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Abstract

Malaria is an important parasitic infection of man caused by the protozoan
parasites Plasmodium falciparum, P. vivax, P. malariae or P. ovale and transmitted by the bite of
a sporozoite-bearing female anopheline mosquito. Acute kidney injury (AKI) is a known
complication of malaria, and is reported to occur in up to 40 % of adult patients and about 20%
of paediatric patients with a severe Plasmodium falciparum infection in endemic regions. This
work was done to determine the renal function changes that accompany malaria infection in
humans in Port Harcourt, Rivers state in Nigeria and to determine the effects of anti-malaria
therapies on the renal function of patients treated. One hundred and eighty patients who
presented at Livy Good Health hospital Port Harcourt with symptoms of malaria within 6
months of the study were screened for the presence of malaria parasites in their blood stream via
blood tests using rapid diagnostic test films and thick and thin blood smears tested at the
microbiology laboratory of the hospital while the microbial loads of the micro-organisms were
counted. Positive blood samples of one hundred and twenty patients with high levels of
parasitemia were then followed up by the collection of 5milliters of venous blood samples from
each patient prior to onset of treatment and after treatment and analyzed chemically. The age
distribution of the patients studied were as follows; 0—4years (16 patients; 13.33%), 5 — 9 years
(23 patients; 19.17%), 10-14 years (13 patients; 10.83%), 15-19 years (7 patients; 5.83%), 20-
24 years (11patients; 9.17%), 25-29 years (9 patients; 7.50%), 30-34 years (5 patients; 4.17%),
35-39years (9 patients; 7.50%), 40-44 years (6 patients; 5.00%), 45-49 years (8 patients;
6.67%), 50-54years (6 patients; 5.00%) 55-59 years (4 patients; 3.33%) while only 3 patients or
2.5% of the total population were 60 years and above. Sex distribution records of the patients
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revealed that 73 patients or 60.83% were females while 47 patients or 39.17% were males.. Most
parasites (82%) seen in almost all patients during microscopic examination of their blood
samples were plasmodium falciparum, 13% were P. malaria while 5% were P.ovale; no P. vivax
species were seen. Parenteral antimalarial agents did not show any significant (P<0.5) adverse
effect on renal functions as they did not increase serum creatinine in treated patients but rather
significantly (P>0.5) ameliorated the effects of malaria on renal functions when compared with
the oral medications. However, oral medications did not significantly (P< 0.5) improve renal
functions in treated patients as evidenced by lower improvement rates in blood serum creatinine
levels when compared to parenteral anti-malaria agents.

STATEMENT OF THE PROBLEM
Acute kidney injury is a known complication of malaria and is reported to occur in up to 40% of
adult population and 20% of paediatric patients with severe P. falciparum infection.

AIM OF THE STUDY

The aim of the study was to determine the renal function changes that accompany malaria
infection in humans and to determine the effects of anti-malaria therapies on the renal function of
patients treated.

OBJECTIVES OF THE STUDY

1) To determine if plasmodium species responsible for causing malaria in humans also
cause renal damage.

i) To determine if present, the extent of renal damage or changes in renal functions that
accompany malaria infestation.

iii) To determine if anti-malaria therapies commonly used in Nigeria, especially in Port
Harcourt for the treatment of malaria, affects the renal status of treated patients.

iv) To compare and contrast the effects of the different antimalarial agents on renal functions
of patients treated.

MATERIALS AND METHODS

STUDY AREA AND CLINICAL CONCEPT

A total of 180 patients who presented at Livy Good Health hospital Port Harcourt with
symptoms of malaria within 6 months of the study, were screened for the presence of malaria
parasites in their blood stream via blood tests using rapid diagnostic test films and thick and thin
blood smears tested at the microbiology laboratory of the hospital while the microbial loads of
the micro-organisms were counted.

BLOOD COLLECTION: Positive blood samples of 120 patients with high levels of
parasitemia were then followed up by the collection of 5 milliters of venous blood samples from
each patient prior to onset of treatment. The 5 milliliters of blood were collected by venipuncture
from each participant. 3 mis of each sample were dispensed into sterile plain blood collection
tubes (BD Vacutainer®) and allowed to clot and retract at room temperatures of 22-26°C for 1
hour. The sera were then separated, after centrifuging at 3000 rpm for 5 min in clinical bench top
centrifuge using Pasteur pipettes.

SAMPLE STORAGE AND PROCESSING
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The sera were stored in a refrigerator at 2-8°C until required for analysis, while the analyses
were carried out within 24 hours. The remaining 2mils of each sample were stored in EDTA
bottlks for hematological and clinical chemistry analysis at the haematological/chemical
pathology laboratory of the University of Port Harcourt teaching hospital.

PATIENT PREPARATIONS

The patients seen and screened for the research cut across different age limits, tribes and religion
while the patients’ educational status or those of the parents of children treated were noted.
Duration of the illness were recorded as starting from the time of onset of symptoms till date of
presentation at the hospital while serum electrolytes such as sodium, chloride, potassium, urea
and creatinine which are altered in renal diseases and sometimes serve as indicators of the renal
status of a patient were all measured. Also hematological parameters such as fasting blood sugar,
packed cell volume and hemoglobin were assayed for, alongside parasitemia counts from blood
films for each patient. Urine samples were collected alongside blood samples and were analyzed
for their contents which included glucose, protein, ketones, bilirubin and uric acid. The above
screenings were performed prior to commencement of treatment on the patients while their blood
pressures were also noted especially for adults.

3.4 EXPERIMENTAL DESIGN

The Patients were carefully placed in one of six treatment groups as they presented and the
placement was based on the severity or otherwise of the disease in the Patient. Treatment was
then commenced for each of the involved patient and their anti-malaria therapy lasted between 3-
5 days depending on the severity of the disease per patient.

At the end of 2 weeks post-treatment, 5 mis of venous blood samples were collected from each
treated patient and analyzed again for their hematological and serum electrolyte contents. Urine
samples were also obtained from them alongside the blood samples. The pre-treatment and post-
treatment results alongside the treatment administered for each of the 120 patients were duly
recorded and the parameters compared based on age, parasite load/severity, treatment given,
presence of co-morbidities before treatment and their pre- and post-treatment renal function test
results.

The results were checked for differences in renal function tests pre and post-treatment and
compared with normal ranges to determine whether malaria diseases affected renal function.
Also the study determined if the antimalarial drugs administered had palliative or deteriorative
effects on the renal status of treated patients.

ORAL DRUGS USED FOR THERAPY IN THE STUDY INCLUDED

1) Coartem (Artemether /Lumefantrine)

2) Artequin (Artesunate /Mefloquine)

3) Amiodaquine

4) Artesunate
Tablets, syrups and suspension of the above oral drugs were used to cater for the adult and
paediatric patients.

PARENTERAL MEDICATIONS USED FOR THE TREATMENTS INCLUDED
1) Paluther injection (Artemether suspension administered intramuscularly)
2) Quinine injection. (Administered intravenously)
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GROUPINGS

Group A Treated with Parenteral Paluther
Group B Treated with Parenteral Quinine
Group C Treated with Oral Coartem
Group D Treated with Oral Artequin
Group E Treated with Oral Artesunate
Group F Treated with Oral Amodiaquine

PROCEDURE FOR SERUM CREATININE ESTIMATION (2007)

Laboratory Creatinine, mg/DI (nmol/L)

Method O’Leary modified Jaffe

Instrument Roche modular P unit (Roche diagnostic)

Reference range Male: 0.68-1.36 (60-120)
Female:0.68-1.10 (60-97)

STATISTICAL ANALYSIS

Data was processed using SPSS 13. A one way ANOVA was performed to depict statistical
differences and the results were presented as Mean + Standard deviation (SD) while a P-value of
<0.05 was considered as significant

RESULTS AND DISCUSSION
The analysis carried out with the help of SPSS 13 and the results obtained from descriptive
statistics are presented in the following figures and tables.

POPULATION OF STUDY WITH RESPECT TO GENDER

The distribution of the patients based on their gender Figure 4.1, reveals that 60.83% that is 73
out of the 120 patients infected were female both young and old while only 39.17% that is 47
out of the 120 patients that were infected were male both young and old. This is an indication
that the lower immune status of females as a result of hormonal changes amongst other factors
propelled this high margin. Data for this analysis are presented in Appendix A, Table Al.
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Figure 4.1 Sex distribution of patients

MALARIA INFESTATION IN RELATION TO THE AGE BRACKET OF PATIENTS
Figure 4.2, also present spread of the distribution of malaria parasites amongst the patients. It is
evident that the disease infestation decreased, based on the number of exposure to the malaria
parasite and the age of patients. Out of the total 120 patients infested, 19.17% that is 23 patients
within the ages of 5-9 years are predominant with the disease. While 2.5%, that is 3 patients
from the total numbers of patients considered within the age bracket of 60 and above in this
study have a low infection rate. Several researchers attributed this phenomenon to immunity
developed in patients because of constant exposure to the disease and age differences. The data
for this analysis is presented in Appendix A Table A2.
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Figure 4.2: Age distribution of Patients in years and percentage distribution

MALARIA PARASITES PRESENT IN PATIENTS

The results obtained from the microscopic examination of the blood samples are presented in
Figure 4.3. A percentage of 98.4 % of the total patients that is 82 patients out of the 120 patients
tested were infected by p. falciparum parasites, while 15.6% of the patients or 13 patients were
infected by P. malariae and 6% of the patients or 5 patients were infected by P. ovale. Only P.
vivax species was not seen in any of the patients. This is an indication that the P. vivax species is
not common in the region considered for this research and at the time of this research.
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Figure 4.3: Plasmodium present in patients

SEVERITY OF THE PARASITES PRESENT IN PATIENTS

Ascertaining the severity of the disease, the results obtained were classified into three different
categories namely: mild malaria, moderate malaria and severe malaria as at the time of diagnosis.
Figure 4.4 showed that 35% of the patients that is 42 patients suffered mild malaria infection,
50.83% of the patients that is 61 patient suffered moderate malaria infection while 14.17% of the
patient that is 17 patients suffered severe malaria infection. Conclusively not obvious from this
analysis, it is in an affirmation that the severity of the disease is moderate in Port Harcourt
region. Table for this analysis is presented in Appendix A Table A3.
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Figure: 4.4 Parasite count / Severity of Malaria in Patient

SEVERITY OF THE PARASITES IN PATIENTS WITH RESPECT TO AGE

Comparison of the disease with age is presented in Figure 4.5, and Appendix A, Table A4.lt is
evident that the age range at which malaria infestation produces the dares consequences is
between the age bracket of 5-9, 0-4 and 45-49 years. This is also evident from the WHO (2014)
report, which explained that reoccurrence of malaria on a victim usually causes mild symptoms
in patients who survived an infection not too long that disappears on discontinuing exposure to
the disease parasite. This is not common among children of age bracket 5-9, and 0-4 as the rate
of their exposure to the disease parasites maybe low compare to adult of age bracket 45-49.
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Figure 4.5 Severity of disease with age

CO-MORBIDITIES ALONGSIDE MALARIA
Co-morbidities alongside malaria in the patients were noted at the beginning or prior to
commencement of treatment (Table 4.1). Upper respiratory tract infection, typhoid fever,
hypertension and diabetes are the highest co-morbidities found in 12.5%, 12.5%, 6.67% and
5.83% of the patients respectively. The Co-morbidities presented in the patients prior to
treatment were also compared with their age ranges (Appendix) and this was done to elicit the
age limits or ranges at which certain diseases predominantly occur in humans aside malaria.

(Appendix 5).

Table 4.1: Co-Morbidities Present Alongside Malaria

B Severe (+++)

Co-Morbidities present Number of Patients Percentage of patients (%)
Upper respiratory tract infection 15 12.50
Lower respiratory tract infection 4 3.33
Sickle cell anaemia 3 2.50
Typhoid fever 15 12.50
Urnary tract infection 3 2.50
Helminthiasis 2 1.67
Hypertension 8 6.67
Diabetes 7 5.83
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PRE-TREATMENT AVERAGE SERUM CREATININE

Pre-treatment average serum creatinine values for the patients were compared with those
obtained after treatment with the different medications and results obtained are outlined in Table
4.2 The patients were placed in 6 treatment groups of 20 patients each, based majorly on the
severity of the disease they were suffering from, with few interloping for comparison. Severely
il patients were given parenteral treatment of either Paluther injections or Quinine injections.
Four oral medications namely Coartem, Artequin, Artesunate and Amodiaquine were used for
some moderately ill patients and patients with mild diseases as well as in paediatric cases, with
the exception of severely ill children.

Table 4.2: Treatment Administered to Patients

Treatment Given Route of | Total No  of| Distribution of
Administration Patients Given Patients
Coartem tablets/dissolvable/ | Oral 20 1 severe malaria
dispersible tablets 10 moderate malaria
9 mild malaria
Artequin tablets/syrup Oral 20 12 moderate malaria
8 mild malaria
Amiodaquine tablets/syrup Oral 20 l1moderate malaria
9 mild malaria
Artesunate tablets/syrup Oral 20 12 moderate malaria
8 mild malaria
Quinine jection only Intravenous 20 8 severe malaria
8 moderate malaria
8 mild malaria
Intramuscular 20 8 severe malaria
8 moderate malaria
4 mild malaria

COMPARISON OF PRE-TREATMENT SERUM CREATININE AND POST-
TREATMENT SERUM CREATININE WITH AGE

Figure 4.6 and Appendix 6 present the average mean of the pre-treatment serum creatinine and
the post (Paluther parenteral) treatment. Patient treated with Paluther parenteral, the serum
creatinine level of those within the age ranges of A (0-4) to K (50-54), reduces while those
patients within the age ranges of L (55-59) and M (60&above) had less number of patients, with
most having mild malaria, a few moderate and only one severe cases of malaria. Yet they had
elevated serum creatinine levels prior to treatment that did not respond to parenteral Paluther.
This can be attributed to the presence of co-morbidities such as hypertension and diabetes in
these age groups which are diseases known to cause renal impairment, hence their renal
dysfunctions were not fully attributed to malaria disease nor to anti-malaria medications.
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Figure: 4.6 Pre-treatment serum creatinine, post (Paluther parenteral) treatment and age

Figure 4.7 and Appendix 7 present the average mean of the pre-treatment serum creatinine and
the post (Quinine parenteral) treatment. The serum creatinine level of those within the age ranges
of A (0-4) to K (50-54), reduces while those patients within the age ranges of L (55-59) and M
(60&above) had elevated serum creatinine levels prior to treatment that did not respond to
Quinine parenteral.

The high level of response from quinine corroborate the report of (WHO, 2016) on the use of
Quinine in malaria treatment and the low level of response in L and M can be link with co-
morbidities.
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Figure: 4.7 Pre-treatment serum creatinine, post (Quinine parenteral) treatment and age
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Figure 4.8 and Appendix 8 present the average mean of the pre-treatment serum creatinine and
the post (Coartem oral) treatment.

The serum creatinine level of patients within the age ranges of | (40-44) and J (45-49), are
higher than the pretreatment creatinine level while those patients within the age ranges of L (55-
59) and M (60 & above) had elevated serum creatinine levels prior to treatment that did not
respond to Coartem oral.
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Figure: 4.8 Pre-treatment serum creatinine, post (Coartem oral) treatment and age

Figure 4.9 and Appendix 9 present the average mean of the pre-treatment serum creatinine and
the post (Artequin oral) treatment.

The serum creatinine level of patients within the age ranges of L (55-59) high compared to the
pretreatment creatinine level M (60 & above) had elevated no patient.
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Figure: 4.9 Pre-treatment serum creatinine, post (Artequin oral) treatment and age

Figure 4.10 and Appendix 10 present the average mean of the pre-treatment serum creatinine and
the post (Artesunate oral) treatment. Patient treated with Artesunate oral, there was only a
significant response in their serum creatinine level observed. The respond rate of the patients is
very poor. This is not liken to co-morbidity, as the age range for co-morbidity were not
considered in this treatment. Malaria affectation on serum creatinine was seen to be slightly high
in the age ranges of A(0-4) to K(50-54), with high mean serum creatinine values compared with
the normal reference values of 0.5 to 1.0Mg/dL normal for children.

This may be attributed to the severity of the disease within these age groups. Evident by their
symptoms of excessive vomiting, diarrhea, loss of appetite, high grade fever and moderate to
severe dehydrations; factors which are all known to lead to hypovolemic shock, poor renal
perfusion and acute renal failure with increases in serum creatinine.
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Figure: 4.10 Pre-treatment serum creatinine, post (Artesunate oral) treatment and age
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In Figure 4.11 and Appendix 11 the serum creatinine level of patients is above normal. Malaria
had a negative effect on renal function as evidenced by significant increases in levels of serum
creatinine above normal, prior to onset of treatment. Serum creatinine elevation is worse slightly
in children than in the adult population as was severity of the disease.
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Figure: 4.11 Pre-treatment serum creatinine, post (Amiodaquine oral) treatment and age

COMPARISON OF PRE-TREATMENT SERUM CREATININE AND POST-
TREATMENT SERUM CREATININE

Figures 4.12 to 4.17, present the correlation between the pre-treatment serum creatinine and the
post-treatment serum creatinine. The correlation analysis illustrates the direction and strength of
the relationship between pre-treatment serum creatinine and the post-treatment serum creatinine.
In terms of the relationship strength, the value of the correlation coefficient varies between +1
and -1. A value of £ 1 indicates a perfect degree of association between pre-treatment serum
creatinine and the post-treatment serum creatinine.

As the correlation coefficient value goes towards 0, the relationship between pre-treatment serum
creatinine and the post-treatment serum creatinine will be weak. The direction of the
relationship is indicated by the sign of the coefficient; a + sign means a positive relationship and
a—sign indicates a negative relationship.

Figure 4.12 showed that the correlation between pre-treatment serum creatinine and the post-
treatment serum creatinine is significant at the 0.01 level of significance (Appendix 12). This is
an indication that treatment with intravenous and intramuscular anti-malaria medications with
adequate rehydration were noticed to have returned serum creatinine levels to near normal in the
younger age groups of A(0-4), B(5-9) and C(10-14) years, which are evident in Figures 4.6 and
4.7.
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Figure: 4.12 Pre-treatment serum creatinine and post (Paluther parenteral) treatment

Also, a similar correlation is seen in Figure 4.13 the correlation between pre-treatment serum
creatinine and the post-treatment serum creatinine is significant at the 0.05 level of significance
(Appendix 13). This also showed that the use of quinine parenteral on patients reduces their
creatinine level to near normal.
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Figure: 4.13 Pre-treatment serum creatinine and post (Quinine parenteral) treatment

Figure 4.14 show a weak correlation (Appendix 14) in the creatinine level of the patients. Also
evident from Figures 4.8 to 4.10, the elderly patients did not give much response to the drugs
(Coartem oral) used for treatment and this necessitated both re-commencement of their routine
medications after the anti-malaria treatments as well as referrals to a Consultant Nephrologist for
further management.
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Figure: 4.14 Pre-treatment serum creatinine and post (Coartem oral) treatment
The correlation coefficient of Figure 4.15 is shown Appendix 15 compared with those that

received only oral medications within the same age groups and in the older age groups. The
correlation coefficient has no significance value.
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Figure: 4.15 Pre-treatment serum creatinine and post (Artequin oral) treatment
The correlation coefficient of Figure 4.16 is shown Appendix 16 of compared with those that

received only oral medications within the same age groups and in the older age groups. The
correlation coefficient has no significance value.
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Figure: 4.16 Pre-treatment serum creatinine and post (Artesunate oral) treatment

The correlation coefficient of Figure 4.17 is shown Appendix 17 of compared with those that
received only oral medications within the same age groups and in the older age groups. The
correlation coefficient has no significance value.
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Figure: 4.17 Pre-treatment serum creatinine and post (Amiodaquine oral) treatment

DISCUSSIONS

Malaria infestation amongst the study patients showed that the disease was more predominant in
the 5-9 years age range with 23 patients or 19.17% having the disease. Disease occurrence was
seen to decrease with age and was lowest within the 60 years and above age group with only 3
patients or 2.5% of cases presenting, which may be attributed to the development of immunity as
the patients age, following constant exposure to the disease which is endemic in Port Harcourt.
The highest number of severe cases occurred within the 0—4 age range with 6 patients or 5% of
the total study patients recorded and treated for severe malaria while the group in the 5 — 9 years
age range recorded the highest number of moderately ill patients with a number of 16 patients or
13.33% of the total cases.

More females were affected (73 patients; 60.83%) than males (47 patients; 39.17), a case which
may be attributed to lower immune status of females caused by female hormonal changes
amongst other factors. Moderately ill patients were the highest numbers of presenters (61
patients; 50.83%), followed by those with mild afflictations (42 patients; 35%). Severity of
disease occurred in only 17 patients or 14.17 of the total population, with children between the
ages of 0 — 4 years having the highest presentation of 6 patients or 5%of the population.

Malaria affectation on serum creatinine was seen to be slightly high in the age ranges of 10-14,
20 — 24, 25 — 29 and 35 - 39 years, with mean serum creatinine values of 1.12, 1.28, 1.23 and
1.16Mg/dL respectively as compared with the normal reference values of 0.5 to 1.0Mg/dL
normal for children. This may be attributed to the severity of the disease within these age groups,
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as evidenced by their symptoms of excessive vomiting, diarrhea, loss of appetite, high grade
fever and moderate to severe dehydrations; factors which are all known to lead to hypovolemic
shock, poor renal perfusion and acute renal failure with increases in serum creatinine.

The age ranges of 55-59 and above 60 years had less number of patients, with most having mild
malaria, a few moderate and only one severe cases of malaria. Yet they had elevated serum
creatinine levels prior to treatment, which did not respond much to any of the medications used.
This was attributed to the presence of co-morbidities such as hypertension and diabetes in these
age groups which are diseases known to cause renal impairment, hence their renal dysfunctions
were not fully attributed to malaria disease nor to anti-malaria medications.

Treatment with intravenous and intramuscular —anti-malaria  medications with adequate
rehydration were noticed to have returned serum creatinine levels to near normal in the younger
age groups of 0-4, 5-9 and 10-14 years when compared with those that received only oral
medications within the same age groups and in the older age groups.

The elderly patients did not give much response to the drugs used for treatment and this
necessitated both re-commencement of their routine medications after the anti-malaria treatments
as well as referrals to a Consultant Nephrologist for further management.

CONCLUSION

Malaria had a negative effect on renal function as evidenced by significant increases in levels of
serum creatinine above normal, prior to onset of treatment. Serum creatinine elevation was worse
slightly in children than in the adult population as was severity of the disease.

Parenteral antimalarial agents did not show any significant (P<0.5) adverse effect on renal
functions but rather significantly (P>0.5) ameliorated the effects of malaria on renal functions
when compared with the oral medications. However, oral medications did not significantly (P<
0.5) improve renal functions in treated patients as evidenced by lower improvement rates in
blood serum creatinine levels when compared to parenteral anti-malaria agents.

Amongst the parenteral drugs used, Paluther which is an Artemether suspension, had a better
clinical outcome than Quinine injection while amongst the oral drugs used, Coartem which is a
combination of Artemether and Lumefantrine, had better clinical outcomes followed by Artequin
which is a combination of Artesunate and Mefloquine. Both combination therapies were seen to
have better clinical outcomes than Artesunate and Amodiaquine, both single drug therapies.From
the study abowe, it could be concluded that Artermether-containing drugs performed better than
Artesunate and Quinine-based drugs in terms of malaria treatment. We could also conclude that
Anti-malaria agents used in Port Harcourt, Rivers State, Nigeria were able to cure malarial
infestations in humans with little or no adverse effects on renal functions.
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