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ABSTRACT

Malaria is one of the ongoing challenges of the Indian public health that is mainly spread in rural and resource-limited
areas where environmental and socio-economic determinants of disease transmission are coupled with healthcare
accessibility. Due to its frequent seasonal floods, infrastructural constraints, and socio-economic disadvantage, Bihar has
remained the victim of malaria-related health challenges. The current paper will review the morbidity and mortality with
Plasmodium falciparum and Plasmodium vivax in the Madhepura district of rural Bihar. The research is aimed at
species-specific disease burden, demographic distribution, clinical severity patterns, and mortality outcomes. The results
show that there are significant differences between the epidemiological and clinical characteristics of the two species of
the parasites. Although Plasmodium vivax makes a greater percentage of cases of reported malaria, Plasmodium
falciparum is linked with heightened clinical severity and with an excessively elevated mortality risk. The findings
highlight the significance of species-specific diagnostic plans, therapeutic interventions, and enhanced surveillance
systems in rural healthcare facilities. The research adds to the localized knowledge regarding the dynamics of malaria
and provides the insights into the specific public health interventions focused on the reduction of malaria-related
morbidity and mortality.
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1. INTRODUCTION

The malaria disease remains one of the most important types of vectors in the world, which creates a significant health,
social, and economic impact, especially in the developing countries. Although the world has made significant
advancements in its efforts to handle malaria by improving preventive measures, early diagnostic instruments, and
effective antimalarial medicines, the disease has still become a major problem in healthcare among people. The disease
burden of malaria is unevenly distributed in areas that are marked by poverty, poor healthcare facilities, environmental
susceptibility and insufficient disease surveillance. The rural populations are at a greater risk especially since
accessibility to prompt diagnosis, treatments is limited, hygiene is subpar, and awareness on preventive measures is
limited.India has achieved significant progress in the curbing prevalence of malaria by implementing country-wide
vector control programs, the improved surveillance and standardizing treatment procedures. Nevertheless, the malaria
epidemiology situation in the country is still heterogeneous, and there are great differences concerning the regions.
Some of the states, such as Bihar are still facing recurrent outbreaks due to climatic factors, socio-economic and
infrastructural limitations. This susceptibility of Bihar is further compounded by frequent seasonal flooding,
overpopulation, poor sanitation amenities and lack of accessibility to healthcare, which are the reasons behind chronic
malaria epidemics.

In India, malaria is caused mostly by two species of the parasite, namely, Plasmodium falciparum and Plasmodium
vivax. These species have significant differences in their clinical presentation, transmission dynamics, and implications
to the public health. They are known to be associated with recurrent infections, which is why plasmodium vivax is a
dormant liver form (hypnozoites), which leads to the loss of economic productivity and morbidity. Conversely,
Plasmodium falciparum is highly known to be pathogenic, and often causes life-threatening consequences that include
cerebral malaria, severe anemia, multi-organ dysfunction, and risk of deaths. The varying effect of the latter parasite
species in particular is thus critical to developing effective treatment strategies and control policies.

The district of Madhepura in the Koshi region of Bihar is a very susceptible area in terms of malaria. Victimization
conditions like stagnant water masses, changes in climatic conditions, and rural patterns of habitation provide favorable
conditions of breeding the malaria vectors. Also, poor disease burden is exacerbated by socio-economic factors,
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substandard healthcare facilities, and slow health seeking patterns. In that case, epidemiology on a district level is
essential to define localized patterns, patterns of species-specific morbidity, and risks of mortality.

The thorough knowledge of morbidity and mortality rates related to the infections of Plasmodium falciparum and
Plasmodium vivax is critical to the success of the malaria control initiatives. The analysis of this type does not only
inform about the severity of the disease and prevalence among a specific demographic but also aids in the evidence-
based policy formation which is specific to the realities of the region.

1.1. Epidemiological Significance of Species-Specific Malaria Analysis

The growing trends indicate that the epidemiological studies on species-specific malaria control are becoming more and
more important because of the specific biological and clinical features of various Plasmodium species. Patterns of both
P. falciparum and P. vivax infections have significant ramifications in terms of managing and controlling disease as well
as reducing mortality. Although P. vivax is a major cause of the total malaria infection and recurrent morbidity, the
infections with P. falciparum are more closely linked with severe morbidity and mortal complications.

Species-specific examination can help healthcare authorities to determine differences in the intensity of transmission,
reaction tendencies to treatment, relapse, and the likelihood of developing complications. Through this differentiation,
this will be especially applicable in rural and resource constrained environments where delayed diagnosis and
misdiagnosis of infections and lack of sufficient therapeutic interventions can result in more severe disease and even
loss of life. In addition, knowledge of parasite-specific patterns of morbidity and mortality can help to streamline
diagnostic regimens, policies of drug distribution, and focused interventions to promote the health of populations.
Within the framework of the Madhepura district, the comparative analysis of the epidemiological and clinical effects of
the Plasmodium falciparum infection and the Plasmodium vivax infection provide useful information about the local
malaria dynamics. The strategy is associated with the contribution of a sophisticated perception of disease burden,
evidence-based healthcare planning, and the creation of malaria control plans that are region-specific.

1.2. Objectives of the Study

The study is guided by the following objectives:

To analyze the incidence of P. falciparum and P. vivax infections in Madhepura district.
To examine morbidity patterns associated with both parasite species.

To evaluate mortality trends linked to malaria infections.

To assess demographic distribution of malaria cases.

To identify species-specific clinical severity patterns.

VR

N

REVIEW OF LITERATURE

Manning et al. (2011) examined the clinical characteristics and prognosis of severe malaria due to the infection of
Plasmodium falciparum, Plasmodium vivax, and mixed infection of Plasmodium species in children in Papua New
Guinea. The experiment found that P. vivax malaria was equally prevalent as P. falciparum as serious malaria was
observed to be causing significant clinical complexities. These researchers have pointed out that the two parasite species
were a cause of high morbidity thus complicating the conventional view of P. vivax as a non-infectious infection. The
findings revealed the need to identify P. vivax as a clinically significant pathogen in areas with malaria.

Joseph et al. (2011) have compared the clinical profiles and complications of mixed malarial infections between
Plasmodium falciparum and P.vivax as opposed to mono-infections with P. falciparum. The researchers have indicated
that mixed infections had different clinical outcomes and were often more closely related to complications. The authors
found a difference in the patterns of symptom manifestation and severity, which highlights the complexity of malaria
infections due to several species of parasites. Their results implied mixed infections to have a special diagnostic
consideration and specific therapeutic care.Bousema and Drakeley (2011) compared the importance of the epidemiology
and infectivity of Plasmodium falciparum and Plasmodium vivax gametocytes regarding malaria control and elimination
activities. The paper has highlighted the importance of gametocyte dynamics in the transmission and persistence of
malaria. The researchers found species specific variations in infectivity trends and transmission possibility, which have
implications to the vector control strategies and elimination programs. Their research highlighted the need to learn the
biology of parasites in order to enhance malaria intervention models.Poespoprodjo et al. conducted a study on the
burden of Plasmodium vivax malaria in infancy and found it a leading cause of morbidity (2009). The paper has shown
that P. vivax infections were a major cause of clinical illness, which undermined the assumptions of the limited
pathogenicity of the organism. The scientists reported high health complications linked to vivax malaria, which
substantiates its importance to the health of the people. The results indicated that further clinical care and preventive
interventions were required at P. vivax infections.

3. RESEARCH METHODOLOGY

Research methodology is one of the important elements of the study because it gives the study systematic way of data
collection, analysis, and interpretation. To analyze the trends of morbidity and mortality due to Plasmodium falciparum
and Plasmodium vivax infection in Madhepura district a systematic methodology was followed. The methodology was
properly developed, to be reliable, accurate and consistent to the study objectives. Since malaria is an epidemiological
disease and requires specific analysis of the species, the study will utilize a quantitative research design with the help of

204



Journal of Survey in Fisheries Sciences 07(01) 203 - 209 2020

descriptive and analytical methods. This method helps to have a full picture of the distribution, degree of morbidity,
population trends and death results of the parasites. In the following sections the research design, study area, data
sources, sampling framework and the statistical methods used in the research are outlined.

3.1. Research Design

The current research design is descriptive and analytical research design to explore the morbidity and mortality rates
related to the Plasmodium falciparum infection and Plasmodium vivax infection in the Madhepura district of Bihar. The
descriptive part of the study will allow presenting malaria incidence, distribution of parasite species, demographic
factors, and patterns of severity of morbidity systematically. At the same time, the analytical element allows making a
comparative evaluation of clinical severity and mortality rates associated with the two most common types of malaria
parasites. This mixed design is especially suitable in epidemiological studies where a comparison based on species is
critical to comprehend the dynamics of disease and in locations where a pattern identification is needed.

3.2. Study Area

The research was carried out in Madhepura district, Bihar which is basically a rural area with environmental and socio-
economic factors that govern malaria transmission. Due to the seasonal, water stagnation and climatic variability, the
district has frequent seasonal floods, all of which provide favorable breeding grounds of malaria vectors. Besides,
infrastructural constraints, poor healthcare accessibility, and socio-economic susceptibility also serve to ensure the
continued malaria outbreak in the region. The choice of Madhepura district as the geographical location of the study is
thus explained by the epidemiological relevance and prevalence of the area to the types of disease vectors.

3.3. Nature and Source of Data

The research is quantitative, which is founded on clinical-validated malaria cases. The dataset has been made up of the
cases with an infection of Plasmodium falciparum or Plasmodium vivax species, thereby guaranteeing a species-specific
accuracy of the analysis. The information was retrieved through the written clinical records, diagnostic reports, and
patient level disease classification. These findings are more reliable because they use confirmed cases and can be used to
exclude cases that are not diagnosed and can also be used to ensure consistency in the measurement of severity and
mortality. A quantitative character of data makes it possible to objectively interpret the morbidity and mortality patterns
statistically.

3.4. Sample Size and Sampling Technique

The sample size on which the study is founded is 120 cases of confirmed malaria cases that have been sampled by use of
purposive sampling method. The sample size was deemed to be sufficient to conduct the district-level epidemiological
study and at the same time viable to the confines of the rural healthcare study. Purposive sampling was used to ensure
the inclusion of clinically diagnosed cases of Plasmodium falciparum and Plasmodium vivax, which makes the sample
similar to the study objectives. This methodology performs the inclusion of pertinent cases needed to analyze by
comparing species and reduces variability of data, which arises because of unidentified diagnoses.

3.5. Variables and Data Analysis Techniques

The research analyzes some of the most important epidemiological and clinical variables, such as parasite species,
mortality results, morbidity severity classification, age distribution, and gender distribution. Depending on the clinical
presentation and recorded complications, morbidity severity was classified into mild, moderate, and severe. Descriptive
statistical methods that were used to analyze the collected data include frequency distribution, percentage analysis and
comparative tabulation. These methods help to determine species-specific disease trends, severity trends, demographic
change, and mortality rates. The methodology provides an ordered comparison between the infection of Plasmodium
falciparum and Plasmodium vivax thus aiding the presentation of evidence-based interpretation of results.

4. DATA ANALYSIS

The current section presents a logical examination of the information obtained on 120 clinically confirmed malaria cases
in Madhepura district. The analysis will focus on species-specific patterns on distribution, morbidity severity patterns,
mortality outcomes, and demographic findings of the affected population. Descriptive statistical methods were used to
determine the epidemiological trends in relation to Plasmodium falciparum and Plasmodium vivax infection by the use
of frequency distribution and percentage analysis. These findings are described in form of organized tables so that the
prevalence, the classifications of clinical severity, the mortality rates, age distribution, and gender distribution can be
evaluated in a comparative way. This analysis framework allows one to have an overall vision of the differences in
burden of diseases as well as clinical outcomes of species in the study area.

Table 1: Distribution of Malaria Cases by Parasite Species

Parasite Species Number of Cases | Percentage (%)
Plasmodium falciparum | 46 38.3%
Plasmodium vivax 74 61.7%
Total 120 100%

205



Morbidity And Mortality Trends Associated With Plasmodium Falciparum And Plasmodium Vivax Infections In Rural
Bihar: A District-Level Case Study Of Madhepura

70.00%
61.70%

60.00%

50.00%

40.00% 38.30%

30.00%

20.00%

10.00%

0.00%
Plasmodium falciparum Plasmodium vivax

Table 1 shows the incidence of malaria by species of the parasites. The results have shown that 74 cases (61.7) of the
total 120 confirmed malaria cases were caused by Plasmodium vivax, and 46 cases (38.3) of the total 120 cases were
caused by Plasmodium falciparum. Such a distribution indicates that the number of P. vivax infections were the greatest
proportion of malaria incidents in the study area indicating that vivax malaria is more prevalent in the Madhepura
district. The importance of P. vivax as a major contributor to the overall burden of malaria is demonstrated by its pre-
eminence, and demands long-term surveillance and management of the organism.

Table 2: Morbidity Severity Classification

Severity Level | P. falciparum | P. vivax

Mild 14 54

Moderate 18 16

Severe 14 4
60

54
50
40
30
18
20 16
14 14
10
4
0 |
Mild Moderate Severe

m P. falciparum ®P. vivax
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Table 2 illustrates how the cases of malaria vary in severity of morbidity according to the parasite species. The findings
indicate that the cases of mild were widely identified with Plasmodium vivax (54 cases), but with Plasmodium
falciparum, there was a relatively balanced distribution of mild (14) moderate (18), and severe (14) cases. It is worth
noting that morbidity was significantly high among P. falciparum infections relative to P. vivax where 4 severe cases
were recorded. These results suggest that P. vivax played a bigger role in the overall incidence but P. falciparum
infections were clinically more severe, which supports its known potential pathogenicity.

Table 3: Mortality Distribution

Parasite Species Deaths | Mortality Rate (%)
Plasmodium falciparum | 5 10.9%
Plasmodium vivax 1 1.35%
12.00%
10.90%
10.00%
8.00%
6.00%
4.00%
0,
2:00% 1.35%
0.00% -
Plasmodium falciparum Plasmodium vivax

Table 3 has mortality related to malaria infections. As it has been analyzed, Plasmodium falciparum infections led to 5
deaths and they gave a mortality rate of 10.9, whereas Plasmodium vivax infections only led to 1 death thus the
mortality rate is 1.35. This difference shows that the risk of mortality was significantly more in the P. falciparum
infections. The results highlight the clinical risk posed by P. falciparum, which is more serious and its correlation with
serious complications and death. The findings assert the need to diagnose and treat falciparum malaria actively and at an
early stage.

Table 4: Age-Wise Distribution of Cases

Age Group | P. falciparum | P. vivax
<15 Years 12 20
1545 23 39
>45 11 15
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Table 4 illustrates how malaria has been spread among various age brackets. The results suggest that most of the cases
were clumped around the 1545 years age bracket with 23 P. falciparum and 39 P. vivax infections. The less cases were
found in the <15 years and over 45 years. The trend indicates that the members of the economically productive age
bracket were more likely to be infected by malaria. This higher rate in adults could have been linked to the exposure
because adults are exposed to more environmental factors, occupational hazards, and mobility patterns which is of great
significance to the disease control strategy in terms of demography.

Table 5: Gender Distribution

Gender | P. falciparum | P. vivax
Male 27 43
Female | 19 31

50

45

40

35

P. falciparum

B Male ®mFemale

P. vivax

43
31

30 27
25
. 19
15
10

5

0

Table 5 gives the distribution of malaria cases on a gender basis. The findings show that the malaria infection was
stronger among males, as there were 27 and 43 cases of P. falciparum and P. vivax, respectively, as compared to females
that were 19 and 31 cases, respectively. This distribution indicates that males are more prone to it. The noted difference
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can be explained by a lack of occupational exposure, outdoor activities, and behavioural issues that affect the contact
with vectors. The results underscore the importance of exposure patterns that are associated with gender in the dynamics
of malaria transmission.

5. CONCLUSION

In rural areas within the Madhepura district, malaria still poses a major problem to the general population as an indicator
of the endemic epidemiology of the vector-borne diseases in low-resource arcas. The study results indicate that
plasmodium vivax contributes to most of the reported cases of malaria, whereas plasmodium falciparum is related to
more clinical severity and a higher probability of unfavourable health outcomes, such as death. This distinction
highlights the need to implement a species-sensitive and differentiated perspective of managing malaria. The successful
control of malaria should thus focus on the species-based treatment regimens to overcome the differences in the
pathogenic profiles, the robust development of the rural diagnostic infrastructure to support timely and correct diagnosis,
the improved use of a vector control process to reduce the effect of the epidemic, and the community-based awareness
campaigns to modify preventive measures and early healthcare-seeking behaviors. The multifaceted and focused
intervention of the population health offers the key to reducing the morbidity and mortality rates caused by malaria and
enhancing the disease control among the risky rural population.
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