Treatment of Comorbid Tuberculosis and Depression
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Tuberculosis (TB) remains a leading infec-
tious/cause of mortality worldwide. While the
overall-prevalence of TB in the United States has
declined in the general population, certain groups
remain at highrrisk, including the homeless, those
who are HIV seropositive, individuals with a
history of alcohol.or drug abuse, and immigrants
from a country in.which TB is endemic. Many
recipients of psychiatric services possess 1 or
more of these risk factors; and consequently
TB may be overrepresented-incthis population.
Conversely, psychiatric illness may develop sub-
sequent to TB infection. Mood disorders seem to
be particularly common in TB patients.compared
with those with other medical diagnoses._lt is im-
portant that primary care physicians understand
the high prevalence of mental illnessiin TB pa-
tients so that proper treatment provisions can-be
implemented. Likewise, it is important for psy-
chiatrists to understand the clinical manifestations
of TB so that when a patient presents with symp-
toms of TB proper precautions can be taken and
appropriate referrals can be made. This article
integrates information concerning mental iliness
in TB patients with diagnostic and treatment
guidelines for TB. Brief suggestions are offered
for the treatment of TB patients with comorbid
mental illness.

(Primary Care Companion J Clin Psychiatry 2001;3:236-243)

TB is particularly common among individuals with
mood disorders. In 1 study71 patients in a psychiatric
day program were given tuberculin skin tests. Of the
20 patients with mood disorders, 6 patients (30%) had
positive purified protein derivative of tuberculin (PPD)
results, accounting for half of all positive findings in the
total group. Comparatively, only 6 (14%) of 41 patients
with psychotic disorders demonstrated a positive PPD re-
sult. A survey of 100 hospitalized TB patients in South
Africa indicated that 68% had some degree of clinical de-
pression: 22 patients were mildly depressed, 38 patients
were moderately depressed, and 8 patients were severely
depressed.Other studie¥ have indicated that between
24% and 36% of medically ill people meet the criteria for
depression. These findings seem to indicate that the link
between depression and TB is stronger than that between
depression and other medical illnesses.

Because of the frequent comorbidity of TB and mood
disorders, it is important for primary care physicians who
treat TB patients to be mindful of the clinical manifesta-
tions of depression. Also, because of the highly infectious
nature~,of TB, psychiatrists should employ systematic
screening/methods and be aware of diagnostic and treat-
ment considerations for this disease. As a reference for
psychiatrists,/ issues in the diagnosis and management
of TB are’ described below. Considerations for the treat-
ment of ecomorbid/TB and depression are specifically
emphasized, providing)clinically relevant information to
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T uberculosis (TB) is the leading infectious cause of
mortality in people over 5 years of age, accounting
for 6% of deaths worldwideThe World Health Organiza-
tion reported that one third of the world population is
latently infected, and there are 8 to 10 million new active
cases each yeain the United States, 4% to 6% of the
population (10-15 million people) have latent infectiéns.

PREVALENCE OF TB AND'MENTAL ILLNESS

While TB is considered to be more’'ecommon among in-
dividuals with mood disorders as opposed to those with
other psychiatric diagnoses, most studies do not provide
specific information about psychiatric diaghoses. Thus,
the majority of epidemiologic information is) presented
in general terms. In an analysis of 43 consecutive/psychi-
atric admissions to San Francisco General Hospital (San
Francisco, Calif.), 8 (19%) displayed positive PPD re-
sults’ Conversely, in a studyf 121 TB patients seen at
Columbia Presbyterian Medical Center (New York, N.Y.),
27 (22%) required psychiatric consultation. Psychiatric

In more industrialized nations, the disease has declinedpatients are more prone to TB infection, since they are

in the general population, predominantly affecting spe-
cific subgroups, including patients receiving psychiatric
services.
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more likely to be exposed to risk factors for the diséase.
Many psychiatric patients are homeless or have unstable
housing. These individuals may spend time in heavily
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populated shelters where TB infection is common and of- agitation>?For infection to occur, the bacilli must travel
ten untreated. Even when TB is diagnosed, homeless peoto the alveoli and be taken in by macrophagédter
ple frequently fail to comply with treatment, exacerbating reaching the lungs, some organisms may survive and
the spread of the illnedsn a study of mentally ill men in spread to the lymph nodes, where cell-mediated immunity
a New York City homeless shelter, 33 individuals (36.7%) is further activated. This results in the formation of
indicated positive PPD status, 6 of whom were diagnosedtubercles. In most cases, the bacilli are contained within
with active TB. In the same study, all 12 men who were the tubercles, although they may spread throughout the
human immunodeficiency virus (HIV)-seropositive also body via the thoracic duétin extrapulmonary TB, in-
showed positive PPD results. This indicated that individu- volved tissues usually show giant cell granulomas with
als who are-HIV-seropositive might be more susceptible caseating necrosfs.
to TB.

Another risk-factor for TB is emigration from a coun- DIAGNOSIS
try in which TB.is_endemic. In a study by McQuistion et
al? that examined-the prevalence of TB in psychiatric =~ The symptoms most commonly associated with TB in-
patients, 7 of 13 immigrants showed positive PPD results clude fatigue, fever (generally in the range 0f@841°C
compared with 5 of 58 native-born Americans. Other fac- [104.0-105.8F]), weight loss, night sweats, and cough
tors commonly associated with TB infection include age (initially dry, but later productive of sputum and bloéd).
over 32 years, male gender,/prior psychiatric hospitaliza- There are several laboratory tests used in the diagnosis of
tions, injection drug use, alcohol abuse, known exposure TB. Definitive diagnosis depends on the recoveryMof
to a person with active tubercular'disease, and concurrentuberculosisfrom cultures or smears, or identification by
illness'® Sanchez et df. devised a sereening question- a DNA probe. The presence of acid-fast bacilli (AFB) on
naire to assess the likelihood of TB infection based on ex-a smear of sputum or a sputum culture positive for my-
posure to risk factors. Of a random sample of 187 patientscobacteria is insufficient to make a positive diagnosis.
seen by a psychiatric emergency service, 23 patients dem¥iberoptic bronchoscopy can be used for verification in
onstrated abnormalities on chest radiographs’ consistentpatients suspected to have TB despite negative sputum
with pulmonary TB. Of these patients, 83% were older smears. Another option is using DNA fingerprinting to
than 32 years, 61% were male, 48% were immigrants, identify individual strains of TB!
44% had prior psychiatric hospitalizations, 35% abused.”. The standard test used to screen patients for TB is the
alcohol, 35% were homeless, and 17% admitted to intra-Mantoux test, which involves the intracutaneous injection
venous drug use. While these figures did not reach statis-of 0<1-mL of a PPD from filtrates dfl tuberculosisinto
tical significance, there appeared to be a trend betweenthe forearmi? After 48 to 72 hours, any induration, a firm

various risk factors and TB infection. elevated area, that appears at the skin test site should be
measured.'Awidtlz 5 mm is considered a positive result
PATHOGENESIS for patients with"HIV, close contact with a TB-positive

individual;or-an abnormal chest radiograph suggestive of

The etiologic agent responsible for TB is a small, prior TB. A width of=.20 mm is a positive result for pa-
non—spore-forming bacillus known ddycobacterium tients not meeting.the above criteria who are intravenous
tuberculosis M tuberculosisis an obligate aerobe; the drug users or who are in‘high-prevalence groups (immi-
tissues it affects are characterized by high oxygen density.grants, long-term care facility residents, and persons in

The effects ofM tuberculosisdirectly stem from its locally high-risk areas). An induratieanl5 mm is consid-
actions on the immune system. During the immune re- ered a positive result in all othéfsDiagnosis of newly
sponse to TB, products are formed that lead to inflamma- infected persons in screening programs is determined by
tory illness and tissue destruction. The immune responsean increase in induration &f 10 mm for<people under
is initiated when alveolar macrophages release T lympho-35 years of age arel15 mm for people 35 or older over
cytes after engulfing tubercle bacilli. In hosts with more the course of a 2-year peridd.
competent immunity, TB tends to be isolated in the lungs  Imaging techniques are also utilized in the diagnosis of
or other single sites. If the immune system is less robust, TB. The chest radiograph is used to screen patients sus-
the disease tends to proliferate to extrapulmonary sitespected to have active TB, including those with positive
including kidneys, bones, or meningeBhese sites serve  PPD resultsin primary TB, parenchymal infiltrates may
as foci for subsequent reactivation of TB. be found in any area of the lung. Specific abnormalities

Transmission of TB occurs almost exclusively by the associated with primary TB include hilar and paratracheal
aerosolization of contaminated respiratory secretions andlymph node enlargement and segmental atelectasis. Pleu-
the subsequent inhalation of TB, causing nuclei to enter ral effusion is common in adults. Ghon and Ranke com-
the lungs. Less frequently, TB is transmitted through plexes are indicative of healed primary TB&hon com-
aerosols generated by other means, such as soft tissuplexes are calcifications seen in pulmonary parenchyma

Primary Care Companion J Clin Psychiatry 2001;3(6) 237



Trenton and Currier

Table L. First-Line Agents Used in the Treatment of tance. Streptomycin currently has a limited role in TB, as

Tuberculosis?® it is administered by injection and is used only in severe
Drug Recommended Dose cases!

Isoniazid 5 mg/kg/d; max = 300 mg/d There are several multidrug treatment regimens used
Rifampin 10 mg/kg/d; max = 600 mg/d for TB, among which 3 pharmacologic combinations are

Efé:ﬂgﬁgﬁde fg?n?’g”g%lf%c;‘x@?g gz,dg/d particularly popular. In 1 regimen, a combination of iso-

Streptomycin 15 mg/kg/d; max = 1 g/d niazid, rifampin, pyrazinamide, and either ethambutol or

®Based on references 1, 2, and 11. streptomycin is used. Therapy may be administered daily

or 2 to 3 times per week under direct observation. Etham-
butol is generally favored over streptomycin, which pen-
and hilar nodes, wedge-shaped depressions on the medietrates poorly and acts mainly on extracellular sites.
astinal surface-of the lung. Ranke complexes are smallStreptomycin takes significantly longer to act, since at
calcified nodules.-with an associated calcified lymph any moment 90% of tubercle bacilli are intracellular.
node®® Classic radiographic abnormalities among reacti- Ethambutol or streptomycin can be discontinued if sus-
vation patients include/cavitary or noncavitary lesions in ceptibility to isoniazid or rifampin is documented. Pyrazi-
the upper lobe or superior-segment of the lower lobe of namide can be eliminated from the regimen after 8 weeks.
the lungs, nodules, and pneumonic infiltrat&s. For patients with HIV or patients receiving a protease
In HIV-infected patients; radiographic features tend to inhibitor, rifabutin (150 mg/day) should be used instead
vary with the progression of the disease. In the early of rifampin. The duration of therapy is a minimum of 6
stages of HIV infection, radiographic features are similar months, and at least 3 months after sputum cultures con-
to those of patients without HIV. Patients)with late-stage vert to negative. The second option involves the daily
HIV infection often display lower lung zone, diffuse, or usage of isoniazid, rifampin, pyrazinamide, and strepto-
miliary infiltrates; pleural effusions; and involvement of mycin or ethambutol for 2 weeks. Then, the same drugs

hilar and mediastinal lymph nod®&s. are administered twice weekly, under direct supervision,
for 6 weeks. Isoniazid and rifampin are then administered
TREATMENT twice weekly for 16 weeks if susceptibility to these agents

is documented. The third primary option involves directly

The pharmacologic treatment of TB is well“estab- .observed thrice-weekly administration of isoniazid, rif-
lished, and patient adherence to drug regimens is criticalampin, pyrazinamide, and ethambutol or streptomycin for
in reducing the risk of resistance. However, complianceto.6 months-*°
treatment is sometimes lacking among patients, particu---Additional treatment provisions may be necessary for
larly those with comorbid psychiatric disorders. Patients certain subpopulations. HIV patients can use any of the 3
with personality disorders may be particularly unlikely to standard regimens, but should continue treatment for a
see the necessity of treatment for their well-being as well minimum-of 9.months and at least 6 months after culture
as others’. Residential treatment and isolation are some-conversion./Extending treatment to 9 months is also sug-
times used for TB-positive psychiatric patients to limit the gested for patients‘with extrapulmonary TB. If any of the
spread of the disease. While these practices may increaseegimens are failing, atleast 2 new drugs should be added.
compliance, they may induce further emotional stress. Patients resistant to isoniazid or rifampin should be pre-
Thus, the establishment of a support system and a stablescribed 5 or 6 drug regimens initially, which should be
housing situation is essentfahnother common strategy  continued for 12 to 24 months<after a negative sputum
is directly observed therapy (DOT). DOT involves the culture*
monitoring of a patient’'s adherence to a drug regimen by a  Treatment of multidrug-resistant TB. (MDRTB) has
health care worker. Using DOT has yielded a treatment been particularly problematic. MDRTB/generally refers
completion rate of 90% as opposed to 78.6% to 87.6% into resistance to at least isoniazid and, rifampin. Risk
less intensive programs. factors for MDRTB include previous treatment for TB,

The use of at least 2 drugs is recommended for thebeing born in high-incidence areas, having contact with
treatment of TB, since resistant mutants are formed at aMDRTB, or having cavitary lung disease. The effective
rate of 1 in 10bacillus by spontaneous unlinked chromo- treatment of MDRTB requires prompt recognition of the
somal mutatiod*****There are 5 standard first-line drugs disease, rapid susceptibility results, and early administra-
generally prescribed for the treatment of TB (Table 1). tion of individualized retreatment regimens. Such regi-
Isoniazid and rifampin are commonly used as central mens are usually based on a quinolone and an injectable
treatment agents because of their superior bactericidalagent such as aminoglycoside or capreomycin, which can
activity and low toxicity. Pyrazinamide is particularly ef- be supplemented by other second-line drugs. Therapy
fective in the rapid early reduction of the bacillary burden. sometimes lasts as long as 24 months. Initial treatment
Ethambutol is generally used to protect against drug resis-regimens, which typically include 3 to 4 agents, must be
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Table 2. Second-Line Agents Used in the Treatment of
Multidrug-Resistant Tuberculosis?

Drug Recommended Dose
Kanamycin 15-30 mg/kg/d; max = 750 mg-1 g/d
Amikacin 15-30 mg/kg/d; max = 750 mg-1 g/d
Capreomycin 15-30 mg/kg/d; max =1 g/d
Ethionamide 15-20 mg/kg/d; max =1 g/d
Ciprofloxacin 750 mg bid

Ofloxacin 400 mg bid

Cycloserine 250-750 mg/d

p-Aminosalicylic acid 10-12 g/d

aBased on references 14 and 16.
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adults and 10-14 mg/kg/day for children for 6-12
months). Isoniazid can also be administered twice weekly
in doses of 900 mg. If continued for 12 months, chemo-
prophylaxis may reduce expected incidence of TB by
93%. Another option in TB prevention is using 600 mg
of rifampin daily or twice weekly* In some countries,
bacille Calmette-Guérin (BCG) vaccination is used to
prevent TB. The performance of BCG has ranged from
80% successful to having detrimental effé@ince BCG
works only for patients who have not been previously in-
fected with TB, it is not appropriate for widespread use in
the United State$Moreover, BCG makes interpretation

prescribed while awaiting susceptibility results. Weekly of the tuberculin skin test difficult, since BCG often pro-

sputum examinations.are generally the best indicator of duces results indicative of exposure. While BCG vaccina-
whether the regimen‘has been successful. Some expertdion may cause PPD reactivity indicative of TB exposure
suggest withdrawing the weaker and more toxic drugs for an extended period of time, this effect subsides within

from the regimen when sputum conversion is obtained.
The patient is then to continue using the 2 to 3 active,
well-tolerated drugs for another 18-to 24 morith®th-

10 years of vaccination in most patietits,
Emergency room management has been a major issue
in the treatment of TB, particularly in the late 1980s

ers suggest continuing with the entire-regimen to increase and early 1990s, when TB increased dramatically in prev-

the chances of effectivenes.

alence. In 1992, New York City had one of the largest

There are several second-line agents’used in the treat-populations of TB patients in the nation, with 3811 cases

ment of MDRTB (Table 2). Kanamycin, amikacin, and
capreomycin are injected intramuscularly and-are effec-
tive against mycobacteria in concentrations available in
vivo.'**® Ethionamide exerts a bactericidal effect-by in-
hibiting mycolic acid synthesi$. Quinolones exhibit a
mycobactericidal effect by inhibiting DNA synthesis.
Newer broad-based quinolones tend to be more effi-
cacious than narrow-spectrum fluoroquinolones. How-
ever, the fluoroquinolones ciprofloxacin and ofloxacin
have been commonly prescrib€g-Aminosalicylic acid

is effective in inhibiting most tubercle bacilfi*® Cy-

reported® A study by Stricof et a examined the effec-
tiveness of emergency TB treatment in 22 New York City
facilities. The study indicated that the proportion of TB
patients placed in AFB isolation increased from 75% in
1992 to 84% in 1994. The proportion of TB patients given
a.minimum of 4 anti-TB drugs increased from 88% in
1992 to 94% in 1994. Also, the proportion of medically
discharged patients with 3 negative AFB smears increased
significantly from 26% to 48%. Generally, the study indi-
cated improvements in the quality of emergency treatment
of TB offered’in New York City. Although this improve-

closerine competitively blocks the enzymes necessary ment is(not necessarily reflective of treatment in other

for the synthesis of a dipeptide that is essential for the
bacterial cell wall. The dosage is initially 250 mg/day
for a few days, then 250 mg twice a day, and ultimately
750 mg/day?

If intensive pharmacologic treatment of TB does not

facilities throughout the nation, it indicates the increased
importance placed onjsolation, treatment with multiple
drugs, and follow-up therapy after negative test results.
The prognosis for TB patients is generally favorable,
provided that patients do not have complications such

exert an effect after 4 to 8 months, it can probably be as drug resistance or HIV. Mast patients treated with
deemed unsuccessful. In some cases, resectional surgeryi-drug regimens test negative withinn3 months of treat-
has proved effective for certain patients who have failed ment initiation!® Patients who havé developed MDRTB
in pharmacologic treatment. One study performed by have a less favorable prognosis. In trialsiconducted by the
Iseman and colleagu€sndicated that 23 of 29 patients  British Medical Research Council, of 8 patients who had
who had received the procedure remained sputum culture MDRTB, 5 failed treatment and 2 relapsed.'A subsequent

negative for 6 to 69 months. However, the use of surgical
procedures as a treatment for TB remains rare.
Preventative therapy (chemoprophylaxis) is some-
times administered to individuals at increased risk for
TB. Among the groups who commonly receive chemo-
prophylaxis are persons with HIV, close contacts of per-
sons with newly diagnosed infectious TB, recent skin test
converters, and persons with medical conditions that in-
crease the risk of TB. Preventative therapy is commonly
administered in the form of isoniazid (300 mg/day for

Primary Care Companion J Clin Psychiatry 2001;3(6)

study by Goble et &f. indicated a 44% treatment failure
rate among 134 evaluable patients. These results were
contradicted in a study by Telzak et%ih which 24 of 25
MDRTB patients showed a clinical response to treatment.
The difference between Telzak and colleagues’ study and
the previous experiments was that the subjects in Telzak
and colleagues’ study were earlier in the progression of
TB. The key to successful treatment of MDRTB appears
to be initiating therapy before physical deterioration and
resistance to other drugs enstie.
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Table 3. Standard Doses of Selective Serotonin Reuptake Evans and KortdSreferred to accounts of people who

Inhibitors® consumed foods containing large amounts of tyramine,
Drug Dose such as cheese, while taking isoniazid. In some cases,
Citalopram 40 mg/d these patients reported flushing, headaches, and palpita-
Fluoxetine 20 mg/d tions?” These reactions were attributed to inhibition of
Fluvoxamine 150 mg/d . id d d t for th ibil
Paroxetine 20 mg/d monoamine oxidases and used as support for the possibil-
Sertraline 50 mg/d ity of adverse interactions between isoniazid and antide-
3Adapted from Preskorft. pressants? As Stockley? indicated, there are other, more

feasible explanations for this phenomenon, such as a his-
tamine reaction resulting from the inhibition of histami-
The prognosis for HIV patients with MDRTB is par- nase by isoniazid. Currently, there is insufficient clinical

ticularly bleak,-MDRTB mortality rates have been esti- evidence to definitively establish the potential for an ad-
mated to be as_high as 90% for HIV patiefita. study verse interaction between isoniazid and antidepressants.
by Fischl et af! compared 62 HIV-seropositive patients At the molecular level, there is evidence that isoniazid
with MDRTB and” 55/ HIV-seropositive patients with and SSRIs are metabolized by similar mechanisms. He-
single drug—resistant or.susceptible TB. HIV-seropositive patic cytochrome P450 (CYP) enzymes are largely respon-
MDRTB patients had a’ median survival time of 2.1 sible for metabolism of isoniazid, citalopram, fluoxetine,
months, while controls had“a‘median survival time of 14.6 fluvoxamine, paroxetine, and sertraline. While it has not

months. been definitively established which isoenzymes are impli-

cated in the metabolism of isoniazid, CYP2E1, CYP1A2,

TREATMENT CONCERNS FOR PATIENTS CYP2C9, CYP2C19, and CYP3A are inhibited to varying
WITH COMORBID DEPRESSION AND'TB degrees by isoniazid (Table ¥’ In a study employing

human liver microsomes, Desta et*alindicated that

Currently, selective serotonin reuptake “inhibitors CYP2C19 and CYP3A were inhibited potently by isonia-
(SSRIs) are recommended as the first-line-treatment forzid in a concentration-dependent manner. Both enzymes
depression (Table 3). SSRIs tend to be favored overotherwere inhibited approximately 40% by doses in the thera-
pharmacologic treatments for depression such’as.tricyclic peutic range. Desta et al. felt that inhibition of 1 or both of
antidepressants (TCAs) and monoamine oxidase inhibi-these enzymes slowed the elimination of coadministered
tors (MAOQIs) because of their relatively benign side effect ‘drugs. This study also indicated that isoniazid induced
profiles. However, in patients comorbid for TB, concerns’_competitive inhibition of CYP2D6 and weak noncompeti-
have been raised over the potential for drug interactionstive inhibition of CYP2E1.
between various SSRIs and isoniazid. This concern is "All SSRIs appear to be metabolized by cytochrome
based on the ability of isoniazid to inhibit monoamine P450 enzymes; however, the pharmacokinetic interac-
oxidase in plasmZ.Generally, the combination of SSRIs tions of @ach'drug are variable (Table 4). As in the case
or TCAs with a drug that inhibits monoamine oxidase of isoniazid;.the /metabolic pathways of SSRIs have not
is contraindicated because of the potential to induce sero-been firmly established. In vivo data have indicated that
tonin syndrome, characterized by excitation, diaphoresis, CYP2C19 is the major isoenzyme involved in the first

hyperthermia, myoclonus, rigidity, and hypertensgfido step of citalopram ‘metabelisth**while an in vitro study
reports of serotonin syndrome induced by combining implicated CYP3A4 as the. primary isoenzyme with
SSRIs and isoniazid are published. CYP2C19 having a secondary<réiteThis discrepancy

Malek-Ahmadi et af® reported on 2 patients who re- was accounted for by genetic differences in the popula-
ceived isoniazid in conjunction with antidepressants. The tions studied. CYP2D6, which appears to be implicated in
first patient was prescribed sertraline (150 mg/day) in the second metabolic step, is mildly ‘inhibited by citalo-
combination with isoniazid (300 mg/day). The second pram. This was indicated in a stitiyy which administra-
patient received nefazodone (400 mg/day) and buspironetion of levomepromazine, a potent inhibitor.of ' CYP2D6,
(10 mg/day) in conjunction with isoniazid (300 mg/day). increased plasma levels of norcitalopraktile-the pri-
Neither patient reported adverse effects. Judd Etex- mary isoenzyme responsible for metabolizing fluvox-
amined the combination of isoniazid and antidepressantsamine has not been established, it is known to potently
in 3 HIV-seropositive male patients. Two of the 3 patients inhibit CYP1A2. Fluvoxamine also causes clinically
experienced symptoms including nausea, diarrhea, andmeaningful inhibition of CYP2C19 and CYP3A3/4. The
fever while receiving treatment. However, the authors principal enzyme responsible for the metabolism of fluox-
did not feel that these effects definitively resulted from an etine is unclear, but CYP2D6 and CYP3A3/4 are believed
interaction between isoniazid and antidepressants. Juddo be involved. Fluoxetine inhibits CYP2D6 and probably
et al. suggested that these symptoms more likely resultedCYP2C9/10 significantly, and CYP3A3/4 and CYP2C19
solely from the antidepressant. to a lesser extent. The fluoxetine metabolite norfluoxetine
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Table 4. Cytochrome P450 (CYP) Enzymes Reported to Be Inhibited by !50”'5‘2'9'- Thus, the potential fo.r 9"“9
Isoniazid and Selective Serotonin Reuptake Inhibitors® interactions would appear to be minimal.
Enzyme Isoniazid Citalopram Fluoxetine Fluvoxamine Paroxetine Sertraline  There have been historical instances in
CYP1A2 O O which drugs used to treat TB have been
giﬁf@m . O O . 0 . found to have effects on mental illness.
CYP2C9/10 O 0 For example, MAOIs, which were at one
CYP2C19 O O O point a popular treatment for depression,
CYP2E1 0

were discovered during efforts to develop
?’El?)?ﬁgo(z(gtriﬁ]:r:nrggtsa%(s)ﬁgeobfgﬁﬂoxetine, inhibits CYP3A3/4 to a greater extent than its anti-TB drugs. There Were various ac-
parent compound. counts of euphoria among patients receiv-

ing iproniazid after its introduction as a

TB drug in 1952%% Zeller et af® deter-
is a more potent inhibitor of CYP3A3/4 than its parent mined that iproniazid was an inhibitor of monoamine
compound and is-approximately equal in magnitude for oxidase. Iproniazid was ultimately removed from the mar-
CYP2D6. Norfluoxetine also has an unusually long half- ket because it commonly induced hepatotoxicity, but it led
life, which increases the.chances that it will be involved in to the development of other MAQOIs for antidepressant
drug interactionsSertraline/produces mild inhibition of  use?® Later, attempts were made to reintroduce iproniazid
CYP2D6, but seems to have little inhibitory effect on as an antidepressant. Despite the improvement it induced
the other isoenzymes. However, in\vitro conversion of in depressive symptoms and energy levels, iproniazid
sertraline toN-desmethylsertraline. correlates more with caused adverse effects including overactivity, insomnia,
CYP3A3/4 activity, although inhibition-0f this isoenzyme agitation, and paranoia trentsUltimately, iproniazid
by sertraline appears to be weak. Paroxetine is principallywas again abandoned due to its toxiéity.
metabolized by CYP2D6 as well as‘another eytochrome  More recently, cycloserine, a second-line agent in the
enzyme, which has not yet been specified. Paroxetine hagreatment of TB, has received attention as a potential
a CYP2D6 inhibitory effect that is 2 to“4-times more therapeutic agent for the negative symptoms of schizo-
potent than that of fluoxetine, 5 to 20 times more patent phrenia. Two placebo-controlled studf&$ have indi-
than that of sertraline, and also significantly more potent cated that cycloserine improves the negative symptoms of
than those of citalopram or fluvoxamiffe. schizophrenia when used alone or with traditional neuro-

To date, the precise metabolic mechanisms of isoniazidleptics. This improvement is thought to occur by the

and SSRIs have not been definitively established. How- action-of cycloserine on the glycine modulatory site of the
ever, the available literature indicates that there are someN=methylp-aspartate receptors. The use of cycloserine
similarities in the metabolism of isoniazid and certain alone does‘not appear to be a viable clinical option, since
SSRIs?2°¥3Although no substantial clinical evidence cycloserine.is not believed to improve the positive symp-
indicates that the combination of isoniazid and SSRIs is toms of (psychosi&- Preliminary evidence has indicated
harmful, available evidence indicates that some SSRIsthat the appropriate dose of cycloserine for the treatment
might be a better choice than others for concurrent treat-of schizophrénia is’in:the range of 50 to 100 mg/84y.
ment. Citalopram appears to be metabolized primarily Larger doses of 250 mg/day and 1 g/day have been associ-
by CYP2C19 and/or CYP3A4, both of which are inhib- ated with anxiety, irritability, and depressitii! Cy-
ited by isoniazid, and thus it might not be the best choice closerine may be contraindicated in combination with
for a patient taking isoniazid. Fluvoxamine is known to clozapine. Two placebo-controlted tri&¥ in which
inhibit CYP1A2, CYP2C19, and possibly CYP3A3/4, all cycloserine was used as an adjunct.to, clozapine indicated
of which are also inhibited by isoniazid. Fluoxetine itself a worsening of negative symptoms when the 2 drugs were
does not metabolically overlap isoniazid as much as otherused in unison. Although further study<is required, cy-
SSRIs; however, its metabolite norfluoxetine inhibits closerine appears to offer a moderate improvement in
CYP3A3/4223** Moreover, norfluoxetine has a half-life of negative symptoms when used in a narrow dose range and
7 to 15 days, while the half-lives of other SSRIs are on the with the appropriate antipsychotic agents.
order of 1 day? Since fluoxetine and its metabolite re-
main in the system for a greater span of time, they have an CONCLUSION
increased potential for drug interactions. Sertraline might
be a reasonable choice; however, there is still some ques- In recent years, concerns have been raised about the
tion as to whether it inhibits CYP3A, which is implicated concurrent treatment of TB and depression. Isoniazid
in the metabolism of isoniazid. According to available remains a cornerstone in the treatment of TB, while SSRIs
evidence, paroxetine appears to be the safest SSRI for usare widely regarded as the first-line treatment for depres-
in conjunction with isoniazid. Paroxetine is metabolized sion. If these 2 types of drugs were to have adverse in-
primarily by CYP2D6, which is affected negligibly by teractions, this would be a significant finding, since the
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co-occurrence of TB and depression is relatively com-

mon. To date, no clinical evidence has indicated that drug !
interactions exist between isoniazid and any SSRI. How-
ever, cytochrome P450 enzymes in the liver metabolize
both drugs. Thus, it might be prudent for a clinician to be
selective in prescribing an SSRI for a patient who is con-
currently taking isoniazid. According to the evidence

available, paroxetine appears to have the metabolic path-17'

way that is the least similar to that of isoniazid and may be

the best choice for the treatment of depression in a patientl8-

concurrently taking isoniazid.
Because of the frequent comorbidity of TB and depres-

sion, it is probable-that primary care physicians treating 20-

TB will encounter.undiagnosed cases of depression. Like-

wise, psychiatrists are/likely to encounter TB among the 21.

mentally ill. Both primary care physicians and psychia-
trists need to be familiar with'the clinical features of each
disease so that a proper diaghosis can be made and appro-
priate treatment and referrals will ensue.

Drug names:amikacin (Amikin), ciprofloxacin (Cipro), citalopram
(Celexa), clozapine (Clozaril and others);~ethambutol (Myambutol),
ethionamide (Trecator-SC), fluoxetine (Rrozac “and’others), fluvox-

amine (Luvox and others), kanamycin® /(Kantrex), ~nefazodone
(Serzone), ofloxacin  (Floxin), paroxetine  (Paxil);._ rifabutin 25.
(Mycobutin), rifampin (Rifadin), rifampin and isoniazid (Rifamate),
rifampin, isoniazid, and pyrazinamide (Rifater), sertraline (Zoloft). 26.
27.
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