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INTRODUCTION 
We share our body space with microorganisms that form 

the microbiota. It is a fact that microbiota and microbiome 
composition are associated with various diseases, including 
infections, and for this reason the research community wants 
to identify microbial and/or human host biomarkers for diag-
nostic and clinical purposes. Population-based variation in 
microbiota composition, especially respiratory microbiota 
between healthy individuals, is rarely investigated. Variously 
defined, the microbiome is the combined genetic material 
of microorganisms in a given environment. The newly 
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The upper respiratory tract, including the nasopharynx, is inhabited by many microbial 
species. Still, the nasopharyngeal microbiota (or microbiome) of pregnant women 
is not well understood and may be influenced by a number of factors, including place 
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using microbiological culture methods and the MALDI-TOF MS technique. Bacteria 
were colonisers of the nasopharynx cavity in all cases tested. Accordingly, 97.3% (36/37) 
of the pregnant women were colonised by Gram-positive bacteria, mainly coagulase-
negative (CoNS) and -positive (CoPS) Staphylococcus spp. and Corynebacterium 
spp. in both the rural and urban groups. Gram-negative Klebsiella variicola, Proteus 
mirabilis and Pseudomonas congelans colonised only 17.6% (3/17) of rural women and 
Stenotrophomonas maltophilia only 5.0% (1/20) of the urban women. To summarise, all 
pregnant women were colonised with bacteria in the nasopharyngeal cavity. The majority  
from both rural and urban residences were colonised with Gram-positive bacteria only. 
Gram-negative bacteria were isolated mainly from samples in the rural group.
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proposed definition of microbiota and microbiome is based 
on both biotic and abiotic factors that modulate interactions 
between microbial cells and cells of the host organism [1], 
and also encompasses the broad range of activities of the 
microbiome, called “the theatre of activity” [2]. The micro-
biota comprises all the microorganisms in a given ecological 
niche of the host body, whereas the human microbiome is 
a characteristic community of microorganisms (including 
bacteria, archaea, lower and higher eukaryotes and viruses) 
occupying a fairly well-defined habitat, with clearly specific 
physicochemical properties [1]. This definition of the micro-
biome includes all the structural elements of microorgan-
isms, as well as the environmental conditions in which 
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a given microbial population resides, and it is now even 
considered to be our “last organ” [3]. 

While the composition and health effects of the gut micro-
biota are well studied, little is known about the microbiota 
of the upper respiratory tract in healthy individuals. The 
human respiratory tract is physiologically divided into two 
parts. One part is the upper respiratory tract (URT), which 
consists of the oropharynx, nasopharynx and nasal cavity, 
and the other part is the lower respiratory tract (LRT), which 
includes the lungs. The upper respiratory tract is inhabited 
by many microbial species [4,5] that directly influence the 
maintenance of host body homeostasis and the proper func-
tioning of the immune system [6].

The nasopharyngeal microbiota (or microbiome) of 
pregnant women is not well understood and may be influ-
enced by a number of factors, including place of residence. 
Pregnancy, as a physiological state of a woman's body, 
involves many changes, and their association with the respi-
ratory microbiota is important not only for the health of 
the mother, but also for the developing fetus [7-9]. Some 
researchers have attempted to study the composition of the 
microbiota in the respiratory system of the pregnant woman's 
body, resulting in several research papers that help to expand 
current knowledge in this area (Table 1).
Table 1. Summary of distribution of individual microorganisms 
in the respiratory tract of pregnant and non-pregnant women

Respiratory area
Women

Ref.
Pregnant group Non-pregnant group

front nostril

Corynebacterium, 
Staphylococcus, 

Propionibacterium, 
Moraxella, 

Streptococcus

Corynebacterium, 
Propionibacterium, 

Staphylococcus
[10]

-

Staphylococcus, 
Corynebacterium, 
Propionibacterium, 

Streptococcus, 
Moraxella, 

Dolosigranulum

[11]

nasopharynx

Staphylococcus  
(S. epidermidis,  

S. aureus)
- [12]

-

Staphylococcus, 
Corynebacterium, 
Propionibacterium, 

Streptococcus, 
Moraxella, 

Dolosigranulum

[11]

oral part of the 
throat -

Streptococcus, 
Prevotella, 

Veillonella, Neisseria, 
Fusobacterium, 

Actinomyces, Gemella, 
Haemophilus, 
Granulicatella, 

Leptotrichia, Rothia

[11]

mucous membrane 
of the posterior 
pharyngeal wall

Staphylococcus aureus - [13]

Abbreviations: underlined – species/genus/cluster dominant in the area

The aim of our investigation was to determine whether 
place of residence influences the composition of aero-
bic-growing bacteria in the nasopharyngeal microbiota 
of pregnant women. This has potential implications for 
pregnant women’s respiratory microbiota and wider health, 
particularly in relation to infectious diseases.

MATERIALS AND METHODS

Thirty-seven pregnant women in the third trimester 
of pregnancy from rural (45.9%, 17/37 cases) and urban 

(54.1%, 20/37 cases) areas, from the Lublin region, Poland, 
were enrolled in our study to determine the differences in 
the colonisation of the nasopharyngeal cavity by aerobi-
cally growing bacteria. Pregnant women were diagnosed at 
the Department of the Obstetrics and Perinatology, Medical 
University of Lublin, Poland. Samples were collected using 
sterile cotton swabs with the Amies medium (Copan Liquid 
Amies Elution Swab, eSwab, Copan, Italy). The collected 
samples were immediately transferred to the Department 
of Pharmaceutical Microbiology, Medical University of 
Lublin, Poland. Inclusion criteria for the PW group were: 
single pregnancy, lack of chronic disease or autoimmune 
disease, and lack of infection. The exclusion criteria for the 
PW group were as follows: multiple pregnancy, presence of 
chronic disease (e.g. diabetes, hypertension, hypo- or hyper-
thyroidism), presence of autoimmune disease (e.g. lupus 
erythematosus), of hereditary thrombophilia, of adverse 
pregnancy outcomes in the patient's history (e.g. stillbirth, 
preterm delivery, miscarriage, fetal growth restriction), and 
presence of infection of any origin. Inclusion criteria for 
the NPW group were good health without autoimmune or 
chronic diseases and the absence of infections. None of the 
patients enrolled in the study had been treated with antico-
agulants and antimicrobials for at least two months. The 
protocol was approved by the institutional review board 
(KE-0254/59/2016, Ethics Committee of the Medical Uni-
versity of Lublin, Poland). To protect the confidentiality of 
the cases, no information that could identify the pregnant 
women was included in the case record form.

Bacterial components of the nasopharyngeal microbiota 
were isolated and identified from 37 nasopharyngeal swabs 
taken from asymptomatic pregnant women aged 21-34 years 
old (mean age 29.14±3.69 years). All participants were in 
good health condition, without symptoms of infection or 
antimicrobial treatment. Collected nasopharyngeal samples 
were cultured on the various agar media routinely used for 
selective growth of microorganisms: blood agar plate with 
5% sheep blood (MHF, Biomaxima, Poland), Mueller-Hin-
ton agar medium (MHA, Oxoid, Ireland) and incubated for 
24-48 h at 35±2°C under aerobic conditions. After incuba-
tion, selected isolates were initially identified phenotypically 
based on their characteristics, e.g.: macro- and microscopic 
characteristics, biochemical features. Final species identifi-
cation was based on the protein profile detection by matrix-
assisted laser desorption-ionization time of flight mass 
spectrometry (MALDI-TOF MS) and MALDI Biotyper 3.1 
database – Build (Bruker, Germany) at the Department of 
Epizootiology and Clinic of Infectious Diseases, University 
of Life Sciences in Lublin, Poland.

For the statistical analysis of some differences in bacterial 
colonisation, Fisher’s exact test was applied with a signifi-
cance level of p<0.05 (GraphPad InStat ver. 3.0, GraphPad 
Software, USA).

RESULTS

To estimate the differences in bacterial colonization, 
thirty-seven women in the third trimester of pregnancy, 
aged 21-35 years, were included in this study. Of the tested 
pregnant women, 45.9% (17/37) were recruited from the 
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rural areas, and 54.0% (20/37) from the urban area. The 
mean age of pregnant women from the rural and urban areas 
was 29.47±3.81 (range: 21-34) years old and 28.85±3.66 
(range: 21-35) years old, respectively.

All pregnant women were colonised with bacteria in the 
nasopharyngeal cavity. The majority of pregnant women 
from both rural and urban residences were colonised exclu-
sively with Gram-positive bacteria (Figure 1).

Figure 1. Prevalence of aerobically growing bacteria colonisation 
of the nasopharyngeal cavity in rural versus urban pregnant 
women in the third trimester of pregnancy

As evident in Table 2, among the pregnant women living 
in the rural condition, only 11.8% (2/17) were not colonised 
by Staphylococcus spp. Moreover, different staphylococci 
species colonised the nasopharyngeal cavity of 52.9% (9/17) 
persons without detection of other aerobic bacteria. Accord-
ingly, the nasopharynxes of 35.3% (6/17) were colonised 
by Staphylococcus spp. (both CoNS and CoPS) and other 
Gram-positive bacteria (Corynebacterium spp., Bacillus 
cereus and Micrococcus luteus). Furthermore, coagulase-
negative staphylococci (CoNS), mainly S. epidermidis, 
were the predominating colonisers in this group of pregnant 
women, selected from 76.5% (13/17) cases with or without 
other bacteria, while the coagulase-positive opportunistic 
pathogen S. aureus (CoPSA) was isolated from 41.2% (7/17) 
of the nasopharyngeal samples. Three species of Corynebac-
terium were detected in 17.6% (3/17) women. Additionally, 
one women was colonized simultaneously by two species 
of this genus. In the group of pregnant women living in the 
rural area, 17.6% (3/17) were colonised by Gram-negative 
bacteria: Klebsiella variicola (one case), Proteus mirabilis 
(one case) and Pseudomonas congelans (one case), as shown 
in Table 2.

Certain differences were observed in the group of 
pregnant women with urban residence (Table 2). In the urban 
group of pregnant women, 95.0% (19/20) were colonised 
by different staphylococcal species, including 30.0% (6/20) 
colonised by Staphylococcus spp. and 60.0% (12/20) by 
Staphylococcus spp. and other Gram-positive species (Cory-
nebacterium spp., Micrococcus luteus and Bacillus cereus). 
Only 5.0% (1/20) of all women were colonised by Gram-
negative Stenotrophomonas maltophilia, together with two 
species of staphylococci, S. hominis and S. warneri. What 
is more, the coagulase-positive S. aureus was detected in 
20.0% (4/20) of the nasopharyngeal samples in the urban 
group.

Table 2. Colonisation of the nasopharyngeal cavity of women in 
the third trimester of pregnancy according to the rural or urban 
area of residence
Number (%) of pregnant women colonised in nasopharyngeal cavity (n=37)

Bacterial genus/species colonisation Rural group
(n=17)

Urban group
(n=20)

Staphylococccus spp. 9 (52.9) 6 (30.0)

Bacillus cereus 0 (0) 1 (5.0)

Staphylococccus spp. + Corynebacterium spp. 1 (5.9) 7 (35.0)

Staphylococccus spp. + Micrococcus luteus 1 (5.9) 2 (10.0)

Staphylococccus spp. + Bacillus cereus 1 (5.9) 3 (15.0)

Staphylococccus spp. + Streptococcus 
pneumoniae + Bacillus cereus 1 (5.9) 0 (0)

Staphylococccus spp. + Corynebacterium spp. + 
Pseudomonas congilans 1 (5.9) 0 (0)

Staphylococccus spp. + Micrococcus luteus + 
Bacillus cereus + Corynebacterium spp. 1 (5.9) 0 (0)

Staphylococccus spp. + Stenotrophomonas 
maltophilia 0 (0) 1 (5.0)

Klebsiella variicola 1 (5.9) 0 (0)

Proteus mirabilis 1 (5.9) 0 (0)

All culturable and aerobically growing bacterial isolates 
from the nasopharyngeal cavity of pregnant women were 
defined as colonisers and they were not etiological agents 
of any infection. Among the nasopharyngeal microbiota, 
staphylococci dominated in both groups of pregnant women 
(Figure 2).

In the rural group, 47.0% (8/17) of all women were colo-
nised by one Staphylococcus species, 23.5% (4/17) by two 
species, 11.8% (2/17) by three species, and 5.9% (1/17) by 
five species. S. epidermidis and S. aureus were the most 
common bacterial species colonising nasopharyngeal cavity 
in pregnant women living both in rural (76.5%, 13/17 vs. 
41.2%, 7/17 of those colonised) and urban (85.0%, 17/20 vs. 
20.0%, 4/20 of those colonised) areas. Corynebacterium spp. 
was observed as the second major group of bacteria colonis-
ing the nasopharynx of most women in the third trimester 
of pregnancy. The presence of these Gram-positive bacteria 
were confirmed in 17.6% (3/17) and 35.0% (7/20) cases in 
the rural and urban groups, respectively.

Figure 2. Number of pregnant women colonised by selected 
species of aerobic bacteria in the nasopharyngeal cavity

We did not find statistically significant differences both in 
S. aureus (p=0.279) and S. epidermidis (p=0.680) or Gram-
negative bacteria (p=0.315) colonisation based on Fisher’s 
exact test results.
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DISCUSSION

One of the fundamental issues in the microbiota/micro-
biome research is the characterisation of the healthy human 
microbiota and microbial diversity as a function of various 
factors. Residence and place of living have a major impact 
on the respiratory microbiota, including the nasopharyngeal 
cavity as a mucosal surface in constant and direct contact 
with the surrounding environment. This has been clearly 
demonstrated by the current study of Callewaert et al. [14], 
where skin microbiota/microbiomes and microbiota compo-
sition was proven to change due to the external conditions 
such as weather and climate and, therefore, depended on 
the residence of people. Other authors also wrote about the 
microbiota depending on the place of human residence [15].

Recent studies have elucidated the influence of the 
local environmental (rural/urban) on the differences in the 
composition of the nasopharyngeal microbiota of healthy 
pregnant women in the third trimester of the physiological 
course of pregnancy. This study investigated the aerobi-
cally growing, including selected bacterial species that can 
be potent opportunistic pathogens. Our study showed that 
the nasopharyngeal cavity of all pregnant women living in 
both rural and urban conditions was colonised by culturable 
and aerobically growing bacteria, mainly Staphylococcus 
spp. and Corynebacterium spp. They were not an etiological 
agent of any infection, but were derived from respiratory 
microbiota as colonisers.

Similarly to our studies, a research on the nasopharyngeal 
microbiota conducted by Kosikowska et al. [12] showed 
a high prevalence of Staphylococcus spp. representatives in 
pregnant women, together with 42% of women colonized 
simultaneously by more than one Staphylococcus species. 
A total of 71 species of the genus Staphylococcus were 
isolated, with the vast majority being coagulase-negative 
staphylococci (S. epidermidis, 79%) and coagulase-positive 
staphylococci (S. aureus, 30%) [12]. The microbiota of the 
posterior pharyngeal mucosa of pregnant women with and 
without symptoms of acute respiratory tract infection has 
been shown to be dominated by Gram-positive bacteria. 
Meshcheriakova et al. [13] isolated 111 groups of micro-
organisms, of which Gram-positive bacteria were the most 
numerous, accounting for 79% of all cultured microor-
ganisms, followed by Gram-negative bacteria (18%) and 
Candida spp. (3%). Moreover, pregnant women without any 
symptoms of infection exhibit a higher S. aureus coloniza-
tion rate (31%) compared to sick women (2%).

Changes occurring in the respiratory microbiota of 
pregnant women were observed earlier on the basis of the 
quantitative composition of the oral microbiota [16,17]. In 
the subgingival plaque of women who are in the first and 
second trimesters of pregnancy, there is a significant increase 
in the abundance of the pathogenic bacterial species Por-
phyromonas gingivalis and Aggregatibacter actinomycetem-
comitans compared to non-pregnant women. In addition, 
Candida is more common in women in the middle and 
late stages of pregnancy [16]. Attempts have been made 
to elucidate the mechanisms by which pregnancy leads to 
changes in the composition of the oral microbiota, but these 
remain unclear. It has been suggested that progesterone and 

estrogen affect the microbiota of this area of the female 
body, but this has not been sufficiently proven. It is hypoth-
esised that the general immune status of a pregnant woman's 
body is responsible for the increase in the number of bac-
terial species in the oral cavity. Balan et al. [18] observed 
that the oral cavity is dominated by pathogenic bacterial 
species during pregnancy, whereas the normal microbiota is 
restored in the postpartum period. These fluctuations may be 
the result of complex interactions between the host and the 
microbiota that are influenced by many elements, including 
sex hormone activity and/or immune factors.

Unfavourable changes in the respiratory microbiota of 
pregnant women may play a role in the occurrence of com-
plications during pregnancy and may even predispose to 
their occurrence in the future [16,19]. The most serious con-
sequence of the adverse effects of bacteria from the mother's 
oral cavity on the fetus is miscarriage. Han et al. [9] were the 
first to demonstrate that F. nucleatum from maternal subgin-
gival plaque caused acute inflammation and subsequent fetal 
death after crossing the placenta into the fetus. The bacteria 
were able to cross freely into the placenta probably because 
the pregnant woman's immune system was weakened by 
a mild upper respiratory tract infection [9]. 

The physiological changes that occur in a woman's body, 
especially during the first months of pregnancy, promote 
the proliferation of microorganisms in the oral cavity, and 
facilitate the colonisation of this area of the human body by 
pathogenic microorganisms that cause periodontal disease, 
such as P. gingivalis and A. actinomycetemcomitans [20]. 
Sometimes these microbial changes can have serious conse-
quences for both for the mother's body and the fetus, includ-
ing the onset of gingivitis and periodontitis in women, pre-
mature birth and even pregnancy loss. Therefore, it is very 
important to investigate the changes in the qualitative and 
quantitative composition of the respiratory microbiota of 
pregnant women and their importance for maternal health 
and fetal development.

CONCLUSIONS

There are many scientific publications in which the 
authors present the results of ongoing studies to define the 
quantitative and qualitative composition of the gut micro-
biota and the reproductive tract of pregnant women. In 
contrast, the respiratory tract of pregnant women is rarely 
the subject of such research work. In our study, Gram-
positive bacteria, mainly CoNS and CoPS staphylococci 
and Corynebacterium spp. were found to be predominant 
in both rural and urban groups. All pregnant women were 
colonised with bacteria in the nasopharyngeal cavity. The 
majority of both rural and urban women were only colonised 
with gram-positive bacteria, while. Gram-negative bacteria 
were mainly isolated from samples from the rural group. As 
a result, there is still a lack of scientific data that provides 
information on how pregnancy affects the biodiversity of 
the respiratory microbiota.
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