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Introduction
 Micronutrients are elements and vitamins acquired from our diet 
in minute quantities that are necessary to support life and optimal  
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Abstract
Introduction: Micronutrients are elements and vitamins required 
in small amounts for the average growth and development of 

organisms. During pregnancy, micronutrients enable the fetus 
to develop and mature into a health neonate. Micronutrients 
provide immunity and anti-oxidative protection from the damaging 
effects of reactive oxygen species. Deficiency of micronutrients 
has various devastating health effects, including the lack of anti-
oxidation and dysregulation of immunity. Considering Malawi’s high 
preterm birth rate, which is currently at 18.1%, and the increased 
prevalence of micronutrient deficiency in women of reproductive 
age, we evaluated the maternal serum concentrations of copper, 
ferritin, selenium, zinc and vitamin D in spontaneous preterm birth. 
The primary objective was to assess the serum concentrations 
of these factors and how they relate to infections of histologic 
chorioamnionitis or placental malaria.

Materials and methods: We conducted this case-control study 
at Kamuzu Central and Bwaila Hospitals between June 2016 and 
March 2017. The target population was all women presenting for 
delivery at these hospitals. The study used gestation to define cas-
es (28-<37 weeks) and controls (37-<41 weeks) and participants 
were randomization on admission.

Results: We sampled a total of 187 women, of which 95 were 
preterm, and 92 were term births. The mean serum concentrations 
for copper 2.5; SD0.5 (0.76-1.59mg/L), ferritin 60.3; SD92.9 (10-
100µg/L), selenium 77.4; SD19.3 (47-142µg/L), zinc 0.8; SD 0.2 
(0.59-1.11mg/L), vitamin D 90.7; SD 21.3(50-125nmol/L) were nor-
mal in the study population. Preterm birth group had significantly 
higher serum concentration of copper (p=0.002), ferritin (p=0.001), 
selenium (p=0.033), and zinc (p=0.003) compared to term birth 
group. The prevalence of histologic chorioamnionitis in the study 
participants was 10.2% (19/187) while for placental malaria was 
20.3% (37/187)). Maternal serum zinc (p=0.027) and vitamin D 
(p=0.031) were significantly higher in women with histologic chorio-
amnionitis compared to those without histologic chorioamnionitis. 
And serum copper (p=0.028) and iron (p=0.001) were significantly 
higher in women with placental malaria compared to these without 
placental malaria.

Conclusion: We conclude that there is no deficiency of copper, 
ferritin, selenium, zinc and vitamin D in the study population. The 
preterm birth group has significantly higher serum micronutrients 
compared to term group. Serum zinc and vitamin D were increased 
in positive histologic chorioamnionitis while positive placenta ma-
laria was associated with increased serum copper and iron con-
centrations.

Keywords: Chorioamnionitis; Copper; Iron; Placental malaria; 
Preterm birth; Selenium; Vitamin D; Zinc

Key Message: Increased maternal serum concentrations of cop-
per, iron, selenium and zinc are associated with the prevalence 
of spontaneous preterm birth. Similarly increased maternal serum 
concentrations of zinc and vitamin D are associated with histologic 
chorioamnionitis while serum copper and iron are associated with 
placental malaria.
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physiological function [1]. During pregnancy, micronutrients such as 
copper, iron, selenium, zinc and vitamin D enable the fetus to develop 
and mature into a health neonate [2-5]. The micronutrients copper, 
iron, selenium, zinc and vitamin D also provide a potent innate and 
adaptive immunity regulating the infection/inflammatory response 
[6-10]. Additionally, these micronutrients provide anti-oxidative pro-
tection from the damaging effects of Reactive Oxygen Species (ROS) 
[11-13]. During pregnancy, the increased metabolic demands of the 
growing foetus up-regulate ROS [14]. Globally, widespread micro-
nutrients exist affecting an estimated 2 billion people [15]. Micronu-
trient deficiency is reportedly high in women of reproductive age in 
Malawi [16]. Changes in the homeostasis of micronutrients during 
pregnancy affect the health of pregnant women and the growing fetus 
with increased mortality and morbidity [17].

 Preterm birth remains a global health problem with an average 
preterm birth rate of 11.1% every year [18]. Malawi is one of the 
countries with a very high preterm birth rate of 18.1% [18]. Various 
pathological processes, including infections/inflammation and ROS, 
have been identified as precursors leading to a common pathway of 
increased myometrial contractility, cervical dilatation and chorioam-
nionic membrane weakening and rupture [19]. Spontaneous Preterm 
Birth (spPTB) has multiple risk factors with infections causally linked 
to it [20]. 

 Considering the high preterm birth rate and increased micronutri-
ent deficiency prevalence in women of reproductive age in Malawi, 
the critical role that copper, iron, selenium, zinc, and vitamin D play 
in anti-oxidation and immunity in humans, we evaluated the status of 
these micronutrients in spPTB. The null hypothesis was that there is 
no difference in maternal serum concentration of copper, iron, sele-
nium, zinc and vitamin D between preterm and term births. The main 
objective of the study was to determine the maternal serum concen-
trations of copper, iron, selenium, zinc and vitamin D in pregnant 
women delivering spontaneously preterm in Malawi. The secondary 
objective was to find out how these micronutrients relate to infections 
of histologic chorioamnionitis or placental malaria. The knowledge 
gained will assist in determining the causal pathway in trying to re-
duce the rate of preterm birth.

Materials and Methods
 We conducted this case-control study at Kamuzu Central Hospital 
(KCH) and Bwaila Hospitals (BH) between June 2016 and March 
2017. KCH and BH are public and government-funded tertiary and 
general hospitals respectively, located within the city of Lilongwe in 
the central region of Malawi. Geographically, the two hospitals are 
within 4 kilometres of each other. The availability of neonatal ser-
vices at KCH necessitates the management of early preterm births. 
The measured outcomes were maternal serum concentrations (copper, 
ferritin, selenium, zinc and vitamin D), histologic chorioamnionitis 
and placental malaria. Neonatal services are available at KCH only.

 The target population was all pregnant women presenting with 
spPTB at the hospitals. The study used previous dating ultrasound 
to assess gestational age. We performed an ultrasound on admission 
in cases where the dating ultrasound result was not available. Upon 
delivery of the baby, we evaluated the baby maturity with the Ballard 
score [21]. The inclusion criteria were pregnant women presenting in 
spontaneous labour at gestation 28 - <37 weeks for preterm (cases) 
and 37 - ≤41 completed weeks for term (control) group and willing  

to participate in the study. The following were the exclusion crite-
ria: maternal comorbidities (preeclampsia, gestational diabetes and 
heart disease), multiple pregnancies, Intrauterine Growth Restriction 
(IUGR), Fetal Anomaly and Preterm Premature Rupture of Mem-
brane (PPROM). Participants were selected by systematic random 
sampling with numbers allocated to all eligible preterm cases and 
all with odd numbers recruited in the study to minimise confounding 
bias. Convenience sampling was done for controls as they presented 
in the labour ward and matched to the living area (within the bound-
aries of the urban city).

 All data and samples were obtained soon after delivery. The study 
administered a structured questionnaire in a local language which 
study participants were conversant with to capture quantitative data 
on demographic characteristics of the participants and antenatal care 
package. We collected the self-reported information on herbal med-
icine ingestion. The study used the World Health Organization defi-
nition of herbal medicine ingestion [22]. The trained midwife pro-
ceeded to do bedside laboratory test of haemoglobin using HemoCue 
Hb 301 (HemoCue AB, Angelhalm, Sweden). Upon delivery of 
placenta and membranes, the midwife collected a full-thickness pla-
cental biopsy (approximately 2.5×2.5×1cm thick) from a third of the 
distance from the umbilical cord and the edge of the placental disc. 
At the same time, a membrane roll was also taken and together with 
the placenta biopsy, they were immediately placed in 10% neutral 
buffered formalin and sent to the histopathological laboratory. The 
trained midwife proceeded to withdraw 10 mL of venous blood us-
ing a standard vacutainer technique into a royal blue top vacutainer 
tube (lot No. BD368380). The blood samples were transported to the 
laboratory within 30 minutes of collection for centrifuging at 3000 g 
for 10 minutes and serum transferred into a screw-top vial and stored 
in the freezer at -80°C. The study used metal-free vessels throughout 
the process. After obtaining the required number of specimens, we 
shipped the samples in the frozen state to the University Hospital of 
North Norway (UNN), Tromsø, Norway, for chemical analysis.

 Placenta, membranes and cord specimens were processed and 
analysed within one week of submission. One specific pathologist 
did the histopathological analysis. The processing included paraffin 
embedding, cutting 5µm sections and staining with Hematoxylin 
and Eosin (H&E).The histopathologist used three key histologic of 
untreated malaria, including parasites, inflammation and pigment 
deposition (haemozoin) for the pathological diagnosis of placental 
malaria [23]. The presence of acute inflammatory infiltrates in the 
chorion and amnion of confirmed the diagnosis of acute histologic 
chorioamnionitis. Copper, ferritin, selenium, and zinc analysis were 
performed at the Norwegian laboratory in Tromsø, using Inductively 
Coupled Plasma Mass Spectrometry (ICP-MS; Nexion 300D, Perkin 
Elmer, Waltham, Massachusetts, USA).Serum (100 µL) was diluted 
by an automated liquid handler Tecan Freedom Evo 200 (Männedorf, 
Switzerland) with an alkaline diluent solution. Concentrations were 
obtained by the standard internal method with a blank subtraction. 
Two sets of ClinCheck control material L-1 and L-2 from Recipe 
(Recipe, Munich, Germany), and Seronorm L-1 and L-2 (Sero, 
Billingstad, Norway), as well as 4 Milli-Q water blanks, were run 
together with each batch of samples for quality assurance and quality 
control. Background and instrumental carry over were monitored 
by injections of diluent blanks. The Laboratory for Analysis of 
Environmental Pollutants, UNN, Norway, participates successfully 
in the international quality control programme and/such as Quebec  
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Multielement External Quality Assessment Scheme (QMEQAS) 
organised by the Centre de toxicologie du Quebec, Quebec and 
Canada. Measurement of 25 (O.H.) D was analysed by liquid 
chromatography-tandem mass spectrometry, as previously described 
by Sollid [24].

Ethical Approval
 The ethics committee of the University of Malawi, College of 
Medicine Research Committee (COMREC) approved this study, 
P.05/15/1738. We also obtained permission from the Directors of 
KCH and BH to conduct the study at their respective hospitals. Par-
ticipants in the study gave informed consent.

Data Management and Analysis
 We reached a sample size of 95 through the power of test cal-
culation. This sample size gives 80% power to detect a significant 
difference at 5% level of significance. Data were processed using 
IBM SPSS version 20.0 software. The SPSS dataset was imported 
into STATA 14.0 for analysis. A binary variable was generated for 
the primary outcome of spPTB, preterm birth (cases) coded as 1 and 
term birth (controls) coded 0. One-way frequencies were computed 
for categorical variables, while mean and standard deviation were 
calculated for continuous variables that were normally distributed. 
Log transformation was done where there was a presence of highly 
skewed data. Two-way associations between independent variables 
and the outcome variable of preterm birth were investigated using the 
t-test for continuous independent variables and the Chi-squared test 
for categorical variables. P-values from all tests of less than 0.05 were 
considered statistically significant.

Results
 There were a total number of 187 participants in the study, divided 
into 95 preterm and 92 term groups (Table 1).

 There was no significant difference in age group, gravidity, marital 
status and education between the two groups (p=>0.05). Increased 
number of women who took herbal medication were more likely to 
deliver preterm, p=0.032 compared to those who did not. In contrast, 
those who took intermittent preventive treatment in pregnancy with 
Sulfadoxine- pyrimethamine (IPTp-SP) were less likely to deliver 
preterm (p=0.033) compared to women who did not use it. Haemo-
globin lower than 11g/dl was significantly present in women deliv-
ering preterm compared to women delivering at term (p=008). Simi-
larly, women delivering preterm were more likely to have histologic 
chorioamnionitis (p=0.014) and placental malaria (p=0.003).

Two-way associations of micronutrients with preterm birth

 The analyses used a two-way model to investigate several trace 
elements. There was no difference in maternal serum concentrations 
of copper, selenium and zinc between the two groups (Table 2).

 The mean concentrations of ferritin, selenium, zinc, 25 (O.H.) 
D were within the normal reference range while that of copper was 
above the normal range in both groups. Women who delivered preterm 
were more likely to have significantly higher mean concentrations of 
copper (p=0.002), ferritin (p=0.001), selenium (p=0.033) and zinc 
(0.003) compared to women who delivered at term. There was no 
difference in the mean concentration of 25 (O.H.) D between women 
having preterm birth and those delivering at term, p=0.886. In the  

analysis of histologic chorioamnionitis, there were 19/187 (10.2%) 
women with positive histologic chorioamnionitis (Table 3A).

 Significantly higher maternal serum concentrations of zinc 
(p=0.027) and vitamin D (p=0.031) were present in women with his-
tologic chorioamnionitis compared to women who were negative for 
histologic chorioamnionitis. In the analysis of placental malaria, there 
were 37/187 (19.8%) women with positive placental malaria (Table 
3B).

 Increased maternal serum concentrations of copper (p=0.028) 
and ferritin (p=0.001) were present in women with placental malaria 
compared with those who were negative for placental malaria.

Discussion
 The concentrations of ferritin, selenium, zinc, and vitamin D were 
within normal range while serum copper was above average in both 
preterm and term groups. Thus, there was no deficiency of copper, 
ferritin, selenium, zinc and vitamin D in the study population.

Characteristic Preterm N=95 Term N=92 P-value

Maternal age (years), N (%)

     <20 28 (29.5) 15 (16.3) 0.063

     20-29 48 (50.5) 49 (53.3)

     ≥30 19 (20.0) 28 (30.4)

Gestation, Mean(SD), weeks 33.4 (2.5) 38.0 (1.0) <0.001*

    28-<32, N (%) 22 (23.2)

    32-<37, N (%) 73 (76.8)

Parity, N (%)

   0-1 64 (67.4) 48 (52.2) 0.083

   2-4 25 (26.3) 38 (41.3)

   ≥5 6 (6.3) 6 (6.5)

Inter-pregnancy interval of >2years 39 (41.1) 59 (64.1) 0.015*

Marital status, N (%)

    Single 3 (3.1) 2 (2.2) 1.000

    Married/cohabitating 90 (94.7) 89 (96.7)

    Divorced/separated 2 (2.1) 1 (1.2)

Education Level, N (%)

    ≤ Primary 59 (62.1) 44 (47.8) 0.076

    Secondary 29 (30.5) 43 (46.7)

    College 7 (7.4) 5 (5.4)

Herbal medication use, N (%) 22 (23.2) 10 (10.9) 0.032*

IPTp-SP Use, N (%) 85 (89.5) 90 (97.8) 0.033*

HIV positive, N (%) 13 (13.7) 15 (16.3) 0.379

Use of ART 9 (9.5) 15 (16.3) 0.193

Hemoglobin (g/dl), N (%)

    ≥11 33 (34.7) 50 (54.4) 0.008*

   <11 62 (65.3) 42 (45.6)

Positive histologic chorioamnionitis, 
N (%) 15 (15.8) 4 (4.4) 0.014*

Positive placental Malaria, N (%) 27 (28.4) 10 (10.9) 0.003*

Table 1: Characteristics of study participants for preterm vs term births.

M: Mean, SD: Standard Deviation, N: Number, HIV: Human immunodeficiency Vi-
rus, ART: Anti-retroviral Treatment, IPTp-SP: Intermittent Preventive Treatment in 
Pregnancy with Sulfadoxine-Pyrimethamine, *: Significant.
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 Previous reports on these serum concentrations are different from 
these study findings. In Malawi, women of reproductive age group 
have prevalent micronutrient deficiencies [16]. This difference in the 
study population explains the discrepancies. The studies were done 
outside pregnancy and included participants from the rural community. 
Micronutrient deficiency is more prevalent in rural communities [16]. 
This study was hospital-based and within the urban setting. To the 
best of our knowledge, this is the first study to analyse copper, ferritin, 
selenium, zinc and vitamin D in Malawi pregnant women.

 Mothers delivering preterm had significantly higher concentra-
tions of copper, ferritin, selenium and zinc (p < 0.05). This finding is 
similar to results reported by other researchers [26,27]. Other studies 
have reported contrasting findings of increased maternal serum con-
centrations of copper, iron, selenium and zinc in women with term 
births [4,28]. The differences in study population, design and sample 
size contribute to the discrepancy. Both studies were done outside  

the sub-Saharan Africa region, and the study by Wang et al., [4] was 
prospective while that by Irwinda et al., [28] used small numbers of 
participants (25 term versus 26 preterm births). In this study, a sig-
nificant number of women delivering preterm had placental malaria. 
The increased maternal serum concentrations of copper and ferritin in 
women with preterm birth is attributed from the presence of malar-
ia parasites destroying red blood cells resulting in the efflux of cop-
per andiron [29,30]. The inflammation from placental malaria also 
up-regulated the inflammatory marker ferritin, sequestering the serum 
irons from the malaria parasite providing nutritional immunity [31]. 
The haemolysis of red blood cells also caused the significant anaemia 
present in women with spPTB. Additionally, the elevated free copper 
ions caused the generation of damaging ROS further increasing the 
risk of spPTB [32].

 The study findings do not fully explain the science behind an in-
creased maternal concentration of selenium and zinc in women with 
spPTB. There is a possibility that hemolysis of red blood cells by the 
malaria parasites would cause this increase. Contrarily, women with 
placenta malaria (Table 3B) do not have increased selenium and zinc. 
Similarly, the maternal serum concentration of zinc is increased in 
the presence of histologic chorioamnionitis inflammation (Table 3A). 
However, the literature suggests that serum concentrations of zinc de-
crease during inflammation resulting from host defense in creating 
nutritional immunity [31]. The pro-inflammatory cytokine interleu-
kin 6 up-regulate expression of ZIP14 [33]. The zinc ion transporter 
ZIP14 leads to accumulation of zinc bound to metallothionein in the 
liver resulting in hypozincemia [31].

 Conversely, a significant number of women having preterm birth 
used herbal medication during this pregnancy. Most plants extract 
have unknown biological activity. Herbal medicines could have 
caused the efflux of selenium and zinc. The increased zinc microenvi-
ronment present in preterm birth group favoured the pathogen growth 
resulting in inflammation associated with spPTB. Both human and 
pathogens require zinc for survival [34]. Apart from causing the efflux 
of the elements, these herbs also produced uterotonic effects leading 
to spPTB [35].

 Similarly, serum concentrations of vitamin D were significantly 
higher in the group with histologic chorioamnionitis. Published reports 
support association of low concentrations of vitamin D and infections 
and pro-inflammatory cytokines during pregnancy [36]. Vitamin D 
deficiency correlates with increased susceptibility to infections due 
to impaired localized innate immunity and defective antigen-specific 
cellular immune response [6]. This study finding suggests placental 
immune function is not dependent on serum vitamin D concentrations 
[37]. The role of maternal serum vitamin D concentrations on  

Serum micronutrient Lab Ref Values [25] Overall mean values Preterm births n=95 Term births n=92 p-value

Copper (mg/L), M (SD) 0.76-1.59 2.5 (SD 0.5) 2.6 (2.5) 2.4 (0.5) 0.002*

Ferritin (µg/L), M (SD) 10-100 60.3 (SD 92.9) 81.5 (123.2) 38.4 (31.7) 0.001*

Selenium (µg/L), M (SD) 47-142 77.4 (SD 19.3) 80.4 (21.3) 74.4 (16.4) 0.033*

Zinc (mg/L), M (SD) 0.59-1.11 0.8 (SD 0.2) 0.8 (0.2) 0.7 (0.2) 0.003*

Vitamin D (nmol/L), M (SD) 50-125 90.7 (SD 21.3) 90.5 (21.6) 91.0 (21.2) 0.886

Variable
Histologic Chorioamnionitis

p-valuePositive
N=19

Negative
N=168

Copper (mg/dl), M (SD) 2.6 (0.7) 2.5 (0.5) 0.421

Ferritin (µg/L), M (SD) 53.2 (59.1) 61.1 (96.0) 0.726

Selenium (µg/L), M (SD) 81.8 (12.7) 76.9 (19.8) 0.295

Zinc ( mg/L), M (SD) 0.9 (0.4) 0.8 (0.2) 0.027*

Vitamin D (nmol/L), M (SD) 100.7 (20.0) 89.6 (21.2) 0.031*

Variable
Placental Malaria

p-valuePositive
N=37

Negative
N=150

Copper (mg/dl), M (SD) 2.7 (0.6) 2.5 (0.5) 0.028*

Ferritin (µg/L), M (SD) 106.7 (126.9) 48.9 (78.8) 0.001*

Selenium (µg/L), M (SD) 79.7 (20.7) 76.9 (18.9) 0.432

Zinc ( mg/L), M (SD) 0.8 (0.3) 0.8 (0.2) 0.676

Vitamin D (nmol/L), M (SD) 95.2 (23.6) 89.6 (20.7) 0.156

Table 2: Maternal serum concentrations of copper, ferritin, selenium, zinc and vitamin D for term vs preterm births.

M: Mean, SD: Standard Deviation

Table 3A: Maternal serum micronutrients concentrations of copper, iron, selenium, 
zinc, and vitamin D for positive vs negative histologic chorioamnionitis/placental 
malaria.

M: Mean, SD: Standard Deviation

Table 3B: Maternal serum micronutrients concentrations of copper, iron, selenium, 
zinc, and vitamin D for positive vs negative histologic chorioamnionitis/placental 
malaria.

M: Mean, SD: Standard Deviation
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histological chorioamnionitis is yet to be determined. The limitation to 
be considered when interpreting these study findings is the absence of 
data on anthropometric measurements for nutritional status. As such, 
it was not possible to assess the nutrition status of the participants 
in the study. Despite the limitations, the study provides the basis for 
investigating further the micronutrient concentrations of the Malawi 
pregnant population.

Conclusion
 There was a difference in maternal serum concentrations of 
copper, ferritin, selenium, and zinc between term and preterm births. 
Preterm birth is associated with increased concentrations of copper, 
ferritin, selenium and zinc. Malaria continues to be associated with 
significant morbidity in maternal health.
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