








Appendix 11: Newer Broth Methods

•	 �Newer broth methods are replacing the radiometric (14C) system (in order to avoid use 

and disposal of radioactive materials) and, in addition, are fully automated.

•	 �These systems can detect and monitor growth for culture and can also be used to 

determine susceptibility to isoniazid, rifampin, ethambutol, pyrazinamide, and strep-

tomycin. 

•	 �M. tuberculosis is grown in vials/tubes of broth containing either the critical concen-

tration of an anti-tuberculosis drug or no drug (control). The growth of the bacteria in 

the drug-containing bottles is compared to the growth in the control vial/tube.  

•	 �The VersaTREK system detects pressure changes due to gas production or con-

sumption due to mycobacterial growth.

•	 �The BACTEC MGIT 960 system (mycobacterial growth indicator tube) uses a fluores-

cence quenching-based oxygen sensor to detect mycobacterial growth. If mycobac-

teria are growing in the system, they consume oxygen and fluorescence is increased 

and detected by the system.

•	 �The MB/BacT ALERT 3D system colorimetrically detects CO2 production in order to 

indicate mycobacterial growth.

 

Figure 1.  BACTEC MGIT 
(mycobacterial growth indicator 
tube) system – MGIT machine; 
upper right inset, MGIT tubes; lower 
right inset, antibiotics solutions for 
performing susceptibility testing in 
MGIT.

BD, BACTEC, and MGIT are trademarks of 

Becton, Dickinson and Company. ©2004 BD.  

MB/BacT ALERT 3D is a product of Organon 

Teknika, Boxtel, The Netherlands.  VersaTREK 

is a trademark of TREK Diagnostic Systems. 

© TREK, 2008.
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Appendix 12: Therapeutic Drug Monitoring

Therapeutic drug monitoring is routinely used for several circumstances:

•	 Aminoglycoside/capreomycin serum concentrations in patients with renal impairment

•	 Cycloserine concentrations in order to minimize risk of CNS toxicity and to safely use 
optimal dose

•	E thambutol concentrations in patients with significant renal impairment

•	 Known or suspected malabsorption

Many drug-resistant TB experts routinely monitor certain TB drug concentrations in an-

ticipation of toxicity and to escalate a drug dose when possible.

Most hospital laboratories perform amikacin concentrations. Only a few laboratories per-

form drug concentrations for other TB drugs (National Jewish Medical Center and Focus 

Labs performing the most).

Table 1 details the time for blood collection after an injectable drug dose.

* Kanamycin is determined using a bioassay. All other antibiotics must be stopped at least 24 hours 
prior to sample collection for kanamycin.

To calculate a true peak after an intravenous dose, a level is drawn 90 to 120 minutes and 

again 6 hours after the infusion is complete. It is important to allow enough time for the dose 

to be completely distributed before drawing the first level. The exact times of the dose infu-

sion and blood draws must be recorded. The pharmacist can then extrapolate or calculate a 

peak using a linear regression feature on a computer program or semi-logarithmic graph 

paper.  A trough before the next dose is sometimes necessary for patients with renal failure.

Drug name Blood draw times after 
completion of IV infusion

Hours after IM 
dose to “peak”

Amikacin

Capreomycin

Kanamycin*

Streptomycin

1.5 – 2 hours and 6 hours 2 hours
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Drug name Hours after oral 
dose to  “peak” 

Time after dose for additional 
concentration if desired *

Azithromycin 2-3 hours

Ciprofloxacin 2 hours

Clarithromycin 2-3 hours

Clofazimine 2-3 hours

Cycloserine 2-3 hours 6-7 hours

Ethambutol 2-3 hours 6-7 hours

Ethionamide 2 hours

Isoniazid 1-2 hours 6 hours

Levofloxacin 2 hours 6 hours

Linezolid 2 hours 6 hours

Moxifloxacin 2 hours

Ofloxacin 2 hours 6 hours

PAS 6 hours

Pyrazinamide 2 hours 6 hours

Rifabutin 3-4 hours 7 hours

Rifampin 2 hours 6 hours

Table 2 details the time for blood collection after an oral drug dose.

*An additional concentration may be obtained to evaluate for delayed absorption or to calculate a 
half-life in order to more accurately prescribe a drug dose and interval.
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Collecting and Processing Samples for Therapeutic 
Drug Monitoring

One milliliter of serum (about 2 ml of blood) is required per test. It is advisable to provide 

some excess serum in case there are technical problems. 

•	 The patient should come to clinic with his/her medications. 

•	 No doses of the medication to be tested should have been taken/given since the 
previously scheduled doses (12 to 24 hours prior).

•	 Observe the taking or injection of the medications and record the exact time and 
date.

•	 Collect the blood by direct venipuncture (timing as described by Tables 1 and 2) and 
record the exact time of the blood collection. 

•	 For streptomycin, note if the patient is also receiving ampicillin. 

•	 Kanamycin is measured using a bioassay. Stop all other antibiotics for at least 24 
hours prior to sampling. 

•	 After the blood clots, centrifuge the samples, harvest the serum into labeled poly-
propylene (or polyethylene) tubes (allow room for expansion of sample inside tube), 
label, and freeze (-70°C is preferable, if available).

•	 Label the tubes with the patient’s name, date and time of collection, and the drug(s) 
to be assayed.

•	 The samples can be stored frozen until ready for shipping.

•	 Place the samples in a ziplock plastic bag and pack upright in a Styrofoam box 
(about 10 cubic inches in size) with 3 pounds of dry ice.  Fill the empty air space with 
paper or Styrofoam “peanuts.”

•	 Complete the requisition and provide billing information. Place the requisition and 
billing page in a plastic bag and tape to the outside of the lid. The foam box is placed 
inside a cardboard box to prevent damage.

•	 Ship samples Monday through Wednesday by an overnight delivery service that 
accepts dry ice packages.

Information excerpted from National Jewish Medical Center website (www.njc.org) and literature.
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Appendix 13: Multicultural Resources

General Cultural Information Sites

Cross Cultural Health Care Program
www.xculture.org/

Cultural Clues
http://depts.washington.edu/pfes/cultureclues.html

EthnoMed
http://ethnomed.org/

National Center for Cultural Competence (NCCC)
www11.georgetown.edu/research/gucchd/nccc/index.html

University of Michigan Program for Multicultural Health:  
Cultural Competency Division
www.med.umich.edu/multicultural/ccp/

Translated Patient Education TB Resources

Canadian Lung Association
www.lung.ca/tb/notenglish/

EthnoMed
http://ethnomed.org/ethnomed/patient_ed/index.html#tuberculosis

Minnesota Department of Health
www.health.state.mn.us/divs/idepc/diseases/tb/brochures.html

National Prevention Information Network (NPIN) Educational Materials Database
www.cdcnpin.org/scripts/search/matlSearch.aspx

New South Wales Health
www.mhcs.health.nsw.gov.au 

TB Education and Training Resources
www.findtbresources.org/scripts/index.cfm

General Interpreter Resources

CyraCom (customer service number: 800-481-3293)
www.cyracom.net
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Appendix 14: Frequently Asked Questions (FAQs)

General

1.	 What is the optimal drug regimen for multidrug-resistant tuberculosis (MDR-TB)?    

See Chapter 3, “Treatment.”

The optimal drug regimen depends on the susceptibility pattern of the patient’s tuberculosis (TB) isolate, the patient’s 

previous TB treatment regimen, underlying health conditions, and other medications the patient currently takes. The 

patient should generally be initially treated with 4 to 6 drugs to which the isolate is susceptible. Depending on the 

susceptibility pattern of the isolate, the regimen should include all available first-line drugs, a fluoroquinolone, an 

aminoglycoside, and appropriate second-line oral drugs.

In general, avoid:

•	 Drugs the patient has taken previously (associated with a failing regimen)

•	 Drugs that cause that individual undue toxicity

•	 Drugs that cause unnecessary drug interactions

2.	 How many drugs are necessary?

See Chapter 3, “Treatment.”

The patient needs to complete therapy with at least 3 drugs to which the isolate is susceptible. In practice, this re-

quires that the patient be initially treated with 4 to 6 drugs that he/she has not previously received. Using this strat-

egy, the injectable drugs can be discontinued after a number of months if appropriate and other drugs that were very 

poorly tolerated can be trimmed away. 

3.	 How long post–culture conversion should a patient be treated—18 months or 24 months?

See Chapter 3, “Treatment.”

There are no randomized controlled studies that have determined optimal length of MDR-TB treatment. The Ameri-

can Thoracic Society (ATS) recommends 18 to 24 months of treatment for MDR-TB.  Many experts prefer to choose 

the duration of therapy based on the time from culture conversion (sputa are consistently culture-negative). In gen-

eral, the longer regimens are used for patients with more extensive disease and more extensive drug resistance 

pattern. Shorter regimens might be used for patients with more localized disease who responded promptly to ther-

apy and whose resistance pattern allowed use of more bactericidal drugs in the regimen.

4.	 The patient’s isolate is resistant to all first-line drugs and most second-line drugs. What options exist for 
treatment?

See Chapter 3, “Treatment.”

Use as many/all drugs to which the organism is susceptible. This may include “third-line agents” such as linezolid, 

gamma-interferon, and b-lactam drugs (imipenem, amoxicillin/clavulanate). Consider use of higher doses of individ-

ual drugs (as tolerated by the patient and using therapeutic drug monitoring as appropriate). Consider prolonged use 

of an injectable drug if tolerated by the patient. Consider surgical intervention if the patient is an appropriate candi-

date.
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5.	 Can a patient take split doses by self-administered therapy (SAT)?

See Chapter 8, “Case Management.”

Some drugs (cycloserine, ethionamide, and para-aminosalicylate [PAS] in particular) may not be tolerated in once-

daily doses and must be given more than once a day (split doses). Ideally, all drug-resistant TB treatment will be 

given fully by directly observed therapy (DOT), even split doses. Patients who have difficulty taking their medications 

as once-daily doses (amenable to DOT) sometimes are well served by being hospitalized during the initial phase of 

treatment until they tolerate the regimen well enough at home. 

6.	 Can weekend doses be given by self-administered therapy (SAT)?

See Chapter 8, “Case Management.”

Ideally, all drug-resistant TB treatment will be given fully by DOT. Again, hospitalization in the early phase of treatment 

is sometimes necessary. After documented clinical and microbiologic improvement, some jurisdictions will treat pa-

tients with 5-days-per-week therapy by DOT or give SAT on the weekends when local resources do not permit 

monitored weekend administration.

Use of Specific Drugs

Fluoroquinolones

1.	 Can I use fluoroquinolones in children? For TB disease?  For contacts to MDR-TB?

See Chapter 5, “Special Situations – Pediatrics.”

Fluoroquinolones are among the most important agents in MDR-TB treatment when the isolate is susceptible. Most 

experts feel that fluoroquinolones are indicated in children exposed to or infected with MDR-TB resistant to other 

first-line drugs.

Fluoroquinolones have been avoided in children because puppy models have suffered irreversible arthropathy. Irre-

versible joint destruction has not been seen in children who have received fluoroquinolones. Ciprofloxacin has been 

licensed for use in older children for treatment of complicated urinary tract infection. Levofloxacin and gatifloxacin 

have been studied for use in children. However, few children have received the very long courses of fluoroquinolones 

required for TB treatment. If a fluoroquinolone drug is very important for the treatment of an individual child, it can be 

employed after discussing risks and benefits with the parents and in consultation with a pediatric TB expert. The 

parents have to be aware of the potential risks and report to the provider and public health workers any signs or 

symptoms of joint problems (decreased mobility, pain, decreased range of motion, joint swelling, etc.). Additionally, 

all providers involved in the case should be actively screening for these processes. Finally, many experts avoid these 

drugs in children too young to show signs and symptoms of musculoskeletal complaints (children too young to sit 

up, crawl, etc.).

2.	 What is the optimal dose of levofloxacin for TB disease?  For latent tuberculosis infection (LTBI)?  

See Chapter 3, “Treatment.”

A common strategy for levofloxacin is to initiate therapy at 500 mg daily. If tolerated, the dose can be elevated to 750 

mg or even 1000 mg daily (sometimes in divided doses). If the patient weighs more than 100 pounds, a dose of at 

least 750 mg should be attempted. Fluoroquinolones should not be dosed in close proximity to milk-based products, 

antacids, or other divalent cations. Currently studied doses of the newer fluoroquinolones (gatifloxacin and moxi-

floxacin) are limited. At this time, doses should be limited to 400 mg daily to avoid the possibility of more drug-relat-

ed toxicities (unless serum concentrations are monitored). In the case of patients who are too sick to take enteral 

doses, the fluoroquinolones are available in IV forms.
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Aminoglycosides

1.	 What is the dose when one changes to 2- or 3-times weekly?

See Chapter 4, “Medication Fact Sheets.”  

When aminoglycoside drugs are administered 2- or 3-times-weekly, the drugs are usually administered at the same 

dose as daily therapy for that individual (customized based on age, renal function, and sometimes drug concentra-

tions). Some experts use higher doses and monitor concentrations closely.

 2.	 What is the target blood concentration with intermittent dosing?

See Chapter 4, “Medication Fact Sheets.”

The target blood concentration depends on dose and planned duration of use.

3.	 How long do I need to use an aminoglycoside?

See Chapter 3, “Treatment.”

Expert opinions vary, as there are no firm data to support a specific length of treatment. At a minimum, use the 

aminoglycosides for at least 6 months (longer if extensive disease, delayed culture conversion, or limited alternative 

medications). Some experts continue the aminoglycoside or capreomycin as long as absolutely possible (barring 

limiting side effects) and use doses to achieve somewhat lower peak concentrations to avoid toxicity.

4.	 What aminoglycoside is most frequently used?

See Chapter 4, “Medication Fact Sheets.”

The injectable drug chosen depends on several factors: susceptibility of the isolate, cost, route of administration, 

availability of therapeutic drug monitoring tests, and side effects. Many drug-resistant isolates are resistant to strep-

tomycin; amikacin and kanamycin have cross-reactivity and therefore nearly identical resistance. Kanamycin and 

streptomycin are least expensive; amikacin concentrations are most readily available; streptomycin is less painful if 

used intramuscularly, but is associated with more vestibular toxicity.

5.	 A patient on aminoglycoside complains of slight tinnitus. How is this side effect monitored?

See Chapter 7, “Adverse Reactions.”

Patients receiving injectable agents should be monitored with hearing tests as well as vestibular monitoring. Patients 

who suffer tinnitus should be evaluated for the possibility that something other than the injectable agent is causing 

the problem. Sometimes patients who have isolated tinnitus can be monitored prospectively without change. If 

change is required, changing to intermittent therapy or lowering the dose of the injectable drug (while remaining in 

the appropriate therapeutic range) can sometimes lessen the symptoms. If the patient suffers unsteadiness or other 

vestibular signs or symptoms, the drug should be stopped. Vestibular toxicity is usually irreversible and is generally 

a contraindication to further use of these drugs.
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Use of BCG
1.	 Is bacille Calmette-Guérin (BCG) indicated for a newborn exposed to a mother with a highly resistant 

strain of MDR-TB?

See Chapter 5, “Special Situations – Pregnancy.”

BCG should be administered to infants and young children who cannot be separated from drug-resistant TB cases 

and for whom no practical prophylactic regimen is available. There are usually a number of other options before 

considering BCG use.  

Side Effects
1.	 What do I do when a patient is nauseated but intolerant to compazine?

See Chapter 7, “Adverse Reactions.”

Other drug options include phenergen, metoclopramide, lorazepam, and ondansetron. Other options include dosing 

the drug with a snack, giving at a time of day away from other drugs, splitting the dose, etc.

2.	 A patient on cycloserine had a high depression score this week.  What does this mean?

See Chapter 7, “Adverse Reactions.”

Extreme care should be exercised with patients receiving cycloserine and suffering mental health symptoms. Moni-

toring for suicidal ideation is crucial, and the patient should be evaluated for the need for an antidepressant medica-

tion. A cycloserine therapeutic drug concentration should be collected and the dose held until toxicity can be ruled 

out as a cause.

3.	 What should be done for a teenage patient on fluoroquinolone with bilateral wrist pain?

See Chapter 7, “Adverse Reactions.”

For achiness without significant tendon inflammation, therapy can be continued with use of analgesics and rest. If 

significant tendon inflammation is present, the fluoroquinolone should be held and measures to reduce inflammation 

should be undertaken. The patient should not undertake unusual exertion to the area.

Infection Control
1.	 Can I return a case patient to the home setting if other household members (non-immunocompromised) 

are tuberculin skin test (TST)-negative after several months of exposure to case?

See Chapter 8, “Case Management.”

MDR-TB patients should be considered potentially infectious until they have 3 consecutive culture-negative sputum 

specimens. Decisions about management at home, and return to school and work, should be undertaken with local 

health officers and drug-resistant TB experts after considering many factors regarding the patient’s disease, treat-

ment, and the household situation. 

2.	 A patient no longer has a productive cough.  Are monthly induced sputa necessary?

See Chapter 6, “Monitoring Patients.”

National guidelines suggest monthly sputum monitoring. Some experts collect 2 monthly sputa 8 to 24 hours apart 

to lessen the likelihood of false-negative results. If necessary, sputum induction is indicated both during and after 

treatment. MDR-TB patients have a higher risk of relapse and delayed sputum sterilization. Persistently positive cul-

tures may be an early indicator for increasing drug resistance and may assist in determining length of treatment.
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Payment
See Chapter 8, “Case Management.”

1.	 How can I pay for expensive drugs when a patient is uninsured?

Social workers and financial counselors should work with the family to investigate any third-party payer possible. If 

the patient is uninsurable, patient assistance programs (PAPs) sponsored by pharmaceutical companies can be 

explored. Some states and large jurisdictions have programs available to pay for drugs for all TB patients.

2.	 How can I pay for hospitalization when a patient is uninsured?

Social workers and financial counselors should work with the family to investigate any third-party payer possible. 

Some states and large jurisdictions have programs available to pay for TB care or have specific TB inpatient facilities. 

Barring these options, the local “safety net” hospital that is funded to provide indigent care will have to admit the 

patient.

3.	I s an IV injectable agent more costly than IM preparation?

IV therapy is more expensive because, in addition to drug costs, maintenance of the IV requires a home health 

agency, etc.

Press Release
1.	 We are doing a highly visible contact investigation at a school.  Do we need a press release?

A press release can be very helpful to update the media on results of testing and to educate the public. Some juris-

dictions manage the contact investigation successfully without involving the media.

2.	 Should we reveal in the press release that exposure was to an MDR strain? (If we did, it might create 
public angst and increase our workload.)  

If the media is involved, it is better to be upfront about the nature of the isolate, but also state that medications are 

available for LTBI treatment. If this is not disclosed upfront, criticism is likely to follow.

Laboratory
1.	 When do I draw serum drug concentrations?

See Chapter 6, “Monitoring Patients,” and Appendix 12, “Therapeutic Drug Monitoring.”

Draw cycloserine concentrations before increasing the dose from the initial regimen; draw aminoglycoside concen-

trations if appropriate after approximately 2 weeks of therapy.

2.	 To which laboratory do I send samples for serum drug concentrations?

See Appendix 4, “Laboratory Resources.”

In many cases, the patient’s insurance will mandate which lab will perform the therapeutic drug concentrations. Most 

large hospital labs will perform amikacin concentrations, and only a few reference labs perform many of the other TB 

drug concentrations.
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3.	 Are serum drug concentrations (therapeutic drug monitoring [TDM]) useful?  Necessary?

See Chapter 6, “Monitoring Patients.”

Despite the fact that there are few data proving improved outcomes with TDM, many drug-resistant TB experts 

monitor drug concentrations routinely. In several circumstances, therapeutic drug monitoring is common: aminogly-

coside concentrations in patients who have known renal dysfunction; cycloserine concentrations can help the pro-

vider predict and minimize central nervous system (CNS) adverse reactions and prevent seizure activity; and etham-

butol (EMB) concentrations may be useful for patients with reduced renal function. Other therapeutic drug monitoring 

is used depending on the patient’s other health issues, concomitant medications, number of drugs in the regimen, 

preference of the provider, etc.

4.	 How do I interpret discordant susceptibility results?

See Chapter 2, “Diagnosis.”

Discuss results with the laboratorian, repeat the susceptibilities on a second sample, and send a sample to a refer-

ence laboratory for confirmation.

5.	 How do I clarify to my lab that we need a cycloserine blood serum concentration, not a cyclosporine?

Talk to the lab in advance, type or write the request very clearly, and if necessary, write in parentheses: (NOT CY-

CLOSPORINE).  Note: Very few laboratories in the country perform cycloserine concentrations, while most large 

hospital labs perform cyclosporine concentrations. This may help you discuss this “send-out” test with your lab.

6.	 Molecular methods:  How quick and accurate are the results?

As an example, the “molecular beacon” assay, performed by the California Department of Public Health Microbial 

Disease Laboratory, uses real-time polymerase chain reaction (real-time PCR) technology with molecular probes for 

rapid detection of mutations associated with isoniazid (INH) or rifampin (RIF) resistance. Acceptable specimen types 

are smear-positive (at least 1+) concentrated sediments or growth from solid or broth media. The average turn-

around time for results is 1 to 3 days of specimen receipt. The sensitivity of the test is 83% for INH and 97% for RIF. 

Discuss the results with the laboratory and a drug-resistant TB expert before implementing management plans 

based on the results.

7.	 How do I ship/package specimens to send to National Jewish since it’s out of state?

See Appendix 4, “Laboratory Resources,” www.njc.org and www.saftpak.com.

8.	 What type of courier do I use to send specimens out of state?

See Appendix 4, “Laboratory Resources,” www.njc.org/research/clinical-labs and www.saftpak.com.

9.	 When sending specimens to the State of California Microbial Diseases Laboratory (MDL) for isolate iden-
tification, are susceptibilities automatically performed or is an additional request necessary?

Specific requests are necessary. Susceptibility testing is not automatically performed. Of note: at the time of printing, 

MDL is performing first-line and second-line drug susceptibility testing by MGIT only, and the second-line drug 

panel includes levofloxacin, amikacin, capreomycin, and ethionamide. Check with the laboratory (contact informa-

tion in Appendix 4, “Laboratory Resources”) for current testing capabilities.

When dealing with any laboratory performing TB culture, identification, and susceptibilities, you should determine 

whether susceptibilities will automatically be performed and under which circumstances second-line susceptibilities 

will be performed. Many commercial laboratories have contracts defining these details for individual clients and third-

party payers. Lengthy delays will occur if these details are not defined early on. Sometimes the physician who or-

dered the initial culture will need to order first- and second-line susceptibility tests.
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10.	 Why does pyrazinamide (PZA) susceptibility testing take longer?  Is there a quicker method?

PZA susceptibilities are technically difficult in agar because of the low pH required. Many laboratories do not perform 

them at all. Testing PZA with the BACTEC TB 460 system is considered the gold standard. However, many labora-

tories have replaced BACTEC TB 460 with the BACTEC MGIT 960 non-radiometric system. The average turnaround 

time for PZA testing with the BACTEC MGIT 960 system is 7 to 10 days. 

Treatment and Evaluation of Contacts
1.	 How do I treat contacts?

See Chapter 10, “Managing Contacts.”

Each contact is managed on an individual basis. Determinants include extent and intimacy of contact with the source 

case, susceptibility pattern of the source case isolate, evidence of transmission from the source case, prior TST re-

sults, risks for progression to TB, etc. If treatment of drug-resistant LTBI is desired, the regimen is generally based 

on the susceptibility pattern of the source case.

2.	 For contacts to an MDR case with positive TST and who refuse treatment, how often should a symptom 
review or chest radiograph be done?  

See Chapter 10, “Managing Contacts.”

Untreated contacts should be monitored every 3 to 6 months for at least 2 years.

3.	 Can a single drug be used to treat MDR-TB infection?

See Chapter 10, “Managing Contacts.”

Lower-risk contacts are sometimes treated with fluoroquinolone monotherapy based on in vitro drug activity data. 

No controlled data are available regarding treatment of drug-resistant TB contacts, and current national guidelines 

recommend 2-drug MDR-LTBI treatment.

4.	 When should LTBI treatment with levofloxacin/moxifloxacin be discontinued for ambiguous side effects?  

See Chapter 7, “Adverse Reactions.”

Every effort should be made to safely continue the patient on therapy, including use of rest and analgesics. Signifi-

cant inflammation of the tendon should be treated with at least temporary cessation of the fluoroquinolone.

5.	 Can moxifloxacin be used to treat MDR-LTBI?

While programs have less experience with moxifloxacin use, it has excellent in vitro activity against many drug-resis-

tant TB strains and has been used in some patients with good success.
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Appendix 15: Case Examples

CASE EXAMPLE 1

Robert is a 53-year-old Vietnam veteran who is a musician and living in a single-room occu-
pancy hotel in a tough part of town.  

11/18/05 Robert is admitted to his local Veterans Administration (VA) hospital with cough and hemoptysis. A 

chest radiograph shows extensive infiltrates in the right upper lobe, left upper and lower lobes, and 

cavities in both apices. Acid-fact bacilli (AFB) sputum smears are 4+ positive, and he is started on a 

regimen of isoniazid (INH), rifampin (RIF), pyrazinamide (PZA), and ethambutol (EMB). He slowly be-

gins to clinically improve. He is discharged after 2 weeks to ongoing care through the local health de-

partment.

This is an older, American-born man with no previous history of tuberculosis (TB) treatment. A 4-drug 

regimen such as the one prescribed for him would be a standard treatment.

1/15/06 Because the VA sends all specimens to a central laboratory for AFB cultures, there was a significant 

delay before the health department received the results of drug susceptibility testing. On 1/15/06, the 

report arrives and shows that the isolate is resistant to INH, streptomycin (SM), and EMB, and suscep-

tible to RIF and PZA. Two new drugs, capreomycin and moxifloxacin are begun, and INH and EMB are 

stopped.  Additional sputum is collected and sent for smear, culture, and repeat susceptibility testing. 

The sputum AFB smear is still positive.

Robert had been effectively on RIF and PZA alone for about 2 months. PZA is not considered a good 

companion drug for RIF, as it does not prevent the emergence of acquired drug resistance. At this 

point, there was a reasonable chance that resistance to RIF and/or PZA may have developed, espe-

cially in a patient with a large bacillary load (cavitary disease and strongly smear positive). Two drugs 

are not adequate for multidrug-resistant (MDR)TB treatment, and at least 1 additional drug should have 

been added at this time. Appropriately, repeat susceptibility testing was ordered.

3/4/06 Repeat susceptibility testing show that the isolate is still PZA-susceptible, but that it has now acquired 

RIF resistance. Robert now has MDR-TB. Second-line susceptibility testing shows sensitivity to ethion-

amide, capreomycin, and levofloxacin, but resistance to kanamycin. Sputum smears convert to nega-

tive by early March, and Robert clinically improves. RIF is discontinued and capreomycin, PZA, and 

moxifloxacin are continued. 

A 3–drug regimen is not optimal for MDR-TB; 4 to 6 drugs are recommended. Because of the slow 

growth characteristics of M. tuberculosis, there is a significant delay between obtaining a specimen and 

finding out the results of the culture. The treating providers believed that the sputum cultures were 

likely to be negative given the smear-negative results.
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6/8/06 Of 6 sputum specimens obtained between 3/4/06 and 6/8/06, 2 are culture-positive. Second-line sus-

ceptibility testing done on 1 of these specimens now shows resistance to levofloxacin. Robert is now 

diagnosed with extremely drug-resistant (XDR) TB.  

The regimen should have been strengthened in March, pending the results of cultures as well as 

smears. Robert was still culture-positive, and 3 drugs were not enough to prevent additional resistance 

from developing.

6/18/06 A full evaluation is now repeated with 3 sputum examinations and a chest radiograph. The chest radio-

graph is improved, but still shows a residual left apical cavity and right apical fibrosis. A follow-up chest 

CT confirms that the principle site of disease activity is the left apex. Surgery is discussed with Robert, 

but he adamantly refuses to consider it. A new regimen of linezolid, amikacin, ethionamide, cycloserine, 

and para-aminosalicylate (PAS) is now begun.

This is a classic situation in which resectional surgery should be considered.  Robert has XDR-TB and 

a residual cavity, which makes the likelihood of treatment failure or relapse much higher.  He has pre-

dominantly unilateral disease, which increases the potential benefit of surgery. Regardless, he needs 

the strongest regimen still available to him, and the use of linezolid, which has good in vitro activity 

against M. tuberculosis but substantial potential for toxicity, is warranted. Ethionamide, cycloserine, and 

PAS have overlapping gastrointestinal (GI) toxicities, but there are few other options for this patient.

12/18/06 Robert is unable to tolerate cycloserine, complaining of severe depression and mood swings, even at 

relatively low serum concentrations, and it is stopped. The 2 sputa collected each month are now 

smear- and culture-negative since mid-July 2006. The serum creatinine increases from 1.4 to 1.8 mg/dli. His 

amikacin, which had been decreased to 3 times a week in October, is now decreased to twice week-

ly.

Cycloserine has significant central nervous system (CNS) effects and can cause depression and even 

delusional states. It has been associated with suicide. The drug was appropriately stopped. Because 

of the Robert’s extensive resistance, the goal is to continue the injectable agent for 12 months post-

culture, if at all possible, so decreasing the frequency to twice weekly is reasonable..

7/18/07 Robert is now 12 months post-culture conversion and is doing well. The amikacin is stopped and a 

further 12 months of the remaining oral drugs are planned, to complete 24 months total treatment post 

culture conversion.

CASE EXAMPLE 1  continued 
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CASE EXAMPLE 1  continued Lessons Learned

•	 If there is a possibility that MDR-TB has developed, a patient should have a minimum 

regimen of 3 new drugs, planning on a total of between 4 to 6 drugs to which the iso-

late is likely to be susceptible. PZA is a poor “companion” drug to prevent the emer-

gence of acquired drug resistance in a functional 2-drug regimen.

•	 Surgery should be considered if there is extensive resistance, residual cavities, and 

predominantly unilateral disease. In the California experience, only about half of XDR-

TB patients have been cured. Surgery may improve those odds if the patient is a good 

candidate.

•	 Once the fluoroquinolones are lost because of resistance, therapy becomes more dif-

ficult. Linezolid, despite its cost and potential toxicity, becomes an important mainstay 

of treatment. Patients must be carefully monitored for bone marrow suppression and 

peripheral neuropathy. 

•	C ycloserine has been associated with suicide and severe depression as well as delu-

sional states. Monitoring a patient’s mental status is crucial. Vitamin B6 (pyridoxine) 

is used to prevent seizures, but it does not appear to protect against mood distur-

bances.

•	 In the treatment of XDR-TB, if an isolate shows susceptibility to any injectable agent, 

it should be included in the regimen and continued for 12 months post-culture conver-

sion if at all possible.
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CASE EXAMPLE 2

Olga, a 41-year-old female from the Ukraine, is experiencing her second episode of TB.

1986 Olga was first diagnosed with TB in the Ukraine and treated with INH, RIF, and EMB for 6 months and 

SM daily for 6 to 8 months. Olga was hospitalized during her treatment and claims she was very adher-

ent. After her discharge, she took INH for 2 additional years for “prophylaxis.” Drug susceptibilities of 

this episode are unknown.

What else would you like to know about this episode?

•	 Does she have any written documentation or copies of radiographs?

•	 Was she hospitalized the entire time (i.e., all doses observed)?

•	 Were there any interruptions in any of the medications due to drug supply or tolerance?

•	 How extensive was her disease and what kind of clinical and radiographic improvement did she 
have?

•	 Why did she receive 2 additional years of INH? Had her radiograph not improved; did she still 
have significant symptoms?

1994 Olga arrives in the U.S.

3/01 Olga develops a cough, intermittent fever/night sweats, scant blood-tinged yellow sputum, and short-

ness of breath. 

4/14/01 Olga presents to the TB clinic with those symptoms and opacification of the left lung with an air-fluid 

level. On initial exam, she is a thin, well-appearing female with decreased breath sounds at the left base 

and bronchial breath sounds at the left apex.

4/17/01 Treatment is started with INH, RIF, PZA, EMB, levofloxacin, and capreomycin. Four out of four sputa 

return culture-positive for M. tuberculosis, with 2 out of 4 smear-positive.

Because she does not have documentation of completely observed therapy and a previously suscep-

tible isolate, Olga is treated with an empiric “expanded” regimen including 3 drugs that she had not 

previously received. 

5/19/01 BACTEC susceptibilities show resistance to all first-line agents, including SM.

6/16/01 Conventional solid agar susceptibilities show borderline resistance to EMB and SM, and full resistance 

to INH, RIF, and PZA. Second-line drug susceptibilities show additional resistance to capreomycin and 

ethionamide but susceptibility to amikacin, clarithromycin, linezolid, clofazimine, and levofloxacin. 
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CASE EXAMPLE 2

6/22/01 A 5-French percutaneously-inserted central catheter is placed for IV imipenem and amikacin.

Because of the extent of her disease and extended resistance pattern, Olga receives 7 drugs to which 

the isolate is susceptible. Unfortunately, 2 of the drugs are “third-line” drugs with limited track records 

of clinical efficacy in the treatment of MDR-TB.

Olga’s revised regimen is as follows:  (weight ~110 lbs/50 kg)

Levofloxacin 750 mg qd 

Cycloserine 500 mg qd 

PAS granules 4 grams bid 

Imipenem 1 gram IV bid 

Amikacin 750 mg qd 

Clarithromycin 500 mg bid 

Clofazimine 100 mg qd

Clinically, the patient is doing remarkably well despite the weaknesses of her initial regimen; sputum 

culture conversion occurs within a month of treatment initiation.

Olga is tolerating a dose of levofloxacin that is common in treatment of MDR-TB (750 mg daily). Some 

patients will even tolerate 1000 mg per day.

7/01 Negative cultures (final results) are obtained. Monthly sputum smears and cultures are negative. Olga’s 

cough and symptoms have resolved, and from her appearance, one would never guess she has a 

destroyed left lung and MDR-TB. 

A toxic cycloserine level of 40 mg/ml is measured on June 16. A repeat level (29.1 mg/ml) is drawn on 

July 1 and found to be within therapeutic range of 20 to 35 mg/ml. Olga has not shown any signs of 

emotional or mental instability.

9/3/01 Screening audiology exam shows significant hearing loss in the right ear compared to baseline.

Many patients experience hearing loss on long-term aminoglycosides. Olga’s loss is unilateral and not 

yet noticeable to her. Since she had already received more than 2 months of daily amikacin, her provid-

ers change her to 3 times weekly amikacin and are able to stabilize her hearing loss.

Follow-up chest radiograph shows minimal change. Given Olga’s destroyed left lung, she is referred to 

National Jewish Hospital for surgical and treatment evaluation to improve the chance of a lasting 

cure. 

Contact investigation: Olga has been unemployed for 2 years. She is married and a mother of 2 

children (12 and 7 years old). Her husband had a history of a positive tuberculin skin test (TST) prior to 

meeting the patient. Her older daughter was born in the Ukraine and has a history of bacille Calmette-

Guérin (BCG) vaccination and positive TST (11 mm) in 1994. Olga’s younger son remains TST negative. 

Both children are healthy, asymptomatic, and have had recent chest radiographs that are normal. There 

is no evidence of household transmission from either TB episode to date.
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continued Lessons Learned

•	 Drug-resistant TB should be suspected in patients from countries with high incidence of 

drug resistance. 

•	 MDR-TB patients with little or no improvement in chest radiograph after completing treat-

ment are at high risk for reactivation. 

•	 Patients with risk for harboring a drug-resistant TB isolate (incomplete documentation of 

prior susceptibilities, treatment, and response to treatment) should be considered for an 

empiric expanded regimen with at least 3 drugs that the patient has not previously 

received. An aminoglycoside or injectable drug other than SM should be included in the 

regimen.

•	 Careful monitoring for toxicities can limit their impact on the viability of the regimen and 

prevent serious adverse events for the patient.

•	 Surgical intervention is sometimes considered for patients with localized disease, espe-

cially those with extensive resistance patterns or disease that is unlikely to be cured 

because of significant lung destruction.
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CASE EXAMPLE 3

Eva is a 25-year-old Peruvian woman who emigrated to the U.S. to join her American husband. 
She is healthy and has no symptoms of TB.

6/4/86 Eva has a TST placed for pre-employment screening before employment in a hospital. The TST results 

in 20 mm induration, and chest radiograph shows right-sided pleural fluid in the right base, which layers 

on decubitus views. The radiographs show no infiltrates or adenopathy. The pleural fluid is aspirated 

and pathology shows that the fluid is an effusion only. No malignant cells are seen and cultures grow 

no bacteria, AFB, or fungus.

TB can cause a pleural effusion due to hypersensitivity reaction to a pleural-based TB lesion.  In this 

case, a pleural biopsy is required to see the granulomatous changes and to grow the AFB. Pleural 

fluid grows M. tuberculosis in the event of a pleural-based lesion eroding into the pleural space and 

causing an empyema with purulent pleural fluid. The diagnosis of pleural TB is often missed because 

of the failure to obtain a pleural biopsy. In addition, sputum culture can be helpful and is often forgotten 

when focusing on the effusion. Pulmonary disease may be masked by an effusion or be too subtle to 

be seen on the radiograph.

7/30/86 When the AFB cultures are negative at 6 weeks, the employee health provider at Eva’s hospital con-

cludes that she has latent tuberculosis infection (LTBI) and treats her with INH.

Monotherapy with INH should never be initiated until the possibility of active TB is ruled out.  This prac-

tice promotes the development of resistance.

10/20/86 Eva experiences fever and some shortness of breath, which she attributes to a viral process.

12/15/86 Eva reports the symptoms to the employee health provider when she can no longer perform her duties 

in the hospital. Her provider obtains a chest radiograph that shows enlargement of the pleural fluid and 

development of extensive infiltrates.

Patients being treated with INH for LTBI should be screened monthly for toxicity, adherence to therapy, 

and symptoms of active TB. Eva’s symptoms of active TB should have been uncovered during active 

screening.

12/20/86 Eva’s provider concludes that she has active TB and adds RIF and PZA to her regimen. No sputum is 

collected.

Extensive contact investigation is performed in the hospital and several co-workers have documented 

skin test conversion. Because Eva does not have direct patient care responsibilities and because trans-

mission is apparently limited, further contact investigation is not performed.
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2/26/87 After initial clinical improvement, Eva reports clinical worsening. Repeat chest radiograph shows con-

tinued worsening. Eva’s provider calls the county TB controller for advice. The TB controller is quite 

agitated about the fact that the case was not reported when Eva was considered a TB suspect, and a 

pleural biopsy and sputum were not obtained for culture and susceptibility testing.

Pulmonary and extrapulmonary TB are reportable diseases in all 50 states. TB should be reported 

within 1 working day of clinical suspicion of the disease. Reporting should not be delayed while provid-

ers are waiting for smear and culture results. Specimens for smear and cultures should be obtained 

from all practical sources. 

3/1/87 Sputum is collected and is smear-positive and eventually grows MDR-TB (resistant to INH and RIF).

Eva should have been presumed to have INH-resistant TB when her disease blossomed on INH alone. 

A TB expert, who would have treated her with 4-drug therapy, should have been involved. INH-resistant 

TB is treated with at least RIF, PZA, and EMB, as PZA alone does not “protect” the rifampin from de-

velopment of resistance.

Lessons Learned

•	 Pleural TB requires a pleural biopsy for histologic and culture diagnosis unless purulent 
fluid is drained by thoracentesis.

•	 Monotherapy with INH should not be initiated until active TB is ruled out.

•	I ndividuals inexperienced in TB care should refer the patient to an experienced provider 

and all providers should notify the public health department within 1 working day if they 

are treating a patient that they suspect has TB. 

•	 Cultures should be collected from all practical sites.

•	 When INH resistance is considered, initiate at least RIF, PZA, and EMB.

CASE EXAMPLE 3  continued 
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Sam is a 29-year-old injection drug user serving time in U.S. federal prison.  

5/10/99 Sam converts his TST during an incarceration at a county jail. His chest radiograph is normal and he 

has no symptoms of active TB. He is diagnosed as having LTBI and completes 9 months of INH by 

directly observed therapy (DOT) at another facility.

6/30/01 Sam complains of an increasing cough that is not improved by antibiotics. The possibility of TB is 

entertained, but Sam relays to the providers that he has already received 9 months of INH.

While INH treatment for LTBI reduces the risk of progression to active TB for susceptible isolates by 

85% to 90%, it has no impact on high-level INH resistance.  Additionally, some patients who report 

prior completion of LTBI in fact have not been completely adherent; other patients have been reinfected 

by another strain. Patients with signs and symptoms of TB should be evaluated by chest radiography 

and sputum collection if indicated. 

10/1/01 Sam’s cough is treated for several months as reactive airways disease and on his third visit to the 

clinic he begins to cough up blood. The prison nurse calls for records regarding Sam’s prior TB treat-

ment and 1 month later, receives information that: 1) Sam did receive a full course of INH; and 2) after 

Sam’s release from the first jail, an MDR-TB case and a number of conversions attributable to that case 

were identified. Investigations show that Sam and the MDR-TB case had been housed in areas of 

“shared air” and that the source case was symptomatic in the months before Sam converted his skin 

test.

11/3/01 Sputum is collected, the local health department is notified of the case, and Sam is treated with an 

expanded regimen based on the 1999 source case susceptibilities (PZA, amikacin, levofloxacin, ethi-

onamide, and cycloserine).

If the epidemiologic link between Sam and the MDR case had not been strong, an empiric regimen 

using first-line drugs and at least 3 drugs to which the suspected source case was susceptible could 

have been employed. This allows a strong regimen in case this is a pan-susceptible isolate or an MDR 

isolate.

11/20/01 Sam is transferred to the county hospital for isolation and is later diagnosed with TB resistant to INH, 

RIF, EMB, and SM.  

Comparison of drug susceptibility patterns can assist in linking cases epidemiologically. Alternatively, 

genotyping methods can be used if both isolates are still available.

11/30/01 The case manager meets with the county hospital staff to ensure that they are informed about the care 

required for drug-resistant TB (DOT of all medication, required monitoring, respiratory isolation require-

ments, etc.) and to establish a process for coordination of TB care.

CASE EXAMPLE 4
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1/3/02 The local health officer is notified that although Sam is still smear-positive, he is being transferred back 

to the prison to serve out his sentence because his condition is stable, he is tolerating the expanded 

regimen, and the prison has a room where he can continue respiratory isolation. The health department 

case manager contacts the prison nurse and provides information about the drug-resistant TB treat-

ment and care required for Sam.

2/20/02 As a measure of quality assurance, the case manager asks to review Sam’s health and treatment re-

cords. Through much perseverance, the case manager discovers that Sam has stopped receiving his 

cycloserine dose because the prison had run out of the drug, and it was improperly recorded as taken. 

The case manager assists with obtaining the cycloserine, provides ongoing education and instruction 

on required toxicity monitoring, and promptly addresses lapses in Sam’s care during the several months 

he is in the prison.

Lessons Learned

•	 TST converters should be treated for LTBI once TB disease has been ruled out. In addi-

tion, inmates with positive TSTs and risk factors for progression to active TB (such as 

injection drug use) should be treated for LTBI. If the source case has drug-resistant TB, 

the LTBI regimen should be tailored to the source case susceptibility results.

•	 Patients who have completed LTBI treatment can still develop TB for various reasons: 

drug resistance, poor adherence, exogenous reinfection, or bad luck.

•	N ot all patients with MDR-TB are foreign-born or have previously received treatment for 

active TB.

•	 Contact investigations should prioritize activities to those with the highest level of expo-

sure and higher risk of progression to active TB. Contacts should be sought who inter-

faced with the source case beginning 3 to 6 months before symptoms began.

•	 When a hospital notifies the health department about an active TB case, the case man-

ager assigned to the case should meet with hospital staff to ensure that the hospital staff 

is informed about appropriate TB care. 

•	 TB training is essential for correctional staff, and correctional facilities should have a TB 

protocol in place to be able to house inmates with active TB.

CASE EXAMPLE 4  continued 
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Anna is a 57-year-old diabetic Filipino woman. 

7/10/98 Anna entered the U.S. with B-notification, Class B2 status (pulmonary TB suspect) and was not con-

sidered clinically active.  Sputa were not collected overseas.

7/17/98 Anna is screened at the TB clinic.

Past history: Treated for TB in the Philippines from 1993 to 1996 with “pills and some injections,” fol-

lowed by irregular use of Rifater (combination of INH, RIF, and PZA) until the time of the exam.

Symptoms: Chronic cough with white sputum, fatigue, anorexia, and fever for months.

Anna’s immigration chest radiograph (February 17, 1998) reveals extensive pathology with a right upper 

lobe cavitary infiltrate with volume loss and fibro-nodular infiltrates of the right lower lobe and left mid-

lung field. Her repeat chest radiograph in clinic shows no significant change.

7/17/98 – 
7/20/98

Two out of three sputum samples collected are AFB smear-positive and all 3 specimens eventually 

grow M. tuberculosis. 

7/21/98 Anna is treated with INH, RIF, PZA, and EMB by DOT.

Serious consideration should have been given to initiation of an expanded regimen. The irregular nature 

of Anna’s prior treatment and immigration from an area of high levels of resistance put her at great risk. 

Additionally, her cavitary disease and high bacillary load put her at risk for amplification of resistance if 

the wrong regimen is chosen. Delay in correct treatment also prolongs risk of transmission to contacts. 

8/30/98 Anna’s M. tuberculosis is found to be resistant to INH, RIF, and EMB by broth methods and the labora-

tory sets up confirmatory tests using the agar proportion method.

9/20/98 Anna’s case manager inquires as to the susceptibility results and is only now told of the “preliminary” 

susceptibility results. Anna has not appreciably improved clinically or microbiologically.

Laboratories should notify the provider and public health department of “preliminary” results unless 

they have strong reasons to consider them inaccurate. In this case, Anna’s risk of resistance is so high, 

the laboratory could have been asked to perform direct susceptibility tests, which could have hastened 

the results, and first- and second-line susceptibilities could have been ordered as soon as growth of M. 

tuberculosis was detected. 

Anna’s provider and case manager should have been suspicious when the susceptibility results were 

not sent several weeks after the initial growth of M. tuberculosis was reported.  

Drug susceptibilities confirm resistance to INH, RIF, and EMB (the laboratory does not perform PZA 

susceptibility tests). Anna’s isolate is sent to a reference lab for second-line susceptibility testing, and a 

new sputum is sent immediately for first- and second-line susceptibility testing to determine whether 

amplification of resistance had occurred.

CASE EXAMPLE 5
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9/27/98 Cycloserine, SM, and levofloxacin are added; INH, RIF, and EMB are discontinued.

12/2/98 Sputum culture becomes negative 2 months after institution of an appropriate regimen. Anna has reso-

lution of cough, fever, fatigue, and anorexia. Her weight has increased by 10 pounds.

Lessons Learned

•	O verseas immigration screening is not always reliable. Do not allow overseas tests and 

evaluations to drive an immigrant’s evaluation upon arrival in the U.S. A chest radiograph 

consistent with active disease, including cavitary lesions, requires sputum collection 

before immigration. Immigrants with positive sputum smears are barred from U.S. entry 

until they become smear-negative. Notify CDC’s Division of Quarantine whenever a newly 

arriving “classified” immigrant is smear-positive on initial evaluation. Any immigrant with a 

chest radiograph consistent with active TB, whether symptomatic or not, should have TB 

ruled out using appropriate laboratory and clinical evaluations. 

•	 Drug resistance should be suspected in someone with prior TB treatment, especially with 

irregular drug administration and limited treatment documentation.

•	O nce suspicious of drug resistance, utilize the resources of the lab by asking for direct 

susceptibilities from smear-positive sputum and ordering first- and second-line drug sus-

ceptibility testing as soon as growth is detected. If available, seek rapid susceptibility 

information with molecular techniques from smear-positive sputum, growth in broth, or 

colonies on agar.

•	 Strongly consider an expanded empiric regimen in a patient with such an irregular history 

of previous TB treatment and risk of resistance amplification. An initial regimen with at 

least 3 drugs to which the isolate is susceptible will hasten clinical improvement, lessen 

risk of amplification of resistance, and prevent transmission to contacts.

CASE EXAMPLE 5  continued 
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150, 153, 154, 155, 156, 158, 206, 207, 
223, 238, 239, 240, 241, 249 

Ethical issues, 194-195

Ethionamide, 12, 24, 35, 37, 39, 44, 46, 47, 
48, 52, 66, 70-71, 84, 97, 102, 106, 109, 
110, 111, 116, 117, 121, 133, 134, 147, 
152, 153, 155, 158, 159, 160, 162163, 
164, 166 167, 168, 189, 206, 207, 209, 
233, 241, 245, 249

Expanded empiric treatment regimen, 32, 50, 
52, 254, 259

Expert consultation, 25, 35, 39, 45, 47, 49, 
53, 100, 108, 110, 111, 114, 146, 149, 
160, 163, 172, 177, 180, 183, 185, 247 

Expert resources, 214-219

Extrapulmonary TB, 49, 96-98, 99, 100, 114, 136

meningitis and CNS, 96-98, 99, 113, 114, 
160, 222

Extremely drug-resistant TB (XDR), vii, 4, 5, 6, 
7, 9, 22, 39, 189, 251-253 

F
False-positive results, 24, 28, 234 

Fluoroquinolones, 12, 35, 38, 44, 46, 78-79, 
82-83, 102, 109, 117, 118, 134, 149, 158, 
166, 168, 188, 209, 245

Use of in children, 78, 82, 117-118, 209, 
245

Flushing, 152

Foreign-born persons (see Immigrants)

Fungal infection, 168

G
Gamma-interferon, 155, 244

Gastric aspirates, 111, 113-114, 136

Gastrointestinal side effects, 60, 64, 70, 72, 
75, 79, 80, 82, 84, 86, 91, 100, 134, 
147-151, 161

Genotyping, 3, 28, 224, 231

CDC genotyping program, 28 

Green Light Committee, 220

Gynecomastia, 70, 168

H
Hearing loss, ix, 59, 63, 77, 93, 105, 118, 

134, 143, 146, 162-163, 246

Hematologic abnormalities, 80, 84, 89, 91, 
155

Hemolytic anemia, 91, 155, 157

Hepatitis B & C, 150-151

Hepatotoxicity, 70, 75, 82, 84, 86, 89, 91, 
134, 150-151

See also Adverse Reactions, GI

HIV, 4, 13, 41, 43, 51, 88, 90, 96, 97, 98, 
99-101, 109, 128, 130, 132, 150, 152, 
158, 164, 177, 183, 189, 204, 206, 207, 
208. 210

Hives (see Dermatologic and Hypersensitivity 
Reactions)

Hypersensitivity reaction, 60, 75, 152-154, 
156-157

Hypothyroidism, 47, 70, 71, 84, 133, 134, 
152, 158, 160, 166, 167

I
Imipenem, 35, 38, 39, 45, 57, 60, 72-73, 155, 

189, 244

Immigrants, 5, 7, 9, 19, 175, 187, 203, 204

Incentives, 116, 174, 178-179, 198

Indirect method, 26, 232, 236, 237

Infection control, 4, 7, 22, 110, 135, 177, 
183-186, 197, 247

Injectable drugs, ix, 4

See also Amikacin, Capreomycin, 
Kanamycin and Streptomycin  

Interferon gamma release assay (IGRA) viii, 
22, 51, 202-204, 206, 207, 208

International organizations, 2, 220

International Union Against TB and Lung 
Disease (IUATLD), 109, 220

International resources, 20, 221

International Standards for Tuberculosis Care 
(ISTC), 2, 221

Intramuscular, 44, 58, 59, 62, 74, 76, 92, 118, 
246

Intraperitoneal, 58, 92, 105

Intrathecal, 58, 92, 98

Intravenous, 38, 45, 47, 58, 62, 74, 76, 78, 
80, 90, 92, 240

Isolation, discontinuation of, 184-185

Isoniazid (INH), vii, 2, 4, 5, 7, 9, 10, 11, 12, 
13, 22, 24, 25, 26, 33, 34, 35, 36, 37, 38, 
39, 40, 43, 44, 46, 49, 51, 52, 74-75, 97, 
98, 102, 106, 107, 108, 109, 110, 111, 
119, 131, 132, 134, 136, 148, 152, 153, 
154, 155, 156, 158, 160, 161, 162, 163, 
166, 168, 202, 204, 205, 206, 208, 209, 
210, 223, 233, 234, 236, 237, 238, 239, 
241, 249, 259

K
Kanamycin, vii, 4, 22, 24, 35, 36, 39, 44, 46, 

58, 59, 62, 63, 76-77, 93, 105, 106, 109, 
121, 155, 233, 240, 242, 246, 251

L
Laboratory diagnosis

False-positive results, 24, 27, 234

National standards for lab turnaround 
times, 23

Strain typing, 28, 224, 226, 228, 231

Susceptibility testing, interpretation, 25, 
233, 236 -239

Susceptibility testing, methods, 26-27, 
232-239

Variation in results, 27

Laboratory diagnosis, susceptibility testing 

BACTEC 460TB Method, 26, 238

Direct Method, 26, 232

Indirect Method, 26, 237 

Molecular Methods, 27, 234-235

Newer Broth Methods, 26, 239

Proportion Method, 26, 236

Laboratory resources, 222-231

Lactation, 59-93, 110, 111

Latent tuberculosis infection (LTBI), x, 176, 
184-187, 202-209

Legal orders, 174, 179, 195-198

Leukopenia, 80, 89, 155, 157, 169

Levofloxacin, 35, 78-79, 102, 106, 155, 189, 
241   

See also Fluoroquinolones

Linezolid, 35, 38, 39, 45, 80-81, 134, 155, 
158, 159, 161, 162, 163, 164, 189, 241, 
244, 252
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Liver disease, 59-93, 102-103, 150

See also Hepatotoxicity

Liver function tests (LFTs), 133, 150 

Lupus / lupoid reactions, 75, 157

M
Macrolide, 35, 38, 39, 45, 100, 168, 188

Magnesium, 59, 63, 78, 82, 13, 161, 165, 166

Malabsorption, 50, 51, 96, 99, 100, 240 

Médecins Sans Frontières, 220

Medication Fact Sheets, 57-94

Mental health, 100, 131, 175, 247

Metallic taste, 168

Minimum inhibitory concentration (MIC), 25, 
136

Monitoring patients 

Common side effects, 58-93, 132-133, 143

Documentation, 129, 139-143

Drug absorption and drug interactions, 
100, 130

Drug administration, 116, 130

Drug toxicity, 58-93, 132-133, 143

General monitoring, 129

Initial evaluation, 128

Microbiologic monitoring, 135-136, 139, 
142

Radiographs, 137

Respiratory symptoms, 132

Substance abuse, mental health, 131 

Systemic symptoms, 132

Toxicity monitoring, 58-93, 132-133, 143

Therapeutic drug levels, 136, 240-242

Weight and nutrition, 130

Monoresistance, 33-34

Moxifloxacin, 35, 46, 82-83, 102, 106, 155, 
189, 241

See also Fluoroquinolones

Musculoskeletal adverse effects, 75, 79, 82, 
86, 89, 134, 166-167

Tendonitis and tendon rupture, 79, 82, 
134, 166-167, 207, 208, 247, 250

Mutations, 11, 12, 27, 36, 44, 46, 234, 235, 
249

Myalgia, 148, 166-167, 209

Mycobacterium avium complex (MAC), 13, 222

Mycobacterium bovis, 33, 34, 46, 108, 114, 
222

N
Nausea, 60, 72, 79, 80, 82, 147-149, 156, 159, 

165, 247

Nephrotoxicity, 59, 63, 77, 93, 165-166

Electrolyte loss, 44, 59, 63, 84, 93, 148, 
158, 161, 165-166

Prevention and monitoring, 38, 59, 63, 77, 
93, 118, 165	

Neurotoxicity, 67, 70, 72, 75, 77, 79, 80, 82, 
93,106,133, 134, 136, 158-164 

New drug-resistant TB case, 3

Newborn, 110-112

Nonsteroidal anti-inflammatory drugs (NSAIDs) 
148, 158, 159, 166

Nontuberculous mycobacteria (NTM), 25, 27, 
202, 222 

Nutrition, 21, 100, 130-131, 132, 147, 180, 181

O
Obesity, 58, 62, 68, 76, 86, 92, 106, 120, 

Ophthalmic toxicity, ix, 37, 45, 68, 75, 80, 81, 
89, 104,117, 134, 143, 151, 163-164

Optic neuropathy, 37, 45, 68, 75, 81, 163

Prevention and monitoring of, 133, 143

Retrobulbar neuritis, 68, 164

Uveitis, 89, 133, 163, 164

Orders to appear and comply, 197

Orders to isolate or detain, 197

Ototoxicity, ix, 38, 59, 63, 77, 93, 105, 118, 
134, 143, 146, 162-163, 246

Auditory, ix, 59, 63, 77, 93, 105, 118, 134, 
143, 146, 162-163, 246

Vestibular, 59, 63, 77, 93, 105, 118, 143, 
162-163, 180, 246

P
Para-Aminosalicylate (PAS), 24, 35, 37, 39, 44, 

46, 47, 48, 52, 84-85, 97, 102, 105, 106, 
109, 118, 122, 133, 134, 147, 149, 153, 
167, 189, 206, 207, 233, 237, 241, 245

Paradoxical reaction, 96, 99

Partners In Health, 218, 220

Patient assistance programs (PAPs), 189, 248

Patient education, 131, 172, 174, 176-177, 
198, 243

Patients’ Charter for Tuberculosis Care 2, 221

Pediatrics, 113-122

Cultures, 113-114

Treatment, 114-122

Drug administration, 116

Drug dosing, 119-122

Pericarditis, 96

Peripheral neuropathy, 45, 67, 74, 75, 80, 81, 
100, 134, 158-159

Pharmacokinetics, 58-93, 240-242

Phototoxicity, 64, 79, 87, 95, 151, 152

Polymerase Chain Reaction (PCR), 27, 234, 
249

Pregnancy, 58-93, 108-112, 128, 147, 158 

Breastfeeding, 58-93, 110, 111

Congenital TB, 110-111

Infection control, 110

Management of newborn, 110-112

Prevention of infection, 111-112

Teratogenicity, 109

Previously treated TB case, 3

Pre-XDR-TB, 4

Primary drug resistance, 3

Pruritus, 64, 91, 151-2, 156

Psycho/social needs, 99, 100, 159, 172, 
174-175

Psychosis, 67, 131, 160

Pyrazinamide (PZA), 10, 11, 12, 13, 24, 26, 33, 
34, 35, 36, 37, 39, 40, 41, 43, 46, 51, 52, 
86-87, 97 102, 106, 108, 109, 114, 130, 
134, 152, 153, 155, 165, 166, 204, 206, 
207, 209, 223, 233, 234, 236, 241, 250, 
251

Puentes de Esperanza, 3 

Q
QuantiFERON©-TB Gold (QFT-G), 22, 202, 

203, 204

QuantiFERON©-TB Gold In Tube (QFT-GIT), 
202, 204

R
Radiograph, chest, 18, 19, 50, 110, 111, 115, 

135, 137, 208, 210, 250

Rash, maculopapular, 60, 64, 86, 89, 91, 
151-152

Rechallenge (see Dermatologic and 
Hypersensitivity Reactions)

Red cell aplasia, 155, 157

Relapse, 28, 50-51

Renal failure (managing TB in presence of), 
58-93, 104-107

Reporting requirements, 196

Respiratory symptoms, 132, 135

Retrobulbar neuritis, 68, 164

Rifabutin, ix, 13, 24, 33, 36, 46, 88-89, 97, 100, 
109, 133, 134, 152, 155, 163, 164, 166, 
233, 241

Rifampin (RIF), vii, 2, 4, 7, 10, 11, 12, 13, 22, 
24, 26, 27, 30, 33, 34, 35, 36, 37, 39, 40, 
46, 49, 51, 52, 75, 90-91, 97, 98, 100, 102, 
106, 108, 109, 111, 114, 119, 134, 152, 
153, 154, 155, 156, 157, 204, 206, 209, 
210, 223, 233, 234, 235, 236, 238, 239, 
241, 249, 251 

Risk assessment, 18, 186

Risk factors, 19-21
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S
Scrofula, 96

Secondary drug resistance, 3

Second-line drugs, 3, 35, 37-40, 44, 48, 52

Seizure, 67, 72, 74, 136, 161, 249

Side effects (see Adverse Reactions)

Sputum induction, 113, 180, 223, 247

Steroid (see Corticosteroid)

Stevens-Johnson syndrome, 67, 154, 156

Stop TB, 220, 221

Strain typing, 28, 224, 226, 228, 231

Strain W, 42, 74

Streptomycin (SM), 10, 11, 12, 24, 33, 35, 39, 
58, 59, 63, 77, 92-93, 105, 106, 109, 121, 
152, 153, 155, 156, 162, 163, 188, 223, 
236, 237, 238, 239, 240, 242, 246  

Studies of MDR-TB outcomes, 41-43

Substance abuse, 13, 99, 100, 128, 131, 159, 
174

Suicidal ideation, 67, 131, 159, 160, 247	

Surgery, 37, 39, 40, 49, 97, 130

Susceptibility testing (see Laboratory 
Diagnosis)

T
TB Net, 3, 182, 187, 220

Tendonitis / tendon rupture, 79, 82, 134, 
166-167, 207, 208, 247, 250

Teratogenicity, 109

Therapeutic drug monitoring, ix, 136, 240, 249

Third-line drugs, 35, 37, 38, 39, 40, 45, 47, 
136, 244

Thrombocytopenia, 89, 91, 155, 157 

Thyroid, 47, 70, 71, 84, 117, 133, 134, 152, 
158, 160, 166, 167

Tinnitus, 162-163, 246

Toxic epidermal necrolysis (TEN), 154, 156

Toxicity (see Adverse Reactions)

Transmission, 28, 177, 183, 184, 186-187, 194, 
204-205, 209, 210, 250 

Transportation of patients, 179, 184, 186

Treatment, 

Alternative or third-line drugs, 35, 37, 38, 
39, 40, 45, 47

Aminoglycosides and polypeptides, 44

See also Amikacin, Capreomycin, 
Kanamycin, and Streptomycin  

Cross-resistance, 33, 36, 45, 46 

Escalation of dosages (drug ramping), 48, 
70, 121, 149

Experts, consultation with, 25, 47, 49, 53

Failure, 32, 41, 49-50

Fluoroquinolones, 12, 35, 38, 44, 46, 
78-79, 82-83, 102, 109, 117, 118, 134, 
149, 158, 166, 168, 188, 209, 245

Guidelines for management, 36

Mono-resistant M. tuberculosis, EMB, 
PZA, or SM, 33-34

Mono-resistant M. tuberculosis, INH, 33-34

Mono-resistant M. tuberculosis, RIF, 33-34

Oral second-line drugs, 44

Pediatrics (see Pediatrics)

Regimen, administration of, 47-48

Regimens for monoresistance, 33-34

Regimens for multidrug resistance, 35-40

Re-treatment options, 51

Selection and dosing of individual drugs, 
44-45

Starting an expanded regimen, 32, 51, 52

Surgery, role of, 37-40, 49

Treatment of contacts (see Contacts, 
Managing)

T-SPOT.TB, 22, 202, 204

Tuberculin skin test (TST), 22, 51, 112, 187, 
202-203, 210, 250

U
United States, epidemiology of drug-resistant 

TB, 4, 5, 7-9

Urticaria (see Dermatologic and 
Hypersensitivity Reactions)

Uveitis (see Ophthalmic Toxicity)

V
Vasculitis, 75, 157

VersaTREK, 26, 233, 239

Vestibular toxicity, 59, 63, 77, 93, 105, 118, 
143, 162-163, 180, 246

Vision screening, 69, 89, 117, 133, 143, 
163-164

Vomiting, 60, 72, 132, 134, 147, 148, 150, 156, 
165

W
Weight / nutrition, 21, 100, 130-131, 132, 147, 

180, 181

Wild-type strain, 11, 25, 233

Window prophylaxis, x, 184-185, 204-205, 210

X
XDR-TB (Extremely Drug-Resistant TB), vii, 4, 

5, 6, 7, 9, 22, 39, 189, 251-253

X-ray, Chest (See Radiograph, Chest)
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