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ABSTRACT

Anaemia is one of the major causes of severe and complicated malaria. Malaria associated anaemia are due to decreased production of RBCs and
lysis of infected and uninfected erythrocytes. The role of anti-malarial treatment in correcting anaemia are not studied extensively. The present
work was undertaken to study the changing pattern of haemoglobin level following anti-malarial therapy. A total of 201 microscopically positive
mono-infected with P, vivax (103) and P falciparum (98) patients were recruited and treated with antimalarial drugs and followed up on day 3, 14,
and 28 to study the changing pattern of haemoglobin level. Among the P, falciparum positive patients mean haemoglobin level on Day 0 and day 28
was 13.17 g/dl and 13.31 g/dl whereas among P. vivax cases mean haemoglobin level was 13.28 g/dl and 13.29g/dl, respectively. Among the P,
falciparum cases (n = 98), 4.08%, 16.33% and 79.59% was classified as moderate anaemia, mild anaemia and normal, respectively. Similarly,
among the P. vivax cases (n=103), 1.94%, 17.47% and 80.58% had moderate anaemia, mild anaemia and normal, respectively. Mean haemoglobin
level was declined on day 3 which gradually increased to its initial level by day 28 among both P. falciparum and P. vivax cases. Similar study in
other malaria endemic areas will be helpful for better understanding the changing pattern of haemoglobin level among malaria patients.

KEYWORDS

P. vivax, P. falciparum, anaemia, haemoglobin, packed cell volume

INTRODUCTION:

Morbidity and mortality due to malaria still remains a great challenge,
in spite of recent progress in roll back malaria programme. The burden
of disease remains high with an estimated 229 million clinical cases
and 409000 malaria-related deaths [1]. Severe and complicated
malaria is a serious clinical manifestation which was initially
associated with P, falciparum but P. vivax is also found to be associated
with it [2]. Anaemia is a common symptom among malaria infected
individuals. There are two different causes of malaria associated
anaemia: due to decreased production of red cell (Central) and
haemolysis of infected and uninfected erythrocytes (peripheral causes)
[3,4].

Due to development and wide spread distribution of resistant strains to
different antimalarial components, artemisinin-based combination
therapy (ACT) is the treatment of choice for uncomplicated falciparum
malaria throughout the World [5]. ACT is generally well-tolerated and
safe, but its potential concern remains with anaemia particularly for
artemisinin derivatives [6]. Among malaria infected patients, delayed
haemolytic anaemia has been documented following artesunate
monotherapy [7], but no such event was recorded in case of treatment
with ACT in uncomplicated falciparum malaria [8-12].

Chloroquine remains the drug of choice for the treatment of P. vivax
malaria in areas where the parasite is sensitive to it. Chloroquine is a
rapidly acting erythrocytic schizontocidal agent against all species of
plasmodia, controls most attacks in 1-2 days with disappearance of
parasites from peripheral blood. Chloroquine has a proven anti-
inflammatory property which reduce the inflammation-induced iron
delocalisation. So, it enhances speedy erythropoietic recovery after
malaria infection [13].

Early treatment of malaria cases can prevent the impending reduction
in haemoglobin level and helps in speedy haematological recovery
[14]. Despite the overall benefits of anti-malarial treatment,
haemoglobin typically falls slightly following initiation of an anti-
malarial drug reaching a base between days three to 7 after treatment
[14]. Treatment with artemisinin derivatives helps to an extremely
rapid reduction in malaria parasite biomass but they also temporarily
reduce red blood cell production [15]. Previously reported that
treatment of vivax malaria patients with artesunate + pyronaridine was
associated with a greater mean reduction in haemoglobin at days 3and
7 [17]. Complete removal of blood stage malaria parasites after blood
schizontocidal treatment allows faster haematological recovery i.e.,
pre-infection haemoglobin concentrations are generally achieved in
approximately 4-5 weeks following effective treatment [14]. The
present study was designed to study the changing pattern of
haemoglobin level following anti-malaria treatment among malaria
positive patients in Kolkata, West Bengal.

MATERIALSAND METHODS

Study site and design:

The study was conducted from June, 2017 to April, 2018 at the Malaria
Clinic, Department of Protozoology, Calcutta School of Tropical
Medicine, Kolkata, India, where the annual parasite index (API) was
3.72 in 2016. In Kolkata, malaria transmission is seasonal (July-
December) and P. falciparum and P. vivax are the two predominant
species, with an incidence of almost 1:1.

The study was an observational study to determine of time duration
required for restoration of normal haemoglobin level and PCV among
microscopically positive mono-infected P. falciparum and P. vivax
cases after completion of anti-malarial treatment without any
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supplementary treatment. The study was approved by the Institutional
Ethics Committee of the Calcutta School of Tropical Medicine.

Screening and enrolment of patients:

The febrile patients from the surrounding areas attending the Malaria
Clinic of the Calcutta School of Tropical Medicine were screened for
malarial parasite by examining Giemsa stained thick and thin
peripheral blood smears (PBS) and dual RDTs (SD Bioline One step
Malaria HRP2 (Pf) and pLDH (Pv) antigen rapid test kit).Confirmed P.
falciparum and P. vivax mono-infection patients were explained about
the study protocol and requested to participate in the study. The
patients who fulfilled the following inclusion criteria like
microscopically confirmed P. falciparum and P. vivax mono infection,
with fever (axillary temperature >37.5'C) or history of fever in
preceding 24 hours, and no history of malaria or anti-malaria treatment
within last one months, no signs and symptoms of complicated malaria
were enrolled after obtaining written, informed consent.

Treatment and follow-up: The study enrolled patients were treated as
per the Guidelines for Diagnosis and Treatment of malaria in India,
2011. Confirmed P. falciparum mono-infected patients were treated
with AS+SP combination — artesunate at 4 mg/kg body weight once
daily for 3 days and a single dose of SP at 25/1.25 mg base/kg body
weight on day 0 and a single dose of primaquine ata dose of 0.75 mg/kg
body weight on day 1. Whereas, Confirmed P. vivax mono-infected
cases were treated with chloroquine in full therapeutic dose of 25
mg/kg body weight divided over a period of three days and primaquine
at a dose of 0.25 mg/kg body weight daily for 14 days. The day, the
patient was enrolled and received the first dose of medicine was
designated day 0. After enrolment all patients were given a follow-up
schedule for attending the clinic on days 3, 14 and 28. During this
follow-up period, study participants were screened for haemoglobin
level and packed cell volume (PCV).

Laboratory Methods:

Microscopic blood examination and parasite count: Collected thick
and thin blood smear slides PBS were stained with Giemsa stain and
examined by expert microscopist for presence malaria parasites. The
number of parasites per 200 WBC were counted in Giemsa-stained
thick blood films collected on day 0. Assuming a WBC count to be
8000/uL, parasitaemia was calculated and expressed as per uL of
blood. A thick smear was considered as negative on initial review if no
parasites were seen in 100 oil immersion fields. All positive and
negative slides were cross checked by a second microscopist.

Rapid diagnostic test:

The study participants were also tested by dual RDT kit (SD Bioline
One step Malaria HRP2 (Pf) and pLDH (Pv) antigen rapid test kit) for
detection of malarial antigen on day 0. The RDTs are rapid, qualitative
immunochromatographic test for the differential detection of HRP2
antigen specific to P, falciparum and pLDH antigen specific to P. vivax
in human whole blood. All RDTs were performed as per manufacturer
instruction.

Estimation of Haemoglobin: The haemoglobin level of the study
patients was estimated on day 0, 3, 14, and 28. The
cyanmethemoglobin method was used for this. In brief, blood was
mixed with Drabkin's solution and all forms of haemoglobin present in
the blood were converted into cyanmethemoglobin. After completion
of the reaction absorbance of the solution was measured in a
spectrophotometer at 540 nm. The amount of haemoglobin present in
the unknown sample was estimated by comparing its absorbance with
that of the standard cyanmethemoglobin solution by using the
following formula.

Absorbance of test sample Dilution factor

Hemoglobin in gm/dl = ¥ Concentration of standard x

Absorbance of standard
Determination of packed cell volume (PCV): The PCV value of the
study patients was estimated on day 0, 3, 14, and 28. The Wintrobe
method was used for this. In brief, anticoagulant was mixed thoroughly
with blood sample and draw it in the Wintrobe tube which is filled
exactly up to the100 marks. The sample was centrifuged at 2300 g for
30 min and the length of the column of red cells was taken as reading.

Data analysis: The recorded observations of all study variables were
double entered in MS Excel and validated. The data analysis and
calculation of basic statistics was carried out by using Minitab version
17. The association of different factors and level of haemoglobin and

PCV in different follow up days were analysed by chi square test by
using Minitab version 17.

RESULTS:

Baseline characteristics of the study participants:

During the study period, a total of 1,321 patients with fever attended
the Malaria Clinic of Calcutta School of Tropical Medicine, Kolkata
and screened for malaria parasites by PBS and RDTs examination.
Among the tested individuals, 253 were positive for P, falciparum and
361were positive for P. vivax, while 17 had mixed infections. Among
the confirmed mono-infected P. falciparum-positive cases, 98 subjects
were consented and enrolled in the study, while 103 mono-infected P.
vivax patients were participated in the study. The base line
characteristics of the study patients were summarized in Table 1. The
mean age, temperature and parasite count of the P, falciparum positive
patients at DO was 36.58 years (95% CI: 33.91 — 39.26), 37.86 °C
(95%CI: 37.68 — 37.98) and 5257.20 (95%CI: 3892.2 — 6622.2).
While, at DO the mean age, temperature and parasite count of the P,
vivax positive patients was 33.44 years (95% CI: 30.78 — 36.09),
37.92°C (95%CI: 37.86 — 38.05) and. 4171.94 (95%CI: 3458.3 —
4985.5). The day 0 mean haemoglobin level was 13.17 g/dl and 13.26
g/dl whereas mean day 0 PCV value was 41.01% and 41.28% among
the P, falciparum and P. vivax patients, respectively. At day 0, 3.06%,
16.3% and 79.6% P. falciparum patients were moderate anaemic, mild
anaemic and normal respectively. While 1.9%, 17.5% and 80.6%
patients with P, vivax infections were moderate anaemic, mild anaemic
and normal respectively.

Table 1: Base line characteristics of study patients

Characteristics Pf (n =98) Pv (n=103)
Age (yr)

Mean 36.58 33.44

Range 12 - 65 16 - 69

SD +13.33 +13.54

95% CI 33.91-39.26 30.78 — 36.09
Temperature (°C)

Mean 37.86 37.92

Range 37.5-383 37.6-39.1
SD +0.17 +0.41

95% CI 37.68 —37.98 37.86 — 38.05
Parasite count (no/pl)

Mean 5257.20 4171.94
Range 400 — 36840 320-21800
SD +6975.5 +4052.1
95% C1 3892.2 - 6622.2  [3458.3 —4985.5
Haemoglobin (g%)

Mean 13.17 13.26

Range 9.0-14.8 8.0 -14.80
SD +1.25 +1.28

95% C1 12.93 - 13.43 13.02 - 14.8
Anaemia gradation [n,

(%)]

Moderate (Hb% = 8-10) |3 (3.06) 2(1.9)

Mild (Hb% = 10-12 16 (16.3) 18 (17.5)
Normal (Hb%>12) 78 (79.6) 83 (80.6)
PCV

Mean 41.01 41.28

Range 29.0-55.0 25.0-50.0
SD +4.59 +4.15

95% C1 40.08 —41.93 40.47 — 42.09

Treatment and follow-up: All P. falciparum mono-infected study
patients were treated with AS+SP combination whereas, all P. vivax
mono-infected cases were treated with chloroquine and primaquine as
described earlier. After enrolment, study patients were screened
clinically and their haemoglobin and PCV level were estimated on day
3, 14 and 28 days. During the follow-up it was observed that clinical
sign and symptoms were subsidised within 3-7 day of post treatment
whereas the haemoglobin and PCV level of study participants initially
lowered on day 3 in respect to the day 0 level and then haemoglobin
and PCV level started increasing in subsequent days.

Pattern of changes in haemoglobin during follow-up:

Among the P. falciparum positive patients mean haemoglobin level on
Day 0 and day 28 was 13.17 g/dl and 13.31 g/dl whereas among P.
vivax cases mean haemoglobin ievel was 13.28 g/dl and 13.29g/dl,
respectively. On day 3, it was recorded that both P. falciparum and P.
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vivax cases mean haemoglobin level was lower than the day 0 values
ie., 11.67 g/dl and 11.68g/dl, respectively which again increased
during follow up period (Table 2). No significant difference was found
between the mean haemoglobin level of P. falciparum and P. vivax
patients group containing parasite count <5000/pl and >5000/ul blood
(Table 3, 4).

Table 2: Pattern of changes in Hb% among P. falciparum and P.
vivax malaria cases

Table 8: Pattern of changes in PCV among P. falciparum cases with
different parasite count

Factors

PCV

DO D3 (D14 |D28
Parasite count |PC<5000 (n = 67)|40.79 [36.04 [37.97|40.88
PC>5000 (n=31)|41.48 [37.03 |38.90(42.0

Table 9: Pattern of changes in Hb% among P. vivax cases with
different parasite count

Factors Mean Hb level Factors PCV
DO D3 D14 |D28 DO (D3 |D14 (D28
Parasite species |[Pf(n=98) [13.17 |11.67 |12.35 |13.31 Parasite count [PC<5000 (n=73)|42.13 [37.13|37.69 |41.14
Pv(n=103)|13.28 |[11.68 |12.4 |13.29 PC>5000 (n=30)[41.48137.03 {39.3 41.87

Table 3: Pattern of changes in Hb level among P. falciparum cases
with different parasite count

Factors Mean Hb level
DO D3 |D14 |D28
Parasite count |PC<5000 (n=67) |13.05 [11.55(12.18 |13.17
PC>5000 (n=31)|13.44 |[11.94 |12.71 |13.61

Table 4: Pattern of changes in Hb% among P. vivax cases with
different parasite count

Factors Mean Hb level
DO |[D3 (D14 |D28
Parasite count [PC<5000 (n=73)|13.45|11.89|12.67 |13.22
PC>5000 (n=30)|13.44|11.94 [12.67 |13.47

Among the P, falciparum cases (n = 98), 4.08%, 16.33% and 79.59%
had moderate anaemia, mild anaemia and normal, respectively. Mean
haemoglobin level on day 3 was reduced by 4.68%, 7.67% and 12.66%
with respect to day 0 haemoglobin level among moderate anaemic,
mild anaemic and normal cases, respectively (Table 5).

Table 5: Pattern of changes in Hb level among P. falciparum
malaria cases with different grade of anaemia at day 0

Among the P, falciparum cases (n = 98), 4.08%, 16.33% and 79.59%
had moderate anaemia, mild anaemia and normal, respectively. Mean
PCV value on day 3 was reduced by 4.13%, 7.2% and 12.57% with
respect to day 0 PCV value among moderate anaemic, mild anaemic
and normal cases, respectively (Table 10).

Table 10: Pattern of changes in PCV value among P. falciparum
malaria cases with different grade of anaemia at day 0

Factors Avg. PCV
DO (D3 |D14 [D28
Day 0 [Moderate (Hb% = 8-10) [n =4]{30.25|29.0 [33.0 |35.0

anaemia|Mild (Hb% = 10-12) [n = 16] |36.25(33.63(36.19(38.56
level  Normal (Hb%>12) [n=78] |42.54|37.19|38.96]42.10
Among the P, vivax cases (n = 103), 1.94%, 17.47% and 80.58% had
moderate anaemia, mild anaemia and normal, respectively. Mean PCV
value on day 3 was reduced by 4.35%, 10.61% and 12.48% with
respect to day 0 PCV value among moderate anaemic, mild anaemic
and normal cases, respectively (Table 11).

Table 11: Pattern of changes in PCV value among P. vivax malaria
cases with different grade of anaemia at day 0

Factors Avg. PCV

DO| D3 |D14|D28

Factors Mean Hb level
DO (D3 |D14|D28
Day 0 |Moderate (Hb% = 8-10) [n=4](9.60 [9.15 [10.8 |11.35

anaemia|Mild (Hb% = 10-12) [n = 16] |11.73|10.83|11.64]12.41
level  [Normal (Hb%>12) [n=78]  |13.66|11.93]12.58[13.59

Among the P. vivax cases (n = 103), 1.94%, 17.47% and 80.58% had
moderate anaemia, mild anaemia and normal, respectively. Mean
haemoglobin level on day 3 was reduced by 4.54%, 10.44% and
12.65% with respect to day 0 haemoglobin level among moderate
anaemic, mild anaemic and normal cases, respectively (Table 6).

Table 6: Pattern of changes in Hb% among P. vivax malaria cases
with different grade of anaemia at day 0

Factors Mean Hb level
DO | D3 |D14[D28
Day 0 |Moderate (Hb% = 8-10) [n=2]| 8.8 | 84 | 94 | 10
anaemia| Mild (Hb% = 10-12) [n= 18] |11.59]10.38] 11.1 [11.99
level ™ Normal (Hb%>12) [n=83] |13.75]12.01[12.75|13.66

Pattern of changes in PCV during follow-up:

Among the P, falciparum positive patients mean PCV value on Day 0
and day 28 was 41.01% and 41.23% whereas among P. vivax cases
mean PCV value was 41.28% and 41.35, respectively. It was recorded
that both P, falciparum and P. vivax cases mean PCV value was lower
than the day 0 values i.e., 36.35% and 36.38%, respectively which
again increased during follow up period (Table 7). No significant
difference was found between the mean PCV value of P. falciparum
and P, vivax patients group containing parasite count <5000/l and
>5000/pl blood (Table 8, 9).

Table 7: Pattern of changes in PCV among P. falciparum and P.
vivax malaria cases

Factors Mean PCV
DO D3 D 14 D28
Parasite | Pf(n=98) 41.01 3635 [38.26| 41.23
species [Py (n=103)| 41.28 36.38 |[38.17| 41.35

Day 0 [Moderate (Hb% = 8-10) [n =2]| 28.0| 26.5 | 29.5 | 31.5
anaemial Mild (Hb% = 10-12) [n = 18] |36.67|32.78|34.56 | 37.5
level " Normal (Hb%>12) [n=83] |42.6|37.2839.16 |42.42

DISCUSSION:

The comparison of malaria associated anaemia between pre-infection
and following treatment is very difficult, as no records on haemoglobin
level are available for any patients before infection. The role of
antimalarial treatment in correction of malaria associated anaemia
may be estimated by determining the level of haemoglobin just before
initiation of treatment and weekly follow up for one to two months post
treatment period. In the present study, microscopically positive 103 P
vivax and 98 P falciparum patients were followed up for one month to
determine the changing pattern of haemoglobin level following
treatment.

The initial mean haemoglobin level was almost similar among P,
falciparum and P. vivax patients (Pf: mean 13.17, range 9.0-14.8; Pv:
mean 13.26, range 8.0-14.8). The parasitaemia was higher for P,
falciparum than that P. vivax positive patients (Pf: 5257.2, Pv:
4171.94). The initial declined level of haemoglobin was almost similar
in both the cases. It might be due to removal of absolute no. of RBCs
were same for both the malarial parasite [17, 18, 19]. Evidences
showed that about 34 normal RBCs are cleared against every infected
cell by P. vivax [20]. This ratio is lower in case of P. falciparum [14,
21].

In the present study, it was observed that most of the patients had
normal haemoglobin level (>12 g/dl) with few mild (10-12 g/dl) and
very little moderate (8-10 g/dl) anaemic cases. In all these cases
haemoglobin level dropped initially up to 3 days post treatment period
which gradually regained to their initial level (day 0) by 28 days of
follow up period. This event was found to be similar among P.
falciparum and P. vivax positive patients. Similar haemoglobin
changing pattern following anti-malarial treatment was also reported
from different studies [14, 22]. The pattern of haemolysis over the
follow up period and its recovery following anti-malarial treatment has
been classified as delayed and persistent haemolysis [7]. In the
presence study no case of delayed and persistent haemoglobin was
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recorded. Normal recovery of haemoglobin level was observed in all
cases irrespective of parasite species and drug used. In contrast late
haemolysis following treatment with normal recovery has been
reported by other studies [23-27]. Observed initial decreased
haemoglobin level may be due to drug induced haemolysis of both
parasitized and normal erythrocytes as reported by other studies [14].

Present study showed that most of the malaria patients infected either
P. falciparum or P. vivax showed normal haemoglobin level on day 0.
In both P. falciparum and P. vivax cases, following anti-malarial
treatment haemoglobin level declined steadily up to day 3 which
gradually regained to their day O level by day 28 without any
supplementary treatment.
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