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Background: Chloroquine (CQ) is the first line treatment for vivax malaria in Ethiopia.
However, the therapeutic efficacy of the drug is now declining. Several reports from different
areas of the country showed CQ-vivax treatment failure increasing. This study therefore
aimed to provide additional data on the therapeutic efficacy of CQ against Plasmodium vivax
malaria from two districts of Southwestern Ethiopia.

Methods: An observational prospective study among P. vivax malaria infected individuals
was conducted in two districts of Southwest Ethiopia for a period of 28 follow-up days.
Study participants were treated with 25 mg/kg of standard CQ for 3 consecutive days
according to the procedure. Microscopic blood film examinations and other clinical assess-
ments were measured within the follow-up period on a weekly basis.

Results: A total of 115 patients were enrolled in the study. Sixty-five were from Darimu and
50 were from Bure districts. The majority (67%) of study participants were male and 86.1%
(99/115) were below 35 years old. The study revealed that CQ treatment was able to clear
vivax malaria parasites and febrile within a week. During the follow-up study period,
recurrence of vivax parasitemia was not recorded. However, there was a marked hetero-
geneity with respect to fever clearance time, parasitemia load, and carriage of parasite
gametocyte within 72 hours of post-treatment between the two study areas.

Conclusion: The present study revealed that CQ has good clinical and parasitological
response to vivax malaria in the study areas. Thus, it can be continued as the first line P.
vivax malaria treatment. However, further monitoring and evaluation of the drug should be
considered.
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Introduction
The malaria diseases caused by P. falciparum and P. vivax parasites are still the
number one public health problems worldwide, and approximately 90% of the
disease burden and death are found in sub-Sahara African countries.' Globally an
estimated 207 million people become infected each year, with around 627,000
deaths being reported. However, now encouraging reports show the rate of morbid-
ity and mortality are declining.’

The emergence of antimalarial drug resistant Plasmodium parasites hampered
the management and control of the disease. P. falciparum, which causes the most
severe form of malaria, developed resistance against all the currently available

antimalarial drugs including the artemisinin derivatives, while CQ resistance was
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reported in 1998.** However, in many parts of the world,
CQ remains the first-line treatment for P. vivax malaria and
the emergence of resistance is now compromising its
use. ™

P. vivax is a major cause of morbidity, causing more
than 72 million clinical cases of malaria disease worldwide
each year.” Vivax malaria is an important cause of mor-
bidity, especially in young children, with adverse conse-
quences for education, development, and comfort.®° In
Ethiopia, it is the second most important Plasmodium
parasite, accounting for more than 35% of the malaria
cases and most recently the proportion is increasing .'*'*

CQ and Primaquine (PQ) are first-line treatments used
for Vivax malaria infections, where the latter is the only
one effective in clearing the hypnozoite stage of the
parasite.'” Since 1989, CQ-resistance to P. vivax has con-
tinued to occur in different regions at varying degrees and
now it has already reached an alarming prevalence.* CQ is
the cheapest and mainstay treatment for vivax malaria in
Ethiopia. A few reports have shown its efficacy is declin-
ing. Reports by Hiwot et al in Debrezeit, with a 4.6% rate
of treatment failure, Tsige et al in Jimma zone, with 3.6%,
and more recently Zewde et al and Assefa et al in Jimma
and Hossana towns reported 2.7% and 3.3% treatment
failures, respectively, are baseline evidence that P vivax
resistance to CQ is increasing in the country.'*!”

In Bure and Darimu districts, despite being among the
most malarious areas in Southwest Ethiopia, an efficacy
study of antimalarial drugs has not yet been reported.
Therefore, the present study aimed to determine the ther-
apeutic efficacy of standard CQ against P. vivax malaria in
an open one arm observational-prospective follow-up
study in patients who presented to the outpatient depart-
ments of four selected health centers in the districts.

Materials and Methods
Study Areas

The study was conducted between March and December,
2018 at four sites of Darimu and Bure districts of the
Southwestern part of Ethiopia (Figure 1). They are located
around 650 and 680 km, respectively, from the capital,
Addis Ababa, in Ilubabore administrative zone. Darimu
district is found at the altitude range between 1,700—
1,900 m above sea level, whereas Bure district is found
at the altitude range of 1,300-1,646 m above sea level.
These areas are typically characterized by having the
average annual rainfall of 1,500-2,000 mm within the

last 10 years (2006-2016). During the same period, the
minimum and maximum temperatures of the areas were
18.5°C and 31°C for the former and 12.5°C and 27°C for
the latter districts, respectively (National Meteorology
Agency, Annual Bulletin, 2016).

In these districts, both P. falciparum and P. vivax
malaria parasites are found predominantly and account
for 45% and 55%, respectively. The annual number of
vivax malaria cases in the study districts varies on the
bases of location and season. However, an average of
4250 P vivax confirmed positive cases were reported in
2016 (Zonal Health Office Report, 2017). Because malaria
transmission is seasonal in Ethiopia, the high transmission
peaks are usually recorded in the months of September to
December and April to June of each year.'? In the study
areas, vivax malaria recurrence pattern and CQ treatment
failure have not yet been reported.

Study Design

We have used a one-arm prospective, observational fol-
low-up study design for evaluation of the clinical and
parasitological responses of the directly observed CQ
treatment of uncomplicated P. vivax malaria from
September to January, 2018, Southwest Ethiopia.

Patient Recruitment and Inclusion

Criteria

Patients who were attending the outpatient clinics of each
health center were screened for the study that fulfills the
following criteria: a) age>6 months; b) P. vivax mono-infec-
tion with parasitemia >250 ap/uL; c) an axillary temperature
0f >37.5°C or history of fever within 48 hours; d) the ability
to swallow oral CQ medication; ¢) residence in close proxi-
mity to the health centers; and f) willingness to participate in
the study and be followed-up for 28 days. However, patients
with signs of severe or complicated symptoms of vivax
malaria such as coma, impaired consciousness, respiratory
distress, convulsions, mixed Plasmodium species, severe
malnutrition, fever due to concomitant diseases, prior anti-
malarial intake within 2 weeks prior to enrollment, pregnant
women, and those with a history of allergic reaction to CQ
were excluded from the study.'®

Drug Treatment Procedures

Commercially available standard 250 mg chloroquine-
phosphate was used for treatment and 25 mg/kg of the
drug was administered orally under direct supervision of
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Figure | Geographical location of Darimu and Bure districts, Southwest Ethiopia.

clinical professionals for all patients identified with P,
vivax positive individuals for 3 consecutive days using
10 mg/kg at days 0 and 1 and 5 mg/kg at day 2
according to the WHO guideline for the treatment of
malaria.'® Patients who vomited within 30 minutes post-
treatment were re-subjected to the same dose of drug.
However, those who vomited twice were excluded from
the study. According to the current national treatment
guidelines recommendation, treatment of P. vivax using
primaquine is applied in malaria elimination targeted
districts only."” Because these two study sites are not
targeted areas, no primaquine was given.

In vivo Study

An In vivo drug efficacy follow-up study for a period of 28
days was carried out according to WHO guidelines for
surveillance of antimalarial drug efficacy manuals.
Patients enrolled in the study were informed to return for

a follow-up on days 3, 7, 14, and 28 for clinical

examinations of axillary temperature, malaria like illness,
parasites in RBC, and reoccurrence of the infection within
the study period.'®

Operational Definitions

Treatment success is defined as clearance of parasitemia
with no reappearance in 28 follow-up days, whereas treat-
ment failure is the relapse of parasitemia in the presence of
CQ drug within the follow-up period.*

Clinical Procedures

General physical examination was conducted at the
enrollment visit and baseline data such as age, sex,
weight, and temperature were recorded. A finger prick
blood sample was taken for microscopy parasite identi-
fication and parasitemia density at every follow-up visit.
Hemoglobin (Hg) was measured on the day of enrol-
ment and on day 28.
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Microscopic Examinations

Duplicate thick and thin blood smear were prepared for
each enrolled individual at any scheduled visit. The
blood smears were then stained with 10% Giemsa,
and diagnosis and density of the parasite were then
done using light microscopy. In this procedure, two
laboratory technologists read the microscopic fields
and whenever there were discordance between the
two regarding parasite species identification, a third
professional read and confirmation was finally taken.
For parasite density, the average of the two reads was
taken as a closest count.

Hemoglobin Level Determination

To see the level of hemoglobin concentration before and
after CQ treatment, Hg level tests were conducted accord-
ing to the standard procedure; one drop of blood was
applied on a Hemocue (Angelholm Sweden) rapid test
kit on day 0 and on day 28. Finally, comparisons over
time were performed to determine CQ effectiveness in
preventing anemia.

Sample Size Determination

The sample size for the study, calculated based on the
previous reports of P vivax treatment failures to CQ,
was 3.6% in Serbo town, Jimma zone, Southwest
Ethiopia, with a precision of 5% and a 5% significance
level using the formula, N=(Z/d)2*P(1-P).*! Assuming a
loss-to-follow up rate of 20% over a 28-day study, 64
study participants from each district with a total of 128
individuals were planned to enroll for the study.
However, at the mid and end of the study period, 13
study participants were absent from the follow-up and a
total of 115 study participants completed the study.

Ethical Issues

The study was conducted in accordance with good clinical
practices following the principle of the declaration of
Helsinki.** The study received ethical clearance endorse-
ment from the Research, Ethical and Technical Clearance
Committee of the College of Public Health and Medical
Sciences, Mettu University. Formal Consent was also pre-
pared and signed by individuals who participated in the
study after detailed explanation of the study. For study
participants below the age of 18 years, consent was
given by their parent or guardian.

Statistical Analysis

Raw data were double entered into an Excel spreadsheet
and then all statistical analyses were performed using
SPSS version 20 software (IBM Corp. 2011). Kaplan-
Meier survival probability analysis was carried out to
evaluate the treatment outcome of study participants dur-
ing a 28 days follow-up period. Student’s z-test was also
conducted to compare the changes in body weight, Hg
level, and body temperature between D, and D»g. Finally,
the Pearson’s correlation test was conducted to see the
relationship between treatment response and the outcome
variables.

Results

Characteristics of Study Participants

A total of 115 P. vivax positive individuals completed the
28 days follow-up study period. Sixty-five participants
enrolled in the study were from Darimu and the rest
from Bure districts. Data collected from only these indivi-
duals were included in the analysis. Seventy-seven (67%)
of the study participants were male and the mean age in
the former district was 21.3 years and 26.7 years in the
latter district. The majority (86.1%) of the study partici-
pants were below the age of 35 years old. Ninety-nine
(86.1%) had a history of fever and the same number had
documented records at the first day of enrollment. The
geometric mean parasite density at day zero (Dy) in
Darimu and Bure districts were 6,024.5 parasites/pL and
11,316 parasites/pL, respectively (Table 1).

Significant heterogeneity with respect to body tempera-
ture (37-40°C), fever clearance time (2.6% had fever at
day 7), and parasite density (5,971-11,728) were recorded
(Table 2) between the two sites. Body weight and Hg
concentrations of patients were also performed and the
result was foundto be markedly heterogenic too. The
mean body weight and Hg level were 43.1 (12-75) kg
and 11.1 (7-16) at Darimu district, and 53.9 (14-72)
kgand 11.7 (6-15) at Bure district respectively (Table 1).
Furthermore, 59.1% (68/115) of the study participants
were identified with gametocyte carriage during the first
day of diagnosis. However, after treatment with CQ, the
carriages had disappeared at the fourth day of follow-up.

Parasite Clearance

Because of the fast-acting blood schizonticide nature of
CQ, fever clearance was achieved at day 3 (Dj) post-
treatment among 61.7% (71/115) of study participants.
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Table 2 Parasite and Fever Clearance Rate and Hg and Body Weight Recovery in the Study Participants, Bure and Darimu Districts,

Southwest Ethiopia

Variables Follow-Up Periods p-value
Do D; Dy D4 Dag

A) Darimu District
Fever history 62 (95.4%) 16 (24.6%) 2 (3.1%) 0 (0.0%) 0 (0.0%) 0.42
Geometric parasitemia 6,024.5+381.5 512+10.6 0.3610.10 0.0£0.00 0.0+£0.00 0.001
Hemoglobin level, g/dL 11.1£0.23 f t U 12.9£0.18 0.36
Body temperature, °C 38.1£0.04 t t t 37.2+0.03 0.27
Body weight, kg 43.142.12 t T t 43.342.1 0.98
B) Bure District
Fever history 37 (56.9%) 12 (18.5%) I (1.5%) 0 (0.0%) 0 (0.0%) 0.60
Geometric parasitemia 11,316.1+489.8 405.2+13.8 0.64+0.34 0.0£0.00 0.0£0.00 0.02
Hemoglobin level, g/dL 11.740.32 t t t 13.0+0.21 0.11
Body temperature, °C 38.7+0.10 t t t 37.4+0.05 0.12
Body weight, kg 54.0£1.6 t t t 54.5£1.52 0.55

Note: TNot done.

Abbreviations: Dy, Day zero; g/dL, gram per deciliter; kg, kilograms; °C, degrees Celsius.

Similarly, parasite clearance from the patients were Discussion

also successful on the same day of follow-up, with
the clearance rate at Darimu district being 75.4% (49/
65) and 76% (38/50) at Bure district. Complete para-
sitemia, fever, and gametocyte carriage clearances were
realized on day 7 (D) of all cases, although insignif-
icant positive RBS from slide films were detected
(Table 2). In this study, at the end of the follow-up at
28 days, no recurrence of fever or detection of vivax
parasitemia were recorded. Consequently, because of
the absence of CQ-vivax treatment failure in the pre-
sent finding, CQ-DCQ concentration assessment was
not performed.

Hemoglobin and Body Weight

Measurements

According to Table 2, the mean body weight and Hg at the
baseline data were 43.1£2.12 kg and 11.1+0.23 g/dL at
Darimu, whereas they were 54.0£1.6 kg and 11.7+0.32
g/dL at Bure district, respectively. At the end of the fol-
low-up (D,g) study period, the value of both parameters
improved and was found to be 43.3+2.1 kg and 12.9+0.18
g/dL at Darimu and 54.5+1.52 kg and 13.0+£0.21 g/dL at
Bure district, respectively. However, the changes were
slight and insignificant.

Due to the high spread of multidrug resistant malaria para-
sites, the control of the disease is becoming complicated.
Thus, one of the approaches being instigated is provision of
timely and effective antimalarial treatments to infected indi-
viduals with appropriate doses. Monitoring the dynamics of
these antimalarial drugs therefore could help early identifica-
tion of the resistant strains of the parasite and provide alter-
native measures. This observational follow-up study hence
tried to assess the therapeutic efficacy of CQ against P. vivax
malaria parasite in the study areas.

According to the WHO guideline for Monitoring antima-
larial drug resistance protocol published in 2002, resistance
can be defined as the presentation of signs of severe malaria
illness within the first 2 days after supervised treatment or the
presence of parasitemia and fever (axillary tempera-
ture>37.5°C) on any day between D5 and D,g, irrespective
of the clinical manifestation the patient presents.”” Or, the
relapse of the parasite either from the liver or blood stage
with the presence of minimal CQ-DCQ concentration in the
blood.?* The present report, therefore, is in agreement with
the definition and conveyed evidence for the absence of CQ-
vivax treatment failure within the follow-up study period
among study participants from both districts of the south-
western Ethiopia.
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Table 3 Pearson’s Correlation Test Between Treatment Response and Parasitemia Clearance at the 28th Day

Darimu District Bure District
Treatment Responses Pearson’s Correlation P-value Treatment Responses Pearson’s Correlation P-value
Geometric parasitemia 1.000 f Geometric parasitemia 1.000 f
Body temperature 0.300 0.008 Body temperature 0.280 0.051
Body weight —0.400 <0.001 Body weight 0.990 <0.001
Hemoglobin level —0.330 0.004 Hemoglobin level 0.497 <0.001

Note: Not done.

At the first day of enrollment, 86.1% (99/115) of patients
were febrile and 71.7% (71/99) of them were cleared within
72 hours. However, 100% clearances were achieved within a
week of the follow-up observation period. Similarly, vivax
parasitemia was cleared at the rate of 91.5% (6,024 para/uL
to 512 para/uL) at Darimu and 96.4% (11,316 para/pL to 405
para/uL) at Bure districts on D5 of post-treatment. However,
100% parasite clearances were attained on the seventh day
(D7) post-treatment. Delayed fever and parasitemia clearance
(<95%) within 3 days of treatment is a predictor for parasite
recrudescence and a useful marker for CQ resistance.® The
finding of the present study is inconsistent with previous
reports in Ethiopia. The report by Teka et al'* in Debre Zeit
showed the parasite clearance rate was 98% on D5, whereas

Ketema et al'®

from Serbo, Jimma zone reported 88% and
89.7% rates of parasite and fever clearance, respectively.
However, the report by Zema et al'®, from Jimma town and
Getachew et al** from southern Ethiopia had similar findings
with the present study, excluding the insignificant number of
patients who did not clear at D5 post-treatment. Both para-
meters then became cleared completely after the seventh day
of treatment.

Anemia is one of the few outcomes of malaria illness and
prompt treatments with appropriate antimalarial drugs are
expected to improve the level of Hg over time. In this
study, although the mean Hg level of the study participants
were improved, the changes recorded were not statistically
significant. However, the Hg level of a few enrolled patients
did not recover, even at D,g, which suggests that still at the
end of the follow-up date, the presence of undetectable para-
sitemia in their blood after CQ treatment has completed.
Similar findings by Ketema et al'> in Serbo, Jimma zone
also came up with the same phenomenon where patients with
recurrent parasites, were unable to recover their Hg level at
the end of the study.

In the present study (Table 3), Pearson’s correlation
test was carried out in order to answer the question, does
parasite clearance play a significant role in removing fever,
improving body weight and Hg level among CQ treated
vivax malaria infected patients? Hence, a significant cor-
relation between parasite clearance and fever removal
temperature<37.5°C)
r=0.300, P=0.008) at Darimu and (Pearson correlation
r=0.280, P=0.051) at Bure districts was recorded. This
may indicate that fever exclusively depends on the parasite
load. The finding of this study was then found to be in
contrast with the report of Zema et al'® where fever was

(axillary (Pearson  correlation,

not entirely dependent on parasite load, rather individual
variation of body response to the parasite was suggested.
Similarly, the correlation test between parasite clearance
and Hg level improvement was also found to be significant
(Pearson correlation r=0.330, P=0.004) which again sug-
gests that the majority of the study participants were not
found to be anemic at the end of the follow-up 28 days.

Although several reports from different areas of the
country denote the emergence of CQ resistant P. vivax
malaria parasites, the present study revealed evidence of
CQ can still be used as the main stay treatment for vivax
malaria in the study areas. However, there were significant
records of high parasite density, long fever clearance time,
and unrecovered Hg being indications of the risk of devel-
oping CQ-vivax treatment failure in the near future in the
areas.

Conclusion

The present study revealed good clinical and parasitologi-
cal response of CQ to P. vivax. Fast clearance of parasite-
mia and fever was recorded within a week and absence of
infection recurrence within the follow-up 28 days could
justify the drug can be continued as the first line P. vivax
malaria treatment in the study areas. However, there is a
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need of further regular monitoring and evaluation of the
drug.

Abbreviations

CQ, chloroquine; DCQ, desethylchloro-quine; FMOH,
Federal Ministry of Health; Hg, hemoglobin; PQ, prima-
quine; SPSS, Statistical Package for Social Sciences;
WHO, World Health Organization.
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