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Abstract
This study provides practical recommendations on infection screening in pediatric patients with immune-mediated rheumatic 
diseases and immunosuppressive therapies. For this reason, a qualitative approach was applied. A narrative literature review 
was performed via Medline. Primary searches were conducted using Mesh and free texts to identify articles that analyzed 
data on infections and vaccinations in pediatric patients with immune-mediated rheumatic diseases and immunosuppressive 
therapies. The results were presented and discussed in a nominal group meeting, comprising a committee of 12 pediatric 
rheumatologists from the infections prevention and treatment working group of the Spanish Society of Pediatric Rheuma-
tology. Several recommendations were generated. A consensus procedure was implemented via a Delphi process that was 
extended to members of the Spanish Society of Pediatric Rheumatology and Vaccine Advisory Committee of the Spanish 
Association of Pediatrics. Participants to the process produced a score ranging from 0 = totally disagree to 10 = totally agree. 
Agreement was considered if at least 70% of participants voted ≥ 7. The literature review included more than 400 articles. 
Overall, 63 recommendations were generated (21 on infection screening) voted by 59 pediatric rheumatologists and other 
pediatric specialists, all of them achieving the pre-established agreement level. The recommendations on screening cover all 
the procedures (serology, assessment of risk factors, and other clinical activities) connected with the screening for infections 
including tuberculosis; hepatitis A, B, and C viruses; measles; mumps; rubella; diphtheria; and other infections. 

Conclusion: Screening for infections is an essential part of risk management in pediatric patients with immune-mediated 
rheumatic diseases and immunosuppressive therapies.

What is Known:
• Infectious diseases and related complications are a major cause of morbidity and mortality in patients with immune-mediated rheumatic 

diseases.
• At present, practical information on infectious prophylaxis in children with rheumatic diseases is limited, and often extrapolated from children 

with cancer.
What is New:
• In the absence of evidence, a literature review and a Delphi survey were conducted to establish a series of expert recommendations that would 

be useful in clinical practice, providing a practical and simple day-to-day approach to be used by pediatric rheumatologists.
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Introduction

Infectious diseases and related complications are a major cause 
of morbidity and mortality in patients with immune-mediated 
rheumatic diseases. The increased risk of infection in this pop-
ulation is probably due to the immune effects of the disease 
itself, use of immunosuppressive drugs, comorbidities, medi-
cal/surgical procedures, as well as frequent clinic visits [1].

The prevention of the spread of infectious diseases is 
based on the adoption of different measures including 
the reduction of disease transmission and incidence and, 
hence, the relevance of prophylaxis and immunizations. 
This requires an exhaustive knowledge of infectious disease 
characteristics, including source and reservoir of infections, 
transmission dynamics, and susceptible hosts.

Like adults, pediatric patients with immune-mediated 
rheumatic diseases are at an increased risk of infections [2]. 
With current aggressive treatment strategies incorporating 
the early use of immunosuppressive therapies like biological 
drugs, susceptibility to infections, including opportunistic 
ones, increases further [3]. Besides, it is important to bear 
in mind that during the first years of life children are being 
vaccinated, and that the immunogenicity of vaccinations 
may be reduced because of the immunosuppressed status of 
these patients, thereby further increasing the infection risk 
[2]. Therefore, the screening for infection in patients with 
immune-mediated rheumatic diseases, who are scheduled to 
begin immunosuppressive treatment, is vital.

Considering the previously exposed, we designed this pro-
ject to generate practical recommendations on infection screen-
ing, prophylaxis, and vaccination in pediatric patients with 
immune-mediated rheumatic diseases prior to immunosuppres-
sive therapy initiation. This article describes the evidence found 
and relevant recommendations generated on infection screening 
in this population. We are confident this guide will help physi-
cians resolve questions that may arise in day-to-day practice, 
thereby improving pediatric patient care and outcomes.

Methods

This qualitative work was based on a comprehensive narra-
tive literature review, the experience of an expert committee, 
and the consensus achieved among pediatric rheumatolo-
gists. The project was carried out following the Declaration 
of Helsinki’s ethical principles for medical research involv-
ing human subjects, and in accordance with the Good Clini-
cal Practice regulations. The whole process was supervised 
by an expert methodologist. The project was promoted by 
the Spanish Society of Pediatric Rheumatology (SERPE).

First, a group of 12 pediatric rheumatologists from 
the infections prevention and treatment working group of 

SERPE was selected, 6 of them are also members of the 
Spanish Society of Pediatric Infections (SEIP), and all of 
them have recognized experience in the care of pediatric 
patients with immune-mediated rheumatic diseases.

Literature review

With the help of an expert documentalist, a narrative lit-
erature review in Medline was performed using PubMed’s 
Clinical Queries tool, along with individual searches using 
Mesh and free text terms up to December 2020, which was 
then updated for publishing purposes in April 2021. We 
sought to identify articles describing screening, prophy-
laxis, and vaccinations in pediatric patients with rheumatic 
diseases using corticosteroids (CS) and classical synthetic 
and biologic disease-modifying antirheumatic drugs (cs and 
bDMARDs). More specifically, the inclusion criteria were 
(1) pediatric patients (≤ 18 years); (2) articles analyzing any 
aspects related to screening, prophylaxis, and vaccinations in 
patients scheduled to begin therapy with CS, csDMARDs, 
and bDMARDs; (3) no restrictions concerning the compara-
tor (whether it existed or not); (4) meta-analyses, systematic 
literature reviews (SLRs), randomized clinical trials, and 
observational studies. Two reviewers independently selected 
the articles, first by title and abstract, then by reading the full 
article in detail; they both collected data. In order to avoid 
duplicates, randomized clinical trials or observational stud-
ies were only included if they were not in the meta-analyses 
or SLRs. Evidence and result tables were generated. Study 
quality was assessed using the 2011 Oxford Scale [4].

Nominal group meeting

A nominal group meeting was held by the expert committee 
during which they first defined the objectives, scope, and users 
of the document. Through a guided discussion, the experts 
then discussed the available evidence based on the review; 
they addressed all aspects related to the screening prior to CS 
and bDMARD initiation, and to infectious prophylaxis. This 
resulted in the generation of several recommendations.

Delphi process

With all the previously described information, a series of 
preliminary recommendations were proposed. After several 
revisions by the experts, the definitive recommendations were 
generated, which were subsequently submitted to an online 
Delphi vote. In addition, the Delphi process was extended 
to a group of 92 experts in their field, from the SERPE and 
SEIP. Participants voted each recommendation, using a scale 
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ranging from 1 to 10 (1 = strongly disagree to 10 = strongly 
agree). Agreement was defined if at least 70% of participants 
voted ≥ 7. Recommendations with a level of agreement (GA) 
below 80% were re-evaluated and, if appropriate, reworded; 
they then underwent a second round of voting.

Final consensus document

After the Delphi process and along with the results of the lit-
erature review, the final document was drafted. This current 
part corresponds to infection screening. With the assistance 
of a methodologist, each recommendation was assigned a 
level of evidence (LE) and grade of recommendation (GR) 
according to the recommendations for evidence-based medi-
cine of the Oxford Center for Evidence-Based Medicine [4]. 
The GA were assigned, as described above. The final docu-
ment was reviewed by the expert committee of the working 
group on prevention of infections in children with rheumatic 
diseases of the Spanish Society of Pediatric Rheumatology, 
who drafted the final comments.

Results

The recommendations generated in this consensus document, 
as well as the Delphi process results, are depicted in Table 1. 
A total of 59 experts participated in the Delphi (response rate 
64%), 45 from SERPE and 14 form SEIP.

Recommendation 1. Screening for tuberculosis infection 
should be performed before initiating immunosuppressive 
therapy (LE IIIa; GR B; GA 96%)

The Center for Disease Control and Prevention (CDC) 
recommends screening for latent tuberculosis infection (TB) 
in all patients starting immunosuppressive therapy, includ-
ing tumor necrosis factor (TNF) inhibitors and oral chemo-
therapy drugs like methotrexate [5].

The TB risk is higher for patients receiving TNF inhibi-
tors, being the highest for infliximab followed by adali-
mumab and etanercept. The position of certolizumab pegol 
and golimumab on this risk scale is still unclear [6, 7].

Although the risk of TB is uncertain, screening is also 
recommended for patients who are to receive anti-IL1 (anak-
inra/canakinumab), anti-IL-6 (tocilizumab), or rituximab.

Recommendation 2. Screening for TB infection should 
include a directed medical history, physical examination, 
and tuberculin skin test or interferon-γ release assay (IGRA) 
(NE IIa; GR B; GA 96%)

Screening for TB infection should include specific ques-
tions, with special attention directed to TB cardinal symp-
toms and TB risk factors (place of birth or residence, previ-
ous TB, known active TB contacts, visits to TB endemic 
countries, or immunosuppressive treatment) [8–15].

A test to demonstrate contact with Mycobacterium tuber-
culosis should also be performed, using either the tuberculin 
skin test (TST) or IGRA {Vassilopoulos, 2011 #15;Behar, 
2009 #16;Detjen, 2007 #17;Winthrop, 2018 #152}.

The screening should also be adapted to the epidemio-
logical situation, population characteristics, disease and 
treatments of the patient, and according to the accessibility 
of IGRA tests and tests’ probability of false-negatives or 
false-positives.

Recommendation 3. Along with the TST, interferon-γ 
release assays should be performed in the following groups:

•	 Children aged ≤ 5 years;
•	 Bacille Calmette-Guerin (BCG) vaccination;
•	 Patients on CS;
•	 Patients in whom the underlying disease encompasses 

a baseline inflammatory state (especially with elevated 
acute phase reactants);

•	 Patients initiating biological therapy.

In the rest of patients, interferon-γ release assays are rec-
ommended, but not mandatory (NE IIIa; GR B/C; GA 94%)

Several studies have revealed a higher incidence of inde-
terminate IGRA test results in patients aged 5 years or below. 
As a consequence, CDC recommendations prefer TST to be 
carried out in these patients. Taking into consideration the 
epidemiological situation of Spain, dual screening using 
TST and IGRAs is thus recommended, in order to increase 
the screening sensitivity [19–21].

BCG vaccination can produce false-positives in the TST. 
On the other hand, antigens that elicit immune responses 
in IGRAs are absent in BCG; consequently, IGRAs display 
superior specificity for Mycobacterium tuberculosis infec-
tion compared with the TST in individuals with a history of 
BCG vaccination [18, 20, 22, 23].

CS are associated with false-negatives in the TST [20, 
24], and the rate of indeterminate results with IGRAs 
increases in patients with baseline inflammatory sta-
tus [25–27]. Therefore, in both cases, a dual screening is 
recommended.

Finally, there is substantial uncertainty among clini-
cians concerning the management of patients undergoing 
biological therapies and the best strategies to adopt for TB 
prevention. As in the previous cases, both tests are thus 
recommended.

Recommendation 4. Either of the IGRAs, QuantiFERON® 
TB-Gold In Tube assay (Cellestis/Qiagen, Carnegie, Aus-
tralia) or T-SPOT®.TB assay (Oxford- Immunotec, Abing-
don, UK), can be used (LE IIIa; GR B; GA 81%)

Only a few studies have directly compared QuantiFERON® 
and T-SPOT®.TB, showing no clear differences [28–31].
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Recommendation 5. In cases of IGRA indeterminate 
results: (1) TST should be performed (if previously not per-
formed); (2) IGRA test should be repeated (using the same 
or a different assay); (3) assessment of the likelihood of TB 
should be individualized according to patient’s risk factors 
(LE IIIa; GR C; GA 100%)

As the indeterminate result in the IGRA might be due 
to inflammatory activity, the repetition of the same assay 
should be considered if this situation changes in any way. 
Otherwise, a change of the IGRA assay could be considered 
[14].

Recommendation 6. A chest X-ray should be performed 
in (1) patients with TB symptoms; (2) asymptomatic patients 
with a positive screening test for TB infection; (3) asympto-
matic patients with a negative screening test for TB infec-
tion, yet with recent and close contact with a known active 
TB patient or other risk factors for TB infection; and (4) 
patients with an indeterminate IGRA test result (LE IIIa; 
GR B; GA 98%)

In cases of indeterminate IGRA and negative TST, risk 
assessment should be conducted on an individual basis. 
A chest radiograph is highly recommended, especially in 
patients with risk factors for false-negative TST results.

A recent and close contact is defined as sharing > 4 h per 
day in the same enclosed room with a confirmed/suspected 
TB patient (pulmonary, laryngeal, tracheal, or endobronchial 
TB) within the last 3 months [32, 33].

Recommendation 7. Active TB contacts, TB risk factors, 
and TB clinical symptoms and signs should be assessed 
regularly through anamnesis and physical examination (LE 
IIIb; GR C; GA 96%)

TB risk factors currently considered include close and 
recent contact with a suspected or confirmed case of active 
TB, recent travel to a region with high TB prevalence, inject-
ing drug use, children aged ≤ 5 years, diseases or conditions 
associated with immune system alterations, such as chronic 
renal failure, cancer, primary, or secondary immunodeficien-
cies, and use of immunosuppressive drugs [20, 34].

Recommendation 8. When a new risk factor for TB infec-
tion during immunosuppressive treatment is detected, a TST 
and at least one IGRA assay should be performed (LE IIa; 
GR B; GA 98%)

Different position statements are in line with this rec-
ommendation [9, 10, 12–18]. Sensitivity of TST is reduced 
in children receiving immunosuppressive treatment, with 
a high percentage of false negatives; hence, at least one 
IGRA technique (ideally, in parallel with TST) should be 
performed to maximize diagnostic performance.

Recommendation 9. Serological screening for Trypa-
nosoma cruzi infection should be performed in children 
with rheumatological diseases originating themselves from 
endemic areas, or whose mothers originate from endemic 
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areas without any specific serology performed during preg-
nancy (LE IIIb; GR C; GA 82%)

According to the World Health Organization, Chagas dis-
ease is endemic in 21 Latin American countries [35], and 
most infected patients display no symptoms in either the 
acute or chronic disease phase [36].

In immunocompromised patients, Chagas disease reac-
tivation may occur and exhibit severe manifestations like 
meningitis, encephalitis, or myocarditis. In autoimmune 
diseases, Chagas disease reactivation is rare, but it has also 
been associated with immunosuppressive therapy [37].

The treatment of the disease in its early stages (acute 
phase) is more effective than in the chronic phase. There-
fore, it is essential to diagnose Chagas disease early on [36]. 
In patients with chronic pauci-symptomatic disease, Chagas 
disease reactivation may occur. Should this be the case, myo-
carditis and meningoencephalitis are particularly severe, and 
common, as well [38].

Recommendation 10. Measles, mumps, and rubella 
serologic screening should be performed before initiating 
immunosuppressive treatment in patients with incomplete 
vaccination status or doubts about vaccination. However, 
regular serological screening is not recommended (LE IIa; 
GR B; GA 88%)

A study involving 4–8-year-olds having undergone mea-
sles, mumps, and rubella (MMR) vaccination during the 
second year of life reported a high sero-protection rate for 
measles after two doses (90.2%), with a slightly lower rate 
(87.7%) after a single dose. Antibody concentrations were 
strongly dependent on the period since the last vaccination 
[39]. Concerning mumps, sero-protection rates were 74.4% 
after two doses, and 59% after a single one. The antibody 
titer was more influenced by the number of doses than the 
time interval since the last vaccination [39]. As regards 
rubella, following two doses of MMR vaccine, 68% of girls 
and 58% of boys were reported to maintain antibody titers of 
1:32 or higher. The determining factor of antibody level was 
the time interval since the last vaccination [39].

Another study involving 43 children having undergone 
MMR vaccinations at 9 and 15 months of age revealed 
sero-protection rates of 80%, 85%, and 96% for measles, 
mumps, and rubella, respectively, when the children were 
aged 4–6 years, and of 83%, 96.7%, and 96.7% when they 
were between 9 and 12 years of age. Similar results were 
reported in other articles [40–42].

An average decrease in antibody levels of 7.4% per 
year for measles, 5.7% for rubella, and 9.2% for mumps 
was reported. The rate of decline is higher in patients with 
lower post-vaccination antibody levels, and in those with 
increased antibody levels less than two times, as com-
pared to pre-vaccine antibody values [43]. In this context, 
other reports observed persistent seroconversion rates for 
measles, mumps, and rubella in 95%, 74%, and 100% of 

MMR-vaccinated patients, 15 years after receiving the sec-
ond MMR dose [44].

According to one article, however, juvenile idiopathic 
arthritis (JIA) patients may present with lower sero-protection 
rates and antibody levels for measles, rubella, mumps, and 
diphtheria than healthy controls [45]. Yet, these data should 
be interpreted with care, given that the control group was an 
historical cohort. This paper’s authors recommend performing 
serological tests periodically, in order to detect any immune 
status changes of JIA patients [45].

Recommendation 11. Currently, tetanus and diphtheria 
serologic screening should be performed before initiating 
immunosuppressive treatment in patients with incomplete 
vaccination status or doubts about vaccination. However, 
regular serological screening is not recommended (LE IIa; 
GR B; GA 94%)

In an Austrian study [39] involving 338 subjects aged 
4–8 years, more than 80% of children achieved a protective 
level following the recommended immunization schedule 
for diphtheria and tetanus. Antibody concentration strongly 
depended on the period since the last vaccination.

Another study that assessed the serostatus of healthy chil-
dren aged 11–13 years prior to second booster administration 
(the first was administered at 6 years) reported that 98% of 
children exhibited antibody levels for diphtheria > 0.01 IU/
mL, with 63% of them displaying antibody levels > 0.1 IU/
mL, as well as 100% of children exhibiting antibody levels 
for tetanus > 0.01 IU/mL, with 96% of them displaying anti-
body levels > 0.1 IU/mL [46].

Recommendation 12. Anti-HBs serology should be per-
formed in all patients before initiating immunosuppressive 
therapy. If anti-HBs titers < 10 mIU/mL, revaccination is 
indicated (LE IIa; GR B; GA 90%)

Long-term protection against hepatitis B virus (HBV) 
with current vaccines remains unknown [39, 47–50]. One 
study showed that 15 months after third dose administration 
of two hexavalent vaccines, antibodies to hepatitis B sur-
face antigen (anti-HBs) titers ≥ 10 mIU/mL varied from 69% 
(Hexavac) to 96% (Infanrix) [47]. After a booster dose, 93% 
of children achieved titers ≥ 10 mIU/mL, without differences 
between groups. Another report analyzed 326 children aged 
4–8 years, most of whom had received Hexavac vaccination. 
In this study, antibody titers above 10 mIU/mL were present 
in only 52% of children [39].

Recommendation 13. It is not recommended to repeat 
HBV serology in children if HBV titers are ≥ 10 mIU/mL. In 
revaccination cases, seroconversion should be checked (LE 
IIa; GR B; GA 86%)

Based on vaccine efficacy studies, sero-protection against 
HBV infection is defined as anti-HBs level ≥ 10 mIU/mL 
after receiving a complete immunization schedule [51]. 
Based on current scientific evidence, booster vaccination 
against HBV for immunocompetent children and adults is 
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not recommended for long-term protection [51, 52]. Immu-
nocompromised patients, however, should be monitored 
and receive a booster vaccination if their anti-HBs levels 
decrease < 10 mIU/mL [51].

As exposed before, there could be differences in HBV 
immunity depending on the vaccine. In general, Infanrix 
vaccinations have depicted better seroconversion rates than 
Hexavac [47]. In September 2005, the European Medicine 
Agency (EMA) recommended the discontinuation of Hexa-
vac vaccine due to concerns regarding long-term immuno-
genicity. Infanrix hexa was recommended instead [47, 53].

Recommendation 14. Serologic screening for HBV should 
be performed in unvaccinated children or those with risk 
factors, regardless of the treatment scheduled (LE IIa; GR 
B; GA 82%)

HBV risk factors include adolescents with sexual activity 
or high-risk behaviors, such as injecting drug use, history 
of sexually transmitted infections, children born to hepatitis 
B surface antigen (HBs-Ag)–positive mothers, diseases or 
conditions associated with immune system alteration, such 
as chronic renal failure, cancer, and primary or secondary 
immunodeficiencies, and use of immunosuppressive drugs. 
Vertical transmission is the primary route of transmission of 
viral hepatitis in children [54].

The occurrence of HBV infection in vaccinated popula-
tions varies across countries and studies. A report from the 
Czech Republic involving newborns (to HBsAg-positive 
mothers) that received hepatitis B immunoglobulins and a 
complete vaccination schedule depicted an anti-HBc serocon-
version rate of 1.5% in children aged 3–5 years, and of 8% in 
children over 15 years of age [55]. Data from other countries 
revealed an anti-HBc seroconversion rate of 1.7% in the UK, 
7.5% in Iran, 8.9–33.3% in China, or 4.1% in Taiwan [51].

On the other hand, in a cohort of immunized children 
starting at birth with a three-dose regimen of HBV vaccine, 
these children received a booster dose 10 and 15 years after 
vaccination. Among 108 participants who had lost protective 
antibody levels against HBV, more than 70% exhibited an 
anamnestic response (defined as a rapid prominent increase 
in antibody levels following second contact with the antigen) 
to the booster dose [56]. Therefore, some authors recom-
mend a HBV vaccine booster administration, as based on 
the patients’ serological status [48, 51].

The Vaccine Advisory Committee of the Spanish Asso-
ciation of Pediatrics and Spanish Society of Pediatric Rheu-
matology recommend antibody assessment in all immuno-
compromised patients, along with the administration of a 
booster dose if anti-HBs titers are ≤ 10 mIU/mL [57]. Some 
guidelines consider anti-HBs titers ≥ 100 mIU/mL an ideal 
sero-protection value [58].

Recommendation 15. Hepatitis A virus vaccine is recom-
mended in children. There is no evidence for recommending 
a prior serologic screening (LE IIIa; GR B; GA 86%)

The hepatitis A virus (HAV) incidence rate in Spain was 
estimated at 1.32 per 100,000 inhabitants in 2013, with a 
seroprevalence of 20% in children aged 10 years in 2000, 
according to the WHO [57]. A study conducted in Madrid 
region (Spain) in 2008–2009 revealed a 13.5% seropreva-
lence in children aged 13 years [59].

HAV has been suggested to possibly induce serious com-
plications, such as the macrophage activation syndrome in 
patients with JIA [60].

Taking into account the high HAV prevalence and its 
potential complications, main national clinical guidelines 
recommend HAV vaccination, along with periodic testing 
of antibody titers [57].

Recommendation 16. Routine serologic screening for 
hepatitis C virus in pediatric populations is not recom-
mended. It should, however, be performed in patients with 
risk factors or in the event of transaminase level elevations 
(LE IIIb; GR C; GA 72%)

The prevalence of hepatitis C virus (HCV) infection is 
very low in children with rheumatic diseases [61]. Thus, 
mass screening is not recommended. However, physicians 
should be aware of HCV risk factors, particularly adoles-
cents with sexual activity or high-risk behaviors, such as 
injecting drug use, history of sexually transmitted infections, 
and children born to HCV-positive mothers. In these cases, 
and particularly in the presence of abnormal hepatic labora-
tory values, a screening should be considered.

Recommendation 17. Varicella serologic screening 
should be performed in all pediatric patients with rheumatic 
diseases without any previous history of varicella or herpes 
zoster, nor vaccination or immunity evidence in a previous 
serology testing (LE IIIb; GR C; GA 96%)

Biologic therapies in adults with rheumatoid arthritis 
are associated with a small but significant risk of specific 
opportunistic infections [62]. In the Spanish BIOBADASER 
registry, varicella zoster infections were the most common 
viral infections [63].

The safety of biologics in pediatric patients is accept-
able. The rate of serious infections is very low, yet biological 
agents are associated with a higher risk of infection com-
pared with methotrexate. This infection risk appears to be 
lower with abatacept, adalimumab, and etanercept [64].

Therefore, screening for varicella infection is recom-
mended before initiating immunosuppressive treatment in 
children.

Recommendation 18. Performing serologic screening for 
Strongyloides stercoralis infection is desirable in children 
from endemic areas, especially if they present with eosino-
philia (LE IIIb; GR D; GA 82%)

Residence or recent travel to tropical areas, especially 
Southeast Asia, sub-Saharan Africa, and Latin America, has 
been described as a risk factor for Strongyloides stercora-
lis infection. In Spain, isolated cases have been reported, 
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with the exception of the Valencian coast that is considered 
endemic [65].

Recommendation 19. Before initiating RTX treatment, it 
is recommended to assess immunoglobulin levels and lym-
phocyte subpopulations. If low immunoglobulin levels are 
recorded (according to patient’s age), assessments should 
be repeated periodically during RTX treatment (LE IIIb; 
GR D; GA 96%)

Prolonged and total B-cell depletion induced by anti-
CD20 agents like RTX may cause hypogammaglobuline-
mia and neutropenia [66–68]. Based on available data, anti-
CD20 agents are associated with at least a modest increase 
risk for infections. However, not all patients that develop 
hypogammaglobulinemia are at increased risk of developing 
infection after B-cell depleting therapy [69].

Concerning RTX retreatment in patients having developed 
neutropenia, those with mild self-limited neutropenia can suc-
cessfully undergo repeated RTX treatment. However, there 
is evidence that neutrophil counts < 500/mm3 may be asso-
ciated with severe infection, thus requiring treatment using 
intravenous antibiotics and granulocyte colony-stimulating 
factor [66–69].

Anti-Pneumocystis jirovecii prophylaxis in patients on 
RTX should be considered only in those on concomitant 
therapies associated with an increased risk for Pneumocystis 
jirovecii infection, such as CS (prednisone 20 mg daily or 
equivalent doses for at least 4 weeks) [66–69].

Serologic screening for chronic or resolved HBV infec-
tion should be performed before initiating anti-CD20 agents; 
in order to prevent HBV reactivation, antiviral prophylaxis 
should be continued during anti-CD20 treatment and for at 
least 12–18 months after the last dose in HBsAg-positive 
patients. Monitoring of HBV reactivation should be carried 
out for at least 12 months after completing antiviral prophy-
laxis. Prophylaxis should be offered to HBsAg-negative/
anti-HBc-positive patients so as to prevent reactivation of 
a resolved HBV infection [69].

Recommendation 20. It is recommended to monitor the 
number and severity of infections during RTX treatment, in 
order to identify patients possibly requiring immunoglobulin 
replacement therapy (LE IIIb; GR D; GA 98%)

A minority of patients on RTX are likely to develop severe 
hypogammaglobulinemia complicated by recurrent infec-
tion. Considering the pre-existing hypogammaglobulinemia-
induced increased infection risk on RTX treatment, immuno-
globulin levels should be assessed prior to RTX initiation and, 
if immunoglobulin levels are low, they should be monitored 
during treatment [68, 70]. Monitoring is also indicated in 
patients with severe infectious diseases so as to identify those 
possibly requiring immunoglobulin replacement therapy.

When considering immunoglobulin replacement ther-
apy, the following factors should be considered: severity of 
IgG deficiency, presence of recurrent infections (especially 

sinopulmonary), and lack of normal responses to tetanus and 
pneumococcal vaccines [66, 68, 70].

Recommendation 21. Pre-RTX treatment blood count 
assessment is recommended to detect neutropenia and even-
tually pursue hematological tests. However, the optimal fre-
quency of hematological testing has not yet been established 
during or after RTX treatment (LE IIIa; GR C; GA 98%)

As RTX is associated with neutropenia [71], it is recom-
mended to perform a hematological test before RTX treat-
ment initiation, followed by regular controls.

Discussion

In this paper, we present a series of recommendations con-
cerning the screening for different infections in children 
with rheumatic diseases prior to initiating immunosuppres-
sive drugs (including biologics), based on the best available 
evidence.

For this purpose, the nominal group and Delphi method-
ology that is widely used in this type of documents has been 
followed. In addition, along with a review of the available 
evidence, a group of experts in the field was selected for the 
drafting of the recommendations.

In this document, we strongly emphasize the relevance 
of a good epidemiological clinical history, along with an 
exhaustive physical examination, which helps recognizing 
symptoms and suspecting different diseases, in addition to 
performing the screening tests.

The recommendations are intended to assist specialists 
involved in the care of these patients in their routine clini-
cal practice. In addition, there is no doubt that the avail-
ability of explicit recommendations covering all aspects 
of infection screening in relation with immunosuppressive 
treatments is an essential element of good clinical practice, 
as demonstrated in this document.

Data from pharmacovigilance cohorts will be useful 
for actual risk monitoring in clinical practice [11, 72, 73].

Acknowledgements  We would like to thank all of the participants 
in the Delphi process from the Sociedad Española de Reumatología 
pediátrica and Sociedad Española de Infectología pediátrica: Agustín 
Remesal Camba, Walter Alberto Sifuentes Gigaldo, César Gavilán 
Martín, Tamara Rodríguez Araya, Almudena Román Pascual, María 
Isabel Garrote Llanos, Rocío Galindo Zavala, Alejandro Souto Vilas, 
Miguel Martí Masanet, Clara Udaondo, Jan Ramakers, Manoel Muñiz 
Fontan, Irene Rivero, Agustín López López, Begoña Carazo Gallego, 
Marta Salvatierra Arrondo, Manuel Oltra Benavent, Jesús Saavedra 
Lozano, Mª José Lirola Cruz, Sheila Miralbés Terraza, Andrea Martin, 
Manuel Oltra Benavent, Pilar Galán del Río, Eugenia Enríquez, Raquel 
Martin Domenech, Julio García Feitó, Cristina Zarallo Reales, Jenaro  
Graña Gil, Olaf Neth, María Muñoz San Jose, Antoni Noguera  
Julian, Laura Martín Pedraz, Andrea Zacarias Crovato, Isabel Pastora 
Granados Bautista, Vicenç Torrente Segarra, Clara Giménez Roca, 
Berta López, Jose Campos Esteban, Beatriz Bravo Mancheño, Marta 
Cano Cabrera, Carmen Vargas Lebrón, Marta Medrano San Ildefonso, 

2350 European Journal of Pediatrics (2022) 181:2343–2354



1 3

Sara Pons Morales, Jorge Sotoca Fernandez, Berta Magallares López, 
Jordi Antón, Mari Pinedo, Mireia Lopez Corbeto, María López Sousa, 
Marta Valero Expósito, Judith Sánchez-Manubens, Juan Manuel  
Mosquera Angarita, Begoña Losada Pinedo.

Authors’ contributions  Esmeralda Núñez Cuadros, Joan Calzada-
Hernández, Daniel Clemente, Sara Guillén Martín: made substan-
tial contributions to the conception or design of the work. Esmeralda 
Núñez Cuadros, Joan Calzada-Hernández, Daniel Clemente, Sara 
Guillén Martín, Laura Fernández Silveira, María José Lirola Cruz, 
Alfredo Tagarro, Marisol Camacho Lovillo, Rosa María Alcobendas 
Rueda, Agustín López López, Miren Satrustegi Aritziturri, Cristina 
Calvo: acquisition, analysis, or interpretation of data. Esmeralda 
Núñez Cuadros, Joan Calzada-Hernández, Daniel Clemente, Sara 
Guillén Martín, Laura Fernández Silveira, María José Lirola Cruz, 
Alfredo Tagarro, Marisol Camacho Lovillo, Rosa María Alcobendas 
Rueda, Agustín López López, Miren Satrustegi Aritziturri, Cristina 
Calvo: drafted the work or revised it critically for important intellec-
tual content. Esmeralda Núñez Cuadros, Joan Calzada-Hernández, 
Daniel Clemente, Sara Guillén Martín, Laura Fernández Silveira, 
María José Lirola Cruz, Alfredo Tagarro, Marisol Camacho Lovillo, 
Rosa María Alcobendas Rueda, Agustín López López: approved the 
version to be published.

Funding  Open Access funding provided thanks to the CRUE-CSIC 
agreement with Springer Nature. This project was partially funded by 
an unrestricted grant of Pfizer. Pfizer did not take part in the design, 
development of the project, or in the manuscript. SERPE also provided 
funds to the project. Funding for open access charge: Universidad de 
Málaga / CBUA.

Data availability  N/A.

Code availability  N/A.

Declarations 

Ethics approval  N/A.

Consent to participate  N/A.

Consent for publication  N/A.

Conflict of interest  The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Furer V, Rondaan C, Heijstek M, van Assen S, Bijl M, Agmon-
Levin N et al (2019) Incidence and prevalence of vaccine prevent-
able infections in adult patients with autoimmune inflammatory 
rheumatic diseases (AIIRD): a systemic literature review inform-
ing the 2019 update of the EULAR recommendations for vac-
cination in adult patients with AIIRD. RMD Open 5(2):e001041. 
https://​doi.​org/​10.​1136/​rmdop​en-​2019-​001041

	 2.	 Heijstek MW, Ott de Bruin LM, Bijl M, Borrow R, van der Klis F, 
Koné-Paut I et al (2011) EULAR recommendations for vaccina-
tion in paediatric patients with rheumatic diseases. Ann Rheum 
Dis 70(10):1704–12. https://​doi.​org/​10.​1136/​ard.​2011.​150193

	 3.	 Thiele F, Klein A, Windschall D, Hospach A, Foeldvari I, Minden 
K et al (2021) Comparative risk of infections among real-world 
users of biologics for juvenile idiopathic arthritis: data from the 
German BIKER registry. Rheumatol Int 41(4):751–762. https://​
doi.​org/​10.​1007/​s00296-​020-​04774-3

	 4.	 CEBM Medicine (2011) CfEB: CEBM levels of evidence 2011. 
http://​www.​cebm.​net/​index.​aspx?o=​1025. Accessed 11/04/2013 
2013

	 5.	 Prevention (2016) CfDCa: who should be tested
	 6.	 Abreu C, Magro F, Santos-Antunes J, Pilao A, Rodrigues-Pinto 

E, Bernardes J et al (2013) Tuberculosis in anti-TNF-alpha treated 
patients remains a problem in countries with an intermediate inci-
dence: analysis of 25 patients matched with a control population. J 
Crohns Colitis 7(10):e486–e492. https://​doi.​org/​10.​1016/j.​crohns.​
2013.​03.​004

	 7.	 Tubach F, Salmon D, Ravaud P, Allanore Y, Goupille P, Breban M 
et al (2009) Risk of tuberculosis is higher with anti-tumor necro-
sis factor monoclonal antibody therapy than with soluble tumor 
necrosis factor receptor therapy: the three-year prospective French 
Research Axed on Tolerance of Biotherapies registry. Arthritis 
Rheum 60(7):1884–1894. https://​doi.​org/​10.​1002/​art.​24632

	 8.	 Solovic I, Sester M, Gomez-Reino JJ, Rieder HL, Ehlers S, Milburn HJ 
et al (2010) The risk of tuberculosis related to tumour necrosis factor 
antagonist therapies: a TBNET consensus statement. Eur Respir J 
36(5):1185–1206. https://​doi.​org/​10.​1183/​09031​936.​00028​510

	 9.	 Beglinger C, Dudler J, Mottet C, Nicod L, Seibold F, Villiger PM 
et al (2007) Screening for tuberculosis infection before the initiation 
of an anti-TNF-alpha therapy. Swiss Med Wkly 137(43–44):620–622

	10.	 Fonseca JE, Canhao H, Silva C, Miguel C, Mediavilla MJ, Teixeira 
A et al (2006) Tuberculosis in rheumatic patients treated with tumour 
necrosis factor alpha antagonists: the Portuguese experience. Acta 
Reumatol Port 31(3):247–253

	11.	 Gomez-Reino JJ, Carmona L, Valverde VR, Mola EM, Montero 
MD, Group B (2003) Treatment of rheumatoid arthritis with 
tumor necrosis factor inhibitors may predispose to significant 
increase in tuberculosis risk: a multicenter active-surveillance 
report. Arthritis Rheum 48(8):2122–2127. https://​doi.​org/​10.​
1002/​art.​11137

	12.	 Carmona L, Gomez-Reino JJ, Rodriguez-Valverde V, Montero D, 
Pascual-Gomez E, Mola EM et al (2005) Effectiveness of recom-
mendations to prevent reactivation of latent tuberculosis infection 
in patients treated with tumor necrosis factor antagonists. Arthritis 
Rheum 52(6):1766–1772. https://​doi.​org/​10.​1002/​art.​21043

	13.	 British Thoracic Society Standards of Care C (2005) BTS recom-
mendations for assessing risk and for managing Mycobacterium 
tuberculosis infection and disease in patients due to start anti-
TNF-alpha treatment. Thorax 60(10):800–5. https://​doi.​org/​10.​
1136/​thx.​2005.​046797

	14.	 Mir Viladrich I, Dauden Tello E, Solano-Lopez G, Lopez Longo 
FJ, Taxonera Samso C, Sanchez Martinez P et al (2016) Con-
sensus document on prevention and treatment of tuberculosis in 

2351European Journal of Pediatrics (2022) 181:2343–2354

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1136/rmdopen-2019-001041
https://doi.org/10.1136/ard.2011.150193
https://doi.org/10.1007/s00296-020-04774-3
https://doi.org/10.1007/s00296-020-04774-3
http://www.cebm.net/index.aspx?o=1025
https://doi.org/10.1016/j.crohns.2013.03.004
https://doi.org/10.1016/j.crohns.2013.03.004
https://doi.org/10.1002/art.24632
https://doi.org/10.1183/09031936.00028510
https://doi.org/10.1002/art.11137
https://doi.org/10.1002/art.11137
https://doi.org/10.1002/art.21043
https://doi.org/10.1136/thx.2005.046797
https://doi.org/10.1136/thx.2005.046797


1 3

patients for biological treatment. Arch Bronconeumol 52(1):36–
45. https://​doi.​org/​10.​1016/j.​arbres.​2015.​04.​016

	15.	 Excellence (2011) NIfHaC: Tuberculosis: clinical diagnosis and 
management of tuberculosis, and measures for its prevention and 
control. https://​www.​ncbi.​nlm.​nih.​gov/​books/​NBK97​852/​pdf/​
Books​helf_​NBK97​852.​pdf. Accessed March 2011

	16.	 Vassilopoulos D, Tsikrika S, Hatzara C, Podia V, Kandili A, 
Stamoulis N et  al (2011) Comparison of two gamma inter-
feron release assays and tuberculin skin testing for tuberculosis 
screening in a cohort of patients with rheumatic diseases start-
ing anti-tumor necrosis factor therapy. Clin Vaccine Immunol 
18(12):2102–2108. https://​doi.​org/​10.​1128/​CVI.​05299-​11

	17.	 Behar SM, Shin DS, Maier A, Coblyn J, Helfgott S, Weinblatt ME 
(2009) Use of the T-SPOT.TB assay to detect latent tuberculosis 
infection among rheumatic disease patients on immunosuppres-
sive therapy. J Rheumato 36(3):546–51. https://​doi.​org/​10.​3899/​
jrheum.​080854

	18.	 Detjen AK, Keil T, Roll S, Hauer B, Mauch H, Wahn U et al 
(2007) Interferon-gamma release assays improve the diagnosis of 
tuberculosis and nontuberculous mycobacterial disease in children 
in a country with a low incidence of tuberculosis. Clin Infect Dis 
45(3):322–328. https://​doi.​org/​10.​1086/​519266

	19.	 Kay AW, Islam SM, Wendorf K, Westenhouse J, Barry PM (2018) 
Interferon-gamma release assay performance for tuberculosis in 
childhood. Pediatrics 141(6). https://​doi.​org/​10.​1542/​peds.​2017-​3918

	20.	 Lewinsohn DM, Leonard MK, LoBue PA, Cohn DL, Daley CL, 
Desmond E et al (2017) Official American Thoracic Society/Infec-
tious Diseases Society of America/Centers for Disease Control 
and Prevention Clinical Practice Guidelines: diagnosis of tubercu-
losis in adults and children. Clin Infect Dis 64(2):e1–e33. https://​
doi.​org/​10.​1093/​cid/​ciw694

	21.	 Chiappini E, Bonsignori F, Mazzantini R, Sollai S, Venturini E, 
Mangone G et al (2014) Interferon-gamma release assay sensitiv-
ity in children younger than 5 years is insufficient to replace the 
use of tuberculin skin test in western countries. Pediatr Infect Dis J 
33(12):1291–1293. https://​doi.​org/​10.​1097/​INF.​00000​00000​000432

	22.	 Doan TN, Eisen DP, Rose MT, Slack A, Stearnes G, McBryde 
ES (2017) Interferon-gamma release assay for the diagnosis of 
latent tuberculosis infection: a latent-class analysis. PLoS One 
12(11):e0188631. https://​doi.​org/​10.​1371/​journ​al.​pone.​01886​31

	23.	 Tavast E, Tuuminen T, Pakkanen SH, Eriksson M, Kantele A, 
Jarvinen A et al (2012) Immunosuppression adversely affects TST 
but not IGRAs in patients with psoriasis or inflammatory muscu-
loskeletal diseases. Int J Rheumatol 2012:381929. https://​doi.​org/​
10.​1155/​2012/​381929

	24.	 Sargin G, Senturk T, Ceylan E, Telli M, Cildag S, Dogan H (2018) 
TST, QuantiFERON-TB Gold test and T-SPOT.TB test for detect-
ing latent tuberculosis infection in patients with rheumatic disease 
prior to anti-TNF therapy. Tuberk Toraks 66(2):136–43. https://​
doi.​org/​10.​5578/​tt.​66444

	25.	 Nozawa T, Mori M, Nishimura K, Sakurai N, Kikuchi M, Hara R 
et al (2016) Usefulness of two interferon-gamma release assays 
for rheumatic disease. Pediatr Int 58(5):347–352. https://​doi.​org/​
10.​1111/​ped.​12885

	26.	 Costantino F, de Carvalho BM, Rat AC, Loeuille D, Dintinger 
H, Bene MC et al (2013) Screening for latent tuberculosis infec-
tion in patients with chronic inflammatory arthritis: discrepancies 
between tuberculin skin test and interferon-gamma release assay 
results. J Rheumatol 40(12):1986–1993. https://​doi.​org/​10.​3899/​
jrheum.​130303

	27.	 Hradsky O, Ohem J, Zarubova K, Mitrova K, Durilova M, Kotalova 
R et al (2014) Disease activity is an important factor for indetermi-
nate interferon-gamma release assay results in children with inflam-
matory bowel disease. J Pediatr Gastroenterol Nutr 58(3):320–324. 
https://​doi.​org/​10.​1097/​MPG.​00000​00000​000205

	28.	 Chikura B, Sadananda V, Usman-Saeed M (2009) Comment on: 
Screening for Mycobacterium tuberculosis prior to anti-TNF 
therapy--an audit of impact of the British Thoracic Society guide-
lines on rheumatology practice in an area of low Mycobacterium 
tuberculosis prevalence. Rheumatology (Oxford) 48(10):1331–2; 
author reply 2. https://​doi.​org/​10.​1093/​rheum​atolo​gy/​kep181

	29.	 Du F, Xie L, Zhang Y, Gao F, Zhang H, Chen W et al (2018) 
Prospective comparison of QFT-GIT and T-SPOT.TB assays for 
diagnosis of active tuberculosis. Sci Rep 8(1):5882. https://​doi.​
org/​10.​1038/​s41598-​018-​24285-3

	30.	 Matsumura R, Igari H, Nakazawa T, Ishikawa S, Tsuyuzaki M, 
Suzuki K et al (2016) Comparative utility of interferon-gamma 
release assay, QuantiFERON((R)) TB-GIT and T-SPOT((R)).
TB in rheumatoid arthritis. Int J Tuberc Lung Dis 20(11):1546–
53. https://​doi.​org/​10.​5588/​ijtld.​16.​0038

	31.	 Martin J, Walsh C, Gibbs A, McDonnell T, Fearon U, Keane J 
et al (2010) Comparison of interferon gamma release assays and 
conventional screening tests before tumour necrosis factor alpha 
blockade in patients with inflammatory arthritis. Ann Rheum Dis 
69(1):181–185. https://​doi.​org/​10.​1136/​ard.​2008.​101857

	32.	 Starke JR (2014) Committee On Infectious D. Interferon-gamma 
release assays for diagnosis of tuberculosis infection and disease 
in children. Pediatrics 134(6):e1763–73. https://​doi.​org/​10.​1542/​
peds.​2014-​2983

	33.	 Moreno-Perez D, Andres Martin A, Altet Gomez N, Baquero-
Artigao F, Escribano Montaner A, Gomez-Pastrana Duran D et al 
(2010) Diagnosis of tuberculosis in pediatrics. Consensus docu-
ment of the Spanish Society of Pediatric Infectology (SEIP) and 
the Spanish Society of Pediatric Pneumology (SENP). An Pediatr 
(Barc) 73(3):143 e1- 14. https://​doi.​org/​10.​1016/j.​anpedi.​2009.​12.​
017

	34.	 Papay P, Primas C, Eser A, Novacek G, Winkler S, Frantal S et al 
(2012) Retesting for latent tuberculosis in patients with inflam-
matory bowel disease treated with TNF-alpha inhibitors. Aliment 
Pharmacol Ther 36(9):858–865. https://​doi.​org/​10.​1111/​apt.​12037

	35.	 Bern C (2012) Chagas disease in the immunosuppressed host. 
Curr Opin Infect Dis 25(4):450–457. https://​doi.​org/​10.​1097/​
QCO.​0b013​e3283​54f179

	36.	 Perez-Molina JA, Molina I (2018) Chagas disease. Lancet 
391(10115):82–94. https://​doi.​org/​10.​1016/​S0140-​6736(17)​31612-4

	37.	 Burgos LG, Ortiz BD, Canese A, Ojeda A, Melo M (2012) Reacti-
vation of Chagas disease by immunosuppressive therapy in a patient 
with systemic lupus erythematosus: report of an exceptional case. 
Am J Dermatopathol 34(6):e84–e89. https://​doi.​org/​10.​1097/​DAD.​
0b013​e3182​57f9e2

	38.	 Roca Saumell C, Soriano-Arandes A, Solsona Diaz L, Gascon 
Brustenga J, Grupo de consenso Chagas APS (2015) Consensus 
document for the detection and management of Chagas disease 
in primary health care in a non-endemic areas. Aten Primaria 
47(5):308–17. https://​doi.​org/​10.​1016/j.​aprim.​2015.​01.​002

	39.	 Paulke-Korinek M, Fischmeister G, Grac A, Rendi-Wagner P, 
Kundi M, Mohsenzadeh-Rabbani A et al (2011) Persistence of 
antibodies in 4–8 year old Austrian children after vaccination 
with hexavalent DTaP-HBV-IPV/Hib and MMR vaccines. Vac-
cine 29(32):5130–5136. https://​doi.​org/​10.​1016/j.​vacci​ne.​2011.​
05.​046

	40.	 Saffar MJ, Fathpour GR, Parsaei MR, Ajami A, Khalilian AR, 
Shojaei J et al (2011) Measles-mumps-rubella revaccination; 
18 months vs. 4–6 years of age: potential impacts of schedule 
changes. J Trop Pediatr 57(5):347–51. https://​doi.​org/​10.​1093/​
tropej/​fmq102

	41.	 Pebody RG, Gay NJ, Hesketh LM, Vyse A, Morgan-Capner P, 
Brown DW et al (2002) Immunogenicity of second dose measles-
mumps-rubella (MMR) vaccine and implications for serosurveil-
lance. Vaccine 20(7–8):1134–1140. https://​doi.​org/​10.​1016/​
s0264-​410x(01)​00435-2

2352 European Journal of Pediatrics (2022) 181:2343–2354

https://doi.org/10.1016/j.arbres.2015.04.016
https://www.ncbi.nlm.nih.gov/books/NBK97852/pdf/Bookshelf_NBK97852.pdf
https://www.ncbi.nlm.nih.gov/books/NBK97852/pdf/Bookshelf_NBK97852.pdf
https://doi.org/10.1128/CVI.05299-11
https://doi.org/10.3899/jrheum.080854
https://doi.org/10.3899/jrheum.080854
https://doi.org/10.1086/519266
https://doi.org/10.1542/peds.2017-3918
https://doi.org/10.1093/cid/ciw694
https://doi.org/10.1093/cid/ciw694
https://doi.org/10.1097/INF.0000000000000432
https://doi.org/10.1371/journal.pone.0188631
https://doi.org/10.1155/2012/381929
https://doi.org/10.1155/2012/381929
https://doi.org/10.5578/tt.66444
https://doi.org/10.5578/tt.66444
https://doi.org/10.1111/ped.12885
https://doi.org/10.1111/ped.12885
https://doi.org/10.3899/jrheum.130303
https://doi.org/10.3899/jrheum.130303
https://doi.org/10.1097/MPG.0000000000000205
https://doi.org/10.1093/rheumatology/kep181
https://doi.org/10.1038/s41598-018-24285-3
https://doi.org/10.1038/s41598-018-24285-3
https://doi.org/10.5588/ijtld.16.0038
https://doi.org/10.1136/ard.2008.101857
https://doi.org/10.1542/peds.2014-2983
https://doi.org/10.1542/peds.2014-2983
https://doi.org/10.1016/j.anpedi.2009.12.017
https://doi.org/10.1016/j.anpedi.2009.12.017
https://doi.org/10.1111/apt.12037
https://doi.org/10.1097/QCO.0b013e328354f179
https://doi.org/10.1097/QCO.0b013e328354f179
https://doi.org/10.1016/S0140-6736(17)31612-4
https://doi.org/10.1097/DAD.0b013e318257f9e2
https://doi.org/10.1097/DAD.0b013e318257f9e2
https://doi.org/10.1016/j.aprim.2015.01.002
https://doi.org/10.1016/j.vaccine.2011.05.046
https://doi.org/10.1016/j.vaccine.2011.05.046
https://doi.org/10.1093/tropej/fmq102
https://doi.org/10.1093/tropej/fmq102
https://doi.org/10.1016/s0264-410x(01)00435-2
https://doi.org/10.1016/s0264-410x(01)00435-2


1 3

	42.	 Rager-Zisman B, Bazarsky E, Skibin A, Chamney S, Belmaker I, 
Shai I et al (2003) The effect of measles-mumps-rubella (MMR) 
immunization on the immune responses of previously immunized 
primary school children. Vaccine 21(19–20):2580–2588. https://​
doi.​org/​10.​1016/​s0264-​410x(03)​00053-7

	43.	 Seagle EE, Bednarczyk RA, Hill T, Fiebelkorn AP, Hickman CJ, 
Icenogle JP et al (2018) Measles, mumps, and rubella antibody 
patterns of persistence and rate of decline following the second 
dose of the MMR vaccine. Vaccine 36(6):818–826. https://​doi.​
org/​10.​1016/j.​vacci​ne.​2017.​12.​075

	44.	 Davidkin I, Jokinen S, Broman M, Leinikki P, Peltola H (2008) 
Persistence of measles, mumps, and rubella antibodies in an MMR-
vaccinated cohort: a 20-year follow-up. J Infect Dis 197(7):950–
956. https://​doi.​org/​10.​1086/​528993

	45.	 Heijstek MW, van Gageldonk PG, Berbers GA, Wulffraat NM (2012) 
Differences in persistence of measles, mumps, rubella, diphtheria 
and tetanus antibodies between children with rheumatic disease and 
healthy controls: a retrospective cross-sectional study. Ann Rheum Dis 
71(6):948–954. https://​doi.​org/​10.​1136/​annrh​eumdis-​2011-​200637

	46.	 Gajdos V, Vidor E, Richard P, Tran C, Sadorge C (2015) Diph-
theria, tetanus and poliovirus antibody persistence 5 years after 
vaccination of pre-schoolers with two different diphtheria, teta-
nus and inactivated poliomyelitis vaccines (Td-IPV or DT-IPV) 
and immune responses to a booster dose of DTaP-IPV. Vaccine 
33(32):3988–3996. https://​doi.​org/​10.​1016/j.​vacci​ne.​2015.​06.​036

	47.	 Giambi C, Bella A, Barale A, Montu D, Marchisio M, Oddone M 
et al (2008) A cohort study to evaluate persistence of hepatitis B 
immunogenicity after administration of hexavalent vaccines. BMC 
Infect Dis 8:100. https://​doi.​org/​10.​1186/​1471-​2334-8-​100

	48.	 Ward JW (2018) VDP. Hepatitis B vaccines. Singapore: Springer. https://​
doi.​org/​10.​1007/​978-​981-​10-​4843-2_5

	49.	 Lai MW, Liang KH, Yeh CT (2019) Diverse immune responses to 
HBV surface epitope variants after vaccine booster in adolescents 
immunized in infancy. Clin Microbiol Infect 25(9):1140–1146. 
https://​doi.​org/​10.​1016/j.​cmi.​2019.​02.​003

	50.	 Saffar H, Saffar MJ, Ajami A, Khalilian AR, Shams-Esfandabad 
K, Mirabi AM (2014) Long-term T-cell-mediated immunologic 
memory to hepatitis B vaccine in young adults following neonatal 
vaccination. Hepat Mon 14(9):e22223. https://​doi.​org/​10.​5812/​
hepat​mon.​22223

	51.	 Leuridan E, Van Damme P (2011) Hepatitis B and the need for a 
booster dose. Clin Infect Dis 53(1):68–75. https://​doi.​org/​10.​1093/​
cid/​cir270

	52.	 Zanetti AR, Mariano A, Romanò L, D’Amelio R, Chironna M, 
Coppola RC et al (2005) Long-term immunogenicity of hepatitis 
B vaccination and policy for booster: an Italian multicentre study. 
Lancet 366(9494):1379–1384. https://​doi.​org/​10.​1016/​s0140-​
6736(05)​67568-x

	53.	 Agency (2005) EM: European Medicines Agency recommends 
suspension of Hexavac. https://​www.​ema.​europa.​eu/​en/​docum​ents/​
press-​relea​se/​europ​ean-​medic​ines-​agency-​recom​mends-​suspe​nsion-​
hexav​ac_​en.​pdf. Accessed 01 febrero 2021

	54.	 Mavilia MG, Wu GY (2017) Mechanisms and prevention of verti-
cal transmission in chronic viral hepatitis. J Clin Transl Hepatol 
5(2):119–129. https://​doi.​org/​10.​14218/​jcth.​2016.​00067

	55.	 Roznovsky L, Orsagova I, Kloudova A, Tvrdik J, Kabieszova 
L, Lochman I et al (2010) Long-term protection against hepa-
titis B after newborn vaccination: 20-year follow-up. Infection 
38(5):395–400. https://​doi.​org/​10.​1007/​s15010-​010-​0039-7

	56.	 Chaves SS, Fischer G, Groeger J, Patel PR, Thompson ND, 
Teshale EH et al (2012) Persistence of long-term immunity to 
hepatitis B among adolescents immunized at birth. Vaccine 
30(9):1644–1649. https://​doi.​org/​10.​1016/j.​vacci​ne.​2011.​12.​106

	57.	 (CAV-AEP) CAdV (2020) Vacunación en niños inmunodeprimi-
dos o con tratamiento inmunosupresor. In: Pediatría AEd, editor. 

Manual de vacunas en línea de la AEP. Madrid: AEP. http://​vacun​
asaep.​org/​docum​entos/​manual/​cap-​14. Accessed 21 enero 2021

	58.	 Karadag O, Kasifoglu T, Ozer B, Kaymakoglu S, Kus Y, Inanc 
M et al (2016) Viral hepatitis screening guideline before biologi-
cal drug use in rheumatic patients. Eur J Rheumatol 3(1):25–28. 
https://​doi.​org/​10.​5152/​eurjr​heum.​2015.​150072

	59.	 Garcia-Comas L, Ordobas M, Sanz JC, Ramos B, Arce A, Barranco 
D (2016) Population study of seroprevalence of antibodies against 
hepatitis A virus in the Community of Madrid, 2008–2009. Enferm 
Infecc Microbiol Clin 34(1):33–38. https://​doi.​org/​10.​1016/j.​eimc.​
2015.​01.​012

	60.	 Russo RA, Rosenzweig SD, Katsicas MM (2008) Hepatitis 
A-associated macrophage activation syndrome in children with 
systemic juvenile idiopathic arthritis: report of 2 cases. J Rheuma-
tol 35(1):166–168

	61.	 Aikawa NE, Nascimento AP, Hayata AL, Bonfá E, Goldenstein-
Schainberg C (2016) Hepatitis C virus antibodies in high risk juve-
nile onset systemic lupus erythematosus. Rev Bras Reumatol Engl 
Ed 56(3):235–239. https://​doi.​org/​10.​1016/j.​rbre.​2016.​02.​011

	62.	 Kourbeti IS, Ziakas PD, Mylonakis E (2014) Biologic therapies 
in rheumatoid arthritis and the risk of opportunistic infections: a 
meta-analysis. Clin Infect Dis 58(12):1649–1657. https://​doi.​org/​
10.​1093/​cid/​ciu185

	63.	 Perez-Sola MJ, Torre-Cisneros J, Perez-Zafrilla B, Carmona L, 
Descalzo MA, Gomez-Reino JJ et al (2011) Infections in patients 
treated with tumor necrosis factor antagonists: incidence, etiology 
and mortality in the BIOBADASER registry. Med Clin (Barc) 
137(12):533–540. https://​doi.​org/​10.​1016/j.​medcli.​2010.​11.​032

	64.	 Horneff G (2015) Biologic-associated infections in pediatric 
rheumatology. Curr Rheumatol Rep 17(11):66. https://​doi.​org/​
10.​1007/​s11926-​015-​0542-z

	65.	 Veereman-Wauters G, de Ridder L, Veres G, Kolacek S, Fell 
J, Malmborg P et al (2012) Risk of infection and prevention in 
pediatric patients with IBD: ESPGHAN IBD Porto Group com-
mentary. J Pediatr Gastroenterol Nutr 54(6):830–837. https://​doi.​
org/​10.​1097/​MPG.​0b013​e3182​4d1438

	66.	 Kado R, Sanders G, McCune WJ (2016) Suppression of normal 
immune responses after treatment with rituximab. Curr Opin Rheuma-
tol 28(3):251–258. https://​doi.​org/​10.​1097/​BOR.​00000​00000​000272

	67.	 Worch J, Makarova O, Burkhardt B (2015) Immunreconstitution 
and infectious complications after rituximab treatment in children 
and adolescents: what do we know and what can we learn from 
adults? Cancers (Basel) 7(1):305–328. https://​doi.​org/​10.​3390/​
cance​rs701​0305

	68.	 Md Yusof MY, Vital EM, Buch MH (2015) B cell therapies, 
approved and emerging: a review of infectious risk and preven-
tion during use. Curr Rheumatol Rep 17(10):65. https://​doi.​org/​
10.​1007/​s11926-​015-​0539-7

	69.	 Mikulska M, Lanini S, Gudiol C, Drgona L, Ippolito G, Fernandez-
Ruiz M et al (2018) ESCMID Study Group for Infections in Com-
promised Hosts (ESGICH) consensus document on the safety of 
targeted and biological therapies: an infectious diseases perspective 
(agents targeting lymphoid cells surface antigens [I]: CD19, CD20 
and CD52). Clin Microbiol Infect 24(Suppl 2):S71–S82. https://​
doi.​org/​10.​1016/j.​cmi.​2018.​02.​003

	70.	 Kado R, Sanders G, McCune WJ (2017) Diagnostic and therapeu-
tic considerations in patients with hypogammaglobulinemia after 
rituximab therapy. Curr Opin Rheumatol 29(3):228–233. https://​
doi.​org/​10.​1097/​BOR.​00000​00000​000377

	71.	 McAtee CL, Lubega J, Underbrink K, Curry K, Msaouel P, Barrow 
M et al (2021) Association of rituximab use with adverse events 
in children, adolescents, and young adults. JAMA Netw Open 
4(2):e2036321. https://​doi.​org/​10.​1001/​jaman​etwor​kopen.​2020.​
36321

	72.	 Baddley JW, Cantini F, Goletti D, Gomez-Reino JJ, Mylonakis 
E, San-Juan R et al (2018) ESCMID Study Group for Infections 

2353European Journal of Pediatrics (2022) 181:2343–2354

https://doi.org/10.1016/s0264-410x(03)00053-7
https://doi.org/10.1016/s0264-410x(03)00053-7
https://doi.org/10.1016/j.vaccine.2017.12.075
https://doi.org/10.1016/j.vaccine.2017.12.075
https://doi.org/10.1086/528993
https://doi.org/10.1136/annrheumdis-2011-200637
https://doi.org/10.1016/j.vaccine.2015.06.036
https://doi.org/10.1186/1471-2334-8-100
https://doi.org/10.1007/978-981-10-4843-2_5
https://doi.org/10.1007/978-981-10-4843-2_5
https://doi.org/10.1016/j.cmi.2019.02.003
https://doi.org/10.5812/hepatmon.22223
https://doi.org/10.5812/hepatmon.22223
https://doi.org/10.1093/cid/cir270
https://doi.org/10.1093/cid/cir270
https://doi.org/10.1016/s0140-6736(05)67568-x
https://doi.org/10.1016/s0140-6736(05)67568-x
https://www.ema.europa.eu/en/documents/press-release/european-medicines-agency-recommends-suspension-hexavac_en.pdf
https://www.ema.europa.eu/en/documents/press-release/european-medicines-agency-recommends-suspension-hexavac_en.pdf
https://www.ema.europa.eu/en/documents/press-release/european-medicines-agency-recommends-suspension-hexavac_en.pdf
https://doi.org/10.14218/jcth.2016.00067
https://doi.org/10.1007/s15010-010-0039-7
https://doi.org/10.1016/j.vaccine.2011.12.106
http://vacunasaep.org/documentos/manual/cap-14
http://vacunasaep.org/documentos/manual/cap-14
https://doi.org/10.5152/eurjrheum.2015.150072
https://doi.org/10.1016/j.eimc.2015.01.012
https://doi.org/10.1016/j.eimc.2015.01.012
https://doi.org/10.1016/j.rbre.2016.02.011
https://doi.org/10.1093/cid/ciu185
https://doi.org/10.1093/cid/ciu185
https://doi.org/10.1016/j.medcli.2010.11.032
https://doi.org/10.1007/s11926-015-0542-z
https://doi.org/10.1007/s11926-015-0542-z
https://doi.org/10.1097/MPG.0b013e31824d1438
https://doi.org/10.1097/MPG.0b013e31824d1438
https://doi.org/10.1097/BOR.0000000000000272
https://doi.org/10.3390/cancers7010305
https://doi.org/10.3390/cancers7010305
https://doi.org/10.1007/s11926-015-0539-7
https://doi.org/10.1007/s11926-015-0539-7
https://doi.org/10.1016/j.cmi.2018.02.003
https://doi.org/10.1016/j.cmi.2018.02.003
https://doi.org/10.1097/BOR.0000000000000377
https://doi.org/10.1097/BOR.0000000000000377
https://doi.org/10.1001/jamanetworkopen.2020.36321
https://doi.org/10.1001/jamanetworkopen.2020.36321


1 3

in Compromised Hosts (ESGICH) consensus document on the 
safety of targeted and biological therapies: an infectious diseases 
perspective (soluble immune effector molecules [I]: anti-tumor 
necrosis factor-alpha agents). Clin Microbiol Infect 24(Suppl 
2):S10–S20. https://​doi.​org/​10.​1016/j.​cmi.​2017.​12.​025

	73.	 Sanchez-Moya AI, Garcia-Doval I, Carretero G, Sanchez-Carazo 
J, Ferrandiz C, Herrera Ceballos E et al (2013) Latent tuberculo-
sis infection and active tuberculosis in patients with psoriasis: a 

study on the incidence of tuberculosis and the prevalence of latent 
tuberculosis disease in patients with moderate-severe psoriasis in 
Spain. BIOBADADERM registry. J Eur Acad Dermatol Venereol 
27(11):1366–74. https://​doi.​org/​10.​1111/​jdv.​12011

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Authors and Affiliations

Esmeralda Núñez Cuadros1 · Joan Calzada‑Hernández2 · Daniel Clemente3 · Sara Guillén Martín4 · 
Laura Fernández Silveira5 · María José Lirola‑Cruz6 · Alfredo Tagarro7 · Marisol Camacho Lovillo5 · 
Rosa María Alcobendas Rueda8 · Agustín López López9 · Miren Satrustegi Aritziturri10 · Cristina Calvo11,12

1	 Pediatric Rheumatology Unit, UGC Pediatría, Hospital 
Regional Universitario de Málaga, Instituto de Investigación 
Biomédica de Málaga (IBIMA), Av. Arroyo de los Ángeles, 
s/n 29011, Málaga, Spain

2	 Unitat de Reumatologia Pediàtrica, Servei 
de Pediatria, Hospital Sant Joan de Déu, 
Esplugues de Llobregat, Barcelona, Spain

3	 Pediatric Rheumatology Unit, Hospital Infantil Universitario, 
Niño Jesús, Madrid, Spain

4	 Department of Paediatrics, Hospital Universitario de Getafe, 
CIBERINFEC ISCIII, Getafe, Madrid, Spain

5	 Servicio de Inmunología, Reumatología e Infectología 
Pediátricas, Hospital Universitario Virgen del Rocío, Sevilla, 
Spain

6	 Department of Paediatríc Rheumatology, Instituto Hispalense 
de Pediatría, Seville, Spain

7	 Pediatrics Department, Instituto de Investigación 12 de 
Octubre (imas12), Hospital Universitario Infanta Sofía, 
Universidad Europea, Madrid, Spain

8	 Department of Pediatric Rheumatology, La Paz Children’s 
Hospital, Madrid, Spain

9	 Department of Paediatrics, Hospital Universitario Puerta de 
Hierro, Majadahonda, Madrid, Spain

10	 Servicio de Pediatría, Hospital Universitario Donostia, 
San Sebastián, Spain

11	 Department of Pediatrics, Infectious and Tropical Diseases, 
Hospital Universitario La Paz, and La Paz Research Institute 
(IdiPaz). CIBERINFEC. ISCIII, Madrid, Spain

12	 Translational Research Network of Pediatric Infectious 
Diseases (RITIP), Madrid, Spain

2354 European Journal of Pediatrics (2022) 181:2343–2354

https://doi.org/10.1016/j.cmi.2017.12.025
https://doi.org/10.1111/jdv.12011

	Position statement of the Spanish Society of Pediatric Rheumatology on infection screening, prophylaxis, and vaccination of pediatric patients with rheumatic diseases and immunosuppressive therapies: Part 1 (screening)
	Abstract
	Introduction
	Methods
	Literature review
	Nominal group meeting
	Delphi process
	Final consensus document

	Results
	Discussion
	Acknowledgements 
	References


