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Learning Objectives
■■ Identify current pharmacologic agents that are appropriate for each condition/diagnosis.
■■ Recommend optimal pharmacologic interventions based on patient-specific characteristics.
■■ Provide appropriate patient-specific counseling points and optimal overall medication management.

Key Terms: anthelmintics, antibacterials, aminoglycosides, cephalosporins, beta-lactams, carbapenems, cephamycins, 
monobactams, chloramphenicols, macrolides, erythromycins, ketolides, penicillins, aminopenicillins, penicillinase-
resistant penicillins, extended-spectrum penicillins, quinolones, sulfonamides, tetracyclines, glycylcyclines, 
bacitracins, cyclic lipopeptides, glycopeptides, lincomycins, oxazolidinones, polymyxins, rifamycins, streptogramins, 
antifungals, allylamines, azoles, echinocandins, polyenes, pyrimidines, antimycobacterials, antituberculosis agents, 
antivirals, adamantanes, antiretrovirals, HIV entry and fusion inhibitors, HIV protease inhibitors, HIV integrase 
inhibitors, HIV non-nucleoside reverse transcriptase inhibitors, HIV nucleoside and nucleotide reverse transcriptase 
inhibitors, interferons, monoclonal antibodies, neuraminidase inhibitors, nucleosides and nucleotides, HCV antivirals, 
HCV polymerase inhibitors, HCV protease inhibitors, HCV replication complex inhibitors, antiprotozoals

Overview of Anti-infective Agents
Antimicrobials are medications that prevent and treat infections; they are vital to the health and well-being of society. 
Often assisting the body’s defenses, this wide variety of medications has been developed to manage infections caused 
by bacteria, viruses, and parasites. The clinical course of any infection is dependent on the interaction between the 
pathogen and a complex set of host defenses.

The first consideration in selecting antimicrobial therapy is whether an antimicrobial agent is truly needed. The 
differential diagnosis should indicate whether the cause requires treatment with an antimicrobial drug or whether the 
infection is self-limiting and will resolve without antimicrobial therapy. For self-limiting infections, supportive treat-
ment and symptom management are recommended. If possible, antimicrobial use should be limited to highly suspi-
cious, empiric, and definitive diagnoses of infection to avoid toxicity and the development of antimicrobial resistance.

Prior to beginning antimicrobial therapy, specimens for culture and sensitivity testing should be obtained. The 
exceptions to this care are septic patients, in whom prompt antimicrobial therapy should not be delayed if culture 
specimens cannot be obtained in a timely manner, because early administration of antibiotics in sepsis has shown to 
reduce mortality. Empiric antimicrobial therapy selection is based on the likely pathogens for the site or type of infec-
tion; the patient’s medical, medication, and social history; prior antibiotic use; and local susceptibility patterns.
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Monitoring includes assessing for resolution of signs and symptoms of infection (e.g., normalization of body 
temperature and white blood cell [WBC] count) and watching for adverse drug events. Ideally, the antibiotic with the 
narrowest effective spectrum of activity should be selected. The route of administration should be evaluated daily, 
and conversion to oral therapy should be made once the patient is clinically improving and able to tolerate it (i.e., 
functioning gastrointestinal [GI] tract; general exceptions are endocarditis and central nervous system [CNS] infec-
tions). Patients not responding to therapy within 2–3 days should be reevaluated to assess the diagnosis, determine 
whether therapeutic drug concentrations are being achieved, and identify if the patient is immunosuppressed. In ad-
dition, further investigation should be conducted to determine if there is an isolated infection (i.e., abscess, foreign 
body) or if resistance to the therapy has developed.

It is recommended that practitioners follow a systematic approach when selecting an antimicrobial regimen. This 
approach minimizes the development of resistance, the likelihood of superinfections, and the use of more expensive 
and potentially more toxic agents.

Systematic Approach for Selection of Antimicrobials

■■ Confirm the presence of infection.
■■ Perform a careful history and physical examination.
■■ Identify signs and symptoms.
■■ Identify predisposing factors.
■■ Identify the pathogen.
■■ Collect infected material.
■■ Perform Gram stain.
■■ Perform serologies.
■■ Perform culture and sensitivity tests.
■■ Select an empiric therapy considering every infected site.
■■ Assess host factors.
■■ Assess drug factors.
■■ Monitor therapeutic response.
■■ Perform clinical assessment.
■■ Perform laboratory tests.
■■ Assess for therapeutic failure.

Initial selection of antimicrobial therapy is typically empiric, meaning before the causative pathogen has been 
identified. Infections are usually acute cases, and delaying treatment can result in serious morbidity or possibly death. 
Patient-specific factors such as allergy history, age, pregnancy, renal function, liver function, type of infection, infec-
tion site, and the cost of medication must be considered when deciding which antimicrobial agent to use. The classic 
signs and symptoms of infection include fever, elevated WBCs, and pain; however, they may not always be present. 
Older adults, for example, may experience altered mental status with a urinary tract infection (UTI), so clinicians 
must always look past the expected and seemingly obvious symptoms.

After beginning antimicrobial therapy, the patient must be monitored for a therapeutic response. Tissue and 
fluid cultures should be obtained for infections such as pneumonia, meningitis, bacteremia, and pyelonephritis. Cul-
tures can take days to weeks for results to become available, depending on the pathogen. Once a pathogen is con-
firmed, the patient can be switched to narrower-spectrum antimicrobial therapy based on the susceptibility results. If 
anaerobic bacteria are suspected but not identified, anaerobic therapy should be continued, as commonly used labo-
ratory culture techniques are often unsuccessful in isolating and identifying anaerobic organisms. Patient monitoring 
should include similar parameters used for diagnosis. The WBC count and temperature should begin to normalize 
within 24 to 48 hours. Physical complaints from the patient should also begin to diminish (i.e., decreased pain, short-
ness of breath, cough, or sputum production) and appetite (if reduced) should improve. Resolution of radiologic 
changes may lag behind the patient’s clinical improvement.

Serum (or other fluid) concentrations of antimicrobials may guide efficacy assessments and prevent toxicity. An-
timicrobials that require serum concentration monitoring in patient-specific situations include the aminoglycosides, 
vancomycin, flucytosine, and some azole antifungals. More efficacious outcomes have been associated with therapeu-
tic aminoglycoside concentrations; for example, for a gram-negative infection, therapeutic peak concentrations have 
been correlated with better clinical outcomes.
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Patient education is critical to optimize efficacy, minimize adverse effects, and prevent the development of an-
tibiotic resistance. If the infection worsens, the patient should report this status to the prescriber, who will then de-
termine whether a different therapy is needed. Patients should be instructed to finish the entire medication regimen, 
even if they are feeling better, to prevent recurrence and/or the development of antibiotic resistance. They should also 
report any significant effects or possible “new” secondary infections such as yeast infection or severe diarrhea. They 
should report serious adverse effects and not stop taking the medication unless instructed to do so. Excess medica-
tion should be disposed of properly and not shared or saved for later. Clinicians should explain to their patients that 
antibiotic resistance is an increasing societal problem and educate them on the rationale for using antimicrobials ex-
actly as prescribed. In addition, they should explain why prescribers reserve the use of these medications for patients 
who have a suspected or documented bacterial infection and do not prescribe them for self-limiting viral infections.

Prescribing practices involving antibiotics have changed significantly with the rise of antibiotic resistance and 
the emergence of “superbugs.” Clinicians have begun to reserve use of antibiotics for cases where bacterial infection is 
most likely, and to avoid indiscriminate use in a patient with a suspected viral infection. Because antibiotic resistance 
is a growing public health issue, prescribers should reserve use of these medications for patients with true infections to 
avoid contributing to this problem. Antimicrobial stewardship programs have been implemented at hospitals and some 
outpatient settings, with the goals of optimizing treatment of infections and reducing inappropriate use of antibiotics.

2.1  Anthelmintics
Infections with helminths or parasitic worms affect more than 2 billion people worldwide. Worms pathogenic for 
humans are classified as roundworms (intestinal and tissue nematodes) or as one of two types of flatworms, flukes 
(trematodes) and tapeworms (cestodes). Worldwide, several types of soil-transmitted helminths infect millions of peo-
ple in developing countries and can negatively impact the health and well-being of school-aged children. Simultane-
ous infection with more than one type of helminth is common in tropical, poor, rural areas. In the United States, the 
most common helminthic infections are caused by intestinal nematodes: Enterobius vermicularis (pinworm), Trichuris 
trichiura (whipworm), Ascaris lumbricoides (roundworm), Strongyloides stercoralis (threadworm), and Ancylostoma 
duodenale and Necator americanus (hookworms). Anthelmintics are drugs that treat infections with parasitic worms.

Anthelmintics act either locally within the gut lumen to cause expulsion of worms from the GI tract or sys-
temically against helminths residing outside the GI tract. Broad-spectrum anthelmintics, initially developed for 
veterinary use, are also used in humans. Unfortunately, treatment for many tissue-dwelling worms, such as filarial 
parasites, is not completely effective.

Anthelmintics are separated into classes on the basis of their chemical structure and mode of action. Anthel-
mintic resistance has been widely reported in livestock, and it may be only a matter of time before it emerges in hu-
man parasites.

Ascariasis

Ascariasis is caused by Ascaris lumbricoides, a giant roundworm that can grow to be 35 cm long. Endemic areas in 
the United States include the southeastern parts of the Appalachian range, the Gulf Coast states, and areas with poor 
sanitation. Symptoms of ascariasis include abdominal discomfort, abdominal obstruction, vomiting, and appendici-
tis; many patients, however, are asymptomatic. During migration of the larvae through the lungs, patients can present 
with pneumonitis, fever, cough, eosinophilia, and pulmonary infiltrates on chest x-ray.

Diagnosis is made by identifying the characteristic egg in the stool. Because of a very high egg burden, sample 
concentration techniques are generally not needed to make the diagnosis. Eosinophilia is marked during worm mi-
gration but may be absent during intestinal infection. Treatment of ascariasis is one dose of albendazole or pyrantel 
pamoate (refer to companion drug grid for detailed drug regimens).

Enterobiasis

Enterobiasis is caused by the small, threadlike pinworm, Enterobius vermicularis, which is approximately 1 cm long. It 
is a common helminthic infection and primarily affects children. Infection is manifested by a perianal cutaneous irrita-
tion caused by the migrating female worm or presence of eggs, which may result in dermatitis and secondary bacterial 
infections. Children may be restless and have difficulty sleeping. Appendicitis and intestinal perforation occur rarely.
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Pinworm can be diagnosed by perianal swab using adhesive tape that is examined microscopically for eggs. 
Treatment includes two doses of pyrantel pamoate or albendazole with the second dose administered 2 weeks 
later. Following treatment, all bedding, underclothes, bathroom rungs, and toilet accessories should be sterilized 
by steaming or washing in the hot-water cycle of a regular washing machine to eradicate eggs. It is critical for 
all those in the household and those in close contact with the infected person be evaluated and also treated for 
infection.

Trichuriasis

Infections caused by Trichuris trichiura (whipworm) are typically asymptomatic, but heavy infections may cause 
gastrointestinal symptoms, malnourishment, and rectal prolapse. Such infections are most common among poor 
children from resource-poor regions. Trichuris worms live in the colon and cecum. Lemon-shaped eggs are easily de-
tected on stool examination. Adult worms, which are typically 3–5 cm long, may be seen on proctoscopy.

The treatment of choice in the United States is albendazole (400 mg daily for 3 doses), which produces cure rates 
of 70% to 90%. Ivermectin (200 μg/kg daily for 3 doses) may also be used, but has a lower cure rate.

Anthelmintics

Albendazole
Ivermectin
Praziquantel
Pyrantel

Case Studies and Conclusions

A 5-year-old boy presents for care, accompanied by his mother. The child is scratching between his legs and has 
been unable to sleep for the past 2 days. His perianal area is red and irritated and the prescriber has diagnosed 
the patient with pinworm (Enterobius vermicularis) infection. The mother describes she is experiencing similar 
symptoms.

1.	 What is the appropriate intervention for this mother once the pediatrician treats the child?

a.	 One-time dose of pyrantel pamoate or albendazole
b.	 One-time dose of mebendazole or albendazole
c.	 One dose of pyrantel pamoate or albendazole, then a second dose 2 weeks later
d.	 One dose of mebendazole or albendazole, then a second dose 2 weeks later

Answer C is correct. One dose of pyrantel pamoate or albendazole is given, then a second dose is administered 2 weeks later. 
Mebendazole is also an effective treatment but is no longer available in the United States.

2.	 The prescriber selects the optimal drug regimen. What common side effect should you warn the 
mother of?

a.	 Confusion
b.	 Behavior changes
c.	 Abdominal pain
d.	 Seizures

Answer C is correct. Patients on pyrantel pamoate commonly develop abdominal pain and nausea (mild adverse effects).

3.	 What administration recommendation would you make for taking the drug selected?

a.	 May take with food or juice
b.	 Must take on empty stomach
c.	 Must take only at night
d.	 Must take every other day

Answer A is correct. May take with food or juice and none of the other factors are required for appropriate medication 
administration.
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4.	 Should anyone else be treated for pinworm infection?

a.	 No one else needs to be treated.
b.	 Only household contacts should be treated.
c.	 All individuals in close contact with an infected person should be treated.
d.	 All individuals with any contact with an infected person should be treated.

Answer C is correct. All individuals in close contact with the infected person should be treated, including family members.

A 23-year-old female has just returned from her visit to Panama City, Florida, after volunteering with a medical 
mission group for a month. She has abdominal discomfort and she reports that she ate some undercooked pork and 
also went swimming in dark, dirty (brackish) water. She is concerned she may have contracted an infection involving 
pork tapeworm (Taenia solium [Ascaris lumbricoides]), which is a fear that is confirmed upon diagnosis by her 
healthcare provider.

1.	 What is the appropriate treatment for this patient’s condition?

a.	 Albendazole 400 mg, single dose
b.	 Mebendazole 500 mg, daily for 3 days
c.	 Pyrantel pamoate 2 g, single dose
d.	 Albendazole 400 mg once, then repeat 2 weeks later

Answer A is correct. Albendazole 400 mg as a single dose is the appropriate treatment in the United States.

2.	 The prescriber selects the optimal drug regimen. What common side effect would you want to 
prepare the family to observe for based on your previous answer?

a.	 Confusion
b.	 Behavior problems
c.	 Abdominal pain
d.	 Seizures

Answer C is correct. Patients on albendazole commonly develop abdominal pain and nausea (mild adverse effects). More 
common side effects include elevated liver enzymes and hepatotoxicity, which may also be associated with abdominal pain. 
Prescribers should monitor LFTS and discontinue therapy if liver enzymes are more than 2 times the upper limit of normal.

3.	 What administration recommendation would you make for taking the drug selected?

a.	 Must take with high fat meal
b.	 Must take on empty stomach
c.	 Must take only at night
d.	 Must take every other day

Answer A is correct. Optimal absorption of albendazole occurs in the presence of a high fat meal.

2.2  Antibacterials
The development of new antibiotics has also evolved to “keep up” with bacterial mutations; thus the different cate-
gories of antibiotics described in this section have different mechanisms of action that are responsible for their bac-
tericidal (and sometimes bacteriostatic) effects. As is the case with the cephalosporin antibiotics, the mechanism of 
action may be similar for drug classes, but progressive “generations” of the antibiotic may be developed to increase 
potency and/or reduce chances of bacterial resistance through mutation of the organism. Antibiotics are unique in 
their concentration and in the time of exposure required for bacterial killing. While each antibiotic category has a 
somewhat unique mechanism of action, generally all of these drugs target critical survival mechanisms of the bacte-
ria (such as altering the cell wall or disrupting protein synthesis), resulting in death of the pathogenic organism. One 
example of recent resistance includes the ability of some bacteria to produce the enzyme penicillinase, which destroys 
the chemical structure of certain antibiotics (β-lactam ring). Penicillinase-resistant penicillins are an effective tool in 
our clinical toolbox; however we are aware of current and evolving resistance to these agents. Penicillinase-resistant 
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penicillins include oxacillin, dicloxacillin, and nafcillin, and are the agents of choice for most staphylococcal disease. 
However, the recent emergence of methicillin-resistant (MRSA) organisms has reminded the clinical community of 
the need for heightened efforts to use antibiotics responsibly.

The absorption, distribution, metabolism, and elimination (ADME) of a medication are all critical elements 
for drug action with the body. One key aspect associated with the ADME process is the amount of drug found in 
the blood at any given time. Certain medications have a lower safety “tolerance” for large fluctuations of drug in the 
blood and are termed narrow therapeutic agents. Therapeutic drug monitoring is the process of using ADME pre-
dictions to estimate a safe range between efficacy and toxicity. It is critical that the ADME of antibacterial agents is 
accurately predicted to ensure the prescribed drug concentrations remain at therapeutic levels. Therapeutic levels 
of antibacterial agents are established during clinical trials and are based on specific microbiologic end points—
including measurements such as the area under the curve (AUC):minimal inhibitory concentration (MIC) ratio, 
peak:MIC ratio, and time (T) that the concentration remains greater than MIC (T > MIC).

Aminoglycosides exhibit concentration-dependent bactericidal effects. High-dose, extended-interval aminogly-
coside dosing maximizes the peak:MIC ratio through administration of a large dose once daily. Aminoglycosides have 
a postantibiotic effect (persistent suppression of organism growth after concentrations decrease to less than the MIC), 
which facilitates the efficacy of this regimen. Fluoroquinolones also exhibit concentration-dependent killing activity. 
For these antibiotics, the bactericidal effect is characterized by the AUC:MIC ratio. In contrast, beta-lactams (β-lactams) 
display time-dependent bactericidal effects. Bactericidal activity is most likely when the drug concentration is greater 
than the MIC (T > MIC) for at least 40% to 50% of the dosing interval. To achieve this effect, the antibiotic is typically 
administered as a continuous infusion, as a prolonged infusion, or as a series of small, frequent doses.

Many antimicrobials require dosage adjustment in patients with renal dysfunction (if the renal system is a sub-
stantial source of elimination) to minimize toxicity, and some may require dosage adjustment in patients with liver 
dysfunction. Food–drug or drug–drug interactions with certain antibacterial medications (such as occurs with the 
quinolones and calcium-containing foods or aluminum/magnesium-containing antacids) may decrease absorption of 
the antibacterial medication. This interaction is usually addressed by separating the administration times or avoiding 
the combination.

Patients with delayed dermatologic reactions (i.e., rash) to penicillin generally can receive cephalosporins with-
out adverse effects. Patients with type I hypersensitivity reactions (i.e., anaphylaxis) to penicillins should not receive 
cephalosporins. Although the likelihood of cross-reactivity is low, the severe consequences of an anaphylactic reac-
tion outweigh the benefits of using another β-lactam antibiotic. Non-β-lactam options (depending on the targeted 
pathogen) include aztreonam, quinolones, sulfonamides, and vancomycin.

Renal function (typically creatinine clearance or estimated glomerular filtration rate) should be calculated for 
each patient receiving antibiotics; for renally eliminated antibiotics, the dose amount or dosing interval should be 
adjusted accordingly. Hepatic function should be assessed in each patient receiving medications metabolized via the 
hepatobiliary system, such as clindamycin, erythromycin, and metronidazole. All concomitant drugs and nutritional 
supplements should be reviewed to avoid drug–drug interactions. Combination antibiotic therapy may be indicated 
for polymicrobial infections (e.g., intra-abdominal, gynecologic infections), to produce synergistic killing (such as 
β-lactam plus aminoglycoside regimens in enterococcal endocarditis), or to prevent the emergence of resistance.

Aminoglycosides

Amikacin
Gentamicin
Neomycin
Streptomycin
Tobramycin
Paromomycin (see also the Antiprotozoals section)

Cephalosporins

First-Generation Cephalosporins

Cefadroxil
Cefazolin
Cephalexin
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Second-Generation Cephalosporins

Cefaclor
Cefprozil
Cefuroxime
Cefotetan (see also the Cephamycins section)
Cefoxitin (see also the Cephamycins section)

Third-Generation Cephalosporins

Cefdinir
Cefditoren
Cefixime
Cefotaxime
Cefpodoxime
Ceftazidime
Ceftazidime and avibactam
Ceftibuten
Ceftolozane and tazobactam
Ceftriaxone

Fourth-Generation Cephalosporins

Cefepime

Fifth-Generation Cephalosporins

Ceftaroline

Miscellaneous Beta Lactams

Carbapenems

Doripenem
Ertapenem
Imipenem and cilastatin sodium
Meropenem

Cephamycins

Cefotetan
Cefoxitin

Monobactams

Aztreonam

Chloramphenicols

Chloramphenicol

Macrolides

Erythromycins

Erythromycin
Erythromycin estolate
Erythromycin ethylsuccinate
Erythromycin lactobionate
Erythromycin stearate
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Ketolides

Telithromycin

Other Macrolides

Azithromycin
Clarithromycin
Fidaxomicin

Penicillins

Natural Penicillins

Penicillin G (benzathine, potassium, procaine)
Penicillin V potassium

Aminopenicillins

Amoxicillin
Amoxicillin and clavulanate
Ampicillin
Ampicillin and sulbactam

Penicillinase-Resistant Penicillins

Dicloxacillin
Nafcillin
Oxacillin

Extended-Spectrum Penicillins

Piperacillin and tazobactam

Quinolones

Ciprofloxacin
Finafloxacin
Gemifloxacin
Levofloxacin
Moxifloxacin
Ofloxacin

Sulfonamides

Co-trimoxazole
Sulfadiazine
Sulfamthoxazole/Trimethoprim
Sulfasalazine

Tetracyclines

Demeclocycline
Doxycycline
Minocycline
Tetracycline
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Glycylcyclines

Tigecycline

Antibacterials: Miscellaneous Agents

Bacitracins

Bacitracin

Cyclic Lipopeptides

Daptomycin

Glycopeptides

Dalbavancin
Oritavancin
Telavancin
Vancomycin

Lincomycins

Clindamycin
Lincomycin

Oxazolidinones

Linezolid
Tedizolid

Polymyxins

Colistimethate/colistin
Polymyxin B

Rifamycins

Rifaximin
Rifabutin (see also the Antimycobacterials section)
Rifampin (see also the Antimycobacterials section)
Rifapentine (see also the Antimycobacterials section)

Streptogramins

Quinupristin and dalfopristin

Miscellaneous Urinary Anti-infectives

Fosfomycin
Methenamine
Nitrofurantoin
Trimethoprim

Case Studies and Conclusions

A 56-year-old man diagnosed with a MRSA infection expresses concern that he has never “not finished” an antibiotic 
and has always followed the instructions.
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1.	 Why is he now experiencing antibiotic resistance?

a.	 He shares the societal problem of progressive mutation.
b.	 His body must just be “born” to be resistant.
c.	 He may grow out of resistance, so keep trying penicillin.
d.	 He may never use penicillin again.

Answer A is correct. Antibacterial resistance is on the rise. The mechanism of penicillin resistance is as follows: β-Lactam 
antibiotics are capable of being inactivated by β-lactamases that are present in large quantities. The β-lactamases are 
grouped into four classes. Some Class A and D enzymes are inhibited by β-lactamase inhibitors such as clavulanate and 
tazobactam. Bacterial resistance to the β-lactam antibiotics may also develop by mechanisms other than destruction by 
β-lactamases.

A 68-year-old woman has contracted an S. epidermidis infection that is methicillin sensitive. An infectious diseases 
consultant recommends the use of a penicillinase-resistant penicillin. The patient wants to know which medications 
are included in this category so she can determine if they are “covered by her health plan.”

1.	 Which of the following agents do you advise as being the list of potential penicillinase-resistant 
penicillins?

a.	 Amoxicillin
b.	 Dicloxacillin
c.	 Moxifloxacin
d.	 Azithromycin

Answer B is correct. The penicillinase-resistant penicillins (oxacillin, dicloxacillin, and nafcillin) are resistant to hydroly-
sis by staphylococcal penicillinase. These semisynthetic penicillins are effective against penicillinase-producing strains of 
Staphylococcus.

Your patient inquires further about which types of infections might be resistant to dicloxacillin.

2.	 Which infection type is resistant to penicillinase-resistant penicillins?

a.	 Candida infections
b.	 MSSA infections
c.	 MRSA infections
d.	 C. difficile infections

Answer C is correct. The role of these penicillins as the agents of choice for most staphylococcal disease is changing with the 
increasing incidence of isolates of MRSA microorganisms. MRSA strains demonstrate resistance to all penicillinase-resistant 
penicillins and cephalosporins. Hospital-acquired strains usually are resistant to the aminoglycosides, tetracyclines, erythro-
mycin, and clindamycin as well. Vancomycin is considered the drug of choice for hospital-acquired resistant strains, although 
resistance to vancomycin is also emerging.

2.3  Antifungals
Fungal infections are becoming more common. Organ and bone marrow transplantation, cytotoxic chemotherapy, 
long-term indwelling IV catheters, and the increased use of potent broad-spectrum antibiotic agents have contrib-
uted to the increase in fungal infections. Immunocompromised patients are at increased risk for fungal infections.

Systemic fungal infections include histoplasmosis, coccidioidomycosis, cryptococcosis, blastomycosis, paracoc-
cidioidomycosis, and sporotrichosis. Most systemic fungal infections are acquired via inhalation. Fungi are eukary-
otes with unique cell walls containing glucans and chitin, and their eradication requires different strategies than those 
used for treatment of bacterial infections. Antifungals work by inhibiting synthesis of cell wall components, synthesis 
of nucleic acids, or microtubule/mitotic spindle function. As with most infections, host factors contribute greatly to 
the clinical outcome for patients with fungal infections. An antifungal agent may provide for cure of an infection de-
spite in vitro resistance because the immune system may eradicate the infection, or the antifungal agent may achieve 
high concentrations at the infection site, allowing the drug to overcome high MICs.
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Resistance can be categorized as clinical or microbiological. Clinical resistance refers to treatment failure because 
of factors other than microbial resistance; microbial resistance can refer to either primary or secondary resistance, as 
determined by in vitro susceptibility testing using standardized methodology. Primary (intrinsic) resistance is pres-
ent prior to drug exposure. Secondary (acquired) resistance develops after exposure to an antifungal agent; it can be 
reversible in some cases. The clinical consequences of antifungal resistance can take the form of treatment failure and 
changes in the prevalence of the fungal species causing disease. Antifungal resistance has been reported in Candida 
albicans as well as C. glabrata, C. tropicalis, and C. krusei isolates.

Several antifungal classes are available. Amphotericin B, a polyene, binds to sterols in the fungal cell mem-
brane, leading to alterations in cell permeability and cell death. It is available in four formulations; each has relative 
advantages and disadvantages. Newer liposomal formulations are associated with less toxicity than the older ones, 
however, renal toxicity remains one of the most prominent clinical concerns. Imidazoles and triazoles have a similar 
spectrum of activity and mechanism of action. The azoles are agents that require significant hepatic metabolism and 
often strongly compete with other drugs using the same pathway through the liver. For this reason, these agents are 
associated with drug–drug interactions that may limit their use. The echinocandins are used primarily for invasive 
candidiasis and aspergillosis. Griseofulvin is used for mycotic disease of the skin, hair, and nails due to Microsporum, 
Trichophyton, or Epidermophyton species. Topical antifungal treatment is useful for superficial infections that are 
confined to the stratum corneum, squamous mucosa, or cornea. In addition, creams for vaginal use are available to 
treat vaginal candidiasis.

Allylamines

Terbinafine

Azoles

Efinaconazole
Fluconazole
Isavuconazonium sulfate
Itraconazole
Ketoconazole
Luliconazole
Posaconazole
Voriconazole

Echinocandins

Anidulafungin
Caspofungin
Micafungin

Oxaboroles

Tavaborole

Polyenes

Amphotericin B
Nystatin

Pyrimidines

Flucytosine

Miscellaneous Antifungal Agents

Griseofulvin
Potassium iodide (see also the Thyroid Hormones section in the Hormones and Synthetic Substitutes chapte)
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Case Studies and Conclusions

A 56-year-old woman is diagnosed with mucormycoses involving the maxillary sinuses. An infectious diseases con-
sultant recommends that she be treated with amphotericin B.

1.	 Which formulations of amphotericin B are available for her treatment?

a.	 C-AMB, L-AMB, ABLC, ABCD
b.	 C-AAB, L-AAB, ABBC, AAAD
c.	 C-BBA, LBBB, ABBA, ADDA
d.	 CAAA, LAAB, ABBL, ADDD

Answer A is correct. Four formulations of amphotericin B are commercially available: conventional amphotericin B (C-AMB), 
liposomal amphotericin B (L-AMB), amphotericin B lipid complex (ABLC), and amphotericin B colloidal dispersion (ABCD).

2.	 The patient requests more information about the amphotericin options available to her. What 
would you advise her about the major difference in these formulations?

a.	 Degree of infusion reaction
b.	 Blood concentration achieved
c.	 Indications for use
d.	 All of these are major differences.

Answer D is correct. C-AMB is insoluble in water, but is formulated for intravenous use by complexing it with a bile salt, de-
oxycholate. ABCD forms a colloidal solution when dispersed in water and is present in much lower blood concentrations than 
C-AMB. Infusion reactions of chills and fever are more commonly noted with ABCD than with C-AMB. L-AMB is supplied as a lyo-
philized powder and achieves blood concentrations equivalent to those for C-AMB. L-AMB is approved for empirical therapy of 
fever in the neutropenic host not responding to appropriate antibacterial agents, as well as for salvage therapy in patients with 
aspergillosis and candidiasis. ABLC provides blood concentrations of amphotericin B that are much lower than those achieved 
with the same dose of C-AMB. ABLC is approved for salvage therapy of deep mycoses. The lipid formulations appear to reduce 
the risk of nephrotoxicity during therapy. The costs of the lipid formulations of amphotericin B greatly exceed the cost of C-AMB.

3.	 The patient requests information on how these medications will “fight her infection.” How would 
you describe the mechanism of action of amphotericin?

a.	 Binds to the membranes of fungi, increasing permeability
b.	 Decreases permeability of the fungal membrane, causing fungal dehydration
c.	 Forms a calcified cell membrane
d.	 Triggers preprogrammed cell death

Answer A is correct. The antifungal activity of amphotericin B depends principally on its binding to a sterol moiety, primarily 
ergosterol, in the membrane of sensitive fungi. By virtue of their interaction with these sterols, polyenes appear to form pores 
or channels that increase the permeability of the membrane, allowing the outward leakage of a variety of small molecules.

4.	 The patient is concerned about side effects of amphotericin B. Which serious, untoward effects 
should be watched for in this patient?

a.	 Hepatic impairment
b.	 Renal impairment
c.	 Hair loss
d.	 Constipation

Answer B is correct. Major untoward effects of amphotericin B are infusion-related reactions such as fever and chills. These are 
most severe with ABCD, slightly less severe with C-AMB, even less severe with ABLC, and least severe with L-AMB. Nephrotoxicity, 
a major concern with amphotericin B use, is dose dependent, usually transient, and increased by concurrent therapy with other 
nephrotoxic agents such as aminoglycosides or cyclosporine. Permanent functional renal impairment is uncommon in adults 
with normal renal function prior to treatment. Hypochromic, normocytic anemia commonly occurs during treatment with C-AMB.

A 19-year-old woman with coccidioidal meningitis is being treated with fluconazole. Her parents (who have received 
HIPAA clearance from the patient) and she request information about why fluconazole was chosen instead of am-
photericin B.
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1.	 Which of the following statements is the best response?

a.	 Fluconazole is the least expensive antifungal drug available.
b.	 Fluconazole is the drug of choice for this type of fungal infection.
c.	 Fluconazole has less potential to cause stomach irritation.
d.	 Fluconazole will not interfere with the patient’s oral contraceptive.

Answer B is correct. Fluconazole is the drug of choice for the treatment of coccidioidal meningitis because of its good pene-
tration into cerebrospinal fluid and its much lower morbidity compared to intrathecal amphotericin B.

2.	 The patient is a new pharmacy technician and is learning about medication side effects as she 
works in the pharmacy. She wants to know which major issues and limitations are involved with 
the use of fluconazole, an azole antifungal. What do you tell her?

a.	 There are none; fluconazole is 100% safe to use.
b.	 Fluconazole has numerous drug interactions that must be considered.
c.	 Fluconazole should not be used in patients older than age 50.
d.	 Fluconazole is not covered by most insurance plans and is expensive.

Answer B is correct. Fluconazole competes with other drugs that are metabolized through the liver and for this reason  
drug–drug interactions limit its use.

2.4  Antimycobacterials
Agents used for the treatment of mycobacterial infections, including tuberculosis (TB), leprosy, and infections due to 
nontuberculous mycobacteria (NTM), are administered in multiple-drug regimens for prolonged courses. Because 
these pathogenic organisms grow slowly, treatment requires a much longer course of therapy compared with most 
bacterial infections. Combination therapy is needed because of the high rate of intrinsic resistance mutations as well 
as mutations that develop during treatment.

The incidence of TB (i.e., Mycobacterium tuberculosis infection) has been declining in the United States; 
however, TB remains a leading cause of morbidity and mortality in developing countries. In addition to effective 
drug regimens, a well-organized infrastructure for diagnosis and treatment of TB, including both therapeutic 
and control efforts, is needed to ensure successful individual and public health outcomes. Infections with NTM 
have become more common because of the increased number of immunocompromised hosts and persons with 
structural lung disease.

Even though a multiple-drug regimen is used, typically 3–6 months of treatment is required to eradicate 
drug-susceptible TB. Latent TB infection (LTBI) and active TB disease are diagnosed based on the patient’s 
history, physical examination, radiographic imaging, tuberculin skin test (TST), interferon-γ release assays 
(IGRA), acid-fast staining, and/or mycobacterial cultures. Active TB disease is treated with regimens that 
include an initial phase of 2 months (daily isoniazid, rifampin, pyrazinamide and ethambutol), followed by 
a choice of several options for the continuation phase—either 4 or 7 months (typically the combination of 
isoniazid and rifampin is used for drug susceptible TB) for a total of 6 or 9 months of treatment. Multiple drug 
combination treatment has decreased the risk of resistance and has also led to a reduction in total treatment 
duration. LTBI is treated with isoniazid (optimally given daily or twice weekly for 6–9 months), rifampin (daily 
for 4 months), or isoniazid plus rifapentine (weekly for 3 months). Any regimen with weekly or twice-weekly 
dosing (anything less frequent than daily) requires directly observed therapy (DOT) to ensure adequate adher-
ence to the regimen. If significant clinical improvement does not occur or the patient’s clinical status worsens, 
then treatment failure due to nonadherence, poor medication absorption, or development of resistance should 
be considered. If resistance is documented or strongly suspected, at least two efficacious drugs to which the 
isolate is susceptible or which the patient has not already taken should be added to the therapeutic regimen. 
Due to the high risk of drug–drug interactions with both isoniazid and rifamin, any exaggerated side effects or 
suboptimal therapeutic responses should be evaluated based on the potential for interaction in light of other 
medications the patient is taking.

Multidrug-resistant TB (MDR-TB) is caused by a strain of M. tuberculosis that is resistant to both isoniazid 
and rifampin. The risk of MDR-TB is elevated in patients presenting from specific geographic areas in which 5% or 
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more of incident cases involve MDR-TB and in patients previously treated for TB. Treatment regimens for MDR-TB 
generally include a susceptible fluoroquinolone and an injectable second-line agent (such as capreomycin or amika-
cin). Regimens of at least five drugs are recommended for the treatment of MDR-TB. Extensively drug-resistant TB 
(XDR-TB) is MDR-TB with additional resistance to any fluoroquinolone and at least one of the second-line injectable 
agents. Treatment of XDR-TB is individualized on the basis of complete phenotypic and, if possible, genotypic an-
timicrobial susceptibility testing. Therapeutic regimens for either MDR-TB or XDR-TB should be constructed with 
input from experienced clinicians, who should continue the management of the disease.

Antimycobacterial Agents

Antituberculosis Agents

Aminosalicylic acid
Bedaquiline
Capreomycin
Cycloserine
Ethambutol
Ethionamide
Isoniazid
Pyrazinamide
Rifabutin
Rifampin
Rifapentine
Amikacin (see also the Antibacterials section)
Ciprofloxacin (see also the Antibacterials section)
Clarithromycin (see also the Antibacterials section)
Levofloxacin (see also the Antibacterials section)
Moxifloxacin (see also the Antibacterials section)
Streptomycin (see also the Antibacterials section)

Miscellaneous Antimycobacterial Agents

Dapsone

Case Studies and Conclusions

A 55-year-old male has returned from traveling to India for 3 months. He returns with a productive cough and chest 
x-ray indicative of TB.

1.	 Which medication(s) should be initiated in this patient?

a.	 Isoniazid for 9 months
b.	 Isoniazid and rifampin for 6 months
c.	 Isoniazid, rifampin, and pyrazinamide for 6 months
d.	 Isoniazid, rifampin, pyrazinamide, and ethambutol for up to 9 months

Answer D is correct. Regimens for treating TB disease are based on an initial phase lasting 2 months (daily isoniazid, rifampin, 
pyrazinamide, and ethambutol), followed by a choice of several options for the continuation phase—either 4 or 7 months 
(typically the combination of isoniazid and rifampin is used for drug-susceptible TB), for a total of 6 or 9 months for treatment. 
Combination anti-TB therapy is recommended for treatment of TB because resistance quickly develops when these medica-
tions are used alone. The probability that resistance will emerge when the regimen includes more than 2 drugs is small. Multi-
drug therapy has also led to a reduction in the length of therapy to 6–9 months.

When TB bacteria become active (multiplying in the body) and the immune system cannot stop the bacteria 
from growing, the condition is called TB disease. People with TB disease may spread the bacteria to people with 
whom they spend many hours. TB medication adherence is important to prevent treatment failure, TB spread, and 
resistance. MDR-TB is more difficult and more expensive to treat compared with susceptible strains.
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2.	 Which drug interaction education should this patient be warned about with isoniazid?

a.	 �Isoniazid is a potent competitor (inhibitor) of drug metabolism and is responsible for many drug 
interactions.

b.	 Isoniazid is not metabolized by the liver and therefore is not subject to drug interactions.
c.	 Isoniazid is only a potential drug interaction problem when taken with rifampin.
d.	 Isoniazid should never be taken with any other drug because it is dangerous to do so.

Answer A is correct. Isoniazid is a potent inhibitor of specific liver enzymes well known to be responsible for numerous drug 
interactions. Drugs metabolized by competing liver enzymes will potentially be affected by the patient’s use of isoniazid.

A 37-year-old respiratory therapist with no past medical history has a positive (more than 10 mm) tuberculin skin 
test (TST) and normal chest x-ray. She is employed full time at the university hospital.

1.	 Which medication therapy, if any, should this patient receive?

a.	 Isoniazid for 3 months
b.	 Isoniazid for 9 months or rifampin for 4 months
c.	 Isoniazid, rifampin, and pyrazinamide for 6 months
d.	 No therapy is needed since TST < 15 mm.

Answer B is correct. People with latent TB infection do not have symptoms, and they cannot spread TB bacteria to others. 
These individuals should receive treatment to prevent them from developing active TB disease—a step that is essential for 
controlling and eliminating TB. Groups who should be given high priority for latent TB infection treatment (not a complete 
list) include HIV-infected persons, organ transplant recipients, and persons with a positive IGRA result or a TST reaction of 10 
mm or more, including residents and employees of high-risk congregate settings (e.g., correctional facilities, nursing homes, 
homeless shelters, hospitals, and other healthcare facilities). Persons with no known risk factors for TB may be considered for 
treatment of LTBI if they have a positive IGRA result or if their reaction to the TST is 15 mm or greater. For patients with a pos-
itive TST, no symptoms, and normal chest x-ray, drug therapy with isoniazid for 6–9 months, rifampin for 4 months, or combi-
nation isoniazid plus rifapentine for 3 months is appropriate for treatment of their latent TB.

2.	 What is a potential adverse effect of isoniazid therapy in this otherwise healthy woman with 
adequate nutrition?

a.	 Nephrotoxicity
b.	 Cardiac toxicity
c.	 Hepatotoxicity
d.	 Peripheral neuropathy

Answer C is correct. Isoniazid is converted to acetyl isoniazid, which can be converted to acetyl hydrazine and hepatotoxic 
metabolites. Rapid acetylators will form diacetyl hydrazine, which is nontoxic; slow acetylators or CYP2E1 induction will lead 
to more hepatotoxic metabolites. Rifampin, a potent inducer of CYP2E1, potentiates isoniazid hepatotoxicity. Isoniazid also 
can cause a peripheral neuropathy in patients who are deficient in vitamin B6 (pyridoxine).

3.	 Which adverse effect(s) from rifampin use should this patient be warned about?

a.	 Orange-tan discoloration of skin, urine, and contact lenses
b.	 Peripheral neuritis
c.	 Cardiac toxicity
d.	 Nephrotoxicity

Answer A is correct. Orange-tan discoloration of the skin, urine, feces, saliva, tears, and contact lenses is possible with rifampin.

2.5  Antivirals
Viruses replicate intracellularly and often use host cell enzymes, macromolecules, and organelles to make viral parti-
cles. Therefore, useful antiviral compounds must discriminate between host and viral functions with a high degree of 
specificity; agents without such selectivity would be too toxic for clinical use.
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Viruses are simple microorganisms made up of double- or single-stranded DNA or RNA enclosed in a protein 
coat (capsid). Effective antiviral agents inhibit virus-specific replicative events or inhibit virus-directed nucleic acid 
or protein synthesis. Nonspecific antiviral agents (e.g., interferons) have multiple mechanisms of action that include 
modulation of the host’s immune responses. DNA viruses include poxviruses (smallpox), herpesviruses (chickenpox, 
shingles, herpes), adenoviruses (conjunctivitis, sore throat), hepadnaviruses (hepatitis B [HBV]), and papillomavi-
ruses (warts). Antiviral agents work best when administered early (when infection is first recognized). As is the case 
with antibiotics, antiviral agents are also susceptible to mutation and resistance. For example, with some miscella-
neous antivirals, such as foscarnet, resistant clinical isolate of herpes viruses have emerged during therapeutic use 
and may be associated with poor clinical response.

Interferons

Interferons (IFNs) are biological response modifiers with antiviral and immunomodulatory activity. IFN-α (leuko-
cyte interferon) and IFN-β (fibroblast interferon) are released by human cells infected with certain viruses, whereas 
IFN-γ (immune interferon) is produced by natural killer cells (T-cell lymphocytes) in response to antigen exposure. 
These cytokines then act on uninfected host tissue cells to induce a state of relative resistance to viral infections. IFNs 
bind to cell-surface receptors that initiate the induction of certain enzymes, inhibition of cell proliferation, enhance-
ment of immune activities (including increased phagocytosis by macrophages), and augmentation of cytotoxicity 
by T cells. IFNs are not absorbed orally because of their large amino acid sequence, which is digested by proteolytic 
enzymes in the digestive tract.

IFN-α is rapidly absorbed after both intramuscular and subcutaneous injection, and frequent injections are 
needed to maintain adequate serum concentrations. The available products are now chemically modified with poly-
ethylene glycol (PEG) to extend their half-life and allow for once-weekly dosing. In addition, adverse effects are re-
duced because of the lowered peak concentration. IFN-α is used to treat chronic hepatitis C infections.

IFN-β products have antiviral properties but are used for multiple sclerosis, not infections. IFN-γ1b injection is 
used for prevention of infections in patients with chronic granulomatous disease in combination with antibacterials 
and antifungals. In rare cases, IFN-γ is used as salvage therapy for mycobacterial infections.

Topical imiquimod creams do not have inherent antiviral activity alone, but instead induce IFN-α, IFN-β, and 
IFN-γ plus tumor necrosis factor alpha (TNF-α). Local application of these medications to external genital and peri-
anal warts stimulates an immunomodulatory response that produces cytokines, which have antiviral action and re-
duce viral load and wart size.

Monoclonal Antibodies

Antibodies (immunoglobulins) are produced by B cells of the immune system. Antibodies neutralize and eliminate 
the infectious agents and toxins produced by pathogens. They are found in blood, plasma, and extracellular fluids. 
Antibodies’ Y-shaped structures contain two identical variable-region antigen binding sites, with the lower (constant) 
region being responsible for the initiation of effector functions that lead to the removal and destruction of the patho-
gen or cells harboring the pathogen. The antigen binding sites on an antibody can bind to and neutralize bacterial 
toxins and viruses, thereby preventing them from binding to their target cells or receptors and thereby causing toxic 
effects or spread of the infection.

Antibodies being developed for treatment of diseases in humans are highly purified and are mostly fully human 
monoclonal antibodies. The term monoclonal antibody (mAb) refers to the cell cultures used—that is, a single cell line 
that produces one specific antibody. Antibodies are specific to a single virus, bacterium, or bacterial subtype. Muta-
tions can render the antibody ineffective; however, the mutation would not affect other similar agents and would not 
cause resistance to spread. Only one monoclonal antibody, palivizumab, is approved for treatment of infection—that 
is, for the prevention and treatment of respiratory syncytial virus (RSV) infection in high-risk children.

Antiretroviral Agents

Infection with human immunodeficiency virus (HIV) may occur through a sexual, parenteral, or perinatal route. 
Sexual intercourse, primarily receptive anal and vaginal intercourse, is the most common method for HIV trans-
mission. HIV infects cells expressing cluster of differentiation 4 (CD4) receptors, such as T-helper lymphocytes, 
monocytes, macrophages, dendritic cells, and brain microglia. Untreated HIV infection leads to depletion of CD4 T 
lymphocytes and immunosuppression that increases the patient’s risk of opportunistic infections (OIs). Untreated 
OIs and a lack of effective antiretroviral therapy (ART) are the main causes of HIV morbidity and mortality.
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The current goal of ART is to achieve maximum and durable suppression of HIV replication or a level of HIV 
RNA in plasma (viral load) less than the lower limit of quantification. Another, equally important outcome is an 
increase in CD4 lymphocytes, as their number closely correlates with the risk for developing OIs. Prophylaxis with 
antiretroviral agents in at-risk persons lowers HIV acquisition risk.

Clinical use of antiretroviral agents is complicated by drug–drug interactions. Some interactions are beneficial 
and used purposely; others may be harmful, leading to dangerously elevated or inadequate drug concentrations. 
For these reasons, clinicians involved in the pharmacotherapy of HIV infection must exercise constant vigilance 
and maintain a current knowledge of drug interactions. Current recommendations for the initial treatment of HIV 
advocate the use of a minimum of three active antiretroviral agents from at least two drug classes.

The typical HIV regimen consists of two nucleoside/nucleotide analogues plus either a “boosted” prote-
ase inhibitor (PI)—utilizing a purposeful drug interaction that results in an increased blood concentration of the 
PI—a non-nucleoside reverse transcriptase inhibitor, or an integrase strand transfer inhibitor (InSTI). Inadequate 
suppression of viral replication allows HIV to select for antiretroviral-resistant HIV variants; this possibility is a ma-
jor factor limiting the ability of antiretroviral drugs to inhibit virus replication. Current recommendations for treating 
drug-resistant HIV include choosing at least two drugs (preferably three) to which the patient’s virus is susceptible. 
Susceptibility can be assessed using either virtual genotypic or phenotypic resistance testing.

The longer life span conferred by antiretroviral treatment has given rise to other medical issues. Complications 
associated with older age have become common, some of which are adverse effects from antiretroviral drugs. 
Hepatitis C virus (HCV) coinfection is an important cause of morbidity and mortality in these patients. Medical 
management of these contemporary HIV complications is constantly evolving.

Adamantanes

Amantadine
Rimantadine

Antiretrovirals

HIV Entry and Fusion Inhibitors

Enfuvirtide
Maraviroc

HIV Protease Inhibitors

Atazanavir
Darunavir
Fosamprenavir
Indinavir
Lopinavir and ritonavir
Nelfinavir
Ritonavir
Saquinavir
Tipranavir

HIV Integrase Inhibitors

Dolutegravir
Elvitegravir and cobicistat
Raltegravir

HIV Non-nucleoside Reverse Transcriptase Inhibitors

Delavirdine
Efavirenz
Etravirine
Nevirapine
Rilpivirine
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HIV Nucleoside and Nucleotide Reverse Transcriptase Inhibitors

Abacavir
Didanosine
Emtricitabine
Lamivudine
Stavudine
Tenofovir
Zidovudine

Interferons

Interferon alfa
Peginterferon alfa

Neuraminidase Inhibitors

Oseltamivir
Peramivir
Zanamivir

Nucleosides and Nucleotides

Acyclovir
Adefovir
Cidofovir
Entecavir
Famciclovir
Ganciclovir
Ribavirin
Telbivudine
Valacyclovir
Valganciclovir

HCV Antivirals

NS5B Polymerase inhibitors

Dasabuvir
Sofosbuvir

NS3/4A Protease Inhibitors

Grazoprevir
Paritaprevir
Simeprevir

NS5A Replication Complex Inhibitors

Daclatasvir
Elbasvir
Ledipasvir
Ombitasvir

Antivirals: Miscellaneous

Foscarnet
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Case Studies and Conclusions

A 73-year-old man with no other health issues developed a rash on his back yesterday. He now complains of 
considerable pain in the area. You suspect varicella zoster virus (VZV) infection (shingles).

1.	 What is the best treatment option for this patient?

a.	 Acyclovir within 7 days of rash presentation
b.	 Valacyclovir within 24 hours of rash presentation
c.	 Penciclovir within 5 days of rash presentation
d.	 Famciclovir within 3 days of rash presentation

Answer B is correct. The two drugs most commonly used for VZV infections are acyclovir and penciclovir, or their pro-
drugs, valacyclovir and famciclovir, respectively. Both drugs are most effective if started within 24 hours of the rash’s 
appearance.

A 23-year-old man with AIDS has begun to develop blurred vision in his left eye. The diagnosis of cytomegalovirus 
(CMV) retinitis is made. The patient is started on intravenous foscarnet.

1.	 Regardless of the initial choice of IV foscarnet, which treatment option is not recommended for the 
treatment of CMV retinitis?

a.	 Ganciclovir
b.	 Famciclovir
c.	 Fomivirsen
d.	 Cidofovir

Answer B is correct. The treatment options for CMV retinitis include foscarnet, ganciclovir, fomivirsen, and cidofovir. Fomi-
virsen is given by intravitreal injection for patients intolerant of or unresponsive to other therapies.

2.	 Which of the following statements is true regarding development of resistance to foscarnet?

a.	 �Resistant clinical isolates of adenoviruses have emerged during therapeutic use of foscarnet and may be 
associated with poor clinical response.

b.	 �CMV strains that are resistant to foscarnet have point mutations in the viral DNA polymerase and are 
associated with 3- to 7-fold reductions in foscarnet activity in vitro.

c.	 �Herpesviruses that are resistant to foscarnet have point mutations in the viral DNA polymerase and are 
associated with 3- to 7-fold reductions in foscarnet activity in vitro.

d.	 �Resistant clinical isolates of noroviruses have emerged during therapeutic use of foscarnet and may be 
associated with poor clinical response.

Answer C is correct. Resistant clinical isolates of herpesviruses have emerged during therapeutic use of foscarnet and may be 
associated with poor clinical response. Herpesviruses resistant to foscarnet have point mutations in the viral DNA polymerase 
and are associated with 3- to 7-fold reductions in foscarnet activity in vitro.

3.	 This patient should be monitored for which major adverse effects while on foscarnet?

a.	 Nephrotoxicity and symptomatic hypocalcemia
b.	 Nephrotoxicity and hyponatremia
c.	 Hepatoxicity and hyponatremia
d.	 Hepatoxicity and symptomatic hypocalcemia

Answer A is correct. The dose-limiting toxicities associated with foscarnet are nephrotoxicity and symptomatic 
hypocalcemia. Acute tubular necrosis, crystalline glomerulopathy, nephrogenic diabetes insipidus, and interstitial nephritis 
have been described. Saline loading may reduce the risk of nephrotoxicity. Foscarnet is highly ionized at physiological pH, 
and metabolic abnormalities are common—for example, increases or decreases in calcium and phosphate, hypomagnese-
mia, and hypokalemia. Decreased serum ionized calcium may cause paresthesia, arrhythmias, tetany, seizures, and other CNS 
disturbances.
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2.6  Antiprotozoals
Antiprotozoal drugs are a class of medications used to treat infections caused by protozoa (single-cell organisms) 
that can act as parasites. Amebiasis, giardiasis, trichomoniasis, toxoplasmosis, cryptosporidiosis, trypanosomiasis, 
and leishmaniasis are common protozoal infections seen worldwide. Protozoa multiply rapidly, and effective vaccines 
against them are not available. Therapy of protozoal infections often requires multiple drugs, but antiprotozoal drugs 
have severe toxicities that require careful monitoring.

Giardiasis is the most commonly reported protozoal infection in the United States. Trichomoniasis is a sexually 
transmitted disease that is common in the United States. Treatment of patients with giardiasis or trichomoniasis us-
ing either metronidazole or tinidazole is usually successful.

Malaria is transmitted by the bite of an infected Anopheles mosquito that introduces the sporozoites (tissue para-
sites) of the plasmodia (Plasmodium falciparum, P. vivax, P. malariae, P. ovale, and P. knowlesi) into the bloodstream. 
P. vivax and P. ovale have life stages that can remain in the liver, and specific antiparasitic drugs are necessary to treat 
the liver stages of these organisms.

Giardiasis

The acute presentation of giardiasis is characterized by diarrhea, cramping abdominal pain, bloating, flatulence, mal-
aise, anorexia, nausea, and belching. Chronic presentation includes diarrhea (foul-smelling, copious, light-colored, 
fatty stools) and weight loss. Periods of diarrhea may alternate with constipation. Steatorrhea, lactose intolerance, and 
vitamin B12 and fat-soluble vitamin deficiencies may also be present. For patients with prolonged diarrhea and mal-
absorption with a history of recent travel to an endemic area, rapid identification based on ova and parasites exam-
ination or an antigen detection test should be performed so as to institute appropriate therapy.

Giardiasis can be prevented with good personal hygiene and avoiding potentially contaminated food and drink. All 
symptomatic adults and children (older than 8 years) with giardiasis can be treated with metronidazole 250 mg 3 times 
daily for 5–10 days or tinidazole 2 g once or nitazoxanide 500 mg twice daily for 3 days. Metronidazole cures 80% to 
90% of cases and is the agent most commonly used to treat giardiasis. This treatment regimen also prevents the infected 
person from shedding infection to others which is described as the development of a carrier state. Diarrhea should cease 
within 2–3 days, although it may take as long as 2 weeks to end. Patients who do not respond to the initial therapy with 
metronidazole should be switched to a drug from a different class, such as nitazoxanide (500 mg twice daily for 3 days).

Malaria

Malaria is a devastating disease in terms of its burden of human suffering and economics. As many as 500 million new 
infections and 2 million deaths are reported annually worldwide. Deaths occur in patients because of lack of access to or 
failure to take chemoprophylaxis, inappropriate chemoprophylaxis, delay in seeking medical care, or misdiagnosis. In 
the United States, most cases of malaria are reported in immigrants from endemic areas and in travelers to these areas.

Symptoms of malaria vary based on the course of the disease. At their initial presentation, patients may com-
plain of nonspecific fever, chills, rigors, diaphoresis, malaise, vomiting, and lightheadedness. During the erythrocytic 
phase (when the plasmodia attack erythrocytes), patients may complain of headache, anorexia, malaise, fatigue, and 
myalgia as well as abdominal pain, diarrhea, chest pain, and arthralgia. Complications such as hypoglycemia, pulmo-
nary edema, and renal failure are associated with increased mortality. Blood smears should be obtained every 12–24 
hours for 3 consecutive days. The presence of parasites in the blood 3–5 days after initiation of therapy suggests drug 
resistance. Recent advances in detecting malaria parasite have included DNA or RNA probes that utilize polymerase 
chain reaction (PCR) and rapid dipstick tests. The dipstick is reported to have a sensitivity of 88% and a specificity of 
97%; however, microscopy is still considered the optimal test.

Chemoprophylaxis has traditionally consisted of chloroquine phosphate 300 mg (base) once weekly beginning 
1–2 weeks prior to departure to the endemic areas and continued for 4 weeks after leaving the endemic area. When 
departing an area where P. vivax or P. ovale is endemic, primaquine phosphate 30 mg (base) daily for 14 days, begin-
ning during the last 2 weeks of chloroquine prophylaxis, should be added to the regimen. When advising potential 
travelers on prophylaxis for malaria, be aware of the incidence of chloroquine-resistant P. falciparum (CRPF) and the 
countries where in which this variant is prevalent. In these areas, commonly recommended drugs for malaria pro-
phylaxis include mefloquine, atovaquone/proguanil, or doxycycline.

The adult dose of mefloquine is 250 mg once weekly, beginning 1 week prior to departure and continuing for 
the full period of exposure, followed by 250 mg for 4 weeks after last exposure. Treatment regimens require different 
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doses and schedules, however, chloroquine is still currently the recommended drug of choice for most cases of un-
complicated malaria (refer to drug grid for further detail). All patients receiving mefloquine should receive the FDA 
Medication Guide; note that this agent is contraindicated in patients with a history of cardiac conduction problems. 
Patients may experience neuropsychiatric reactions (seizures, psychosis, anxiety, sleep disturbances, insomnia, and 
dizziness) from mefloquine and should be monitored closely.

Doxycycline is an alternative option for chemoprophylaxis that avoids the central nervous system side effects. 
However, it requires daily dosing, can increase sun sensitivity, and should be avoided in children and pregnant women.

Atovaquone/proguanil is generally well tolerated and preferred by many travelers. This regimen is more expen-
sive than most malaria prophylaxis medications, which may be a barrier to its use.

Detailed recommendations for prevention of malaria may be obtained by checking the Centers for Disease Con-
trol and Prevention’s (CDC) website: www.cdc.gov/travel.

Amebicides

Iodoquinol
Paromomycin
Metronidazole (see also Miscellaneous Antiprotozoals section)

Antimalarials

Artemether and lumefantrine
Atovaquone and proguanil
Chloroquine
Hydroxychloroquine
Mefloquine
Primaquine
Pyrimethamine
Quinine
Quinidine (see also the Cardiac Drugs section in the Cardiovascular Agents chapter)

Miscellaneous Antiprotozoals

Atovaquone
Metronidazole
Nitazoxanide
Pentamidine
Tinidazole
Co-trimoxazole (see also the Antibacterials section)
Dapsone (see also the Antimycobacterials section)

Case Studies and Conclusions

A 35-year-old woman presents with a history of diarrhea and abdominal pain for the past 3 days. She recently re-
turned from a whitewater rafting trip. During the trip, she fell out of the boat; although she had a life preserver on, 
she swallowed considerable amounts of river water. She is diagnosed with giardiasis, and treatment should begin after 
obtaining appropriate specimens.

1.	 How is the diagnosis of giardiasis made?

a.	 Identification of cysts or trophozoites in feces
b.	 Based on history and clinical presentation
c.	 Microscopic analysis of blood sample
d.	 Identification of cysts in duodenal contents

Answer A is correct. Giardiasis, which is caused by the protozoan Giardia lamblia, is prevalent worldwide and is the most 
common intestinal protozoal infection in the United States. Giardia is a zoonosis, and cysts shed in the feces of animals and 
humans can contaminate recreational and drinking water supplies. Infection with Giardia results in an asymptomatic carrier 
state, acute self-limited diarrhea, or chronic diarrhea. The diagnosis of giardiasis is made by identification of cysts or tropho-
zoites in fecal specimens or of trophozoites in duodenal contents.
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2.	 What is the most appropriate therapy to limit the acute diarrhea, prevent the development of 
chronic diarrhea, and prevent the development of a “carrier state” in patients with giardiasis?

a.	 Nitazoxanide
b.	 Pentamidine
c.	 Metronidazole
d.	 Co-trimoxazole

Answer C is correct. Chemotherapy with a 5-day course of metronidazole or a single dose of tinidazole is usually successful in eradi-
cating giardiasis. Paromomycin has been used to treat pregnant women to avoid any possible mutagenic effects of the other drugs.

A 38-year-old male with no significant past medical history has returned from traveling to Nicaragua. He forgot to 
take chemoprophylaxis for malaria and now presents with fever, chills, rigors, and diaphoresis.

1.	 Which therapy should be initiated in this patient?

a.	 Chloroquine 600 mg
b.	 Quinine 648 mg
c.	 Mefloquine 250 mg
d.	 Quinidine 300 mg

Answer A is correct. In an uncomplicated attack of malaria (for all plasmodia except CRPF), the recommended regimen is 
chloroquine 600 mg (base) initially, followed by 300 mg (base) 6 hours later, and then 300 mg (base) daily for 2 days.

QT

BL

PD

GD

Tips from the Field

Worms

1.	 Diagnosis of tape worms and pinworms is generally made by detection of eggs in stool. Stool should be 
analyzed for the characteristic eggs, such as for the Ascaris lumbricoides-“round worm.” Because of a very 
high egg burden, sample concentration techniques are generally not needed to make the diagnosis.

2.	 Patients may assist in diagnosis of pinworms with cellophane tape used to collect the eggs from the 
perianal area and collected in the morning before bathing or using the toilet. The tape is removed and 
brought in for examination under a microscope. The sensitivity of the tape test is about 50% for a one-
time collection and 90% for three collections.

Other Pearls

1.	 Remember:
•	 Systematic Approach for Selection of Antimicrobials (details provided earlier in this chapter).
•	 Refer to guidelines prior to ordering/administering subacute bacterial endocarditis (SBE) prophylaxis 

to patients as the criteria for use have become more restrictive in order to reduce the overuse and 
unnecessary use of antibiotics.

2.	 If a bacterial otitis media infection is established:
•	 Watchful waiting is encouraged for uncomplicated cases for which reliable follow-up is available.
•	 Amoxicillin or amoxicillin/clavulanate is the recommended first-line therapy.
•	 Macrolides, such as azithromycin, are not recommended due to high levels of Streptococcus pneumo-

niae antibiotic resistance (approximately 40%).
•	 For penicillin-allergic patients, doxycycline or a respiratory fluoroquinolone (levofloxacin or moxi-

floxacin) are recommended alternative agents.

3.	 Routine treatment of uncomplicated acute bronchitis with antibiotics is not recommended, regardless 
of cough duration. Options for symptomatic therapy include:
•	 Cough suppressants (codeine, dextromethorphan)
•	 First-generation antihistamines (diphenhydramine)
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•	 Decongestants (phenylephrine)
•	 Beta agonists (i.e., albuterol).
•	 Decongestants (pseudoephedrine and phenylephrine) combined with a first-generation 

antihistamine—may provide short-term symptom relief of nasal symptoms and cough
•	 Non-steroidal anti-inflammatory drugs—can be given to relieve symptoms

Evidence is lacking to support antihistamines (as monotherapy), opioids, intranasal corticosteroids, 
and nasal saline irrigation as effective treatments for cold symptom relief.

4.	 Providers and patients must weigh the benefits and harms of symptomatic therapy.
•	 Antibiotic treatment for pharyngitis is NOT recommended unless the patient has a positive rapid an-

tigen detection test (RADT) or culture with group A streptococci (GAS).
•	 Amoxicillin and penicillin V remain first-line therapy due to their reliable antibiotic activity against GAS.
•	 For penicillin-allergic patients, cephalexin, cefadroxil, clindamycin, or macrolides are recommended.
•	 GAS antibiotic resistance to azithromycin and clindamycin are increasingly common.
•	 Recommended treatment course for all oral β-lactams is 10 days.

5.	 For acute uncomplicated cystitis in healthy adult non-pregnant, premenopausal women:
•	 Nitrofurantoin, trimethoprim/sulfamethoxazole (TMP-SMX)—where local resistance is <20%—and  

fosfomycin are appropriate first-line agents.
•	 Fluoroquinolones (e.g., ciprofloxacin) should be reserved for situations in which other agents are not 

appropriate.

6.	 For most agents that require nebulized inhalation administration (such as tobramycin):
•	 The solution for nebulization is administered by inhalation only. Do not administer subcutaneously, 

intravenously, or intrathecally. Use care when ordering and administering.
•	 Do not dilute or mix with other medicines in the nebulizer (unless there are specific manufacturer’s 

directions that offer these administration alternatives).
•	 Administer nebulized solution for inhalation while the patient is sitting or standing upright and 

breathing normally through the mouthpiece of the nebulizer.
•	 Encourage gradual inhalation over approximately 15 minutes, using a hand-held nebulizer as recom-

mended by the specific product manufacturer. Full treatment dose has been administered when the 
mouthpiece makes a spitting noise for at least 1 minute and the nebulizer cup is empty.

7.	 For most agents that require administration of the powder for inhalation:
•	 Capsules are for oral inhalation only; do not swallow the capsules.
•	 Devices to use for powder inhalation are specific to product used.
•	 Clean, store, and/or replace device according to manufacturer recommendations.
•	 Encourage your patients to have a spare device as a backup in case of loss, breakage, or dysfunction 

of primary device currently in use. Do not remove capsules from original package until ready to use.
•	 Become familiar with stewardship programs and appropriate prescribing (refer to http://www.cdc 

.gov/getsmart/community/improving-prescribing/outpatient-stewardship.html).

8.	 For most agents that require reconstitution prior to use:
•	 Many of these anti-infective agent injections are supplied as powder that must be reconstituted 

prior to administration.
•	 It is important to read instructions on the specific diluent to use, and how long the product is good 

for once reconstituted.
•	 Keep in mind that refrigerated storage of reconstituted injections often allows a longer beyond use date.
•	 Always label and indicate date of reconstitution.
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