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ABSTRACT
Inflammation is a part of the body's defense mechanism in which the immune system recognizes and removes harmful and foreign stimuli and initiates the healing process. Populations residing in malaria-endemic areas generally live under low socioeconomic conditions, leading to poor nutritional status. The aim of this study was to assess the nutritional status of inflammatory and malaria-infected pregnant women who were receiving antenatal care at the Yariman Bakura specialist Hospital in Gusau, Zamfara State. Blood samples were collected to check the packed cell volume (PCV) level, and malaria status was analyzed using microscopy. (82.9%) women fell under the category of "Normal" mid upper arm circumference (MUAC) measurements, and (17.2%) categorized as "Severe Malnourishment. The antenatal clinic had a (23%) prevalence of malaria. (54.3%) packed cell volume (PCV) and (37.1%) hemoglobin (Hb) levels reported. High plasmodium lactate dehydrogenase (pLDH) levels were observed in (71.4%), (n= 39), whereas minor to elevated C - reactive protein levels were observed in (81.5%) (n=49). There was no statistical significance between plasmodium lactate dehydrogenase (PLDH) and dietary diversity; however, C-reactive protein showed statistical significance with mid-upper arm circumference (MUAC), packed cell volume (PCV) and plasmodium lactate dehydrogenase (PLDH), (p= 0.042, 0.001 and 0.011 respectively). This study revealed that poor nutritional status, hemoglobin levels, and packed cell volume (PCV) levels affect inflammation in pregnant women infected with malaria. Therefore, urgent nutritional interventions and medical attention are needed for such individuals.
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INTRODUCTION
Inflammation is a part of the body's defense mechanism. The process by which the immune system recognizes and removes harmful and foreign stimuli begins the healing process (Zhang et al, 2019). Inflammation can be acute or chronic; Acute Inflammation can be induced by tissue damage caused by trauma or microbial invasion. It starts rapidly and becomes severe in a short time, and symptoms may last for a few days, for example cellulitis or acute pneumonia (Pahwa et al, 2023). Chronic inflammation, on the other hand, occurs when this response lingers, leaving the body in a constant state of alert. Chronic inflammation may have a negative impact on tissues and organs (Pahwa et al, 2023).
 Malaria is a highly inflammatory disease. In response to the presence of the parasite, the host’s immune system produces proinflammatory cytokines, including IL-6, IL-8, IFN-γ, and TNF, which play a pivotal role in controlling the growth of the parasite and its elimination. Regulatory cytokines such as transforming growth factor- (TGF) β and IL-10 maintain the balance between pro- and anti-inflammatory responses (Shomyseh, et, al., 2010). Some studies argue that due to the effects of inflammatory cytokines on mitochondria, there is an inability to use available oxygen, leading to ATP deficiency in malaria (Clark et al, 2006).
Acute-phase protein is a nonspecific protein released during infection, tissue damage, tissue injury, and inflammation. C-reactive protein (CRP), which is one of the acute-phase proteins, is a classic marker for inflammation and is synthesized by liver cells. Previous studies showed that C-reactive protein (CRP) could be used as a predictor of chronic diseases, including diabetes and cancer (Yousuf, et al, 2013). C-reactive protein (CRP) has also been used as a biomarker for neonatal sepsis and bacterial pneumonia, which helps in differentiating malaria from bacterial infection (Diez et al, 2010). A study by Taylor suggested that the detection of increased levels of circulating acute-phase proteins may act as a useful surrogate marker of high-level parasitemia (Taylor-Robinson, 2000). Studies have also demonstrated the strong binding of C-reactive protein (CRP) to infected erythrocytes, which activates the complement pathway leading to erythrocyte clearance and hemolysis, which is the causative factor of anemia, one of the severe manifestations of malaria (Ansar et al, 2006). Inflammation is one of the body’s immune responses to internal or external stimuli. 
[bookmark: _Hlk158018555]Pregnancy malaria (PM) is linked to a proinflammatory immune response characterized by elevated levels of cytokines and chemokines, such as C-reactive protein (CRP), tumor necrosis factor (TNF–α) and interferon-γ (Fried and Misore, 1998). CRP is an acute phase protein produced by the liver. It is involved in the process of immune activation in infected red blood cells by binding infected erythrocytes and helping to clear the infection. Usually, the blood containing C-reactive protein (CRP) level is not elevated except when inflammation occurs. Studies have shown that C-reactive protein (CRP) is an effective biomarker for assessing malaria severity.  In highly endemic regions where usual disease symptoms like fever may be absent, even in patients with high parasite loads (Rudrajit, et, al., 2012). It has long been acknowledged that populations living in malaria-endemic areas generally live under socioeconomic conditions that lead to poor nutritional status. The groups at the highest risk of the adverse effects of malaria, (children, and pregnant women) are also most affected by poor nutrition. Although it has been suspected that nutrition may influence susceptibility to disease or alter its course, (Shankar 2000, Genton et al 1998). Therefore, in regard to the crucial role of nutrition in pregnancy, there is a need to study the relationship between inflammation and malaria infection in pregnant women.
MATERIALS AND METHOD 
This was a cross-sectional study designed in which the subject is recruited and samples were collected at a certain time. Data were collected during antenatal visits from pregnant women who gave their consent to participate in the research. Screening was conducted to determine the eligibility of participants based on the inclusion criteria for the study. The participants were sensitized to the purpose of the study and its importance by nursing staff at antenatal care (ANC). Data were collected from 263 pregnant women with malaria.  Materials used in this study included MUAC tape, a centrifuge machine, a spectrophotometer, and a microtiter plate reader. 
Blood Samples Collection
Blood samples were collected using standard procedures as described by the World Health Organization (WHO, 2010). 5mls of blood was collected by certified laboratory technicians working in the hospital facility. The blood sample was transferred into an ethylenediaminetetracetic acid (EDTA bottles). 3.5mls of each sample was taken for analysis of malaria infection, while the remaining portion was centrifuged at 3000 rpm for 5 min, plasma was removed and stored at -10oC in a plane bottle until analysis.
Determination of C-reactive protein (CRP) levels
[bookmark: _Hlk161417142]An enzyme-linked immunosorbent assay was used for the quantitative detection of human C-reactive protein in pregnant women infected with malaria. The human C-reactive protein sandwich ELISA was designed to measure the amount of target bound between matched antibody pairs. A target-specific antibody was pre-coated in the wells of the supplied microplate. Samples of serum were added to the wells and bound to the immobilized antibody. The sandwich was formed by the addition of a second (detector) antibody, and a substrate solution was added that reacted with the enzyme-antibody-target complex, which produced color change. The intensity of this color change was directly proportional to the concentration of the malaria parasite present in the serum. Data collected from this study were analyzed using SPSS BM software version 21. Assays were analyzed, and data were represented as mean ± standard deviation. Descriptive statistics were used to summarize data appropriately. Chi-square test was used to establish relationships between MUAC, PCV, hemoglobin, malaria infection, and CRP levels. A P-value of ‹0.05 was considered statistically significant.
RESULTS
The results of the nutritional status and inflammatory infections in pregnant women who were receiving antenatal care at the Yariman Bakura Specialist Hospital in Gusau, Zamfara, are presented as followed.

Figure 4. 3: Nutritional Status (MUAC) of pregnant women receiving antenatal care at Yariman Bakura Specialist Hospital, Gusau, Zamfara state (n=239)


Figure 4.4: Prevalence of malaria in pregnant women receiving antenatal care at Yariman Bakura Specialist Hospital, Gusau, Zamfara state (n=239)






Figure 4.5: Anemia makers (PCV and Hb) of pregnant women receiving antenatal care at Yariman Bakura Specialist Hospital, Gusau, Zamfara state (n=239)

Table  4.10: Association between Anemia makers (PCV and Hb) and Nutritional status of pregnant women receiving antenatal care at Yariman Bakura Specialist Hospital, Gusau, Zamfara state (n=239)
	Variables
	PCV (%)
	Hb(mg/dL)

	
	Normal
	Low
	p-value
	Normal
	Low
	p-value

	Dietary Diversity
		
	
	
	
	
	

	Diversified
	26(49.1)
	27(50.9)
	0.021*
	34(64.2)
	19(35.8)
	0.049*

	Not diversified
	17(48.6)
	18(51.4)
	
	14(40.0)
	21(60.0)
	

	MUAC
	
	
	
	
	
	

	Severe Malnourishment
	0(0.0)
	2(100)
	0.001*
	2(100)
	0(0.0)
	0.061

	Moderate Malnourishment
	2(20.0)
	2(80.0)
	
	6(60.8)
	4(40.0)
	

	Normal
	32(49.2)
	33(50.8)
	 
	38(58.5)
	27(41.5)
	 



Table 4:11: pHLD and CRP levels of pregnant women receiving antenatal care at Yariman Bakura Specialist Hospital, Gusau, Zamfara state (n=54)
	Variables
	Frequency
	Percentage (%)

	pHLD(mg/dL)

	Normal
	15
	28.6

	High
	39
	71.4

	Mean
	3.6±1.9

	CRP (mg/dL)

	Normal
	10
	18.5

	Minor Elevation
	7
	13.0

	Moderate Elevation
	17
	31.5

	Marked Elevation
	13
	24.1

	Severe Elevation
	7
	13.0

	Mean
	15.6±12.33



Table 4:12: Association between pLDH and nutritional status of pregnant women receiving antenatal care at Yariman Bakura Specialist Hospital, Gusau, Zamfara state (n=54)
	Variables
	pLDH(mg/dL)

	
	Normal (%)
	High (%)
	p-value

	Dietary Diversity
	Diversified
	27.3
	72.7
	0.349

	
	Not diversified
	50.0
	50.0
	

	MUAC
	Severe Malnourishment
	0.0
	0.0
	0.348

	
	Moderate Malnourishment
	25.0
	75.0
	

	
	Normal
	40.0
	60.0
	

	PCV (%)
	Normal
	66.7
	33.3
	0.016*

	
	Low
	0.0
	100.0
	

	Hb(mg/dl)
	Normal
	66.7
	33.3
	0.016*

	
	Low
	0.0
	100.0
	 


* Chi-square statistics are significant at the .05 level.





Table 4:13: Association between CRP levels and nutritional status of pregnant women receiving antenatal care at Yariman Bakura Specialist Hospital, Gusau, Zamfara state (n=54)
	Variables
	CRP(mg/dL)

	
	Normal
	Elevated
	p-value

	Dietary Diversity
	Diversified
	14.3
	48.5
	0.021*

	
	Not diversified
	26.3
	73.7
	

	MUAC
	Severe Malnourishment
	0.0
	100
	0.042*

	
	Moderate Malnourishment
	0.0
	100
	

	
	Normal
	21.1
	78.9
	

	PCV (%)
	Normal
	30.2
	69.8
	0.001*

	
	Low
	11.1
	88.9
	

	Hb(mg/dl)
	Normal
	27.3
	72.7
	0.001*

	
	Low
	9.1
	90.9
	 


*The Chi-square statistic is significant at the .05 level.


Table 4.14: Association between CRP, pLDH, PCV, and Hb in malaria-positive pregnant women receiving antenatal care at Yariman Bakura Specialist Hospital, Gusau, Zamfara state (n=54)
	Variables
	CRP(mg/dL)

	
	Normal(%)
	Elevated(%)
	p-value

	pLDH
	Normal
	86.7
	13.3
	0.011*

	
	High
	20.5
	79.5
	

	PCV(%)
	Normal
	30.2
	69.8
	0.001*

	
	Low
	11.1
	88.9
	



Chi-square test is significant at the 0.05 level, pLDH:, PCV: Pack Cell Volume: Hb: Hemoglobin	CRP: C-reactive protein

DISCUSSION
A total of 239 pregnant women attending antenatal care in Yariman Bakura Specialist Hospital, Gusau, Zamfara, were recruited for this study. MUAC is a measure of nutritional status, a thinner arm indicating wasted lean mass. The MUAC range ranged from > 25cm to < 23cm. MUAC range used was 29.75 to >25cm for normal, <25 to >23cm for moderate and <23cm for severe malnourishment. (82.9%) of the women had normal MUAC, and the remaining (27.1%) ranged between moderate to severe malnourishment, which is similar to a work reported by (Ahshanul, et, al., 2021). (2.9%) of the pregnant women were severely malnourished, and it is a potential health concern. This category indicates a critical level of malnutrition that poses significant risks to both mothers and their unborn babies. 
According to work carried out by the Nigeria Millennium Development Goals Information System, Zamfara state recorded a high prevalence of malaria parasitemia at about (37%) and in our study, out of the 239 women enrolled, a malaria prevalence of (23%) (n= 54) was recorded, which is in contrast with the Nigeria Millennium Development Goals Information System report (DHS, 2021). The variation in prevalence is possibly due to the season, which is similar to our study, between the months of February and April, which falls into the low peak season for malaria (DHS, 2021).
The total number of women who tested positive for the plasmodium parasite via microscopy was 54. Blood samples were analyzed to determine the level of the malaria marker plasmodium lactate dehydrogenase (pLDH). This finding showed that the majority of pregnant women (71.4%) who tested positive had elevated plasmodium lactate dehydrogenase (PLDH) levels, which is a confirmatory test for the presence of the parasite. C-reactive protein levels were typical among all recruited pregnant women. Only (13%) of the patients had a minor elevation. This is an indication of a high level of inflammation, which consequently increases the severity of the infection, which is similar to a study conducted by (Linlin, et, al., (2017). 
Women with higher level of plasmodium lactate dehydrogenase (PLDH) also showed elevated level of C-reactive protein (CRP), signifying more severe inflammation in this category. The severity of inflammation is therefore linked to the presence of the plasmodium parasite. The level of inflammation among women with severe malnourishment (100%) tended to be higher well nourished, (78,9%). This finding highlights the effect of severe malnutrition on inflammation, as reviewed in previous studies (Franceschi, and Campisi, 2014,  Ferrucci, and Fabbri, 2018).
Packed cell volume was also markedly associated with inflammation. Women with low packed cell volume (PCV) had higher inflammatory marker levels than those with normal packed cell volume (PCV) level. This represents a potential health challenge. The findings in our study are in line with a study reported by (Ahshanul, et, al., 2021)
Conclusion
The findings of this study reflect the significant prevalence of undernutrition among pregnant women. This could lead to an increase in anemia, a higher risk of intrauterine growth restriction (IUGR), impaired immune function, and infant stunts within the first few months after birth. Therefore, we can conclude that poor nutritional status affected the level of inflammation among pregnant women receiving antenatal care at the Yariman Bakura Specialist Hospital in Zamfara State.
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