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ABSTRACT

Background: Neonatal lupus erythematosus (NLE) is an uncommon autoimmune disease caused by trans-
placental passage of maternal antibodies.

The aim of the study was to investigate whether antinuclear antibodies (ANA) detected in newborns of moth-
ers with systemic connective tissue disease (SCTD) are present after 6 months of age, and whether they are
accompanied by clinical symptoms, the so-called NLE.

Material and methods: A prospective pilot study was conducted in a group of 20 full-term newborns
(11 males and 9 females) consequently born to mothers with SCTD and 6 newborns (3 males and 3 females)
of mothers without autoimmune disease. The infants were examined for symptoms of NLE. The ANA profile
was evaluated in newborns and repeated at the age of 7 months by using the indirect immunofluorescence
technique.

Results: ANA was detected in 16/20 newborns from the study group in titre 1 : 40 to 1 : 2560 and in
4/6 newborns from the control group in titre 1 : 40 to 1 : 320, as well as in 9 of 19 7-months-old babies of SCTD
mothers. There were no skin lesions, and elevated liver enzymes were found in 8 newborns and haematological
changes in 7 newborns. No pathological changes were found in the ECG examination in the neonatal period
in any of the children.

Conclusions: Maternal ANAs are detected in newborns and in 7-month-old babies. Despite 80% of ANA
detection in the neonatal period of infants of SCTD mothers and 47% detection in 7-month-old babies, there
were no evident symptoms of NLE besides some elevated levels of liver enzymes and haematological changes.
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INTRODUCTION

The human immune system produces antibodies that
destroy foreign pathogens. It happens, however, in various
disease states, that the immune system produces the so-
called autoantibodies that destroy its own tissues and or-

ADDRESS FOR CORRESPONDENCE:

gans. Antinuclear antibodies (ANAs) are found in many
disorders, as well as in some healthy individuals [1-3].
These disorders include the following: systemic lupus ery-
thematosus, Sjogren syndrome [4], scleroderma [5], mixed
connective tissue disease [6], polymyositis, dermatomyosi-
tis, autoimmune hepatitis [7], and drug-induced lupus [8].
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The common tests used for detecting and quanti-
fying ANAs are indirect immunofluorescence and en-
zyme-linked immunosorbent assay (ELISA). In immu-
nofluorescence, the level of autoantibodies is reported as
a titre [3, 9, 10]. This is the highest dilution of the serum
at which autoantibodies are still detectable. Positive au-
toantibody titres at a dilution equal to or greater than
1 : 160 are usually considered as clinically significant. Al-
though positive titres of 1 : 160 or higher are strongly as-
sociated with autoimmune disorders, they are also found
in 5% of healthy individuals [2, 3, 8].

Transplacental transfer is possible in women with
ANA antibodies during pregnancy [10-13]. These auto-
antibodies may cause damage to the developing tissues
and increase the risk of bearing infants with neonatal lu-
pus erythematosus (NLE). Approximately 98% of affected
infants have maternal transfer of autoantibodies against
Ro/SSA, La/SSB, and, less commonly, UI-RNP [10].
However, only 1-2% of mothers with these autoantibodies
have neonates with NLE, regardless of whether the moth-
ers are symptomatic or not [14]. NLE is a rare acquired
autoimmune disease that occurs in 1 of every 20 000 live
births in the USA [15]. Elsewhere, epidemiology is usu-
ally described in small case series [16-18].

NLE refers to a clinical spectrum of cutaneous, car-
diac, and systemic abnormalities observed in newborn
infants whose mothers have autoantibodies against Ro/
SSA and La/SSB [10, 19-24]. The condition is rare and
usually benign and self-limited, but sometimes it may be
associated with serious sequelae, like congenital complete
atrioventricular block [24]. Data from literature on the in-
cidence of the different clinical manifestations of NLS are
difficult to compare because they come mostly from ret-
rospective studies or prospective studies, but as yet no
systematic follow-up has been carried out [21-23, 25].

The serum of newborns born to mothers with sys-
temic connective tissue disease shows ANA antibodies
passively transferred from the mother. Usually, the pres-
ence of maternal antinuclear antibodies is not detected
after 6 months of age [18, 26, 27]. There are few studies
assessing the behaviour of maternal ANA antibodies in
the first year of a child’s life [28]. So far, no such studies
performed in Poland have been published.

The aim of the study was to investigate whether anti-
nuclear antibodies (ANA) detected in newborns of moth-

TABLE 1. Diagnosed systemic diseases of connective tissue in mothers

The type of disease Number of patients

Visceral lupus (SLE) 7
Mixed connective tissue disease 3
Antiphospholipid syndrome 9
Rheumatoid arthritis 1
No autoimmune disease 6

ers with systemic connective tissue disease are present
after 6 months of age, and whether they are accompanied
by clinical symptoms, so-called neonatal lupus.

MATERIAL AND METHODS

A prospective pilot study was conducted in a group
of 20 full-term newborns (11 males and 9 females) conse-
quently born to mothers with systemic connective tissue
disease and 6 newborns (3 males and 3 females) of moth-
ers without autoimmune disease. The type of diagnosed
maternal disease is presented in Table 1.

These children were born in the period from June
2015 to June 2017 and were hospitalized in the Depart-
ment of Neonatology. In the group of children of mothers
with systemic connective tissue disease 12 were born by
caesarean section and 8 via normal spontaneous delivery.
In the group of children of mothers without systemic con-
nective tissue disease 3 were born by caesarean section
and 3 via normal spontaneous delivery.

CLINICAL EXAMINATION

The following parameters were assessed in new-
borns: gender, gestational age (GA), method of delivery,
birth weight, Apgar score, presence of placental transfer
of ANA antibodies, liver indicators (bilirubin, aspartate
transaminase [AST], alanine transaminase [ALT], alka-
line phosphatase [ALP], gamma-glutamyl transpeptidase
[GGT]), and peripheral blood counts. The clinical exam-
ination noted the presence of skin lesions in the newborn.
Electrocardiography (ECG) was performed in all new-
borns. The ECG examination was repeated at 7 months
of age. At 7 and 12 months of age, the psychomotor and
physical development of all 26 infants was evaluated.
The development of infants in the first year of life was as-
sessed based on achieving baby development milestones
(cognitive, emotional, motor, and social capacities) typi-
cal of 7 and 12 months of life.

SEROLOGICAL EXAMINATION

The ANA profile was evaluated in newborns and re-
peated at the age of 7 months. Blood for serological tests
was collected on the day of the newborn’s discharge, and
then at the check-up at 7 months of age, as follows: af-
ter collection of a clot, the serum was centrifuged, then
frozen and stored until the tests were performed. These
tests were carried out in the Independent Laboratory for
Rheumatological Diagnostics of the Pomeranian Medical
University.

IgG antinuclear antibodies (ANA) were assessed on
the HEp-2 cell line contaminated by CVCL_0030 cervical
adenocarcinoma human HeLa using the indirect immu-
nofluorescence technique and qualitative multiplex assay
for monospecific antibodies detection, such as nRNP/
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TABLE 2. Characteristics of birth status of newborns of mothers with and without systemic connective tissue disease

Features

Gestational age (week)#'

Mean*/Median**
38.3+1.0%vs. 39 +0.5

Ranges
37—-40vs. 38—40

Birth weight (g)# 3332.7 £374% vs. 3365.0 396 2660—4400 vs. 2960—4400
1" Apgar#? 9**vs, 10 5-10vs.9-10
3'Apgar#* 9**vs. 10 8-10vs.9-10
5’ Apgar#® 9**vs, 10 8-10vs.9-10

# differences between groups not significant (Mann-Whitney test); p > 0.261; p > 0.332; p > 0.233;p > 0.524;p > 0.715

TABLE 3. Liver enzymes and blood count parameters in a group of newborns of mothers with connective tissue diseases

Patients AST (U/) ALT (U/1) GGT (U/1) ALP (U/1) WBGs (G/I) ~ RBCs (T/1) Hb (g/dl) PLTs (G/1)
1 29 12 143 298 9.25 4.78 15.8 278
2 64 16 55 150 18.81 5.38 19.1 239
3 24 1 119 121 23.88 6.04 19.9 249
4 50 10 231 144 21.99 491 173 222
5 38 17 44 175 9.14 4.01 14.4 256
6 49 12 97 127 34.75 6.78 22.9 59.9
7 37 13 63 97 16.42 437 15.4 288
8 32 8 80 113 9.52 4.48 15.5 250
9 11.36 5.05 18 264
10 21.05 5.34 18.3 304
1 62 25 113 137 6.44 4.05 14.5 289
12 52 17 104 121 1.3 5.81 20.3 264
13 25 13 53 137 22.35 4.77 17.3 242
14 22 13 601 12.01 5.74 18.5 316
15 113 20 160 147 11.01 5.42 19.1 333
16 28 7 91 143 9.52 3.81 13.8 268
17 40 12 58 132 7.53 43 15.6 272
18 6.01 4.92 17.7 257
19 30 15 25 138 7.73 4.48 16.4 221
20 83 33 143 135 7.86 5.83 20.6 297

ALT — alanine transaminase; AST — aspartate transaminase; ALP — alkaline phosphatise; GGT — gamma-glutamyl transpeptidase; RBCs — red blood cells; WBCs — white blood cells; Hb — haemoglobin;

PLTs — platelets

Sm, Sm, SS-A (native), Ro-52, SS-B, Scl-70, PM/Scl, Jo-1,
CENP B, PCNA, dsDNA, nucleosomes, histones, ribo-
somal P protein, AMA M2, and DFS-70 performed with
line-blot method (EUROIMMUN AG Medizinische
Labordiagnostika tests, Luebeck, Germany).

Mothers were informed about the purpose
of the study and consented to its implementation in their
infants in the neonatal period and at 7 months of age.
The research was carried out as part of the research top-
ics of the Department of Neonatology of the Pomeranian
Medical University (138-S1/2014).

Statistical analyses were carried out with the help
of the STATA 11 statistical program, license number
30110532736. Continuous variables were checked for
normality of distribution with a Kolmogorov-Smirn-
ov test. Median, minimum, and maximum values were

used to describe the variables (in cases when the normal
distribution assumptions were not met), while in other
cases the mean and standard deviation were calculat-
ed. Statistical differences between continuous variables
of the different groups were checked with a Mann-Whit-
ney U test.

RESULTS

The characteristics of the birth status of the newborns
of mothers with and without systemic connective tissue
disease are presented in Table 2. There were no signifi-
cant differences in mean GA and mean birthweight while
1-, 3-, and 5-minute Apgar scores were lower (median
9 points vs. 10 points) between newborns of mothers with
and without systemic connective tissue disease (Table 2).
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TABLE 4. Liver enzymes and blood count parameters in a group of newborns of mothers without autoimmune disease

Patients AST (U/) ALT (U/) GGT (U/1) ALP (U/1) Leu (G/1) Er (T/1) Hb (g/dl) PLT (G/1)
1 35 7 74 121 9.16 5.41 18.9 173
2 39 27 86 159 11.5 4.94 173 187
3 68 23 74 74 16.2 5.81 19.4 336
4 42 1 97 240 27.37 5.56 21.2 348
5 57 22 88 m 10.64 4.97 15.5 328
6 32 1 80 161 20.16 5.51 18.9 275

Explanation of abbreviations: alanine transaminase (ALT), aspartate transaminase (AST), alkaline phosphatase (ALP), and gamma-glutamyl transpeptidase (GGT); red blood cells (RBCs), white blood cells
(WBCs), haemoglobin (Hb), platelets (PLTs).

TABLE 5. ANA profile in newborns and at 7 months of age
Maternal ANA titre

Patients Neonatal ANA titre

Maternal diagnosis

ANA titre at 7 months of age

1.W Male No autoimmune disease 320

2.SFemale No autoimmune disease Not detected

3. K Female 80 No autoimmune disease 40

4. Ch Male No autoimmune disease 40

5.R Male No autoimmune disease 40 Not detected
6. M Female No autoimmune disease Not detected Not detected
7.5 Male 320 Lupus erythematosus 40 Not detected
8. M Male Antiphospholipid syndrome Not detected Not detected
9. AFemale Lupus erythematosus 160 Not detected
10. G Male Lupus erythematosus 640 80

11. M Female Antiphospholipid syndrome 40 40

12. 5z Male Mixed connective tissue disease 80 40

13. S Female 160 Antiphospholipid syndrome 40 Not detected
14. K Female 160 Lupus erythematosus 160 Not detected
15. B Female Rheumatoid arthritis 320 40

16. (z Female 2560 Lupus erythematosus 640 40
17.WP Male Antiphospholipid syndrome Not detected Not detected
18. (zMale 1280 Lupus erythematosus 320 Not detected
19. K Female Antiphospholipid syndrome Not detected Not detected
20.Z Male Antiphospholipid syndrome 40 Not detected
21.N Female Antiphospholipid syndrome 40 40
22.L Male Antiphospholipid syndrome 40

23.CMale 10240 Mixed connective tissue disease 2560 40
24.0 Male 640 Lupus erythematosus 160 40
25.B Male Antiphospholipid syndrome Not detected Not detected
26. KK Female Mixed connective tissue disease 160 40

The liver enzyme and blood count parameters in
the group of newborns of mothers with connective tissue
diseases are presented in Table 3. In the group of 20 new-
borns of mothers with systemic connective tissue disease,
AST values averaged 45.69 U/I and ranged from 22 to
113 U/L Increased values were noted in 1 newborn. ALT
values averaged 15.43 U/I and they ranged from 22 to
113 U/L. GGT values averaged 116.47 U/I and the range

was from 74 to 601 U/I. Increased values were noted in
5 (20%) newborns. The ALP values averaged 148 U/I and
the range was from 25 to 298 U/I. Increased values were
noted in 2 newborns. In the control group increased ALP
values were found in 1 newborn (Table 4).

In a group of 20 newborns of mothers with systemic
connective tissue disease, the mean leukocyte count was
14.34 G/l and it ranged from 6.01 to 34.75 G/I. The mean
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red blood cell (RBC) count was 5.1 T/l and it ranged from
3.81to 6.78 T/I. The haemoglobin level averaged 17.79 g/dl
and the range was from 13.8 to 22.9 g/dl. The platelet
count averaged 262.15 G/L and the range was from 59.9
to 348 G/I (Table 3). In the control group the leukocyte
count, RBC, haemoglobin level, and platelet count were
within normal ranges (Table 4).

The course of jaundice in 18 newborns of mothers
with systemic connective tissue disease was physiological,
in 2 of the mothers with SLE the total bilirubin levels were
above 15 mg/dl and these newborns required photother-
apy. No adverse changes on the skin of newborns were
observed during phototherapy. The course of jaundice in
6 newborns of mothers without autoimmune disease was
physiological.

No pathological changes were found in the ECG ex-
amination in the neonatal period in any of the children
in the group of mothers with systemic connective tissue
disease and in mothers without such disease. The ECG
examination was repeated at 7 months of age in 19 chil-
dren from the assessed group from mothers with autoim-
mune disease, including 5 children with abnormalities in
the ECG recording. There was no atrioventricular block
in any of the children.

At 7 months of age, the psychomotor and physical
development of all 26 assessed children was normal. At
12 months of age, the psychomotor development of all
children of mothers with connective tissue disease was
normal. No child required permanent medication. Phys-
ical development was assessed on the basis of the body
weight related to WHO percentile grids from 2012.
In a group of 19 children, 9 had normal body weight,
1 child decreased by one deviation, another child de-
creased by 2 deviations, another 4 children increased
by 2 deviations, and another 4 children increased by
1 deviation.

ANA titres in mothers, newborns, and after 7 months
of age are presented in Table 5.

ANA titre during the third trimester of pregnancy
was determined in 7/20 mothers diagnosed with au-
toimmune disease. It ranged from 1: 160 to 1 : 10 240.
One of the mothers without diagnosed connective tis-
sue disease was found to have ANA in titre 1 : 80. Out
of the group of 20 newborns of mothers diagnosed with
autoimmune disease, 4 (20%) had no presence of ANA.
For 16 (80%) it was from 1 : 40 to 1 : 2560. In 2/6 of in-
fants of mothers without connective tissue disease ANA
was not detected, and in 4/6 ANA was present at 1 : 40.

At 7 months of age, the ANA titre was determined
in 2/6 of infants from the group without maternal au-
toimmune disease, and no antibodies were detected. In
the group of infants of mothers with systemic connective
tissue disease, 19 out of 20 assessed in the neonatal pe-
riod were examined at 7 months of age. In 10 of them,
the presence of ANA was not detected, and in 9 the titre
ranged from 1 : 40 to 1 : 80.

DISCUSSION

The best method of determining ANA is the immuno-
fluorescence method [3]. The method was also used in
this study, and the presence of ANA was detected in 16/20
(80%) of the examined newborns of mothers with con-
nective tissue disease. A similar frequency was reported
in the studies by Motta et al. [29]. They found ANA in
18/22 (81.2%) of the examined newborns of mothers with
autoimmune diseases. In a study of Yang et al. a total of
8 cases matched the criteria for diagnosis of NLE from
September 2003 to February 2006; ANA was positive in
7 newborns and in all mothers [11]. Sanchez-Manubens
et al. performed antibody assays in 14 of the 39 infants
born to mothers with autoimmune disease (35.8%).
Among 14 children, in 4 (28.6%) of them placental trans-
fer of maternal antibodies was detected [30].

In the course of this study, the ANA titres in pregnan-
cy were obtained from 8 mothers. The ANA level detected
in newborns was most often lower than in their mothers
during pregnancy, but the higher it was in the mothers,
the proportionally higher it was in the examined new-
borns. Beck et al., on the other hand, state that the ho-
mogenous antinuclear antibody was found in the sera
of 3 pregnant women with systemic lupus erythematosus
in titres similar to those in the newborns’ sera [31].

It has been shown that the level of maternal antibod-
ies, rather than their presence, is associated with foetal tis-
sue injury [20]. However, only some neonates (about 2%)
exposed to these antibodies develop complications [14].
Therefore, other factors such as titres of maternal anti-
bodies, genetic predisposition, and environmental factors
such as viral infection may be involved.

The morbidity and mortality of SLE in childhood de-
pend on the organ systems affected [3, 15, 23]. The most
common are skin lesions [19, 23, 25, 26, 32, 34, 35]. In
the present study no skin changes in the neonatal peri-
od were found. The factor causing these changes may
be the phototherapy used in the treatment of hyperbili-
rubinaemia in the newborn [14]. In the analysed group
of newborns, 2 children underwent phototherapy due to
excessive neonatal jaundice. However, no adverse effects
of phototherapy on the skin of treated newborns were
found.

Children with NLE have an excellent long-term out-
come when only skin lesions are present [33]. The cuta-
neous lesions usually disappear by 6 months of age, co-
incident with the clearance of maternal antibodies from
the child’s circulation [15, 26, 27, 34].

The most common extra-cutaneous manifestation is
cardiac involvement, which occurs in 2% of newborns
whose mothers are positive for Ro/SSA or La/SSB [9, 10, 24].
The most serious complication is atrioventricular block,
which can be diagnosed in utero with a routine ultra-
sound scan and is commonly referred to as congenital
complete block [15, 24]. In the study of Singalavanija ef al.
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complete heart block was found in 14.7% of cases
(n = 5/34). Anti-Ro/SSA and anti-La/SSB were positive
in 91.1% and 58.8% of cases, respectively [35].

In this study there were no cases of atrioventricular
block diagnosed during pregnancy. Neonatal ECG was
performed before discharging babies from the neonatal
department, and in all analysed cases the ECG was nor-
mal. Similarly to our study, other researches performed
an ECG and echocardiography, which were normal
during the neonatal period [30, 34]. We repeated an ECG
at 7 months of life, and there were non-specific changes in
5/19 (26.3%) children.

In our study 3 (15%) newborns of mothers with au-
toimmune disease had haematological problems, among
them 1 had thrombocytopaenia, 1 suffered from leuko-
cytopaenia, and another 1 had anaemia. Li described that
44 cases out of 94 analysed had haematological problems
including 28 with thrombocytopaenia, 11 with leukocy-
topaenia, and 34 with anaemia [16]. Singalavanija et al.
noticed that 50% cases had haematological problems in-
cluding anaemia (29.4%), and anaemia with thrombocy-
topaenia (20.6%) [36]. Zuppa noticed that haematological
NLS features (such as anaemia, neutropaenia, thrombo-
cytopaenia) were found at birth and during follow-up in
several patients, in all cases without clinical manifesta-
tions and in most cases with complete normalization at
9 months. [22]

Although biochemical evidence of liver disease is
common in patients with systemic lupus erythematosus
(SLE), clinical liver disease is uncommon [14]. The clin-
ical pictures of hepatobiliary involvement may take
the forms of elevation of liver enzymes (such as aspartate
aminotransferase and alanine aminotransferase) and/or
conjugated hyperbilirubinaemia occurring a few weeks
or months after birth and resolving thereafter [11, 14, 22].

In the present study, in 20% newborns of mothers
with autoimmune disease, elevation of GGT, in 4% of as-
partate aminotransferase, and in 8% of ALP were noticed.
In the study of Li 30 cases had hepatic abnormality, in-
cluding 24 liver disfunction, 22 hepatomegaly, 6 spleno-
megaly, and 3 cholestasis [16]. Mild and transient eleva-
tion of aminotransferases between 3 and 6 months of life
were found in 56% and 40% of patients, respectively, in
the study of Zupppa [22].

What is important and should be emphasised is that
the persistence of maternal ANA antibodies in the infant’s
blood is longer than previously thought. In the present
study, 9/19 tested children of mothers with autoimmune
disease were found to have ANA antibodies at 7 months
of age, ranging from 1 : 40 to 1 : 80. In 2 cases, the titre
remained at the same level and amounted to 1 : 40, in
the remaining cases the titre was decreasing compared
to the values found in the neonatal period. Longer per-
sistence of maternal antibodies in the children is asso-
ciated with the possibility of longer adverse effects on
the developing child. In the literature, the time of pres-

ence of maternal anti-nuclear antibodies is defined as
the period up to 6 months of age [15, 26, 27, 34].

Children who have had NLE are probably at increased
risk for autoimmunity later in life, sometimes as ear-
ly as pre-adolescence, but the magnitude of the risk for
the children is not known [37]. Only a small percentage
of babies exposed to maternal autoantibodies to Ro and/
or La develop NLE. The factors governing which babies
develop disease and, if disease develops, which organs will
be affected have yet to be fully elucidated [12]. It seems
justified to say that these children, whose antibody titre is
constantly detectable in the following months of life, re-
quire long-term observation with periodic ECG control.

There are some limitations of our study: a small num-
ber of infants involved, and just paediatric examination
without haematological and biochemical (liver enzymes)
laboratory test at the age of 3 and 7 months.

CONCLUSIONS

Maternal ANAs are detected in newborns and in
7-month-old babies.

Despite 80% detection of ANAs in the neonatal period
of infants of mothers with autoimmune disease and 47%
detection in 7-month-old babies, there were no evident
signs of neonatal lupus besides some elevated levels of liv-
er enzymes and haematological changes.
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