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Abstract

Background: Venezuela accounted for 55% of the cases and 73% of the malaria deaths in the Americas in 2019.
Bolivar state, in the southeast, contributes >60% of the country’s Plasmodium vivax and Plasmodium falciparum cases
every year. This study describes the clinical-epidemiological characteristics of clinical malaria patients in this high-
transmission area.

Methods: A prospective study was conducted on patients seeking medical attention in three medical centres in the
state capital, Ciudad Bolivar, between June and October 2018. Malaria diagnosis was carried out using microscopy
following national standards. Malaria-positive patients were examined for clinical symptoms, and haematological tests
were performed at the time of diagnosis. Patients were followed up by telephone to evaluate malaria recurrences.

Results: Out of 287 patients, 200 (69.7%) were positive for P vivax, 69 (24%) for R, falciparum, and 18 (6.3%) had mixed
(P vivax/P. falciparum) infections. Patients'median age was 33 years (IQR 20), 168 (69%) were men, and 40% practiced
gold mining as the main occupation. Fever (96.5%), chills (91.3%), and headaches (90.6%) were the most frequent
symptoms. At least one symptom associated with severe malaria was observed in 69 out of 161 patients with com-
plete clinical evaluation (42.9%). Plasmodium vivax infections were found in 42 out of 69 (60.9%) severe cases; by con-
trast, P falciparum and mixed malaria caused 34.8% (24/69) and 4.4% (3/69) of infections, respectively. Two patients
died of cerebral malaria. Mean hemoglobin was lower in the patients infected with P, falciparum than those infected
with P vivax. Regardless of the parasite causing the infection, patients presented high levels of total bilirubin, ami-
notransferases (AST, ALT), and lactate dehydrogenase (LDH). Out of the 142 patients followed up by phone for three
months (49.5% of the 287 patients), 35 (24.7%) reported recurrences.

Conclusions: The high malaria prevalence among young male adults practicing gold mining suggests that this
occupation is a significant risk factor. The unexpected high prevalence of P vivax patients with at least one criteria of
severe clinical disease is a matter of concern. Whether it is the result of a lack of timely diagnosis and effective treat-
ment should be explored.
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Background

Malaria remains a significant public health problem
worldwide [1]. There were~899,000 (95% confidence
interval: 822,000-970,000) estimated cases in Latin
America in 2019, equivalent to~0.4% of the global bur-
den [1]. Still, the region has~ 139 million inhabitants at
risk of infection. Although several Latin American coun-
tries are on track toward malaria elimination, there has
been an increase in regional cases [2—6]. Three countries
accounted for almost 90% of all reported cases in 2019:
Venezuela (55%), Brazil (22%), and Colombia (11%) [1].
Venezuela had an estimated 467,421 cases, with 403 fatal
cases representing 73% of the Americas’ malaria-related
deaths [1].

Historically, Venezuela had the highest malaria inci-
dence rate in Latin America by 1931. The situation
changed dramatically in 1961. After intensive control
efforts, this nation became the first World Health Organ-
ization-certified (WHO) country that eliminated malaria
in almost 70% of its territory [7]. However, in Bolivar
state in the southeastern region bordering Brazil and
Guyana, there has been a high risk of malaria infection
for decades [4]. Due to the ongoing Venezuelan health
crisis, the Bolivar state has also become the hottest
malaria hotspot for the Americas region [5].

The reported data from Venezuela in 2019 indicate
that, like in other countries from the Americas [8-11],
Plasmodium vivax accounted for 77.3% of reported cases,
followed by Plasmodium falciparum (16.2%), and mixed
(P vivax/P. falciparum) malaria (6.5%) [1]. Fortunately,
the frequency of mutations related to anti-malarial drug
resistance in P falciparum seems to remain the same
regardless of the dramatic increase in transmission dur-
ing the last decade [6]. However, there is limited informa-
tion on patients’ clinical-epidemiological characteristics
during the ongoing Venezuelan malaria crisis. This lack
of recent clinical data is due in part to the difficult con-
ditions in the area. Thus, this study describes the clini-
cal-epidemiological profile of patients seeking medical
attention and diagnosed with malaria in the diagnostic
centres of Ciudad Bolivar, the capital of Bolivar state,
Venezuela.

Methods
Study site
Bolivar state is in the country’s south, bordering Bra-
zil and Guyana; it has 240,528 km?, corresponding to
26.2% of the national territory, with an approximate
population of 1,837,485 inhabitants projected by 2018

[12]. Plasmodium vivax is the most prevalent parasite,
with 70-80% of malaria cases, whereas P falciparum
causes the remaining 20-30% of cases annually [5]. This
study was carried out in Ciudad Bolivar, the state capi-
tal (Fig. 1), with approximately 427,399 inhabitants pro-
jected by 2018 [12]. Three medical centres were selected.
Those centres provide care, diagnosis, and treatment to
malaria patients covering almost all the cases in the city.
Specifically, samples were collected in two type-II urban
outpatient health centres ("E! Perd" and "La Sabanita");
these are centres without hospitalization areas attended
by a general or family doctor with experience in public
health administration. The third was a type IV Hospital
("Ruiz y Pdez" University Hospital Complex), the main
hospitalization centre for malaria patients in Ciudad
Bolivar.

Ethical aspects

The study protocol was reviewed and approved by
the Bioethics and Health Biosecurity Committee of
"Ruiz y Péez" University Hospital Complex (CHRRP-
CBBS-001-2018). The study was carried out according
to the ethical principles for medical research in humans
of the Declaration of Helsinki and the Venezuelan regu-
lations for this type of research, with all patients’ corre-
sponding signed informed consent.

Study design and participants

A prospective study was conducted during the period
June—October 2018. Patients positive for a malaria infec-
tion confirmed by microscopy were invited to participate.
These patients sought malaria diagnosis and treatment
at any of the three study sites. Trained physicians at
each site performed a standard clinical evaluation and
detailed physical examination of all subjects in this study.
Patients were classified as non-severe or severe malaria
cases according to the WHO [13] and "Ministerio del
Poder Popular para la Salud” of Venezuela criteria [14],
regardless of the malaria parasite species. All patients
were treated by the local health provider, using the last
national anti-malarial protocol approved (2017) by the
Bolivarian Republic of Venezuela health authorities [14].
Patients with non-severe P. vivax malaria received chlo-
roquine and primaquine (daily over 14 days) (n=198).
Given the changing conditions during the malaria epi-
demic, patients infected with P. falciparum received one
of the following treatments: (a) artemether plus lume-
fantrine and primaquine (single dose) (n=58) or (b)
artesunate plus mefloquine and primaquine (single dose)
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Fig. 1 Malaria cases by locality of origin of the infection. A Map of Venezuela in South America (light grey); B the study area (Bolivar state in the
south of Venezuela, dark gray); and C map of Bolivar state showing the malaria cases quantified according to the patients diagnosed in Ciudad
Bolivar by locality of origin of the infection. The localization of the state capital, Ciudad Bolivar, is shown

(n=5). Patients with mixed infections were treated with
one of the following options: (a) artemether plus lume-
fantrine and primaquine (daily over 14 days) (n=16) or
(b) artesunate plus mefloquine and primaquine (daily
over 14 days) (n=2). Patients with severe malaria cases
received (a) injectable artesunate (n=6) or (b) injectable
artemether (n=2).

Although a total of 287 patients diagnosed with malaria
accepted to participate in the study, blood samples (8 ml)
by venipuncture were collected only from 161 patients
due to limitations in resources. The blood samples were
aliquoted into three fractions: 3 ml were preserved with
sodium citrate to study coagulation (prothrombin and
partial thromboplastin times), 3 ml were collected with
ethylenediaminetetraacetic acid to study haematology,
and 2 ml without anticoagulant were used to study blood
chemistry (urea, creatinine, glycaemia, electrolytes,
transaminases, lactate dehydrogenase). In this study,
malaria recurrences were defined following WHO stand-
ards in terms of reappearance of parasitaemia after treat-
ment, due to recrudescence, relapse or a new infection
[15]. To estimate the frequency of recurrences, patients
were followed by telephone at 15 days, one month, and
three months after diagnosis. They were asked about the
reappearance of parasitaemia (confirmed by microscopy)
after taking treatment.

Data analysis

Parametric tests were used, and when the assumption
of normality was rejected, the data were analysed using
non-parametric tests. The distribution of the parameters
was statistically evaluated using Kolmogorov—Smirnov.
Fisher’s exact was used when necessary for variables with
low frequencies. The analyses were carried out in the
statistical software Statistical Package for the Social Sci-
ences (version 25, International Business Machines Cor-
poration, Armonk, New York, United States). Maps were
performed using ArcGIS software (version 10.5.1, Red-
lands, California, United States: Environmental Systems
Research Institute).

Results

Characteristics of the studied patients

Out of the 287 patients diagnosed with malaria who
accepted participating in the study, 200 (69.7%) had P
vivax, 69 (24%) P, falciparum, and 18 (6.3%) had mixed (P
vivax/P. falciparum) malaria infections. The total num-
bers of cases by locality of origin are shown in Fig. 1. The
proportion of cases by age group and parasite species is
shown in Fig. 2. The patients’ median age was 33 years
(IQR 20). No statistical differences were observed in
the age distribution between patients with P vivax, P
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Fig. 2 Distribution of malaria patients according to age group in Bolivar state, south of Venezuela. Bars indicate the proportion of patients
according to age group and Plasmodium species. There were no differences between age groups and Plasmodium species (p=0.328; Fisher's exact

falciparum, and mixed malaria infections (p=0.12).
Table 1 shows socio-demographic characteristics. Most
of the patients were men (69%) working on gold mining
(40.1%); 83.2% (239/287) self-reported previous malaria
episodes with a median of three episodes (IQR 7). Only
22 (9.2%) of those 239 patients indicated not receiving
complete anti-malarial chemotherapy when treating the
last infection. The average number of days between the
onset of symptoms and consultation at health facilities
was 544 days, with no significant differences between
species. Only 4.5% self-reported comorbidities, such as
chronic cardiovascular diseases (n=38), diabetes (n=3)
and others.

Most patients (97.2%; 279/287) were from the Bolivar
state. Of these, 103 (35.9%) and 94 (32.8%) came from
the Sifontes and Heres municipalities, respectively. The
rest of the patients were from other municipalities, such
as Angostura, El Callao, Sucre, Piar, Cedeno, Caroni, and
Gran Sabana (Fig. 3). A significant association was found
between P. falciparum malaria and Sifontes’ municipal-
ity’s provenance (p=0.01) (Fig. 3).

Clinical findings

Table 2 summarizes the malaria symptoms and signs
observed in the patients who participated in the study.
No significant differences in symptoms between P fal-
ciparum and P. vivax were observed. The most com-
mon malaria clinical manifestations were fever (96.5%),
chills (91.3%), and headache (90.6%). Low back pain was

present in almost half of the patients evaluated. The less
frequent clinical manifestations were epistaxis (2.4%)
and gingivorrhagia (1.7%). Paleness (59.2%) and cholu-
ria (38.3%) were also frequent in these patients regard-
less of the parasite species causing malaria. Twenty-nine
(10.1%) patients presented hepatomegaly; it was more
frequent in patients infected with P, falciparum than with
P, vivax, although without significant differences between
both species (10/69 [14.5%] and 16/200 [8%], respec-
tively; p=0.19). Splenomegaly (p=0.02) and somnolence
(p=0.03) were associated with P falciparum infection.
Seizures and stupor only occurred in patients with P. fal-
ciparum infection (Table 2).

Laboratory findings

Laboratory results are presented in Table 3. The aver-
age haemoglobin and haematocrit were lower in patients
infected with P. falciparum than P. vivax (p<0.05). Leu-
kopenia was associated with P falciparum infection
(p<0.05). Severe thrombocytopenia was more frequently
observed in patients with P falciparum (23.3% in P. fal-
ciparum versus 14.2% in P vivax). However, the aver-
age platelet values were within the range of moderate
thrombocytopenia in all malaria patients, and no signifi-
cant differences were observed between parasite species
(p=0.93). The mean glycaemia was lower in patients with
P vivax infection (p<0.05), showing significant hypo-
glycaemia linked to P vivax infection (p<0.05). There
were no differences between P. vivax and P. falciparum
patients in their total bilirubin, aminotransferases (AST
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Table 1 Socio-demographic characteristics of patients with malaria by Plasmodium species

Characteristics Total (N=287; P. vivax (N =200; P.falciparum (N=69; Mixed malaria (N=18; p-value
100%) 69.7%) 24%) 6.3%)

Age, years 33(20) 33(19) 27 (16) 38 (25) 0.123ll

Median (IQR)

Min-Max 13-73 13-73 14-68 14-69

Gender 33 (20) 059"

Male 198 (69) 135 (67.5) 51(73.9) 12 (66.7)

Female 89 (31) 65 (32.5) 18 (26.1) 6(33.3)

Race 0.14%

Mestizo 269 (93.7) 191 (95.5) 61 (88.4) 17 (94.4)

Black 11(3.8) 6(3) 5(7.2) -

Native 7(24) 3(1.5) 3(4.3) 1(5.6)

Origin by municipality

Heres 94 (32.8) 77 (38.5) 13(18.8) 4(22.2) 0017

Sifontes 103 (35.9) 60 (30) 35(50.7) 8 (44.4) 0017

Angostura 31(10.8) 24(12) 6(87) 1(5.6) 0.57*

El Callao 17 (5.9) 11 (5.5) 3(4.3) 3(16.7) 0.14*

Sucre 17(5.9) 11(5.5) 6(8.7) - 0467

Piar 7(23) 5(2.5) 2029 - 1

Cedeno 5(1.7) 3(1.5) 2(29) - 0.71*

Caroni 301 2(1) 1(1.4) - 1

Gran Sabana 2(0.7) 1(05) - 1(56) 0.17*

Others 8(28) 6(3) 1(14) 1(56) 043°

Scholarship 096"

None 21(7.3) 16 (8) 4(5.8) 1(5.6)

Middle school 119 (41.5) 83 (41.5) 28 (40.6) 8 (44.4)

High school 115 (40.1) 81 (40.5) 27 (39.1) 7(38.9)

Technical/Professional 32(11.1) 20 (10) 10(14.5) 2(11.1)

Occupation 049°

lllegal mining 115 (40.1) 73 (36.5) 35(50.7) 7(389)

Housewife 49 (17.1) 39(19.5) 8(11.6) 2(11.1)

Merchant 29 (10.1) 21(10.5) 7(10.1) 1(5.6)

Student 15(5.2) 10 (5) 4(5.8) 1(5.6)

Farmer 14 (4.9) 10 (5) 2(2.9) 2(11.1)

Mine cook 6(2.1) 3(1.5) 3(4.3) -

None 3(1) 3(1.5) - -

Others 56 (19.5) 41 (20.5) 10 (14.5) 5(27.8)

Income/week [US dollar] 10 [65] 7.75 [65] 20 [96] 5173] 005!

Previous episodes of malaria [yes] 239[83.3] 170 [85] 52 [754] 17 [94.4] 0.09l!

Median of previous episodes 371 3[5] 3[10] 48] 0211

Number of previous episodes 0.16"

5orless 139 (58.2) 106 (62.4) 23 (44.2) 10 (58.8)

Between 6 and 10 53(22.2) 34 (20) 14 (26.9) 5(294)

11 or more 47 (19.7) 30(17.6) 15(28.8) 2(11.8)

Days to consultation 5(4) 5 (4) 6 (5) 4(2) 011"

The median and interquartile range (IQR) were estimated for income and a total number of previous malaria episodes, and percentage were estimated for categorical
variables. *One-way ANOVA; fChi-square; *Fisher’s exact test; SYates-corrected Chi-square; IMedian’s test
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Fig. 3 Distribution of Plasmodium species in Bolivar state according to the origin of patients. Pie charts indicate the proportion of Plasmodium
species and its geographic origin (municipality) in Bolivar state from the total of patients diagnosed with malaria during 2018

and ALT), and lactate dehydrogenase values (Table 3). No
electrolyte-relevant abnormalities (sodium, potassium,
and chlorine) or coagulation tests (PT and aPTT) were
found.

Severe malaria

According to the local and the WHO [3, 14] guidelines,
patients were categorized as having severe or non-severe
malaria. Among the 161 patients with complete clini-
cal and paraclinical evaluation, 69 (42.9%) patients with
a mean age of 33 years (SD 13) were classified as severe
malaria cases. Plasmodium vivax infections caused 60.8%
(42/69) of cases with at least one disease severity crite-
ria. Plasmodium falciparum infection and mixed malaria
infection caused 24/69 (34.7%) and 4.34% (3/69) severe
cases, respectively. Proportionally, patients with P. falci-
parum infection were more likely to develop severe symp-
toms than P vivax and mixed malaria infections (55.8%

vs. 39.6% and 25%; p=0.004). Although most severe
malaria (88.4%) had one clinical complication, eight
patients simultaneously presented two or more complica-
tions. The most frequent complication in patients with P,
vivax was hyperbilirubinaemia (plasma or serum biliru-
bin >3 mg/dL), and 38 of 42 patients (90.4%) presented it
as the only criterion of severe malaria. In addition, there
were four patients with two criteria: one with cerebral
malaria and pulmonary oedema, one with kidney fail-
ure and severe anaemia, one with cerebral malaria and
hyperbilirubinaemia, and one presenting severe anaemia
and hyperbilirubinaemia. Similarly, the most frequent
complication in patients with P. falciparum was hyper-
bilirubinaemia; 14 of 24 patients (58.3%) as the only cri-
terion of severe malaria. However, six of the 24 patients
(25%) presented cerebral malaria, and three (12.5%) had
severe anaemia. Less frequent were spontaneous bleed-
ing (2 of 24; 8.3%) and renal dysfunction (1 of 24; 4.1%).



Forero-Pena et al. Malar J (2021) 20:375 Page 7 of 12
Table 2 Symptoms and signs of patients infected with malaria parasites
Symptoms/Signs Total (N=287; 100%) P.vivax (N=200; P. falciparum (N =69; Mixed malaria (N=18; p-value
69.7%) 24%) 6.3%)
Symptoms
Fever 277 (96.5) 193 (96.5) 66 (95.7) 18 (100) 049"
Chills 262 (91.3) 184 (92) 62 (89.9) 16 (88.9) 08"
Diaphoresis 127 (44.3) 95 (47.5) 27 (39.1) 5(27.8) 0.16"
Otalgia 13 (4.5) 10 (5) 343) - 041"
Epistaxis 7(4) 4(2) 2(29) 1(5.6) 067"
Gingivorrhagia 5(1.7) 3(1.5) 2(29) - 056"
Dyspnea 32(11.1) 24(12) 6(8.7) 2(11.0) 0.75"
Cough 33(11.5) 19(9.5) 13(18.8) 1(5.6) 007"
Chest pain 34(11.8) 26 (13) 7(10.1) 1(5.6) 0.56"
Abdominal pain 91 (31.7) 67 (33.5) 22 (31.9) 2(11.1) 0.14"
Diarrhoea 39(13.6) 29 (14.5) 7(10.1) 3(16.7) 06"
Emesis 54(18.8) 33(16.5) 16 (23.2) 5(27.8) 0.28"
Myalgia 116 (40.4) 82 (41) 28 (40.6) 6(33.3) 0.88"
Arthralgia 113 (394) 79 (39.5) 28 (40.6) 6(33.3) 083"
Headache 260 (90.6) 182 (91) 61 (88.4) 17 (94.4) 069"
Low back pain 135 (47) 97 (48.5) 30 (43.5) 8 (44.4) 0.75"
Signs
Jaundice 81(28.2) 55 (27.5) 23(33.3) 3(16.7) 025"
Pallor 138 (48.1) 101 (50.5) 26 (37.7) 11(61.1) 096"
Hepatomegaly 29 (10.1) 16 (8) 10 (14.5) 3(16.7) 0.19"
Splenomegaly 14 (4.9) 5(2.5) 7(10.1) 2(11.1) 002"
Oliguria 19 (6.6) 10 (5) 8(11.6) 1(5.6) 0.16"
Polyuria 42 (14.6) 29 (14.5) 11 (15.9) 2(11.0) 087"
Choluria 110 (38.3) 77 (38.5) 27 (39.1) 6(33.3) 09"
Somnolence 20(7) 9(4.5) 10 (14.5) 1(5.6) 003
Stupor 3(1) - 3(4.3) -
Seizures 3(1) - 34.3) - -
Oedema 7(24) 3(1.5) 3(43) 1(5.6) 0.32*
Ascites 1(0.3) - 101.4) - 0.23*

Data is expressed as numbers (percentage). *Fisher’s exact test; TChi-square; *Post-hoc analysis: significant difference for P. falciparum (standardized residue = 2.0);

SPost-hoc analysis: significant difference for P. falciparum (standardized residue = 2.4)

Among the patients with mixed infection, two presented
hyperbilirubinaemia and one pulmonary oedema as cri-
teria of severity. One patient with P. vivax and another
with P, falciparum died due to cerebral malaria.

Recurrences

A total of 285 (99.3%) patients were followed up by tel-
ephone; however, only 49.8% (142/285) completed the
follow-up for three months. Thirty-five patients (24.7%)
had a recurrence. Of these, 31 had only one new episode,
and four had two new episodes during follow-up; most
(65.7%) recurrences occurred one month after infection.
The proportion of recurrences was similar in patients
with P. vivax (25/199; 12.6%), P. falciparum (8/68; 11.8%),
and mixed malaria (2/18; 11.1%) infections.

Discussion

The dramatic increase in malaria transmission in Vene-
zuela has changed the regional epidemiological landscape
[1, 5]. Still, there is limited information about the current
clinical profile of malaria cases in Venezuela. Although
limited in its scope, this study offers a glimpse of the
malaria patients’ clinical characteristics among those
seeking assistance in Ciudad Bolivar health centres, the
Bolivar state’s capital. Bolivar is a critical malaria hotspot
in the region [1, 5]. As expected, 70% of the cases were
caused by P vivax as a single infection determined by
microscopy. However, 76% of the enrolled patients have
P vivax if mixed malaria infections are included. Gold
mining has been associated with malaria in the Bolivar
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Table 3 Paraclinical results according to infecting parasite
Paraclinical Total (N=287; 100%) P.vivax (N=200; P falciparum Mixed malaria p-value

69.7%) (N=69; 24%) (N=18;6.3%)

Haemoglobin (g/dL) 10.99 (1.98) 11.24(1.67) 1033 (2.6) 11.12(1.4) 0.03*
Alterations (total) 0.041%
Mild anaemia (12.9-11) 64 (39.8) 50 (47.2) 11 (25.6) 3(25)

Moderate anaemia (10.9-7) 68 (42.2) 40 (37.7) 21(48.8) 7(58.3)

Severe anaemia (< 7) 6(3.7) 2(1.9) 4(9.3) -

Haematocrit (%) 34 (6) 34.8 (5) 31.9(8) 34.1(3.9) 002"
Leukocytes (x mm3) 6,290 (2,800) 6,230 (2,620) 6,390 (3,330) 6,410 (2,460) 0.93*
Alterations (total) 29(18) 12(11.3) 16 (37.2) 1(83) <0017l
Leukopenia (<4,000/mm?3) 7(10.55) 7 (6.6) 10 (23.26) -

Leukocytosis (> 10,000/mm?3) 12 (7.45) 5(4.72) 6(13.95) 1(8.33)
Neutrophils (%) 47.3(14.9) 46.3 (14.4) 483 (164) 506 (14.2) 0.52%
Lymphocytes (%) 47.1(13.2) 476 (13.7) 46.1 (12.4) 46 (12.1) 0.78*

Platelets (x mm?) 89 (48) 88 (38) 90 (56) 93 (83) 0.93*
Alterations (total) 148 (91.9) 98 (92.5) 39(90.7) 191.7) 0.58°
Mild thrombocytopenia (< 150,000/mm?) 40 (24.8) 28 (26.4) 11 (25.6) 1(8.3)

Moderate thrombocytopenia (< 100,000/mm?) 81(50.3) 55(51.9) 18 (41.9) 8(66.7)

Severe thrombocytopenia (< 50,000/mm?) 27 (16.8) 15 (14.2) 10 (23.3) 2(16.7)

Glycaemia (mg/dL) 79.06 (24.9) 7524 (22.4) 87.69 (28) 81.8(27.7) 0.01*
Hypoglycaemia (< 60 mg/dL) 39(24.2) 32 (30.2) 4(93) 3(25) 0025
Urea 34.83(26.2) 33.49 (26) 37.74 (25.8) 36.29 (30.7) 0.64*
Creatinine (mg/dL) 1.1(0.8) 0.9(0.9) 0.96 (0.8) 0.81(0.3) 0.72%
Elevation (>3 mg/dL) 2(1.2) 1(0.8) 1(3.6) - 0.32°

n=148 (100%) n=99 (66.8%) n=39(26.4%) n=10 (6.8%)

Total bilirubin [mg/dL] 217 12] 245 [2] 231[2] 1.812] 0.39"
Elevation (>3 mg/dL) 57 (38.5) 40 (40.4) 15(38.5) 2(20) 045%
Direct bilirubin [mg/dL] 0.98[1] 0.96 [1] 144 (2] 0.72[1] 0.14"
Indirect bilirubin [mg/dL] 1.32[1] 142 (1] 1.31[1] 0.811] 0.39"

n=146 (100%) n=99 (67.8%) n=37(25.3%) n=10 (6.9%)

AST (mg/dL) 100 (76) 99 (72) 100 (84) 109 (89) 0.92*
Elevation (>35 IU/L) 124 (84.9) 85 (85.9) 31(83.8) 8 (80) 0.86°
ALT [mg/dL] 771127 94 [161] 511[82] 371[152] 0.121
Elevation (>45 IU/L) 86 (58.9) 62 (62.6) 21 (56.8) 3(30) 0.12°

n=144(100%) n=100 (69.4%) n=35(24.3%) n=9(6.3%)

LDH (1U/L) 538 (180) 529 (182) 552 (188) 581(123) 0.61*
Elevation (> 250 IU/L) 131 (93.6) 91 (92.9) 31(93.9) 9(100) 0.52°

Data for values are expressed as mean (SD-standard deviation-) except for Total, Direct, Indirect bilirubin, and ALT that are expressed as median [IQR -interquartile
range-1. Alteration’s data are expressed as numbers (percentages). *One-way ANOVA; *Post-hoc analysis: significant difference between P. falciparum and P. vivax
(p=0.019; Tukey); *Fisher’s exact test; SChi-square; llPost-hoc analysis: only significant for P. falciparum and leukopenia (standardized residue = 2.6); "Median’s test

state [5, 17, 19]; consistent with those findings, most
patients in this study were young adults (17-35 years
old; 51.6%), and the main occupation was gold mining
(40.1%). However, this percentage differs from previous
studies, where 115 of 162 (71%) malaria patients reported
working in mines [20]. Those early reports focused on
Sifontes, a municipality near the main mining area,
whereas this study included a broader geographic region

that likely changed the population targeted by the survey.
Sifontes contributes 53.7% of malaria cases in the Bolivar
state and 46.4% of the national incidence [20].

It has been hypothesized that human mobility to and
from the mining areas has been a critical factor in the
current malaria epidemic [5, 10, 11, 21-23]. Consider-
ing that most patients involved in gold mining do so
out of the local legal framework (illegal miners), a close



Forero-Pena et al. Malar J (2021) 20:375

follow-up of the effect of such activities on malaria will
require a prospective study that does not rely solely
on self-reporting. Although this study cannot test the
hypothesis that gold mining is an important driver of
malaria transmission, the results presented here are con-
sistent with the notion that gold mining is a malaria risk
factor in this area [5] and likely, for other countries in the
region [21-23]. Of interest is the significant association
between the occurrence of P falciparum malaria and
Sifontes; this is consistent with the importance of this
area with gold mining in this parasite incidence [5].

Malaria symptoms (fever, chills, and headache) [24,
25] were common, and signs such as skin-mucosa pal-
lor, jaundice, and choluria were present in all patients
regardless of the parasitic species. However, in con-
trast with other studies reporting low back pain in 3.7%
[26] or 13.3% [27] of cases, this symptom was observed
in almost half of the patients evaluated in this study.
Notably, 10.1% (29/287) of the patients presented hepa-
tomegaly. Hepatomegaly has been observed in endemic
areas of Colombia (23-25%) [28-30], Indonesia (26.8%)
[26], and previously in the Bolivar state (6.7%) [27]. The
differences between Venezuela and these countries are
a matter that requires additional investigation. It is also
worth noticing that splenomegaly was more frequent
in P. falciparum infections (10 of 69; 14.5%), whereas
others reported this sign most frequently in P vivax
infected patients [24].

Although clinical manifestations commonly associ-
ated with malaria in the region were found [24, 31], some
local differences cannot be explained with the data avail-
able. Whereas anaemia was not associated with parasite
species in other studies emerging from the region, here,
the mean haemoglobin was lower in patients with P. fal-
ciparum infection (p=0.03) [24, 32]. Hypoglycaemia was
associated with severe P, falciparum infection in previous
reports [33—35], but it was observed in P, vivax infections
in this study. A significant finding is that 69 of the 161
patients with complete clinical evaluations (42.9%) met
at least one criterion for severe malaria as defined by the
WHO. A similar result was reported in a small study in
Merida state (western Venezuela) that registered 13 of 33
(39.3%) patients with some form of severe malaria [20].
This high prevalence contrast with findings from Colom-
bia (0.47% to 7.5%) [24, 36] and Brazil (9%) [37] and are
considered high compared to countries with intense
malaria transmission, such as Papua New Guinea [38]
and Indonesia [39], where severe malaria prevalence was
6.2% and 9%, respectively.

The high number of severe malaria cases could result
from bias when studying patients seeking treatment in
the city’s main clinical centres. It can be speculated that,
on average, the patients could have been suffering from
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more severe disease, forcing them to seek treatment
in a major health centre. Nevertheless, as expected [40,
41], the relative frequency of severe cases was higher
in patients with P falciparum than P. vivax and mixed
malaria cases. It is worth mentioning that because P
vivax infections are higher in prevalence, infections by
this parasite are linked to the majority of severe cases in
terms of absolute numbers. Thus, this study adds new
evidence that P vivax infections —considered benign
malaria— can also result in severe disease [42—49].

Even considering the bias introduced by studying solely
clinical cases, the observed high frequency of patients
with at least one criterion of severe malaria is a matter
of concern. Determining whether this pattern results
from inadequate access to timely and effective treatment
requires longitudinal studies with proper controls.

It is important to note that P vivax patients with at
least one severe malaria criterion also showed, on aver-
age, more complex infections. In particular, samples from
91 P. vivax infections were genotyped using nine micros-
atellite loci as part of another study [6]. An infection was
considered multiclonal if it has more than one allele in at
least one locus. The association between having a mul-
ticlonal infection with severe malaria events was tested.
It was significant in P vivax using a Fisher exact test
(24 uncomplicated cases with single and 27 with multi-
ple infections, ten severe malaria cases with single and
30 with multiple infections, p<0.05). A similar analysis
was not significant in 57 P. falciparum-infected patients
with their samples genotyped with eight microsatellite
loci. This pattern is consistent with a study conducted in
Colombia [50], with P. vivax and P. falciparum. Although
preliminary, given the limited number of samples with
complete clinical evaluations, the finding suggests that
this association should be further investigated in the
region.

The patient’s follow-up in this study relayed on self-
reporting; still, the proportion of recurrences (24.7%)
was similar to those reported elsewhere [51]. Although
the treatment was provided in a clinical setting, it should
not be considered supervised. Different factors have been
linked to recurrences, such as a lack or poor adherence
to treatment [52, 53], the use of inappropriate doses, the
geographic location [54], and therapeutic failure of pri-
maquine as a result of patients with CYP2D6 mutations
[55, 56]. Measuring the differential contributions of these
and other factors was outside the scope of this descrip-
tive study. Furthermore, in patients experiencing recur-
rence is complicated to distinguish recrudescence (i.e., P
vivax malaria due to treatment failure) from reinfection
(i.e., due to new infectious mosquito bites) or relapse (i.e.,
due to reactivation of dormant parasites in the liver) in
the absence of genomics tools [57, 58]. Finally, because
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the evaluation of recurrences was through telephone
calls, there could be a recall bias.

The information reported here depicts a scenario where
severe malaria seems relatively high, including several
with P vivax infections. However, the study has limita-
tions imposed by the circumstances where the data was
collected. First, it only included clinical patients passively
diagnosed with malaria when they were seeking treat-
ment. Thus, subclinical and submicroscopic infections
were not included, and the study was likely biased toward
patients with severe symptoms seeking attention in the
primary diagnostic centres. Second, the study covered
loosely defined endemic areas, so there is no accurate
estimate of prevalence per location. Given the limited
number of individuals from some localities, the data
was aggregated. Third, only 161 out of 287 patients had
clinical laboratory tests due to limited resources. Fourth,
thick smears were used to diagnose malaria, as is the
standard in Venezuela [14]; however, they are less sensi-
tive than molecular methods. This limitation is mitigated
because all patients were symptomatic, so usually, those
have infections detectable by microscopy. It is worth not-
ing that the absence of molecular confirmation may have
introduced biases, mainly in estimates of mixed malaria
infections found in 6.3% of the patients when molecular
methods have detected up to 45.5% [6, 56]. Even when
some severe cases could have been mixed malaria infec-
tions, the high prevalence of patients with at least one
criterion of severe disease, particularly in P, vivax, should
be a matter of concern.

Conclusions

Malaria infections were more prevalent in young male
adults practicing illegal gold mining in Bolivar State.
Thus, like other studies in the region, the data pre-
sented here indicate that transmission in mining areas
requires immediate attention in terms of research and
policies. A high number of severe malaria cases with
P vivax malaria was observed. This finding should
prompt comprehensive studies to identify the factors
leading to this pattern. Whether severe disease could
be avoided or diminished with timely diagnosis and
effective treatment is a matter that needs to be explored
in the context of longitudinal studies, which should use
active detection to characterize subclinical infections.
Such prospective studies should include genotyping
tools to allow exploring the factors driving recurrences.
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