. The lack of connection between uncommon imported malaria 
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Background
In spite of unprecedented global success in fighting 
malaria during first decade of the twenty-first cen-
tury, performance has begun to plateau, chiefly result-
ing from limited funds, regional conflicts, abnormal 
climate, resistance of parasites to anti-malarials and 
resistance of mosquitoes to insecticides [1–4]. In addi-
tion, global economic integration and consequential 
increase in mobility of populations has not confined 
malaria to former geographic distribution, making con-
trol efforts complicated and progress towards elimina-
tion slow down [5–8].

China is a model of countries progressing to malaria 
elimination. As China forms close connections with 
many countries, just like its partners all over the world, 
malaria is undergoing profound changes. From 2006 to 
2016, malaria cases in China decreased from 64,178 to 
3142. Under the National Malaria Elimination Action 
Plan (2010–2020) (NMEAP) by the former Ministry of 
Health [9], Chinese indigenous cases sharply declined 
by 99.9% from 4262 cases in 2010 to three cases in 
2016. China has entered the post-elimination era of 
malaria since, for the first time in 2017, there was no 
indigenous case reported [10]. Conversely, imported 
malaria cases increased and became a main challenge 
to malaria elimination in China [11].

Plasmodium falciparum, mainly imported from other 
countries, has taken the place of Plasmodium vivax 
that was historically the predominant species in China 
[10, 12]. Henan Province achieved the goal of zero 
indigenous malaria cases since 2012, 2  years after the 
initiation of NMEAP, whereas imported malaria cases, 
consisting chiefly of P. falciparum, have increased and 
become the foremost challenge to malaria elimination 
[13, 14].

Malaria cases in Henan Province after 2012 were 
mainly introduced from African countries where P. 
falciparum was the most prevalent malarial species 
[15]. Labourers infected by malaria parasites return-
ing from African countries to their hometowns, pri-
marily scattered in vast rural areas, bring randomized 
and sporadic cases to medical personnel unfamiliar 
with rare malaria cases or with the potential for fatal-
ity in cases of falciparum malaria [16]. After 2010, at 
the start of the NMEAP, the fatality rate from malaria 
in China increased and more than four-fifths of deaths 
had severe complications, such as brain lesions, shock, 

severe liver/kidney lesions, haemolysis [17]. Henan 
Province ranked first in the number of malaria deaths 
in the whole of China. All the 14 malaria deaths 
between 2010 and 2015 in Henan Province were falci-
parum malaria cases imported from Africa; 12 of them 
had attended more than one medical institution before 
an authoritative and correct diagnosis was made; the 
6.5 days spent may undermine the efforts based on Chi-
nese 1-3-7 strategy [18, 19].

On the one hand, the notable mortality from 
imported malaria in Henan Province results from low 
awareness of severe perniciousness of malaria itself and 
lack of self-protective mentality and measures as well 
as wrong practice to treat malaria as common cold or 
fever empirically by malaria patients [20]. On the other 
hand, it is because of widespread misdiagnosis and 
malpractice on malaria patients in primary healthcare 
institutions [17, 18]. The robust multiple healthcare 
system in China once helped reduce indigenous malaria 
cases efficiently, but presently, it struggles to man-
age infrequent imported cases. It may need some tar-
geted strategies to cope with the challenge of imported 
malaria. This study was designed to investigate the 
possible relationship between imported malaria cases 
and healthcare institutions based on imported malaria 
cases in Henan Province during 2012–2017 with a spe-
cific focus on the critical problem in imported malaria, 
as a precursor to targeted strategies on management of 
imported malaria cases.

Methods
Study design and data collection
A retrospective study was conducted to explore the 
diagnostic and clinical characteristics of imported 
malaria cases from 1 January, 2012 to 31 December, 
2017 in Henan Province using routine surveillance 
data. All data were from the Centre for Disease Control 
and Prevention (CDC) of Zhengzhou City, the capital 
of Henan Province. Data were obtained by combining 
surveillance data and epidemiological data according to 
a unique case reporting code. The surveillance data and 
epidemiological data were from the Infectious Diseases 
Information Reporting Management System (IDIRMS) 
and the Parasite Diseases Information Reporting Man-
agement System (PDIRMS) respectively. Informa-
tion on every malaria case was carefully reviewed and 

cases and superior medical resources was found to be the crucial challenge. A web‑based system combined with 
WeChat to target imported malaria cases was proposed to cope with the challenge.
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verified by checking original paper records, including 
age, gender, native place, travel history, countries vis-
ited, purpose of visits, date of return to China, date of 
onset, date of first attendance, diagnosis, name of med-
ical institution, date of final diagnosis, specific type of 
complications. All reported malaria cases during the 
study period in Henan Province were imported cases.

Plasmodium species confirmation and variable definition
Malaria cases were initially diagnosed at primary health-
care institutions, such as clinic, hospital, and CDC, by 
means of microscopy, rapid diagnostic test (RDT) or 
both, and then confirmed by nested polymerase chain 
reaction (nPCR) and microscopy at the Henan Provincial 
Reference Laboratory for Malaria Diagnosis.

The ranking of healthcare facilities for initial diagnoses 
represented the allocated medical resources. The ranks 
were determined by the name of healthcare institution 
and the corresponding administrative level, among which 
provincial was the highest level. Village clinic and pri-
vate clinic were generally of low quality at least in terms 
of malaria diagnoses. In addition, village clinic was simi-
lar to private clinic in rural China and most developed 
from the previous ‘barefoot doctors’ who were farmers 
receiving minimal basic medical and paramedical train-
ing and working in rural villages in China. The rank of 
administrative level in China is Province > municipal-
ity > county > township > village, e.g., municipality is 
subject to Province. Healthcare facilities of higher admin-
istrative level tend to have better medical resources.

The results of initial diagnosis were malaria and other 
diseases, among which malaria was defined as correct 
diagnosis, while other diseases were defined as misdiag-
nosed. The time interval was calculated by subtracting 
the former date from the latter date, which generated 
inevitably zero as a result. It was notable that zero meant 
both events happened on the same day. In this study, 
1 day was equal to 24 h.

Statistical analysis and model parameter
Data were checked using Microsoft Excel 2016 by three 
researchers independently. After calculating and recod-
ing of variables, data were imported into SPSS 23.0 
where all descriptive and statistical analyses were done. 
Categorical variables were described with number and 
percent and continuous variables were described with 
percentiles, mean, and 95% CI. Chi-square test was used 
to compare the differences of categorical variables. Nor-
mality test was conducted to continuous variables and 
then Wilcoxon Rank-Sum test was carried out. A two-
sided P value less than 0.05 was considered statistically 
significant.

Among the four decision tree methods available in 
SPSS, Chi-squared Automatic Interaction Detection 
(CHAID) and Classification and Regression Tree (CRT) 
stood out for highest accuracy and epidemiological plau-
sibility of the structure. A reasonable strategy to con-
struct the tree was adopted to get the optimal tree model 
[21–27]. Firstly, potential variables related to dependent 
variable in terms of temporal sequence, logic, and pro-
fession were selected out, all of which were set as inde-
pendent variables to generate the tree as large as possible. 
Secondly, both outstanding variables in the tree and sig-
nificant variables in the table of importance to model of 
independent variables were chosen to attempt the most 
concise and accurate tree. Thirdly, accompanied by dif-
ferent method and parameter adjustment, various vari-
ables combinations were tried. Parameters of the final 
CHAID tree model were set as follows: maximum tree 
depth as 4, minimum number of cases in parent node as 
20 and in child node as 10, significance level of CHAID as 
0.05. Those of the final CRT were as follows: importance 
to model of independent variables, minimum number of 
cases in parent node as 10 and in child node as 5. In addi-
tion to those stated above, others were default settings.

Results
Among the 371 imported malaria cases of this study, 
males were the majority, 366 (98.7%), and the median of 
age was 37  years, with a range of 17 to 67  years. There 
were no deaths in the sample during the study period. 
The malaria cases were mostly from P. falciparum: 319 
(86.0%), and cases due to Plasmodium ovale, P. vivax and 
Plasmodium malariae were 34 (9.2%), 13 (3.5%) and 5 
(1.3%), respectively (Table 1).

Access to healthcare and consequences
The top three healthcare institutions attended for first 
visit by malaria cases were provincial: 120 (32.3%), 
municipal: 74 (19.9%), and county: 59 (15.9%); the mini-
mum presented to township health centre: 17 (4.6%). 
The time interval between onset and initial diagnosis of 
malaria cases in those three healthcare institutions was 
longer than other healthcare institutions (Table 2). More 
than half of malaria cases were misdiagnosed on their 
first visit and concerning complications affected 31.5%. 
The concerning complications included severe liver/kid-
ney/brain lesions, severe anaemia, haemolysis, shock, 
septicaemia, coma, and pulmonary oedema. More than 
three-quarters of the malaria patients were present at 
healthcare institutions for the first time within 72  h of 
their onset. Final diagnosis test of most authority and 
accuracy, the confirmation test, was conducted for about 
half of the patients within 72 h after initial diagnosis since 
multilevel detection and confirmation were obligatory 
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for malaria, a notifiable disease in China. What paral-
leled with above was that the majority of malaria cases 
received anti-malarial therapy almost at the same time as 
final diagnosis test. About 95% of patients were treated 
with artemisinin: for around 7 days, which often included 
artemisinin for 2–3  days and quinine for the remaining 
days (Table 1).

Factors influencing initial diagnosis and malaria 
complications
Some 50.9% malaria patients were initially misdiag-
nosed. There was no significant difference in both age 
and malaria parasite between initial diagnosis groups. 
The healthcare institutions that malaria patients visited 
first misdiagnosed patients as follows: 15 of 120 patients 
at provincial, 113 of 118 patients in township health cen-
tre, village and private clinics, and 61 of 133 patients in 
municipal and county. The misdiagnosed patients had 
their first visit to healthcare institutions and got their ini-
tial diagnosis within significantly fewer days and had sig-
nificantly more days taking medicine (Table 3).

Most complications affected patients infected with 
P. falciparum; fewest complications affected patients 
infected with P. malariae. Relatively fewer complica-
tions occurred in patients attending healthcare institu-
tions of higher administrative level for their first visit and 
in patients correctly diagnosed initially. There were 20.8, 
31.1 and 27.1% complications in patients initially visit-
ing provincial, municipal, and county healthcare institu-
tions, respectively. In contrast, there were 47.1, 21.7 and 
63.6% complications in patients initially visiting township 
health centre, village clinic, and private clinic, respec-
tively. While the proportion of complications in patients 
with correct initial diagnosis was 18.1%, it was 44.4% in 
patients with incorrect initial diagnosis. Furthermore, 
malaria patients with complications tended to have sig-
nificantly shorter time interval between onset and ini-
tial diagnosis, and time interval between onset and 
drug therapy, however, significantly longer time interval 
between initial diagnosis and final diagnosis as well as 
more days of taking medicine (Table 4).

Decision tree model
Diverse organizations of variables, growing methods as 
well as parameter settings of tree model were tested to 
find the relatively concise decision tree model with opti-
mal accuracy and epidemiological plausibility. When 

Table 1 General and  medically related characteristics 
of imported malaria cases

Characteristics (n = 371) Number (%)

Gender

 Female 5 (1.3)

 Male 366 (98.7)

Age (years)

 Median (IQR) 37 (30, 46)

Malaria parasite type of patient infection

 Plasmodium falciparum 319 (86.0)

 Plasmodium ovale 34 (9.2)

 Plasmodium vivax 13 (3.5)

 Plasmodium malariae 5 (1.3)

Rank of healthcare facilities for the initial diagnosis

 Provincial healthcare institutions 120 (32.4)

 Municipal healthcare institutions 74 (19.9)

 County healthcare institutions 59 (15.9)

 Township health centre 17 (4.6)

 Village clinic 46 (12.4)

 Private clinic 55 (14.8)

Initial diagnosis

 Misdiagnosis 189 (50.9)

 Correct diagnosis 182 (49.1)

Complications developed

 Yes 117 (31.5)

 No 254 (68.5)

Drug therapy

 Artemisinin 351 (94.6)

 Quinine 1 (0.3)

 Unknown 19 (5.1)

Days P10,  P25,  P50,  P75,  P90

Days of taking medicine (n = 320) 4, 5, 7, 8, 9

Time interval between onset and initial diag‑
nosis

0, 0, 1, 2, 5

Time interval between initial diagnosis and final 
diagnosis

0, 1, 2, 5, 8.8

Time interval between onset and final diagnosis 1, 2, 4, 7, 12.8

Time interval between onset and drug therapy 0, 1, 3, 6, 12

Table 2 Time interval between onset and initial diagnosis 
of malaria cases in multiple healthcare institutions

Healthcare institutions Time interval 
between onset and initial 
diagnosis
Mean (95% CI)

Provincial 3.48 (1.97–4.98)

Municipal 1.99 (1.16–2.81)

County 5.14 (2.14–8.14)

Township health centre 0.56 (0.09–1.04)

Village clinic 1.15 (− 0.25 to 2.55)

Private clinic 1.15 (0.34–1.95)
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initial diagnosis was taken as dependent variable, three 
independent variables were found to help build the 
optimal model by means of CRT, which were rank of 
healthcare facilities for the initial diagnosis, time inter-
val between onset and initial diagnosis, and age respec-
tively (Fig. 1). The nodes of this tree model reconfirmed 
some knowledge claimed above. One of them was by 
node 2, 3, 4, 7, and 8. There was an increasing percent-
age of initially misdiagnosed patients in provincial, 
municipal and county healthcare institutions, and the 
remainder of healthcare institutions as a whole, succes-
sively. Another one was by node 5, 13, 14, and 10. When 
the days between onset and initial diagnosis were < 0.5, 
0.5–8.5 and 8.5–17.5, the percentage of initially misdiag-
nosed patients decreased from 56.9 to 36.5%, with 0 as 
an end, and then increased to 71.4% after the boundary 
of 17.5. On the whole, data consisting of 371 cases were 
made good use in this model where it had a relatively 
high classification accuracy of 82.2%. Rank of healthcare 
facilities for the initial diagnosis as independent variable 
was of most importance to the tree, which meant it was 
the most significant factor influencing whether malaria 
patients were correctly diagnosed or not at their first 
visit.

In the second decision tree model using CHAID 
method, complications developed as the dependent vari-
able, the four independent variables included were initial 
diagnosis (P < 0.001), rank of healthcare facilities for the 

initial diagnosis (P < 0.001), time interval between initial 
diagnosis and final diagnosis (P = 0.014), and malaria 
parasite type of patient infection (P = 0.073) (Fig. 2). Ini-
tial diagnosis, the dependent variable of first tree model, 
became the most prominent factor underlying compli-
cations developed in the second tree model. Apparently, 
there were significantly more complications in malaria 
patients misdiagnosed initially compared with patients 
correctly diagnosed initially. Cases infected by P. falcipa-
rum contributed much more to complication frequency 
than cases infected by P. ovale and P. vivax.

Discussion
In the present study, the cases of malaria were imported 
from other countries where they had worked mainly as 
labourers and entrepreneurs; few cases were female and 
the majority of this sample were middle-aged and young 
[8]. Plasmodium falciparum is the most common spe-
cies in African countries from where most malaria cases 
reported in Henan Province were imported. Patients 
infected by P. falciparum were more likely to be misdi-
agnosed and to develop complications in this study. Plas-
modium falciparum is the most lethal form of parasite 
of human malaria, which develops rapidly with extreme 
and complex symptoms, sometimes followed by systemic 
complications that often result in death [28, 29].

When people with malaria return home from the 
countries where they were infected they normally plan a 

Table 3 Influential factors of the malaria cases at initial diagnosis

Influential factors Initial diagnosis (% or 95% CI) P value

Misdiagnosis Correct diagnosis

Gender

 Female 2 (40) 3 (60) 0.966

 Male 187 (51.1) 179 (48.9)

Age (years) 38.21 (36.82–39.59) 37.72 (36.25–39.19) 0.431

Malaria parasite type of patient infection

 Plasmodium falciparum 163 (51.1) 156 (48.9) 0.123

 Plasmodium ovale 16 (47.1) 18 (52.9)

 Plasmodium vivax 5 (38.5) 8 (61.5)

 Plasmodium malariae 5 (100) 0 (0)

Rank of healthcare facilities for the initial diagnosis

 Provincial healthcare institutions 15 (12.5) 105 (87.5) < 0.001

 Municipal healthcare institutions 29 (39.2) 45 (60.8)

 County healthcare institutions 32 (54.2) 27 (45.8)

 Township health centre 14 (82.4) 3 (17.6)

 Village clinic 45 (97.8) 1 (2.2)

 Private clinic 54 (98.2) 1 (1.8)

Time interval between onset and initial diagnosis 2.01 (1.14–2.88) 4.87 (1.7–8.05) < 0.001

Days of taking medicine 7.25 (6.83–7.67) 6.22 (5.9–6.55) < 0.001
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visit to certain healthcare facilities for treatment at their 
convenience, bearing in mind that there are always bet-
ter medical services in healthcare institutions of higher 
administrative level in China. In advanced economies 
superior medical resources appear to be embedded. 
Because of the existence of marketing, China’s economy 
has always grown much stronger in areas of a higher 
administrative level. In contrast, there is disparity in 
the availability of health services and significant gaps 
in awareness of malaria and affordability by inhabitants 
at different administrative levels to the extent of sever-
ity of the illness in malaria patients [16, 30]. Therefore, 
for a number of malaria cases, provincial and municipal 
healthcare institutions served as their first option because 
many of them were near cities on their way home, or they 
lived in cities where better medical care gave them more 
trust and security. Among those cases living away from 
cities, in rural areas, they were inclined to frequent local 
healthcare institutions nearby. In rural areas, patients 
usually have a long way to go to county healthcare insti-
tutions. They treat their unexplained fevers as cold 
and take empirical medicine instead of visiting distant 
healthcare facilities, mostly because they are unaware of 

malaria [29]. County healthcare institutions are of higher 
profession and authority while village and private clinics 
are closest in rural areas, so the number of malaria cases 
initially diagnosed in these healthcare institutions were 
about the same as present sample. It is proven from the 
results that patients visiting private clinic, village clinic 
and township health centre had the shortest period from 
onset to initial diagnosis, while patients visiting county 
healthcare facilities had the longest period at first visit. 
The county healthcare institution of this study was rela-
tively the least accessible but the most reliable healthcare 
institution in rural areas. It should be noted that the few-
est patients were present at the township health centre 
with the shortest time interval because they maybe hap-
pened to live near the township.

It is noted that there are fewer misdiagnosed cases and 
complications formed at initial diagnosis in healthcare 
institutions of higher administrative level and that signifi-
cantly more complications arose in malaria patients who 
are initially misdiagnosed. This may mean that misdiag-
noses arising from poor performance in malaria diag-
nosis by healthcare institutions contributes to delays in 
treatment, which eventually leads to complications [31].

Table 4 Influential factors for complications developed among the malaria cases

Influential factors Complications developed (% or 95% CI) P value

Yes No

Gender

 Female 2 (40) 3 (60) 1

 Male 115 (31.4) 251 (68.6)

Age (years) 38.97 (37.29–40.64) 37.51 (36.26–38.76) 0.096

Malaria parasite type of patient infection

 Plasmodium falciparum 109 (34.2) 210 (65.8) 0.034

 Plasmodium ovale 7 (20.6) 27 (79.4)

 Plasmodium vivax 1 (7.7) 12 (92.3)

 Plasmodium malariae 0 (0) 5 (100)

Rank of healthcare facilities for the initial diagnosis

 Provincial healthcare institutions 25 (20.8) 95 (79.2) < 0.001

 Municipal healthcare institutions 23 (31.1) 51 (68.9)

 County healthcare institutions 16 (27.1) 43 (72.9)

 Township health centre 8 (47.1) 9 (52.9)

 Village clinic 10 (21.7) 36 (78.3)

 Private clinic 35 (63.6) 20 (36.4)

Initial diagnosis

 Misdiagnosis 84 (44.4) 105 (55.6) < 0.001

 Correct diagnosis 33 (18.1) 149 (81.9)

Time interval between onset and initial diagnosis 1.62 (1.02–2.21) 4.24 (1.90–6.59) 0.052

Time interval between initial diagnosis and final diagnosis 5.16 (4.08–6.25) 3.17 (2.66–3.69) < 0.001

Time interval between onset and final diagnosis 6.78 (5.57–7.99) 7.42 (5.05–9.78) 0.002

Time interval between onset and drug therapy 5.69 (4.60–6.79) 6.53 (4.16–8.90) 0.001

Days of taking medicine 7.71 (7.16–8.25) 6.26 (5.97–6.54) < 0.001
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Fig. 1 Tree model of initial diagnosis as dependent variable by CRT method
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For initially misdiagnosed cases of malaria and patients 
with complications, a shorter time between onset and 
initial diagnosis was observed. On the one hand, most 
initially misdiagnosed patients appeared for initial diag-
nosis in healthcare institutions whose level of administra-
tion was lower than municipal level, where misdiagnosis 
of malaria was very common. In other words, the major-
ity of patients who were initially misdiagnosed were 
from rural areas where medical services were worse and 
patients were used to visiting closer healthcare institu-
tions so that the time interval between onset and initial 
diagnosis was shorter [32]. On the other hand, patients 

with severe malaria tended to visit healthcare institutions 
in a shorter time and they were more likely to be misdiag-
nosed. Cases with rapid onset as well as severe and com-
plicated symptoms will seek medical help in shorter time. 
That means they have less time to visit a doctor but are 
more likely to be misdiagnosed and to develop complica-
tions. At the same time, as complications arise, it will be 
more difficult to diagnose patients correctly.

The decision tree model reinforces what was found 
and expresses it. Decision tree model of initial diagno-
sis defined township health centre, village clinic and pri-
vate clinic as homogenous, with the largest proportion of 

Fig. 2 Tree model of complications developed as dependent variable by CHAID method
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initial misdiagnosis. It also listed municipal healthcare 
institutions and county healthcare institutions for initial 
diagnosis with a reasonable proportion of misdiagnosis. 
This suggests further that these healthcare institutions 
have similar capacity for malaria diagnosis. In the second 
decision tree model, dependent variable of complications 
developed, initial diagnosis became the most outstanding 
independent variable, which shows that initial diagnosis 
is significantly correlated with complications developed 
in malaria patients. Among those diagnosed correctly at 
the first visit, only one complication occurred in malaria 
cases receiving a final diagnosis within 24  h (node 5), 
while the remaining complications occurred in malaria 
cases that received the final diagnosis after longer periods 
(node 6). This may have shown that the final diagnosis 
and parasite confirmation in malaria cases with compli-
cations, relative to those without complications, would 
take more time. In other words, complications can make 
diagnosing and verifying the parasite correctly in patients 
with malaria more difficult. Besides, cases infected by P. 
falciparum accounted for most complications in malaria 
cases of node 6, suggesting a correlation between P. fal-
ciparum infection and complication in malaria patients.

International labourers from Chinese rural areas are 
the bulk of imported cases of malaria in China [33]. In 
imported malaria cases an extraordinary level of mis-
diagnosis and severe complications are observed. Poor 
performance in awareness, attitudes and practices of 
international labourers from rural areas, low capac-
ity for malaria diagnosis in lower-level administrative 
healthcare institutions, and infrequency of malaria cases 
make these challenging characteristics of imported 
malaria in China [16, 20, 30]. A critical problem has been 
observed after a literature review of the challenge to 
tackle imported malaria in China [30, 34–40]. It is well 
known that China’s strong healthcare system has wiped 
out a severe local malaria epidemic through mass inter-
vention and specific strategies, which defines superior-
ity in medical resources of China [41–45]. Nevertheless, 
the system currently does not seem to be able to handle 
imported malaria effectively. This is because of the inac-
cessibility between unusual cases of imported malaria 
and advanced medical resources. To be exact, imported 
malaria cases have little knowledge about the associa-
tion of their febrile symptoms with malaria. Meanwhile, 
healthcare institutions with advanced medical resources 
do not have capability to deal with countless febrile 
patients in remote rural areas. In this case, a clear travel 
history to malaria-endemic countries of a febrile patient 
is beneficial but often not available for some hidden 
causes [46]. There is a call for a definite link between 
imported malaria cases and healthcare institutions. There 
is firstly a proposed innovative internet-based system to 

make this connection a reality. A theoretical framework 
system recommended to the malaria department of the 
Ministry of Health in China consists of two sections. One 
is the database in the charge of Chinese multiple health 
departments to process fever information in the migrant 
population. In this way, febrile patients can be sorted to 
diagnose and treat any case of imported malaria. Another 
section is the request for every migrant’s mobile app in a 
way that, e.g., through WeChat which is the most preva-
lent social software, every migrant person could receive 
malaria-related information and communicate with cor-
responding healthcare centres on any febrile symptoms. 
This is per the law to eliminate malaria in the future. 
Specifically speaking, Chinese malaria department will 
launch a network system that combines communication 
tools or social software to register and manage migrant 
populations, with more emphasis on Chinese interna-
tional labourers returning from Africa and Southeast 
Asia. In the network system, multiple healthcare institu-
tions will keep in touch with their local migrant popula-
tion. Any febrile cases must get in touch to report their 
symptoms to healthcare staff without any hesitation. 
Effective malaria diagnostic tests of high accuracy and 
drugs for therapy must be accessible in a short time, 
providing the means of transporting medical services to 
migrant febrile patients or sending patients to superior 
healthcare centres [30]. A panel on malaria diagnostic 
and treatment of high mobility and the combination of 
microscopy and RDT for diagnosis are recommended 
here [47]. To ensure the least burden caused by imported 
malaria, related laws and regulations will become a fact in 
the future. Any unintended adverse effects arising from 
incorrect or overdue practice by individuals and health-
care institutions must be detected. Daily data services to 
improve health literacy, imperative demands to high-risk 
population, and reliable and productive professional sup-
port could be effectively implemented within the system 
[30, 47, 48].

The pathway to controlling imported malaria and 
minimizing deaths is by linking malaria-related medical 
services to the limited migrant febrile population. There-
fore, the proposed system would target a small popula-
tion. Within the system, high quality malaria medical 
resources could be used to cope with a small number 
of migrant febrile cases intensively so its effectiveness 
could be unparalleled. It is an active, rather than passive, 
imported malaria management system [40] in which each 
migrant febrile patient communicates closely with and 
is in the charge of a local healthcare institution. More 
importantly, there should be a consensus that all Chi-
nese citizens should undertake due obligation to reduce 
the burden of malaria and spare no effort to help achieve 
the goal of malaria elimination together with the Chinese 
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Government, particularly in the context of imported 
malaria.

Strengths and limitations of the study
This study of imported malaria cases interacting with 
healthcare institutions in Henan Province proposed a 
web-based system combined with WeChat aimed at 
imported malaria. There are some limitations in the pre-
sent study. If the time of malaria onset and initial diag-
nosis in IDIRMS and PDIRMS could be accurate to the 
hour, some results would be clearer. The lack of times 
of visiting healthcare institutions by every malaria case 
before the final diagnosis and the time for the appearance 
of complications prevented a more convincing demon-
stration and causality in the present study. Furthermore, 
it would be more convincing to apply decision tree analy-
sis for a bigger sample size. In fact, there were fewer than 
10 deaths from malaria between 2012 and 2017 in Henan 
Province, but they did not appear in this sample because 
the cases in present study received anti-malarial treat-
ment in a superior designated hospital for infectious dis-
eases in Zhengzhou City after malaria confirmation. This 
may bring about limited bias to this study. The limited 
sample size in the present study appeals to nationwide 
researchers to carry out larger studies in broader areas. 
The proposed system is merely a conceptual framework, 
in spite of covering the core issue. It still lacks innovative 
professional content in detail, repeated trials, and assess-
ment and improvement by leading experts.

Conclusions
Inadequate seeking for medical care by imported malaria 
patients, and insufficient capacity to diagnose malaria by 
healthcare institutions of lower administrative level were 
identified as the major factors associated with complica-
tions of imported malaria cases in Henan Province, on 
which the crucial challenge of imported malaria is based. 
A web-based system combined with WeChat aimed at 
imported malaria patients was proposed that would 
possibly become a stimulation to alleviate the burden of 
imported malaria.

Abbreviations
NMEAP: National Malaria Elimination Action Plan; CDC: Centre for Disease 
Control and Prevention; IDIRMS: Infectious Diseases Information Report‑
ing Management System; PDIRMS: Parasite Diseases Information Reporting 
Management System; RDT: rapid diagnostic tests; nPCR: nested polymerase 
chain reaction; CHAID: Chi‑squared Automatic Interaction Detection; CRT : 
Classification and Regression Tree.

Acknowledgements
Special appreciation should be expressed to our fellows, Godfrey from Uganda 
and Cecilia from Ghana, who contributed much in the improvement of 

English in this manuscript. Their work is of great importance in the manuscript. 
Besides, we thank all the staffs in the CDCs in Henan Province.

Authors’ contributions
XLW and WDZ conceived and designed the study. XLW analysed the data and 
wrote the first draft. JBC, DXG, and XW took charge of collection of all data. 
WDZ and CDZ gave some good suggestions on improving the quality of the 
data and monitored the study progress as well as revised the manuscript. DDL 
participated in analyzing the data, drafting the paper and gave thoughtful 
emotional supports. All authors contributed to the data collection, checking 
and processing. All authors reviewed the final version of the manuscript. All 
authors read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
The datasets used and analysed during the current study are available from 
the corresponding author on reasonable request.

Ethics approval and consent to participate
The study was approved by the Ethics Review Committee of the Life Science 
of Zhengzhou University. All subjects or relatives signed informed consent.

Consent for publication
Not applicable.

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

Author details
1 Department of Epidemiology, School of Public Health, Zhengzhou Uni‑
versity, Zhengzhou 450001, Henan, People’s Republic of China. 2 The Centre 
for Disease Control and Prevention of Erqi District, Zhengzhou 450001, Henan, 
People’s Republic of China. 3 The First Affiliated Hospital of Zhengzhou Uni‑
versity, Zhengzhou 450001, Henan, People’s Republic of China. 4 Department 
of International Medicine, Beaumont Health System, Royal Oak, MI 48073, USA. 

Received: 14 August 2019   Accepted: 8 December 2019

References
 1. Dhiman S. Are malaria elimination efforts on right track? An analysis of 

gains achieved and challenges ahead. Infect Dis Poverty. 2019;8:14.
 2. Spiegel PB, Hering H, Paik E, Schilperoord M. Conflict‑affected displaced 

persons need to benefit more from HIV and malaria national strategic 
plans and Global Fund grants. Confl Health. 2010;4:2.

 3. Yi‑Ting L, Guang‑Hui R, You‑Sheng L, Kun Y, Le‑Ping S, Shi‑Zhu L, et al. 
Global burden and challenges of parasitic diseases in Africa. Zhongguo 
Xue Xi Chong Bing Fang Zhi Za Zhi. 2018;30:226–31 (in Chinese).

 4. Mnzava AP, Knox TB, Temu EA, Trett A, Fornadel C, Hemingway J, et al. 
Implementation of the global plan for insecticide resistance manage‑
ment in malaria vectors: progress, challenges and the way forward. Malar 
J. 2015;14:173.

 5. Kounnavong S, Gopinath D, Hongvanthong B, Khamkong C, Sichan‑
thongthip O. Malaria elimination in Lao PDR: the challenges associated 
with population mobility. Infect Dis Poverty. 2017;6:81.

 6. Wang W, Chen J, Sheng HF, Wang NN, Yang P, Zhou XN, et al. Infectious 
diseases of poverty, the first five years. Infect Dis Poverty. 2017;6:96.

 7. Chen TM, Zhang SS, Feng J, Xia ZG, Luo CH, Zeng XC, et al. Mobile 
population dynamics and malaria vulnerability: a modelling study in 
the China–Myanmar border region of Yunnan Province, China. Infect Dis 
Poverty. 2018;7:36.

 8. Wang Y, Wang X, Liu X, Ren R, Zhou L, Li C, et al. Epidemiology of 
imported infectious diseases, China, 2005–2016. Emerg Infect Dis. 
2018;25:33–41.

 9. National Health Commission of the People’s Republic of China. Action 
plan of China malaria elimination (2010–2020). 2010. http://www.nhc.
gov.cn/. Accessed 9 Oct 2019.

http://www.nhc.gov.cn/
http://www.nhc.gov.cn/


Page 11 of 11Wang et al. Malar J          (2019) 18:429 

 10. Feng J, Zhang L, Huang F, Yin JH, Tu H, Xia ZG, et al. Ready for malaria 
elimination: zero indigenous case reported in the People’s Republic of 
China. Malar J. 2018;17:315.

 11. Song LG, Zeng XD, Li YX, Zhang BB, Wu XY, Yuan DJ, et al. Imported 
parasitic diseases in mainland China: current status and perspectives for 
better control and prevention. Infect Dis Poverty. 2018;7:78.

 12. Zhou S, Li Z, Cotter C, Zheng C, Zhang Q, Li H, et al. Trends of imported 
malaria in China 2010–2014: analysis of surveillance data. Malar J. 
2016;15:39.

 13. Liu Y, Zhou RM, Qian D, Yang CY, Zhang HW. Analysis of malaria epidemio‑
logical characteristics in Henan Province from 2005 to 2013. Zhongguo 
Ji Sheng Chong Xue Yu Ji Sheng Chong Bing Za Zhi. 2014;32:419–22 (in 
Chinese).

 14. Yang CY, Zhang YL, Qian D, Chen WQ, Liu Y, Zhou RM, et al. Effect 
of malaria prevention and control in Henan Province from 2010 to 
2014. Zhongguo Ji Sheng Chong Xue Yu Ji Sheng Chong Bing Za Zhi. 
2014;2016(34):37–9 (in Chinese).

 15. Cheng‑Yun Y, Dan Q, Wei‑Qi C, Ying L, Rui‑Min Z, Hong‑Wei Z. Investiga‑
tion and analysis of overseas imported malaria prevalence in Henan 
Province from 2012 to 2014. Zhongguo Xue Xi Chong Bing Fang Zhi Za 
Zhi. 2016;28:444–6 (in Chinese).

 16. Lu G, Liu Y, Wang J, Li X, Liu X, Beiersmann C, et al. Malaria training for 
community health workers in the setting of elimination: a qualitative 
study from China. Malar J. 2018;17:95.

 17. Zhang Q, Geng QB, Sun JL, Zhang ZK, Lai SJ, Zhou S, et al. Epidemiologi‑
cal analysis of the deaths of malaria in China, 2005–2014. Zhonghua Yu 
Fang Yi Xue Za Zhi. 2016;50:302–5 (in Chinese).

 18. Dan Q, Ying L, Cheng‑Yun Y, Rui‑Min Z, Su‑Hua L, Hong‑Wei Z. Analysis 
of malaria death cases in Henan Province from 2010 to 2015. Zhongguo 
Xue Xi Chong Bing Fang Zhi Za Zhi. 2016;29:87–9 (in Chinese).

 19. Cao J, Sturrock HJ, Cotter C, Zhou S, Zhou H, Liu Y, et al. Communicating 
and monitoring surveillance and response activities for malaria elimina‑
tion: China’s “1‑3‑7” strategy. PLoS Med. 2014;11:e1001642.

 20. Zhang M, Liu ZY, He HT, Luo L, Wang SQ, Bu HL, et al. Knowledge, atti‑
tudes, and practices on malaria prevention among Chinese international 
travelers. J Travel Med. 2011;18:173–7.

 21. Park M, Kim H, Kim SK. Knowledge discovery in a community data set: 
malnutrition among the elderly. Healthc Inform Res. 2014;20:30–8.

 22. Mohammadzadeh F, Noorkojuri H, Pourhoseingholi MA, Saadat S, 
Baghestani AR. Predicting the probability of mortality of gastric cancer 
patients using decision tree. Ir J Med Sci. 2015;184:277–84.

 23. Song YY, Lu Y. Decision tree methods: applications for classification and 
prediction. Shanghai Arch Psychiatry. 2015;27:1305.

 24. Fedacko J, Pella D, Gavurova B, Korony S. Influence of demographic 
determinants on the number of deaths caused by circulatory system 
diseases in comparison to the number of deaths caused by neoplasms in 
Slovak Regions from 1996–2014. Cent Eur J Public Health. 2017;25(Suppl 
2):S72–9.

 25. Tesfaye B, Atique S, Elias N, Dibaba L, Shabbir SA, Kebede M. Determi‑
nants and development of a web‑based child mortality prediction model 
in resource‑limited settings: a data mining approach. Comput Methods 
Programs Biomed. 2017;140:45–51.

 26. Pergialiotis V, Pouliakis A, Parthenis C, Damaskou V, Chrelias C, Papanto‑
niou N, et al. The utility of artificial neural networks and classification and 
regression trees for the prediction of endometrial cancer in postmeno‑
pausal women. Public Health. 2018;164:1–6.

 27. Shirali GA, Noroozi MV, Malehi AS. Predicting the outcome of occupa‑
tional accidents by CART and CHAID methods at a steel factory in Iran. J 
Public Health Res. 2018;7:1361.

 28. Yang WZ, Zhou XN. New challenges of malaria elimination in China. 
Zhonghua Yu Fang Yi Xue Za Zhi. 2016;50:289–91 (in Chinese).

 29. Cai‑Qun C, Gui‑Sheng D, Wei‑Ming W. Epidemic situation and diagnosis 
and treatment of severe falciparum malaria in Nantong City. Zhongguo 
Xue Xi Chong Bing Fang Zhi Za Zhi. 2018;30:555–8 (in Chinese).

 30. Lu G, Liu Y, Beiersmann C, Feng Y, Cao J, Muller O. Challenges in and les‑
sons learned during the implementation of the 1‑3‑7 malaria surveillance 

and response strategy in China: a qualitative study. Infect Dis Poverty. 
2016;5:94.

 31. Zhang T, Xu X, Jiang J, Yu C, Tian C, Xie Q, et al. Risk factors of severe 
imported malaria in Anhui Province, China. Acta Trop. 2019;197:104934.

 32. Ding GS, Zhu GD, Cao CQ, Miao P, Cao YY, Wang WM, et al. The challenge 
of maintaining microscopist capacity at basic levels for malaria elimina‑
tion in Jiangsu Province, China. BMC Public Health. 2018;18:489.

 33. Li Z, Zhang Q, Zheng C, Zhou S, Sun J, Zhang Z, et al. Epidemiologic 
features of overseas imported malaria in the People’s Republic of China. 
Malar J. 2016;15:141.

 34. Chen SB, Ju C, Chen JH, Zheng B, Huang F, Xiao N, et al. Operational 
research needs toward malaria elimination in China. Adv Parasitol. 
2014;86:109–33.

 35. Feng XY, Xia ZG, Vong S, Yang WZ, Zhou SS. Surveillance and response 
to drive the national malaria elimination program. Adv Parasitol. 
2014;86:81–108.

 36. Xia ZG, Zhang L, Feng J, Li M, Feng XY, Tang LH, et al. Lessons from malaria 
control to elimination: case study in Hainan and Yunnan Provinces. Adv 
Parasitol. 2014;86:47–79.

 37. Yang FZ, Yap P, Zhang SY, Xie HG, Ouyang R, Lin YY, et al. Surveillance and 
response strategy in the malaria post‑elimination stage: case study of 
Fujian Province. Adv Parasitol. 2014;86:183–203.

 38. Zhou XN, Xia ZG, Wang RB, Qian YJ, Zhou SS, Utzinger J, et al. Feasibility 
and roadmap analysis for malaria elimination in China. Adv Parasitol. 
2014;86:21–46.

 39. Wang WM, Zhou HY, Liu YB, Cao YY, Cao J, Gao Q. Establishment of early 
warning system of malaria in Jiangsu Province V Establishment of preven‑
tion and control system of imported falciparum malaria. Zhongguo Xue 
Xi Chong Bing Fang Zhi Za Zhi. 2015;27:359–66 (in Chinese).

 40. Kong X, Liu X, Tu H, Xu Y, Niu J, Wang Y, et al. Malaria control and preven‑
tion towards elimination: data from an eleven‑year surveillance in 
Shandong Province, China. Malar J. 2017;16:55.

 41. Cao J, Zhou SS, Zhou HY, Yu YB, Tang LH, Gao Q. Malaria from control 
to elimination in China: transition of goal, strategy and interventions. 
Zhongguo Xue Xi Chong Bing Fang Zhi Za Zhi. 2013;25:439–43 (in 
Chinese).

 42. Hsiang MS, Hwang J, Tao AR, Liu Y, Bennett A, Shanks GD, et al. Mass 
drug administration for the control and elimination of Plasmodium 
vivax malaria: an ecological study from Jiangsu Province, China. Malar J. 
2013;12:383.

 43. Zhang HW, Liu Y, Zhang SS, Xu BL, Li WD, Tang JH, et al. Preparation of 
malaria resurgence in China: case study of vivax malaria re‑emergence 
and outbreak in Huang‑Huai Plain in 2006. Adv Parasitol. 2014;86:205–30.

 44. Zhou SS, Zhang SS, Zhang L, Rietveld AEC, Ramsay AR, Zachariah R, et al. 
China’s 1‑3‑7 surveillance and response strategy for malaria elimination: is 
case reporting, investigation and foci response happening according to 
plan? Infect Dis Poverty. 2015;4:55.

 45. Lai S, Sun J, Ruktanonchai NW, Zhou S, Yu J, Routledge I, et al. Changing 
epidemiology and challenges of malaria in China towards elimination. 
Malar J. 2019;18:107.

 46. Dharmawardena P, Premaratne R, Mendis K, Wickemasinghe R, Rodrigo C, 
Harintheran A, et al. Effectiveness of passive case detection for imported 
malaria in a hospital setting in Sri Lanka during the prevention of re‑
introduction phase of malaria. Int Health. 2019;11:64–70.

 47. Li M, Li J, Xia Z, Xiao N, Jiang W, Wen Y. A combined strategy for screening 
a clustered mobile population returning from highly endemic areas for 
Plasmodium falciparum. J Infect Dev Ctries. 2017;11:287–93.

 48. Li W, Han LQ, Guo YJ, Sun J. Using WeChat official accounts to improve 
malaria health literacy among Chinese expatriates in Niger: an interven‑
tion study. Malar J. 2016;15:567.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Management of imported malaria cases and healthcare institutions in central China, 2012–2017: application of decision tree analysis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Study design and data collection
	Plasmodium species confirmation and variable definition
	Statistical analysis and model parameter

	Results
	Access to healthcare and consequences
	Factors influencing initial diagnosis and malaria complications
	Decision tree model

	Discussion
	Strengths and limitations of the study

	Conclusions
	Acknowledgements
	References




