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uberculosis (TB) continues to be a major

health problem worldwide and Saudi Arabia is

not an exception with a reported incidence of
18/100000." Bacillus Calmette Guerin (BCQG) vaccine
contains live attenuated Mycobacterium bovis and is the
only available vaccine for TB disease since 1921.> There
has been a long standing controversy surrounding its
use and efficacy against TB with protective efficacy
ranging from zero to more than 90%.> Neither the pres-
ence of the BCG scar nor TB test reactivity correlates
with protection against TB.*

A meta-analysis of 12 randomized trials and 14
case-control studies showed an overall protective effica-
cy of 50%’ with 56% protection against TB meningitis.
Another meta-analysis that included five randomized
trials on infants showed an overall protection efficacy
of 74% with 78% for disseminated disease and 65%
for prevention of meningitis.® Another analysis of ran-
domized trials showed better protection for meningitis
and miliary disease of 86% compared with pulmonary
disease.” The most controversial aspect of BCG vaccine
is the variable efficacy found in different clinical trials
and that it appears to depend on geography. Trials con-
ducted in United Kingdom showed a protective efficacy
of 60% to 80%, but those conducted elsewhere have
shown no protective effect and eflicacy appears to fall
closer to the equator.® The variability could be second-
ary to genetic variations in populations, BCG strains,
and background exposure to TB. In addition to its low
efficacy, BCG is associated with significant adverse ef-
fects including local ulceration at the vaccine site,
lymphadenitis, osteomyelitis and disseminated disease,
with variable frequency, with the most common being
regional lymphadenitis, which has significant morbid-
ity.

In this issue of the Annals, Al Rabiaah and col-
leagues attempted to study the frequency of BCG
lymphadenitis at a referral hospital.® The study has
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clearly demonstrated an increasing rate of lymphadeni-
tis from 1.96/1000 to 10.14/1000, which was associ-
ated with BCG SSI vaccine (Danish strain 1331)—this
is definitely of concern. In the first component of the
study, which was a retrospective chart review span-
ning 5 years (2002-2007), there were no cases except
in 2006 and 2007 with an incidence rate of 0.76 and
1.96 per 1000, respectively. A prospective component
of the study from 2008-2010 showed an increasing in-
cidence rate from 4.30 to 10.14 per 1000. There is a
possibility that some cases might have been missed in
the retrospective part of the study; however, this would
have been reflected throughout the retrospective part of
the study including years 2006 and 2007 where cases
started to be noted upon changing to the BCG SSI vac-
cine, which supports the idea that an increasing rate is
real and not due to study design.

Another important complication, which was not ad-
dressed in this study due to the relatively small sample
size, is the life-threatening disseminated BCG infec-
tion. This complication has been noted in children with
primary immunodeficiency (PID) with an incidence
rate of 0.06-1.59 cases per million vaccinated'™"" and
is usually associated with a high mortality of about
60%.191! Tt is well established that severe combined im-
munodeficiency (SCID), chronic granulomatous dis-
eases (CGD), complete DiGeorge syndrome (cDGS)
and acquired immune deficiency syndrome (AIDS)
predispose to disseminated BCG infection.'®'*
Such disorders account for about 50% of the cases of
disseminated BCG."° The increasing number of dis-
seminated BCGitis with more than two hundred cases
described,’*¢ including cases from Saudi Arabia'* are
serious and warrant critical consideration.

The high rate of consanguinity in the Saudi popula-
tion (56%)"7 predisposes to a high incidence of primary
immunodeficiency disorders, making our population
more vulnerable to BCG complications. Many cases of



disseminated BCGitis among severe combined immu-
nodeficiency (SCID) patients and other immunodefi-
ciency cases with significant morbidity and mortality
have been seen in several hospitals in the Saudi Arabia.
For example, in a single institution like KFSHRC more
than 12 deaths secondary to disseminated BCGitis
were encountered during the last few years, which com-
plicated the management and stem cell transplantation
of several SCID patients.

In Saudi Arabia there is no means to document cas-
es of disseminated BCG infections. One study in the
Eastern province showed that the incidence of SCID
is 19 per 100000 liver births, which is the highest in-
cidence in the world and 20 times more than the in-
cidence in European countries.”® It is anticipated that
disseminated BCG infection will parallel this rate since
BCG vaccine is part of the routine vaccination of all
newborns in the country. In populations with a high risk
of SCID and at risk of TB, it is prudent to assess the
benefits of BCG vaccine and the risk of disseminated
BCQG infections. Clark et al developed a Markov model
to predict the benefits and risks of BCG among high-
risk aboriginal infants in Canada who are at high risk
of SCID. The model predicted that the risks outweigh
the benefits if the annual risk of tuberculosis was 0.1%
and the rate of SCID was higher than 4.2 per 100000"°
Applying this model for Saudi Arabia will predict more
risks than benefits since the TB rate in Saudi Arabia is
0.018% and the SCID rate is high.

Another disorder that predisposes to infection
with BCG is the recently described Mendelian suscep-
tibility to mycobacterial disease (MSMD) or online
Mendelian inheritance in Man ID 209950 (OMIM
209950).%° This is a rare genetic condition predispos-
ing mainly to weakly pathogenic mycobacteria, such as
BCG or environmental mycobacteria (EM) and non-
typhoidal Salmonella. Those patients are also prone to
Mycobacterium tuberculosis infection, but were appar-
ently resistant to other infections. This syndrome is as-
sociated with mutations in the genes that control inter-
leukin 12 (IL-12)/IL-23 dependent interferon gamma
(INF-y)-mediated microbial killing. Mutations in six
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genes result in 13 inherited conditions. These genes
encode for the two chains of INF-y receptor (INF-y
R, and INF-y R)), the signal transducer and activator
of the transcription factor (STAT1), P40 subunit of
IL12 and IL-23 (IL-12f) and B chain shared by the
IL-12 and IL-23 receptor (IL12RB1) and the X-linked
nuclear factor kappa B (NF«B) essential modulator
(NEMO).'>?*2 All of these conditions were identi-
fied after extensive study of patients presenting with
“idiopathic” disseminated BCG infection from all over
the world. Mycobacterial diseases in patients with com-
plete interferon-gamma receptor deficiency (INFBR1)
deficiency occur early in life and are usually severe and
fatal® while mycobacterial infections in IL12f3 are of-
ten variable;*> however IL-12R[3 deficient patients have
a more favorable outcome with an overall survival of
70%.” There are increasing reports of these forms of
immunodeficiencies that involve the IL-12/INFy axis
with the commonest reported being the the IL-12Rf3
deficiency with 141 cases so far from 30 countries in-
cluding 13 patients from Saudi Arabia.”

Added to the complications of BCG vaccine is the
difficulty in treating disseminated Mycobacterium bovis
infection since there is no standard evidenced-based
regimen.'*'%?* It is understandable that a countrywide
survey that includes all complications associated with
BCG vaccination will provide the best evidence of the
magnitude of the problem. However, reports in the
article give an alarming signal and call for the need to
change the strategy of BCG vaccination, which may in-
clude decreasing the administered dose to 0.025 mL,
which was proposed by the authors or changing to an-
other vaccine product.

Based on available data on the BCG vaccine being
a poor vaccine with low efficacy with serious compli-
cations and the high incidence of primary immunode-
ficiency disorders among Saudi children, it is wise to
consider evaluating the need and efficacy of the BCG
vaccine in our community or consider postponing BCG
vaccination until 12 months of age. By this time most
congenital immunodeficiency disorders have become
apparent, so vaccination can be avoided.

Ann Saudi Med 2012  January-February www.annsaudimed.net



BCG VACCINATION

REFERENCES

1. World Health Organization, Tuberculosis Data
(www.who.int/tb/data). Accessed 24/1%2011.

2. Brewer TF, Colditz GA. Relationship between
Bacille Calmette Guerin (BCG) strains and efficacy
of BCG vaccine in the prevention of Tuberculosis.
CID 1995;20:126.

3. Rodrigues LC, Smith PG. Tuberculosis in devel-
oping countries of its control. Trans Roy Soc Trop
Med Hyg 1990;80:739-44.

4. EM Fine paul, Sterne J, Ponnighaus JM, Rees
JW. Delayed-type hypersensivity,mycobacterial
vaccines and protective immunity. Lancet
1994;344:1245-49.

5. Coditz GA, Brewer TF, Berkey CS, Wilsom E,
Burdick E, Fineberg H., et al. Efficacy of BCG
vaccine in the prevention of Tuberculosis. Meta-
analysis of the published literature. JAMA 1994;
271:698-702.

6. Coditz GA, Berkey CS, Mosteller F, Brewer TF,
Wilson ME, Burdick E, et al. The efficacy of ba-
cillus calmette-guerin vaccination of newborns
and infants in the prevention of tuberculosis:
Meta-analysis of published literature. Pediatrics
1995;96:29-35.

7.Rodriques LC, Diwan VK, Wheeler JC, Protective
effect of BCG against tuberculosis meningitis and
miliary tuberculosis: A meta-analysis. Int. J epide-
miol 1993;22:1154-58.

8. Fine, P E M.,. Variation in protection by BCG: Im-
plications of and for heterologous immunity. Lan-
cet:1995;346(8986):1339.

9. Alrabiaah A, Alsubaie SS, Bukhari El, Gad A,
Alzamel, FA. Outbreak of BCG-related lymphadeni-
tis in Saudi children at a university hospital after
a change in the strain of BCG vaccine. Ann Saudi
Med 2012;32 (1):4-8

10. Casanova JL, Jouanguy E, Lamhamedi S,

Blanche S, Fischer A. Immunological conditions of
children with BCG disseminated infection. Lancet.
1995;346:581.

11. Casanova JL, Blanche S, Emile JF, Jouanguy
E, Lamhamedi S, Altare F, et al. Idiopathic dis-
seminated bacillus calmette-guerin infection: a
French national retrospective study. Pediatrics.
1996; 98:774-8.

12. Fieschi C, Dupuis S, Catherinot E, Feiberg J,
Bustamante J, Breiman A, et al. Low penetrance
broad resistance and favourable outcome of inter-
leukin 12 receptor ?1 deficiency; Medical and im-
munological implications. J Exp Med 2003;197:527-
35.

13. Gonzalez B, Morena S, Burdah R, Valenzuela
MT, Herinquez A, Rumos M. Clinical presentation
of bacillus calmette Guerin infections in patients
with immunodeficiency syndromes. Pediatric In-
fect Dis J 1989;8:201-6.

14. Arishi HM, Frayha H. Qari H., Al Rayes H,
Tufenkeji H, Harfi H. Clinical features and outcome
of eleven patients with disseminated Bacilli-
calmette Guérin (BCG) infection. Ann Saudi Med
1996;16:512-6.

15. Bernatowskar EA, Wolska-Kusnierz B, Pac M,
Casanova JL. Piatoza B, Van Dongen J, et al. Dis-
seminated Bacillus calmette-guerin infection and
immunodeficiency. Emerg Infect Dis 2007;13:799-
801.

16. Bernatowska EA, Wolska-Kusnierz B, Pac M
Kurenko-Deptuch M, Piercha B, Zwolska Z, et al.
Risk of BCG infection in primary immunodeficiency.
Proposal of diagnostic, prophylactic and therapeu-
tic guidelines for disseminated BCG based experi-
ence in the Department of Immunology, children’s
Memorial Health Institute in Warsaw between
1980- 2006. Centr Eur J immunol 2007;32:221-25.

Ann Saudi Med 2012  January-February www.annsaudimed.net

17. El Mouzan M, AlSalloum, A, Al Herbish A,
Qurachi M, AlOmar A. Consanguinity and major
genetic disorders in Saudi Children: A community-
based cross-sectional study. Ann of Sau Med
2008,28(3);169-73.

18. Suleiman F, Al-Ghonaim A, Harfi H. High inci-
dence of severe combined immunodeficiency in
the Eastern provice of Saudi Arabia. Pediatr Asth-
ma Allergy Immunol 2006;19:14-18.

19, Clark M, Cameron DW. The benefits and risks of
bacilli Calmette-Guerin vaccination among infants
at high risk for both tuberculosis and severe com-
bined immunodeficiency: assessment by Mrkov
model. BMC Pediatrics 2006:6:5

20. Bustamante J, Zhang Say, Bernuth HV, Abel L,
Casanova JL. From infectious Disease to primary
immunodeficiencies. Inmunol Allergy Clin N Am
2008; 28:235-58.

21. Dupuis S, Jouanguy E, Al-Hajjar S., Fieschi
C, Al-Mohsen |, Al-Jumaah S, et al. impaired re-
sponse to the interferon-?/? and lethal viral dis-
ease in human STAT 1 deficiency. nature genetics
2003;33:388-91.

22. Picard C, Fieschi C, Altare F, Al-Jumaah S, Al-
Hajjar S, Feinberg J, et al. Inherited interleukin-12
deficiency: IL12? Genotype and clinical phenotype
of 13 patients from six kindred. Am j Genet 2002;
70:336-48.

23. De beacoudrey L, Samarina A, Bustamante
J, Cobat A, Boisson-Dupuis S, Feinberg G, et al.
Revisiting Human IL-12, R?1, deficiency. A survey
of 141 patients from 30 countries. Medicine (Balti-
more)2010;89:381-402.

24, Costa F, Castro G, Andrade J, Jesus Ad, de
Almeida R, Nascimeto-Cavalho C., Resistant My-
cobacterium bovis disseminated infection. Pediatr
Infect Dis 2006;2:190.



