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Goal. The goal of this lesson is to 
provide an overview of the official 
American Thoracic Society/Centers 
for Disease Control and Preven-
tion/Infectious Diseases Society of 
America clinical practice guidelines 
for the treatment of drug-suscepti-
ble tuberculosis. 

Objectives. At the completion of 
this activity, the participant will be 
able to:

1. recognize both the national 
and worldwide impact of tubercu-
losis;

2. identify risk factors and 
clinical presentation of patients 
with active tuberculosis infection;

3. demonstrate an understand-
ing of the goals of therapy and 
treatment modalities associated 
with latent infection and active 
disease;

4. recognize the role of thera-
peutic drug monitoring in specific 
patient populations;

5. identify pharmacologic op-
tions for the treatment of latent, 
active, and drug-resistant tuber-
culosis, including common adverse 
effects; and

6. identify common drug-drug 
interactions associated with par-
ticular antituberculosis agents.

Introduction
Tuberculosis (TB) is one of the 
most deadly diseases, affecting 

one-third of the world’s population. 
In 2015, TB was responsible for 
1.8 million deaths and remains the 
leading killer of HIV-infected indi-
viduals. According to the Centers 
for Disease Control and Preven-
tion (CDC), an estimated 9,287 
patients in the U.S. were newly-
diagnosed with TB in 2016. This 
provisional count represents the 
lowest number of TB cases in U.S. 
records and a 2.7 percent decrease 
in cases from 2015. TB adversely 
affects groups that have histori-
cally experienced greater barriers 
to healthcare based on their racial 
or ethnic group. The percentage 
of TB cases in Hispanics, African 
Americans, and Asians is higher 
than expected based on the per-
centage of these minorities in the 
U.S. population. In 2015, about 87 
percent of the TB cases reported in 
the U.S. were in racial and ethnic 
minorities. The percentage of cases 
occurring in foreign-born residents 
was 66 percent of the national case 
total in 2015. 

Studies have demonstrated im-
proved outcomes and substantially 
better rates of treatment comple-
tion when pharmacists are directly 
involved in medication manage-
ment. Due to complex medication 
regimens involved in the treatment 
of tuberculosis, pharmacists are 
in a position to play a pivotal role 
in the management of this patient 
population. Pharmacists are often 
on the front-line of patient care. 
By providing unique expertise 
within an interdisciplinary team 

approach, pharmacists may as-
sess appropriateness, efficacy, 
and safety of anti-TB therapy by 
monitoring patients and ensuring 
medication adherence. Further-
more, pharmacists can educate 
patients and clinicians regarding 
expected therapeutic outcomes, 
potential adverse effects, and drug 
interactions with respect to anti-
TB medications. 

The American Thoracic Society 
(ATS), Centers for Disease Control 
and Prevention (CDC), and Infec-
tious Diseases Society of America 
(IDSA) jointly sponsored the devel-
opment of clinical guidelines for the 
treatment of drug-susceptible tu-
berculosis. This guideline provides 
recommendations with respect to 
clinical management of TB and will 
be the guideline utilized for the 
purpose of this lesson.

Etiology
Tuberculosis is caused by the bac-
terium Mycobacterium tuberculosis 
(M. tuberculosis) and transmitted 
from person to person via inhala-
tion of the airborne pathogen. TB 
is not spread by shaking hands, 
sharing food or drinks, touching 
bed linens or toilet seats, sharing 
toothbrushes or kissing. TB gener-
ally affects the lungs; however, it 
may also affect other parts of the 
body, such as the brain, kidneys, or 
spine. Most cases of TB are treat-
able and curable; however, it can 
be fatal without proper treatment. 

Not everyone infected with TB 
bacteria shows signs and symp-



toms of the illness. As a result, two 
TB-related conditions exist: latent 
TB infection and active TB disease. 
Differences between latent and ac-
tive TB are summarized in Table 1. 
The number of bacterial organisms 
inhaled, their virulence, and the 
host’s immune response determine 
whether the infection progresses to 
active TB or remains latent. 

Latent TB infection (LTBI) oc-
curs when a patient is infected by 
M. tuberculosis but does not show 
symptoms of active infection. While 
patients with LTBI may test posi-
tive for TB infection, they gener-
ally do not show outward signs or 
symptoms. Due to early interven-
tion, many patients who have LTBI 
never develop active disease. In 
these persons, the TB bacteria re-
main inactive for a lifetime without 
causing disease. In other cases, 
especially in cases of immunodefi-
ciency, the bacteria become active, 
multiply, and cause TB disease. 
Overall, about 5 to 10 percent of 
infected persons who do not receive 
treatment for latent TB infection 
will develop active TB disease at 
some time in their lives.

If a patient’s immune system 
in unable to prevent TB bacte-
rial growth, active disease ensues. 
When TB bacteria actively multi-
ply within the body, it is termed 

active TB disease (ATBD). Patients 
with ATBD are symptomatic and, 
therefore, capable of spreading the 
bacteria to people they come into 
contact with on a daily basis. Some 
patients develop ATBD soon after 
becoming infected (within weeks) 
before their immune system can 
fight the TB bacteria. Others may 
get sick several years later when 
their immune system becomes 
weakened for another reason. For 
patients with pre-existing immu-
nodeficiency, especially those with 
HIV infection, the risk of develop-
ing TB disease is much higher than 
for individuals with normal-func-
tioning immune systems.

In rare instances, TB bacteria 
become resistant to the drugs used 
to treat infection. Drug-resistant 
TB (DRTB) occurs when drugs uti-
lized in the normal recommended 
course of therapy can no longer kill 
the TB bacteria. DRTB is spread 
the same way that drug-susceptible 
TB is spread and may occur when 
medications used to treat TB 
infection are misused or misman-
aged. The average cost of anti-TB 
treatment increases with increased 
medication resistance. While DRTB 
is relatively rare in the U.S. popu-
lation, it bears a large financial 
impact on patients. In 2015, direct 
costs per patient averaged from 

$18,000 to treat drug-susceptible 
TB to $494,000 to treat the most 
drug-resistant form of the disease. 
When including productivity losses 
experienced by patients while un-
dergoing treatment, costs are even 
greater.

Risk Factors, Diagnosis, 
and Clinical Presentation
A variety of risk factors for TB ex-
ists. Patients who were recently in-
fected or those who are frequently 
in close proximity with TB, such as 
healthcare workers, are at a higher 
risk of acquiring disease. Other 
patients at high risk for TB include 
those born in or emigrated from 
countries with a high TB preva-
lence; patients who are homeless, 
incarcerated, live in unsanitary 
conditions; or those who use IV 
drugs. Hispanics, African Ameri-
cans, and Asian Americans carry 
a greater risk of acquiring TB in 
comparison to Caucasians. Lastly, 
patients with weakened immune 
systems such as those with cancer, 
solid organ transplants, and HIV 
have an increased risk for TB.

The Mantoux test, more 
commonly known as the purified 
protein derivative (PPD) test, is the 
gold standard for TB testing. PPD 
testing is performed by injecting an 
intradermal dose of tuberculin. Pa-
tients who have had prior exposure 
to TB will produce a delayed-type 
hypersensitivity reaction within 48 
to 72 hours, denoted by inflamma-
tion and hardening of skin tissue 
surrounding the injection site. A 
positive skin test requires further 
examination to determine if a 
patient has LTBI versus ATBD. It 
is important to note that patients 
who have been vaccinated with 
the bacille Calmette-Guérin (BCG) 
vaccine or those who have been 
infected with nontuberculous my-
cobacteria may yield false positive 
results on a PPD skin test. In cases 
in which a false positive results, 
patients must undergo more spe-
cific testing.

While patients with LTBI do 
not show symptoms of TB, those 
with ATBD may exhibit a multi-
tude of symptoms. Patients with 

Table 1
Differences between latent TB infection and 

active TB disease

Latent TB Infection Active TB Disease
•Asymptomatic •Symptomatic
•Does not “feel sick”  –Excessive cough lasting ≥3 weeks
•Cannot spread TB bacteria to others  –Chest pain
•Generally has positive skin or blood  –Coughing up blood or sputum 
 test result indicating TB infection  –Weakness or fatigue
•Normal chest x-ray and/or sputum  –Weight loss 
 smear  –Loss of appetite
•Treatment required for latent TB  –Fever/chills 
 infection to prevent transition to  –Night sweats 
 active TB disease •Capable of spreading TB bacteria to   
   others 
 • Generally has positive skin or blood   
  test result indicating TB infection
 •May have abnormal chest x-ray and/or   
  sputum smear or culture
 •Medication therapy required for 
  treatment



ATBD may present with persistent 
productive cough (lasting three 
weeks or more), hemoptysis, fever, 
dull or aching chest pain, night 
sweats, loss of appetite, weight 
loss, and/or fatigue. Hematology 
tests may reveal moderate leuko-
cytosis. Additionally, chest x-rays 
showing upper lobe nodular infil-
trates or lung cavitation, and the 
presence of acid-fast bacilli in the 
sputum are all indicative of TB 
disease. 

Goals of Therapy
TB treatment is focused on both 
curing the individual patient and 
reducing the transmission of My-
cobacterium tuberculosis to others. 
Therefore, successful treatment is 
beneficial to both the individual 
patient and to the community in 
which the patient lives. The first 
goal of TB therapy involves rapid 
reduction in the quantity of ac-
tively growing bacilli, consequently 
reducing disease severity, halting 
disease transmission, and prevent-
ing fatality. The second goal is 
aimed at eradication of persisting 
bacilli in order to prevent relapse 
after therapy completion. The last 
goal is to prevent drug resistance 
during therapy.

TB treatment requires a multi-
drug regimen approach, admin-
istered over the course of several 
months. Therefore, meaningful 
patient involvement remains a 
critical part of therapy decisions, 
supervision and overall care. Suc-
cessfulness of anti-TB therapy 
depends upon several factors, and 
numerous studies have found an 
increased risk of relapse among pa-
tients with signs of more extensive 
disease (i.e., cavitation, more ex-
tensive disease on chest x-ray, and/
or slower response to treatment).

Therapeutic 
Considerations
Given the critical importance of 
anti-TB therapy, both to the pa-
tient and the public, approaches to 
ensuring adherence to treatment 
regimens are a large focus of the 
overall management plan. Among 
various interventions, directly-ob-

served therapy (DOT), the practice 
of observing the patient swallow 
the anti-TB medications, has been 
widely accepted as the standard 
of practice in many TB programs. 
DOT has been associated with 
significantly improved treatment 
outcomes and with increased 
sputum smear conversion during 
treatment.

There have been no prospec-
tive randomized trials which have 
clearly defined the role of thera-
peutic drug monitoring (TDM) for 
anti-TB medications. Experts 
generally utilize TDM as a special-
ized tool, providing insight into the 
adequacy of drug dosing in spe-
cific patients. For example, serum 
anti-TB drug concentrations are 
often lower among children and 
HIV-infected patients with TB com-
pared to those in healthy volun-
teers. Therapeutic drug monitoring 
consists of measurements of drug 
concentrations in serum specimens, 
typically collected at two and six 
hours after a dose of the drug in 
question has been administered. 
While TDM cannot determine who 
will be cured, or who will fail or 

relapse, it does allow for timely, 
informed decisions regarding dose 
adjustment. Experts suggest that 
TDM may be particularly useful 
for situations in which drug malab-
sorption, underdosing, or clinically 
important drug-drug interactions 
are suspected. Other examples in 
which TDM may be helpful include 
patients with delayed sputum 
conversion or treatment failure not 
explained by nonadherence or drug 
resistance; patients with medical 
conditions that are suspected of 
causing subtherapeutic or toxic 
drug concentrations (e.g., decreased 
renal function); and those who are 
undergoing treatment for drug-
resistant TB.

Pharmacologic Therapy
Drug regimens for microbiologi-
cally confirmed TB caused by drug-
susceptible organisms can be found 
in Table 2. Regimens consist of two 
phases: an intensive therapy phase 
and a continuation phase. Inten-
sive phases consist of four drugs 
due to worldwide observance of 
isoniazid resistance. The preferred 
regimen for adults with TB of an 

Table 2
Drug regimens for microbiologically confirmed TB

                 Intensive Phase         Continuation Phase
Regi- Drugs Interval/Dose Drugs Interval/Dose Comments 
men  (min duration)  (min duration)  
 1 INH 7 days/wk x 56  7 days/wk x 126 Preferred regimen for
  RIF doses (8 wk) or INH doses (18 wk) or patients with newly-
  PZA 5 days/wk x 40 RIF  5 days/wk x 90 diagnosed pulmonary 
  EMB doses (8 wk)  doses (18 wk) TB
 
 2 INH 7 days/wk x 56  3 times weekly Preferred alternative
  RIF doses (8 wk) or INH x 54 doses (18 where more frequent
  PZA 5 days/wk x 40 RIF wk) DOT during continua-
  EMB doses (8 wk)   tion is difficult to attain

 3 INH   3 times weekly  Use with caution in HIV
  RIF 3 times weekly INH x 54 doses (18 and/or cavitary disease. 
  PZA x 24 doses RIF wk) Missed doses may lead
  EMB (8 wk)   to tx failure, relapse, or
      acquired drug resistance.
 
 4 INH 7 days/wk x 14  Twice weekly Do not use 2 x weekly in 
  RIF doses, then 2 x INH x 36 doses (18 HIV, smear-positive/cavi-
  PZA weekly x 12 RIF wk) tary disease. Missed
  EMB doses   doses = substandard tx.
 
INH = isoniazid; RIF = rifampin; PZA = pyrazinamide; EMB = ethambutol. Regimen 
effectiveness increases from Regimen 4 to Regimen 1.



unknown origin or suspected drug-
resistant TB consists of an inten-
sive initiation phase of two months 
isoniazid (INH), rifampin (RIF), 
pyrazinamide (PZA), and ethambu-
tol (EMB). 

If therapy is initiated after 
drug susceptibility test results are 
known, and the patient’s isolate is 
susceptible to both INH and RIF, 
then EMB is unnecessary. There-
fore, in this particular patient 
population, the intensive phase of 
therapy may consist of INH, RIF, 
and PZA only. EMB may be dis-
continued as soon as drug suscep-
tibility results determine that the 
isolate is susceptible to INH and 
RIF. The intensive regimen is then 
followed by a four-month con-
tinuation phase of INH and RIF. A 
summary of recommended doses of 
anti-TB agents for adults is includ-
ed in Tables 3 and 4. 

Several factors are associated 
with the outcome of TB therapy. 
Patient-related factors such as age, 
comorbid conditions, immunologic 
competence, and nutritional status 
may affect various aspects of thera-
peutic response. Extent of disease, 

presence and size of cavities in 
the lungs, individual patient drug 
absorption and metabolism, adher-
ence to therapy, and susceptibility 
all play a vital role in therapeutic 
success, as well.

In regard to administration 
schedule, the preferred frequency 
is once daily for both the intensive 
and continuation phases. While 
preferred frequency of administra-
tion is once daily, five days per 
week administration by directly-
observed therapy is an acceptable 
alternative. During therapy, a 
sputum specimen for smear and 
culture are obtained monthly until 
two consecutive specimens are 
negative. 

Pharmacologic agents are 
administered together at one 
dosing so as to achieve maximal 
peak serum concentrations and to 
further facilitate directly-observed 
therapy. All four agents involved in 
the initiation phase of TB therapy 
are most bioavailable when taken 
on an empty stomach. Parenteral 
drug administration is reserved for 
severely ill patients who are unable 
to tolerate oral therapy, and may 

also be useful for complex patients 
and those with suspected or docu-
mented malabsorption.

Patients exposed to individuals 
with known drug-resistant tubercu-
losis (DRTB), those with active TB 
who have experienced treatment 
failure or relapse, individuals with 
continued positive sputum smears 
after two months of therapy, or 
those who travel to regions where 
DRTB is highly prevalent are at 
increased risk of infection with 
DRTB. Development of drug resis-
tance is most frequently observed 
in patients with cavitary TB (in-
volves the upper lobes of the lung, 
causes progressive lung destruction 
by forming cavities or enlarged air 
spaces, and occurs in reactivation 
disease), patients receiving inap-
propriate pharmacologic therapy, 
and in those who fail to adhere to 
the prescribed treatment regimen. 
For patients who are resistant to 
INH only, multimodal treatment 
with RIF, PZA, and EMB is recom-
mended. A respiratory fluoroquino-
lone (i.e., levofloxacin, moxifloxa-
cin) or an injectable agent (e.g., 
amikacin, cycloserine, streptomy-

Table 3
Adult doses of first-line agents of antituberculosis drugs

Drug Preparation Daily Once Two Times Three Times
   Weekly Weekly Weekly
Isoniazid† Tablets, 50 mg, 100 mg, 300 mg; 5 mg/kg 15 mg/kg 15 mg/kg 15 mg/kg
 elixir, 50 mg/5mL; aqueous (typically 300 mg) (typically (typically (typically 900 mg)
 solution for IV or IM injection  900 mg)  900 mg)

Rifampin Capsules, 150 mg, 300 mg; powder 10 mg/kg  10 mg/kg 10 mg/kg
 may be suspended for PO admin- (typically 600 mg)  (typically (typically
 istration; aqueous solution for IV   600 mg) 600 mg)
 injection

Rifabutin Capsules, 150 mg 5 mg/kg  not  not
  (typically 300 mg)  recommended recommended
  
Rifapentine Film-coated tablets, 150 mg                                   10-20 mg/kg  

Pyrazinamide Scored tablets, 500 mg 56-75 kg: 1500 mg  56-75 kg: 3000 mg  56-75 kg: 2500 mg
  76-90 kg: 2000 mg  76-90 kg: 4000 mg 76-90 kg: 3000 mg
      
Ethambutol Tablets, 100 mg, 400 mg 56-75 kg: 16-    56-75 kg: 37.3- 56-75 kg: 26.7-
  21.4 mg/kg;  50 mg/kg; 35.7 mg/kg;  
  76-90 kg: 17.8-  76-90 kg: 44.4- 76-90 kg: 26.7-
  21.1 mg/kg  52.6 mg/kg 31.6 mg/kg

†Note.  Pyridoxine 25-50 mg/day is given with isoniazid to all patients at risk of neuropathy; 100 mg/day is recommended for patients with 
peripheral neuropathy.



cin, etc.) may be added in patients 
with extensive disease.

Isoniazid.  Isoniazid (INH) is one 
of the cornerstones of therapy in 
treating TB. Isoniazid exerts its 
effect by inhibiting the synthesis 
of mycolic acid, an essential com-
ponent of the bacterial cell wall. 
At therapeutic levels, isoniazid ex-
hibits bactericidal activity against 
actively growing intracellular and 
extracellular M. tuberculosis organ-
isms. 

The recommended dosage of 
INH is 5 mg/kg once daily. Phar-
macists should note that metabo-
lism of INH is genetically deter-
mined. Approximately 50 percent 
of blacks and whites are “slow in-
activators,” and the rest are “rapid 
inactivators.” The large majority 
of Eskimo and Asian patients are 
“rapid inactivators.” While meta-
bolic rate does not significantly 
alter the efficacy, it may lead to 
higher blood levels and possibly an 
increase in adverse effects. 

In addition to INH, pyridoxine 
(vitamin B6) is administered to 
all patients at risk of neuropathy 

(e.g., pregnant women; breastfeed-
ing infants; HIV-infected patients; 
patients with diabetes, alcoholism, 
malnutrition, or chronic renal fail-
ure; or those of advanced age).

Adverse effects of INH include 
increased liver enzymes, peripheral 
neuropathy, memory impairment, 
psychosis, Lupus-like syndrome, 
nausea/vomiting, and pancreatitis. 
In addition, INH carries a Black 
Box Warning with respect to the 
potential for patients to develop 
severe and sometimes fatal hepa-
titis which generally occurs within 
the first three months of treatment. 
In some cases, however, hepatitis 
may develop after several months 
of treatment. Fatal hepatitis as-
sociated with INH therapy may be 
increased in postpartum, black and 
Hispanic women. Therefore, these 
patients should be monitored more 
closely. Patients should be required 
to report any early symptoms of 
hepatitis, such as fatigue, pares-
thesias of hands and feet, weak-
ness, dark urine, rash, anorexia, 
nausea, fever >3 days’ duration, 
and/or abdominal pain (especially 
right upper quadrant discomfort), 

icterus, or vomiting. Patients 
should be instructed to immedi-
ately hold therapy if any of these 
symptoms occur, and contact their 
prescriber. Lastly, INH administra-
tion with food significantly reduces 
bioavailability. Therefore, patients 
should be advised to take INH on 
an empty stomach.

Rifamycins.  The rifamycins 
are the other cornerstone of TB 
therapy. Rifamycins kill bacterial 
cells by inhibiting bacterial RNA 
synthesis. When administered in 
combination with INH, these are 
utilized in continuation therapy. 
Agents in this class include ri-
fampin (RIF), rifabutin, and rifa-
pentine, with rifampin being the 
most common agent used today. 
The recommended daily dosage of 
RIF is 10 mg/kg/day (typically 600 
mg), though twice to three times 
weekly dosing is also appropriate 
under directly-observed therapy. 

Adverse effects of rifamycins 
include increased hepatic enzymes, 
rash, abdominal cramps, diarrhea, 
nausea/vomiting, pseudomem-
branous colitis, and pancreatitis. 

Table 4
Adult doses of second-line agents of antituberculosis drugs

Drug Preparation Dose 

Cycloserine Capsules, 250 mg 10-15 mg/kg/day total (typically 250-500 mg one or two times a day)* 

Ethionamide Tablets, 250 mg 15-20 mg/kg/day total (typically 250-500 mg one or two times a day)* 

Streptomycin Aqueous solution,1 g, 15 mg/kg/day. Some clinicians prefer 25 mg/kg three times weekly. Patients
 IM or IV with poor renal function may require 15 mg/kg three times weekly. 
  
Amikacin Aqueous solution, 500 mg and 15 mg/kg/day. Some clinicians prefer 25 mg/kg three times weekly. Patients  
 1 g, IM or IV  with poor renal function may require 15 mg/kg three times weekly.

Capreomycin Aqueous solution, 1 g,  15 mg/kg/day. Some clinicians prefer 25 mg/kg three times weekly. Patients  
 IM or IV  with poor renal function may require 15 mg/kg three times weekly.   
   
Para-amino Granules, 4 g packets 8-12 g/day total (typically 4000 mg two to three times daily)* 
salicylic acid

Levofloxacin Tablets, 250, 500, 750 mg; 500-1000 mg/day*
 aqueous solution, 500 mg
 vials, IV

Moxifloxacin Tablets, 400 mg; aqueous 400 mg/day*
 solution, 400 mg/250 mL, IV

*Inadequate data to support intermittent administration



Additionally, rifamycins are strong 
inducers of the hepatic CYP3A4 
enzyme system, a common enzyme 
system employed in drug me-
tabolism. As a result, concomitant 
administration of these agents 
with medications metabolized by 
CYP3A4 (e.g., aripiprazole, eryth-
romycin, rivaroxaban, ticagrelor, 
etc.) should be avoided, as the com-
bination may decrease the serum 
concentration of such medications. 
Food decreases the extent to which 
RIF is absorbed. Hence, patients 
should be advised to take RIF 
with a glass of water on an empty 
stomach (i.e., one hour prior to, or 
two hours after, meals or antacids). 
However, rifabutin and rifapen-
tine are recommended to be taken 
after meals to prevent nausea and 
vomiting. 

Several other clinically sig-
nificant drug-drug interactions 
involving rifamycins exist. While 
azithromycin has no significant 
interaction with rifamycins, other 
macrolide antibiotics (e.g., clar-
ithromycin, erythromycin) do. 
Concomitant administration of 
clarithromycin and rifamycins may 
increase rifamycin concentrations 
to toxic levels. Concurrent adminis-
tration of rifamycins with hormone 
therapy (e.g., ethinylestradiol, 
norethindrone) should prompt 
pharmacists to counsel patients 
regarding the addition of barrier 
contraception such as condoms, 
spermicidal foams, or sponges to 
prevent pregnancy. Patients on le-
vothyroxine may require increased 
doses while taking rifamycin 
therapy. Corticosteroid doses may 
be depleted with coadministration; 
therefore, a two- to three-fold in-
crease in corticosteroid dose should 
be considered. Pharmacists should 
be aware that patients on warfarin 
may require a two-to three-fold 
increase in dose since rifamycins 
may increase the metabolism of 
warfarin. Lastly, when concurrent-
ly administered with methadone, 
rifampin and rifapentine may de-
plete serum methadone concentra-
tions. Therefore, higher methadone 
doses may be required.

Pyrazinamide.  Pyrazinamide 
(PZA) is an essential element of 
pharmacologic therapy during the 
therapeutic initiation phase. While 
its exact mechanism of action has 
not yet been elucidated, this agent 
exerts its effect after being con-
verted to pyrazinoic acid in sus-
ceptible strains of mycobacterium, 
effectively lowering the pH of the 
environment and preventing the 
bacteria from thriving. PZA can act 
as both a bacteriostatic and bac-
tericidal agent, depending on the 
drug’s concentration at the site of 
infection.

Adverse reactions of PZA 
include malaise, poor appetite, 
nausea/vomiting, arthralgia, and 
myalgia. Like INH, PZA has the 
ability to diminish the therapeutic 
effect of the BCG vaccine and has a 
similar effect on the cholera vac-
cine. Although it is recommended 
to concomitantly administer both 
RIF and PZA during the initia-
tion phase of therapy, clinicians 
should be advised that PZA may 
enhance the hepatotoxic effects of 
RIF. Therefore, the combination of 
RIF and PZA is not recommended 
in dual treatment of latent TB, 
especially since alternative options 
for dual therapy are available. 

Ethambutol.  Ethambutol (EMB) 
is the final essential agent utilized 
in quadruple therapy during the 
initiation phase of TB treatment 
and works by inhibiting arabinosyl 
transferase, an essential compo-
nent of the bacterial cell wall. As a 
result, cell wall synthesis is inhib-
ited and the mycobacterium can no 
longer grow. 

Adverse reactions to EMB are 
relatively infrequent when com-
pared to the other agents utilized 
during initial therapy. Patients 
have reported abdominal pain, 
confusion/disorientation, dizziness, 
hallucination, headache, malaise, 
and abnormal liver function tests.

Alternative Pharmacologic 
Therapies.  Clinical practice 
guidelines report that once daily 
dosing of agents such as cyclo-
serine, ethionamide, para-amino-

salicylic acid, and levofloxacin is 
appropriate alternative therapy in 
patients who have extensive TB 
disease and/or are resistant to INH 
or RIF. These agents provide ad-
equate coverage of Mycobacterium 
tuberculosis and are acceptable in 
cases of drug resistance or exten-
sive cavitary disease. 

Cycloserine can be bacterio-
static or bactericidal and works by 
competing with D-alanine for incor-
poration into the bacterial cell wall, 
thereby inhibiting bacterial cell 
wall synthesis. Less common ad-
verse effects of cycloserine include 
cardiac arrhythmia and skin rash. 
Vitamin B-12 and folic acid defi-
ciencies have been reported; there-
fore, vitamin B-12 and folic acid 
supplementation may be required 
in some patients. Lastly, patients 
taking cycloserine may experience 
adverse neurologic effects such as 
confusion, dizziness, drowsiness, 
paresthesia, psychosis, seizure, and 
vertigo. Alcohol may enhance the 
neurologic effects and is, therefore, 
considered a category X interaction 
with cycloserine. 

Ethionamide is a bacterio-
static agent that acts by inhibi-
tion of bacterial peptide synthesis. 
Adverse reactions of ethionamide 
include orthostatic hypotension, 
altered sense of smell, depression, 
dizziness, psychiatric disturbance, 
acne vulgaris, purpura, goiter, gy-
necomastia, weight loss, abdominal 
pain, and increased liver enzymes. 
Neurotoxic effects of ethionamide 
may be relieved by the administra-
tion of pyridoxine. 

Para-aminosalicylic acid 
(PAS) is a highly-specific bacte-
riostatic agent active against M. 
tuberculosis. Structurally related to 
para-aminobenzoic acid (PABA), its 
mechanism of action is thought to 
be similar to that of sulfonamides, 
a competitive antagonism with 
PABA which disrupts plate bio-
synthesis in sensitive organisms. 
Adverse effects of PAS include 
vasculitis, skin rash, goiter, hypo-
glycemia, abdominal pain, nausea/
vomiting, agranulocytosis, and 
thrombocytopenia. Salicylates may 
enhance the effects of vitamin K 



Program 0129-0000-18-002-H01-P
Release date: 2-15-18 

Expiration date: 2-15-21
CPE Hours: 1.5 (0.15 CEU)

The author, the Ohio Pharmacists 
Foundation and the Ohio Pharmacists 
Association disclaim any liability to 
you or your patients resulting from 
reliance solely upon the information 
contained herein. Bibliography for ad-
ditional reading and inquiry is avail-
able upon request. 

This lesson is a knowledge-based CPE 
activity and is targeted to pharmacists 
in all practice settings. Disclosure: The 
OPF trustees and other individuals 
responsible for planning OPF continu-
ing pharmacy education activities have 
no relevant financial relationships to 
disclose. 

The Ohio Pharmacists Foundation Inc. is 
accredited by the Accreditation Council 
for Pharmacy Education as a provider of 
continuing pharmacy education.

antagonists, such as warfarin. 
Therefore, patients on concomitant 
therapy should have their INR 
checked regularly.

Para-amino salicylic acid is 
available as granules that may be 
mixed in and injested in soft foods. 

Fluoroquinolone antibiotics 
(levofloxacin, moxifloxacin) exert 
their effects by inhibiting DNA-
gyrase in susceptible organisms, 
thereby inhibiting relaxation of 
supercoiled DNA and promoting 
breakage of DNA strands. Common 
adverse effects of fluoroquinolones 
include headache, insomnia, dizzi-
ness, skin rash, nausea/vomiting, 
diarrhea, and abdominal pain. Be-
cause they are cleared extensively 
by the kidneys, fluoroquinolone 
doses must be adjusted to account 
for renal function. Gastric anti-
secretory agents such as pantopra-
zole, lansoprazole, esomeprazole, 
or ranitidine may decrease the 
absorption of oral fluoroquinolones. 
Patients should be advised to space 
these agents out about two hours 
if they are required to take them 
concurrently. 

Interruptions in Therapy
Continuous pharmacologic treat-
ment is of utmost importance dur-
ing the intensive phase of therapy, 
as this is when the bacterial con-
centration is at its highest and also 
when the risk of developing drug 
resistance is greatest. Conversely, 
during the continuation phase of 
TB treatment, the bacterial load is 
much lower and the goal of therapy 
is to kill any persisting organisms 
that were not killed during the 
initiation phase. 

Given the extensive duration of 
therapy, interruptions in therapy 
of TB are common. In the event 
that therapeutic interruption oc-
curs, the supervising physician is 
responsible for deciding between 
completely re-initiating a course 
of therapy or to simply continue 
therapy as originally intended. 
Generally, the earlier the lapse in 
therapy and the longer its dura-
tion, the greater the negative 
impact and the higher likelihood 
of needing to restart therapy from 

the beginning. Duration of therapy 
interruption and the patient’s bac-
teriologic status prior to and after 
interruption are also important 
considerations.

Summary
Tuberculosis is one of the most 
deadly diseases worldwide. It is 
spread from person to person via 
inhalation of airborne droplets 
containing Mycobacterium tubercu-
losis, an acid-fast bacillus. Patients 
with latent TB show no outward 
signs or symptoms of infection and, 
therefore, are generally unable to 
spread TB bacteria to others. Those 
with active TB, however, commonly 
display symptoms of infection (i.e., 
excessive cough, chest pain, weak-
ness/fatigue, etc.) and are capable 
of spreading TB bacteria to others 
as an airborne pathogen. It has 
been well-established that appro-
priate treatment of TB renders the 
patient noninfectious, prevents 
drug resistance, minimizes the risk 
of TB-related disability or death, 
and nearly eliminates the potential 
for relapse. 

Treatment of TB focuses on 
both curing the individual patient 
and minimizing the transmission 
of M. tuberculosis to others. Hence, 
successful treatment of TB is ben-
eficial for both the individual pa-
tient and the community in which 
the patient resides. 

A four-drug treatment regimen 
of isoniazid, rifampin, pyrazin-
amide, and ethambutol remains 
the recommended initial treatment 
for drug-susceptible TB. Pharma-
cologic therapy should be initiated 
promptly, often before microscopy, 
molecular tests, and/or bacterial 
culture results are known. While 
INH, RIF, PZA, and EMB are the 
four most common agents utilized 
for treatment of active TB, other 
agents such as fluoroquinolones, 
cycloserine, and ethionamide may 
be necessary in specific complex pa-
tient populations such as patients 
with extensive TB disease, those 
with documented treatment failure 
to the preferred therapeutic agents, 
patients with cavitation on chest 
X-ray, and those with concomitant 
HIV. 
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1.  TB may affect all of the following EXCEPT the:
 a. lungs. c. heart.
 b. brain. d. spine.
 
2.  All of the following persons are at higher risk for TB EX-
CEPT:
 a. Caucasians.
 b. those frequently in close proximity with TB.
 c. IV drug users.
 d. those who are immunocompromised.
 
3.  Which of the following tests is the gold standard for TB 
testing?
 a. Purified protein derivative c. Plasmapheresis 
 b. Polymerase chain reaction 
  
4.  All of the following symptoms may be present in patients 
with active TB disease EXCEPT:
 a. persistent productive cough. c. loss of appetite. 
 b. dull chest pain. d. headache.
  
5.  The standard of practice that is widely accepted in the 
overall management of TB is: 
 a. DOT (directly-observed therapy).
 b. TDM (therapeutic drug monitoring).

6.  Which of the following is the recommended combination 
therapy for treatment in the intensive phase of TB therapy? 
 a. Isoniazid + moxifloxacin + pyrazinamide + ethambutol
 b. Isoniazid + cycloserine + pyrazinamide + ethambutol
 c. Isoniazid + rifampin + ethionamide + ethambutol  
 d. Isoniazid + rifampin + pyrazinamide + ethambutol

7.  Isoniazid acts by: 
 a. inhibiting synthesis of mycolic acid.
 b. inhibiting arabinosyl transferase.
 c. inhibiting bacterial RNA synthesis.

8.  Pyridoxine supplementation is recommended as concur-
rent therapy with isoniazid in all of the following patients 
EXCEPT:
 a. pregnant women. c. formula-fed infants. 
 b. HIV patients. d. diabetics.

9.  Isoniazid carries a Black Box Warning with respect to the 
potential development of:
 a. lupus-like syndrome. c. pancreatitis.
 b. severe/fatal hepatitis. d. renal failure.

10.  The recommended daily dose of rifampin is typically:
 a. 150 mg. c. 600 mg.
 b. 300 mg. d. 900 mg.
 
11.  The rifamycins are strong inducers of which hepatic 
enzyme system?
 a. CYP3A4 c. CYP2D6
 b. CYP2C19 d. CYP74A

12.  Adverse effects of pyrazinamide include all of the follow-
ing EXCEPT:
 a. malaise. c. arthralgia.
 b. nausea. d. dizziness.

13.  Ethambutol acts by:
 a. competitively antagonizing para-amino-benzoic acid.
 b. inhibiting synthesis of mycolic acid.
 c. inhibiting arabinosyl transferase.
 d. inhibiting bacterial RNA synthesis.

14.  Which of the following alternative pharmacologic agents 
for extensive TB disease may cause a deficiency of vitamin 
B-12 and folic acid?
 a. Fluoroquinolones c. PAS
 b. Cycloserine d. Ethionamide
 
15.  Common adverse effects of fluoroquinolones include all of 
the following EXCEPT:
 a. abdominal pain. c. dizziness. 
 b. constipation.  d. vomiting.
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