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Abstract: Malaria remains a serious public health problem in Shandong Province, China; therefore, it is important to ex-
plore the characteristics of the current malaria prevalence situation in the province. In this study, data of malaria cases re-
ported in Shandong during 2012-2014 were analyzed, and Plasmodium species were confirmed by smear microscopy
and nested-PCR. A total of 374 malaria cases were reported, 80.8% of which were reported from 6 prefectures. Of all
cases, P, falciparum was dominant (81.3%), followed by P, vivax (11.8%); P. ovale and P. malariae together accounted for
6.4% of cases. Notably, for the first time since 2012, no indigenous case had been reported in Shandong Province, a situ-
ation that continued through 2014. Total 95.2% of cases were imported from Africa. The ratio of male/female was 92.5:1,
and 96.8% of cases occurred in people 20-54 years of age. Farmers or laborers represented 77.5% of cases. No signifi-
cant trends of monthly pattern were found in the reported cases. All patients were in good condition after treatment, ex-
cept for 3 who died. These results indicate that imported malaria has increased significantly since 2012 in Shandong
Province, especially for P. falciparum, and there is an emergence of species diversity.
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INTRODUCTION

Malaria, one of the most important parasitic diseases, is wide-
ly endemic in tropical, subtropical, and temperate regions [1].
There are more than 100 malaria-endemic countries worldwide,
with 216 million clinical cases globally in 2010 [2]. According
to the World Malaria Report 2013, malaria caused approxi-
mately 627,000 deaths in 2012, 482,000 of which were in chil-
dren under 5 years of age [3]. Malaria has a wide geographical
distribution in China, where Plasmodium vivax and Plasmodium
falciparum have historically had a high frequency [4]. Although
clear successes in malaria control have been achieved in China
during the past decades, the disease remains a serious public
health problem in some regions of the country [5].

Shandong Province, across the sea with South Korea, is an
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important coastal region of East China, and has a total area of
156,000 square kilometers (about 60,235 square miles) and a
total population of 95.8 million. Historically, Shandong Prov-
ince has been one of the most severely malaria-endemic areas
with widespread P. vivax transmission via its primary vector
Anopheles sinensis. Two big malaria outbreaks occurred in the
province during the 1960s and 1970s, with more than 6 mil-
lion and 4 million annual cases, respectively [6]. After decades
of malaria prevention and control efforts, Shandong took the
lead in maintaining the standard of malaria elimination estab-
lished by the Ministry of Health of the People’s Republic of
China in 1988 [6]. Since improving prevention and monitor-
ing activities, malaria incidence in the province had dropped
to low levels and remained under 1/100,000 annually. Today,
the number of local malaria cases has decreased, with frequent
trade and exchange between countries, increased export of la-
bor services, and floating populations [7]. Nevertheless, the
number of cases imported from other countries has steadily
increased, and P. falciparum has become the dominant species,
which presents a major challenge to public health [8].

In this study, epidemiological information of malaria cases
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was analyzed. The parasite species were confirmed by micros-
copy and molecular assays. The study aimed to provide insight
into the characteristics of malaria prevalence in Shandong Prov-
ince, China during 2012-2014, to assist in the development of
more effective future malaria surveillance and prevention pro-
grams.

MATERIALS AND METHODS

Data and sample collection

From 2012 to 2014, new symptomatic cases of suspected
malaria infection, detected by local Centers for Disease Con-
trol and Prevention (CDCs) or medical institutions, were im-
mediately reported to Shandong Provincial Reference Labora-
tory for Malaria Diagnosis. Personal information of all indi-
viduals was recorded, including sex, age, location, and treat-
ment. A 2-ml peripheral blood sample was collected from
each individual using a disposable syringe, with 0.2 ml re-
served for preparing blood smears and 1.8 ml dropped onto
filter paper for molecular testing and specimen storage. In ad-
dition, teaching demonstration blood films were used as posi-
tive control samples, and 1 ml of peripheral blood from a
healthy volunteer was collected for use as the negative control
in molecular assays. The study protocol was reviewed and ap-
proved by the Ethics Committee of Shandong Institute of Par-
asitic Diseases. All participants were provided with informed
consent forms with detailed explanation of data acquisition,
sample collection, and the research purpose.

Microscopic examinations

The initial examination of blood samples for malaria para-
sites was performed by local hospital and CDC staff, using mi-
croscopy or rapid diagnostic tests. Then, a review microscopy
trial was conducted by staff from Shandong Provincial Refer-
ence Laboratory for Malaria Diagnosis. Giemsa-stained thick
and thin blood smears were made following World Health
Organization recommendations [9,10].

Molecular assays

Approximately 0.2 ml blood was spotted onto a piece of
Whatman 3 M filter paper with 10-12 mm diameter. After air
drying, blood specimens on the filter papers were marked with
serial numbers, names, dates, and stored at -80°C. Malarial
parasite genomic DNA was extracted using a QIAamp DNA
mini kit (Qiagen, Valencia, California, USA) according to the

manufacturer’s instructions, and stored at -20°C until use. Nest-
ed PCR was performed to amplify DNA fragments of 4 Plasmo-
dium species (P. falciparum, P. vivax, P. malariae, and P. ovale)
using specific oligonucleotide primers that target the small sub-
unit ribosomal RNA (18S rRNA) genes in malaria parasites, as
described previously [11,12]. PCR amplicons were analyzed
using 2% agarose gel electrophoresis stained with ethidium
bromide and visualized under an ultraviolet transilluminator
(ChemiDox XRS+ system; Bio-Rad, Hercules, California, USA).
Sequencing reactions were carried out using a BigDye Termi-
nator v3.1 Cycle Sequencing kit and ABI PRISM 3730x] DNA
Analyzer (Applied Biosystems, Waltham, Massachusetts, USA),
as specified in the manufacturer’s protocol. Nucleotide sequen-
ces were aligned and compared using NCBI BLAST with the
published sequences (GenBank accession nos. KC906718,
JQ627157, KJ934253, and KC633226 for P. falciparum, P. vivax,
P. malariae, and P. ovale, respectively). PCR products matched
to known bacterial sequences with > 97% identity.

Plasmodium species confirmation

A final identification of Plasmodium species was confirmed
by the combined results of microscopic examinations and mo-
lecular assays. If non-concordant, the related specimens were
sent to the National Malaria Diagnosis Reference Laboratory
of the People’s Republic of China for further confirmation.

Data analysis

Data were analyzed using Microsoft Excel 2007. Characteris-
tics of cases were described on the basis of Plasmodium species,
infection sources, population distribution (age, sex, and occu-
pation), temporal distribution, and disease treatment.

RESULTS

Overall epidemiologic profile

A total of 374 malaria cases were identified in Shandong
Province from 2012 to 2014. Of these, 93 cases occurred in
2012, 131 cases in 2013, and 150 cases in 2014; annual inci-
dence was 0.01/100,000, 0.14/100,000, and 0.20/100,000 in
local population, respectively. Case numbers increased 61.3%
by 2014 compared with 2012, with a marked increase of 40.9%
in 2013.

Reporting area
Malaria cases reported in the 17 prefectures of Shandong
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Fig. 1. Malaria case numbers reported from 17 prefectures in Shandong Province, 2012-2014. Horizontal line shows the name of 17 pre-
fectures in Shandong and vertical line shows case numbers. Different colors of columns show the change trend of case numbers in the

year 2012, 2013, 2014, and total, respectively.

Table 1. Malaria by different Plasmodium species in Shandong Province from 2012 to 2014

No. of cases and species of Plasmodium

Year Total
P, falciparum P, vivax R ovale P malariae Unclassified Mixed infection

2012 67 21 3 0 2 0 93

2013 116 7 4 4 0 0 131

2014 121 16 9 4 0 0 150

Total 304 (81.28%) 44 (11.76%) 16 (4.28%) 8 (2.14%) 2 (0.54%) 0 (0.00%) 374

Province are shown in Fig. 1. All prefectures reported cases dur-
ing 2012-1014, except Dongying. Malaria cases were concen-
trated in the following 6 prefectures: Jining, Jinan, Weihai, Yan-
tai, Taian, and Qingdao, together accounting for 80.8% (302/
374) of the total cases. In particular, 23.5% (88/374) of cases
were reported in Jining Prefecture, which had the highest an-
nual case numbers of all prefectures with 28 cases in 2012, 35
cases in 2013, and 25 cases in 2014.

Plasmodium species composition

According to the final confirmation of malaria species in our
study, the correct rate of microscopic examinations was 96.3%
(360/374). The errors, including 2 P. ovale cases, were misdiag-
nosed as P. vivax, and 4 P, vivax and 8 P. falciparum cases were

failed to observe malaria parasites under the microscope. The
correct rate of molecular assays was 97.3% (364/374). The er-
rors containing 3 P. vivax cases and 7 P. falciparum cases were
unable to identify species because there were no bands after
electrophoresis. The final confirmation of Plasmodium species
from all reported cases during 2012-2014 are shown in Table 1.
D. falciparum was the dominant malaria species, accounting for
81.3% (304/374) of all cases and 72.0% (67/93) of cases in
2012, 88.6% (116/131) in 2013, and 80.7% (121/150) in 2014.
P, vivax accounted for 11.8% (44/374) of cases comprising 22.6%
(21/93) in 2012, 5.3% (7/131) in 2013, and 10.7% (16/150)
in 2014. The overall proportion of P. ovale was 4.3% (16/374);
3.2% (3/93) in 2012, 3.1% (4/131) in 2013, and 6.0% (9/150)
in 2014. The rarest species was P. malariae with only 2.1% (8/
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Fig. 2. Source countries of imported malaria from Africa, 2012-2014. Horizontal line shows the source countries in Africa of imported
cases and vertical line shows case numbers. Different colors of columns show the change trend of case numbers in the year 2012, 2013,

2014, and total, respectively.

374) of cases including 0 in 2012, 3.1% (4/131) in 2013, and
2.7% (4/150) in 2014. In addition, there were 2 cases in 2012
that were unable to be classified. No mixed-infection cases were
identified.

Geographic distribution

In this study, all cases were imported from other countries,
in other words, no autochthonous malaria cases were reported
in Shandong Province during 2012-2014. Among the cases im-
ported from abroad, 95.2% (356/374) were in patients who
had returned from the African continent. This included 353
cases from 31 countries; however, the source country remained
unidentified for 3 imported cases (Fig. 2). The 4 source coun-
tries with the most imported cases together accounted for a to-
tal 63.8% (227/356) of cases, with 24.2% (86/356) from Equa-
torial Guinea, 19.1% (68/356) from Angola, 12.1% (43/356)
from Nigeria, and 8.4% (30/374) from Ghana. The geographi-
cal distribution of malaria imported from Africa to Shandong
Province between 2012 and 2014 is shown in Fig. 3. In addi-
tion to Africa, the remaining cases were imported from 8 coun-
tries, including 6 countries in Asia (1 patient was from the
China-Myanmar border area), 1 country in Oceania, and 1 in
Latin America.

Africa

Case numbers
Il 68-86
=91 30-43
I 12-14
[ 4-8
113

Fig. 3. Geographical distributions of imported malaria cases from
Africa, 2012-2014. A blank map of Africa was quoted from www.
worldatlas.com. Color difference represents the level of imported
malaria from different areas in Africa.

Demographic features

The distribution of malaria cases by age is shown in Fig. 4.
The oldest patient was 60 years old and the youngest was 1 year
old, with the median age of 37 years. Total 96.8% (362/374)
of cases were distributed among patients from 20 to 54 years
of age, with most occurring in the age group of 45-49 years
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Fig. 4. Age distributions of malaria cases, 2012-2014. Horizontal
line shows different age groups and vertical line shows case num-
bers.
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Fig. 5. Occupation distribution of malaria cases, 2012-2014. Dif-
ferent colored portion in the pie graph represent occupations.

(73/374, 19.5%). There were 370 cases in men and 4 cases in
women (92.5:1). The majority of cases were among farmers
(198/374, 52.9%) and laborers (92/374, 24.6%), with the re-
mainder accounting for 22.5% of cases occurring among house
workers, military personnel, businessmen, ship workers, stu-
dents, children, and other unknown occupations (Fig. 5).

Temporal distribution

Monthly case reports indicated that there were no significant
trends of monthly and seasonal patterns (Fig. 6). However,
case numbers peaked in June for all 3 years, with a total per-
centage of 13.4% (50/374). Moreover, 85.0% (318/374) of
patients experienced their first episode while abroad.
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Fig. 6. Monthly distributions of reported malaria cases, 2012-
2014. Horizontal line shows 12 months and vertical line shows
case humbers. The fold line of different colors show change trend
of reported numbers monthly in the year 2012, 2013, 2014, and
total, respectively. The joints of lines represent case numbers in
current month.

Clinical treatment

All patients with malaria in Shandong Province from 2012
to 2014 underwent accepted treatment specified according to
the Technical Scheme of China Malaria Elimination (2011 edi-
tion) [13]. Uncomplicated P. falciparum cases received artemis-
inin-based combination therapies (ACTs), including dihydro-
artemisinin plus piperaquine or artesunate plus amodiaquine.
P. vivax, P. ovale, and P. malariae cases accepted 8-day regimen
of chloroquine plus primaquine. Cases of severe malaria were
initially treated with artemether or artesunate injection, then
peroral ACTs was used with symptomatic relief. Clinical fea-
tures revealed that patients recovered well after the treatment.
However, 3 migrant workers with severe P. falciparum returned
from Ghana, Angola, and Zambia died in the year 2014. They
experienced malaria episodes when coming back to China but
mistook the symptom for flu and treated at home. After condi-
tion deteriorated, cases went to the hospital for treatment but
the disease was too serious to be effectively rescued.

DISCUSSION

Owing to effective interventions and controls according to
the National Malaria Control Programme (2006-2015) [14],
no indigenous cases of malaria emerged in Shandong Prov-
ince from 2012 to 2014. This situation occurred for the first
time in the history of the province and has lasted for 3 years to
present. Of imported cases, 80.8% were reported by local CDCs
from 6 prefectures in unevenly distributed regions throughout
Shandong Province. Thus, extensive health education about
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malaria should be provided in those regions from which more
laborers go abroad annually.

Although malaria has decreased dramatically in recent years,
the proportion of imported malaria has increased significantly
and poses a threat to public health in China each year [15].
One risk of the rise in imported malaria is the spread of the
parasite under conditions suitable for transmission in areas
where no malaria parasites existed previously, especially in re-
gions with high prevalence of the Anopheles vector [16]. The
increase of economic aid from China to other countries is like-
ly to have unavoidably caused laborers to migrate from abroad
and peacekeeping personnel located overseas to introduce ma-
laria domestically [17]. In this study, imported malaria has in-
creased annually since 2012 in Shandong. Over 95% of pati-
ents were infected in Africa, whereas those returning from Asia,
Oceania, and Latin America accounted for less than 5%, sug-
gesting that nearly all malaria cases in the province in recent
years has been transmitted from Africa. Notably, there were 3
cases reported to have been imported from Libya, Algeria, and
Egypt stretch across Sahara; however, the regions had a good
efficiency for controlling malaria and Anopheles mosquito’s
transmission. Perhaps the 3 patients were unconsciously in-
fected in other malaria endemic regions in Africa on the way
to destination or during the flight. In 2014, there was 1 case
imported from the China-Myanmar border area, which is one
of the most endemic malaria regions in China. This highlights
the need for awareness about the potential transmission of
malaria between different domestic regions as well as for im-
ported malaria from foreign countries.

There was no evident temporal distribution of reported cas-
es during 2012-2014. To a certain extent, this shows that trends
of monthly distribution may not be directly related to the spread
of mosquitoes from source countries. Malaria screening should
be conducted year round, as well as continued follow-up. The
main occupation of malaria patients was farmers and laborers,
who generally have a lower level and quality of knowledge
about the disease. Most of these patients chose to seek treat-
ment in primary hospitals, which may have led to misdiagno-
sis and delayed treatment. Although 3 deaths were the result
of delayed treatment, a lack of understanding of the severity of
P. falciparum by primary care physicians is also an important
factor.

Shandong Province was once an endemic area of China, with
high prevalence of P. vivax and no P. ovale or P. malariae cases
reported prior to 2012. However, in this study, P. falciparum ac-

counted for more than 80% of all cases and had become the
dominant species, whereas less than 12% of cases were infect-
ed by P. vivax. Furthermore, a total of 16 cases of P. ovale and 8
of P. malariae were detected between 2012 and 2014, all of
which were identified as having been imported from Africa.
These data indicate that malaria species in Shandong Province
were likely to have become more diverse after a decrease in lo-
cal cases and an increase of imported malaria.

Among diagnosis methods, conventional microscopy remains
the most common tool and has been used in many regions of
China. However, its accuracy is still significantly influenced by
parasite density and equipment to microscopy [18-20]. In this
study, 2 P. ovale cases were misdiagnosed as P. vivax by micros-
copy and were subsequently diagnosed correctly by molecular
testing. The reason for this error was likely the clinical features
and morphological similarities between P. ovale and P. vivax,
which can be difficult to distinguish under a microscope [21].

PCR-based methods have been used since the early 1990s
for the detection of Plasmodium species in humans [22]. Be-
cause sequences targeting 18S rRNA gene are highly conserved
and specific to malaria species, nested PCR is considered to be
more sensitive and specific than microscopy, especially in cases
with low parasitemia levels or mixed infections [23,24]. More-
over, distinctions between indigenous and imported strains
can be made using nested PCR according to allele genotyping
and homology analyses that rely on reliable molecular mark-
ers, such as circumsporozoite protein, merozoite surface pro-
tein 1, merozoite surface protein 3, glutamate-rich protein,
Duffy-binding protein, and microsatellites [25-31]. Another
contribution of nested PCR sequencing assays has been re-
search on drug resistance of uncomplicated malaria, also using
molecular markers such as chloroquine resistance transporter
and multidrug resistance protein 1 [32-35].

Nevertheless, several factors can affect the accuracy of experi-
mental results, for instance, the use of appropriate oligonucle-
otide primers, the PCR reaction system, proper storage of blood
specimens, and DNA extraction methods [36]. There were some
conflicting results in this study. No DNA was detected by gel
electrophoresis in 10 samples where protozoan parasites were
observed under the microscope; repeated experiments proved
that there had an error during DNA extraction. Thus, to obtain
reliable results, depending upon only 1 method cannot meet
the current requirements for malaria diagnosis. Microscopy
and molecular testing should be used together in a compre-
hensive detection system for the most accurate results.



Shandong Provincial Reference Laboratory for Malaria Diag-
nosis, 1 of 19 current provincial malaria diagnosis reference
laboratories in China, was established at the beginning of 2012.
The laboratory is responsible for the diagnosis and review of
malaria cases, establishing a library of parasite specimens, and
providing professional training and technical support to en-
sure the most reliable testing results [37]. For effective manage-
ment of imported malaria, epidemic situation management
should be continued following China’s 1-3-7 Strategy [38]. The
local susceptibility to renewed malaria transmission should be
paid attention to in view of the large number of returning work-
ers with parasitemia and the local vector population. In addi-
tion to timely treatment, cure during the resting phase of P,
vivax and P. ovale should be considered. Improved training for
healthcare professionals should be conducted at local health
agencies to improve staff diagnosis and treatment techniques
[39]. Owing to an increase of imported cases annually in re-
cent years, there is a need for enhanced management of float-
ing populations, information campaigns about malaria pre-
vention, and coordination between medical institutions and
the tourism sector, service industries, and border authorities.
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