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Abstract
Background During the COVID − 19 outbreak, limited medical resources in the short term and inadequate
experience in dealing with major new public health events may lead to the neglect of some other
infectious diseases, such as malaria, leading to the risk of the spread of infectious diseases.Therefore, it
is particularly important to formulate classi�ed guidance, take scienti�c prevention and control measures
in a comprehensive manner, strengthen the screening of malaria patients and provide access to medical
treatment during the outbreak.

Methods Clinical records, laboratory results, and chest CT scans were retrospectively reviewed for a
falciparum malaria infection patient with laboratory-con�rmed COVID − 19 pneumonia .

Results Patient's serum novel coronavirus antibody tested positive for IgG and weakly positive for IgM
that were positive for severe acute respiratory syndrome coronavirus 2 [SARS-CoV-2],the blood samples
were classi�ed as plasmodium falciparum by RT-PCR.

Conclusions The patient when workers infected with p. falciparum in Africa, malaria recurrence after back
to China, after antimalarial treatment in tianmen city �rst people's hospital, after an outbreak in wuhan
will be coronavirus, and symptoms of COVID − 19, but soon be cured patients, to explore the diagnosis
and treatment of antimalarial drugs in COVID − 19 patients with the role, for further in-depth study of
COVID − 19 treatment provides a good example.

Introduction
In December 2019, an outbreak of COVID − 19 broke out in wuhan, China, and quickly spread to the whole
country. Currently, The Chinese government as positive such as sealing city, closing schools and work
places of social isolation, such as public health interventions to make COVID − 19 outbreak in China has
been effectively controlled [1], but imported cases continue to appear. There were 1713 con�rmed cases
imported from abroad [2]. Meanwhile,global outbreak is still ongoing, resulting in other diseases such as
malaria and other infectious diseases being neglected due to the impact of the epidemic.A case of
imported falciparum malaria was reported and analyzed in China during the epidemic period to provide a
reference for the prevention and control of imported malaria during the epidemic period of COVID − 19.

Malaria is also a class B infectious disease that one of the most health threatening diseases in the world.
It once caused a world pandemic and is an important public health issue of global concern. In recent
years, China has made remarkable achievements in anti-malaria measures. But as a result of labor
export, tourism, business, such as frequent population movements, there is an upward trend in overseas
imported malaria cases, and in the majority with falciparum [4],Every year,there were nearly 3,000
imported malaria cases in China, imported falciparum is a serious threat to people’s health [5] [6] [7], For
these patients,if the diagnosis and treatment of cases and the investigation and treatment of epidemic
sites cannot be carried out in time,can lead to death at any time, It may also cause secondary
transmission and threaten our efforts to eliminate malaria [8]. Therefore, it is particularly important to
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strengthen the investigation of imported malaria and other infectious diseases during the COVID − 19
outbreak.

Research In Context
We retrospectively reviewed clinical records, laboratory �ndings,Morphological characteristics of the
pathogen under microscope and chest CT scans for patent with laboratory-con�rmed Plasmodium
falciparum infection with COVID − 19 pneumonia. Evidence of Plasmodium falciparum infection with
COVID − 19 was assessed by testing for the presence of SARS-CoV-2 in blood,,throat swab sampales,
plasmodium parasite and its nucleic acid in microscopic examination and blood sampales.The blood
samples of the patients were con�rmed as plasmodium falciparum by RDT or a mixture of three
plasmodium parasites,Under the microscope, plasmodium trophozoite and PCR typing result were
plasmodium falciparum.

CASE PRESENTATION
The patient is a 65-year-old man from Liuwan Village, Qianyi Town, Tianmen City, Hubei Province. On the
afternoon of December 27, 2019, he was diagnosed with fever due to unknown causes. The outpatient
was admitted to the hospital with "upper respiratory infection and fever, fever to be checked". The highest
temperature was 39℃ on admission., with headache, fatigue and other symptoms, physical examination:
temperature (T): 38.1 ℃, respiration (R): 20 beats / min, heart rate (P): 88 beats / min, blood pressure (B):
130/80 mmHg. The patient was pale, with a lack of energy, with a clearer mind, with a regular heart
rhythm, clear breathing in both lungs, no wet and dry rales, no symptoms of nausea, vomiting, abdominal
pain and diarrhea. Physical examination revealed an old surgical scar about 8 cm long on the abdomen,
soft abdomen, no tenderness and rebound pain,the underside of the liver could not be touch, normal
bowel sounds, no edema in both lower limbs. Past medical history: The patient suffered from splenic
rupture due to a fall and had a history of splenectomy in 2005.He has infected malaria while working in
Africa in November 2019,. treated with antimalarial drugs, speci�c drugs and insect species
unknown,,with no history of hypertension, diabetes, heart disease hepatitis, tuberculosis or food and drug
allergy history .

The �rst blood cell analysis was performed on December 27, 2019: white blood cell count (WBC) 4.36 × 
109 cells / L[normal, 3.5–9.5 × 109 cells/L], red blood cell count (RBC) 3.81 × 1012 / L[normal, 4.3–5.8 × 
1012 cells/L], hemoglobin (HGB) 124 g / L[normal, 130–175 g / L], thrombocytopenia (PLT) 77 × 109
cells / L[normal, 125–350 × 109 cells/L],

absolute neutrophil (NEU #) 3.68 × 109 / L[normal, 1.8–6.3 × 109 cells/L], neutrophil ratio (NEU%) 84.4%
[normal,40–75%], and the C-reactive protein was 53.0 mg / L[normal, ≤ 6.0 mg / L]. Electrolyte:
potassium ion 3.43 mmol / L[normal, 3.5–5.3 mmol / L], sodium ion 132.7 mmol / L[normal, 137–
147 mmol / L], total calcium 2.02 mmol / L[normal, 2.11–2.52 mmol / L], total carbon dioxide 21.8 mmol
/ L[normal, 24–32 mmol / L], serum iron 2.4umol / L[normal, 10.6–36.7 mmol / L], magnesium ion
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0.6 mmol / L[normal, 0.75–1.02 mmol / L], Inorganic phosphorus 0.83 mmol / L[normal, 0.85–1.51 mmol
/ L],liver function:total protein 51.15 g / L[normal, 65–85 g / L], albumin28.5 g / L[normal, 40–55 g / L],
and the rest were not signi�cantly abnormal. In�uenza virus antigen test: negative. Hemorrhagic fever
virus antibody (IgG + IgM) test: negative. Gold labeling rapid malaria diagnostic reagent (RDT) test: It
indicates that Plasmodium falciparum is positive, but it does not rule out simultaneous infection with the
other three malaria parasites (Plasmodium malaria, oval malaria, and vivax malaria). Plasmodium
microscopy: �nd a large number of Plasmodium ring bodies, thick blood plate counts, the density is
about 6,872 /ul, the plasmodium parasite is small,the ring is slender, accounting for about 1/5 of the
entire red blood cell diameter, and the nucleus is tight, fuchsia, one or two nuclei ,usually two can be seen
on the ring of a Plasmodium(Fig. 1A); the cytoplasm is blue, the amount is small, trophozoite is often
close to the edge of the cell, and the parasitic red blood cells do not swell,some even shrink, two or more
trophozoite can be parasitic in a red blood cell (Fig. 1B); the trophozoite on the thick blood �lm are
comma-shaped, exclamation marks, nucleus and cytoplasm are smaller, there are more trophozoite, the
phenomenon of "Starry sky" was often presented(see Fig. 2C,D).The plasmodium parasite was
immediately reported to the public health department of the hospital and the tianmen center for disease
control and prevention according to the procedures for reporting infectious diseases. the CDC
immediately dispatched medical staff from the department of infectious diseases to send the
antimalarial drugs (artemether and piperaquine phosphate) to the hospital. The patient received
dihydroartemisinin piperaquine tablets orally. 2 hours after taking the drug, the patient's fever was
relieved

The patient reviewed the blood test December 28,2019: RBC 3.91 × 1012 / L, HGB 130 g / L, PLT 81 × 109
/ L,CRP 31.73 mg / L, patients with mild anemia, platelet reduction, but CRP decreased. Continue to
observe the medication, and check the blood test again on December 30: RBC 3.46 × 1012 / L, HGB 113 g
/ L, PLT 79 × 109 / L, NEU # 1.80 × 109 / L, NEU% 36.8%, Absolute value of monocytes (MON #) 0.80 × 
109 / L[normal, 0.1–0.6 × 109 cells/L], monocyte ratio (MON%) 16.1%[normal, 3–8%], EOS # 0.80 × 109 /
L[normal, 0.02–0.52 × 109 cells/L], EOS% 8.70%[normal, 0.4–8%], CRP 8.63 mg / L, patient eosinophilic
Both the absolute value and proportion of granulocytes increased, anemia further worsened, but platelets
rebounded, CRP gradually returned to normal, indicating that the condition improved. Patients were
treated with dihydroartemisinin and piperazine tablets, with a total dose of 8 tablets (each containing
40 mg of dihydroartemisinin and 0.32 g of piperazine phosphate), 2 tablets / time, 4 tablets / day, 2 days
as a course of treatment. After the end of a course of treatment, the fever symptoms have completely
disappeared. Upon re-examination of the Plasmodium, a large number of Plasmodium rings are still
visible on the microscope, but the cytoplasm has disappeared, leaving only purple naked nuclei, as shown
in Fig. 3E F. Dual-nuclear naked nuclei can be seen in some red blood cells., Or multiple naked cores, see
Fig. 3B, C. Continue to consolidate the treatment and re-examine again after a course of treatment. The
patient was negative for Plasmodium. The patient was asked to leave the hospital. The patient was
instructed to review the Plasmodium 3 days later. No Plasmodium was found in the peripheral blood.

COVID − 19 after the outbreak of disease, the patient was identi�ed as close contacts, was the emergency
isolation under medical observation on January 23,2020, during the patient had symptoms of fever, but
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negative for pharyngeal swab virus nucleic acid detection, 2019 - nCoV IgM antibody detection:weakly
positive, IgG positive, lung CT imaging examination showed high density shadow grinding of glass
samples, as shown in Fig. 4, microscopic examination of the malaria parasite negative, after the
designated hospital for treatment,after 1 week of treatment, lung shadow gradually disappear, instruct
patient to remain in isolation for 14 days, not again appear the symptom such as fever, and continue to
follow-up to track the patients condition.

Discussion
Malaria symptoms caused by plasmodium falciparum often do not have the typical periodic high fever
and chills, the symptoms change rapidly and the disease is severe. Severe falciparum malaria is as high
as about 10% and the case fatality rate is close to 1%[9]. Plasmodium falciparum infection is the ability
of red blood cells (IEs) through effective adhesion on vascular receptor on the host, it is a vicious and
other major regional difference of the malaria parasite to infect humans, but also an important reason of
p. falciparum particularly dangerous [10], con�rmed for a long time, is also a important reason of
falciparum malaria patients died, according to the report [11], imported falciparum malaria patients
con�rmed the average number of days for (5.9 ± 8.6)d, only 21.4% of diagnosed within 24 h, the elders
can reach 60 d, easy to delay treatment, led to the deaths of patients, and is likely to cause secondary
spread.

This patient was a migrant worker returning home in Angola, Angola, Africa. The epidemiological follow-
up survey showed that the patient had malaria incidence two weeks (November) before returning to
China, and returned to China after the symptoms of local treatment in Africa disappeared. On December
22,2019 symptoms such as fever and headache occurred. As a common cold treatment, after 5 days of
treatment with oral cold medicine. The speci�c drug was unknown and ineffective.He was admitted to
Tianmen First People's Hospital on December 27. The outpatient doctor issued the �u. Antigen and
Plasmodium microscopic examination, rapid diagnosis of Plasmodium RDT-positive, suggested
falciparum malaria. microscopic examination showed Plasmodium ring body, immediately treated with
dihydroartemisinin piperaquine tablets, blood samples for PCR typing were sent to Center for Disease
Control and Prevention of Hubei Province. The �nal result was P. falciparum. During the onset of the
patient, a series of regular changes in blood routine occurred: PLT decreased during onset, neutrophils
and CRP increased, RBC,HGB, PLT and CRP decreased on the second day of onset,and Anemia and PLT
reduction continued to exist after a course of treatment, CRP gradually returned to normal, eosinophils
began to increase, and mononuclearity increased. Eosinophilia is common in parasitic infections, which
is closely related to type  hypersensitivity, and malaria is type  and type  hypersensitivity. In this case,
the eosinophils did not increase in the early stage of malaria. The analysis may be caused by During the
onset of malaria, the body is in an emergency state, and the secretion of adrenal cortex hormones
increases, leading to a decrease in eosinophils [11]. In the later stage, the patient's fever is relieved and
the eosinophil response increases. At the same time, protozoan metabolites, corpuscle proteins and red
blood cell fragments enter the bloodstream and are engulfed by monocytes, causing an increase in
monocytes. The patient's anemia gradually worsens due to Malaria mainly causes anemia through
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hemolysis and destruction of red blood cells, in addition, long-term subclinical malaria infection leads to
in�ammatory anemia [12].

After 2 days of treatment, although the antibody to the malaria parasite is still positive, microscopic
examination revealed a major change in the morphology of the parasite. The plasmodium in the red
blood cells has only naked nuclei and the cytoplasm has disappeared. Is this parasite no longer capable
of dividing and proliferating, or It may be a dead worm, but further research is needed to con�rm it. The
patient had an outbreak of malaria in November. Without formal treatment, he returned to China in
December (there is almost no local malaria in China, and the probability of reinfection is low). Then the
malaria attack recurred. According to the de�nition of re-ignition (acute malaria patients Malaria
treatment is incomplete, or because the body produces immunity, it eliminates most of the erythrocytes
and stops the malaria parasites. Under certain conditions, a large number of malaria parasites remaining
in the red blood cells proliferate in large numbers. After several weeks or months, In the case of infection,
recurrence of seizures is called re-ignition). Considering the possibility of re-ignition of malaria, malaria re-
ignition is often related to low host resistance and speci�c immunity and antigenic mutations of
Plasmodium [13]. This patient is an elderly patient. There is no underlying disease, but there is a previous
history of malaria. The liver function of the patient shows a signi�cant decrease in total protein and
albumin, and there are risk factors for low immunity. Coupled with electrolyte disorders and previous anti-
malarial anti-malarial treatment, it is inferred whether there is a malaria parasite antigen. Variation is
possible, so people with malaria re-ignition should take regular, adequate doses and courses of
antimalarial treatment.

At the same time, Plasmodium infection can also cause an overwhelming immune response in some
people, which in turn releases a large number of metabolites and in�ammatory mediators, resulting in
damage to vascular endothelial cells and the formation of microthrombus, leading to extensive
microcirculation disorders [14], The study also showed that when plasmodia-infected red blood cells (IEs)
attach to tissue-bound receptors, they are called immobilized. When they attach to uninfected red blood
cells, they roll off. In addition, endothelial in�ammation is a feature of falciparum malaria, which may be
directly caused by IEs attached to the endothelium, or indirectly caused by in�ammatory host and
parasite products (IE membrane component, hrp-2, etc.) [15][16].which may be The main reason for the
increase of D-dimer in patients. However, as the malaria parasite is cleared from the patient, the immune
response returns to normal, and the microthrombus can be eliminated on its own.

Cured patients after discharge had symptoms of fever again, has a history of wuhan area contact, and
CT have COVID − 19 performance, positive serological 2019 - nCoV IgG antibody detection and weakly
positive of IgM, Previous infection or serological false positive �ndings were suggested, combining
clinical symptoms and imaging examination report as COVID − 19 patients with clinical diagnosis cases,
patients will be coronavirus (SARS - CoV − 2) negative nucleic acid detection, analysis may be due to the
following reasons: on the one hand may be due to the limitations of sampling and testing methods of
false negatives; On the other hand in will be joined the chloroquine phosphate as drugs for the treatment
COVID − 19 of Novel Coronavirus (2019-nCoV) Infection by the National Health Commission (Trial Version
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7)[17], may also with the patient before resistance to malaria treatment (piperaquine phosphate and
artemisinin) inhibits replication of the virus in the body, remove the body of SARS - CoV − 2 viruses,
reduce viral load and lower than the detection limit, but the speci�c reason details still needs further
research. According to the patient's contact history (he went to Wuhan railway station on January 18,
2020), and developed fever on January 23, presumably the patient was in the incubation period,which
was consistent with the characteristics of COVID − 19 [18].

According to the comprehensive analysis, the patient was COVID − 19 with malaria attack. Most imported
malaria cases returned home after a long journey, and the possibility of exposure to COVID − 19 infection
was not excluded during the trip [20]. In this situation, screening for COVID − 19 should also be intensi�ed
to avoid missed diagnosis due to the overlong incubation period of novel coronavirus. When faced with
the outbreak of major public health events, we should formulate classi�ed guidance and scienti�c
prevention and control measures that take into consideration [21],provide access for malaria patients.
Meanwhile, we should strengthen the investigation of malaria and other imported diseases from abroad,
so as to prevent the missed diagnosis and spread of other infectious diseases.

Both new coronavirus pneumonia and malaria are common challenges facing all humans [22]. The
results and experience of China's elimination of malaria have been recognized by the international
community. At present, China's experience in the prevention and control of COVID − 19 also provides a
good reference for the prevention and control of the world epidemic.We call on all countries to join hands
and learn from each other's experience to jointly win the battle against the global epidemic.
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Figure 1

Plasmodium falciparum trophozoite(A B wright stain,thin blood �lm × 1,000)

Figure 2

Plasmodium falciparum ring form ( C D Giemsa stain, thick blood �lm× 1,000)

Figure 3
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Plasmodium annulus after treatment (E F Giemsa stain, × 1000)

Figure 4

Comparison of CT imaging results before and after treatment(A and B were the �rst CT imaging result A
little ground glass density shadow can be seen along the pleural margin of both lungs C and D were the
result of CT imaging one week after antiviral therapy The density of ground glass in the lungs
disappeared)


