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Abstract

Background: Malaria is the parasitic disease caused by Plasmodium infection, and is transmitted to humans through the bite of
female anopheles. At present, malaria remains the most important cause of disease and death among children and adults. Approx-
imately 214 million people are infected with malaria worldwide.
Objectives: This study aimed to analyze the distribution level and compare procalcitonin and C-reactive protein (CRP) in malaria
patients before and after treatment, with focus on discussing the prognostic value of procalcitonin recovery level for recrudescence
within two weeks of antimalarial treatment.
Methods: A retrospective analysis was adopted. We measured the procalcitonin and CRP inflammatory markers of 22 imported
malaria patients, who were hospitalized in our hospital from January 2014 to February 2018. The trends of procalcitonin and CRP
levels in three malaria patients before and after antimalarial treatment and during recrudescence were applied.
Results: The procalcitonin level was significantly elevated before antimalarial treatment in 95% (21/22) of the patients, but sharply
declined within two weeks after treatment. The procalcitonin levels of 59% (13/22) and 23% (5/22) of the patients were < 0.5 ng/mL
and 0.5 - 0.8 ng/mL, respectively. The difference in the procalcitonin level before and after treatment was statistically significant (Z
= 4.074, P < 0.05), and the difference in the CRP level before treatment (99.63± 51.63 mg/L) and after treatment (20.08± 13.45 mg/L)
was statistically significant (t = 8.167, P < 0.05). Three patients suffered from recrudescence. The procalcitonin levels of two patients
were > 1.0 ng/mL and failed to recover to the normal level within two weeks after antimalarial treatment while the procalcitonin
level of one patient was 0.89 ng/mL. The dynamic observation showed that the procalcitonin level progressively increased and the
procalcitonin level was 0.89 ng/mL when Plasmodium was found in the blood smear.
Conclusions: The procalcitonin and CRP serum levels were significantly elevated among malaria patients. The majority of the pa-
tients recovered to the normal level within two weeks after effective antimalarial treatment and no longer suffered from recrude-
scence. However, the procalcitonin recovery level within two weeks after antimalarial treatment remained > 0.8 ng/mL. Hence,
heightened alertness should be given to recrudescence.
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1. Background

Malaria is a parasitic disease caused by Plasmodium in-
fection, and is transmitted to humans through the bite of
female anopheles. At present, malaria remains the most
important cause of disease and death among children and
adults. Approximately 214 million people are infected with
malaria worldwide, making it one of the serious infectious
diseases (1) threatening human health. There was no ob-
jective indicator for the evaluation of severity and progno-
sis of malaria formerly. According to a number of research
bodies in recent years, procalcitonin and C-reactive pro-
tein (CRP) have relatively high values in the diagnosis and
severity assessment of malaria (2-4).

Due to the induction of lipopolysaccharides and other
toxic metabolites, as well as various inflammatory medi-
ators in the systemic inflammatory response, organs and
tissue cells outside the thyroid gland can produce a large
amount of procalcitonin and inhibit its decomposition
into calcitonin; this significantly increases the level of pro-
calcitonin in serum. Assicot et al. (5) reported for the
first time in 1993 that the serum procalcitonin content is
closely related to infectious diseases, especially in the in-
flammatory response to bacterial infection. Later studies
(6) also found that procalcitonin is related to the sever-
ity of infection and its dynamic changes are related to the
prognosis of infection. Procalcitonin is also increased in
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neuroendocrine tumors, non-infectious systemic inflam-
mation, trauma, parasitic infection, and other diseases (7,
8).

2. Objectives

Hence, our retrospective study was performed in
malaria patients: who were treated and followed-up in our
hospital. The results of this study also support the above
relevant research perspectives. However, we observed that
the procalcitonin level of some clinical patients still fails
to recover to the normal level within two weeks after an-
timalarial treatment and patients suffer from recrudes-
cence, indicating that the procalcitonin recovery level has
higher clinical value for the anticipation of malaria re-
crudescence.

3. Methods

3.1. General Data

We recruited 22 imported malaria patients visiting
Taixing People’s Hospital from January 2014 to February
2018. Eight patients were from Congo, nine patients from
Angola, one patient from Pakistan, and four patients from
other African countries. All patients were male, with the
age range of 20 - 48 and an average age of 27.2 ± 4.8. Chills
and fever were the main symptoms in the patients. All
22 patients had a fever with a body temperature of 38.1 to
41.5ºC. Moreover, 18 (81.8%) patients showed chills or shiv-
ering and 20 patients (90.9%) showed muscle ache. Eight
(36.4%) patients had various degrees of gastrointestinal
symptoms, including vomiting, appetite loss, and diarrhea
and one (4.5%) patient suffered from renal failure.

There was no death case. The criteria for confirmed
cases were (9): there is a history of epidemiology and clin-
ical symptoms such as chills, fever, and sweating. Micro-
scopic examination of blood smears was positive for Plas-
modium or Plasmodium antigen. Before 2016, overall 10
cases were detected by blood smear microscopy alone, in-
cluding nine cases of falciparum malaria and one case of
ovale malaria. Since 2016, overall 12 cases, including 10
cases of falciparum malaria, one case of vivax malaria, and
one case of Plasmodium vivax malaria, have been detected
by blood smear microscopy and Plasmodium antigen si-
multaneously. Two cases of falciparum malaria and one
case of ovale malaria recurred.

3.2. Study Methodology

Blood samples were collected to make thick blood
membrane and thin blood membrane slices, and then

hemolytic staining was carried out. Finally, the diagno-
sis was made based on the presence of Plasmodium para-
sites in the thick blood membrane under the oil lens of the
microscope. Thin blood membrane was only used as the
reference examination for the classification of protozoa.
Malaria control professionals from the center for disease
control and prevention completed the epidemiological
case investigation and blood sample review within three
days. Finally, the malaria diagnostic laboratory of Jiangsu
province carried out microscopic examination and PCR
test in blood slides and blood samples. Plasmodium anti-
gen detection was based on colloidal gold immunochro-
matography. The kit was produced by Guangzhou Wanfu
Biotechnology Co. Ltd. A Roche Cobas E601 automatic
electrochemical luminescence analyzer and an auxiliary
reagent (Elecsys BRAHMS procalcitonin, Roche Diagnostics
GmbH) were used to determinate the procalcitonin con-
tent of the serum. It was considered positive if the procal-
citonin concentration was > 0.5 ng/mL.

3.2.1. Antimalarial Treatment Scheme

All patients received 80 mg (double for the first time)
of artemether once a day through intravenous injection
or intravenous drip, and subsequently received the qui-
nine compound preparation. Then, symptomatic support-
ive treatment was performed, according to their respective
complications.

3.2.2. Marker Observation

The procalcitonin and CRP markers were determined
at 7 - 14 days’ hospitalization and 3 - 6 months’ follow-up
after discharge, as follows: the content before antimalarial
treatment, the minimum content within two weeks after
treatment, and the content during recrudescence.

3.3. Statistical Processing

SPSS 19.0 software was used for the statistical analy-
sis of data. The data with normal distribution were ex-

pressed as
−
X ± s, standard deviation (SD) and their statis-

tical analysis was performed by t-test. The data with abnor-
mal distribution were expressed as median and quartile
and their statistical analysis was performed by Wilcoxon
signed-rank test. P < 0.05 was considered statistically sig-
nificant.

4. Results

The malaria patients were all hospitalized. The procal-
citonin level was significantly elevated in 95% (21/22) of the
patients before antimalarial treatment while the procalci-
tonin level of one severe malaria patient reached up to 100
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ng/mL. The procalcitonin level of all patients sharply de-
clined with the improvement and cure of the disease after
effective antimalarial treatment so that the procalcitonin
levels were < 0.5 ng/mL and 0.5 - 0.8 ng/mL in 59% (13/22)
and 23% (5/22) of the patients, respectively. The compar-
ison of two inflammation markers before and after treat-
ment showed statistically significant differences (P < 0.05,
Table 1).

Table 1. Comparison of Procalcitonin and CRP Markers of Malaria Patients Before
and After Treatment (N = 22)

Groups Procalcitonin, ng/mL, M
(P25, P75)

CRP, mg/L,
−
X ± s

Before treatment 3.28 (0.95, 13.11) 99.63 ± 51.63

After treatment 0.48 (0.23, 0.84) 20.08 ± 13.45

Z/t value 4.074 8.167

P value < 0.05 < 0.05

The follow-up period of patients lasted 3 - 6 months.
Three patients suffered from the recrudescence. After the
initial antimalarial treatment, the procalcitonin and CRP
levels declined in patient 1 and patient 2. However, the
procalcitonin level (> 1.0 ng/mL) failed to recover to the
normal level within two weeks after treatment. The CRP
level slightly increased. Patient 3 suffered from cerebral
malaria. The patient recovered after the antimalarial treat-
ment in the Chinese hospital in Africa (procalcitonin and
CRP data were not available), but suffered from fever af-
ter returning home from abroad. The procalcitonin level
was 0.89 ng/mL.Plasmodiumwas not found in the thick and
thin blood smears through several microscopic examina-
tions. The procalcitonin and CRP levels gradually increased
through dynamic observation and the procalcitonin level
reached 19.0 ng/mL when Plasmodium was found in the
blood smear after two months (Table 2).

5. Discussion

As a propeptide substance of calcitonin, procalcitonin
is an active ingredient secreted by thyroid C cells and
formed by the hydrolysis of the proteolytic enzyme in cells.
The procalcitonin level is very low in the serum of healthy
people, and is generally not more than 0.30 ng/mL. How-
ever, it sharply increases (10, 11) in the case of whole or re-
peated local inflammation in the human body, especially
following bacterial infections. Research has indicated (12-
14) that the procalcitonin level in the serum can be used
for the better assessment of patient’s condition and prog-
nosis through dynamical observation. A high or rapidly in-
creasing procalcitonin level often indicates a serious con-
dition and poor prognosis, while a procalcitonin level that

is low or declines rapidly often indicates a mild condition
and good prognosis.

According to domestic and foreign scholars in recent
years (15-17), the procalcitonin level also significantly in-
creases in the pathogenetic process. The slow decline of
high procalcitonin levels after treatment indicates a seri-
ous condition and poor prognosis, while a procalcitonin
level that declines sharply after treatment can be taken as
a marker for judging the curative effect. The present study
also supports this idea. The procalcitonin level was sig-
nificantly elevated in 95% (21/22) of patients before treat-
ment, where the procalcitonin level of one patient reached
up to 100 ng/mL. Patients who simultaneously suffer from
hemolytic uremic syndrome in the course of disease and
receive hemodialysis treatment for many times are severe
malaria patients.

The malaria situation in China mainly manifests im-
ported malaria, and the majority is falciparum malaria,
which is due to infection from malaria endemic areas. Plas-
modium falciparum can cause immune vascular injury and
release cytokines such as TNF-α and IL-1, which directly
stimulate and induce the release of procalcitonin. Severe
cases may be related to the type, amount, and duration of
exposure to Plasmodium parasites (18), leading to relatively
severe damage and higher procalcitonin levels. A study
by Hua-Yun et al. (19) on the malaria situation in Jiangsu
showed that among 308 patients, only one patient was in-
fected through blood transfusion, while the rest suffered
from imported malaria, with falciparum malaria account-
ing for 77% (237/308) of the cases. Patients with falciparum
malaria can more easily suffer from recrudescence, and a
part of initial patients would suffer from malaria due to
the mass propagation of a small amount of Plasmodium in
the erythrocytic stage remaining in the body under certain
conditions (20).

A study by Xie et al. (21) on the clinical features of 56 pa-
tients with imported malaria showed that 16.7% of the pa-
tients suffered from recrudescence after cure. The recrude-
scence mechanism of malaria is more complicated, and is
generally considered to correlate with many factors, such
as the species of infectiousPlasmodium, antigenic variation
of Plasmodium, non-standard use of antimalarial drugs,
drug sensitivity, and decrease in the host’s specificity im-
munity (22). In recent years, many studies (23-25) have
found that some malaria patients suffer from recrudes-
cence due to the decreased sensitivity to artemisinin and
resistance to drugs. During the recrudescence, missed di-
agnosis may be due to the low early positive rate of pe-
ripheral blood smear and different malaria cycles, time
of blood sampling and inspection staff level. Plasmodium
circulating antigen detection and PCR are difficult to be
widely applied due to their technical difficulties.

In the practical clinical work, there is an urgent need
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Table 2. Distribution of Procalcitonin and CRP at Time Nodes of Recrudescence Patients

Items

Onset Recover

Procalcitonin, ng/mL CRP, mg/L Procalcitonin, ng/mL CRP, mg/L

Before
Treatment

After
Treatment

Before
Treatment

After
Treatment

Before
Treatment

After
Treatment

Before
Treatment

After
Treatment

Case 1 10.85 1.54 46.80 7.90 2.21 0.39 74.60 21.00

Case 2 4.10 1.49 116.00 45.10 6.00 0.25 190.0 12.80

Case 3 - 0.89 - 43.60 19.21 0.17 96.10 2.50

for a more objective, convenient, and low-cost auxiliary
diagnostic marker for the early determination of malaria
recrudescence, providing an alert for clinicians, shorten-
ing the patient’s confirmation time, and allowing the pa-
tient to receive timely antimalarial treatment. There are
many studies on procalcitonin respecting bacterial infec-
tions. Recent guidelines recommend procalcitonin levels
of 0.5 ng/mL as a reference point for systemic bacterial in-
fection (11). In terms of procalcitonin guidance for the use
of antibiotics, studies (26, 27) recommended that the pri-
mary calcitonin concentration should be reduced by 80%
or more than its peak value or reduced to 0.5 ng/mL or
lower; then, antibiotics should stop. However, if the pro-
calcitonin concentration is still > 0.5 ng/mL, maintenance
or sequential treatment may be required. Whether there
is the same reference significance for malaria patients, no
relevant research report has been found.

It was found from our study that patients with a pro-
calcitonin level of < 0.5 ng/mL and 0.5 - 0.8 ng/mL within
two weeks after antimalarial treatment accounted for 59%
and 23% of the patients, respectively, and they did not suf-
fer from recrudescence during the follow-up visits. How-
ever, the minimum procalcitonin level in three patients
who suffered from malaria recrudescence failed to recover
to the normal level within two weeks after treatment and it
was still > 0.8 ng/mL. In the present study, the investigators
suggest that when procalcitonin levels remain > 0.8 ng/mL
or increase gradually through dynamic observation within
two weeks after antimalarial treatment, heightened alert-
ness should be given to recrudescence, and blood smear
microscopic examination should be carried out repeatedly
to determine Plasmodium. It would also be necessary to
adopt the nucleic acid probe and other techniques early.

5.1. Conclusions

Considering that the overall sample of the research
was limited, when the procalcitonin level would be taken
as the evaluation index for the prognosis of malaria re-
crudescence after antimalarial treatment, it would be nec-
essary to enlarge the sample for further verification, and
define a more reasonable threshold.
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