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* Fluoroquinolone antibiotics for 2 to 4 weeks are the
preferred oral agents for treating acute bacterial prosta-
titis but should not be used if recent genitourinary
instrumentation was performed because most E. coli
strains are resistant to fluoroquinolones.

Mycobacterium
tuberculosis Infection

Epidemiology
Tuberculosis remains one of the most common causes of
death from an infectious disease worldwide. Rates of
Mycobacterium tuberculosis infection remain relatively
low in North America. However, approximately one quar-
ter of the world's population is infected with the bacteria.
As of 2018, approximately 10 million new M. tuberculosis
infections are reported each year throughout the world,
and approximately 1.6 million deaths are documented
each year. More than 5000 people per day die of tubercu-
losis throughout the world. More than 60% of infections
are reported from Southeast Asia, India, China, Micronesia,
Russia, and sub-Saharan Africa. Multidrug-resistant
tuberculosis (MDR-TB) accounts for 4.6% of new infec-
tions and 20% of relapsed infections. Extensively drug-
resistant tuberculosis (XDR-TB) accounts for approxi-
mately 10% of all MDR-TB infections worldwide. In 2018,
9025 tuberculosis infections were reported in the United
States (2.8 per 100,000 persons). Infections in the United
States occur 15 times more frequently in foreign-born
persons than in U.S.-born persons; however, others at
};igh r}isk ir;ciude those with alcohol use disorder, urban
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The burden of disease throughout the world and the rate

of travel from country to country ensures a steady stream of
active tuberculosis cases in the United States.
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Pathophysiology
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 Most persons who become infected with Mycobge
tuberculosis remain asymptomatic and develop |
tuberculosis.

e Risk factors for developing active tuberculosis include
recent infection, pulmonary fibrotic lesions, malnyy
tion, and comorbidities such as immunosuppressigy
tumor necrosis factor-a inhibitors, injection drug use
silicosis, chronic kidney disease, and diabetes melljtys
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Clinical Manifestations

Tuberculosis is classified as pulmonary, extrapulmonary, or
both; the two main forms are primary and secondary tubercy-
losis. Primary tuberculosis occurs soon after the initial

TABLE 18. Risk Factors for Developing Active

Mycobacterium tuberculosis

Recent infection (<1 year)
Pulmonary fibrotic lesions
Malnutrition
Comorbidities
HIV infection
Silicosis
Chronic kidney disease
Diabetes mellitus
Injection drug use
Immunosuppressive therapy
Jejunoileal bypass

Solid organ transplantation

Tumor necrosis factor-a inhibitors

/

Head and neck cancer
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Mycobacterium tuberculosis Infection

infection, most frequently in children and immunosuppressed
persons. Often, the lesions heal spontaneously. Secondary or
reactivation tuberculosis results from endogenous reactivation
of a latent infection. Most cases of active tuberculosis are
caused by reactivation of latent tuberculosis in the setting of
jmmunosuppression. Seventy-five percent of secondary infec-
tions are pulmonary, except in those infected with HIV, in
whom two thirds of patients have pulmonary and extrapul-
monary infection.

Frequent manifestations of active infection include
fever, night sweats, weight loss, productive cough (occa-
sionally blood tinged), anorexia, malaise, and pleuritic
chest pain. Hemoptysis occurs in 10% to 20% of patients
with positive acid-fast bacilli (AFB) smear results. In
immunosuppressed patients, the infection may also spread
hematogenously, producing miliary (progressive, widely dis-
seminated) tuberculosis, which can result in a systemic
inflammatory response syndrome, septic shock, and ulti-
mately death if not diagnosed and treated early. Additionally,
patients with disseminated infection may present with
atypical clinical manifestations and chest radiographs.
Extrapulmonary disease may be the result of hematogenous
dissemination and may be seen in up to 30% of patients with
active tuberculosis. It may involve almost any organ system,
including the pleura, lymph nodes, central nervous system,
skeletal system, pericardium, larynx, peritoneum, and geni-
tourinary system.

o Clinical manifestations of active tuberculosis include
fever, night sweats, weight loss, productive cough (occa-
sionally blood tinged), anorexia, malaise, and pleuritic
chest pain.

e In immunosuppressed patients, tuberculosis infection
may spread hematogenously, resulting in widely dis-
seminated progressive tuberculosis, which can result in
a systemic inflammatory response syndrome, septic
shock, and ultimately death if not treated early.

TABLE 19. |Interpretation of Tuberculin Skin Test Results %
Criteria for Tuberculin Positivity by Risk Group

Diagnosis
The key to the diagnosis of tuberculosis is a high index of sus-
picion in patients at high risk.

Diagnosis of Latent Tuberculosis Infection

The goal of diagnosing latent tuberculosis infection (LTBI) is to
identify and treat persons at increased risk for reactivation
tuberculosis. The lifetime risk of developing active infection in
patients with LTBI is 5% to 10%, with half of active disease
manifesting within 2 years of infection. The risk of developing
active tuberculosis is considerably higher in patients who are
immunocompromised. The estimated global frequency of LTBI
is about 25%. Testing methods include interferon-y release
assay (IGRA) performed on a blood sample or tuberculin skin
testing (TST). LTBI is diagnosed when an asymptomatic patient
has a positive TST or IGRA result with no clinical or radio-
graphic manifestations of active tuberculosis.

The CDC recommends performing an IGRA rather than a
TST in persons 5 years or older who are likely to have M.
tuberculosis infection, have a low or intermediate risk of dis-
ease progression, have a history of bacille Calmette-Guérin
(BCG) vaccination, or are unlikely to return to have their TST
result interpreted. IGRAs are in vitro assays that measure
T-cell release of interferon-y in response to stimulation with
highly tuberculosis-specific antigens ESAT-6 and CFP-10
(QuantiFERON-TB Gold In-Tube and T-SPOT.TB test). IGRAs
are more specific than TST because they have less cross-
reactivity resulting from BCG vaceination and sensitization by
nontuberculous mycobacteria. Although not used to diagnose
active tuberculosis, IGRAs appear to be at least as sensitive as
TST in patients with active tuberculosis.

TST has become the alternative diagnostic test if IGRA is
not feasible or available. The purified protein derivative is
injected intradermally and interpreted after 48 to 72 hours by
measuring the transverse diameter of induration, not ery-
thema. The criteria for a positive TST result are based on
the patient’s risk factors for tuberculosis (Table 19). A

25 mm Induration >10 mm Induration

215 mm Induration

HIV-positive persons

Recent contacts of persons with active TB

Persons with fibrotic changes on chest
radiograph consistent with old TB

Patients with organ transplants and other
immunosuppressive conditions
(receiving the equivalent of 215 mg/d of
prednisone for >4 weeks)

Recent (<5 years) arrivals from high-prevalence countries

Persons who inject drugs

Residents or employees of high-risk congregate settings: prisons
and jails, nursing homes and other long-term facilities for the
elderly, hospitals and other health care facilities, residential facilities
for patients with AIDS, homeless shelters

Mycobacteriology laboratory personnel; persons with clinical
conditions that put them at high risk for active disease (silicosis,
diabetes mellitus, severe kidney disease, certain types of cancer,
some intestinal conditions); children aged <4 years or exposed to ‘
adults in high-risk categories |

All others with no
risk factors for TB

TB = tuberculosis infection.
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TABLE 21. Antituberculous Drugs
Agent Adverse Effects \
+is risk increases with age andN
First-Line Medications - liver enzyme elevation; hepatitis; };;F; ;:;ie may prevent peripheral neuizgglﬁ;r::é‘mpﬁan
4. - liver : o L Adi /
Isoniazid ﬁae?i;;hleral *europathy; lupus-iike kidney injury- st for
syndrome W May make glucose co_ntrol more difficult in pat; _
d Hepatitis; rash; Gl upset hyperuricern2 dEa{Jetes. Adjust for kidney injury. Patients wi
Pyrazinamide { e i -
h: Gl upset Contramtd:caé?r‘;ih?l;il:;f: a‘:lctlhng?'::::;;?ewhz" adfninistered
: . titis; rash; Gl ups with proteas L 1€0side rey,
Rifampin Hepatiti transcriptase inhlb!tors. L'?o notadminister tg pa‘t’if:e
taking saquinavir/ritonavir. Colors body fluids oran“g'ﬁs alsg
€.
5 Dose adjustment required if taken with protease jnpit.:
Rifabutin Rash; hepatitis; throm.b.ocytofem?;ia nonnucleoside reverse transcriptase inhibitors, Mg:litmorso
severe arthralgia; veitis; eUkoP decreased antiretroviral activity and for rifabutin toxici?;for
- Contraindicated in patients who are HIV positive ;
Rifapentine Similar to rifampin (unacceptable rate of failure/relapse).
= gaseline and periodic tests of visual acuity and color yi
Ethambutol Optic neuritis; rash patients are advised to call immediately if visyal acu;'t;,ﬂf;f &

color vision changes. Adjust for kidney injury.

—_—

Second-Line Medications*

Avoid or reduce dose in adults >59 years. Monm

Auditory, vestibular, and kicnaytaricty and kidney function. Adjust dose depending on kidney

Streptomycin
function.
. e T ridoxine may decrease CNS adverse effects. Measure d
i Psychosis; convulsions; depression; Py reidr
Cysloseiing - : serum levels. 9

headaches; rash; drug interactions

Kidney, vestibular, and auditory toxicity Monitor hearing and kidney function. Adjust dose

Copreorgei depending on kidney function.

May cause hypothyroidism.

Not approved by the FDA for TB treatment. Monitor
vestibular, hearing, and kidney function.

Gl upset; hepatotoxicity; hypersensitivity
Auditory, vestibular, and kidney toxicity

Ethionamide
Kanamycin and amikacin

Not approved by the FDA for TB treatment. Should not be

Gl upset; dizziness; hypersensitivity;
used in children.

drug interactions
Gl upset; hypersensitivity; hepatotoxicity

Levofloxacin, moxifloxacin

May cause hypothyroidism, especially if used with
ethionamide. Measure liver enzyme levels.

FDA-approved oral agent for MDR pulmonary TB treatment,

Para-aminosalicylic acid

Nausea; joint pain; headache; elevated

Bedaquiline
aminotransferase levels; hemoptysis; indicated for combination therapy when other alternatives
prolonged QT interval are not available. Novel mechanism of action inhibits
mycobacterial adenosine triphosphate synthase. Should be
given as directly observed therapy.
Pretomanid Peripheral neuropathy; anemia; Gl upset; ~ FDA-approved nitroimidazole, a novel oral agent, for XDRTB

or nonresponsive MDR-TB in combination with bedaguiline
and linezolid.

elevated liver enzyme levels; headache;
hypoglycemia; rash; hyperamylasemia;
visual impairment; diarrhea

CNS = central nervous system; Gl = gastraintestinal; MDR = multidrug resistant; TB = tuberculosis; XDR = extensively drug resistant.

“Use these drugs in consultation with a clinician experienced in the management of drug-resistant TB
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agents (isoniazid, rifampin, pyrazinamide, and ethambutol).
This becomes increasingly important because of the advent of
MDR and XDR tuberculosis. If rifampin resistance has been
detected during NAAT assessment, in vitro susceptibilities
to first-line and second-line agents should be performed
(Table 21).

_ The American Thoracic Society/CDC guidelines published
in 2016 recommend 6 to 9 months of treatment in patients with
drug-susceptible active tuberculosis. A four-drug regimen is
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Mycobacterium tuberculosis Infection

TABLE 22. Preferred Treatment Regimens for Active Tuberculosis
Treatment Phase Regimen Comments
’———_ N I
Initial Daily INH, RIF, PZA, and EMB?for  Alternative regimens available at https:I/www.cdc.go"/tb/top'd"eatmemj
56 doses (8 wk) or tbdisease.htm

DOT 5 d/wk for 40 doses (8 wk)

INH and RIF 7 d/wk for 126 doses
(18 wk) or

DOT 5 d/wk for 90 doses (18 wk)

Continuation

DOT should be used when medications are administered less than 7 d/wk.

Pyridoxine 25-50 mg/d is given to all patients at risk for neuropathy®;
100 mg/d for patients with peripheral neuropathy.

Based on expert opinion, patients with cavitation on the initial chest
radiograph and positive cultures at completion of 2 months of therapy
should receive a 7-month (31-wk) continuation phase.

tbltopic/treatment/tbdisease.htm. Accessed January 26, 2021.

I
DOT = directly observed therapy; EMB = ethambutol; INH = isoniazid; PZA = pyrazinamide; RIF = rifampin.

sEMB can be discontinued if drug susceptibility studies demonstrate susceptibility to first-line drugs.

bPregnant women; breastfeeding infants; persons with HIV; patients with diabetes, alccholism, malnutrition, or chronic kidney disease; patients of advanced age.

Recommendations from the Centers for Disease Contral and Prevention. Tuberculosis. Treatment for TB disease. TB Regimens for Drug-Susceptible TB. Availabl

e at www.cdc.gov/

L

testing, hepatitis serology) should be performed before
initiating therapy.

It is essential to advise the patient of the possible
adverse effect profiles of the various medications (see
Table 21). In several studies, approximately 15% to 25% of
patients receiving the four-drug regimen experienced some
type of adverse effect. Most adverse effects are mild, and
therapy may be continued; up to 15% are severe enough
that therapy must be discontinued temporarily. If a hyper-
sensitivity reaction is observed, then all four drugs should
be discontinued with sequential rechallenging to deter-
mine the cause.

« Directly observed therapy is recommended for active

tuberculosis treatment regimens when medication is
administered less than 7 days per week.

« American Thoracic Society/CDC guidelines recommend
6 to 9 months of treatment in patients with drug-
susceptible active tuberculosis; a four-drug regimen is
given daily for 2 months, followed by a continuation
phase of isoniazid plus rifampin daily, usually for
4 months.

Drug-Resistant Tuberculosis

M. tuberculosis resistance to individual drugs arises by spon-
taneous point mutations. Depending on the resistance, the
regimen must be altered. In isoniazid-resistant tuberculosis,
the recommended regimen of rifampin, ethambutol, and
pyrazinamide can be safely administered for 6 months,
although adding a later generation fluoroguinolone to the
regimen is recommended. In those with isoniazid- and
rifampin-resistant tuberculosis (MDR-TB), experts agree thata
five-drug regimen guided by susceptibility of the isolate
should be provided for 5 to 7 months, followed by a four-drug
regimen for a total treatment duration of 15 to 21 months after
conversion (see Table 21).

KEY POINT

e In patients with multidrug-resistant tuberculosis
(resistant to isoniazid and rifampin), experts agree that
at least a five-drug regimen should be provided for 5to
7 months after culture conversion (intensive-phase of
treatment), followed by a four-drug regimen for a total
treatment duration of 15 to 21 months (continuation
phase).

Immune Reconstitution Inflammatory

Syndrome in Tuberculosis and HIV

Tuberculosis in patients with HIV infection may be compli-
cated by immune reconstitution inflammatory syndrome.
Although the general recommendations for treatment are the
same, antiretroviral therapy should be initiated within 2 weeks
for patients with a CD4 cell count less than 50/puL and by 8 to
12 weeks for those with CD4 cell counts of 50/pL or more. An
exception is HIV-positive patients with tuberculous meningi-
tis, in whom antiretroviral therapy should not be initiated
during the first 8 weeks of tuberculosis therapy regardless of
the CD4 cell count to avoid increased morbidity because of
immune reconstitution inflammatory syndrome.

[KEY POINT
e Tuberculosis in patients with HIV infection may be
complicated by immune reconstitution inflammatory
syndrome, and antiretroviral therapy initiation should
be delayed to prevent this occurrence.

Tumor Necrosis Factor Antagonist

and Tuberculosis

Patients being treated with a tumor necrosis factor inhibitor
(such as infliximab, etanercept, adalimumab, or certolizumab)
have been reported to have an increased risk of reactivation
tuberculosis and death from disseminated disease. It is recomn-
mended that these patients be evaluated for active or latent
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Prevention

From the public health perspective, the best way to prevent
tuberculosis is to diagnose, isolate, and treat infection rap-
idly until patients are considered noncontagious and the
disease is cured. In hospitalized patients with suspected or
documented tuberculosis, airborne precautions should be

implemented.
CDC guidelines recommend criteria to determine if a

patient is no longer contagious and a possible public health
threat. These include appropriate antimicrobial therapy for at
least 2 weeks, clinical improvement of signs and symptoms,
and three negative sputum smears collected at least 8 hours
apart, with one being an early-morning specimen. Patients
with negative smear results are less contagious, although they
may still have tuberculosis.

« Guidelines for determining a patient with tuberculosis
is no Jonger contagious include appropriate antimicro-
bial therapy for at least 2 weeks, clinical improvement
in signs and symptoms, and three negative sputum
smears collected at least 8 hours apart.

Nontuberculous
Mycobacterial Infections

Nontuberculous mycobacteria (NTM) comprise species other
than Mycobacterium tuberculosis complex and Mycobacterium
leprae. NTM are divided into slow and rapid growers (Table 23).
These organisms are found in water, soil, domestic and wild
animals, milk, and food products. They can be colonizers, par-
ticularly in the airways of persons with chronic lung dis‘ease
and cause a spectrum of infections (Table 24). ‘

Risk factors for NTM infections include immunocompro-
mise, chronic lung disease, and postoperative status

NTM diagnosis is difficult because a positive culéure result
from ? nonsterile site without evidence of disease may reflect
colonization rather than infection. However, when recovered
from a sterile site, active infection is likely. Because antibioti
susceptibility among species varies, it is important to ide;?ill’;

3s

_._r—--—"'_'__'.
e

TABLE 23. Classification of Common N oty
Mycobaderia rey|
slow-Growing Mycobacteria

M. kansasil

Ousg

"

M. marinum

M. gordonae

M. scrofulaceum

M. avium complex (including M. chimaera)
M. ulcerans

M. xenopi

M. simiae

M. malmoense

M. szulgai

M. asiaticum

Rapidly Growing Mycobacteria

M. abscessus
M. chelonae

M. fortuitum

organisms to specics level. American Thoracic Society (ATs)
guidelines (updated in 2020) recommend fulfillment of clin-
cal, radiologic, and microbiologic criteria to diagnose an NTy
pulmonary infection. Treatment is recommended for patients
meeting diagnostic criteria, especially if acid-fast sputum
smears are positive and/or cavitary lung disease is present.
Most NTM infections require prolonged treatment with multi-
ple antimicrobials; susceptibilities and ATS guidelines should
be used to guide therapy.
KEY POINTS
« Risk factors for nontuberculous mycobacteria infections
include immunocompromise, chronic lung disease, and
postoperative status; additionally, health care-associ-
ated Mycobacterium chimaera infections have been
associated with heater-cooler units used during cardiac
surgery.
* Antibiotic susceptibility varies among species, S0 iden-
tifying nontuberculous mycobacterial organisms to2
species level is important.

Mycobacterium avium
Complex Infection

Mycobacterium avium complex is a common cause Ofchmm-c
lung infection worldwide. Cavitary lung disease js seen Clas.'il:
cally in White, middle-aged, or older adult men with undeﬂ!;‘
ing lung disease. Disseminated infection occurs predomn
nantly in patients with HIV and CD4 cell counts this
50/pL. The clinical presentation consists of fever, night i
weight loss, and gastrointestinal symptoms:



Fungal Infections

TABLE 24. Diseases Caused by Nontuberculous Mycobacteria

,_E'i'.‘fﬁi Disease Microbe Risk Factors Comments
pulmonary MAC Older persons with or without All organisms ubiquitous in the
M. kansasit underlying lung disease; cystic fibrosis  environment
M. absesssis MAC most common cause of Possible person-to-person transmission of
1 pulmonary NTM infection in U.S., M. abscessus among patients with cystic
M. fortuitum followed by M. kansasii and M. fibrosis has been reported, but mechanism
abscessus of transmission is unclear; otherwise, no

M. xenopi id fh to-human transmission
N, -to-hu
M o evidence of human
i tabnsdnse unicipal water sources (M. kansasii,

M. xenopi)
M. szulgai Aspiration (M. fortuitum)
M. simiae
M. asiaticum
Lymphadenitis MAC More commonly seen in children MAC most common: surgical excision

M. abscessus results in >90% cure rate

M. fortuitum
M. scrofulaceum

M. malmoense

Skin and soft tissue M. marinum Exposure to fish tanks (M. marinum) Results from direct inoculation
M. ulcerans Surgical-site infections (RGM)
M. abscessus Whirlpool footbaths, tattoo ink (RGM)
RGM Buruli® ulcer, an extensive disabling

ulcer with central necrosis; tropics, not
U.S. (M. ulcerans)

Catheter-related RGM Long-term catheterization;
bloodstream infections immunocompromise
Disseminated MAC (in persons Immunocompromise, especially Clinical presentation: fever, night sweats,
with AIDSand CD4  persons with AIDS or those taking weight loss
cell count-<30/pL) ;cquRc(J:r R;ir::gi?st Gr Tohibmies Prosthetic valve endocarditis months to
M. kansasii il years after surgery (M. chimaera); diagnosis
M. chi Heater-cooler devices in cardiac requires multiple mycobacterial blood
- chimaera surgery (M. chimaera) cultures
RGM

MAC = Mycobacterium avium complex; NTM = nontuberculous mycobacteria; RGM = rapidly growing mycobacteria; U.S. = United States.

*Named for the Buruli district in Uganda, where initial cases were described.

Mycobacterium kansasii EEGEOINTS

M. kansasii infection mimics pulmonary tuberculosis with . MUCOE"GC[Q”'Q"‘ avium complex is a common cause of

cavitary lung disease. Predisposing ¢ onditions include under- c}_lromc lung infection worldwide, causing cavitary lung

lying lung disease, alcoholism, and immunocompromised disease.

status. s Mycobacterium abscessus, Mycobacterium chelonae,
and Mycobacterium fortuitum can produce lung disease,
adenitis, skin and soft tissue infections, surgical site

Ra Pldly Growing Myco bacteria infections, and catheter-related bloodstream infections.

Rapidly growing NTM have been implicated in NTM outbreaks.

The most common rapidly growing mycobacterial species = .

include M. abscessus, M. chelonae, and M. fortuitum. Fun g al I nrect 1\ OaLc
M. abscessus is the most common. Considering its intrin-

sic drug resistance and increased prevalence, it is one of the
most difficult to treat. Most of these mycobacteria are associ- increased recognition of these infections and an increase in

ated with chronic pulmonary infections and nonhealing the population at risk worldwide. Most commonly encoun-
ulcers unresponsive to appropriate antibiotic therapy. tered infections in North America are caused by Candida

The incidence of fungal infections is increasing because of the
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