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Anti-citrullinated peptide antibodies and 
rheumatoid factor in Sudanese patients 

with Leishmania donovani infection
Erik Ahlin, PhD1, Amir Elshafei2, Musa Nur3, 

Sayda Hassan El Safi 4, Ronnelid Johan5, Gehad Elghazali6

ABSTRACT

Objective: The present study evaluated the presence of anti-cyclic citrullinated peptides antibodies (anti-CCP), rheumatoid 
factor (RF), and circulating immune complexes (CIC) in Sudanese patients infected with the Leishmania donovani parasite. 
Patients and methods: Sera were collected from Leishmania infected patients (n = 116) and healthy Sudanese (n = 93). 
Nineteen Sudanese anti-CCP+ RA patients were included as positive controls. Levels of CIC and anti-CCP were measured 
by ELISA. Control plate with cyclic control peptides containing arginine instead of citrulline was used to evaluate citrul-
line specifi c reactivity. Results: Among Leishmania-infected patients and anti-CCP+ RA patients, most were RF positive 
(86%), while the frequency of CIC positivity was higher among visceral leishmaniasis (VL) patients (VL 38%; anti-CCP+ 
RA 24%). When anti-CCP reactivity was analysed, 12% of VL patients were found to be positive. The levels of anti-CCP 
among VL patients correlated well with the CIC levels found (r = 0.65, P < 0.0001). In RA group, no association was found 
between CIC and anti-CCP. The possibility that anti-CCP positivity was due to cross reactions with CIC was experimentally 
ruled out. Contrary to what was seen in Sudanese RA sera, the CCP reactivity was not restricted to citrulline but reacted 
equally well with the arginine control peptide. Conclusion: The fi nding that CCP reactivity was not restricted to citrul-
line argues that this is more an effect of extensive infl ammation and immune activation than a sign of shared pathogenic 
characteristics with anti-CCP arthritis. Our fi ndings stress the importance to interpret a positive CCP test carefully when 
evaluated in non-rheumatic conditions or in areas where such infections predominate. 
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INTRODUCTION

Leishmaniasis is a parasitic disease caused by the Leishmania 
parasite. The disease has different types which includes: 
visceral leishmaniasis (VL), post-kala-azar dermal leishmani-
asis (PKDL), cutaneous leishmaniasis, mucocutaneous leish-
maniasis, and viscerotropic leishmaniasis. VL, also known 
as kala-azar, is caused by the Leishmania donovani parasite 
and is associated with an immunopathology characterised by 
a strong humoral immune response with high production of 
anti-leishmanial antibodies, circulating immune complexes 
(CIC), and polyclonal activation of B-lymphocytes.

PKDL is a complication of VL, characterized by severe 
rashes most often in young patients who have recovered 
from VL and are otherwise well. Rheumatoid arthritis (RA) 
is a common systemic autoimmune disorder affecting mainly 
women 40–60 years old. The most prominent symptom is 
chronic infl ammation of the joints, although extra-articular 
manifestations are also seen. 

Rheumatoid factors (RFs) are auto-antibodies that are 
reactive with the Fc-portion of IgG. The classic RF is an IgM 
antibody with reactivity against IgG-Fc, but IgA and IgG RF 
can also be found. RFs are detected in sera of most patients with 
RA.1 Although the presence of RFs in RA patients correlates 
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with more active disease, RF has a low specifi city as a disease 
marker for RA when compared to controls with other rheumatic 
diseases and infections.2–5 

Immune complexes (ICs) exert central functions in RA-
infl ammation by stimulation of monocytes/macrophage-medi-
ated production of cytokines in rheumatic diseases and are also 
implied in the induction of RF in RA.6 Association between IC 
and RF has also been demonstrated in other rheumatic diseases 
as well as in infectious diseases.7,8 RF production in VL was 
reported years ago,9 and CIC are also found to be increased in 
chronic leishmaniasis and many other tropical parasitic dis-
eases.10–15 We have earlier demonstrated that isolated IC from 
Leishmania-infected patients induces both pro-infl ammatory 
and immunosuppressive cytokines. Furthermore, levels of C1q-
binding IC in serum were closely correlated to the IC-induced 
cytokine levels.16 

Anti-citrullinated proteins and/or peptides antibodies 
(ACPA) have come forward as specifi c serological markers for 
RA, with higher diagnostic specifi city for RA but with similar 
sensitivity to RF and the former test is clearly superior in specifi c 
scenarios. The event of citrullination of proteins and peptides 
occurs naturally during infl ammation and is a post-translational 
modifi cation of arginine by deamination.17 Antibodies against 
several different citrullinated proteins have been associated 
with RA, and anti-CCP positive RA patients develop more se-
vere clinical manifestations than anti-CCP negative patients.18,19 
Anti-CCP reactivity in RA patients has been associated with 
several genetic predisposing factors, notably the “shared epi-
tope” HLA alleles, but also with environmental factors such 
as smoking.20 The presence of anti-CCP has also been dem-
onstrated in a number of infectious diseases, e.g., pulmonary 
tuberculosis, hepatitis C infection, and type 1 autoimmune 
hepatitis.21–25 Importantly, anti-CCP positivity seen in non-
RA disease sera seems not to be always citrulline-dependent 
as demonstrated by Vannini et al.24 Due to our interest in the 
ACPA response in RA18,26,27 and our previous studies on IC 
mediated infl ammation in Leishmania infected patients,16 here 
we aim to investigate ACPA, RF, and CIC in African patients 
also infected with L. donovani.

PATIENTS AND METHODS

Patients and sampling

Serum samples were collected from 74 VL patients (mean 
age 23 years, range 3–73, female/male ratio 25/48), 42 PKDL 
patients (mean age 11 years, range 4–27, female/male ratio 
14/25), 93 healthy Sudanese controls (mean age 23 years, range 
3–54, female/male ratio 26/67). VL- and PKDL-patients were 

from Tabarakalla rural hospital in Gadarif state, along the lower 
Atbara River in Gallab Province, Eastern Sudan. This area is 
located 70 km southeast from the Gadarif town. It is endemic 
for L. donovani and the main vector in this area is Phlebotomus 
orientalis.28 Patients enrolled in the study mainly came from the 
Tabarakalla and Barbar Elfogara villages, endemic areas with a 
high prevalence of both VL and PKDL. A detailed clinical his-
tory was obtained, including tribe, residence, occupation, marital 
status, medical treatment, abdominal pain, vomiting, nausea, 
previous history of bleeding tendency, urinary tract infection and 
insect bites, and family history of VL, hypertension, or diabetes 
mellitus. Particular emphasis was given to any previous form of 
leishmaniasis. Subjects were questioned about their ethnic and 
geographic origin and were examined for clinical manifestations 
of VL. None of the patient reported a family history or any his-
tory of illness known to be associated with RA or other systemic 
autoimmune diseases. A general clinical examination was con-
ducted with special attention to hepatosplenomegaly, enlargement 
of lymph nodes, and recurrent fever for more than one month. 
Liver size was measured in the mid clavicular line from the costal 
margin; the spleen size was assessed by measuring the distance 
between the costal margin in the anterior axillary line to the tip 
of the spleen. Lymphadenopathy was classifi ed as “localized” if 
only found at one site and “generalized” if found at two or more 
sites. The oral and nasal mucous membranes were examined for 
evidence of mucosal leishmaniasis. Thick and thin blood fi lms 
for detection of Plasmodium parasites were examined from all 
individuals who either had fever, looked ill, or had splenomegaly, 
and those with positive blood fi lms for malaria were excluded. An 
inguinal lymph node aspiration was performed on those clinically 
suspected of having VL (i.e., all individuals with fever for more 
than two months, left upper quadrant pain, lymphadenopathy, 
splenomegaly, or wasting). Those with a negative result under-
went bone marrow aspiration from the superior posterior iliac 
crest. The smears were fi xed with methanol, stained with Giemsa, 
and examined using an oil-immersion lens. PKDL was diagnosed 
on clinical grounds, on the appearance and distribution of rash 
after treatment in previously diagnosed VL patients. There are 
no laboratory tests for diagnosing PKDL. 

Nineteen RA patients (mean age 45 years, range 22–60, fe-
male/male ratio 17/2) were sampled from a RA cohort from the 
Rheumatology Unit at Alribat University Hospital where they 
had been diagnosed by a rheumatologist according to the 1987 
American College of Rheumatology (ACR) criteria.29 The RA 
patients were primarily chosen as positive controls in the anti-
CCP specifi city investigation, thus only anti-CCP positive patients 
were included. Healthy Sudanese controls were recruited from the 
Tabarakalla rural area and from Alribat University Hospital. For 
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the anti-CCP and RF analyses, 100 Swedish healthy controls were 
used to validate the company-defi ned reference ranges, whereas 
a smaller Swedish control group (n = 20) were used to verify the 
cut-off for ELISA measurement of C1q-binding circulating IC. 
Sera were separated by centrifugation within two hours of col-
lection, and samples were separated and frozen in liquid nitrogen 
(countryside) or -70°C freezer (Khartoum) within two hours of 
sampling, stored frozen at -70°C and transported on dry ice to 
Uppsala, Sweden. Ethical approval for this study was obtained 
from the Ethics Committee of the Alribat University Hospital, 
from the Faculty of Medicine of the University of Khartoum, 
from the Ministry of Health of Gadarif State, and from the Ethics 
Committee of Uppsala University. Informed consent was obtained 
from all of the adults who participated in the study. For young 
children, consent was obtained from their parents.

Measurement of levels of CIC, anti-CCP, and RF

C1q-binding assay for CIC

Levels of CIC were measured by a solid-phase C1q assay 
(Bindazyme C1q binding kit; Binding Site, Birmingham, 
UK). According to the producer of the kit, levels above 
10.8 Eq/mL are regarded as positive. The range of the assay 
is 1.23–100 Eq/mL.

Anti-CCP 

Anti-CCP was measured using the Immunoscan RA Mark 2 as-
say (Euro-Diagnostica, Malmö, Sweden). Anti-CCP positivity 
was determined in accordance with producer’s instructions, with 
25 U/mL used as a cut-off. The assay does not yield quantitative 
levels below the company-defi ned cut-off. For that reason we 
extended the standard curve to obtain values also below 25 U/mL 
(extended range 3.126–1600 U/mL). Values above the range of 
the standard curve were given the value 1600 U/mL.

A control ELISA plate with cyclic peptides containing 
arginine instead of citrulline in the relevant peptide positions 
was kindly provided by Jörgen Wieslander at Euro-Diagnostica 
and was used to evaluate citrulline-specifi c reactivity. The cut-
off value for arginine control was determined arbitrarily by the 
absorbance corresponding to 25 U/mL in the standard curve for 
the citrulline (CCP) variant. Results were then calculated as 
cut-off index (COI): observed arginine OD450/citrulline cut-off 
OD450 according to Vannini et al.24

To test if CIC present in the investigated samples infl uenced 
anti-CCP reactivity, we adsorbed C1q-binding IC from sera and 
evaluated CCP reactivity afterwards. Eight anti-CCP+ VL-, four 
PKDL- and six of the RA patients were tested. Sera were diluted 
1:50 and incubated for 2 hours on C1q coated plates (Bindazyme 

C1q binding kit; Binding Site). The samples were directly trans-
ferred to the CCP plate after incubation and analysed for anti-CCP 
according to the producer of the anti-CCP testing kit. 

Rheumatoid factor 

RF was measured by nephelometry (Immage, Beckman 
Coulter), and expressed in international units/mL (IU/mL), 
with values > 20 IU/mL regarded as positive. The analysis was 
standardized using the NIBSC 64/002 reference serum. The 
nephelometer does not express quantitative data below 20 IU/mL, 
and RF negative samples were given the value 0 IU/mL when 
comparing different groups.

Statistics

The Mann-Whitney test was used to compare groups. For cor-
relations between groups, Pearson correlation test was used. 
P < 0.05 were considered signifi cant.

RESULTS

Rheumatoid factor

Among VL patients, 86% (64/74) were RF positive, with a 
median of 71 IU/mL among the positive subjects and range  
20–1440 IU/mL. For PKDL patients, 69% (29/42) were posi-
tive with a median of 34 IU/mL and range 20–165 IU/mL. 
In the anti-CCP positive RA group, 84% (16/19) were also 
positive for RF (median 239 IU/mL, range 69–3470 IU/mL). 
Among the Sudanese controls, 11% (10/93) had RF levels 
above 20 IU/mL (median 23 IU/mL, range 20–96 IU/mL). 
In a cohort of 100 healthy Swedish controls, two were found 
weakly RF positive (20.4 and 21.6 IU/mL). 

The VL group had higher RF levels as compared with 
PKDL patients (P < 0.0001). There was no signifi cant dif-
ference between anti-CCP+ RA patients and VL patients. 
However, RA patients had higher levels as compared to PKDL 
patients (P = 0.0004). All three disease groups had signifi cantly 
higher RF levels than the healthy Sudanese controls. The results 
are shown graphically in Figure 1. 

Circulating immune complexes

Levels of CIC were determined in VL, PKDL, and anti-CCP 
positive RA patients, Sudanese healthy individuals, and in a 
Swedish control cohort (Figure 2). Among the VL patients, 
31% (23/74) had elevated IC levels (median 7 Eq/mL, range 
0.0–100.6 Eq/mL), whereas among PKDL patients, 7% (2/42) 
had elevated IC levels (median 2.0 Eq/mL, range 0–21 Eq/mL). 
One out of 20 anti-CCP positive RA patients had IC level 
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above 10.8 Eq/mL, (median 1.5 Eq/mL, range 0–10.8). In the 
Sudanese control group (n = 93), two were positive for CIC. 
In the Swedish control group, all individuals were negative for 
CIC. The VL patients had signifi cantly higher IC levels than 
all other investigated groups (P < 0.0001 for all comparisons). 

Anti-CCP reactivity

Among the VL patients, 12% (9/74) were found to be anti-CCP 
positive (median 30.86 U/mL, range 25–148). Anti-CCP reactiv-
ity was also found in 4.2% of the PKDL patients (2/42, 34 and 
95 U/mL). Among the anti-CCP positive Sudanese RA patients, 
anti-CCP levels were much higher: median 1265 U/mL, range 
50–>1600 U/mL. In the Sudanese healthy control group, one 
anti-CCP positive was found (51 U/mL). In the Swedish control 
group (n = 100), three were found positive, two of them in the 
borderline region (30, 42 and 1643 U/mL). We observed that VL 
and PKDL patients exhibited more reactivity to CCP at levels 
in-between the lower detection limit of the assay (3.126 U/mL) 
and the cut-off 25 U/mL. Median level for the anti-CCP-negative 
VL patients was 6.7 U/mL and for the anti-CCP-negative PKDL 
patientes was 7.9 U/mL. These results diverged from those for 
the Sudanese healthy control group where samples were either 
more clearly positive or negative as shown in Figure 3, where 
the median level for the CCP-negative subjects was 5.1 U/mL. 

Figure 1
Levels of RF in the different groups. The dotted line represents 
the cut-off (20 IU/mL) for the nephelometer. Solid lines show 
the median in each group.

Figure 2
Levels of CIC in the different groups. The dotted line represents 
the cut-off (10.8 Eq/mL) as recommended by the producer, and 
solid lines show the median in each group.

Figure 3 
Anti-CCP levels in the different groups. The dotted lines repre-
sent the cut-off (25 Eq/mL) as described by the producer, and 
solid lines show the median in each group.
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The levels of anti-CCP among VL patients correlated well 
with the IC levels (r = 0.6586, P < 0.0001 – Table 1). In the 
anti-CCP positive RA group, no association was found between 
IC levels and anti-CCP. To rule out the possibility that anti-CCP 
positivity was due to cross reactions with IC, or that the CCP-
reactivity might be primarily bound to IC, we adsorbed C1q 
binding IC from sera and evaluated CCP reactivity afterwards. 
This procedure did not diminish the anti-CCP reactivity in 
either the VL group or among anti-CCP positive RA patients. 
The median anti-CCP reactivity left after IC adsorption was 

97% in all groups, range: VL 61%–175%, RA 77%–107%, 
PKDL 85%–102% (data not shown).

We then analysed the citrulline specifi city among anti-
CCP positive patients using a control plate containing non-
citrullinated cyclic peptides as target antigen; data are shown 
in Figure 4. Among the anti-CCP positive samples in the VL 
group there was no difference in reactivity against CCP and 
the non citrullinated control peptide (Figure 4A). The same 
pattern was found for the two anti-CCP positive PKDL pa-
tients (Figure 4B). This non-citrulline specifi c reactivity was 
in strict contrast to the anti-CCP positive Sudanese RA patients 
whose anti-CCP reactivity was specifi c for CCP and with very 
low reactivity with the arginine-containing control peptides 
(P < 0.0001; Figure 4C).

DISCUSSION

In this study we found that sera from Leishmania infected 
patients were often RF positive, had elevated levels of CIC, 
and that a substantial amount (11.4%) showed reactivity to-
wards CCP. However, contrary to what was seen in Sudanese 
RA sera, the CCP reactivity was not restricted to citrulline-
containing peptides, as there was an equal reactivity against 
cyclic arginine-containing control peptides, both in patients 
with the acute form of VL as well as with the post-treatment 
PKDL form.

One small study has earlier demonstrated anti-CCP2 
reactivity in a small group of ten Brazilian patients infected 
with the parasite Leishmania major.30 However, citrulline 

Table 1
Correlations between levels of RF, anti-CCP, and CIC in the 
different groups of investigated subjects

RF vs. IC RF vs. anti-CCP IC vs. anti-CCP

VL+PKDL 
(n = 116)

0.1985  
(P = 0.0327)

-0.0087 
(P = 0.9260)

0.5598 
(P < 0.0001)

VL (n = 74) 0.1225 
(P = 0.2983)

-0.0394 
(P = 0.7388)

0.6586 
(P < 0.0001)

PKDL (n = 42) 0.1055 
(P = 0.5061)

0.0133 
(P = 0.9334)

0.0687 
(P = 0.6655)

CCP-positive 
RA patients 
(n = 19)

0.6398 
(P = 0.0032)

0.2638 
(P = 0.2751)

0.3395 
(P = 0.1550)

Sudanese 
healthy 
controls 
(n = 93)

-0.0735
(P = 0.4836)

-0.0031 
(P = 0.9766)

-0.0204 
(P = 0.9766)

All groups 
(n = 228)

0.1966 
(P = 0.0029)

0.3008 
(P < 0.0001)

-0.0153 
(P = 0.8183)

Figure 4 
Citrulline specifi city among anti-CCP positive patients and among (A) VL; (B) PKDL; and (C) Sudanese RA patients. Results are 
calculated as cut-off index (COI): observed arginine OD450/citrulline cut-off OD450.
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dependency of CCP-reactive sera was not evaluated in this 
study. We have now extended these studies to encompass a 
larger cohort of Sudanese patients infected with L. donovani, 
both the acute VL form and the post-treatment PKDL form 
not appearing in South America. We have shown that patients 
with both diagnoses might have anti-CCP2 reactivity that is 
directed to the cyclic peptide backbone without the need for 
citrullination of arginine residues. This was in contrast to 
Sudanese RA patients who showed a strict dependency for 
citrullination of arginine residues to yield high anti-CCP2 
reactivity.

Besides our study, only two reports of ACPA reactivity 
in patients with non-rheumatic conditions have investigated 
their sera using proper arginine-containing control ELISA 
wells. The study by Vannini et al.24 on autoimmune hepatitis 
type I patients used proper controls for the commercial but 
proprietary CCP2 assay, which did not disclosed the peptide 
composition to the scientifi c community, as well as for the 
publicly described CCP1 peptide,5 and showed that whereas 
the majority (87%) of CCP positive sera from rheumatological 
patients with other diagnoses than RA were citrulline specifi c, 
this was the case only for half of the investigated hepatitis 
sera. In a study of tuberculosis by Kakumanu et al.,21 the re-
activity against the CCP1 peptide was shown to be citrulline 
specifi c in 94% of RA sera and in 22% of sera from pulmonary 
tuberculosis patients. The authors also showed that soluble 
CCP1 peptide inhibited reactivity with RA sera but not with 
TB sera; an investigation that we could not repeat with the 
proprietary CCP2 reagents.

Even though the CCP2 test is the most commonly used 
ACPA test in clinical diagnostic settings, the proprietary and 
secluded nature of the CCP2 antigen represents an obvious 
hurdle in studies of non-rheumatic conditions, such as autoim-
mune hepatitis24 and tuberculosis,21 where the use of proper 
controls have shown the CCP reactivities to be much less 
citrulline-dependent than in parallel studies of RA patients. The 
citrulline dependency of ACPA reactivity has been unequivo-
cally proofed in numerous studies of RA patients. The fact that 
only a small minority of commercial ACPA tests are designed 
with proper control wells with non-citrullinated antigens is 
therefore no major drawback in clinical practice. When ACPA 
are shown in non-rheumatic conditions, the fi ndings should 
however preferably be investigated concerning the citrulline-
dependency of the reactivity.

Our fi nding that CCP reactivity in VL patients was not 
restricted to citrulline argues that anti-CCP reactivity is more 
an effect of extensive infl ammation and immune activation 
than a sign of shared pathogenic characteristics with anti-CCP 

positive arthritis. In RA, anti-CCP reactivity shows a bimodal 
distribution with mostly either totally negative or very high 
positive levels, where the anti-CCP positive patient group 
is defi ned by certain genetic characteristics and impact of 
trigger factors, notably smoking.31 In the present study the 
mean anti-CCP reactivity among positive subjects was 49 U/
mL, representing 1.96 time the cut-off value; data on low 
positive anti-CCP reactivity is in agreement with the fi nd-
ings in Brazilian leishmaniasis.30 This is in stark contrast to 
Swedish anti-CCP positive RA patients, presenting a mean 
level of 1128 U/mL (45.1 times the cut-off) using the same 
anti-CCP test.18 This hypothesis is also supported by the fact 
that the CCP2 reactivity in VL and PKDL patients showed a 
continuum between the anti-CCP2 positive sera and the “nega-
tive” interval below the cut-off, whereas anti-CCP negative 
Sudanese controls showed lower reactivity (Figure 3). This 
is also in accordance with our experience of Swedish RA 
patients, where the anti-CCP negative subjects mostly show 
very low reactivity within the negative area (unpublished 
observations). Although it seems that some infections might 
yield falsely positive anti-CCP, there is a possibility that in-
fections really are associated with the appearance of ACPA, 
and that the citrulline-specifi city of the ACPA response might 
develop over time. One example is immunity to the bacteria 
Porphyromonas gingivalis associated with periodontitis. It has 
been shown that P. gingivalis is able to citrullinate proteins 
suggesting that P. gingivalis-mediated citrullination provides 
a molecular mechanism for generating antigens driving the 
autoimmune response against ACPA in RA.32,33

An intriguing fi nding is that two groups of infections, 
where a non-citrulline specifi c and non-arthritis-associated 
ACPA response has been reported, represent agents localiz-
ing intracellularly in tissue macrophages. Both Leishmania 
parasites,30 as well as tuberculosis21,25 represent intracellular 
infections in tissue macrophages. The fi ndings of ACPA 
responses in hepatitis C,22,23,34 where the infection primarily 
resides in the hepatocytes, might not seem in accordance 
with such a hypothesis. Although, one should remember 
the ongoing debate on whether macrophages, in addition to 
hepatocytes, are infected by hepatitis C virus as reviewed in 
Heydtmann.35 Also, the autoimmune hepatitis type 1, where 
arthritis-independent ACPA reactivity has been shown,24 is 
associated with macrophage activation both in the early36 and 
later fi brotic stages.37

In this study we have shown that Sudanese patients infected 
with the L. donovani parasite show serological similarities with 
RA patients from Sudan and elsewhere. Besides increased levels 
of CIC and RF, we have for the fi rst time shown reactivity to 
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the ACPA target CCP2, a fi nding commonly regarded as highly 
specifi c for RA. This ACPA reactivity is, contrary to what is seen 
in RA patients, not dependent on citrullination of the antigenic 
target, and might tentatively be associated with heavy activation 

of the macrophage system. Our results, as well as earlier re-
sults21,24 stress the importance of including appropriate assay 
controls when defi ning ACPA reactivity in new patient groups, 
especially in non-rheumatic patient cohorts.
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Editorial expression of concern 

In the December 2011 issue, the Brazilian Journal of Rheumatology published the article: 

“Anticitrullinated peptide antibodies and rheumatoid factor in Sudanese patients with 

Leishmania donovani infection” by E. Ahlin, A. Elshafei, M. Nur, S.H. El Safi, R. Johan, and G. 

Elghazali. [Revista Brasileira de Reumatologia 51, 6 (2011)]. On January 2012, the BJR received 

a claim from one of the authors, questioning the authorship of the corresponding author, and 

informed that the article was under submission to another journal, by E. Ahlin, A.I. Elshafie, 

M.A.M. Nur, and J. Ronnelid. This submission is on hold, the authors were all informed of the 

claim and the case was submitted to the Committee on Publication Ethics (COPE), which gave 

some recommendations. The investigation has not yet reached a conclusion. Pending the 

results of the investigations, BJR is publishing this Editorial Expression of Concern to alert our 

readers to the fact that serious questions have been raised about the authorship in the Ahlin et 

al. paper. 

Paulo Louzada-Junior and Max Victor Carioca Freitas 

Editors-in-chief – Revista Brasileira de Reumatologia 
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