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The cascade of care for pregnant women with latent tuberculosis infection in a
high-income country
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aDivision of Inflammation and Infection, Department of Biomedical and Clinical Sciences, Faculty of Medicine and Health
Sciences, Link€oping University, Link€oping, Sweden; bDepartment for Infectious Diseases, Region €Osterg€otland, Link€oping, Sweden

ABSTRACT
Background: Pregnant women have an increased risk of developing active tuberculosis (TB). The Public Health Agency
of Sweden recommends screening of active TB and latent tuberculosis infection (LTBI) among pregnant women from
countries with high TB incidence at Maternal Health Care (MHC) clinics. In €Osterg€otland County, Sweden, a screening
program has been active since 2013. The aim of this study was to evaluate this screening program and the cascade of
care for LTBI among pregnant women in €Osterg€otland county.
Methods: Data were obtained from pregnant women screened for TB at MHC clinics and subsequently referred to the
pulmonary medicine clinic or the clinic of infectious diseases in €Osterg€otland County between 2013 and 2018. The
Public Health Agency of Sweden’s national database for active TB was used to analyse if any women developed active
TB up to two years after the screening process.
Results: A total of 439 women were included. Nine cases of active TB were discovered during the screening process
and two developed active TB afterward. 177 women were recommended LTBI treatment and variables significantly asso-
ciated with a decreased likelihood of being recommended treatment were increasing age, time in Sweden, and parity.
137 women received and 112 (82%) completed treatment. 14 women discontinued treatment due to adverse effects.
Conclusion: Screening of pregnant women from countries with high TB incidence at MHC clinics led to the discovery of
several cases of active TB. The completion rate of LTBI treatment was high and few discontinued due to adverse effects.
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Introduction

Tuberculosis (TB) is a bacterial infection caused by
Mycobacterium tuberculosis. It is estimated that about a
quarter of the world’s population is infected, equivalent
to approximately 2 billion people [1]. The majority do
not develop active disease since their immune system is
able to control the mycobacteria. This condition is called
latent tuberculosis infection (LTBI). LTBI is defined as a
state of continuous immune response stimulated by
Mycobacterium tuberculosis antigen with no proof of clin-
ically manifest active TB. [2] Although the lifetime risk of
developing active TB disease is small the highest risk of
developing TB is during the first two years after expos-
ure [3,4].

Tuberculosis during pregnancy is often associated
with atypical symptoms and increased cases of extrapul-
monary tuberculosis compared to non-pregnant
patients. The symptoms might be mistaken for preg-
nancy-related symptoms, and delay in diagnosis could
be a reason for increased cases of active TB during the
postpartum period. [5–7] Active TB during pregnancy
and delayed diagnosis is a serious risk for both the
mother and the child [8]. To reduce the risk, systematic
screening and early diagnosis are key [9,10].

Earlier studies looking at risk increase for women with
LTBI during pregnancy and postpartum to develop
active TB have not been conclusive, where some have
been able to show an increased risk for active TB and
some have not . However, a recent study made in
Sweden showed a significant increase in risk both dur-
ing pregnancy and postpartum in women from coun-
tries with high incidences of TB [11].

Pregnant women from countries with high TB inci-
dence who seek Maternal Health Care (MHC) clinics are
an opportunity to screen individuals that have not been
screened previously and the Public Health Agency of
Sweden recommends screening for TB in this group
[12]. In €Osterg€otland county such a screening program
has been active since 2013. The screening criteria were
pregnant women from high-endemic countries (>100
cases/100,000/year). Pregnant women with LTBI who are
recently exposed to TB or have a compromised immune
system are recommended to start prophylactic LTBI-
treatment during the pregnancy. Otherwise, an individ-
ual assessment is done as soon as possible after child-
birth [12]. Factors that could influence the decision to
treat are, e.g. age, parity, recent TB exposure, previous
treatment for latent or active TB and time in Sweden. It
is known that age over 35 years increases the risk for

hepatotoxicity [13] and that a recent exposure increases
the risk of developing active TB [14]. How the number
of previous pregnancies influences the risk of develop-
ing active TB is less known. Previous studies indicate
that parity does not play a role [15,16]. LTBI treatment
options are daily isoniazid for 6 or 9months, rifampicin
for 4months or rifampicin plus isoniazid for 3months
[2]. Both rifampicin and isoniazid are safe to use during
pregnancy [17,18]. The risk of drug-related adverse
events should be balanced against the potential benefits
of treatment [2].

The aim of this study was to evaluate the cascade of
care for LTBI among pregnant and postpartal women in
€Osterg€otland County after the start of the screening pro-
gram. The evaluation included factors stated by the
physicians for recommending or abstaining from LTBI
treatment in postpartal women, which treatments were
offered, the completion rate of those offered LTBI treat-
ment and reasons for not completing treatment.

Materials and methods

This was a retrospective register and patient record
study. The study population consists of pregnant
women screened for TB at Maternal Health Care (MHC)
clinics and subsequently referred to the pulmonary
medicine clinic or the clinic of infectious diseases in
€Osterg€otland county between 2013 and 2018. The clinic
for infectious diseases in €Osterg€otland is present both at
Link€oping University Hospital and the county hospital in
Norrk€oping whereas the clinic for pulmonary medicine is
only present at Link€oping University Hospital.

Pregnant women with no previous history of treat-
ment for TB or LTBI who came from countries with high
risk for TB (>100 cases per 100,000 population) and vis-
ited an MHC clinic were screened with QuantiFERON-TB
Gold Plus (Qiagen inc.), an interferon-gamma releasing
assay (IGRA). Health care workers at MHC clinics were
informed about the screening program and had written
routines regarding who was eligible for screening. If the
women tested positive (0.35 IU/ml) they were referred to
the pulmonary medicine clinic or the clinic of infectious
diseases in €Osterg€otland county. The MHC centers in the
central and western parts of €Osterg€otland could send
their referrals to either of the two clinics in Link€oping
whereas the MHC-centers in the eastern part of the
county had to send their referrals to the Norrk€oping div-
ision of the infectious diseases clinic. During the visit at
the MHC clinic information regarding country of birth,
travel abroad, occupation, IGRA result and TST
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(Tuberculin Skin Test) results (if available), BCG-vaccin-
ation, former TB, immune suppression, estimated date of
delivery, symptoms and the number of people living in
the same household (including children) were registered
and included in the referral form.

At the clinic the women met a TB nurse and were
provided with information regarding LTBI and their
symptoms were re-evaluated. A chest radiograph was
performed during the third trimester. If they lacked
symptoms of active TB and the chest radiograph was
normal, the woman had a doctor’s appointment within
four weeks after delivery. At the appointment, the phys-
ician decided whether to offer LTBI treatment or not.
The treatment options for LTBI were monotherapy with
isoniazid for six or nine months (INH6/9) or rifampicin
for four months (RIF4).

After treatment for LTBI was initiated, the women vis-
ited the clinic for blood tests and follow-up every two
weeks during the first month of treatment, and subse-
quently every four weeks.

In cases where active TB was suspected, a chest radio-
graph was performed followed shortly by an appoint-
ment with a physician. When pulmonary TB was
suspected sputum samples were obtained for smear
microscopy, PCR, and mycobacterial culture. If extrapul-
monary TB was considered, samples were taken depend-
ing on the suspected site of infection. If active TB was
confirmed the woman was offered standard TB
treatment.

Data collection

Data was collected from the journal data system Cambio
Cosmic, the laboratory databases of clinical microbiology
in €Osterg€otland (IGRA results) and The Public Health
Agency of Sweden’s national database for active TB.

Referrals that were duplicates, rejected, no shows or
already ongoing cases were excluded. Variables regis-
tered were age, gender, time of stay in Sweden, country
of origin, former BCG vaccination, immunosuppression,
IGRA results, TST result (if performed), hiv and hepatitis
B status, chest radiograph results, symptoms, sputum
culture, parity and if active TB was discovered.
Furthermore, the proportion of pregnant women who
were offered treatment for latent TB was noted, what
treatment they were offered and to what extent they
completed the treatment. In cases of discontinued treat-
ment, the reason was registered, if specified. Time
between the referral, first visit, and start of treatment for
latent tuberculosis (LTBI) was also noted.

The Public Health Agency of Sweden’s national data-
base for active TB was used to analyse if screened
women who were referred to the pulmonary medicine
clinic or clinic of infectious diseases developed active TB
up to two years after completing the screening program.
The Swedish communicable diseases act states that all
cases of active TB in Sweden must be reported to the
Public Health Agency of Sweden.

Statistical analysis

Descriptive data are presented as mean± standard devi-
ation (SD), median with range or as absolute numbers
with percentage (%) depending on the type of variable.
To assess differences among variables, independent
samples t-test was used for normally distributed con-
tinuous variables, Mann-Whitney U for non-normally dis-
tributed continuous variables, and univariate logistic
regression for categorical variables. Multiple logistic
regression was performed to evaluate the association
between significant variables. Chi-squared test was per-
formed to compare treatment completion between the
different treatment regimes. Results were considered
statistically significant in cases of p-value <0.05. The
statistical analyses were made using IBM SPSS Statistics
version 28 (IBM Corp, Armonk, NY).

Results

A total of 531 referrals were sent from MHC clinics in
€Osterg€otland county to the pulmonary medicine clinic
or the clinic of infectious diseases during 2013–2018. Of
the 531 referrals, 92 were excluded from the study of
which 44 were duplicates, 16 were no-shows, 16 were
written consultation responses, 11 were rejected and 5
already ongoing cases. In total 439 women were
included in the study (Figure 1). Altogether, nine cases
of active TB were found, 177 women were recom-
mended treatment for LTBI while 253 were not recom-
mended. In the end, 137 initiated treatment for LTBI,
and 112 completed treatment (Figure 2).

The median age among the women was 29 (range
15–46) years and median time in Sweden was 42 (range
1–348) months. Median parity was 2 (range 0–12) and
135 (30.8%) women were pregnant for the first time.
409 (93.2%) were from countries with high risk for TB,
23 (5.2%) from intermediate risk countries (40–99 cases
per 100,000 population), and seven (1.7%) from low-risk
countries (<40 cases per 100,000 population). Most of
the women, 337 (76.8%), originated from Africa. The
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second largest group, 93 (21.2%), came from Asia and
the remaining nine women originated from Europe or
the Americas. The screening routine at the MHC-clinics
stated that only women from high-incidence countries
should be screened. Risk factors noted among the par-
ticipants included 17 women with Hepatitis B, one with
HIV and one with insulin treated diabetes (Table 1).
Hepatitis B is not a risk factor for developing active TB
but may increase the risk of liver related adverse events
during LTBI-treatment and was therefore included as a
parameter.

To evaluate determining factors important for recom-
mending treatment of LTBI in recently pregnant women,
univariate analyzes were made to assess differences
among numerical variables between the group that was
recommended LTBI treatment (n¼ 177) and the group
that was not (n¼ 253). The mean age was significantly
different between the groups (p<.001), with a median
age of 28 years in the group recommended for LTBI
treatment and 31 years in the group not recommended
for treatment. Parity was also significantly different (a
median of two children compared to three, p<.001) as

Figure 1. Screening algorithm for pregnant women from countries with high TB incidence in €Osterg€otland county presented in a flow
chart. Showing excluded referrals sent from Maternal Health Care clinics to the pulmonary medicine clinic or clinic of infectious diseases,
2013-2015, as well as discovered cases of active TB and outcome of treatment decision.
TB: tuberculosis; MHC: maternal health care; IGRA: interferon gamma releasing assay; CXR: chest radiograph.
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well as time in Sweden (median 24 versus 55months,
p<.001, Table 2). No women were started on LTBI-treat-
ment prior to delivery.

To assess differences among the categorical variables
regarding country of origin (with high, intermediate, or

low TB incidence), CXR (not done, normal or with abnor-
mal findings), symptoms (positive or negative), and per-
formed sputum sample (not done or negative) between
the group of women recommended for LTBI treatment
and the group not recommended, univariate logistic

Figure 2. Cascade of Care among pregnant women screened for tuberculosis at Maternal Health Care clinics and subsequently referred to
the pulmonary medicine clinic or clinic of infectious diseases in €Osterg€otland county between 2013 and 2018.
TB: tuberculosis; LTBI: latent tuberculosis infection

Table 1. Demographics and clinical characteristics of women screened for tuberculosis at Maternal Health Care clinics and subsequently
referred to the pulmonary medicine clinic or clinic of infectious diseases in €Osterg€otland County between 2013 and 2018.

Demographics
Total

(n¼ 439)
Active TB
(n¼ 9)

Recommended for LTBI
treatment (n¼ 177)

Not recommended for LTBI
treatment (n¼ 253)

Age 29 (15–46) 31 (26–36) 28 (±5) 31 (±6)
Parity 2 (0–12) 4 (1–7) 2 (0–8) 3 (1–12)
First pregnancy 135 (30.8) 2 (22.2) 68 (38.4) 65 (25.7)
Risk factors
HIV 1 0 1 0
Hepatitis B 17 0 4 13
Insulin treated diabetes 1 0 1 0

Country of birth
Countries with high TB incidence 409 (93.2) 9 (100.0) 165 (93.2) 235 (92.9)
Countries with intermediate TB
incidence

23 (5.2) 0 (0) 10 (5.6) 13 (5.1)

Countries with low TB incidence 7 (1.7) 0 (0) 2 (1.1) 5 (2.0)
Time since arrival in Sweden
Time in months 42 (1–348) 12 (7–96) 24 (1–348) 55 (2–300)
24months or less 161 (36.7) 5 (55.6) 97 (54.8) 59 (23.3)
Unknown time in Sweden 1 0 0 1

CXR
Not done 18 0 2 16
Normal 377 (85.9) 3 (33.3) 162 (91.5) 212 (83.8)
Abnormal findings 44 (10.0) 6 (66.7) 13 (7.3) 25 (9.9)

Symptoms
Positive 36 (8.2) 6 (66.7) 11 (6.2) 19 (7.5)
Negative 403 (91.8) 3 (33.3) 166 (93.8) 234 (92.5)

Sputum
Not done 378 (86.1) 1 (11.1) 150 (84.8) 227 (89.7)
Negative 59 (13.4) 6 (66.7) 27 (15.3) 26 (10.3)
Positive 2 (0.5) 2 (22.2) 0 (0.0) 0 (0.0)

Data are presented as mean (± standard deviation) for normally distributed numerical variables, median (range) for non-normally distributed numerical variables or
n (%) alternatively n for categorical variables.
TB: tuberculosis; LTBI: latent tuberculosis infection; CXR: chest radiograph.
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regression was performed. No difference among country
of origin was noted between the groups (Odds Ratio
(OR) 1.12; 95% Confidence interval (CI) 0.62–2.00;
p¼ 0.72), nor was there any difference regarding CXR
results (OR 1.23; 95% CI 0.72–2.11; p¼ 0.45), symptoms
(OR 0.82; 95% CI 0.38–1.76; p¼ 0.60) or performed spu-
tum sample (OR 1.57; 95% CI 0.88–2.80; p¼ 0.12).

The significant variables age, parity and time in
Sweden were subsequently included in a multiple logis-
tic regression. The regression was made to calculate
adjusted OR and to ascertain the effects of age, parity
and time in Sweden on the likelihood that patients were
recommended LTBI treatment. The variables were all still
significant and the regression showed a decreasing
probability of being recommended treatment with
increasing age, time in Sweden and parity. The multiple
logistic regression analysis correctly classified 68.5% of
the cases and explained 18.8% (Nagelkerke R2) of the
variance in recommendation for LTBI treatment
(Table 2). No significant difference could be found
regarding age (p¼ 0.29), parity (p¼ 0.55) or time in
Sweden (p¼ 0.88) between the group that discontinued
LTBI treatment (n¼ 25) and the group that completed
treatment (n¼ 112).

Among the women not treated for LTBI (n¼ 293), 55
(19%) were not treated due to several years of residence
in Sweden, 40 (14%) women declined treatment, 39
(13%) were not recommended treatment due to previ-
ous treatment for active TB and 29 (10%) due to previ-
ous treatment for LTBI (Table 3).

Out of the 137 women treated for LTBI, 112 (82%)
completed treatment and 25 (18%) discontinued treat-
ment. Reasons for discontinued treatment were in seven
(5.1%) cases due to liver-related adverse effects, seven
(5.1%) due to other adverse effects, six (4.4%) due to a
new pregnancy, three (2.2%) due to loss to follow-up,
one (0.7%) due to relocation and one (0.7%) due to
investigation for active TB (Table 4). Out of 17 women
with hepatitis B only four were recommended treatment
out of which two declined, one completed and one dis-
continued treatment due to adverse events (other than
hepatotoxicity).

The treatments given were INH9 (n¼ 61, of which 11
discontinued), INH6 (n¼ 41, of which 11 discontinued)
and RIF4 (n¼ 35, of which three discontinued) (Figure 3
and Table 4). No association was found between com-
pletion rate and treatment regime (p¼ 0.12). The pul-
monary medicine clinic treated 39 women with INH9,

Table 2. Multiple binary logistic regression between group recommended for LTBI treatment and not recommended.

Variable
Recommended for

LTBI treatment n¼ 177
Not recommended for
LTBI treatment n¼ 253 p-value

Adjusted
OR

95 % Cl for OR

Lower Upper

Age 28 (±5) 31 (±6) .001 0.93 0.90 0.97
Parity 2 (0–8) 3 (1–12) .014 0.85 0.75 0.97
Time in Sweden 24 (1–348) 55 (2–300) <.001 0.99 0.98 0.99

Data are presented as mean (± standard deviation) for normally distributed numerical variables and median (range) for non-normally distributed numerical
variables.
LTBI:latent tuberculosis infection; OR: odds ratio; Cl: confidence interval.

Table 3. Reasons for not being treated for latent tuberculosis, in
descending order, among women screened for tuberculosis at
Maternal Health Care clinics and subsequently referred to the pul-
monary medicine clinic or the clinic of infectious diseases in
€Osterg€otland County between 2013 and 2018.
Reasons for not being treated for LTBI (n¼ 293) Number (%)

Several years of residence in Sweden 55 (18.8)
Patient declines treatment 40 (13.7)
Previous treatment for active TB 39 (13.4)
Previous treatment for LTBI 29 (9.9)
Unspecified reason 23 (7.9)
Considered too old for treatment and

more than one previous pregnancy
21 (7.2)

Considered too old for treatment 14 (4.8)
Planned relocation out of county 14 (4.8)
>2 years since last exposure 12 (4.1)
Negative TB investigation 11 (3.8)
More than one previous pregnancy 9 (3.1)
Over 2 years since last exposure and

more than one previous pregnancy
6 (2.0)

Suspicion of low compliance 5 (1.7)
No planned future pregnancy 4 (1.4)
Known LTBI and no previous treatment 4 (1.4)
Considered too old for treatment and

over 2 years since last exposure
3 (1.0)

Other diagnosis 1 (0.3)
Known liver impairment 1 (0.3)
Referred to another clinic for assessment 1 (0.3)

Data are shown as n (%). TB: tuberculosis; LTBI: latent tuberculosis infection.

Table 4. Treatment regimens and outcome among women
screened for tuberculosis at Maternal Health Care clinics and later
treated for latent tuberculosis at the pulmonary medicine clinic or
clinic of infectious diseases in €Osterg€otland county between 2013
and 2018.
Treatment regime – n (%) All regimes INH 9 INH 6 RIF 4

Total 137 61 (44.5) 41 (29.9) 35 (25.5)
Completed 112 (81.8) 50 (82.0) 30 (73.2) 32 (91.4)
Discontinued 25 (18.2) 11 (18.0) 11 (26.8) 3 (8.6)
Reason for non-completion

Liver side effects 7 (5.1) 5 2 0
Other side effects 7 (5.1) 1 4 2
Relocated 1 (0.7) 1 0 0
Loss to follow-up 3 (2.2) 1 2 0
New pregnancy 6 (4.4) 2 3 1
Investigation for active TB 1 (0.7) 1 0 0

Data are shown as n (%) or n.
INH9: isoniazid 9months; INH6: isoniazid 6months; RIF4: rifampicin 4months;
TB: tuberculosis.
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seven with INH6 and 13 with RIF4. The clinic of infec-
tious diseases treated 22 women with INH9, 34 with
INH6 and 22 with RIF4.

Nine cases of active TB were found during the screen-
ing process which was 5% of all cases of active TB in
€Osterg€otland county during the studied period (2013–
2018) (15). All patients with active TB in our study origi-
nated from countries with a high incidence of TB.
Among the nine cases with active TB, time in Sweden
ranged from seven months to eight years. Three of the
women were diagnosed with pulmonary TB and six with
lymph node TB. See Table 5 for further details.

A search in the Public Health Agency of Sweden’s
national database for active TB showed that two women
developed active TB after finishing the screening cas-
cade of care. They had not been offered treatment for
LTBI. Both had changes on CXR and were therefore sub-
ject to follow-up with CXR until normalisation. One of
the two also left repeated negative sputum samples.

Discussion

The aim of this study was to evaluate the cascade of
care for pregnant women in €Osterg€otland county during

the first six years after its introduction (2013–2018). Nine
cases of active TB were discovered through the screen-
ing process and two women developed active TB after-
wards. 177 women were recommended for LTBI
treatment, 137 women received treatment and 112
(82%) completed treatment. Further, only three out of
137 treated patients were lost to follow up.

There are few studies examining the screening pro-
cess of pregnant women [15,19]. One of the existing few
evaluated the TB screening program for pregnant
women in Stockholm, Sweden, and discovered several
women with active TB and previously unknown LTBI and
concluded that the screening program was justified to
perform [15]. In our study, we see similar results
although we found an even higher proportion of active
TB based on the number of examined women.

During the study period, a total of 180 cases of active
TB were discovered in €Osterg€otland county, which
means that the nine cases of detected active TB during
the screening accounted for 5% of the total number of
cases in the region during the period studied. Our study
was not designed to investigate if the screening pro-
gram reduces the risk of active TB in pregnant women
from high endemic areas, but our data suggests that the

Figure 3. Treatment regimens among pregnant women treated for latent tuberculosis at the pulmonary medicine clinic or clinic of infec-
tious diseases in €Osterg€otland County between 2013 and 2018.
INH9: isoniazid nine months; INH6: isoniazid six months; RIF4: rifampicin four months.

Table 5. Details of cases with active tuberculosis (TB) among pregnant women detected in €Osterg€otland county between 2013 and 2018.

Age Origin
TB

incidence
Months

in Sweden Parity (n)
IGRA
(IU/ml)

TST
(mm) Symptoms CXR

Sputum
culture

Diagnosis
(TB)

31 Africa High 48 5 0.59 n/a Yes Consolidation Negative Pulmonary
26 Africa High 7 1 3.12 n/a Yes Pleural fluid Positive Pulmonary
28 Asia High 72 2 1.18 n/a Yes Nodules Positive Pulmonary
31 Africa High 9 5 1.92 n/a No Hilar enlargement Negative Lymph node
34 Africa High 12 1 Na 30 Yes Consolidation Negative Lymph node
36 Africa High 72 7 >10 n/a No Hilar enlargement Negative Lymph node
29 Asia High 10 2 >10 n/a Yes Normal Not done Lymph node
26 Africa High 12 4 9.82 n/a Yes Normal Negative Lymph node
34 Africa High 96 4 >10 n/a No Normal Negative Lymph node

TB: tuberculosis; IGRA: interferon gamma releasing assay; TST: tuberculin skin test; CXR: chest radiograph.
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screening was effective in identifying active cases in a
risk group although further studies are needed to prop-
erly address this question. The cost-effectiveness of the
screening program at MHC clinics in low-endemic coun-
tries has not been evaluated previously and it was not
the scope of this study. However, when evaluating
screening programs for migrants it has been demon-
strated to be cost-effective when screening individuals
from high TB burden countries [20–23]. The pregnant
women who are subject to screening for LTBI come
from areas with high TB incidence. Furthermore, preg-
nant women have an extra risk of developing active TB
[5,11,24]. Considering this and that 5% of the cases with
active TB in €Osterg€otland county were pregnant women
during the studied period, indicates that it could be
cost-effective to screen this group of women, but further
studies are needed.

It is important to remember that finding and prevent-
ing active TB among pregnant women is of high value
not only because of the increased risk for the mother,
but also for the foetus or infant [8,25]. Pregnancy and
appointments to MHC clinics represent an occasion for
immigrant women to access the health care system,
which is important since this group often has limited
health-seeking behaviour, this makes pregnancy an
opportunity to screen for LTBI [26]. Regardless of if LTBI
treatment is offered or not, information is given about
the symptoms of active TB and to seek healthcare if
necessary [12].

Up until 2015 the MHC-clinics in the central and east-
ern part of €Osterg€otland county could choose whether
to send their referral to the department of pulmonary
medicine or the department for infectious diseases. For
some reason, unknown to us, more referrals were sent
to the department for pulmonary medicine. In the east-
ern region of €Osterg€otland county, it was only possible
to send the referrals to the department of infectious dis-
eases since there was no department of pulmonary
medicine at that hospital. We found no difference
between the two departments regarding how many
women were recommended for treatment.

Out of the 439 referred women, two individuals
developed active TB within two years after being
screened and subsequently referred to the pulmonary
medicine clinic or the clinic of infectious diseases in
€Osterg€otland County. Neither had been offered treat-
ment for LTBI during screening. Both women had abnor-
malities on CXR discovered during the screening process
and were followed until normalisation of the CXR. One
of the women also left repeated negative sputum

samples but developed active TB after follow-up ended.
We consider two out of 439 (0.5%) women as few.
When analysing these cases, we cannot be completely
sure of the connection to the pregnancy, or a possible
re-exposure and we cannot be sure that there were
other reasons for not giving LTBI treatment to the two
women that were not mentioned in the patient records.

Pregnant women have an increased risk of develop-
ing active TB up to six months postpartum [5,11,16,24],
however, we chose to control for active TB up to two
years after the screening. The reason for this was to not
miss any cases and because the risk of falling ill with
active TB is highest within two years of exposure [14,27].
Interestingly, both women who developed TB after com-
pleting the screening program did so after more than
six months post-partum.

In our study, significant determining factors for rec-
ommending treatment of LTBI in pregnant women were
age, time in Sweden and parity. Accordingly, our study
showed a decreasing likelihood of being recommended
treatment with increasing age, time in Sweden and par-
ity. Age is an important factor to consider since the risk
for treatment-related adverse effects such as hepatotox-
icity increases with age and thus the indication for treat-
ment decreases with age over 35 years [12,13]. In
addition, most cases of active TB also occur in the age
group 15–39 years [28].

When reasoning whether to treat LTBI or not, time in
Sweden is usually a factor that physicians consider since
the risk of exposure in Sweden is very small. As previ-
ously stated, the highest risk of falling ill is within two
years of infection [14,27]. In a study examining factors
that predict physicians’ decision not to treat LTBI, immi-
gration over two years ago was such a factor [29].
However, when deciding if to treat LTBI in pregnant
women, the question is whether to place equivalent
importance on time spent in Sweden since there is no
data to support that the risk of reactivation decreases
with the number of previous pregnancies [15,16]. Thus,
time without re-exposures is most likely not important
in pregnant women with LTBI regarding their risk of
reactivation. In our study, the cases with active TB had a
range of time spent in Sweden between seven months
and eight years. However, the number of cases with
active TB were too few to do statistical analyzes to cor-
roborate previous data regarding the risk of developing
TB and time spent in Sweden in pregnant women. Also,
we do not know why time spent in Sweden was stated
as a risk factor in the journal records since there was sel-
dom a thorough explanation following the statement.
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Another significant factor in our study was parity.
Women with higher parity were not offered LTBI treat-
ment as often as women with a lower parity. One rea-
son for this could be that increased parity might be
associated with older age. However, parity was still sig-
nificant in the multiple linear regression with adjusted
OR. When looking at the cases of active TB in our study,
the parity ranged from one to seven. In the study by
Fr€oberg and co-workers [15], parity among cases with
active TB was between one and three, and five out of
nine had their first child. Considering the few cases with
active TB discovered during the screening process in our
study it was not possible to do a statistical analysis con-
cerning parity and the risk of developing active TB.
However, the women with active TB displayed a wide
spread of parity and earlier studies have shown no cor-
relation between parity and the risk of developing active
TB [16]. Treatment decisions based on this factor can
therefore be considered questionable.

When deciding whether to offer treatment for LTBI or
not, it is an assessment based on the individual’s risk of
developing TB, estimated adherence to treatment, and
the risk of drug-related adverse events. The most
reported reasons for not recommending treatment for
LTBI were several years of residence in Sweden or
declining treatment. Furthermore, few women with
hepatitis B were recommended LTBI treatment.
Nonetheless, the clinical assessment is always a balance
between several factors which is not always described in
detail in the medical record and thus can the exact rea-
son for not treating a specific patient be difficult to
comprehend.

In a previous systematic review analysing migrant
screening in Europe, it was estimated that only 54% of
migrants with diagnosed LTBI completed treatment after
screening [30]. Another systematic review and meta-ana-
lysis showed that migrants who initiated and completed
treatment for LTBI were only 52% in cases where data
from the entire treatment cascade were included [31]. In
our study, the completion rate was 82% which in com-
parison to the previous studies is high. Of the 25
women who discontinued treatment, 14 did this
because of adverse events seven of which were liver-
associated (Table 4). Although when compared to the
study by Fr€oberg et al. [15], who investigated LTBI treat-
ment among pregnant women in Stockholm, Sweden,
our completion rate was considerably lower than theirs
(94%). One reason for this could be that most women in
their study were treated with RIF (90%), while majority
in our study was treated with INH. In the group treated

with RIF in our study, treatment completion was consid-
erably higher compared to INH (Table 4).

The majority of the women in this study were treated
with isoniazid for six or nine months. Today the recom-
mended LTBI treatment regimens in Sweden are shorter
and rifamycin based, even though isoniazid for six or
nine months still are alternatives [2,32]. In addition to
being shorter the rifamycin-containing regimens are
non-inferior in preventing active TB disease, well toler-
ated with potentially less adverse events and have a
higher rate of treatment completion compared to isonia-
zid monotherapy [32,33]. Even though the majority were
treated with isoniazid, treatment with rifampicin for four
months increased during the study period while isonia-
zid decreased (Figure 3).

We found no association between treatment comple-
tion rate and treatment regime. The most common
cause for non-completion was side effects (n¼ 14/25).
Interestingly the second most common cause for non-
completion was a new pregnancy (n¼ 6) even if there is
no risk to continue the treatment when pregnant. When
we investigated those cases, we found that four of the
women had interrupted the treatment on their own ini-
tiative, one had had liver side effects before treatment
why she discontinued during her new pregnancy and
restarted shortly after delivery and in the last case, it
was unclear why she stopped her treatment.

A strength of the study was the relatively large cohort
of 439 women which allowed for the investigation of
indications for treatment. Another strength was the low
loss to follow-up, only three out of 137 treated women.
A limitation is that a larger number of cases with active
TB would be necessary to study the correlation between
different patient factors and the risk of developing
active TB. Further, to be able to study adverse events
correlated to LTBI treatment, the treatment groups
would need to be bigger.

Conclusion

The described cascade of care for screening pregnant
women from countries with high TB incidence at MHC
clinics seems to be a successful and useful tool for
assessing pregnant women with LTBI and led to the dis-
covery of several cases of active TB. The study showed a
decreasing likelihood of being recommended treatment
for LTBI with increasing age, time in Sweden and parity.
In our cohort, few women discontinued offered treat-
ment or were lost to follow up. Further studies are
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needed to be certain the screening program has led to
fewer cases of active TB.
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