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Introduction

The human gastrointestinal and genitourinary systems 
are surrounded by microbiota made up of trillions of 
microorganisms, most of which are of bacterial and viral origin. 
These microorganisms are considered non‑pathogenic or 
normal ‘flora’ and function in tandem with the host’s immune 
system defence to protect against pathogen colonisation and 
invasion.[1] Many animals and insects are hosts to numerous 
microorganisms that reside in the gastrointestinal tract as 
well. As defined by molecular biologist Joshua Lederberg, 
the gut microbiota is the totality of microorganisms, 
bacteria, viruses, protozoa and fungi and their collective 
genetic material present in the gastrointestinal tract.[2] 

Dysbiosis (also called dysbacteriosis) is a term for a microbial 
imbalance or maladaptation on or inside the body such as an 
impaired microbiota. The microbiota environment, such as 
skin flora, gut flora or vaginal flora, can become deranged, 
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with normally dominating species underrepresented and 
normally outcompeted or contained species increasing to 
fill the void.[3] This derangement has been described as an 
unhealthy microbiota. Dysbiosis is most commonly reported 
as a condition in the gastrointestinal tract, associated with 
the overgrowth of certain microorganisms over others. The 
small intestine bacterial overgrowth is a disorder of excessive 
bacterial growth in the intestine, and unlike the colon, which 
is rich with bacteria, the small bowel usually has fewer 
than 10,000 organisms per millilitre.[4] Dysbiosis has been 
associated with a change in dietary intake and other factors 
including antibiotic drug use.[5]

Carding asserts that intestinal microbiota performs an essential 
metabolic function by acting as a source of essential nutrients 
and vitamins and aiding in the extraction of energy and 
nutrients, such as short‑chain fatty acids and amino acids, 
from food.[4] Food nutrient absorption during pregnancy is 
essential in sustaining gestational growth and development 
for optimal pregnancy and newborn outcomes. Although it is 
difficult to associate the actual impact of microbiota disparity 
on maternal health during pregnancy, the metabolic function 
of gut microbiota remains an important physiological function 
under study. Gestational weight gain  (GWG) is defined as 
the amount of weight gain; a women experiences between 
conception and the birth of the infant. During the 20th century, 
recommendations for maternal weight gain in pregnancy were 
controversial, ranging from rigid restriction to encouragement 
of ample gain.[6] GWG results from various structural and 
functional modifications that occur in a woman’s body to meet 
the nutritional requirements of pregnancy. This gain includes 
foetal and placental growth, increase in amniotic fluid, placenta, 
increased blood volume, increased adipose tissue, uterine and 
mammary growth, all of which ranged12–20 kgs by the end 
of pregnancy. GWG has been associated with a higher fat 
mass in childhood and greater body mass index and fat mass 
in later adulthood. The rate of weight gain varies throughout 
pregnancy, and its timing during pregnancy also has an impact 
on newborn birth weight.[7]

Recently, the microbial alteration in the human gut was proposed 
to be the possible cause of obesity, and it was observed that 
the gut microbes from faecal samples harbour 3.3 million 
non-redundant microbial genes. However, it is still poorly 
understood how the dynamics and composition of the intestinal 
microbiota are affected by diet or other lifestyle factors. 
Moreover, it has been difficult to characterise the composition 
of the human gut microbiota due to large variations between 
individuals.[8] During pregnancy, the female body undergoes 
hormonal, metabolic, and immunological changes to preserve 
the health of the mother and the offspring, and these changes alter 
the mother microbiota at different sites such as the gut, the vagina 
and the oral cavity.[9] Normally, the gut microbiota composition 
undergoes dramatic alterations from the first to the third trimester 
with increased individual diversity β-diversity and decreased 
α-diversity. The alteration of gut microbiota may be associated 
with different intestinal complications, as well as variations in 

GWG during pregnancy. The paucity of studies confirming the 
reason behind these variations in GWG has led to a continuing 
increase of overweight and obesity amongst pregnant women 
in developed and developing countries, where 38.9 million 
overweight and obese pregnant women are estimated globally.[10]

In 2009, the Institute of Medicine guidelines reported that 
73% of pregnant women faced excessive GWG. In Rwanda, 
overweight increased from 13% in 2000 to 16.5% in 2010. 
Some researchers suggest that may be gut microbiota may 
enable hydrolysis of indigestible polysaccharides to easily 
absorbable monosaccharides activating lipoprotein lipase. 
This leads to rapid glucose and fatty acids absorption and 
synthesis of liver‑derived triglycerides, both phenomena 
which can boost weight gain.[11] Others think that specific 
microbiota compositions modulate fasting‑induced adipocyte 
factors. Whereas others say that obesity is not only caused 
by overnutrition but also associated with low‑grade systemic 
inflammation triggered by an imbalance in gut microbiota that 
regulates inflammatory processes in the gut.[12]

Microbiota modification before and during pregnancy may 
offer new directions for preventive and therapeutic applications 
in reducing the risk of gestational overweight. Understanding 
the factors associated with dysbiosis of maternal gut microbiota 
and GWG amongst pregnant women may provide insight 
into nutritional management during pregnancy.[13] Therefore, 
this study sought to investigate the relationship between gut 
microbiota and change in weight amongst pregnant women. 
This study evaluated the association between the dysbiosis of 
maternal gut microbiota and GWG amongst pregnant women 
attending Muhoza health care.

Materials and Methods

Study area
This study was conducted at Muhoza Health Center, which 
is located in the Muhoza sector, Musanze district, Northern 
Province of Rwanda.

Study design
This cross‑sectional study was performed in a period of 
3 months, from September 2020 to January 2021. The women 
participants attending the outpatient antenatal clinic were 
approached and requested to sign a voluntary consent form 
to enrol in the study.

Study population and sample size
The study population consisted of pregnant women attending 
Muhoza Health Center (n = 90). Stool samples were collected in 
a sterile container, and weight and height were measured. The 
collected samples were submitted to the clinical microbiology 
laboratory for analysis at INES Ruhengeri.

Inclusion criteria
Pregnant women attending Muhoza Health Center antenatal 
clinic in their first, second or third trimester were requested 
voluntarily to participate in the study.
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Exclusion criteria
Participants attending the outpatient clinic for other services 
and who were not pregnant were excluded from the study.

Collection of stool specimens
The participants’ stool samples were collected in a sterile 
container, and the women’s weight and height were measured. 
The collected samples were submitted to the clinical 
microbiology laboratory for analysis at INES Ruhengeri. Stool 
samples were collected in a sterile container. Patients were 
instructed how the sample should be collected using standard 
laboratory procedures for stool sample collection.

Laboratory analysis
Macroscopic of stool
A macroscopic examination was performed by observing 
stool specimens with eyes. The identified abnormalities of the 
sample were based on colour and clarity.

Culture media preparation
Blood agar (BA), macconkey agar (MCA) and man rogosa and 
sharpe (MRS) agar were prepared by dissolving some grams of 
a given amount of dehydrated culture media to corresponding 
millilitres of distilled water, heated with repeated stirring and 
boiled to dissolve completely. Then, the prepared solution 
was autoclaved at 121°C for 15 min, then cooled down and 
distributed in the Petri dish and waited for the culture medium 
to be solidified.

Inoculation and incubation
The streaking method was used for inoculation of bacteria 
samples into prepared Petri dishes of BA, MCA and MRS agar 
media. The plates were aerobically incubated at 35°C–37°C 
for 18–24 h. Then, we examined the grown colonies.

Smear preparation and gram staining procedures
Before staining the slide, a smear was prepared. A drop of 
normal saline was added to the slide and aseptically transferred 
a colony from the Petri dish. The culture was spread with an 
inoculation loop to an even thin film over a circle of 1–5 cm 
in diameter. The culture was fixed over a gentle flame. 
Furthermore, the solution of crystal violet was added over the 
fixed culture and waited for 60 s. The stain was poured off and 
gently rinsed excess stain with tap water from a faucet. Then, 
the iodine solution was added to the smear to cover the fixed 
culture and waited for 60 s. The iodine solution was poured 
off and rinsed the slide with running water and shaking off 
the excess water from the slide. Moreover, a few drops of 
decolouriser, ethanol or acetone, was added to the slide and 
rinsed off with water for 5 s. The counterstain, safranin, was 
flooded on the slide for 40–60 s and washed off the solution with 
water and making the slide air‑dried. Then, the stained smear 
was examined under the microscope on immersion oil objective.

Biochemical test
Kigler iron agar test
An inoculating straight loop was sterilised in the blue flame 
of the Bunsen burner and then allowed to cool. A colony of 

the suspected Gram‑negative microorganism from MCA and 
BA was picked, stabbed into the medium up to the butt of the 
kligler iron agar (KIA) tube and then it was streaked back and 
forth along the surface of the slant. Again, the neck of the KIA 
was flamed, capped and placed in the incubator for 18–24 h at 
a temperature of 37°C.

Sulfide, indole, motility and citrate tests
A grown Gram‑negative bacterium was inoculated into SIM 
and incubated at 37°C for 24 h. Kovac’s indole reagent was 
added, and the pink ring  (red colour) formed showed the 
presence of indole. For the citrate test, an agar slant with a 
medium containing the amounts of mineral salts of sodium 
citrate, ammonium and bromothymol blue  (pH indicator) 
was used to identify the positive citrate bacteria. Therefore, 
the positive citrate bacteria were indicated with blue colour 
change from green colour.

Urease test
A sterile wire loop was used to pick the growing Gram‑negative 
colony from the culture plate then stabbed into the medium 
urease broth. It is incubated at 37°C for 18–24  h. Before 
incubation, medium was yellow in colour, then looked pink 
for urease positive bacteria, and there was no colour change 
for urease negative bacteria.

Catalase test
Two drops of 3% hydrogen peroxide were put onto a clean 
glass slide using a dropper, a pure colony of the organism 
was picked from BA using a wire loop. By placing the 
colony on the hydrogen peroxide on the glass slide, 
emulsification was done. Observation for bubble formation 
was done within 30 s to differentiate Staphylococcus and 
Streptococcus species.

Coagulase test
Fresh plasma from human blood was used to identify 
coagulase‑positive bacteria (Staphylococcus aureus). A loopful 
of the test organism was put into the fresh plasma in the sterile 
test tube, which made a complete suspension. Incubation 
of the suspension was done at a temperature of 37°C, then 
examination for clot formation was made for coagulase 
positive.

Statistical analysis
We analysed the gut microbial difference in three pregnancy 
trimesters, and analysis of variance was used to test for the 
mean difference. The variation of gut microbiota was analysed 
to its difference in weight gain or weight loss, and a t‑test was 
used to test for mean difference amongst the two situations. 
A Chi‑square test was used to test for association with the gut 
microbiota imbalance and gestational weight. Figures and 
tables were used to present the results of this study.

Ethical considerations
We obtained approval from the head of Muhoza Health 
Center  (MH/AC2020/113). Ethical clearance from 
INES‑Ruhengeri‑Institute of applied sciences was given (INES/
BLS236/2020). The written informed consent was signed by 
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Table 1: Demographic characteristics of patients

Age Frequency (%)
17-22 10 (11.11)
23-27 20 (22.22)
28-32 34 (37.77)
33-37 16 (17.77)
38-42 10 (11.11)
Total 90 (100)

Table 2: Distribution characteristics of body mass index

BMI Frequency (%)

Trimester 1 Trimester 2 Trimester 3
17-21 3 (20) 0 0
22-27 9 (60) 11 (73.3) 13 (86.6)
28-33 2 (13.3) 2 (13.3) 2 (13.3)
34-39 1 (6.6) 1 (6.6) 0
40-45 0 1 (6.6) 0
Total 15 15 15
BMI: Body mass index
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each participant before collecting data. All patients’ data 
gathered in this study were handled confidentially by the 
researcher. Furthermore, patients’ coding was used to identify 
patients from whom the data were obtained.

Results

Age characteristic of patients
Table 1 indicates the demographic characteristics of patients 
with their frequencies and percentages. The most dominant age 
was between 28 and 32 years (37.8%), followed by the range 
of age between 23 and 27 years (22.2%) and age between 33 
and 37 years (17.8%), and the least age ranges were between 
17–22 and 38–42 years (both at 11.1%).

Body mass index in different trimesters
Table  2 indicates the distribution characteristics BMI of 
patients with their frequencies and percentages regarding 
trimesters. It indicates 60% of women from the 1st trimester 
is overweight, 73.3% and 86.6 from 2nd  to 3rd, respectively, 
to trimesters.

The microorganisms identified from the gut amongst 
pregnant women
Figure 1 indicates the microorganisms isolated from stool 
sample collected among pregnant women at Muhoza Health 
Center. Isolated microorganisms were S. aureus (19.17%), 
Escherichia coli (12.32%), Streptococcus spp (8.21%), 
Lactobacilli spp (23.38%), Salmonella spp (5.47%), Bacilli spp 
(4.1%), Pseudomonas spp (6.84%), Enterobacter spp (4.1%) 
Citrobacter spp 1.36%), Actinobacter spp (2.73%), Yersinia 
(4.1%), and Staphylococcus epidermidis (8.21%).

Variation of gut microbial community in pregnancy 
trimesters
The variation of gut bacteria was investigated in 
different trimesters. The mean difference of the isolated 
bacteria (F = 4.437904575, P = 0.022909599) was statistically 
significant. Some bacteria were high in some trimesters while 
low in others and sometimes absent in others [Table 3].

Comparison of gut microbiota in gestation weight
Table 4 indicates the comparison between gut microbiota in 
gestational weight amongst the pregnant women participants. 
The mean difference of the gut bacterial alteration in GWG 
and loss was statistically significant (t = 3.45, 95% confidence 
interval [CI]: 0.1487–0.5154, P = 0.005428).

Association of gut microbiota and gestational weight
We compared the total weight gain of the pregnant woman at 
the time of study and the dominant gut colonisation. Table 5 
indicates the association between gut bacteria dysbiosis and 
gestational weight. Gestational weight was partially associated 
with E. coli  (P = 0.030197, 95% CI: 0.0741–0.4611, x2 = 7), 
Citrobacter (P = 0.00046, 95% CI: 0.7855–0.9014, x2 = 15.38) and 
Pseudomonas (P = 0.018316, 95% CI: 0.0941–0.4781, x2 = 8). The 
overall association with gut microbiota imbalance (P = 0.001869, 
95% CI: 0.9697–0.9868, x2 = 46.19) was statistically significant.

Discussion

Gut bacteria play a huge role in metabolism, and this is 
not limited only to pregnant women. The predominant gut 
microorganisms were observed as S.  aureus with 19.17%, 
Lactobacilli with 23.38%. Lactobacillus are the most significant 
bacteria of the human gut and ensures good intestinal health. It 
not only breaks down some molecules such as glucose but also 
prevents some pathogenic and opportunistic pathogens in the 
gut.[14] The rise in oestrogen and progesterone during pregnancy 
alter the gut function and microbiome composition and 
increase the vulnerability to pathogens.[15] The gut microbiota 
progressively changes with each trimester of pregnancy. The 
composition which is most commonly dominated is lactobacilli 
amongst pregnant women  [Figure 1]. In the recent clinical 
trial, supplementation with specific strains of probiotics, 
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Figure 1: Bacterial identification.
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Table 4: Comparison of gut microbiota in gestational weight

Microorganism GWG GWL Difference MD (Difference−MD)2 t‑test 95% P
S. aureus 12 0 12 6.25
E. coli 18 0 18 72.25
Pseudomonas 6 4 2 56.25
Streptococcus 10 2 8 2.25
Salmonella 8 0 8 2.25
Yersinia 6 0 6 12.25
Lactobacilli 28 4 24 210.25
Actinobacter 10 0 10 0.25
Enterobacter 4 2 2 56.25
Bacilli 6 0 6 12.25
S. epidermidis 24 4 20 110.25
Citrobacter 0 2 ‑2 132.25
Total 132 18 114 9.5 673 3.45 0.1487-0.5154 0.005428
GWG: Gestational weight gain, GWL: Gestational weight loss, MD: Mean difference, S. aureus: Staphylococcus aureus, S. epidermidis: Staphylococcus 
epidermidis, E. coli: Escherichia coli
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such as Lactobacillus rhamnosus GG and Lactobacillus 
acidophilus, combined with dietary counselling, has been 
found to improve glucose metabolism in healthy pregnant and 
lactating women. During the course of normal pregnancy, gut 
microbiota has been reported to remain relatively stable or 
change dramatically, with an increase in Proteobacteria and 
Actinobacteria, a decline in butyrate‑producing bacteria, a 
reduction in bacterial richness and within‑subject (α) diversity 
and higher between subject  (β) at the end of pregnancy.[16] 
The findings of the study carried out in China reported the 
gestational age associated with variation in the gut microbiota. 
The microbiota covariates are concentrated in basic host 
properties  (e.g.,  age and residency status), suggesting that 

individual heterogeneity is the major force shaping the gut 
microbiome during pregnancy.[17]

Moreover, the findings reported on the identification of 
microbial and functional markers that are associated with 
age, pre‑pregnancy body mass index, residency status and 
pre‑pregnancy and gestational diseases. The gut microbiota 
during pregnancy is also different between women with high 
or low GWG. Four genera,  (Ruminococcus), Collinsella, 
Megamonas and unclassified Erysipelotrichaceae, increased 
continuously with gestational age, whereas Ruminococcus, 
Dialister and unclassified Lachnospiraceae decreased 
continuously. Parallelly, Streptococcus, Megasphaera, 

Table 3: Variation of gut bacteria in pregnancy trimester

Microorganisms Term one Tem two Term three
Salmonella spp 2 2 8
Lactobacilli spp 14 12 34
Enterobacter spp 2 2 6
S. aureus 8 4 12
S. epidermidis 2 6 28
Streptococcus spp 8 0 12
Yersnia spp 0 0 6
Pseudomonas spp 0 6 10
Actinobacter spp 0 4 10
Bacilli spp 0 4 6
E. coli 6 8 20
Citrobacter 0 2 2
Total 42 50 154

ANOVA

Source of 
variance

SS MS F P df F crit

Rows 16,590.5641 1382.547009 5.107771006 0.000341469 12 2.18338
Columns 2402.461538 1201.230769 4.437904575 0.022909599 2 3.402826
Error 6496.205128 270.6752137 24
S. aureus: Staphylococcus aureus, S. epidermidis: Staphylococcus epidermidis, E. coli: Escherichia coli, SS: Sum of squares, MS: Sum squares
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unclassified‑Clostridiales and Bacteroides seemed to be 
the most common taxa in mid‑trimester. Streptococcus 
and Megasphaera were enriched at 21–28  weeks of 
pregnancy, unclassified‑Clostridiales was enriched at 17–
24 weeks and Bacteroides was reduced at 21–28 weeks.[18] 
Dissimilar to this study in the first trimester from 0 to 
13 weeks, E. coli and Lactobacilli are the most dominant 
bacteria in this group, where in the second trimester 
14–27  weeks, E.  coli, lactobacilli and staphylococcus 
are mostly high in this trimester, while Lactobacilli 
and Enterobacter are the highest in the third trimester 
from 28 to 36  weeks of gestation age. The comparison 
with gut microbiota dysbiosis and gestational weight 
was analysed. There was a significant difference in gut 
microbial community composition in gestational weight 
increase and decrease  (t  =  3.45, P  =  0.004)  [Table  4]. 
The current study analysed the association between gut 
microbiota alteration and gestational weight. There was a 
significant association between gut microbial community 
composition and gestational weight [Table 5]. The negative 
linear relationship between the maternal GWG and gut 
microbiota was reported. Bacteroides dominated the faecal 
microbiota profile  (P = 0.01). In unadjusted multinomial 
models, higher GWG was associated with a decrease 
of a Bacteroides‑dominant microbiota. Specifically, 
mothers who had a higher GWG were less likely to have a 
Bacteroides‑dominant profile than an Enterobacter‑dominant 
profile, corresponding to an unadjusted relative risk ratio 
of 0.83 (95% CI: 0.71–0.96; P = 0.01) per 1 kg increase 
in weight. Although this relative risk was attenuated 
slightly, the associations remained significant in adjusted 
models (all P < 0. 05). The dynamic equilibrium of the gut 
microbiome is altered by environmental conditions and 
external interferences  (e.g.,  antibiotics, hormone therapy 
and nutrition). These alterations can result in microbial 
imbalances or dysbiosis in the gastrointestinal tract.[19] 
Normally commensal bacterial communities present in the 

gut can act as opportunistic pathogens in immunosuppressed 
individuals. The condition of alteration may favour their 
competitiveness. Thus, changes in the gut microbiota can 
lead to intervals of increased susceptibility that negatively 
impact the ability of the community to resist pathogen 
colonisation[20]

Figure  1 and Table  3 represent the spontaneous increase 
of gut microbiota changes during the first, second and 
third terms of pregnancy, respectively. Furthermore, the 
result observed in the study  [Table  5] in trimesters means 
that the more the terms of pregnancy increase, the more 
microbiota changes, which lead them to gestational weight 
increase or decrease. The association with gut microbiota 
alteration and trimesters was analysed; there was a significant 
association with gut microbial community composition and 
trimesters. However, Enterobacter  (x2  =  7.94, P  = 0.01), S 
epidermidis (x2 = 6.38, P = 0.04), S. aureus (x2 = 5.84, P = 0.05) 
and the overall (x2 = 40.697, P = 0.008952) were statistically 
significant.

According to Yang et al., 2020, associations with host factors 
of the gut microbiota during pregnancy and strengthens the 
understanding of microbe‑host interactions. The results from 
this study offer new materials and prospects for gut microbiome 
research in clinical and diagnostic fields. Alterations in the 
gut microbiota across pregnant stages have been of special 
concern. The results from this study offer new materials 
and prospects for gut microbiome research in clinical and 
diagnostic fields. Alterations in the gut microbiota across 
pregnant stages have been of special concern. The current 
study is in agreement with a previous longitudinal study that 
also demonstrated a relatively stable microbiota throughout 
gestation, while in challenge to another finding that the gut 
microbiota is dramatically altered during pregnancy. The 
results observed in this study also indicate that the higher the 
trimester of pregnancy, the more the gut microbiota becomes 
variant.

Table 5: Association with gut bacteria derangement and Gestation weight

Microorganisms Gestation 
weight gain

Unchanged 
gestation weight

Gestation 
weight loss

χ2 95% CI P

S. aureus 12 (10.2) 0 (0.3) 0 (1.4) 2.9 -0.0274-0.3716 0.367879
E. coli 18 (17.14) 2 (0.51) 0 (2.33) 7 0.0741-0.4611 0.030197.
Pseudomonas 6 (8.6) 0 (0.25) 4 (1.16) 8 0.0941-0.4781 0.018316
Streptococcus 10 (10.28) 0 (0.31) 2 (1.4) 0.56 -0.1273-0.8785 0.75578
Salmonella 8 (6.8) 0 (0.2) 0 (0.93) 1.32 -0.0857-0.5379 0.516851
Yersinia 6 (5.14) 0 (0.15) 0 (0.7) 0.99 -0.3321-0.7449 0.609571
Lactobacilli 28 (29) 2 (0.88) 4 (3.9) 3.72 0.1749-0.5349 0.155673
Actinobacter 10 (8.5) 0 (0.25) 0 (1.16) 1.64 -0.1543-0.8181 0.440432
Enterobacter 4 (5) 0 (0.15) 2 (0.7) 2.81 0.0849-0.4663 0.24537
Bacilli 6 (5) 0 (0.15) 0 (0.7) 0.99 -0.3321-0.7449 0.609571
Staph 24 (24) 0 (0.72) 4 (3.2) 0.88 -0.3614-0.7297 0.644036
Citrobacter 0 (1.17) 0 (0.05) 2 (0.23) 15.38 0.7855-0.9014 0.00046
Total 132 4 18 46.19 0.9697-0.9868 0.001869
S. aureus: Staphylococcus aureus, S. epidermidis: Staphylococcus epidermidis, E. coli: Escherichia coli, CI: Confidence interval
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Conclusion

Gut bacteria variation contributes to the GWG amongst pregnant 
women. The gut bacterial variation was observed throughout 
pregnancy trimesters and was found independent for each 
trimester. This study recommends that stool testing for microbial 
analysis is a routine test, particularly for women underweight of 
stunted or excessive increase in weight during pregnancy. The 
study recommends that nutritional assessment and counselling 
during pregnancy consider the gut environment for optimum 
nutritional absorption during pregnancy.
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