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Abstract

Objectives: Cell‐free DNA has been found in all body fluids, but DNAs emerging

from locations that are not in direct contact with breath in exhaled breath

condensate (EBC) are yet to be found. The potential of EBC for prenatal and cancer

screening prompted us to investigate whether fetal DNA is present in maternal

EBC.

Method: A total of 20 pregnant women's EBC and blood samples were collected.

Four Y chromosome‐specific assays were tested on all EBC and plasma samples by

quantitative PCR (qPCR). The best‐performing assay was used for digital droplet

PCR (ddPCR) on all EBC and the six plasma samples.

Results: The sex of the fetuses was accurately determined from plasma samples.

DNA sequences could not be properly amplified in EBC samples by the qPCR. By

ddPCR, the Y chromosome sequence was amplified in two of the 11 EBC samples,

from women carrying male fetuses (2/11), and the Y chromosome sequence was not

amplified in the EBC of women carrying female fetuses (9/9). Exhaled breath

condensate ddPCR result's specificity was 100%, the detection rate of Y chromo-

some was 18.18% (2/11), and the corrected accuracy was 59.09%.

Conclusion:Our finding of “the presence of fetal DNA in maternal EBC”, despite the

low detection rate, might have a major impact on prenatal diagnosis and cancer

screening.

Key points

What's already known about this topic?

� DNA/RNA sequences of lung cancer, Mycobacterium tuberculosis, and SARS‐Cov‐2 were

detected in exhaled breath condensate (EBC). Cell‐free DNA (cfDNA) has been detected in

various body fluids like blood, urine, cerebrospinal fluid, sweat, and breast milk, and cell‐free
fetal DNA (cffDNA) has been shown in maternal plasma. Also, the lungs are thought to be

filters of fetal cells in the maternal circulation.

What does this study add?

� This is the first study that showed the presence of Y chromosome sequence in the EBC of a

woman carrying a male fetus. Additionally, the presence of a DNA sequence that does not

belong to the gastrointestinal tract or respiratory system in the breath has not been shown

until now. The findings of this study may have an impact on non‐invasive prenatal diagnosis

and cancer screening.
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1 | INTRODUCTION

The exchange of nucleic acids and cells between the fetus and its

mother is a well‐known phenomenon. Schmorl is the first to report the

presence of fetal cells in maternal circulation. He especially stated the

presence of trophoblasts in the lungs of women whose cause of death

was eclampsia.1 Douglas GW, Thomas L, Carr M, et al. took their work

one step further and showed the presence of trophoblasts in the

uterine and inferior vena cava veins but not in the peripheral veins.2

Potential fetal cell types entering maternal circulation are mainly

trophoblastic cells, and these cells are most probably the origin of

cffDNA existing in maternal fluids/tissues including lungs.1–4 cfDNA

has been demonstrated in various other body fluids like urine, saliva,

breast milk, bronchial aspirate, etc., as a consequence of circulating

plasma and serum throughout thewhole body.5 On the other hand, the

rapid clearance of cffDNA from the maternal circulation makes it

specific to the pregnancy.6 Thus, the lungs could be one of the main

places for the elimination of cffDNA and fetal cells. However, the

current state of the literature on the metabolism/excretion of cffDNA

and fetal cells in maternal circulation is still debated.

Exhaled breath condensate is a reliable biomarker of lung dis-

orders, equivalent to blood, sweat, tears, urine, and saliva.7 Various

substances such as oxidative stress and inflammatory mediators,

cfDNA, microRNAs, and mitochondrial DNA can be measured in EBC

in various lung disorders, mainly in lung cancer.8 The exact site of

origin of substances in EBC is unknown, and they do not correlate

with substances in bronchoalveolar lavage fluid.9 In this study, we

aimed to investigate whether fetal DNA is present in maternal EBC,

which has never been studied before.

2 | METHOD

The study was performed according to the principles set out in the

World Medical Association Declaration of Helsinki and was approved

by the local ethics committee of the Medical Faculty of Marmara

University (Protocol No: 09.2018.713). The most critical point to

ensure the high quantity and quality of the samples is to maintain Y

chromosome‐free conditions. Specifically, the surfaces were cleaned

with a solution containing 70% alcohol and 10% sodium hypochlorite

before and after the sampling. The participants waited 10 min before

the sampling. All the materials that came into contact with samples

were sterilized before each sampling. Barrier‐filter tips were used

during all steps. All the sample collection and laboratory phases like

cleaning, sample collection, DNA isolation, and amplification were

performed by female staff only to avoid contamination with Y‐
chromosomal sequences. Males were not allowed to be in the same

place as the participants in the waiting and sampling rooms.

2.1 | Patients

The pregnant women attending Hacettepe University Faculty of

Medicine Department of Obstetrics and Gynecology (Ankara,

Turkey) for routine control were recruited with informed consent.

The inclusion criterion was to have a healthy singleton pregnancy

between 16th and 40th gestational weeks, and the exclusion criteria

were respiratory tract inflammation, organ transplantation, recent

blood transfusion (<one year), and obstetric complications. The

sample size was planned as 50 patients within a one‐year period, and
the collection of samples started on October 3, 2019. The COVID‐19
pandemic erupted, so we had to terminate the sampling on February

28, 2020. For this reason, the study was continued with 20 partici-

pants' samples. The sex of the fetuses was determined postnatally.

The sample collection phase was done at Hacettepe University Fac-

ulty of Medicine Department of Pediatric Allergy (Ankara, Turkey).

2.2 | Exhaled breath condensate

Exhaled breath condensate was collected using the EcoScreenTM in-

strument (Jaeger, Wurzburg, Germany) following the guidelines for

EBC sampling by the ERS/ATS (Europian Respiratory Society/Amer-

ican Thoracic Society) Task Force.10 Participants were requested to

refrain from eating and drinking (except water) 1 hour before EBC

collection. Prior to the sample collection, the participants were asked

to rinse their mouths with sterile water and, then to breathe tidally

through a mouthpiece for 10 min. An amount ranging from 1 to 3 ml

of EBC was collected from each participant. After EBC collection, the

samples were stored immediately at −21°C in 500 μL aliquots and

then transferred to −80°C within four hours and stored there until

the next procedure.

2.3 | Blood samples

5–10 ml of peripheral blood were obtained into a tube containing

Sodium Ethylenediaminetetraacetic acid (EDTA) and stored at 4°C

for no more than four hours for the next procedure. Blood was

centrifuged at 1600 � g for 10 min at 4°C to separate the plasma

from the cell components. The separated plasma was transferred into

a fresh tube, centrifuged again at 16,000 � g for 10 min to remove

any remaining cells, and then transferred into a fresh tube. The tubes

were stored immediately at −21°C in 500 μL aliquots and then

transferred to −80°C within four hours and stored there until the

next procedure.

All the samples that were collected and stored at −80°C were

transferred to Marmara University Faculty of Medicine, Department

of Medical Biology and Genetics (Istanbul, Turkey) in a special case

containing dry ice for maintaining the cold chain and immediately

stored at −80°C. All laboratory staff was blinded to the sex of the

fetuses.

2.4 | DNA extraction

Each aliquot was thawed only once. Cell‐free DNA was extracted

from all plasma and EBC samples using the DSP Virus Kit (Qiagen,

2 - TIPLAMAZ ET AL.
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Hilden, Germany) according to the manufacturer's instructions.

200 μL plasma and 400 μL EBC were eluted in 40 μL elution buffer

separately.

2.5 | Quantitative PCR (qPCR)

The extracted cfDNA was quantified using the LightCycler 480

Probes Master kit on Roche LightCycler 480 (Roche, Rotkreuz,

Switzerland) instruments with their corresponding software using

two forward and two reverse primers in four different ways. DYS14

was selected as a target gene region because it has multiple copies on

the Y chromosome, thus increasing the probability of detection. Four

assays targeting the DYS14 gene with final amplicon lengths of 84 bp,

177bp, 197bp, and 290 bp have been successful before.11 The four

assays were based on the combination of four primers and one

common TaqMan probe with sequences. As a housekeeping gene

sequence, the glyceraldehyde phosphate dehydrogenase (GAPDH)

enzyme gene region was used. The forward and reverse primers and

probes were as follows:

DYS14‐F1 50‐GGGCCAATGTTGTATCCTTCTC‐30, DYS14‐R1 50‐
GCCCATCGGTCACTTACACTTC‐30 ,
DYS14‐F2 50‐GTTAATGCCCAAGCCAGGA‐30, DYS14‐R2 50‐
CAATAGTACCCACGCCTGCT‐30,
FAM/TAMRA labeled DYS14 probe 50‐TCTAGTGGA-
GAGGTGCTC‐30,
GAPDH F 50 GAAGGTGAAGGTCGGAGT‐30 , GAPDH R 50

GAAGATGGTGATGGGATTTC‐30

FAM/TAMRA labeled GAPDH probe 50‐CAAGCTTCCCGTTCT-
CAGCC‐3´.

PCR amplification was performed according to a previously

published study.12 Briefly, 4 μL of template DNA was used in 20 μL
reaction volume containing 0.8 μmol/L of each primer and 0.4 μmol/L

of each probe. After the initial denaturation step at 95°C for 2 min,

50 amplification cycles were performed; each consisted of a dena-

turation step at 95°C for 10 s, followed by an annealing step at 60°C

for 60 s, and a 1 s elongation step at 72°C with a single fluorescence

read. The Ct value of 36 was set as the cutoff for a positive signal of

amplification.

2.6 | Digital droplet PCR (ddPCR)

DNA was detected and quantified using a QX200™ Droplet Digital™

PCR system (Bio‐Rad Laboratories, Hercules, CA, USA). Briefly, 11 μL
of 2xddPCR Supermix for Probes (Bio‐Rad Laboratories), 0.8 μmol/L

of each primer, and 0.4 μmol/L of the probe were mixed with 8 μL of

DNA template in a reaction volume of 22 μL. For the plasma sample,

unlike the EBC, 2 μL of DNA template was used in a reaction volume

of 22 μL. Just one primer pair (DYS14 F1‐DYS14 R1) was used due to

the low amount of EBC. This selected primer pair was the best‐
performing pair according to plasmas and EBCs quantitative PCR

(qPCR) results, and the length of the amplicon was 84 bp. To

generate the droplets, 20 μL of digital droplet PCR (ddPCR) reaction

and 70 μL of Droplet Generation Oil for Probes (Bio‐Rad Labora-

tories) were inserted in an eight‐well cartridge using an Automated

Droplet Generator (Bio‐Rad Laboratories) according to the manu-

facturer's instructions. Then, 40 μL of the generated droplet emulsion

was transferred to a new 96‐well PCR plate (Eppendorf, Hamburg,

Germany) and amplified in the C1000 TouchTM Thermal cycler (Bio‐
Rad Laboratories). Amplification conditions started with 10 min of

activation of DNA polymerase at 95°C, followed by 40 cycles of a

two‐step thermal profile of 30 s at 94°C for denaturation and 1 min

at 60°C for annealing and extension. A final hold of 10 min at 98°C

was used for the enzyme inactivation. Digital droplet PCR does not

need optimization with respect to qPCR annealing or probe con-

centration. After thermal cycling, plates were transferred to a

QX200TM Droplet Reader (Bio‐Rad Laboratories). The software

provided with the ddPCR system (QuantaSoft 1.3.2.0; Bio‐Rad Lab-

oratories) was used for data acquisition to calculate the absolute

concentration of target DNA in copies/μL of reaction using Poisson

distribution analyses.

3 | RESULTS

A total of 20 pregnant women participated in this study. They gave

birth to 11 male and 9 female babies. Their gestational ages at the

time of sampling were between 16 and 37 weeks. The mean

gestational age was 28.9 weeks, and the mean fetus weight was

1785.45 gr according to ultrasonographic measurements at the time

of sampling. One pregnant woman had late‐onset gestational dia-

betes mellitus. Detailed clinical information about participants is

shown in Table 1.

Y chromosome sequences were detected in the plasma samples

of all women carrying male fetuses (11/11) by the qPCR method.

None of the Y chromosome sequences were detected in the plasma

samples of women carrying female fetuses (9/9) by the qPCR

method. DNA sequences (including the targeted housekeeping gene)

could not be amplified efficiently from EBC samples by the qPCR

method.

Three women carrying male fetuses and three women carrying

female fetuses were randomly selected from their pools, and their

plasma extracts were also run with ddPCR. The sex of these six

fetuses was correctly determined with ddPCR. All the EBC extracts

were run with ddPCR, and the Y chromosome sequence was

amplified in two of the 11 EBC samples from women carrying male

fetuses (2/11), but the Y chromosome sequence was not amplified

in the EBC of women carrying female fetuses (9/9). The graphs of

ddPCR are shown in Figures 1 and 2. The results of qPCR and

ddPCR are shown in Table 2 and basic statistics of the results are

shown in Table 3.

TIPLAMAZ ET AL. - 3
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4 | DISCUSSION

Clinical studies have already demonstrated the benefit of using

cffDNA for prenatal screening.6,13 We have shown that fetal DNA

can be detected in EBC, and it is too early to say that this finding

could be used for prenatal screening, but it is novel information and

its mechanism should be explored by future studies. The presence of

fetal DNA in EBC was validated by the amplification of the Y chro-

mosome sequence in pregnancies with male fetuses, and the detec-

tion rate was 18.18% (2/11).

Exhaled breath condensate is a non‐invasive method for sam-

pling exhaled air. It has been reported that EBC is used in the

TAB L E 1 Clinical data of the participants

Case

number

Gestational
weeks at

sampling

Fetus

weight at
sampling

(gr)

Age of
mother

(year) BMI (kg/m2) Parity

Sex of the
other child/

children Disease of mother

Disease of

newborn

Medical

intervention

Male fetuses

1 16 160 24 18.27 G1P0 x Rheumatoid

Arthritis

x 36 weeks, CS

3 20 337 26 19.49 G1P0 x x Prematurity 32 weeks, CS

4 37 3200 37 43.28 G4P2 Male, male Gestational

diabetes

x 40 weeks, CS

6 29 1330 25 28 G2P0 Female x Heart murmur 36 weeks, CS

8 34 2300 25 38.45 G1P0 x Rheumatoid

Arthritis

x 39 weeks, CS

9 36 3000 30 28.34 G4P2 Female,

female

Rheumatoid

Arthritis

x 38 weeks, CS

11 29 1350 25 25.40 G1P0 x x x 39 weeks, SD

16 29 1430 20 28 G1P0 x x x 38 weeks, CS

17 23 582 22 19.81 G1P0 x x x 39 weeks, CS

18 22 570 35 22 G4P1 Male Sickle cell anemia Sickle cell trait 33 weeks, CS

20 30 1830 41 26.73 G4P1 Male x x 37 weeks, CS

Female fetuses

2 29 1365 40 22.23 G7P1 Male Ankylosing

spondylitis,

ventricular

septal defect

x 37 weeks, CS

5 37 2870 27 30.33 G1P0 x Familial

mediterranean

fever

37 weeks, CS

7 36 2960 29 39.52 G2P1 Twin

females

x x 38 weeks, CS

10 34 2490 28 28.52 G2P0 x x Atrial septal

defect

38 weeks, CS

12 35 2550 22 24.84 G1P0 x Autoimmune

hepatitis,

ulcerative colitis

x 38 weeks, SD

13 20 355 24 17.93 G2P1 Female x Prematurity,

intracerebral

hemorrhage

24 weeks, CS

14 35 2760 40 26.17 G1P0 x x x 37 weeks, CS

15 32 2020 21 41.79 G1P0 x Epilepsy ‐ ‐

19 33 2250 35 29.72 G1P0 x x 38 weeks, CS

Abbreviations: BDM, body mass index; CS, cesarean section; G, gravida; P, parity; SD, spontaneous delivery; “x”, none.

4 - TIPLAMAZ ET AL.
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detection of lung cancer, bronchial asthma, gastrointestinal disorders,

inflammatory processes, and lung infections.14–18 There have been no

studies investigating DNAs from locations that are not in direct

contact with breath in EBC. This is the first study to demonstrate the

presence of fetal DNA in maternal EBC, and that means the EBC not

only samples the respiratory and gastrointestinal systems but also

samples the whole body. There are similarities between fetus and

cancer. They both release cfDNA and living cells into the hosts' blood

circulation, and that blood is filtrated and aerated by the lungs. This

study showed that fetal DNA can emerge from the breath and may be

used for prenatal and cancer screening just as cfDNA in plasma is

used.13,19 Nevertheless, fetal cell isolation will presumably be more

precious for sequencing the whole genome and the longer sequences

of DNA.

Obtaining an EBC sample is a non‐invasive method that is easily

repeatable, harmless, and gives a chance for longitudinal sampling.

The limitations of this method are the lack of standardization, the

lack of evidence for the origin of the aerosol particles, and the lack of

enough information about the effects of the disease. There are two

well‐known EBC collection systems; the EcoScreenTM device is the

most commonly known EBC collection system that was used in this

study.20 The RtubeTM is the second method frequently used. Both

systems have pros and cons, but using the most frequently used one

could diminish the effect of the lack of standardization. EBC‐based
methods require a strict protocol to reduce variability, increase

sensitivity, and prevent contamination.10 The standard operating

procedures have been established for EBC collection, storage, and

laboratory analysis. Additionally, special care was taken not to

F I GUR E 1 Representative graphs for cell‐free fetal DNA (cffDNA) in samples analyzed by digital droplet PCR (ddPCR). Blue dots are the
droplets that emit fluorescence, which means there is an amplification of DNA. Black dots are the droplets that do not emit fluorescence,
which means there is no amplification of DNA. The threshold line is colored in Fuchsia. The left one is the graph of EBC's ddPCR. From left to

right; Case 3, Case 9, and No Template Control (NTC) (Empty) respectively. The right one is the graph of plasma's ddPCR. From left to right;
Case 1, Case 2, Case 3, Case 4, Case 5, Case 7, NTC (empty), and NTC, respectively.

F I GUR E 2 Bar chart of cell‐free fetal DNA (cffDNA) in exhaled breath condensate (EBC) analyzed by digital droplet PCR (ddPCR). Samples
are numbered in the same order as the case number. This chart shows the positive fluorescence signals that droplets emit. NTCs are No

Template Control (NTC) (Empty sample). The threshold was calculated as 6.

TIPLAMAZ ET AL. - 5
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contaminate the samples. Thus, there was no false‐positive result in

both plasma and EBC samples in our study.

The Y chromosome sequence was amplified by ddPCR but not by

qPCR, and that shows the importance of using appropriate

technology to obtain more precise results. It was also previously

reported that ddPCR is more accurate and sensitive than qPCR.21

We thought that the Y chromosome sequence could not be amplified

in nine of 11 samples due to the very low amount of fetal DNA in

TAB L E 2 Amplification of Y chromosome sequences in plasma and exhaled breath condensate (EBC) using quantitative PCR (qPCR) and
digital droplet PCR (ddPCR)

qPCR DYS14 amplicons ddPCR DYS14 amplicon

Plasma
Plasma EBC

Case number Gestational weeks at sampling 84bp 177 bp 197 bp 290 bp 84 bp 84 bp

Male fetuses

1 16 + + + + + ‐

3 20 + + + ‐ + +

(37·5 copies/μL)

4 37 + + + + + ‐

6 29 + + + + x ‐

8 34 + + + + x ‐

9 36 + + + + x +

(1·2 copies/μL)

11 29 + + + + x ‐

16 29 + + + + x ‐

17 23 + + + + x ‐

18 22 + + + + x ‐

20 30 + + + + x ‐

Female fetuses

2 29 ‐ ‐ ‐ ‐ ‐ ‐

5 37 ‐ ‐ ‐ ‐ ‐ ‐

7 36 ‐ ‐ ‐ ‐ ‐ ‐

10 34 ‐ ‐ ‐ ‐ x ‐

12 35 ‐ ‐ ‐ ‐ x ‐

13 20 ‐ ‐ ‐ ‐ x ‐

14 35 ‐ ‐ ‐ ‐ x ‐

15 32 ‐ ‐ ‐ ‐ x ‐

19 33 ‐ ‐ ‐ ‐ x ‐

Note: “+”, detected; “‐”, not detected; “x”, not run.

TAB L E 3 Sensitivity, specificity, and accuracy comparison between plasma and EBC results

Plasma (according to qPCR results) EBC (according to ddPCR results)

Sensitivity 100% (95% Cl: 0·7151–1) 18.18% (95% Cl: 0·228–0·5178)

Specificity 100% (95% Cl: 0·6637–1) 100% (95% Cl: 0·6637–1)

PPV 100% 100%

NPV* 100% 50% (95% Cl: 0·4305–0·6176)

Accuracy* 100% (95% Cl: 0·8316–1) 59·09% (95% Cl: 0·3522–0·8018)

Note: *These values were corrected to the prevalence of males (50%). PPV; positive predictive value, NPV; negative predictive value, 95% CI; 95%

confidence interval.

6 - TIPLAMAZ ET AL.
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EBC. The ddPCR shared similar results with the other sensitive PCR

methods, like the BEAMing enhanced digital PCR. A study that used

the BEAMing obtained a fetal DNA detection rate of 80% in plasma

on average 15.4 days after embryo transfer,22,23 so the BEAMing‐
enhanced digital PCR might be an alternative to the ddPCR Addi-

tionally, previous technologies, until recently, were not as sensitive as

today's to show the presence of cffDNA in EBC. This is probably one

of the reasons why it has not been explored before.

In this study, the DSP virus kit was used to extract cfDNA.

Studies showed that there was no significant difference in the yield of

cfDNA between the DSP virus kit and the Circulating Nucleic Acid

(CNA) kit (Qiagen, Hilden, Germany).12,24 but some studies have

recommended using the CNA kit due to better cfDNA yield and

larger volume usability.12,25 Using a larger EBC volume may also in-

crease the detection rate of cffDNA, so the CNA kit could be pref-

erable for further studies.

In Case 3, a 290‐bp amplicon could not be amplified in the

plasma by qPCR. One possible explanation for this is that there may

be a critical mutation where the primer binds, so this fragment

cannot be amplified. Another possible explanation is that the cffDNA

of Case 3 in plasma may be highly fragmented, not long enough up to

290 bp for detection. The presence of cffDNA in maternal plasma

increases during the progression of pregnancy. The portion of

cffDNA in plasma increases by 0.1% every week between the 10th

and 21st week of gestation, then by 1% every week after the 21st

week of gestation.26 The ddPCR result for Case 3 is inconsistent with

this data. At an earlier gestational age (20th gestational age), ac-

cording to other samples, the Y chromosome sequence was detected

in her EBC. Additionally, although Case 9's gestational age was older,

there was a discordance in the detected yield of the Y chromosome

sequence between Case 3 (37.5 copies/μL) and Case 9 (1.2 copies/μL)
by ddPCR. Schlütter et al. showed that a high level of IL‐5 is asso-

ciated with a higher number of isolated fetal cells in maternal

blood.27 Also, another study showed that a high level of IL‐5 in

maternal serum is associated with preterm delivery.28 Case 3 had a

preterm delivery. These observations may explain why we detected

the higher yield of the Y chromosome sequence at an early gesta-

tional age. Samples from Case 9 were obtained at the 36th gesta-

tional week, and the Y chromosome sequence was detected in her

EBC by ddPCR. This case was the second oldest according to the

gestational age of the women carrying male fetuses. The oldest one

was Case 4 but the Y chromosome sequence was not detected in her

EBC by ddPCR, and neither was it in the third oldest one. Their body

mass indexes (BMIs) were different. The BMI of Case 9 was 28.34,

the BMI of Case 4 was 43.28, and the BMI of Case 8 was 38.45. A

negative association was observed between maternal BMI and the

yield of cffDNA in plasma.26 There is also a huge variation in fetal

fractions between patients at the same gestational age. These could

be the reasons why we could not detect the Y chromosome sequence

in those EBC samples.

The underlying mechanisms for the presence of cffDNA in

maternal EBC have yet to be established. One possible mechanism is

the circulating cfDNA in plasma throughout the whole body.5 The

other one is that the lungs are the places that eliminate fetal cells.4

We have previously shown fetal cell microchimerism in maternal liver

and skin but not in the lung tissue, probably because lungs eliminate

cffDNA and fetal cells.4,29

Due to the nature of the used method, there are some drawbacks

such as mosaicism, chimerism, vanished twin syndrome, and multiple

gestations that affect the accuracy of the test as in Non‐Invasive
Prenatal Tests.29,30

The limitations of this study were the small sample size due to

the COVID‐19 pandemic that stopped us from obtaining more sam-

ples, and that we could not run other amplicons except 84 bp in

ddPCR due to the low volume of EBC. We hypothesize that the low

detection rate can be improved by increasing the volume of EBC,

adding extra centrifugation steps before DNA extraction, using bet-

ter extraction methods, shortening the amplicon size (due to cffDNA

clearance from the lungs), targeted sequencing, or more advanced

PCR techniques, etc.

Although these limitations, this study is the first to report fetal

DNA in maternal EBC. Once the methodology is established, cffDNA

in the EBC will be detected earlier in pregnancy, and this method/

approach will be feasible for prenatal screening in the future.

5 | CONCLUSION

The presence of fetal DNA in the maternal EBC is shown, despite the

low detection rate. But this rate can likely be improved by modifi-

cations to the method. The underlying mechanism of this finding

should be further investigated. Although it is too early to rely on this

method and more work is needed to improve, these findings might be

the start of a new line of biological exploration.
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