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ABSTRACT

Evidence-based practice in medicine requires clinical signs and symptoms of malaria to be con-
firmed by microscopic detection of the parasite in blood sample of patients. In some cases, how-
ever, such signs and symptoms persist without microscopic detection of the parasite in blood
smears, making it difficult for treatment decision to be made by medics. To help solve the above
problem and to ensure that antimalarial drugs are given to patients who actually suffer from
malaria infection, we designed this cross-sectional study to measure ESR, mIgG, Hb and parasi-
taemia levels in 78 clinically diagnosed malaria patients attending the Elmina Urban Health
Centre, in the Komenda-Edina-Eguafo-Abirem Municipal Assembly in the Central Region of
Ghana, with the view to finding alternative biomarkers for malaria infection. Apart from the Hb
levels which differed significantly (P=0.001) between the sexes, the levels of all the other meas-
ured indicators of malaria infection were comparable between the various groups. ESR corre-
lated positively with mIgG (r = 0.242, P =0.033) but negatively with Hb (r = -0.348, P = 0.002)
irrespective of age, sex or percentage parasitaemia. Our results appear to suggest that an ESR
level of twice the upper reference value of an individual may be diagnostic of malaria infection
in the presence of the appropriate recognized signs and symptoms of malaria without micro-
scopically detectable parasitaemia in the blood sample of patients. We propose that ESR and
mlgG be considered as complementary markers of malaria infection in cases of unsuccessful
microscopic detection of the malaria parasite in blood smears.

INTRODUCTION et al., 2004). In Ghana, significant economic

Malaria is an important parasitic infection, af-
fecting an estimated 500 million people world-
wide and resulting in about one million deaths
annually (Milner et al., 2009). In Sub-saharan
Africa, malaria accounts for between 20 and 40
percent of outpatient visits and between 10 and
15 percent of hospital admissions (WHO, 1999)
and 40% of public health expenditure (Adams

burden of malaria on the economy has been
reported (Asante and Asenso-Okyere, 2003).
The total treatment cost per episode of malaria
has been estimated as US$ 15.79 per household
(Asante and Asenso-Okyere, 2003). This con-
stitutes just 1% and as much as 34% per capita
income of the rich and poor households respec-
tively, in Northern Ghana (Akazili, 2002). In-
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terestingly, only 29% of the total treatment cost
per episode of malaria is a direct cost with the
remaining 71% being an indirect cost (Akazili
et al., 2007). These revelations point to the
need for proper, accurate and reliable diagnos-
tic marker for malaria infection as misdiagnosis
may lead to improper drug prescription, drug
abuse and possible development of parasite
resistance with its consequent increased eco-
nomic, social and physiological burden. In this
era of evidence-based practice in medicine,
clinical signs and symptoms of malaria must be
confirmed by microscopic detection of the
parasite in the blood sample of patients (Reeder
et al., 1999; John et al., 2004). In some cases,
however, such signs and symptoms persist
without the microscopic detection of the ma-
laria parasite in the blood smear. Such cases
make the task of clinicians more daunting in
prescribing the appropriate medication for the
patient. It also has the potential to heighten
patients’ anxiety and increase the treatment
time and cost of the disease. Successful micro-
scopic detection of the Plasmodium parasite in
blood smears depends on the experience of the
technician and time of blood sampling (John et
al., 2004) since parasite sequestration (Reeder
et al., 1999) could lead to false negative results.
To alleviate the above challenges, we measured
erythrocyte sedimentation rate (ESR), malaria-
specific immunoglobulin G (mlIgG), haemoglo-
bin (Hb) and parasitaemia levels in a cross-
sectional study of clinically diagnosed malaria
patients attending the Elmina Urban Health
Centre, in the Komenda-Edna-Eguafo-Abirem
Municipal Assembly in the Central Region of
Ghana and to investigate the relationship
among the measured indicators.

MATERIALS AND METHODS

Study Area

The study was carried out at the Elmina Urban
Health Centre, which is located in Elmina, in
the Komenda-Edna-Eguafo-Abirem Municipal-
ity from October, 2008 to May, 2009. The Ko-
menda-Edna-Eguafo-Abirem Municipality is
bounded on the south by the Atlantic Ocean
(Gulf of Guinea), the east by the Cape Coast

Metropolis, the north by the Twifo Hemang -
Lower Denkyira District and the west by the
Mpohor-Wassa East District. It is perched be-
tween longitude 1° 20 West and 1° 40> West
and latitude 5° 05° North and 5° 15” North. The
municipality covers an area of 1,372.45 square
kilometers and is generally humid. The coast-
line about 30 kilometers, form part of the litto-
ral anomalous zone of Ghana, experiencing less
rainfall than the interior. Annual rainfall ranges
from 1,000 mm along the coast to about 2,000
mm in the interior. The wettest months are May
-July and September-October while the drier
periods occur in December-February. Mean
monthly temperature ranges from 25 °C in the
coolest month (August) to about 30 °C in the
hottest months (March-April). The Municipal-
ity population was estimated to be 112,435
(53,755 males and 58,682 females) (MLGRD,
2006). The Municipality’s share of the total
population of the Central Region is 7.1%. The
age and sex structures of the Municipality re-
flect that of the region and the nation at
large. The inhabitants of this Municipality are
mainly into fishing and farming.

Study design and sample collection

This was an out-patient-based cross-sectional
study involving 18 male and 60 female patients
who were clinically diagnosed of malaria at the
Elmina Urban Health Centre by a qualified
medical practitioner. Questionnaires were ad-
ministered to collect demographic, socio-
economic and general health information. Re-
spondents with other disease conditions that
could influence the ESR and mlgG levels were
excluded from the study. In addition, those with
viral, bacterial and other infections that have
similar symptoms as malaria infection as well
as children below five years were also excluded
from the study. The children below five years
were excluded because their immune system
might not have developed to levels that would
allow for enough production of mIgG (Riley et
al., 2000). Venous blood was collected from
respondents who met the inclusion criteria and
volunteered to participate in the study after
informed consent was sought.
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Measurements of haematologic indicators of
malaria infection

Parasitaemia was determined by microscopic
inspection of thin blood smears as previously
described (John et al, 2004). Blood smears
were prepared and stained with Giemsa and
examined by an experienced licensed labora-
tory technician.

Haemoglobin level was measured by a
HemoCue photometer (Angelholm, Sweden).
ESR was determined by the standard Wester-
gren method described by Bomford et al.
(1975).

For malaria-specific immunoglobulin G meas-
urement, we used the indirect ELISA method
described by Riley ef al. (1991) with modifica-
tions. Briefly, the first two columns of a 96
well microtitre plate were coated with a two-
fold serial dilution of 1mg/ml reference IgG
standard in coating buffer (0.05% phenol red in
PBS buffer) at 50ul/well. A blank (0.05% phe-
nol red in plain PBS buffer) was added to four
other wells at 50ul/well to prepare a standard
curve for the determination of antibody units
(AU). The rest of the wells were coated with 5
x 10° cell/ml of crude antigen extract in a coat-
ing buffer (0.005% phenol in phosphate buffer
saline) at 50ul/well and the plate incubated
overnight at 4°C before being allowed to attain
room temperature. The plates were then
washed 4 times with PBS containing 0.1%
Tween-20 and padded-dried. The wells were
blocked with 150ul/well of 3% non-fat milk
(skimmed milk) in PBS for lhr at room tem-
perature on a shaker after which they were
washed again. Plasma samples diluted at 1:200
with dilution buffer (1% non-fat milk) were
then added in duplicates at 100ul/well to anti-
gen coated portion of the plates. The dilution
buffer alone, however, at 100ul/well was added
to the reference IgG. The prepared plates were
incubated for 2 hours at room temperature on a
shaker after which they were washed 4 times
and 100pl of enzyme conjugate (Horse Radish
Peroxidase Goat anti-human IgG) diluted at
1:3000 in 1% skimmed milk added per well.
Following incubation for lhour on a shaker at

room temperature, the plates were washed 4
times again with PBS/Tween-20 (0.1%). Equal
mixture of A and B solutions of ABTS (2,2’-
azino-di-(3-ethylbenzthiazoline sulphonic acid)
was added into the padded-dried wells of the
plate at 100ul/well. The plates were incubated
in the dark for 10 minutes for a colour reaction
to occur. The reaction was stopped by the addi-
tion of 50ul/well of 2M HCI solution. The op-
tical densities (OD) of the colour produced in
each well were read at a wavelength of 405nm
using a multiscan ascent plate reader. A nega-
tive control was prepared alongside the ELISA
procedure using antigens of the RBCs that were
isolated from the uninfected RBCs during the
‘Freeze Thawing’ processes. The OD values
obtained for the negative control was subtracted
from the OD values of the corresponding plates
coated with the crude parasite antigen.

Statistical analysis

Data obtained were analysed with the SPSS
version 16.0 statistical software. Values were
reported as mean + standard deviation (SD).
One way analysis of variance (ANOVA) was
used to compare mean values. Pearson correla-
tion was used to assess association among the
measured parameters in the sexes. The study
sample was divided into parasitaemic and non-
parasitaemic groups. Mean values in these
groups were compared using one way
ANOVA. Pearson correlation was used to test
association among the other parameters except
percentage parasiatemia. All analyses were
carried out at 5 % level of significance

Ethical Approval

The study was approved by the Ethics Commit-
tee of the University of Cape Coast, Cape
Coast, Ghana. Informed consent was obtained
from all the study participants. In the case of
children, informed consent was obtained from
the parent or guardian. All protocols followed
were in line with the ethical standards of the
Ministry of Health, Ghana.

RESULTS
Seventy-eight respondents consented and do-
nated blood for the study. They were made up
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of 18 (23.1%) males aged 5 years to 64 years
and 60 (76.9%) females aged 5 years to 68
years (Table 1). The mean age of males and
females did not differ significantly (P = 0.465).
A similar trend was observed for the parasitae-
mic and non-parasitaemic groups (Table 2; P =
0.269).

The mean Hb for males and females were 12.51
and 10.60 respectively, generally indicating
that the respondents were anaemic compared to
their respective reference values. Apart from
the mean Hb level, which was significantly (P
= 0.001) higher in males than in females, all the
other parameters had comparable (P > 0.05)
mean values between the sexes (Table 1). A
comparison of the parasitaemic and non-
parasitaemic groups did not reveal any signifi-
cant (P > 0.26) difference between them for the
assessed parameters (Table 2).

A significant positive correlation was observed
between age and mIgG in males (r = 0.516, P =
0.028) but not in females (r =0.151, P = 0.251).
Age, however, correlated negatively with per-
centage parasitaemia in females (r = -0.29, P =
0.025). In the parasitaemic group, age corre-
lated negatively with percentage parasitaemia (r
=-0.392, P = 0.009) but positively with Hb (r =
0.384, P = 0.011). There was no correlation
between age and Hb in the non-parasitaemic
group. The negative correlation between age
and percentage parasitacmia persisted in the
entire study sample irrespective of sex (r = -
0.301, P=007).

Hb correlated negatively with ESR in males (r
=-0.572, P=0.013) and females (r = -0.321, P
=0.012) and in the parasitaemic (r = -0.423, P
= 0.005) but not the non-parasitaemic group (r
= -0.23, P = 0.67). The negative correlation
between Hb and ESR persisted in the entire
sample irrespective of age, sex or percentage
parasitaemia (r = -0.348, P = 0.002; Figure 1).
However, ESR correlated positively with IgG
irrespective of sex, age or percentage parasitae-
mia (r = 0.242, P =0.033; Figure 2).

DISCUSSION
Evidence-based practice in medicine requires

that clinical signs and symptoms of malaria are
confirmed by microscopic detection of the
parasite in the blood sample of patients. In most
cases, such signs and symptoms persist even
when laboratory detection of the malaria para-
site in blood is unsuccessful. This study there-
fore sought to find other markers that can be
used to complement microscopy in diagnosis of
malaria. The ultimate aim is to ensure that, anti-
malarial drugs are given to people who are ac-
tually suffering from malaria. This may pro-
mote compliance and reduce antimalarial drug
abuse with its consequent drug resistance.

The mean Hb level for both sexes revealed that
in general, our respondents were anaemic.
Anaemia as an important public health problem
irrespective of the cause has long been recog-
nized (Dallman et al. 1978; Perry et al., 1992;
Johnson-Spear and Yip, 1994; WHO, 2001;
WHO and UNICEF, 2004; Beutler and West,
2005; Sullivan et al., 2008). Malaria-induced
anaemia has been observed in children (Premji
et al., 1995; Branch et al., 1998; Biemba et al.,
2000) and adults (White and Ho, 1992; Branch
et al., 1998). Since possible confounding fac-
tors were eliminated in our study design, the
anaemia observed in our sample can be as-
cribed to the pathophysiology of the Plasmo-
dium parasite as described elsewhere (White
and Ho, 1992).

The higher proportion of anaemic females than
males could result from the increased exposure
of the females to the infective mosquito bites
than their male counterparts. Indeed, the fe-
males in our study sample stayed much longer
outside the room to undertake various house-
hold chores, coupled with the nature of their
dresses which exposed them more to mosquito
bites than the males whose clothing cover al-
most their entire bodies and therefore derive
some level of protection against the bite of fe-
male Anopheles mosquito.

Interestingly, age correlated negatively with
percentage parasitacmia in females but not in
males. The absence of correlation between age
and percentage parasitaemia in males could be
due to their small size (n =18) compared to
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females (n =60) in the study sample. On the
other hand, the negative correlation between
age and percentage parasitaemia could reflect
increased parasite clearance ability of females
with age as a result of development of the ap-
propriate immune response to increased expo-
sure to the Plasmodium parasite (Ofori et al.,
2002; John et al., 2005).

To find other markers that can be measured to
confirm malaria as the underlying cause of the
appropriate clinical sign, we measured ESR and
malaria-specific IgG to observe how they are
related to malaria. Our results indicated that in
general, there was no significant (P > 0.05)
difference between the sexes. This observation
may appear to deviate from the finding that sex
and age influence ESR (Bottiger and Svedberg,

1967; Bain, 1993; Lowe, 1994; Kanfer and
Nicol, 1997) particularly when no significant (P
> 0.05) correlation was seen between ESR and
sex or age in our study sample. This observa-
tion could be due to the relatively small sample
size (n =78) in the current study. Indeed, stud-
ies (Bottiger and Svedberg, 1967; Bain, 1993;
Lowe, 1994; Kanfer and Nicol, 1997) that have
documented association between ESR and sex
or age worked with a relatively larger sample
size (n > 100) than the current study.

ESR, however, correlated negatively with Hb in
both sexes and in the parasitaemic group but
not the non-parasitaemic group. Irrespective of
age, sex or percentage parasitaemia, the nega-
tive correlation between ESR and Hb persisted
in our sample. This negative association has

Table 1: Age range and indicators of Plasmodium falciparum infection by sex of respondents

Age and sex of respondents

Sex No. of donors Mean age +S.D Age range (years) 95 % C.L P-value
Male 18 24.56 +13.58 5-64 18.29 - 30.83 0.465
Female 60 26.87+11.10 5-68 24.06 - 29.68
Hb level of male and female respondents

Mean + S.D o Reference % within ref.
Sex (@/dL) Range (g/dL)  95% C.L Hb (¢/dL) range P-value
Male 12.51 £1.96 8.20-14.70 11.61-13.42 13 55.56 (44.44)* < 0.001
Female  10.60 + 1.37 7.40-13.30 10.25-1095 12 25 (75)*
ESR in male and female respondents
Sex Mean + S.D Range 95% C.1. Ref. range % within ref.  P-value

(mm/h) (mm/h) (mm/h) range

Male 28.88 +27.33 2-82 16.25-41.51 4-14 30 (70)* 0.09
Female 41.87+31.30 5-125 33.95-49.79  3-20 30 (70)*
mlgG levels in male and female respondents
Sex Mean + S.D (ng/mL) Range (ng/mL) 95% C.IL P-value
Male 22704.24 + 16028.66 2920.58-56014.98 15299.51 - 30108.97 0.335

Female 19163.59 £ 12777.16

2977.87 - 64215.16

15930.58 - 22396.6

Percentage parasitaemia in male and female respondents

Sex Mean + S.D (%) Range (%) 95% C.L P-value
Male 0.29 £0.61 0.00 -2.50 0.01 -0.57 0.795
Female 0.34+0.67 0.00 -3.50 0.17-0.51

Key: IgG = malaria-specific immunoglobulin G; S.D. = standard deviation; C.1. = confidence interval; ( )* = proportion of

individuals with values outside the reference range.
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Table 2: Age and measured indicators of Plasmodium falciparum infection by parasitaemia

Age

Group No. of donors Mean age + S.D Azg;e;e;rsl)ge 95 % C.L P-value

Parasitaemic 35 24.63 £10.25 10 - 68 21.57-27.69  0.269

Non-parasitaemic 43 28.43 +£13.05 5-43 24.11-32.75

Hb

G Mean + S.D Range (g/dL) 95% C.L Ref. % within P-value
roup (g/dL) range Ref. range

Parasitaemic 11.12+1.85 7.40 — 14.70 7.49 - 14.75 12-13 29 (71)* 0.277

Non- = 1097 +1.56  8.6-142 10.45-11.49  12-13 31 (69.)*

parasitaemic

ESR

Group Mean + S.D Range 95% C.L Ref. range % within P-value

(mm/h) (mm/h) Ref. range

Parasitaemic 38.37 +£30.45 2 -106 29.27-47.47 3-20 37.2(62.8)*  0.926

Non- 39 +£31.67 2-125 28.51-49.49 3-20 29 (71)*

parasitaemic

milgG levels

Group Mean + S.D (ng/mL)  Range (ng/mL) 95% C.L P-value

Parasitaemic 20998.95 + 13284.80  3073.56 — 64215.16  14545.30 - 22912.70 0.44

Non-. . 18729.63 £ 13997.38  2920.58 - 56014.98  16597.77 - 25400.13

parasitaemic

Key: migG = malaria-specific immunoglobulin G; S.D. = standard deviation; C.1. = confidence interval; ( )* = proportion

of individuals with values outside the reference range.

been observed by earlier researchers (Morris et
al., 1975; Bottiger and Svedberg, 1967; Bain,
1993; Kanfer and Nicol, 1997). It is worthy of
note that, although the difference in mean ESR
values between the sexes did not reach statisti-
cal significance, the values for both males and
females were about twice the upper limit of
their respective reference values. A similar
trend was seen in the parasitaemic and non-
parasitaemic groups though the mean values for
both groups were closer to the mean ESR of
females than that of males. This is not surpris-
ing as females constituted over 76% of respon-
dents in the study. In addition, the comparable
ESR values between the parasitaemic and non-
parasitaemic groups appear to suggest similar
underlying pathology in the groups. Thus, an
ESR value of at least twice the upper reference
value for a given individual of a specific age
and sex coupled with the appropriate signs and
symptoms of malaria could be indicative of

clinical malaria notably in cases where the gold
standard microscopy, fails to detect the Plas-
modium parasite in the blood sample of such
patients. Although Lowe (1994) and Kanfer
and Nicol (1997) have proposed the replace-
ment of ESR with plasma viscosity due to the
low specificity of the former, our findings do
not support this proposition, especially in the
presence of appropriate signs and symptoms of
malaria infection.

Since high levels of immunoglobulin G has
long been associated with the blood stage forms
of the Plasmodium falciparum parasite (Taylor
et al., 1995; Rzepczyk et al., 1997; Taylor et
al.,, 1998; Ofori et al., 2002), we investigated
how the levels of malaria-specific 1gG in the
study subjects were related to the other malari-
ological indicators. The positive correlation
observed between ESR and IgG irrespective of
age, sex Or percentage parasitaemia supports
the hypothesis of similar underlying pathology
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in our study sample. This view is further en- However, the posifive cqrrelation betweep
hanced by the comparable levels of mlgG and mIgG and age of males requires furtl.ler.mvestl—
ESR in the parasitaemic and non-parasitaemic gation on a lar.ger scale to ascertain its rele-
groups and thus reinforces the suitability of ~ Y31¢€ for malaria treatment.

both markers to be considered as indicators of

Plasmodium falciparum infection.
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Fig.1: Simple scatter plot of positive correlation between ESR and mlgG

levels of respondents irrespective of sex, age or percentage parasitaemia.
(r=10.242, P=0.033)
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Fig. 2: Simple scatter plot of negative correlation between ESR and Hb levels of

respondents irrespective of sex, age or percentage parasitaemia (r =-0.348,
P=0.002)
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CONCLUSION

ESR and mlgG levels can be used as comple-
mentary markers of malaria infection in the
presence of appropriate signs and symptoms of
malaria but microscopically undetectable levels
of the Plasmodium parasite in the blood sample
of patients. ESR correlated negatively with Hb
but positively with malaria-specific IgG in this
study. Further research is needed to ascertain
the relevance of the positive correlation be-
tween age and malaria-specific IgG to malaria
treatment
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