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Summary

Introduction

QUESTION UNDER STUDY: To investigate pregnancy
related changes of rheumatoid factor (RF) isotypes and
anti-citrullinated protein antibodies (ACPA) and their association with disease activity and therapy in patients with
rheumatoid arthritis.
METHODS: In 22 rheumatoid arthritis patients disease
activity (DAS28-CRP), therapy as well as the levels of
rheumatoid factor isotypes (IgG, IgA, IgM) and ACPA
were analysed longitudinally within 4 months before conception, once at each trimester and at 6,12 and 24 weeks
postpartum. In addition, immunoglobulin isotypes (IgG,
IgA, IgM) were measured in the pregnant rheumatoid arthritis patients as well as in 29 healthy pregnant women at the
time points mentioned above.
RESULTS: Our results showed that pregnancy significantly reduced systemic levels of the immunoglobulin isotypes IgG and IgA, but did not change the levels of IgG-RF,
IgA-RF nor those of IgG-ACPA using assays with different
antigen preparations. However, patients with active disease
before and during pregnancy showed significantly higher
levels of ACPA as compared to patients with low disease
activity during pregnancy. Significantly more patients with
low disease activity during pregnancy received pregnancy
compatible disease modifying antirheumatic drugs or TNFinhibitor therapy within four months before conception (P
= 0.025).
CONCLUSIONS: Our results suggest that treatment
should be adjusted to pregnancy compatible drugs preconceptionally and continued until conception and beyond to
allow for stable inactive disease during gestation and control the levels of autoantibodies.

Pregnancy induces a change of the immune system in order
to allow tolerance towards the semi-allogeneic foetus. This
natural immunomodulation leads to amelioration of the disease in most patients with rheumatoid arthritis (RA) during pregnancy [1]. With more effective treatment in the
last decade, more RA patients enter pregnancy with inactive disease. Both, the increasing percentage of patients
with inactive disease and the use of more objective disease
activity measurements gave lower percentages of a relevant
improvement during pregnancy. In the Dutch prospective
PARA study, the group of inactive patients remained stable
during pregnancy whereas 49% of RA patients entering
pregnancy with active disease defined by a DAS28-CRP of
>3.2 showed a EULAR response during gestation [2].
Studies on the humoral immune system during pregnancy
in RA patients and healthy women showed a decrease of
the immunoglobulin isotypes IgG and IgA but not of IgM
[3–5]. Similarly, the rheumatoid factor (RF) as measured
by the Waaler-Rose assay decreased at late pregnancy in a
small cohort of RA patients [5]. By contrast, in the Dutch
PARA study, no change of RF or anti-citrullinated protein
antibodies (ACPA) could be seen from pre-pregnancy until
the third trimester [6].
RF and ACPA are two distinct biomarkers in RA that are
mostly used in combination to increase the diagnostic value
[7, 8]. Among the RF isotypes, the IgM-RF is the most
prevalent. However, the detection of IgG-RF and IgA-RF
were shown to predict more erosive disease [9]. High levels
of RF are associated with rheumatic nodules. ACPA which
were shown to be important in the pathogenesis of RA often precede the onset of symptoms and predict more aggressive disease [8, 10, 11]. Several studies have demonstrated that an effective therapy with disease modifying
antirheumatic drugs (DMARD) or biologics is associated
with a decrease of RF and ACPA [12–15].
In the present study, we tested the hypothesis that low disease activity during pregnancy corresponds with low levels
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of RF and ACPA as well as with the use of antirheumatic
therapy.

Patients and methods
Patients
We prospectively studied 22 pregnant patients with RA
once before conception, once in each trimester (gestational
week 10–12, 20–22 and 30–32) and at 6, 12 and 24 weeks
postpartum. The pre-pregnancy blood sampling took place
up to 4 months before the wish to conceive. All patients
fulfilled the American College of Rheumatology criteria
[16]. In addition, in two RA patients paired sera of maternal peripheral blood and cord blood were obtained at delivery. For comparison of the immunoglobulin isotypes, sera
from 29 healthy women who were recruited among healthy
volunteers (by F. Förger and M. Østensen) were analysed
at the same time points during and after pregnancy as mentioned before. No woman was included twice. The study
was approved by the ethical committee of the University of
Berne. All patients gave written informed consent.
Disease activity measurements of RA patients was performed (by F. Förger and M. Østensen) using the
DAS28-CRP with three variables consisting of a swollen
joint count, a tender joint count and the C-reactive protein
(CRP) level (mg/l) that performed best in pregnant RA
patients [17]. RA patients were categorised into two different groups depending on disease activity during pregnancy: Group 1 consisted of RA patients with decreasing
disease activity during pregnancy reaching a DAS28-CRP
<3.2 at the third trimester or with stable low disease activity (DAS28-CRP <3.2) at all time points during pregnancy.
Group 2 consisted of RA patients with persistent active disease (DAS28-CRP >3.2) throughout pregnancy.
Immunoglobulin and autoantibody measurements
In all sera, levels of the rheumatoid factor (RF) isotypes
IgG, IgA and IgM, the anti-citrullinated protein antibodies
(ACPA) as well as the immunoglobulin isotypes IgG, IgA
and IgM were measured. All RF isotypes were analysed
by a commercially available ELISA (AESKULISA RFAGM, Aesku Diagnostics, Wendelheim, Germany). For the
detection of ACPA we used three commercially available

ELISAs with different preparations of the citrullinated antigen: (1) Anti-CCP Mark2 (CCP2) assay uses a second
generation cyclic citrullinated synthetic peptide to detect
IgG anti-CCP antibodies (Immunoscan RA assay, EuroDiagnostica, Malmö, Sweden), (2) AESKULISA RA/CP
Detect (RA/CP) (Aesku Diagnostics, Wendelheim, Germany) is an ELISA for the detection of IgG autoantibodies
to synthetic citrullinated peptides of human immunoglobulin G, and (3) QUANTA Lite CCP3 IgG (CCP3)
ELISA (INOVA, San Diego, USA) determines IgG antiCCP3 antibodies against a third generation cyclic citrullinated synthetic peptide. RA/CP for the detection of IgA and
IgM autoantibodies was developed by the manufacturer
for the ACPA analysis in mother-child pairs (Aesku Diagnostics, Wendelheim, Germany). All ELISAs were carried out according to the manufacturer’s instructions. Positive results for each ELISA were defined as follows: for all
RF isotypes >15 U/ml, for anti-CCP Mark2 >25 U/ml, for
AESKULISA RA/CP Detect >15 U/ml and for the CCP3
IgG ELISA >20 U/ml. Sera reaching the upper limit of the
measurement range were not further diluted. The immunoglobulin isotypes were determined by nephelometry (Beckman Coulter) with the following reference ranges: for IgG
2.6–7.8 g/l, for IgA <0.16 g/l, for IgM 0.03–0.24 g/l.
Statistics
Longitudinal changes of the antibody levels within patients
were compared using the Wilcoxon test. Differences of antibody levels between the subgroups of RA patients or between
patients and controls were analysed using the Mann Whitney
U test. The presence or absence of medication or autoantibody
results in the two groups of RA patients was compared using
the Fisher exact test. Statistical analysis was performed using
SPSS statistics 17.0 software package. A two-sided significant
difference was assumed in case of P <0.05.

Results
Disease activity and medication
Of the 22 RA patients included in the study, 16 (73%) patients experienced improvement or persistent low disease

Figure 2

Figure 1
Disease activity of RA patients during and after pregnancy. Disease
activity measured before (pre), once at each trimester (1T, 2T, 3T)
and after pregnancy (6, 12 and 24 wpp: weeks postpartum) by the
DAS28-CRP in 16 RA patients with low disease activity during
pregnancy (group 1,dashed line) and in 6 RA patients with
persistent active disease (group 2, black line). Values are medians
with interquartile range.
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Immunoglobulin levels, IgG-RF and ACPA during and after
pregnancy in healthy and rheumatoid arthritis patients. Levels of
the immunoglobulin IgG, IgG-RF and IgG-ACPA (anti-CCP3 ELISA)
in healthy women (HC, n = 29) as well as in patients with
rheumatoid arthritis (RA, n = 22) analysed before conception (pre),
at the 1st (1T), 2nd (2T) and 3rd (3T) trimester as well as 6, 12 and
24 weeks postpartum (wpp). RF and ACPA levels are shown in RA
patients with persistent active disease (dashed lines) and in those
with low disease activity during pregnancy (black lines). * P <0.05,
** P <0.01.
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activity during pregnancy reaching a DAS28-CRP below
3.2 at the third trimester (fig. 1, group 1). Among these
low active patients, 13 had a DAS28-CRP below 2.6. By
contrast, 6 (27%) patients had persistent active disease
throughout pregnancy (fig. 1, group 2). Disease activity
differed significantly between group 1 and group 2 (P
<0.001). At six weeks postpartum, a DAS28-CRP >3.2
could be seen in all patients with persistent active disease
during pregnancy and in 5 out of 16 patients with low or
inactive disease during gestation. As for medication, significantly more patients of group 1 received pregnancy compatible DMARDs therapy such as sulfasalazine and antimalarials or TNF-inhibitors within the four months before
conception (P = 0.025). Likewise, more patients of group
1 remained on sulfasalazine and antimalarials during gestation (table 1).
Presence of RF isotypes and ACPA
To analyse whether the detection of ACPA in our cohort
of pregnant patients would depend on the difference of antigen preparation, three different ACPA tests were used.
More pregnant RA patients were positive for any of the
ACPA assays (CCP2: n = 12, RA/CP: n = 11, CCP3: n =
12) than for any of the RF isotypes (IgG-RF: n = 7, IgARF: n = 5, IgM-RF: n = 9). Among twelve pregnant RA patients who were negative for all RF isotypes, six were positive for at least one of the ACPA tests used.
No significant difference with regard to prevalence of positive or negative results for RF isotypes or ACPA could be
found between the two RA groups. However, in the group
of low disease activity during pregnancy, slightly more patients tended to be negative for both RF isotypes and ACPA
(RA/CP or CCP3) as compared to the group of persistent
active disease (group 1: 6/16 (38%), group 2: 2/6 (33%),
data not shown).

Levels of immunoglobulin, RF and ACPA
In all patients as well as in healthy controls, the IgG concentrations showed the most pronounced decrease during
pregnancy reaching a minimum at the third trimester and
a postpartum rise (fig. 2). Changes of IgA levels during
and after pregnancy could also be seen in healthy controls
and RA patients whereas IgM levels showed minor longitudinal variations (supplementary figure). From the second
trimester until six weeks postpartum, RA patients showed
significantly higher IgG and IgA levels as compared to
healthy controls (P <0.05). Levels of IgG, IgA or IgM did
not differ between RA patients with low disease activity
(group 1) and those with active disease (group 2).
As opposed to the gestational modulations of IgG in RA
patients, neither the levels of IgG-RF (fig. 2) nor those of
IgA- or IgM-RF (supplementary figure) revealed any significant changes during pregnancy and postpartum. Similar results could be seen for the longitudinal analysis of the
different ACPA assays that all tested for the IgG isotype
against citrullinated peptides. However, pregnant RA patients with persistent active disease during pregnancy
(group 2) had higher ACPA levels as compared to pregnant
RA patients with inactive disease (group 1) (fig. 2 and 3).
This difference could not be found for any of the RF isotypes.
Transplacental transfer of RF and ACPA
In two RA patients, ACPA of the IgG isotype and total immunoglobulin isotypes IgG, IgA, IgM were measured at
term in maternal serum and in cord blood. As expected,
total IgG levels of the newborns exceeded those of the
mothers (table 2). ACPA of the IgG isotype were found in
the cord blood of the newborns at similar or higher concentrations as compared to those found in maternal sera.
By contrast, only a small concentration for IgG-RF could
be found in the newborn of one RF positive patient. Cord
blood IgM levels were minimal and IgA levels not detectable. Neither RF nor ACPA of the IgA or IgM isotype
could be detected in cord blood samples.

Discussion

Figure 3
Lower ACPA levels in RA patients with inactive or ameliorated
disease during pregnancy. ACPA levels measured by three different
ACPA ELISA (CCP2 ELISA, RA/CP ELISA and CCP3 ELISA) at the
third trimester in RA patients with low disease activity during
pregnancy (group 1, n = 16) and in those with persistent active
disease during pregnancy (group 2, n = 6). Lines show median and
interquartile range; * P <0.05, ** P <0.01.
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In this study, we compared longitudinal changes of immunoglobulin isotypes, RF isotypes and ACPA during pregnancy and postpartum in a group of RA patients with well
controlled disease during gestation as compared to a group
of patients with persistent active disease. Our results
showed that pregnancy significantly reduced systemic
levels of the immunoglobulin isotypes IgG and IgA, but
did not change the levels of IgG-RF, IgA-RF nor those
of IgG-ACPA using assays with different antigen preparations. However, the group of pregnant RA patients who
entered and continued with active disease displayed higher
levels of ACPA as compared to the group of low active disease. Interestingly, more patients with low active disease
during pregnancy were on pregnancy compatible DMARD
therapy or on TNF-inhibitors before conception.
The gestational DMARD therapy and the pre-conceptional
use of DMARD and TNF-inhibitors most probably supported the disease ameliorating effect of pregnancy in most of
our RA patients and suppressed levels of ACPA. A decreas-
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ing effect on RF and ACPA has previously been shown by
DMARD like methotrexate, sulfasalazine, antimalarials or
minocycline [12–14]. Similarly, studies with TNF-inhibitors or B cell depletion showed a more rapid and uniform
decrease of RF whereas the effect on ACPA was either undetectable or occurring only after 6 months of follow-up
[15, 18–21]. Whereas levels of RF are more closely re-

lated to disease activity, this association remains controversial for ACPA titers [12, 22]. This might be related with
the slow response of ACPA titers upon treatment. The continuation of treatment in RA patients who plan to become
pregnant might therefore be of particular importance. In the
group of inactive disease, 2 patients were on TNF-inhibitors and 12 patients were on DMARD before conception of

Table 1: Patient’s characteristics and medication before, during and after pregnancy.
Group 1
(improved/stable)

Group 2
(active)

n = 16

n=6

30.5 (23–40)

33.5 (25–38)

3.5 (0.83–15)

4 (0.3–11)

RF (IgM) present at diagnosis / unknown, n (%)

10 (63) / 0

4 (67) / 0

RF (IgM) present during pregnancy, n (%)

7 (44)

2 (33)

ACPA present at diagnosis / unknown, n (%)

5 (31) / 11 (69)

1 (17) / 5 (83)

ACPA present during pregnancy, n (%)#

9 (56)

4 (67)

Prior to wish to conceive

7 (44)

3 (50)

Pre-pregnancy+

8 (50)

2 (33)

Pregnancy (1st, 2nd, 3rd trimester)

6 (38), 5 (31), 4 (25)

1 (17), 1 (17), 1 (17)

Postpartum++

6 (38)

2 (33)

Prior to wish to conceive

8 (50)

2 (33)

Pre-pregnancy +

4 (25)

0

Pregnancy (1st, 2nd, 3rd trimester)

2 (13), 3 (19), 2 (13)

0, 0, 0

Postpartum++

2 (13)

0

Prior to wish to conceive

4 (25)

4 (67)

Pre-pregnancy+

0

0

Pregnancy (1st, 2nd, 3rd trimester)

0, 0, 0

0, 0, 0

Postpartum++

0

0

Prior to wish to conceive

2 (13)

0

Pre-pregnancy+

0

0

Pregnancy (1st, 2nd, 3rd trimester)

0, 0, 0

0, 0, 0

Postpartum++

0

0

Prior to wish to conceive

1 (6)

1 (17)

Pre-pregnancy+

2 (13)

0

Pregnancy (1st, 2nd, 3rd trimester)

0, 0, 0

0, 0, 0

Postpartum++

0

1 (17)

Prior to wish to conceive

10 (63)

5 (83)

Pre-pregnancy +

2 (13)

3 (50)

Pregnancy(1st, 2nd, 3rd trimester)

4 (25), 6 (38), 4 (25)

3 (50), 4 (67), 5 (83)

Postpartum++

5 (31)

6 (100)

Prior to wish to conceive

15 (94)

3 (50)

Pre-pregnancy+

3 (19)

2 (33)

Pregnancy (1st, 2nd, 3rd trimester)+++

3 (19), 2 (13), 1 (6)

2 (33), 3 (50), 3 (50)

Postpartum++

3 (19)

1 (17)

Prior to wish to conceive

0

0

Pre-pregnancy+

1 (16)

1 (17)

Pregnancy (1st, 2nd, 3rd trimester)

4 (25), 2 (25), 7 (44)

2 (33), 1 (17), 0

Postpartum++

5 (31)

0

Age at pregnancy (median, range), years
Disease duration
At study entry, median years (range)
Autoantibodies

Medication
Sulfasalazine*, n (%)

Antimalarials, n (%)

Methotrexate, n (%)

Leflunomide, n (%)

TNF-inhibitors, n (%)

Oral prednisone /-solone, n (%)

NSAID, n (%)

No medication, n (%)

*Sulfasalazin: in combination with folic acid; +pre-pregnancy: within four months before conception; ++ postpartum: at 6 weeks postpartum; NSAID: non-steroidal antiinflammatory drug; +++NSAID pregnancy: until gestational week 32; preg: pregnancy; # positive in any of the three ACPA tests performed.
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whom six continued DMARD treatment throughout pregnancy. By contrast, in the group of persistent active disease
only two patients received immunosuppressive therapy before conception and only one continued therapy during
pregnancy.
The pregnancy related decrease of the IgG has also been
observed in previous studies [4, 5, 23]. The decrease of
IgG is most likely related to specific transplacental transport mechanisms, not to plasma dilution or change in B
cell function [24]. IgG, especially IgG1, is actively transported from the mother to the foetus via neonatal Fc receptors (nFcR) in the placenta. IgG levels of the mature
newborns therefore exceed those of the mothers as also
found in two mother-child pairs in the present study and
by the detection of RF- and ACPA IgG antibodies in cord
blood. However, these autoantibodies have no ill-effect in
the newborn and get catabolised within the first six months
after birth as known for other transplacental transported antibodies [25, 26]. The decreased levels of IgA and IgM that
we detected at the third trimester as compared to 6 weeks
postpartum are most likely due to the plasma dilution during pregnancy since no receptor depended transplacental

Supplementary Figure
Levels of IgA and IgM as well as IgA-RF and IgM-RF during and
after pregnancy. Sera of healthy controls (HC, n = 29) and RA
patients (n = 22) were analysed before conception (pre), at the 1st
(1T), 2nd (2T) and 3rd (3T) trimester as well as 6, 12 and 24 weeks
postpartum (wpp) for IgA (A) and IgM (B). In RA patients,
longitudinal changes of the immunoglobulin levels were compared
with those of the IgA-RF (A) and the IgM-RF (B). No significant
difference was found between RA patients with persistent active
disease (dashed lines) and those with low disease activity during
pregnancy (black lines). * P <0.05, ** P <0.01.

transport is known for these immunoglobulins. However, a
slow rate of passive diffusion across the placenta is suggested for the transplacental transport of IgA [23].
In spite of transplacental transport, maternal serum levels
of RF and ACPA did not show significant changes during
pregnancy which is in line with previously published data
[6]. Since pregnancy itself does not compromise the number and function of B cells allowing for intact immune responses to vaccines and stable vaccination titers [27, 28],
an increased production of these autoantibodies by autoreactive B cells is most likely. The augmented B cell function
in our cohort of pregnant RA patients was also reflected
by higher levels of total IgG and total IgA as compared to
healthy controls.
The main limitation of our study is the small number of
patients as compared with the Dutch PARA study [6]. The
PARA study could show that RA patients who fulfilled
the EULAR response criteria during pregnancy were more
often seronegative for both RF and ACPA. In our small
cohort of patients with inactive disease during pregnancy
defined by DAS28-CRP <3.2, lower levels of ACPA as
compared to the levels in the persistent active group indirectly add to this finding. We did not analyse the EULAR response criteria which can only be applied for patients who
enter pregnancy with active disease having a DAS28-CRP
>3.2. Yet, we counsel patients when they plan pregnancy
and advise them to enter pregnancy in an inactive status
and therefore tend to continue a pregnancy compatible
DMARD therapy.
In agreement with previous studies our results confirm that
entering pregnancy with low disease activity is a relevant factor for stable low disease activity during gestation
and even for a reduced risk for a postpartum flare [2, 29].
By contrast, high disease activity at conception portends
a less favourable expectation for disease improvement. In
spite of the small study population and no randomisation to
treatment in the two groups, the results support continuing
pregnancy compatible drugs until conception and beyond
to control disease activity, the levels of autoantibodies and
to support the disease ameliorating effect of pregnancy.
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Table 2: RF, ACPA and immunoglobulin levels in two mother-child pairs.
Mother-child pairs

IgG-RF
(U/ml)

IgG-ACPA
(CCP3)
(U/ml)

IgG-ACPA
(RA/CP)
(U/ml)

total IgG
(g/l)

IgA-RF
(U/ml)

IgA-ACPA
(RA/CP)
(U/ml)

total IgA
(g/l)

IgM-RF
(U/ml)

IgM-ACPA
(RA/CP)
(U/ml)

total IgM
(g/l)

No 1

Maternal serum

1707

167

238

7.03

558

449

2.31

4911

1453

0.83

CB serum

34

143

143

8.99

nd

nd

nd

nd

nd

0.06

Maternal serum

nd

100

nd

6.06

nd

nd

1.15

nd

1324

0.81

CB serum

nd

110

nd

9.41

nd

nd

nd

nd

nd

0.06

No 2

No: number; CB: cord blood; nd: not detected
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Figures (large format)

Figure 1
Disease activity of RA patients during and after pregnancy. Disease activity measured before (pre), once at each trimester (1T, 2T, 3T) and after
pregnancy (6, 12 and 24 wpp: weeks postpartum) by the DAS28-CRP in 16 RA patients with low disease activity during pregnancy (group
1,dashed line) and in 6 RA patients with persistent active disease (group 2, black line). Values are medians with interquartile range.

Figure 2
Immunoglobulin levels, IgG-RF and ACPA during and after pregnancy in healthy and rheumatoid arthritis patients. Levels of the immunoglobulin
IgG, IgG-RF and IgG-ACPA (anti-CCP3 ELISA) in healthy women (HC, n = 29) as well as in patients with rheumatoid arthritis (RA, n = 22)
analysed before conception (pre), at the 1st (1T), 2nd (2T) and 3rd (3T) trimester as well as 6, 12 and 24 weeks post partum (wpp). RF and ACPA
levels are shown in RA patients with persistent active disease (dashed lines) and in those with low disease activity during pregnancy (black
lines). * P <0.05, ** P <0.01.
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Figure 3
Lower ACPA levels in RA patients with inactive or ameliorated disease during pregnancy. ACPA levels measured by three different ACPA ELISA
(CCP2 ELISA, RA/CP ELISA and CCP3 ELISA) at the third trimester in RA patients with low disease activity during pregnancy (group 1, n = 16)
and in those with persistent active disease during pregnancy (group 2, n = 6). Lines show median and interquartile range; * P <0.05, ** P <0.01.
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Supplementary Figure
Levels of IgA and IgM as well as IgA-RF and IgM-RF during and after pregnancy. Sera of healthy controls (HC, n = 29) and RA patients (n = 22)
were analysed before conception (pre), at the 1st (1T), 2nd (2T) and 3rd (3T) trimester as well as 6, 12 and 24 weeks post partum (wpp) for IgA
(A) and IgM (B). In RA patients, longitudinal changes of the immunoglobulin levels were compared with those of the IgA-RF (A) and the IgM-RF
(B). No significant difference was found between RA patients with persistent active disease (dashed lines) and those with low disease activity
during pregnancy (black lines). * P <0.05, ** P <0.01.
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