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Abstract: This study aimed to analyze the diagnosis and treatment process of patients with
hematogenous disseminated pulmonary tuberculosis after treatment with in vitro fertiliza-
tion-embryo transfer (IVF-ET). We retrospectively analyzed the clinical data, including
imaging and etiological data, the use of antimicrobials, metagenomic next-generation
sequencing (mMNGS) results, and the treatment process, of a patient who underwent IVF-
ET due to an obstruction in the fallopian tube; after the treatment, she developed a persistent
fever with shortness of breath and suffered a spontancous abortion. Due to the failure of
other treatment modalities, fiber optic bronchoscopy was performed, and the alveolar lavage
fluid was obtained for mNGS. Tests for Mycobacterium tuberculosis and rifampicin resis-
tance (Xpert MTB/RIF) showed positive and negative results, respectively. Subsequently,
anti-tuberculosis treatment with isoniazid, rifampicin, pyrazinamide, and ethambutol was
administered. After the patient’s condition improved, she was transferred to a specialized
tuberculosis hospital for further treatment, where she died one month later from multiple
organ failure. From this case, we conclude that clinicians should remain highly vigilant for
pulmonary infection with M. tuberculosis in pregnant women, particularly in patients treated
with IVF-ET, and check for its presence as soon as possible.
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Introduction
Tuberculosis (TB) is a global infectious disease that seriously endangers human
health and is one of the top ten causes of death worldwide." According to the World
Health Organization (WHO), approximately 10 million new TB cases occurred
worldwide in 2019. The levels of estrogen and progesterone increase in pregnant
women. This inhibits T lymphocytes and leads to an increased incidence of TB
infection. In patients with in vitro fertilization-embryo transfer (IVF-ET), the peak
serum estrogen levels are several times higher than those in normal individuals.
This is conducive to the reproduction of Mycobacterium tuberculosis and may be
one of the factors that aggravate disease progression.*~

The exact scale of TB during pregnancy remains uncertain globally, and a large
number of active TB cases in pregnant women are likely to remain undetected.* As
patients with TB do not show obvious symptoms during pregnancy, and radio-
graphic imaging examination is limited due to the patient’s condition, the propor-
tion of patients that have TB during pregnancy and are not diagnosed and treated
timely may be as high as 40%.”’ These patients are not diagnosed until the disease

Received: 6 August 2021
Accepted: 9 November 2021
Published: 24 November 2021

Infection and Drug Resistance 2021:14 4903—491 | 4903
© 2021 Ma et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
v No

and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-2963-1151
http://orcid.org/0000-0002-6611-0902
mailto:guolitao02@sina.com
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Ma et al

Dove

Graphical Abstract

’/\\ A
WF‘ ET Q onmngou s
K —— x I
I I
ECR PPD test
TS eedfr buge —
S-l-n‘aﬁU smel \
(&)
D=9
Anvi -TB — . ﬂ
treatment | month S
—

&

has advanced to a severe stage. Pregnancy and childbirth
are the two primary causes of severe TB in women; it has
been reported early in 2015 that the pregnant women who
died from TB were all in the advanced stage of the
disease.®”’

Therefore, the early diagnosis of TB is particularly
important in pregnant women, especially those receiving
IVF-ET treatment. However, currently, there are some
challenges in the clinical diagnosis of TB after IVF-ET,’
because of a lack of relevant literature. Here, we report a
case of blood-type disseminated pulmonary TB after IVF-
ET and analyze the diagnosis and treatment process to
provide a reference for improving the early diagnosis and
treatment success rate of pulmonary TB in pregnant

women.

Case Report

The patient was a 28-year-old Asian female farmer. Due to
fever and shortness of breath after spontaneous abortion
(one week earlier), which aggravated over the next two
days, she was admitted to the Department of Critical Care

Medicine, the First Affiliated Hospital of Xi’an Jiaotong
University, Xi’ an, Shaanxi, China on October 17, 2019.
The patient had received IVF-ET treatment due to an
obstruction in the fallopian tube, and the pregnancy was
successfully established on July 12, 2019. However, vagi-
nal bleeding began on October 8§, 2019. On October 10,
2019, she had a spontaneous abortion on the way to the
hospital and underwent uterine clearance at the Northwest
Women’s and Children’s Hospital, Xi’ an, Shaanxi, China.
During treatment, the patient started feeling cold and
developed shortness of breath, fever, and chills. Her
body temperature was 38.7 °C, and she had an occasional,
mainly dry cough, accompanied by dizziness and general
fatigue. She went to the Shaanxi Women’s and Children’s
Hospital, where a five-day oral treatment with cefpodox-
ime proxetil was initiated; however, there was no improve-
ment in her condition. Two days before admission to the
intensive care unit (October 15), she complained of wor-
sening shortness of breath. Her body temperature at the
time was 38 °C, and she had an occasional cough. She was
admitted to the local hospital one day before admission
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Figure | (A) few nodular shadows in the upper lobes of both lungs, (B) ground-glass dense opacities in both lungs, (C) multiple nodules in the upper lobes of both lungs,

(D) multiple patchy high-density shadows in both lungs with uneven density.

into the intensive care unit (October 16); chest computed
tomography (CT) revealed scattered ground-glass dense
opacities in both the lungs. Furthermore, we noticed a
few nodular shadows in the upper lobes of both the
lungs of the patient (Figure 1A and B). With a
diagnosis of severe pneumonia, she was referred to the
emergency department of the First Affiliated Hospital of
Xi’an Jiaotong University. Her body temperature peaked at
40 °C, which was accompanied by shivering. Oxygen was
supplied using a mask at 5-8 L/min, and oxygen saturation
fluctuated between 90-93%. Infection-related indices,
such as white blood cell count (WBC), neutrophilic gran-
ulocyte percentage (NEUT), and procalcitonin (PCT),
increased; thus, cefoperazone sodium/sulbactam sodium
and moxifloxacin were administered as an anti-infection
therapy. However, the patient’s shortness of breath wor-
sened, and her respiratory rate increased. The pulse oxy-
gen saturation decreased to 89%, and the patient was
connected to a non-invasive ventilator to assist breathing.
Six hours later, the patient still had dyspnea and became
irritable The oxygen saturation fell to 44%. Arterial blood
gas analysis revealed type I respiratory failure.

Physical examination of the patient revealed the fol-
lowing: a body temperature of 36.9 °C, a heart rate of
123 beats/min, a respiratory rate of 26 breaths/min, and

blood pressure of 86/54 mmHg. She was conscious, but
had an emaciated body. Ventilation was assisted via a
ventilator and tracheal tube intubation. The breathing
sound of both lungs was rough, and few wet rales
were heard. There was no abnormality in heart and
abdominal examination, and slight pitting edema in the
lower limbs was observed.

The laboratory test results after admission are listed in
Table 1. The imaging results are listed in Table 2.

On October 17, 2019, she was admitted to the
Department of Critical Care Medicine and was initially
diagnosed with severe pneumonia, acute respiratory dis-
tress syndrome (ARDS), septic shock, and moderate ane-
The
moxifloxacin therapy. Due to septic shock, the patient

mia. patient was administered anti-infective
was given fluid rehydration (initial fluid volume: 30 mL/
kg) and administered noradrenaline to raise her blood
pressure. Thymopetidum injection was used to enhance
immunity, and vitamin C was used as an anti-inflammatory
agent. A bedside chest X-ray scan revealed double-lung
pneumonia (Figure 2A). Fiberoptic bronchoscopy was per-
formed on the same day, and small amounts yellow spu-
tum, scabbing, and mucosa were observed. The alveolar
lavage fluid was collected for etiological examination. On
the second day of admission, her body temperature peaked

to 38 °C; her blood pressure was 109/84 mmHg under
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Table | Summary of Laboratory Test Indicators in the Patient

Dove!

Variable Value Reference/ Elevated/
Normal Range Normal/Low
Blood cell count
Haemoglobin 75 110-150 g/L Low
White cell count 9.66x10° 3.5-9.5x10°L Elevated
Neutrophil 97.0% 40-75% Elevated
Platelets 141x10° 125-350x 10°/L Normal
Lymphocyte count 0.16x10° 1.1-3.2x10%/L Low
Eosinophils 0.01x10° 0.02-0.52x10%L | Low
Infection and inflammatory markers
C-reactive protein 96.7 0-10 mg/L Elevated
Erythrocyte sedimentation rate 23 0-20 mm/h Elevated
Procalcitonin 8.89 <0.5 ng/mL Elevated
Interleukin-6 174.3 0-7 pg/mL Elevated
Respiratory Virus antibodies Legionella pneumophila weakly positive Negative Elevated
Epstein-Barr Virus DNA Nuclear antigen IgG 327 U/mL; Capsid <20 U/mL Elevated
antigen 1gG 34.5 U/mL
Cytomegalovirus DNA 1gG positive Negative Elevated
Sputum smear (bacterial/fungus) Normal - Normal
Bronchoalveolar lavage fluid culture, blood culture, Normal - Normal
urine culture
Legionella pneumophila antigen in urine Normal - Normal
Bronchoalveolar lavage fluid galactomannan 0.22 <0.5 pg/L Normal
1,3-beta-D-glucan <10 pg/mL <60 pg/mL Normal
Tuberculosis
Tuberculosis-infected T cell Antigen A 5 SFCs/2.5%10° PBMC; Antigen B | <6 SFCs/2.5%10E5 | Normal
0 SFCs/2.5%10° PBMC PBMC
Acid-fast stain in sputum smear Normal - Normal
Tuberculin test Normal - Normal
Rheumatology
Autoantibody profile Normal - Normal
Immune Normal - Normal
Rheumatism
C-reaction protein 87.6 mg/L 0-10 mg/L Elevated
CD8"T-cells 30.29% 18.1-29.6% Elevated
CD4"/CD8" T-cells 1.57 0.8-2.1 Normal
Thyroid function Normal - Normal
Liver and kidney function Normal - Normal
Albumin 19.1 40-55 g/L Low
Coagulation profile Normal - Normal
Arterial blood gas (mechanical ventilation; PEEP,
12 emH,0; FiO,, 100%)
PH 7.335 7.35-7.45 Low
PCO, 32 3545 Low
PaO, 83 83-108 Normal
HCO;™ 17.9 21-27 mmol/L Low
BE -8.0 -3 to+3 Low
Lactate 3.6 0.5-1.6 mmol/L Elevated
(Continued)
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Table | (Continued).
Variable Value Reference/ Elevated/
Normal Range Normal/Low
Urinalysis
Protein 2+ - Elevated
Occult blood 3+ - Elevated
White blood cell - - Normal
Myocardial enzyme
LDH 1073 U/L 120-250 U/L Elevated
HBDH 767 U/L 72-182 U/L Elevated
CK, CKMB Normal - Normal
NT-proBNP 162.3 pg/mL 0-125 pg/mL Elevated
Faeces test Normal - Normal

Abbreviations: PEEP, positive end expiratory pressure; FiO2, fraction of inspiration O,; PH, pondus hydrogenii; PCO,, partial pressure of carbon dioxide; PaO,, arterial
partial pressure of oxygen; HCO3-, bicarbonate; BE, base excess; LDH, lactate dehydrogenase; HBDH, hydroxybutyrate dehydrogenase; CK, creatine kinase; CKMB,

creatine kinase myocardial band; NT-proBNP, N-terminal pro-brain natriuretic peptide.

Table 2 Summary of Ultrasound and Fiberoptic Bronchoscopy Results in the Patient

Variable Check Value

Date
Echocardiography 18 Oct. EF59%, pulmonary artery pressure is 35mmHg, no abnormalities in heart structure and blood flow
Abdominal 17 Oct. No abnormalities
ultrasound
Pelvic ultrasound 17 Oct. A small amount of fluid (27mm)
Gynecological 17 Oct. Endometrial cavity fluid 23mmx*7mm(a little), uterus size 87x69%59(mm), intima media thickness 4mm, uneven
ultrasound echo; Double attachment is normal
Fiberoptic 17 Oct. Bronchial patency, the mucosa is slightly congested, the surface was covered with a small amount of yellow
bronchoscopy sputum scab

noradrenaline treatment (0.2 pg/kg/min), the concentration
of oxygen inhaled using mechanical ventilation was 80%,
and she was still short of breath and sweating. The patient
was given sedation and analgesic treatments. The PCT
increased from 8.89 to 18.24 ng/mL, and the C-reactive
protein (CRP) level was as high as 142.4 mg/L. The
causative pathogen remained unknown, and anti-infection
treatment was administered. However, the levels of rele-
vant infection-related markers continued to rise. Therefore,
anti-infection treatment with meropenem and linezolid was
started on October 19. The treatment led to a gradual
improvement in infection indices. On October 21, the
PCT was 224 ng/mL, blood leukocyte count was
4.49x10°/L, the proportion of neutrophils was 82.2%,
blood pressure (BP) was 110/70 mmHg after stopping
noradrenaline treatment, heart rate (HR) was 86 bpm,

respiration rate (RR) was 18 breaths per minute, and the
saturation of pulse oxygen (SpO2) was 98%. The use of
the ventilator was reduced, positive end-expiratory pres-
sure (PEEP) was 8 cm H,0, and the fraction of inspiration
0O, (FiO,) was 45%. Arterial blood gas analysis revealed a
pH of 7.438, PCO, of 40.1 mmHg, PO, of 118 mmHg,
HCO5; of 26.8 mmol/L, BE (base excess) of 2.7 mmol/L,
and lactate levels of 2.0 mmol/L. The patient was dis-
charged from the bed with a ventilator, for exercise.
Although the infection-related indicators of the patient
improved and her general condition was stable, the patient
still had a fever with a peak body temperature of 38.4 °C.
This occurred mainly in the afternoon and evening and
was accompanied by sweating. Further, the CRP was still
as high at 90.5 mg/L. Abdominal, pelvic, and gynecologi-
cal ultrasonography revealed no obvious abnormalities.
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Figure 2 (A) A bedside chest X-ray revealed double-lung pneumonia, (B) extensive
exudation in both lungs, with small nodules visible, especially in the lower lobes of
both lungs.

The examination indices of bacteria, fungi, TB, viruses,
specific pathogenic bacteria, and factors related to non-
infectious fever were all normal (Table 1), and no patho-
genic bacteria were found. However, the patient failed to
leave ventilator support. Re-examination of chest CT
revealed multiple nodules in the upper lobes of both the
lungs and multiple patchy high-density shadows with
uneven density in both the lungs (Figure 1C and D). The
chest CT showed no improvement on October 16.
Combined together, the patient’s pathogenesis, relevant
examination, and treatment process led us to believe that
she had no infectious diseases. Therefore, we sent the
alveolar lavage fluid for an mNGS test. The mNGS results
showed that only three sequences of the M. tuberculosis
complex group were present; moreover, the Xpert results
were positive for M. tuberculosis but negative for rifampi-
cin resistance. Combined with the symptoms and signs of
the patient, a diagnosis of pulmonary TB was established,
and hematogenous disseminated pulmonary TB was con-
sidered. Accordingly, the administration of moxifloxacin,
meropenem, and linezolid was stopped. Isoniazid, rifam-
picin, pyrazinamide, and ethambutol were administered as
anti-TB therapy. Re-examination of chest radiographs on
October 25 revealed extensive exudation in both the lungs,
with small nodules visible, particularly in the lower lobes
of both the lungs (Figure 2B). On October 28, the patient
was referred to a specialized TB hospital for treatment. M.
tuberculosis culture results were positive. Quadruple anti-
TB therapy and ventilator assistance were continued. One
month after being transferred from our hospital, the patient

died of multiple organ failure.

Discussion

TB is a major cause of death in women of child-bearing age
and a common non-obstetric cause of maternal death.'
Studies have shown that women are at a significantly
increased risk of active TB infection during pregnancy
and postpartum.''> An estimated 216,500 (95% confi-
dence interval, 192,000-247,000) pregnant women were

1,'° and there

diagnosed with active TB globally in 201
may be a large number of cases of undetected active TB
during pregnancy.” Ye et al’ reported six cases of pregnant
women with TB, in 2019, in whom the hormone level
changes during pregnancy led to decreased T cell activity
and immunosuppression. This resulted in the reactivation
and spread of M. tuberculosis, ultimately leading to hemor-
rhagic disseminated and extrapulmonary TB.

Reproductive system TB is an important factor that
causes tubal infertility, and it has been reported that 20%
of the cases of female primary infertility are caused by
reproductive system TB.'*'* TB of the female reproduc-
tive system leads to chronic inflammatory lesions of the
reproductive organs. The incidence of fallopian tube TB is
highest, followed by the TB of the endometrium and
ovary.'> The patient’s condition is insidious, and there
are no other clinical manifestations except infertility. The
incubation period from initial infection to the expression
of urogenital TB is usually 5—40 years.'>

With the gradual maturity of IVF-ET, an increasing
number of infertile patients have received this treatment
and a large proportion of them are patients with occult
genital TB whose TB is activated after receiving IVF-
ET.'® After pregnancy, vascular permeability increases,
and a large number of TB bacilli spread throughout the
body through the bloodstream. This results in hematogen-
ous disseminated and extrapulmonary TB,'” which often
presents as severe pneumonia with rapid progression and
poor prognosis. Gai et al'® recently reported seven cases of
acute miliary tuberculosis in pregnancy after in vitro ferti-
lization and embryo transfer, suggesting that patients with
miliary TB have poor pregnancy outcomes. The coexis-
tence of primary infertility, untreated prior pulmonary TB,
and fallopian tube obstruction is a high-risk factor for TB
dissemination. Therefore, clinicians should be aware of the
signs of TB before administering a course of IVF-ET
treatment. In patients undergoing IVF, estrogen levels
suddenly increase during ovulation induction and the
peak levels of serum estrogen are several times higher
than the peak value of serum estrogen levels in the natural
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cycle. This is conducive to the reproduction of M.
tuberculosis.® At the same time, the estrogen, progester-
one, and chorionic sex hormones can directly inhibit T
cells and induce lymphocyte apoptosis, thereby inhibiting
the cellular immune function of the body after superovula-
tion and embryo transfer. This also leads to the rapid

reproduction of M. tuberculosis,'® 2"

which may aggravate
the progression of the disease. In addition, the inhibition of
lymphocyte function due to glucocorticoid use during
IVF-ET therapy may lead to increased risks of TB infec-
tion and reactivation.

Studies have shown’ that patients with TB after IVF-
ET usually exhibit a fever, with body temperatures as high
as 40 °C and pulmonary imaging changes. Most sponta-
neous abortions occur at 12 to 16 weeks after embryo
transfer, which is mainly caused by severe TB toxemia
and chorioamnionitis due to the spread of M. tuberculosis
through the blood to infect the placenta, thus leading to
abortion and fetal death. However, in these patients, early
TB-related examinations, such as purified protein deriva-
tive (PPD) test, sputum TB smear, TB polymerase chain
reaction (PCR),
Therefore, the diagnosis is somewhat difficult, and it is

and T-spot, are mostly negative.
usually 12-13 days from onset to a definite diagnosis.’ In
this case, spontaneous abortion occurred 12 weeks after
IVF-ET; high fever (body temperature of 40 °C) and
pulmonary imaging changes occurred after abortion. The
conventional TB tests were negative. Three sequences of
TB bacteria were detected in alveolar lavage fluid mNGS,
and the Xpert MTB/RIF test was positive, confirming the
final diagnosis. The time from onset to diagnosis was
approximately six days. Quadruple anti-TB therapy was
administered after the diagnosis. After referral to a specia-
lized TB hospital for treatment, sputum TB bacterial cul-
ture was used to identify the responsible Mycobacterium.
However, the damage caused by the tuberculous toxin to
the whole body causes MODS, eventually resulting in the
death of the patient. The period from the onset to death is
50 days. With the help of mNGS detection technology, the
pathogen could be rapidly and accurately identified, allow-
ing a diagnosis six days earlier than the average time
reported in the literature. Untreated prenatal TB increases
the risk of perinatal complications. This includes pree-
clampsia, intrauterine growth delay, prenatal bleeding,
low birth weight, low Apgar score at birth, and early
fetal death.’>*® Early treatment can reverse this negative
effect on perinatal outcomes. Late diagnosis and incom-
plete or partial pharmacotherapy are associated with poor

outcomes.”* Therefore, early diagnosis and treatment of
TB are of great significance for improving the survival rate
of pregnant women and new-borns.?’

As a powerful detection method, mNGS assists in the
diagnosis of patients with acute and severe diseases.?
Studies have shown that in terms of pathogen identifica-
tion, the consistency between mNGS and traditional
microbial culture detection results is as high as
77.78%.2" Additionally, it has been reported that mNGS
is superior to traditional cultures in the identification of
rare infectious pathogens, especially M. tuberculosis (odds
ratio=4; 95% CI, 1.7-10.8; P < 0.01), and the sensitivity of
mNGS is better than that of cultures (52.5% vs 34.2%)
with previous antibiotic use, with little effect on the
results.”® Xie et al*’ found that mNGS can determine the
pathogen in patients with severe pneumonia in early
stages, guide the application of antimicrobial drugs, and
improve the mortality rate of patients with severe pneu-
monia. Therefore, it should be widely used in the diagno-
sis of unidentified infections to assist in pathogen

screening, as it has great potential as a diagnostic tool.*®

Conclusions

In conclusion, when severe infection occurs in patients
undergoing IVF-ET, high vigilance is necessary, and an
M. tuberculosis infection test should be conducted as soon
as possible. Application of alveolar lavage fluid mNGS is
helpful in improving the early etiological diagnosis of
patients and is effective in the clinical setting; additionally,
it helps in improving the treatment success rate of patients
with severe pulmonary infections.

Abbreviations

ARDS, acute respiratory distress syndrome; BE, base excess;
BP, blood pressure; CRP, C-reactive protein; CT, computed
tomography; FiO2, fraction of inspiration O2; HCO3-, bicar-
bonate; HR, heart rate; IVF-ET, in vitro fertilization-embryo
transfer; mNGS, metagenomic next-generation sequencing;
MTB/RIF, Mycobacterium tuberculosis and rifampicin resis-
tance; NEUT, neutrophilic granulocyte percentage; PCO2,
Partial Pressure of Carbon Dioxide; PCR, polymerase chain
reaction; PCT, procalcitonin; PEEP, positive end-expiratory
pressure; PH, potential of hydrogen; PO2, Partial arterial
oxygen pressure; PPD, purified protein derivative; RR,
respiration rate; SpO2, saturation of pulse oxygen; TB,
Tuberculosis; WBC, white blood cell; WHO, World Health
Organization.
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