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Abstract

Context: Tuberculosis is still one of the deadliest communicable diseases.

Objectives: Nine million people worldwide developed TB in 2013, and 1.5 million people died from it, 360000 of which were HIV
positive. Although the disease is controllable by means of diagnostic and treatment measures, the death toll from the disease is still
high, and efforts to combat it must be accelerated.

Data Sources: Data compiled from 202 countries in the Global Tuberculosis Report 2014 showed that TB is present in all regions of
the world.

Study Selection: Higher numbers of tuberculosis cases were diagnosed in 2013 in comparison with previous reports, indicating
that diagnoses and reports of new cases may be improved by stringent data collection.

Data Extraction: A special note to the 2014 report highlighted the progress of drug resistant TB during the last two decades.
Results: Worldwide, a proportion of new cases with multidrug-resistant TB (MDR-TB) were reported at 3.5% in 2013 without a sig-
nificant change compared with recent years. Interestingly, higher levels of resistance and poor treatment outcomes are of major
concern in some parts of the world. Due to this concern, special attention is focused on prevention rather than treatment. On the
other hand, the effectiveness of an existing vaccine (BCG) is increasingly questionable.

Conclusions: It has the potential to cause disseminated infection, and an increasing number of immunocompromised patients
prone to disease and the suboptimal preventive potency of this vaccine suggest the need for a global attempt to review its benefits

and disadvantages.
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1. Context

In 2013, 6.1 million TB cases were reported to WHO; 5.7
million were newly diagnosed, and 0.4 million were al-
ready in the treatment phase (1). BCG vaccination is used as
apreventive measure of disseminated and life-threatening
mycobacterium tuberculosis infection, and it is injected
intradermally in newborn infants at birth in endemic re-
gions of the world.

Mycobacterium bovis based Bacille Calmette Guerin
(BCG) was originally used as an oral vaccine in the 1930s.
The movement from oral administration to intradermal
injection began in the 1960s. Mycobacterium Bovis orig-
inally infects the gastrointestinal tract of cattle and hu-
mans naturally. The BCG based vaccine can provide stimu-
lation of both innate and acquired immunity (2). The BCG
vaccine was first introduced in Iran in 1947 in the Institute
Pasteur, and the use of the vaccination began. Currently,
Intradermal injectable and Intravesical BCG formulations
are available (3).

In the last decades, the overall incidence of TB in indus-
trialized countries has decreased, and based on the con-

cern for adverse effects following BCG immunization, mod-
ifications of BCG policies may be beneficial. With the preva-
lence levels of tuberculosis at around 30 sputum smear
positive per 100,000, a BCG program could be beneficial;
however, when prevalence falls to 15 per 100,000, the ad-
vantage of BCG vaccination must be carefully assessed. If
it is below 5 per 100,000, the vaccinations may lead to an
excess of adverse effects per each prevented case (4).

2. Objectives

To describe:

1) BCG vaccination protocol in our country from birth
and the possibility of disseminated infection in patients
with special underlying immunologic problems

2) Diagnostic protocol of patients with disseminated
BCG infection.

3) Immunodeficiency disorders and other conditions
with a predisposition to disseminated BCG infection

4) Treatment program in disseminated BCG infection
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5) Other preventive measures (vaccine trials) to pre-
vent mycobacterium tuberculosis infection

6) Review case reports of patients with BCG infection
(clinical manifestation, age, diagnosis, underlying disease,
parental consanguinity, treatment, outcome).

3. Data Sources

To obtain a complete set of data, we searched PubMed
and Cochrane collaboration and EMBASE for articles pub-
lished in English with no time limitation on the date un-
til March 2015. MESH terms accessed via PubMed were
used for searching the Medline electronic bibliographical
database.

We used common search terms on Persian sites to re-
trieve information about the history of BCG vaccination in
Iran as well as English language sources.

4. Study Selection

We did not include a “methodological filter” (study
type filter) for our search strategy. BCG complications
and BCGosis (disseminated disease) were searched for
throughout the literature, and articles were selected for
their relevance to the analysis of underlying disorders.
Immunodeficiency was added to the search items to im-
prove the selection power of underlying disorders in pa-
tients with BCG complications. Additional references were
selected through the identification of citations in the re-
trieved articles.

5. Data Extraction

We used independent extraction by multiple ob-
servers. After data acquisition, a systematic strategy for
data classification and the categorization of findings in a
meaningful manner was performed.

6. Results

6.1. BCG Vaccination Protocol in Iran

Most experts agree on the effectiveness of the BCG vac-
cine. Various countries have developed very different BCG
vaccination policies. The United Kingdom has a univer-
sal BCG vaccination program, while others (Canada and
United states) recommend it only for high-risk groups.
In Canada, different policies are used across provinces
in which some provinces undergo mass vaccination pro-
grams and others do not. BCG vaccination policies also
vary by number of doses, age, and method of administra-
tion. Vaccination policies have changed in countries over

time. Since 1921, when the original BCG vaccine strain was
developed, different vaccine strains were introduced and
are currently being used. Genetic differences between BCG
vaccine variants may cause different immunogenicity and
effects on TST results. The database of global BCG vacci-
nation policies and practices, a database containing BCG
information from each country across all world regions
(http:/| www.bcgatlas.org/), includes valuable information
of different countries’ BCG vaccination policies. In our
country, the current BCG vaccination is recommended at
birth to all newborn infants, but a booster dose is not rec-
ommended. Booster vaccinations were done at 4-6 years
of age, but the practice ended in 1999. Because this vaccine
isused in all newborn infants, infant with all types of T cell
deficiencies are prone to its complications of disseminated
BCG infection (5).

6.2. Definition of BCG Infection

BCG vaccination in immunocompetent individuals is
completely safe, and its immunogenicity begins approxi-
mately 12 weeks after vaccination. Post vaccination granu-
loma formation without evidence of disseminated BCG in-
fection accompanied by a negative finding in PCR confirms
the occurrence of active immunity. Mature hepatic granu-
loma with no evidence of the involvement of other organs
was found as an Immunologic response to BCG vaccination
that may occur in healthy children after BCD vaccination
(6). There are various symptoms described by different au-
thors for patients with BCG infection, but a definitive diag-
nosis was described by Bernatowska et al. who described
the clinical status of BCG infection as systemic symptoms
such as fever, loss of weight, delayin linear growth,and 2 or
more areas of the body involved beyond the site of BCG vac-
cination. Identification of Mycobacterium bovis is done
by culture, a standard PCR, and histopathological changes
with granuloma formation. Areas of involvement are the
lymph node, skin, soft tissue, lung, spleen, liver, and bones.
If PCRis positive for mycobacterium complex or if there are
typical histopathological changes and the diagnosis is con-
firmed by a negative PCR and/or cultureresults, then the di-
agnosis may be changed to probable and possible cases (7).
In a study by Sadeghi-Shanbestari et al. in Tabriz, the inclu-
sion criteria of patients with disseminated BCG infections
were lymphadenitis or an abscess or fistula in the BCG vac-
cination site or another site with 2 or more of following
signs: fever higher than 38.5 c for more than two weeks,
anemia with hemoglobin less than 10, recurrent or persis-
tent oral candidiasis, hepathosplenomegaly, bone disease
(pain or arthritis), weight loss, recurrent or persistent diar-
rhea, and parent and family history of immunodeficiency

(8).
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6.3. Clinical Manifestation of Patients With Disseminated BCG
Infection

Clinical suspicion of disseminated BCG infection is im-
portant in the early diagnosis of underlying immunode-
ficiency and the implementation of a treatment plan. If
a child with a history of consanguineous parents and a
BCG scar as evidence of birth vaccination has a clinical
dilemma of prolonged or intermittent fever (high and
low grade), fatigue, weakness, pallor, cough, long-term
vesicular, raised maculopapular, petechia, purpural, pus-
tular skin lesions, Ichtiosis, resistant oral candidiasis, lym-
phadenopathy near the BCG site with fistulization, medi-
astinal, and/or generalized lymphadenopathy without a
response to antibiotics and other treatment modalities,
this infection is a possibility (9, 10).

6.4. Laboratory Tests Necessary for Diagnostic Evaluation

Confirmation of Mycobacterium Bovis infection is the
mainstay of diagnosis. Clinical specimens such as a lymph
node biopsy, bone marrow aspiration, liver biopsy, gastric
lavage and BAL or pus extracted from cold abscesses are
used for acid fast staining, culture, and PCR preparation.
A drug sensitivity test can be used for better therapeutic
results. After confirmation of infection by Mycobacterium
Bovis or a probable diagnosis with strong clinical suspi-
cion, a CBC, liver function tests, and Serum Immunoglobin
levels (IgG, IgM, IgA) are evaluated. An HIV test, CD19, CD3,
CD56, CD3CD4, CD3CD8, and NBT (Nitrobluetetrazolium)
are performed, and if negative, then confirmatory DHR
(Dihydrorhedamine Test) and Isohemaglutinin antibody
measurements are prescribed. In cases of suspicion of
Human Lymphocytic Haemophagositic Syndrome, Choles-
terol, Triglyceride, Fibrinogen, and CD 25 (Soluble IL2«)
tests are recommended. Based on other clinical and labo-
ratory manifestations of patients, other tests can be used
for evaluation. Genetic deficiencies in Mendelian suscepti-
bility to mycobacterial diseases are IFN-0 receptor 1/2 defi-
ciencies, IL-12/23 receptor /31 chain deficiency, IL-12p40 de-
ficiency, STAT!1 deficiency, and LZ-NEMO deficiency. In gen-
eral, focusing on a simple CBC in a child with oral candidi-
asis, hepathosplenomegaly, skin rashes, fever, poor weight
gain, and a history of family members’ deaths due torecur-
rent or chronic infections accompanied by parental con-
sanguinity can be a good diagnostic guide in these chil-
dren. Checking for a history of stillbirth or early death due
to severe infections in the patient’s siblings and other rela-
tives from consanguine and non-consanguine parents and
an evaluation forimmunodeficiency are recommended (11,
12).
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6.5. BCG Infection and Immunodeficiency

The incidence rate of disseminated BCG infection in
vaccinated children is 0.06-1.56 cases per million vacci-
nated cases (6). Casanova JL 1995 studied 1951,39 cases
and identified 108 cases of disseminated BCG infection
with SCD (Severe Combined Immunodeficiency). Eleven
cases had chronic granulomatous disease, 4 cases had
AIDS, and 1 case had complete Di George syndrome. Three
cases were not matched with a specific immunodeficiency,
and 50 cases were defined as idiopathic. For 7 of 24 par-
ents for whom information was available, consanguinity
was found, so genetic immune response irregularity is
an important factor in these patients (13). The incidence
of disseminated BCG infection following BCG vaccination
amongst children with HIV infections has been estimated
to be as high as 992 per 100,000 with a mortality rate of
81% (14). The recommendation of the world health orga-
nization (WHO) is a full contraindication to BCG vaccina-
tion in HIV-infected infants, and in countries with a high
incidence of tuberculosis, infants at risk for HIV infection
should be tested for HIV prior to vaccination (15). In a
study designed by Monajemzadeh M, PCR examination was
performed on 21 pathologic specimens from patients with
a histopathologic diagnosis of mycobacterial infection in
2004 (Tehran). For detection of BCG, mycobacterium TB, or
other mycobacterial infections, the specimens were from
the lymph nodes, liver, spleen, appendix, and lungs. Four
cases had SCID, 3 cases had no immunodeficiency, and in-
formation was not accessible for the others. Twelve cases
were positive for BCG infection, 2 for mycobacterium tu-
berculosis, and 1 for non-mycobacterium tuberculosis in-
fection. The other cases were negative. The mean age of
children assessed was 20 months (16). BCG infection com-
plication may also affect BMT patients with a primary im-
munodeficiency, and there was a study in Turkey that re-
ported on a child with SCID T-B+ who had a generalized in-
fection due to BCG and underwent an effective treatment
plan after BMT (17). Case reports of BCG infection are shown
in the Tables1and 2, and the clinical manifestations and di-
agnostic evaluations are reviewed (Tables 1and 2).

6.6. Important Types of Immunodeficiency With Disseminated
BCG Infection as a Clinical Presentation

6.6.1. Severe Combined Immunodeficiency (SCID)

In regions that require a BCG vaccination program at
birth, neonates with T and B cell immunodeficiency may
suffer from disseminated BCG infection. These infants are
unlikely to recover from this disease, and their chance for
survival may decrease to a low level. SCID is a type of im-
munodeficiency with both B cell and T cell types of defi-
ciency. Children with this type of immunodeficiency may
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Table 1. [Part 1] Brief Explanation of Cases With Disseminated BCG Infections

Author Source Year of Age, mo History of Con- Organs Number of Type of Diagnosis Doc- Treatment Outcome
Publication sanguineous Involved Cases Immunodefi- umentation
Marriage in ciency
Parents
Jouanguy etal. Paris 1996 2.5 (girl) Consanguinity Cachexia, 1 INF & R1 1ll-defined Antituberculosis Death
(18) granulomatous deficiency by granuloma, and &
dermatitis, mutation acid fast bacilli, interferrone
hepathos- analysis PCR
plenomegaly, mycobacterium
lymph node bovis
enlargement,
diffuse
pneumonitis,
multiple
osteolytic
regions, fever
Karimi etal. (9) Iran/Mazandaran 2002 1 In7 cases Lung, skin, liver, 8 7=SCID11= Positive Zeil RIZE3 or RISE4 3 death
spleen, lymph CGD2 Nelson stain and §
node, bone interferone,
GCSF
Kinciogullari et Ankara/Turkay 2002 7(girl) Consanguinity Spina ventosa, 1 T-B+SCID Positive Zeil RISand Cure
al.(17) hep- Nelson stain, Clofazimine
atosplenomegaly,fever PCR positive for after relapse
4 weeks after mycobacterium amikacin and
BMT complex ciprofloxacin
was added
Huangetal. (19) Taiwan 2006 8 (boy) NA Fever for two 1 SCID.T + B+ NK-, Numerous acid RIZ and IVIG6 Death
weeks, skin missense fast bacill and
lesions, cough mutation in positive PCR for
FTT, unhealed IL2R~y gene BCG
ulcer on deltoid
Liberek et al. Poland 2006 4 (boy) NA Paleness, 1 (IFN-511 def. By Lymph node RIS Death
(20) Hepathos- flocytometry biopsy
plenomegaly, caseating
lymphadenitis granuloma
Alborzi etal. (21) ShirazfIran 2007 28(girl) NA naprolonged 1 Normal Granulma in IR Cure
fever, hepathos- biopsy
plenomegaly, Mycobacterium
different bovis in PCR
abscesses
Rezai et al. (22) Tehran 2008 5-72(3 females, NA Fever,weight 15 4 SCID, 1CVID, Histopathologic RISE, INFG 6 Death
12 males) loss, 2CGD, HIV, finding of acid
osteomyelitis, remaining fast bacilli
skin lesions, unknown
hepathos-
plenomegaly,
lymphadenopa-
thy
Tajima etal. (6) Japan 2008 5 (girl) NA Asymptomatic, 1 Normal Granuloma NA Death
found dead in formation with
bed, due to acid fast bacilli
extensive milk and neg PCR for
aspiration mycobacterium
Gadiri etal. (23) Iran/Kermanshah 2009 NA NA Fistulized lym- 2 NA Granuloma in RIE and 2 cure
phadenopathy, liver biopsy, Zeil Clarythromycin
osteomyelitis, nelson stain of and &
splenomegaly PUS, culture pos interferone
for M.bovis
Sadeghi- IranTabriz 2009 <1y 6 Axillary lym- 8 8=SCID Acid fast bacilli NA 8death
Shanbestar et phadenopathy, in two or more
al.(8) oral and diffuse sites
candidiasis, (BM,Lymph
recurrent node, Gastric
diarrhea, wash)
splenomegaly
Sohail etal. (24) Pakistan/Islamabad 2009 11(male) Consanguinity Swelling in 1 SCID (T-B-NK+) NA RIZE and Death
right axilla with byflocytometry meropenem
oozing, and
lethargy, cotrimoxazole,
breathing amikacin,
difficulty, FTT, ofloxacin,
brain dexamethazone
involvement

suffer from serious fever and prolonged viral and bacterial
infections. Once these patients are infected with BCG, they
can lose the chance for a bone marrow transplantation,
which can be performed as soon as possible after birth.
SCID is sub-classified into three main subcategories based
on the different peripheral lymphocyte immune pheno-

typing, such as T_B_NK + SCID (absent circulating T- and
B-cells but NK cells present), T_B + NK+ (absent circulating
T-cells but B- and NK cells present), and T_B + NK_ (absent
circulating T- and NK cells but B-cells present) (30).

The underlying genetic defects in SCID cannot always
be detected because of the high cost and poor prognosis

Arch Pediatr Infect Dis. 2016; 4(2):e30180.
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Table 2. [Part 2] Brief Explanation of Cases With Disseminated BCG Infections

Author Source Year of Age, mo History of Con- Organs Number of Type of Inmun- Diagnosis Doc- Treatment Outcome
Publication sanguineous Involved Cases odeficiency umentation
Marriage in
Parents
Sadeghi- Tabriz[lran 2009 2-62 7 cases Fever-diarrhea- n 7SCID-1CGD- Acid fast bacilli 4 drugs but not 8death
Shabestari and cough- IMSMD7-2 ILI2R in smear- named
Rezaei (11) lymphadenopathy- bidef culture of
weight mycobacterium
loss-FTT- bovis
hepathosplenomegaly-
candidiasis
Bacalhau et al. Poertugal 201 5 (boy) Not Three days of 1 SCID, mutation PCR for BCG RIE, levofloxacin, Cure
(25) fever, cough, in IL-2-1L2RG linezolide, BMT
oral trash, bil gene
pulmonary
rales, hepathos-
plenomegaly,
recurrent
infections
Norozi etal. (26) Tehran 201 5 (boy) Consanguinity Diarrhea, fever 2 1 SCIDT-B + NK- Pathology Anti TB, Death
weeks before, pneumocystis cotrimoxazole,
axillary lym- pneumonia, antifungal, IVIG
phadenopsthy, culture and PCR
hepathos- was
plenomegaly, Mycobacterium
paleness, FTT Bovis
h h 2012 24 One had Fever, weight 2 NA Granuloma One case RISE Cure
etal. (27) [Iran consanguinity loss, axillary formation in and SINF
lymphadenopa- biopsy
thy and
fistulization,
skin lesions
Shirvani et al. Tehran 2012 4 (old boy) Consanguinity Prolonged 1 T-B + NK-SCID Positive PCR isoniazide, Death
(28) cough and fever, and HLH8 rifampin,
skin purple ethambutol,
rashes, hep- clarithromycin,
atosplenomegaly, ciprofloxacin,
cotrimoxazole,
gancyclovir,
amphotricin B,
IVIG, Gma
Interferon,
amphotericin B
Al-Mousa H (29) Saudi Arabia 2014 5 (old girl) Consanguinity Recurrent chest 1 T-B-NK+SCID Positive smear Isoniazide, Cure
infection, with acid fast Rifampin,
diarrhea, lym- bacilli, positive ethambutol,
phadenopathy, culture ciprofloxacin,
scattered clarithromycin,
macular rash HSCT

over entire body,

ulcer and

discharge at the
site of BCG
vaccination

of patients and the reduced hope of finding family mem-
bers for a cure. If it could be performed, gc deficiency
and JAK3 deficiency could be suspected in patients with T_-
B + NK_SCID regarding the associated phenotypic abnor-
malities. CD3, CD45, and IL7-Ra deficiencies may be sus-
pected in patients with T_B + NK + SCID and RAG1/2, and
Artemis deficiencies may be found in patients with T_B_-
NK + SCID. SCID cases may have immune system deregula-
tion after uncontrolled disseminated infection (8). A case
report of a 5.5-month-old girl with prolonged fever, hep-
athosplenomegaly and axillary draining, adenopathy, and
paraaortic adenopathy had high ESR, anemia, thrombocy-
topenia, elevated ferritin, and hypertriglyceridemia with
the diagnosis of Hemophagocytic Hystiocytosis and SCID

(31).
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6.7.  Mendelian Susceptibility to Mycobacterial Diseases
(MSMD)

Cytokines and specially interferon-gamma have a large
responsibility in the regulation of immune response to
Baclle Calmette-Guerine (BCG). In a study by Parvaneh et
al. thirty patients with BCG adenitis and 30 age and sex-
matched healthy children with a history of BCG vaccina-
tion in the first two days of life from Fars/Iran were exam-
ined for the detection of Polymorphism at position +874 of
the IFN-0 gene. The minor allele (T) was significantly lower
in patients with BCG adenitis, which means that lower in-
terferon production is mainly responsible for an unusual
reaction to the BCG vaccine (32).

MSMD is a group of genetically heterogeneous disor-
ders. Six autosomal (IFNGR1, IFNGR2, IL12B, IL12RB1, IRFS,
and STATI1) and 2 X-linked (CYBB, NEMO) genes in MSMD-
causing mutations were found. Since 1996, the investiga-
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tion of Allelic heterogeneity revealed up to 15 genetic dis-
orders with complete and partial defects and dominant
and recessive traits and complete defects with and without
protein production. With the exception of CYBB, MSMD-
causing genes encode molecules involved in the IL-12-[FN-
~circuit (33). These rare disorders have been diagnosed in
over 220 patients from over 43 countries worldwide with
inborn errors of the IL-12/23-IFN-gamma circuit (34).

In the following section, we briefly describe the impor-
tant types of MSMD.

6.8. IFN § R1 and IFN § R2 Deficiency

Interferon- §, which is produced by T cells and is a nat-
ural killer of cells, may induce macrophage for production
of interleukin-1 and TNF-o.. These molecules enhance anti-
gen presentation and increase nitric oxide and reactive-
oxygen intermediates production. INF 4 is a cytokine and
induces cellular activation and has two binding sites as [EN
0 R1and a chromosome 21-encoded transmembrane acces-
sory factor called IFNJR2. Two chains of each molecule ac-
tivate intracellular parts such as JAK1 and JAK2. This re-
sults in the phosphorylation of tyrosine at position 457
of the interferon-g receptor 1 chain, which may result in
the production of a binding site for Stat 1a (signal trans-
duction and activation of transcription protein), leading
to subsequent dissociation of Stat 1a from the interferon-
d-receptor complex. This stat translocates in the nucleus,
and by inducing interferon d-inducible genes, it results in
their transcription and phosphorylation of cytosol com-
ponents to make several proteins. Patients with IFN § R1
deficiency have more than 30 currently recognized muta-
tions and have a poor prognosis with different mycobacte-
rial, CMV, and Herpes Virus 8 infections. They may die in
childhood, and the most common treatment is homozy-
gote stem cell transplantation (18, 35). A case report in 1997
examined a 3-year-old child with unrelated parents and a
history of lymphadenopathy, wasting, fever, and hepathos-
plenomegaly. Her three sisters and one brother died previ-
ously because of severe infections. She had a liver biopsy,
and the result of its culture was M. smigata. Two null muta-
tions of the IFN- ¢ -Rl gene were identified by genetic inves-
tigation, and a flow cytometry analysis with an antibody to
IFN- § -R1 could not detect the receptor on the peripheral
lymphocytes and monocytes. She did not respond to ther-
apyand died. IFN § R2 deficiency is very rare. This molecule
interacts with IFN § -IFN § R1 complex, and its complete de-
ficiency is accompanied by early onset mycobacterial dis-
ease and poorly defined multibacillary granulomas with a
poor prognosis for survival (36).

6.9. STATI Deficiency

Itisobvious that Stat-1is critical for the signaling of IFN-
¢ and IFN-«v in humans. Without Stat-1, IFNs are not able
to induce intracellular 1 (gamma activating factors GAF),
ISGF3 (interferon-stimulated gene factor 3) (ISGF3) activa-
tion, and HLA class II cell surface expression, so the produc-
tion of IL-12, IFN-, and TNF-cv are defective (37).

IFN-§ stimulates the homodimerization and phospho-
rylation of Stat-1 (gamma activating factors GAF). This re-
sults in GAF homodimers and ISGF-3 heterotrimers trans-
ferring to the nucleus. If IFN-responsiveness is intact, they
actas gene transcription factors and bind to cis-acting reg-
ulatory sequences in DNA (gamma activating sequences
(GAS))and interferon stimulated response elements (ISRE),
respectively. Mutations in Stat-1 result in susceptibility to
mycobacteria and viruses due to impaired IFN-0 - and IFN-
«/fmediated immunity, respectively (38).

6.10. IL-12p40 Deficiency

IL p40 is a unique but known AR cytokine defect. This
defect may have originated from a mutation in Iran dating
600 yearsago and 875 years ago in Saudi Arabia. It occurs in
populations with a high prevalence of consanguinity (32).
The IL12 gene is composed of eight exons, and its mRNA is
produced only in IL-12-producing antigen-presenting cells.
IL-12 comprises two disulfide-linked subunits: p35 and p40.
The p40 subunit may also be associated with the p19 sub-
unit to form IL-23. Binding of IL-12 to a heterodimeric re-
ceptor consisting of two chains (IL-12R31 and IL-12R52) ex-
pressed on NK and T lymphocytes induces the production
of large amounts of IFN-J. IL-23 binds to a heterodimeric
receptor (IL-12RA1 and IL-23R) and induces IFN- 4, and to
greater extent, IL-17.

All IL-12p40-deficient patients vaccinated with BCG
have suffered from BCG disease. One IL-12p40-deficient pa-
tient from Saudi Arabia with BCGosis and S. paratyphi C dis-
ease also had tuberculosis. Surprisingly, high proportions
of these patients are infected with salmonella. Half of the
cases were infected with Salmonella, which was often ac-
companied by mycobacterial disease. One child who was
not vaccinated with BCG developed a recurrent and dis-
seminated infection caused by non-typhoidal Salmonella.
Asimilar observation was made for the more numerous IL-
12R1-deficient patients, half of whom also suffered from
salmonellosis. In contrast, few cases (~6%) of Salmonella
infection were observed among MSMD patients bearing
mutations affecting the IFN-0 signaling pathway and iso-
lated Salmonella infections have never yet been reported
in patients with IFN-§ -signaling defects. These obser-
vations suggest that IL-12/IL-23 plays a key role in pro-
tective immunity against Salmonella, probably via IFN-

Arch Pediatr Infect Dis. 2016; 4(2):e30180.
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0 -independent mechanisms (39). In patients with non-
typhoidal, extraintestinal salmonellosis, the physicians
should check for IL-12p40 and IL-12R/31 deficiencies (33).

6.11. IL-12R3_1 Deficiency

The IL12RB1 gene contains 17 exons encoding a gp130-
like protein formed by an extracellular N terminal im-
munoglobulin (Ig)-like domain, a transmembrane do-
main, and an intracellular domain. Functional IL-12 recep-
tors are expressed primarily on activated T and NK cells.
High-affinity IL-12 binding and complete signaling needs
co-expression of IL-12R1and IL-12R32. Another function of
IL-12RS1 is its combination with IL-23R to constitute the IL-
23R complex for IL-23 signaling. IL-12 and IL-23 will activate
Janus kinase 2 (Jak2) and Tyk2 and several Stat proteins as
well; however, IL-12 and IL-23 strongly induce the phospho-
rylation of Stat-4 and Stat-3, respectively (40). Interleukin-
12 receptor 51 (IL-12RA1) deficiency is a rare autosomal re-
cessive disorder, and its penetrance is not always com-
plete. Mycobacterial disease and salmonellosis are the
most frequent infectious diseases in patients with IL-12R31
deficiency. Other infectious phenotypes have only rarely
been observed in one patient each. A disseminated disease
caused by a facultative intracellular dimorphic fungus,
Paracoccidioides brasiliensis, has been reported in one IL-
12R1-deficient patient (41), which was probably due to a
difference in exposure to the pathogens. Approximately
12% of the IL-12R51 deficient individuals are asymptomatic,
and some of them do not develop the disease until later in
life, soalarge range of the age at firstinfection (from 1 week
to31.7years) may result(42). Because of the role of IL-12-IFN-
~circuit in the elimination of intracellular pathogens in
tuberculosis, severe BCG, and non-tuberculosis mycobac-
terium, these patients may have chronic infections with
these organisms. Currently, these types of immunodefi-
ciencies are referred to as IL12-12/23-INF § circuits. Other
rare infections are Nocardia and Paracoccidiomyces infec-
tions. Severe diseases by non-typhoidal, and to a lesser ex-
tent, thyphoidal Salmonella serotypes, is common (43).

6.12. HIV and BCG Coinfection

HIV-infected children may receive BCG vaccination af-
ter birth when their HIV status has not been diagnosed
yet and they are asymptomatic. Disseminated BCG infec-
tion may be diagnosed between 5 and 36 months of age.
Various symptoms occur in these children, such as weight
loss, lymphadenitis, cardiomyopathy, hepatomegaly, and
fever, and they will not grow at an optimal rate mentally
or physically. Other opportunistic infections, including
M. avium/intracellulare and pneumocystis carirni are usu-
ally present (44). Mycobacterial infection could promote
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immunodeficiency, so with an HIV infection, the HIV vi-
ral load increases in patients with active tuberculosis (45).
Thus, in the case of HIV positive children, BCG infection
may accelerate the HIV status. The diagnosis of BCG infec-
tion in these cases may be problematic in cases with no spe-
cific clinical signs and poor availability of molecular diag-
nostic tests.

6.13. Treatment Program in Disseminated BCG Infection

Since almost all cases of disseminated BCG infections
may have an underlying immunodeficiency, different pro-
tocols are used for the treatment of these patients. Be-
cause of the known resistance of BCG to Pirazinamide, this
drug is not used in the treatment program of BCG osis.
An in vivo study on the resistance to pyrazinamide on a
few strains of BCG adenitis in Iranian children and the
BCG strain used for vaccination (institute Pasteur of IRAN)
by Fahimzad A showed that increasing the concentration
of Pyrazinamide added to other anti-mycobacterial drugs
inhibited the growth of organisms (46). Drugs that are
used in combination and different time periods are Iso-
niazide, Rifampicin, Streptomycin, Ethambutol, Fludara-
bine, Busulfan, and Cyclosporine. Anti-timosit globulin,
IFN~y, and HSCT are other treatment options for these chil-
dren. If drugs are used judiciously in combination with
HSCT, the prognosis of survival in patients may rise accord-
ingly (27). Regarding the basic immunologic problems in
these patients, BMT is the best treatment strategy (47).

6.14. New Vaccines for Control of Global TB Infection

There are three reasons to explain why TB has not been
adequately controlled. First, diagnostic technology cannot
optimally differentiate cases of latent M tuberculosis infec-
tion and infectious TB disease. Second, anti-tuberculosis
drug treatment is a long process, and in the case of poor
consumption, it may result in multidrug-resistant (MDR)
and extensively drug-resistant (XDR) strains. The third is
the efficacy of BCG vaccination. Evidence derived from
60 years of control trials with the BCG vaccine shows that
the protective efficacy of the vaccine against TB is variable.
Based on this information, different vaccine trials have
sought to address the new protective tool to control TB in-
fection and disease. After 90 years of BCG global vaccine
introduction, mycobacterial infection is not controlled ad-
equately. On the other hand, experts in HIV infection have
voiced considerable doubt in the birth BCG vaccination in
high risk neonates. Currently, because of the low effect of
BCG on the control of pulmonary TB, this vaccine is not
used in the UK or the USA (48).
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6.15. Vaccine Trial in Prevention of Mycobacterium Tuberculosis
Infection

BCG has been part of the Expanded Program of Immu-
nization since 1970. It prevents milliary and meningeal TB
in children, but its effect on the prevention of pulmonary
TBisinadequate in all age groups in high endemic regions.
The current BCG vaccine’s largest obstacle is the lack of
protection in adults because of waning immunity in child-
hood. A booster vaccination is used in some countries, but
its cost effectiveness against infection is variable. Different
vaccines are used as pre/post or therapeutic methods with
different components in the prevention of disseminated
disease and treatment modality in patients with dissemi-
nated BCG infection. Currently, two types of the BCG vac-
cine, rBCG and an rMtb deletion, are currently under in-
vestigation. Sub-unit vaccines are used for the induction of
immunity to a single or multiple immunodominant anti-
gens divided into adjuvanted recombinant proteins or vi-
ral vector systems (49).

6.16. Development of MVAS5A

Modified Vaccinia Ankara (MVA) is an attenuated strain
of vaccinia virus that was given to more than 100,000 peo-
ple during the smallpox eradication campaign. MVAS5A,
which is the live, non-replicating, recombinant strain of
MVA, expresses antigen 85A. The first step in the trial of this
vaccine was implemented on animals. The phase 1 clinical
trial was done on mice, guinea pigs, non-human primates,
and cattle, and the goal was the detection of the boosting
effect of this vaccine after BCG infection. The firstthuman
trial of MVA85A was done in healthy, BCG vaccine-naive,
M tuberculosis-uninfected adults in the UK, and the safety
was evaluated in BCG vaccine-primed adults. The other vac-
cinated groups were adults latently infected with M tuber-
culosis in the UK and in Africa with a higher mycobacterial
load from the environment and HIV patients. More than
2,000 individuals (47 latently infected with M tuberculosis
and 108 HIV-infected groups) have received MVA85A in 19
clinical trials. MVA85A was found to be safe and well toler-
ated with no evidence of immunologic adverse effects in
any trials to date. This vaccine may act as an adjuvant to
routine BCG vaccination. The principle target populations
for MVAS5A are infants with a history of BCG vaccinations
atbirth, adolescents and young adults with waning immu-
nity, and those affected by childhood BCG and adult HIV
cases. Another important issue for any new vaccine is be-
ing effectively incorporated into administration with vac-
cines in the current vaccination program for immuniza-
tion (EPI) (48). The outcome of the MVA85A phase IIb vac-
cine trial showed disappointing and questionable results
because gene expression was shut down (49).

7. Conclusions

The protective effect of the BCG vaccine appears to vary
according to geography and the vaccine strain (19, 50). Pa-
tients with different primary and acquired immunodefi-
ciencies may acquire invasive BCG infection in different
time periods after vaccination. The potential efficacy of
this vaccine against severe Mycobacterial disease in im-
munocompetent hosts should be reevaluated because of
its disadvantages in immunocompromised patients. Be-
ing aware of immunologic status in high risk vaccine re-
cipients may prevent unwanted results.
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