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簡報者
簡報註解
This presentation will address the risk factors for and the prevention of surgical site infections.


BCG




Introduction

e Immunization with bacillus Calmette—Guerin
(BCG) Is currently used in many parts of the

world as a means of preventing tubercu

e It remains a highly controversial methoc

0SIS

of

preventing TB despite more than 80 years of

use



BCG Vaccine :

e Derived from an attenuated strain of M.bovis
e Vaccine efficacy only <80%
e More effective If given in childhood

e Prior vaccination can cause positive PPD
skin test

e Side effects: prolonged ulceration at the
vaccination site, lupoid reactions & death

BCG: Bacillus of Calmette and Guerin Vaccine



BCG: History e

e BCG is named after the
two French investigators
responsible for developing
the vaccine from an
attenuated strain of
Mycobacterium bovis.
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BCG: history %

e BCG vaccines are the oldest of the vaccines In
wide use today, having been derived between
1906 and 1919 by in vitro attenuation of an
Isolate of Mycobacterium bovis.



BCG: history 3

e The product of this attenuation was never
cloned, but was distributed to many laboratories,
which then propagated the vaccine strain under
different conditions

e As a result, the bacteria marketed today by
different providers as BCG are by no means
bacteriologically identical

Fine. Rev Inf Dis 1989; 11:S353



BCG: history %

e BCG was first used as an antituberculosis
vaccine in humans in 1921

e BCG vaccination was encouraged worldwide
until these vaccine became —after the
eradication of smallpox- the most widely used
vaccine in the world

e Only the US and the Netherlands have not used
BCG on a national scale




BCG History: The Lubeck
disaster

e Between 10 December 1929 and 30 April 1930,
251 of 412 infants born in Libeck, Germany,
received three doses of BCG vaccine by the
mouth during the first ten days of life.

e Of these 251, 72 died of tuberculosis, most of
them In two to five months, and all but one
before the end of the first year



BCG History: The Lubeck
disaster

e In addition, 135 suffered from clinical
tuberculosis but eventually recovered

e 44 became tuberculin-positive but remained well
e Of 251 children, 207 (82.5%) died or developed

tuberculosis



Expanded Program on 3+
Immunization (WHO)

e In 1974 when EPI was launched by WHO,
<5% of the world children were immunized
against 5 infectious diseases including TB

e By 1995, BCG had the highest vaccination
coverage, 8/%



|Is BCG effective?




|Is BCG effective?

e Millions of people around the world have been
vaccinated with BCG, but even so, the efficacy
of the vaccine Is uncertain.



s BCG effective? e

e Results of randomized controlled trials (RCT)
and case control studies (CCS) showed the
protective efficacy against tuberculosis as
uncertain and unpredictable, as protective
efficacy varied from O to 80%
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BCG: a meta-analysis

e Meta-analysis of over 1,200 articles from
International publications

e Only 14 prospective trials and 12 case-
control studies met the selection criteria

JAMA 1994; 271:698-702



BCG: a meta-analysis :

e Combining data from the trials the RR for TB
among those vaccinated with BCG was 0.49
(95%CI, 0.34 to 0.70); protective effect 51%

e Combining data from the case-control studies,
the OR for BCG vaccination against TB was
0.50 (95%CI 0.39 to 0.64)

JAMA 1994; 271:698-702



BCG: a meta-analysis :

e Combining data from 7 trials the RR for death
from TB among vaccinated was 0.29 (95%CI
0.16 to 0.53); 71% protective effect

e 5 CC studies showed a protective effect against
meningeal TB of 64%

e 3 CC studies showed a protective effect against
disseminated TB of 78%

JAMA 1994; 271:698-702



e However, the protection afforded by BCG
against pulmonary disease in both children and
adults Is not proven

Clin. Infect. Dis. 1995; 20:982-991



Factors contributing to e
variability in BCG efficacy

Genetic variability of the subjects vaccinated

Use of different strains of BCG for

Immunization
Use of different doses of vaccine

Different schedules of iImmunization



BCG and tuberculin
reactivity




Standard Tuberculin 33
Preparations

e Current preparations of tuberculin contain a
purified protein derivative (PPD) of Koch’s
Old Tuberculin

e The two standard preparations are:

PPD-S — dose of 0.1 ml contains 5 tuberculin
units (TU) of PPD

RT-23 — dose of 0.1 ml contains 2 TU (equivalent
to 5TU of PPD-S)


簡報者
簡報註解
Current tuberculin preparations are derived from the Old Tuberculin preparation developed by Dr. Koch and contain a purified protein derivative (PPD) of the Old Tuberculin

Since tuberculin gets denatured by strong light, heat and storage time, it must be stored in a refrigerated condition, in covered containers, and used within the recommended time schedule (within 30 days for PPD-S once vial is opened).



Administering the TST 2o

e Inject 0.1 mlof 5 TU PPD
tuberculin solution
Intradermally on volar
surface of lower arm using
a 27-gauge needle

= Produce a wheal
6-10mm in
diameter



簡報者
簡報註解
The procedure for placing the Mantoux tuberculin skin test is detailed in Appendix A of the Interim Caribbean Guidelines for the Prevention, Treatment, Care, and Control of Tuberculosis
0.1 ml of PPD tuberculin containing 5TU is injected intradermally on the volar surface of the forearm
Gloves are not necessary for proper intradermal injections, however, individual institutions or agency policies may require the use of gloves
When properly placed, a wheal measuring 6-8 mm is produced.  This wheal will disappear within a short period of time after injection



[Image source:  (left) Centers for Disease Control and Prevention, poster; (right) Centers for Disease Control and Prevention, Targeted Tuberculin Testing and Treatment of Latent Tuberculosis Infection slideset, 2005]


.

Reading the TST

e Measure reaction in 48 to 72
hours

e Measure induration, not
erythema

e Forearm: Transversely to the
ong axis of the forearm.
Record in mm!

e Ensure trained health care
professional measures and
Interprets the TST



簡報者
簡報註解
The reaction is a delayed (cellular) hypersensitivity reaction

[Review slide content]




[Image source:  Centers for Disease Control and Prevention, Guidelines for Preventing the Transmission of M. tuberculosis in Health-Care Settings slide set. 2006]


TST Interpretation

25 mm
= H|V-Infection

= Other
Immunosuppressed

= Recent contact
* Fibrotic CXR changes

= Organ transplant
recipients

215 mm

= Consider significant
“positive” for all

210 mm

Recent immigrants
njection drug users
_ab personnel

Residents/employees of
congregate settings

Persons with clinical
risk factors

Children < 5-years-old
or child/adolescent
exposed to high-risk
adult



簡報者
簡報註解
Whether a reaction to the Mantoux tuberculin skin test (TST) is classified or interpreted as “positive” depends on the size of the induration and the person’s risk factors for TB
[Review slide content]
“Other immunosuppressed” include patients with organ transplants or patients receiving  equivalent of  ≥ 15mg prednisone for 1 month or more, and blocking agents against tumor necrosis factor alpha (e.g., Etanercept [Enbrel®], Infliximab [Remicade®] and Adalimumab [HumiraTM]).  Generally, these drugs are used to treat autoimmune illnesses
“Recent immigrants” refers to persons born in areas of the world where TB is common.  10mm induration or greater is considered positive in these individuals given their chance for exposure to TB is greater.  For this reason, it is very important to assess the country of origin as well as countries where the individual traveled to or worked to help you correctly interpret the TST result
“Clinical risk factors” would include persons with another medical condition that would increase their risk for progression of LTBI to active TB disease.  This is discussed in greater detail in training Module 3.  These conditions would include: silicosis, diabetes mellitus, chronic renal failure or on hemodialysis, solid organ transplantation, certain types of cancer (e.g., leukemia), gastrectomy or jejunoileal bypass, underweight or malnourished persons


Applying the tuberculin skin test

The MTCT-Plus Initiative

26




Applying the tuberculin skin test




PPD Skin Test




Applying the tuberculin skin test

The MTCT-Plus Initiative
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BCG and tuberculin reactivity | :

e Interestingly, skin test reactivity resulting from
vaccination does not correlate with protection
against tuberculosis

e Animal and human studies have shown that
tuberculin reactivity after BCG vaccination Is
highly variable

CID 2000:30(Supp! 3):S262
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BCG and tuberculin reactivity

e The type of BCG vaccine, the number of
doses of vaccine, time lapsed since BCG
vaccination, age at BCG vaccination,
genetics of the host, exposure to NTM, and
exposure to tuberculin can all influence
tuberculin reactivity after BCG vaccination

CID 2000:;30(Suppl 3):5262



e There is no reliable method of distinguishing
tuberculin reactions caused by vaccination with
BCG from those caused by natural
mycobacterial infections.



e In general, BCG given in infancy is unlikely
to lead to a positive PPD response
(induration of greater than 10 mm diameter)
In later life

e Thus, a positive PPD test result in a BCG
vaccinated person probably indicates
concurrent or previous TB infection



Prevalence of tuberculosis infection oo

In schoolchildren from Tijuana, Mexico

e 1,131 school children
In Tijuana, Mexico
mean age 11.43 + 0.10
years
e The proportion of
Immunized children
with a positive
tuberculin reaction was
significantly higher
than that of non-
Immunized children
(p<0.001)

Cuapro |l
NUMERO Y PORCENTAJE DE REACTORES DE ACUERDO
CON EL ANTECEDENTE DE INMUNIZACION coN BCG.,
Tyuana, Mexico, 1996

Reactor
Inmunizacidn Positie % Negativo % Tatal
con BLCG
S Lia 59.7 174 40.3 912
M gl 45.6 98 (4.4 180
Total 638 L7.4 474 43 | 112

Salud Publica Mex 1998;40:47



Prevalence of tuberculosis infection ooo
In schoolchildren from Tijuana, Mexico

e The proportion of positive reactors in first grade was
identical for both groups (46.4% vs. 47.7%)

e By 9" grade, the proportion of positive reactors was

significantly higher among the immunized subjects (69.7%
vS. 49.9%)

e Diameter of induration was positively correlated with age
(r=0.16, p<0.001)

Salud Publica Mex 1998;40:47



e |t Is usually prudent to consider “positive”
reactions to 5 TU of PPD tuberculin in BCG
vaccinated persons as indicating infection
with M. tuberculosis, especially among
persons from countries with a high
prevalence of tuberculosis



e Because most persons who have received
BCG are from high-prevalence areas of the
world, it is iImportant that vaccinated persons
who have a positive reaction to a tuberculin
skin test be evaluated for tuberculosis and
treated accordingly

MMWR 1996; 45:RR-4



However..... 5

e A study of a large group of contacts of several
active cases of TB, showed that ignoring BCG
history may lead to overuse of chemoprophylaxis

e 18.3% of non-BCG contacts were offered
chemoprophylaxis, whereas 43.8% of contacts
who had received BCG were offered
chemoprophylaxis (p < 0.001).

Int J Tuberc Lung Dis 1998; 2:5149



BCG and TST Interpretation | ::

e BCG Is the most widely used vaccine In the
world

e Wang, et al — meta-analysis

Effect of BCG vaccination on TST results was
less after 15 years

Positive TST with indurations of >15 mm more
likely to be result of TB infection than of BCG
vaccination


簡報者
簡報註解
The effect of prior BCG vaccination on TST has been the subject of many reviews. A recent meta-analysis by Wang et al suggested that an induration of greater than 15 mm was more likely due to TB infection rather than prior BCG

The effect BCG has on the body’s ability to mount a response to the TST wanes over time (consider no effect after 15 years post-BCG if BCG given before age 1)

The larger the response, the more likely it represents TB infection vs. BCG




Effect of TB exposure on TST resultsin | 8¢
a BCG vaccinated population

e Setting - village in Ghana, country with
universal BCG just after birth (96% coverage
rate)

e Study - tuberculin skin testing of two kinds of
households:

1) household with recently-diagnosed case of
active pulmonary TB

2) neighboring households without active TB

The MTCT-Plus Initiative 41



TST results and TB exposure in area ssee
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The MTCT-Plus Initiative 42


簡報者
簡報註解
Orient participants to this graph.  
On the vertical axis is the percentage of children who have a TST reaction of > 10 mm (the analysis presented similar data for a TST cut-off of 5 mm, and it did not change the conclusions of this study in any way)
The horizontal axis shows two age groups of children.  The group of greatest interest for MTCT+ sites will probably be those of ages 0-5 years, because it is in this group that BCG given in infancy might have the greatest effect on the tuberculin skin test.
The first point is that the rate of positive skin test reactions is very low in control households - < 5%, demonstrating that use of BCG during infancy does not result in “everyone being positive”.  Furthermore, the low rate of TST-positivity in control households could certainly represent true positives – these children were being raised in a community with high rates of TB; there would surely be opportunities for TB transmission outside of the household.
The second point is how much higher the rate of TST positivity is among children exposed to TB in the household – more than 5 times higher than age-matched controls.
It may also be worth mentioning that among children exposed to TB in the household, TST positivity was clearly associated with greater exposure to the index case – sleeping in the same room, more hours spent near the case during the day, etc.
Finally, two similar studies in sub-Saharan Africa came to the same conclusion – tuberculin skin test results among children who have received BCG still correlate well with exposure to TB.
These studies clearly show that the TST remains a valuable tool even among young children who have received BCG


Conclusions — Use of TST where BCG eoo
vaccination iIs common

e In a setting of universal BCG

Positive TST Is strongly associated with TB
exposure

TST reaction is not associated with presence of
BCG scar

True for children and adults

e Interpret TST the same whether BCG has been
given or not

HIV-positive or recent contact — 5 mm
HIV-negative, not recent contact — 10 mm

The MTCT-Plus Initiative 43



TST identifies persons at 3

high risk of active TB
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簡報者
簡報註解
These data come from cohort studies in Africa in which HIV-infected patients had TST done and were then followed for 2-5 years for the development of active TB.
Orient participants to the graph:
Vertical axis is the rate of development of active TB per year of follow-up; the horizontal axis shows three different studies.
The first point is that the annual risk of developing active TB among these HIV-infected patients is high, up to 8% per year – equal to the probable lifetime risk of developing active TB among immunocompetent persons.
The second point is that the risk of progression to active TB is much higher in the tuberculin skin test positive patients.
Therefore, even in an area with high rates of TB, the TST identifies a group at markedly increased risk of developing active TB


Isoniazid (INH) reduces active TB
rate by 60% among patients with

positive TST (> 5 mm)

TB rate (% per year)
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簡報者
簡報註解
This slide summarizes the results of 3 separate placebo-controlled studies of the efficacy of INH (for 6 months) in the treatment of latent TB infection among HIV-infected persons.
The vertical axis again shows the rate of development of active TB per year of follow-up; the horizontal line shows the results of 3 separate studies.
The first point is the high rate of development of active TB among the placebo recipients, 5-10% per year, confirming the results of the cohort studies just shown).
INH treatment clearly decreased the rate of progression to active TB – averaging the results of the 3 studies, the rate of active TB was 60% lower among those who received INH.


Adverse events In studies of INH | s2::
treatment of latent TB - Uganda

Group Mild Moderate Severe DC meds
Placebo 5% 0 0 0.2%
INH 10% 0.7% 0 0.6%

Conclusion - side effects were more common with
INH, but most were mild

e N Engl J Med 1997;337:801-8
The MTCT-Plus Initiative 46



Types of adverse events from 3

000
INH for latent TB - Zambia "
Adverse event leading Placebo INH
to drug discontinuation (n = 360) (n = 360)
Hepatitis 0 3 (0.8%)
Rash 0 1 (0.3%)
Gl symptoms 1 (0.3%) 5 (1.4%)

Others 2 (0.6%) 3 (0.8%)

e AIDS 1998;12:2447-57
The MTCT-Plus Initiative a7



Efficacy of INH among HIV-positive,
TST-negative persons in Africa

3.5

Rate of active TB (per 100 patient
years)

Kenya Zambia Uganda

O INH B Placebo

AIDS 1997;11:875-82, AIDS 1998;12:2447-57, N Engl J Med 1997;337:801-8

The MTCT-Plus Initiative
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簡報者
簡報註解
The tuberculin skin test may be falsely-negative because of immune suppression.  Therefore, some have suggested that all HIV-infected persons in areas with high rates of TB should receive INH.  
This slide shows the results of 3 placebo-controlled studies performed to evaluate this idea.
Orient participants to the slide:
The y-axis is the rate of developing active TB, expressed per 100 patient-years (% per year who develop active TB)
The x-axis shows 3 different studies in TB-endemic areas in Africa
There is no apparent effect of INH among TST-negative patients - the rate of TB among these patients is relatively high (2.5-3.5% per year), but INH does not decrease this risk.
Treatment of TST-negative patients is not recommended


Risk of INH resistance after INH
treatment for LTBI — data among HIV-

positive patients

Trial site INH treatment Placebo

INH-resis / total INH-resis / total
Kenya 2/17 0/21
Uganda 5/20 1/24
Hauitl 0/4 0/15
Zambia 0/3

U.S. 0/3

Total 7147 (14.9%) 2170 (2.9%)

The MTCT-Plus Initiative 49



INH for LTBI and INH-resistance — data secs
from placebo-controlled trials in the era oo
prior to HIV
INH Placebo
INH-susceptible, n 43 64

INH-resistant, n (%) 2 (4.4%) 2(3.0%)

e Bull Wld HIth Org 1966;35:509-26
The MTCT-Plus Initiative 50



Effect of INH resistance on 000
outcomes of treatment for active TB

Failure Died Default/ Success
transfer

Drug-susceptible 2% 2% 11% 85%
IHN-resistant (any) 4% 2% 12% 82%

RIF-resistant (any) 11% 2%  13% 73%

The MTCT-Plus Initiative 51 JAMA 2000:283:2537-45


簡報者
簡報註解
This slide shows the outcome of a very large cohort of patients (n = 6402) treated in 6 countries with directly observed short-course (6 month) regimens.  As in previous studies, INH resistance is associated with a very small increase in the rate of treatment failure, compared with fully-susceptible isolates.  For comparison, rifampin resistance markedly decreases the response to therapy.


@ 000

Common concerns about screening for | g2
and treating latent TB - responses

e TST results correlate with TB exposure even when
BCG is used

e TST positive patients are at greatly increased risk
of active TB

e Treatment of latent infection — effective Iin
decreasing risk of active TB, but only among TST-
positive patients

e [NH-resistance may be more common in those
who receive INH for latent TB, but treatment can
still be effective

52


簡報者
簡報註解
MTCT+ staff will provide a copy of guidelines from the national TB control program of the host country – please check whether skin testing and treatment of latent TB are covered, and if so, what the guidelines are.  Some recommend skin testing and treatment of latent infection only as part of contact investigation for an active, infectious cases, others recommend ….

All sites are in countries using universal BCG during infancy
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