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Abstract

Objective To improve the understanding of the clinical features and imaging characteristics of pregnant women
with and without in-vitro fertilisation-embryo transfer combined with pulmonary tuberculosis (TB).

Methods A retrospective analysis was conducted involving 50 patients with pregnancy who had pulmonary TB and
were admitted to the Third People’s Hospital of Kunming (China) between 1 January 2017 and 31 December 2021.
These patients were divided into an in-vitro fertilisation and embryo transfer (IVF-ET) conception group and a natural
conception group according to the conception method. The clinical and imaging data were then collected and
compared.

Results The mean age of the IVF-ET group (n=13, 31.85+5.84 years) was higher than in the natural conception
group (n=37,27.05+5.5 years). The proportions of fever, haematogenous TB and extrapulmonary TB in the

IVF-ET group (92.31%, 84.62% and 76.92%, respectively) were higher than those in the natural conception group
(40.54%,16.22%,27.03%,respectively). The percentage of patients with pregnancy who had intracranial TB (76.9%) in
the IVF-ET group was higher than in the natural conception group (10.8%). The percentage of pregnancy terminations
in the IVF-ET conception group (84.62%) was higher than in the natural conception group (48.65%). All the above
results had statistically significant differences (p <0.05).

Conclusion Overall, IVF-ET conception combined with extensive pulmonary TB lesions lead to heavy systemic toxic
symptoms, severe disease and poor pregnancy outcomes. Therefore, screening for TB prior to performing IVF-ET is
recommended.
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Introduction

With the development of reproductive technology, in-
vitro fertilisation and ‘test-tube babies’ have gradually
become an option. However, new methods also create
more challenges; for example, the potential side effects of
pregnancy increase, and diseases can have a greater effect
on pregnancy outcomes.

Tuberculosis (TB), caused by a Mycobacterium tuber-
culosis infection of the human body, can occur in all
organs and tissue types of the body. The disease is a
serious public health problem worldwide, with close
to 10 million new TB cases per year and approximately
1.3 million deaths [1]. The disease is also one of the major
non-obstetric aetiologies of maternal death [2]. Approxi-
mately 700,000 women reportedly die from TB each year,
approximately 30% of whom are women of reproductive
age between 25 and 44 years [3]. ‘Pregnancy with TP’
refers to a woman who is infected with TB during preg-
nancy or who experiences a pregnancy without recover-
ing from the disease. Changes in the maternal immune
function during pregnancy may increase the risk of devel-
oping TB [4]. The incidence of pregnancy with active TB
in China is approximately 70 per 100,000, which is much
higher than the 7.1 per 100,000 recorded in developed
countries [5].

In clinical work, TB is often misdiagnosed in women
with pregnancy as an upper respiratory tract infection
due to limitations in examining the patient caused by
their specific physical condition, thus delaying the oppor-
tunity for treatment [6]. Therefore, the early diagnosis
and treatment of pregnancy complicated with pulmo-
nary TB is vital. The complexity of the patient’s condi-
tion during pregnancy makes it even more challenging to
treat them after they develop TB and can cause a series
of adverse reactions, such as foetal abortion, deformity
and death. With the development of in-vitro fertilisation
and embryo transfer (IVF-ET), more infertile patients are
choosing this method of conception [7]. Whether IVF-
ET increases the chance of developing active TB in preg-
nancy, as well as its impact on pregnancy outcomes, has
attracted wide clinical attention; however, no published
reports currently exist on this topic. Since there is a high
incidence of TB in Yunnan Province, and because preg-
nancy complicated with pulmonary TB is common in
clinical work, the current authors’ aim was to conduct a
case-controlled study of pulmonary TB in patients with
pregnancy who have conceived naturally and via IVE-ET
in a bid to enhance awareness of the disease and improve
early diagnosis and treatment.

Data and methods

Study participants

Patients with confirmed pregnancy complicated with
pulmonary TB in the Third People’s Hospital of Kunming
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(China) between 1 January 2017 and 31 December 2021
were selected for retrospective analysis. The patients
were divided into two groups: an IVF-ET conception
group and a natural conception group. All patients were
briefed on the aims of the study and signed an informed
consent form.

Inclusion and exclusion criteria

Inclusion criteria

A diagnosis of pregnancy with TB was made with refer-
ence to the Chinese Health Industry Standard — Tuber-
culosis Classification (WS 196-2017) and the Chinese
Health Industry Standard — Tuberculosis Diagnosis (WS
288-2017), with consistent TB imaging as referenced in
the Imaging Diagnostic Criteria for Pulmonary Tuber-
culosis [6]. The presence of TB in pregnant women was
further confirmed using an acid-fast bacilli smear, M.
tuberculosis culture and M. tuberculosis Xpert assay. This
study was approved by the hospital’s research ethics com-
mittee (batch no. 2,020,080,403), and informed consent
was obtained from all the patients.

Exclusion criteria

The following exclusion criteria were applied: (1) ectopic
pregnancy; (2) patients without complete clinical data
due to a hospital referral for treatment; and (3) patients
who did not undergo an imaging examination by the
hospital.

Clinical data collection

Medical history and clinical manifestations

The relevant data were collected from the hospital’s elec-
tronic case system, which included patient history, clini-
cal symptoms and signs, laboratory examination and
prognosis.

Tuberculosis aetiology

Patient sputum and bronchoalveolar lavage were col-
lected for an acid-fast bacilli smear, M. tuberculosis cul-
ture and M. tuberculosis Xpert assay. A TB diagnosis
was given when one of these tests was positive for M.
tuberculosis.

Imaging examination

Computed tomography (CT) was performed using a
GE Medical Systems LightSpeed VCT or BrightSpeed.
The scanning tube voltage was 120 Kv, the tube current
was selected using the auto-milliampere technique, the
scanning layer thickness was 5 mm and the reconstruc-
tion layer thickness was 0.625-1.25 mm. Magnetic reso-
nance imaging (MRI) was performed with uMR 588 or
uMR 780. Prior to the CT and MRI examinations, the
patients were informed of the possible adverse effects of
the X-ray, iodine contrast, gadolinium contrast and MRI
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electromagnetic radiation on the foetus, and an informed
consent form was signed. All patients underwent chest
CT examination. During the process of chest CT exami-
nation, lead clothing was used to cover the non-scanned
site. All patients underwent MRI of the brain and symp-
tomatic organs such as the vertebral body and abdomen,
as well as scanning for lymphadenopathy. In the IVF-ET
group, 12 patients (12/13, 92.31%) underwent abdominal
and vertebral MRI scans and 13 patients (13/13, 100%)
underwent whole-body superficial lymph node ultraso-
nography; in the natural conception group, 18 patients
(18/37, 48.65%) underwent abdominal and vertebral MRI
scans and 37 patients (37/37, 100%) underwent whole-
body superficial lymph node ultrasonography.

Imaging analysis

The CT and MRI images were read blindly by two doctors
with intermediate or above professional titles who had
been engaged in TB imaging diagnoses for many years.
If there was a disagreement between the two physicians,
a third experienced doctor reviewed and confirmed the
diagnosis. The following CT and MRI diagnoses were
included in this study:

(1) Pulmonary TB image classification [8]: This was
divided into primary pulmonary TB, haematogenous dis-
seminated pulmonary TB and secondary pulmonary TB.
Haematogenous pulmonary TB was further divided into
acute haematogenous disseminated pulmonary TB, sub-
acute haematogenous disseminated pulmonary TB and
chronic haematogenous disseminated pulmonary TB.

(2) Imaging diagnosis of extrapulmonary TB: (a) intra-
cranial TB, presented as meningeal TB or brain paren-
chyma TB. The imaging manifestations were meninges
thickening, multiple TB nodules or tuberculoma of the
brain parenchyma [9]; (b) thoracic TB, where the imag-
ing manifestations were irregular, spindle or circular-like
reinforced soft tissue masses, which could be accompa-
nied by adjacent bone and cartilage destruction [10];
(c) tuberculous pericarditis, presented with pericardial
thickening and a low-density shadow in the pericar-
dial cavity [11]; (d) lymph node TB, where the imaging
manifestations were ring-reinforced multiple lymph node
enlargement with internal calcification [12]; (e) liver TB,
with this diagnosis divided into the capsule and paren-
chymal types, which manifested on imaging as continu-
ous or progressive enhancement of the capsule lesions or
intraparenchymal liver lesions [13]; (f) spinal TB, mainly
manifested as vertebral bone and intervertebral disc
destruction or paravertebral abscess formation, which
could be accompanied by post-process deformity [12];
and (g) pelvic TB, where the imaging manifestations were
an irregular pelvic soft tissue mass with uneven density
and uneven reinforcement on the enhanced scans [14].
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The patients were treated with an initial anti-TB
regimen of isoniazid, rifampicin, ethambutol and pyr-
azinamide. Anti-inflammatory treatment with glu-
cocorticoids was additionally given to patients with
complicated intracranial TB. If intrauterine foetal death,
intrauterine infection or inevitable abortion occurred, or
if any serious complications or concerns for the pregnant
woman arose over the impact of diagnosis and treatment
on the foetus, the pregnancy was artificially terminated.

Statistical methods

Data analysis was performed using SPSS version 26.0
software. The measurement data were first checked for
compliance with the normal distribution. If the data were
normally distributed, the mean=standard deviation (¥
+s) was used. An independent samples t-test was used to
compare the mean difference between the two indepen-
dent samples. The count data were expressed using fre-
quency (percentage), and the differences were compared
using Fisher’s exact test. If the data did not follow a nor-
mal distribution, the Mann—Whitney U test was used to
compare the non-parametric model. A p-value of <0.05
was considered statistically significant.

Results

Clinical data

A total of 75 patients diagnosed with pregnancy with TB
in the Third People’s Hospital of Kunming between 1 Jan-
uary 2017 and 31 December 2021 were reviewed, none
of whom were screened for TB before pregnancy. Based
on the exclusion criteria, 9 (12%) patients with ectopic
pregnancies, 6 (8%) with incomplete clinical data due to
hospital referral and 10 without an imaging examination
at the hospital were excluded from the study. A total of 50
(66.7%) cases of pregnancy with TB were finally included,
and their clinical and imaging data were collected. Fig-
ure 1 shows the roadmap for the inclusion and exclusion
criteria.

Based on the inclusion and exclusion criteria, the 50
included patients with pregnancy complicated with pul-
monary TB were divided into the IVF-ET (n=13; 26%)
and natural (n=37; 74%) conception groups. The patients
in the IVE-ET conception group were aged 23—43 years,
with a mean age of 31.85%+5.84 years. The patients in
the natural conception group were aged 16-43 years
old, with a mean age of 27.05%5.5 years old. The mean
age of the patients in the IVF-ET conception group was
greater than that of those in the natural conception group
(p=0.017), and the difference was statistically significant.
The patients in the IVF-ET conception group were at
13-26 weeks of gestation, and the mean gestational week
was 19.151+4.24. The patients in the natural conception
group were at 6—40 weeks of gestation, and the mean ges-
tational week was 21.18+11.18. There was no significant
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Patients diagnosed with pregnancy complicated with pulmonary tuberculosis in
Kunming Third People's Hospital from January 1,2017 to December 31,2021 (n=75)

The first step excluded n=9

»l
>

Ectopic pregnancy patients (n=9)

Intrauterine pregnancy complicated with pulmonary tuberculosis (n=66)

The second step excluded n=6

=| Without complete clinical data (n=6)

clinical data (n=60)

Intrauterine pregnancy complicated with pulmonary tuberculosis with complete

The third step excluded n=10

Without imaging data (n=10)

5l
»

(n=50)

Intrauterine pregnancy with tuberculosis with complete clinical and imaging data

Fig. 1 Roadmap of the inclusion and exclusion criteria for the study

Table 1 Clinical symptoms, laboratory examinations, imaging findings, and outcomes in both groups

IVF-ET conception group Natural conception group P

(n=13) (n=37)
Clinical symptoms
Fever 12(92.31 15(40.54) 0.001
Cough and expectoration 5(38.46) 22(59.46) 0.19
Hemoptysis 0(0) 6(16.22) 0.293
Pectoralgia 0(0) 6(16.22) 0.293
Dyspnea 2(15.38) 4(10.81) 0.66
Positive tuberculosis etiology 4(30.77) 16(43.24) 0.143
Combined with hematogenous disseminated tuberculosis 12(92.31) 6(16.22) 0.000
Combined with extrapulmonary tuberculosis 10(76.92) 10(27.03) 0.002
Termination of pregnancy 11(84.62) 18(48.65) 0.024
Gestational age for screening (week) 19.15+4.24 21.18+11.18 0.544
Gestational age for termination (week) 14.89+8.12 19.6+4.55 0.104

Note: IVF-ET in-vitro fertilisation and embryo transfer

difference in gestational week between the two groups
at the time of diagnosis for pulmonary TB (p=0.544)
(Table 1).

Clinical symptoms

In the IVF-ET conception group, 12 patients (92.31%)
developed fever, 5 (38.46%) had a cough and expectora-
tion and 2 (15.38%) developed dyspnoea. There were no
symptoms of haemoptysis or chest pain. In the natu-
ral conception group, 15 patients (40.54%) developed

fever, 22 (59.46%) had a cough and expectoration, 6
(16.22%) had haemoptysis, 6 (16.22%) had chest pain and
4 (10.81%) had dyspnoea. The proportion of fever was
higher in the IVF-ET conception than in the natural con-
ception (p=0.001) group. The two groups had no signifi-
cant difference in terms of the other clinical symptoms
(Table 1).
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Pathology of Tuberculosis
Four patients (30.77%) in the IVF-ET conception group
tested positive for M. tuberculosis, and 16 patients
(43.24%) in the natural conception group tested positive
for this bacterium, with no significant difference between
the two groups (Table 1).

Imaging performance

In terms of haematogenous disseminated TB, there were
12 (92.31%) cases in the IVF-ET and 6 (16.22%) in the
natural conception group. The IVE-ET group exhibited
a higher proportion of haematogenous disseminated TB
than the natural conception group, with a significant dif-
ference between the two groups (p=0.000). Ten patients
in the IVF-ET group (76.92%) had the complication
of extrapulmonary TB, and 10 patients in the natural
conception group (27.03%) had this complication. The
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proportion of extrapulmonary TB was higher in the IVF-
ET than in the natural conception group (p=0.002), and
the difference was statistically significant (Table 1).

Among the 50 patients studied in this group, 20 had
extrapulmonary TB, including 14 with intracranial TB,
among which 10 cases (76.9%) were in the IVF-ET con-
ception group and 4 (10.8%) were in the natural concep-
tion group. The proportion of intracranial TB was higher
in the IVF-ET conception than in the natural conception
group (p=0.000), and the difference was statistically sig-
nificant. There was 1 case with a combination of chest
wall TB, pelvic cavity TB, liver TB, lumbar spine TB,
lymph node TB and tuberculous pericarditis.

There were 32 cases of pregnancy with secondary TB,
including 29 cases (90.62%) with nodule shadow and con-
solidation (Fig. 2a), 12 cases (37.50%) with pulmonary
cavity formation (Fig. 2b), 12 cases (37.50%) with the

Fig. 2 Imaging findings of pregnancy complicated with pulmonary tuberculosis and intracranial tuberculosis. a. shows the nodular and patchy shadows
of the left lung, with local Tree-in-Bud sign; b. The cavity and multiple patchy consolidation in the right lung; c. Enlargement of intrathoracic lymph nodes,
and the ring enhancement of enhancement scan; d-f. Three different patients of acute hematogenous disseminated tuberculosis, presenting a “three
uniform”millet nodule shadow, partial patchy fusion; g-i. MRI findings in the same patient; g. the T2Flair transverse position. Multiple intracranial nodules
with slightly higher T2 signal and partial peripheral brain parenchyma edema; h. For transverse images of T2Flair enhancement. Focal nodular and annular
enhancement; i. Sagittal images T1WI enhancement. Focal nodular and annular enhancement
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tree-in-bud sign, 12 cases (37.50%) with pleural effusion,
5 cases (15.62%) with lymphadenopathy (Fig. 2c) and 11
cases (34.38%) with bronchiectasis. A total of 18 cases
of pregnancy complicated with haematogenous dissemi-
nated TB were acute and manifested with miliary nod-
ules of uniform size, distribution and density, as well as
partial fusion (Fig. 2d—f). All the patients with intracra-
nial TB presented with multiple nodules in the meninges
and brain parenchyma, oedema of the surrounding brain
parenchyma and nodular and annular enhancements
upon enhanced scanning (Fig. 2g—i). The chest wall TB
mainly exhibited spindle swelling of the chest wall soft
tissue and focal ring enhancement on the enhanced CT.
The patients with pelvic TB exhibited a quasi-circular
low-density shadow and abdominal effusion, with ring
enhancement on enhanced scanning, whereas those with
liver TB exhibited a slightly lower density quasi-circular
shadow of the liver sub-capsule, ring enhancement on
enhanced scanning, congestion change of the adjacent
liver parenchyma and obvious enhancement of the liver
capsule and adjacent peritoneum. Finally, lumbar TB
exhibited bone destruction of the lumbar 2—4 vertebrae,
intervertebral disc destruction and bilateral psoas abscess
formation, whereas lymph node TB exhibited multiple
cervical lymph node enlargements with ring enhance-
ment and TB pericarditis exhibited marked thickening of
the pericardium and pericardial effusion.

Pregnancy outcomes

Two patients in the IVF-ET conception group (15.38%)
continued their pregnancy until delivery. One baby was
delivered in another hospital following discharge at 27
weeks of gestation. The other patient had a natural labour
at 28 weeks, but the child eventually deteriorated, and
the treatment was abandoned. The remaining 11 patients
(84.62%) terminated their pregnancy (11 cases were ter-
minated after 28 weeks). The reason was that the preg-
nant women had TB that was too severe, and the doctor
advised termination of the pregnancy. In the natural
conception group, 19 patients (51.35%) continued their
pregnancy, 9 of whom were discharged from hospital.
Meanwhile, 10 patients had a natural birth (1 patient
at 29 weeks, 3 at 36 weeks and 6 at full term), with the
remaining 18 patients (48.65%) terminating their preg-
nancy. Among them, 11 patients underwent an induced
abortion at less than 12 weeks of gestation due to con-
cerns over TB and the influence of drugs on the foetus.
In addition, 6 patients underwent an induced abortion
at 12-28 weeks of gestation due to TB aggravation, and
1 case underwent induced intrauterine labour after 28
weeks of gestation due to TB aggravation. All patients
were given conventional anti-TB treatment and related
adjuvant therapy following delivery or termination of the
pregnancy (Table 1).
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Discussion

The clinical manifestations of TB mainly i“volve the systemic presenta-

tion of fever as well as fatigue, weight loss and respiratory symptoms’ such
as a cough, expectoration, haemoptysis, chest pain and dyspnoea. All of the 50

patients in this study had systemic poisoning and respiratory symptoms The

first diagnosis of pregnancy with TB is generally at 18-21
weeks of gestation, which is related to the physiological
reactions during pregnancy, such as drowsiness, fatigue
and poor appetite. These are similar to the early systemic
symptoms of TB, thus making the diagnosis of pregnancy
with TB difficult.

An IVE-ET pregnancy combined with TB makes clini-
cal diagnosis and treatment more complicated, and
female genital TB (FGTB) is an important cause of female
infertility [15]. However, since the onset site of FGTB is
hidden and the manifestation is atypical, many patients
present with infertility, which may not be accompa-
nied by TB. In addition, general hospitals lack a specific
understanding of TB. Before performing IVF-ET, no
routine screening was conducted for FGTB as the cause
of infertility, leading to direct IVF-ET in patients with
FGTB and eventually resulting in pregnancy with TB,
causing serious damage to patients who were infertile
[16]. Both IVF-ET and natural conception combined with
TB have been reported [17-19]; however, case-controlled
studies of the two modes of conception with TB are rela-
tively rare.

In the two groups in the current study, the average
age of the patients in the IVF-ET conception group was
higher than that of those in the natural conception group.
Advanced age is a high-risk factor for gestational diabetes
[20], which is related to the occurrence and recurrence
of TB [21]. Further stratification of patient age and blood
sugar was not performed in this study, and additional
studies are thus needed.

In this study, 4 patients (30.77%) in the IVF-ET con-
ception group tested positive for M. tuberculosis, and 16
patients (43.24%) in the natural conception group tested
positive for this bacterium. The positive rate of M. tuber-
culosis detection in this study is consistent with a previ-
ous study [22]. The special endocrine and physiological
status of pregnancy is closely related to the occurrence of
TB. During pregnancy, autonomic dysregulation, endo-
crine and metabolic disorders and increased ovarian
hormones put the lungs in a state of congestion. Mean-
while, the maternal thyroid hormone, adrenal corticoid
secretion, basal metabolic rate and energy consump-
tion also increase, resulting in a rise in pulmonary capil-
lary permeability. At this point, tubercle bacilli are more
likely to grow and multiply in the lungs, leading to TB
and extrapulmonary TB [18]. In the clinical and imaging
manifestations, the patients in the IVF-ET conception
group were more likely to develop fever than those in the
natural conception group. The count of decidual natural
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killer cells (ANK) cells and the secretion of some intracel-
lular cytokines in ANK and dy8T cells decreased to an
extent in the women with an IVF-ET pregnancy, suggest-
ing that the immune microenvironment at the maternal
foetal interface may have changed [23]. The patients in
the IVF-ET group were more likely to be infected with
haematogenous disseminated TB and extrapulmonary
TB. Intracranial TB in the IVF-ET group was associ-
ated with more severe disease, longer hospital stays and
a higher proportion of severe cases. The occurrence of
pregnancy with TB may be related to the inhibitory effect
that increased oestrogen and progesterone have on T
lymphocytes in women during pregnancy [24]. Studies
have confirmed that the peak value of oestrogen in the
serum of patients with IVF-ET conception is several or
even dozens of times higher than in patients with natu-
ral conception [25]. In ovulation induction, oestrogen
and progesterone suddenly elevate in patients with IVF-
ET conception, which is conducive to the growth and
reproduction of M. tuberculosis and may be an exacer-
bating factor in the disease’s progression. In the imaging
manifestations of pregnancy complicated with TB in this
study, in addition to the haematogenous disseminated
TB, the morphology of secondary TB was different from
that in the general population. The proportion of preg-
nancy combined with a secondary pulmonary TB cav-
ity and the tree-in-bud sign was higher, which may be
related to the special physiological and immunological
status of pregnancy [26]. Some researchers believe that
a relationship exists between a secondary pulmonary TB
cavity and a positive smear [27], which may explain why
more than 40% of the patients tested positive for the M.
tuberculosis aetiology in the natural conception group.
Accordingly, the relationship between a pulmonary TB
cavity and a positive smear has important implications
for disease control and prevention.

The treatment of pregnancy with TB is similar to that
in non-pregnancy and should be early, combined, mod-
erate and regular and should follow a complete process
[28]. The specific treatment plan depends on the gesta-
tional week and the progression of the disease. Once
diagnosed, the patient should immediately undergo
anti-TB treatment. Streptomycin should not be used,
as it can cause foetal cranial nerve damage. In addition,
relevant adjuvant therapy should be provided. Regard-
ing pregnancy outcomes, the IVF-ET conception group
had a higher proportion of pregnancy terminations due
to the mothers’ severe conditions. In this study, only 2
patients continued pregnancy until birth; the condition
of 1 of the infants deteriorated after natural delivery at 28
weeks, and the newborn died following abandonment of
the treatment. In the natural conception group, 51.35%
of the patients chose to continue their pregnancy after
receiving anti-TB treatment. However, further follow-ups
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are needed to observe whether anti-TB treatment affects
post-natal growth and development.

The limitation of this study is that it was a single-centre
study with a relatively small sample size.

In conclusion, the pregnancy of patients with IVF-ET
is affected more strongly by TB than natural pregnancies.
More attention must be paid to TB screening in patients
undergoing IVF-ET pregnancy.

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512884-024-06260-1.

[ Supplementary Material 1 J

Acknowledgements
N/A.

Author contributions

Conception and design of the research: LX, WIL, ZL. Acquisition of data: WJL,
XYL, QM. Analysis and interpretation of the data: ZL, GW, FXW. Statistical
analysis: WIL, ZL, LX. Obtaining financing: None. Writing of the manuscript:
WIL, ZL. Critical revision of the manuscript for intellectual content: LX.All
authors read and approved the final manuscript.

Funding
Health Research Project of Kunming National Health Commission
(2022-09-01-001).

Data availability
The datasets used or analyzed during the current study are available from the
corresponding author on reasonable request.

Declarations

Ethics statement

This study was conducted in accordance with the Declaration of Helsinki and
approved by the Ethics Committee of The Third People’s Hospital in Kunming/
Yunnan Clinical Medical Center for Infectious Diseases, and written informed
consent was obtained from all participants.

Consent for publication
N/A.

Competing interests
The authors declare no competing interests.

Received: 19 July 2023 / Accepted: 4 January 2024
Published online: 23 January 2024

References

1. World Health Organization. Global tuberculosis report 2019. Geneva: World
Health Organization; 2019.

2. GBD 2017 Causes of Death Collaborators. Global, regional, and national age-
sex-specific mortality for 282 causes of death in 195 countries and territories,
1980-2017: a systematic analysis for the global burden of Disease Study
2017. Lancet. 2018;392(10159):1736-88.

3. FurinJ, Cox H, Pai M, Tuberculosis. Lancet. 2019;393(10181):1642-56.

4. American College of Obstetricians and Gynecologists' Committee on
Obstetric Practice. Guidelines for diagnostic imaging during pregnancy and
lactation. Obstet Gynecol. 2016;127(2):e75-80. Committee Opinion No. 656.

5. Dennis EM, Hao Y, Tamambang M, et al. Tuberculosis during pregnancy in
the United States: Racial/ethnic disparities in pregnancy complications and
in-hospital death. PLoS ONE. 2018;13(3):e194836.


https://doi.org/10.1186/s12884-024-06260-1
https://doi.org/10.1186/s12884-024-06260-1

Wei et al. BMC Pregnancy and Childbirth

(2024) 24:77

Wu J, Lu AD, Zhang LP, et al. [Study of clinical outcome and prognosis in
pediatric core binding factor-acute myeloid leukemia]. Zhonghua Xue Ye Xue
Za Zhi. 2019,40:52-7.

Ma Hongye S, Jingjing Z. Disseminated Hematogenous Tuberculosis follow-
ing in vitro fertilization-embryo transfer: a Case Report. Infect Drug Resist.
2021;14:4903-11.

He'Y, Xu C. Imaging diagnostic criteria for pulmonary tuberculosis. Electron J
Emerg Infect Dis. 2021;6(01):1-6.

Wilkinson RJ, Rohlwink U, Misra UK, et al. Tuberculous Meningitis Inter-
national Research Consortium. Tuberculous meningitis. Nat Rev Neurol.
2017;13(10):581-98.

Naranje P, Bhalla AS, Sherwani P. Chest tuberculosis in children. Indian J
Pediatr. 2019;86(5):448-58.

Catez E, Barbraud C, Hunter K et al. Atypical presentation of tuberculous con-
strictive pericarditis: case report and review of the literature[J]. Acta Cardiol
2012,67(3):337-42.

Rodriguez-Takeuchi SY, Renjifo ME, Medina FJ. Extrapulmonary Tuberculosis:
Pathophysiology and Imaging Findings[J] Radiographics 2019,39(7):2023-37.
Hickey AJ, Gounder L, Moosa MY, Drain PK. A systematic review of hepatic
tuberculosis with considerations in human immunodeficiency virus co-
infection. BMC Infect Dis. 2015;15:209.

Qiu XL, Zhang JJ, Zhang J. MSCT Characteristics and Analysis for misdiagnosis
of female massive pelvic tuberculosis. Xinjiang Med J. 2015;45(11):1634-7.
Baxi A, Neema H, Kaushal M, Sahu P, Baxi D. Genital tuberculosis in infertile
women: Assessment of endometrial TB PCR results with laparoscopic and
hysteroscopic features. J Obstet Gynaecol India. 2011;61(3):301-6.

ZhangY, ZhuY,Yang Y, et al. Effect of latent tuberculosis infection on

female fertility and early pregnancy outcomes. J Hebei Med Univ.
2015;36(10):1201-3.

Chen Q Guo X, Wang X, Wang M. T-SPOT.TB in detection of active tuber-
culosis during pregnancy: a retrospective study in China. Med Sci Monit.
2016;22:57-60.

Dong S, Zhou R, Peng E, He R. Analysis of clinical features and risk factors in
pregnant women with Miliary Pulmonary Tuberculosis after in vitro fertiliza-
tion embryo transfer. Front Cell Infect Microbiol. 2022;12:885865.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Page 8 of 8

Gai X, Chi H, Cao W, et al. Acute miliary tuberculosis in pregnancy after in
vitro fertilization and embryo transfer: a report of seven cases. BMC Infect Dis.
2021;21(1):913.

Cauldwell M, van-de-Llsle Y, Watt Coote |, Steer PJ. Seasonal and SARS-

CoV-2 pandemic changes in the incidence of gestational diabetes. BJOG.
2021;128(11):1881-7.

Qiu B, Wu Z,Tao B, et al. Risk factors for types of recurrent tuberculosis (reacti-
vation versus reinfection): a global systematic review and meta-analysis[J]. Int
JInfect Dis. 2021;116:14-20.

Luo W, He Y, Xu J, et al. Comparison of third-generation sequencing technol-
ogy and traditional microbiological detection in Pathogen diagnosis of lower
respiratory tract infection. Discov Med. 2023;35(176):332-42.

LiuY, Li LM, Chen HQ, Feng T, Zhou WJ, Liu Y, Zhou R, Li H. [Experimental
study on the characteristic changes of the Immunological Microenvironment
at the maternal-fetal interface in IVF-ET pregnancy]. Sichuan Da Xue Xue Bao
Yi Xue Ban. 2023;54(2):350-6. Chinese.

Hongbo L, Li Z. Miliary tuberculosis after in vitro fertilization and embryo
transplantation[J]. Afr Health Sci 2015,15(2):701-4.

QiY, Liu L, Wang J, et al. Clinical analysis of Tuberculosis complicated by IVF-
ET and natural fertilization. Chin J Med. 2019;54(10):1079-83.

Ranaivomanana P, Ratovoson R, Razafimahatratra C, et al. Longitudinal varia-
tions of M. Tuberculosis-Induced Ifn-I" responses in hiv-negative pregnant
women exposed to tuberculosis. Front Immunol. 2021;12:805157.

Hu'Y, Yue J,Wu Q, et al. Analysis of the influencing factors of tuberculosis cav-
ity and sputum smear results. J Practical Radiol. 2018;34(10):1521-5.

Chen YQ, Gao WW. [Progress in therapy of tuberculosis during pregnancy].
Zhonghua Jie He He Hu Xi Za Zhi. 2021;44(5):413-6. Chinese.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Case-controlled study of tuberculosis in in-vitro fertilisation-embryo transfer and natural pregnancy
	﻿Abstract
	﻿Introduction
	﻿Data and methods
	﻿Study participants
	﻿Inclusion and exclusion criteria
	﻿Inclusion criteria


	﻿Exclusion criteria
	﻿Clinical data collection
	﻿Medical history and clinical manifestations

	﻿Tuberculosis aetiology
	﻿Imaging examination

	﻿Imaging analysis
	﻿Statistical methods
	﻿Results
	﻿Clinical data
	﻿Clinical symptoms
	﻿Pathology of Tuberculosis
	﻿Imaging performance
	﻿Pregnancy outcomes

	﻿Discussion
	﻿References


