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number of doses for all dose routes be limited to a total of
four. In the USA the recommended schedule for adults
undergoing colorectal surgery is metronidazole 15 mgrkg by
intravenous infusion over 30 to 60 minutes, completed
about 1 hour before surgery, followed by two further
intravenous doses of 7.5 mg/kg infused at 6 and 12 hours
after the initial dose.

In peptic ulcer disease, metmmdazole is used in
combination therapy to eradicate Helicobacter pylori. Typical
regimens include metronidazole plus another antibacterial
(clarithromycin or amoxicillin} and a proton pump
inhibitor. The usual dose of metronidazole is 400mg twice
daily except when given with omeprazole and amoxicillin,
when metronidazole 400 mg three times daily is used. Initial
treatment is given for 1 week.

For leg ulcers and pressure sores infected with
anaerobic bacteria, oral metronidazole 400 mg may be given
three times daily for 7 days. Metronidazole is also applied
topically as a 0.75% or 0.8% gel to reduce the odour
associated with anacrobic infection in fungating tumours.

In the treatment of rosacea metronidazole is given orally
or applied topically.

General references.
. Ldfmark 8. ef al. Metronidazole is still the drug of choice for reatment of
-naembic.i,n(ectiam. Clin Infet Diz 2010; 50 (suppl 1): $16-523.

Administration in children, Metronidazole may be given
to children for the treatment of susceptible protozoal
infections and also in the treaument and prophylaxis of
anaerobic bacterial infections.

In invasive intestinal amoebiasis and extra-intes-
tinal amoebiasis, the BNFC recommends oral metronid-
azole, for 5 days for intestinal infection or 5 to 10 days for
extra-intestinal infection, in the following doses:

o children aged 140 3 years: 200mg 3 times daily

« those aged 3 to 7 years: 200 mg 4 times daily

o those aged 7 to 10 years: 400mg 3 tmes daily

« those more than 10 years: 800 mg 3 times daily
Alternatively experts in the USA' recommend oral
metronidazole 35 to 50 mg/kg daily in 3 divided doses for
7 to 10'days.

In giardiasis, the BNFC recommends oral metronidazole
in the following doses:

o children aged 1 to 3 years: 500 mg once daily for 3 days

« those aged 3 to 7 years: 600 to 800 mg once daily for 3
days

» those aged 7 to 10 years: 1 g once daily for 3 days

» those aged more than 10 years: 2 g once daily for 3 days,
or 400 mg 3 times daily for 5 days, or 500 mg twice daily
for 7 to 10 days

Alternatively experts in the USA! recommend oral

metronidazole 15 mg/kg daily in 3 divided doses for 5 to 7

days.

In trichomoniasis, the BNFC recommends oral metro-

nidazole in the following doses:

» children aged 1 to 3 years: 50 mg 3 times daily for 7 days

* those aged 3 to 7 years: 100 mg twice daily for 7 days

» those aged 7 to 10 years: 100 mg 3 times daily for 7 days

« those more than 10 years: 200 mg 3 times daily for 7 days
or 400 to 500 mg twice daily for 5 to 7 days, or 2g as a
single dose

Alternatively experts in the USA' recommend oral

metronidazole 15 mgrkg daily in 3 divided doses for 7 days.
For the treatment of most anaerobic bacterial

infections, the BNFC recommends metronidazole is given

(usually for 7 days but for 10 to 14 days in antlbxotlc-

associated colitis) in the following doses:

¢ neonates: 7.5 mg/kg by intravenous infusion every 12
hours

¢ children 1 to 2 months of age: 7.5 mg/kg orally every 12
hours, or 7.5mg/kg by intravenous infusion every 12
hours

¢ children aged 2 months and older: 7.5 mg/kg orally (to a
maximum of 400mg) every 8 hours, or 7.5mg/kg by
intravenous infusion (to a maximum of 500 mg) every 8
hours

or alternatively

o rectal doses may be given 3 times daily for 3 days, then
twice daily thereafter in the following doses: children
aged 1 month to 1 year may be given 125mg, those 1 to 5
years, 250mg, those 5 to 10 years, 500mg. and those
mare than 10 years may be given i g

Alternative doses recommended by the American Academy

of Pediatrics? are:

o for neonates aged <7 days and weighing <2kg: a
loading dose of 15mg/kg followed by 7.5 mg/kg given
intravenously every 24 to 48 hours; a dosing interval of
48 hours is suggested for extremely low birth-weight
neonates (weighing less than 1 kg)

e for neonates aged <7 days and weighing >2kg:
15 mg/kg given intravenously every 24 hours

» for neonates aged 8 to 28 days and weighing < 2kg:
15mgrkg given intraveriously every 24 hours; a dosing
interval of 48 hours may be used until 2 weeks of life in

extremely low birth-weight neonates (weighing less
than 1 kg)
o for neonates aged 8 to 28 days and weighing > 2kg:
15 mg/kg given intravenously every 12 hours
« children 1 month and older: 30 to 50 mg/kg given orally
in 3 divided doses (to a maximum daily dose of 0.75 to
2.258) or 22.5 to 40mg/kg given inwravenously in 3
divided doses {to a maximum daily dose of 1.5g)
1. Abramowicz M. ed. Drugs for parasitic infections. 3rd ed. New Rochelle
NY: The Medical Lerer,2013.
2. American Academy of Pediatrics. 2012 Red Book: Report of the Committee on
Infectious Diseases. 29th &d. Elk Grove Village, llinots, USA: American
Academy of Pediawics, 2012.

Administration in hepafic impairment. Since metronid-
azole is mainly metabolised by hepatic oxidation, accumu-
lation of metronidazole and its metabolites is likely in
patients with severely impaired hepatic function. Metro-
nidazole should therefore be given with caution and at
reduced doses to patients with severe hepatic impairment,
and especially hepatic encephalopathy when adverse
affects of mewronidazole can add to the symptoms of the
disease. One-third of the usual daily dose may be given
once daily in these patents. For patients with lesser
degrees of hepatic impairment, pharmacokinetic studies
have not produced consistent results (see under Pharma-
cokinetics, p. 940.2) and no recommendations about
dosage reduction have been made in either the UK or US
licensed product information.

Administration in renal impairment. The elimination of
metronidazole is largely unchanged in patients with renal
impairment, " although metabolites may accumulate in
patients with end-stage renal disease on dialysis (see
under Pharmacokinetics, p. 940.2). Dosage reductions are
therefore not usually recommended for patients with
renal impairment or for those undergoing peritoneal
dialysis. However, both metronidazole and its metabolites
are removed by haemodialysis, doses need to be given
immediately after haemodialysis.

Dracunculiasis. Metronidazole may. be beneficial in the
management of dracunculiasis (p. 145.1). It provides
symptomatic relief and is also thought to weaken the
anchorage of the worms within subcutaneous tissue, thus
allowing them to be removed more quickly.
Metronidazole has been given in a variety of regimens,
including doses of 400 mg three times daily for 5 days,'
40 mg/kg daily in three divided doses {to a maximum daily
dose of 2.4g) for 3 days,> and 400mg daily for 10 to 20
days.? WHO recommends 25 mg/kg daily for 10 days;* a
dose of 250 mg three times daily for 10 days has also been
recommended.
1. Padonu KO. A lled trial of in the of
dracondasis in Nigetia. Am J Trup Med Hyg 1973; 22: 42-4.
2. Kale 00. A controlled field trial of the treatment of dracontiasts with'
metronidazole and niridazole. Ann Trop Med Parasitol 1974; 68: 91-5.
3. Muller R. Guinea worm disease: control, and
_Bull WHO 1979; 57: 683-9.
4. WHO. WHO mudel formulary. Geneva: WHO, 2008. Available at: hep://
www.who.int/selection_medicines/list/WMF2008.pdf (accessed
21/04/09)

Hepatic encephalopathy. The treatment of hepatic
encephalopathy is discussed on p. 1811.2. It includes the
use of an antimicrobial such as metronidazole to reduce
the intestinal flora.

y bowel di Oral metronidazole is used
in the treatment of perineal Crotin’s discase (see Inflamm-
atory Bowel Disease, p. 1811.3) and may also be used in
colonic Crohn’s disease, when it has been tried with cpro-
floxacin. It has also proved effective for the prevention of
postsurgical recurrence. Duration of therapy is usually
limited to 3 months.

Metronidazole ointment is being investigated in the
management of perianal Crohn’s disease.!

1. Maeda Y, ¢ al. Randomized dinical trial of metronidazole ointment
versus placebo In perianal Crohn’s disease. Br J Sury 2010; 97: 1340-7.

Metabalic disorders. Chlldren with excesses of methyl-
malonic!-* and propionic** acid in their blood or urine
have shown clinical improvement when given metronid-
azole, which reduced the excretion of iaecal propmnate
and urinary methylmal Metronid is ¢

to act through 1ts antimicrobial effect on gut anaerobes
that are involved in propionate production; such propi

Mouth disorders and infections. Ciclosporin-induced gin-
gival hyperplasia resolved in several patients after treat-
ment with metronidazole.!?

Metronidazole is considered to be effective for the
treatment of acute necrotising ulcerative gingivits and is an
alternative to penicillin in other dental infections (see
Mouth Infections, p. 192.3}.

1. Wong W, ef al. Resolution of cydosporin-induced gingival hyperoophy
‘with metronidazole. Lanat 1994; 343: 986.

2. Cecchin B, ¢ aof. Treatment of cyclosporine-induced gingival hyper-
trophy. Ann Intern Med 1997; 126: 409-10.

ulcer disease. The use of metronidazole is well
established in regimens for eradicating Helicobacter pylori
(see Peptic Ulcer Disease, p. 1816.2). However, the emer-
gence of metronidazole-resistant strains of H. pylori has
been associated with an increased rate of treatment fail-
ures with some regimens.! The Helicobacter pylori Antimi-
crobial Resistance Monitoring Program (HARP) in the
USA’ reported about a 25% metronidazole resistance rate
in clinical H. pylori isolates collected from December 1998
through 2002. Difficulties arise in assessing metronidazole
resistance and in correlating in-vifre results with clinical
resporise.® In populations in which the incidence of resis-
tance is high, it may become necessary to use alternative
regimens,” but in other areas, such as the UK, regimens
including metronidazole continue to be among the stan-
dard alternatives (although the BNF recommends that
they should not be used for initial treatment in patients
wha have been given metronidazole for other infections).

1. Buckley MIM, zt al. Metronidazole resistance reduces efficacy of triple
therapy and leads to secondary clarithromycin tesistance. Dig Dis Sa
1997; 42: 2H11-15.

2. Lerang F, e al. Highly effective twice-daily miple therapies for
Helicobacter pylori infection and peptic ulcer disease: does in vitro
metronidazole resistance have any dinical relevance? Am J Gastroenterol
1997; 92: 243-53.

3. Misiewicz 14, et al. One week triple therapy for Helicobacter pylori: 2
muliicentre comparative study. Gur 1997; 41: 735-9,

4. van hmen SV, e -l Adding once-daily omeprazole 20mg to

for Helicob: pylori gastritis: a
randomized, double-blind-trial showing the importance of memonid-
azole resisuance. Am J Gastroenterol 1998; 93; 5-10.

5. Duck WM. e al. Antimicroblal resistance incidence and sk factors
among Helicobacter pylori-infected persons, United States. Emery Infed
Dis 2004; 10: 1088-94,

6. Goddard AF, Logan RPH. i and
pylori. J Antimiaob Chemother 1996; 37: 639-43.

7. Fennerty MB. Should we abandon metronidazale containing Hcllco-
bacter pylori The dinical of
azole resistance. Am J Gnmvmuml 1998; 93: 2-3.

Skin disorders. Metronidazole may be effective in the
management of malodorous anaerobic skin infections
associated with ulceration (p. 207.1), including pressure
sores and fungating tumours. Both the oral and topical
routes have been employed but the evidence in favour of
its use is largely anecdotal as few randomised controlled
studies have yet been performed.'?

Metronidazote has also been used” in the treatment of
rosacea (p. 1688.3). Oral metronidazole 200 mg twice daily
was more effective than placebo* and as effective as oral
oxytetracycline. Similarly, topical preparations (for
example, 0.75% cream, gel, or lotion or 1% cream) have
been found to be better than placebo and as effective as oral
oxytetracycline.%?

Oral metronidazole has been tried in the management of
lichen planus.?

1. ClarkJ. i gelin ing fi
Br J Nurs 200211 {suppl): $54-560.

2. Paul JC. Pieper BA. Topical metronidazole for the reaunent of wound
odor: a review of the literature. Ostamy Wound Manage 2008; $4: 18-27.

3. Conde JF. ef al. Managing rosacea: a review of the use of metronidazole
alone and in combination with oral antibiotics. J Drugs Dermatol 2007; 62
495-8.

4. Pye RJ, Burtun JL. Treatment of rusacea by metronidazole. Lancet 1976:
f1211-12.

5. Saihan EM. Burton JL. A double-blind trial of metronidazole versus
axytetracycline therapy for rosacea, 8r J Dermatal 1980; 102; 443-5.

6. McCleltan KJ. Noble S. Topical metronidazole: a review of its use in
frosacea. Am J Clin Dermatol 2000; 1: 191-9.

7. Dahl MV, « al. Once-daily topical metronidazule cream formulaticas in
the treatment of the papules and pustules of rosacea. J Am Acad Dermatol
2001; 45: 723-30.

8. Rasl A, « al. Efficacy ol oral i in of
and mucosal lichen planus. J Drugs Dermatof 2010; 9: 1186-90.

wounds.

Surgical infection. Metronidazole and related nitroimida-
zoles are used in surgical infection prophylaxis (p. 209.1)
to reduce the rate of wound infection.
HAEMORRHOIDECTOMY. Prophylactic metronidazole reduced
pain after haemorrhoidectomy in a small study.!

1. Carapeti EA, ¢t al. Double-blind randomised controlled txial of effect ot

ate cannot be handled by these children who are deﬁaem
in the relevant enzyme.

L. Baln MD, e al. Contribution of gut bacterial metabollsm to human
metabolic disease. Lancet 1988; i 10789,

2. Koletzko B, et al. Antibiotic therapy for improvement of metabolic
coatrol in methylmalonic aciduria. J Pediatr 1990; 117: 99-101.

3. DeodatoF, etal. Methylmalonic and propioaic adduria. Am J Med Genet €
Semin Med Genet 2006; 142C: 104-12.

4. Mellon AF, et al. Effect of oral antibi on 1 production of
propionic acid. Arch Dis Child 2000; 82: 169-72.

The symbol  denotes a preparation na longer actively marketed

on pain after day-case haemorrhoidectomy. Lancet 1998;
351 169-72,

Adverse Effects

The adverse effects of metronidazole are generally dose-
related. The most common are gastrointestinal disturbances,
especially nausea and an unpleasant metallic taste.
Abdominal pain, anorexia, vomiting, and diarrhoea or
constipation may also occur. A furred tongue, glossitis, and
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stomatitis may be associated with an overgrowth of Candida.
There have been rare reports of antibiotic-assodated colitis
associated with metronidazole, aithough it is also used in
the treatment of this condition.

Weakness, dizziness, ataxia, headache, drowsiness,
insomnia, hallucinations, and changes in mood or mental
state such as depression or confusion have also been
reported. Peripheral neuropathy, usually presenting as
numbness or tingling in the extremities, and epileptiform
seizures have been assodated with high doses of metronid-
azole or prolonged wreatment.

There have been rare case reports of agranulocytosis,
leucopenia, pancytopenia, and thrombocytopenia, often
reversible on stopping of the drug: however, fatalities have
occurred. Rashes, urticaria, and pruritus occur occasionally
and erythema muliiforme, angioedema, and anaphylaxis
have been reported rarely. Other adverse effects include
urethral discomfort and darkcmng oi the urine. Raised liver

Y values, chol dice, and pan-
creatitis have occasionally been xeponed Thrombophlebitis
may follow intravenous use of metronidazole. Other very
rarely reported adverse effects include myalgia, arthralgia,
and transient visual disorders such as diplopia and myopia.

Studies have shown metronidazole 1o be mutagenic in
bacteria and carcinogenic in some animals.

Carcinogenicity and mutagenicity. Metronidazole is muta-
genic in bacterial assays, and its hydroxy metabolite even
more so, but studies of mammalian cells in vitro and in vive
have not 1y shown a genic effect. Similarly,
there is no uniformity in the limited data concerning gen-
otoxicity in humans,! and although metronidazole has
been dlassified as a carcinogen in animals, the evidence of
human carcinogenicity is ambiguous. There was no appre-
ciable increase in the incidence of cancer in a retrospective
study of 771 patients given metronidazole for vaginal tri-
chomoniasis,?> nor in another similar study of 2460
patients.” The first study? did show an excess of cases of
lung cancer, although all 4 were in women who were
smokers. Subsequent follow-up* to 1984, covering a peri-
od of 15 to 25 years, still showed an excess of lung cancer
cases even after allowing for smoking status. However,
this follow-up also continued to show no significant
increase overall in cancer-related morbidity or morality.
Follow-up® of the patients from the second study for 11 to
15 years to 1984 also showed no incease in the overall
incidence of cancers nor did it confirm any increase in
lung cancer.

Risks to the fetus are discussed under Pregnancy in
Precautions, p. 939.2.
1 ky A, etal.Is

13344,
2. Beard CM, ¢ al. Lack of evidence for cancer due 10 use of metronidazole.
N Engl J Med 1979; 301: 519-22.
3. Priedman GD. Cancer after metronidazole. N¥ Engl J Med 1980; 302: 519.
4 metronidazole.

Mutat Res 2002; 511:

. Beard CM, ¢f al. Cancer after exposure tp . Mayo Clin Proc
1988; 63: 14733,

5. Friedman GD, Selby JV. Meuonidazole and cancer. JAMA 1989; 261:
866.

Effects on the blood. Adverse haematological effects asso-

ciated with metronidazole therapy indude a report of

bone MAITOW ap]asxa, with leucopenia and markedly

reduced erythropoi and g \ aplasuc anae-

mia,? and the h lytic- ic sy

1. White CM, « al. Bone marrow aplasta associated with metronidazole.
BMJ 1980; 280: 647.

2. Raman R, et al. Mctronidazole induced aplastic anaemia. Clinidan 1982;
462 4648,

3. Powell HR. ef al.
merronidazole. Med J Aust 1988; 14%: 222-3,
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Effects on the ears. A review of reports of ototoxicity noti-
fied to the Australian Adverse Drug Reactions Advisory
Committee revealed cases of deafness assodated with the
use of metronidazole.! Two cases of bilateral moderate to
severe sensorineural deafness after taking oral metronid-
azole bave been reported; in both patiems hearing recov-
ered gradually after the drug was stopped.?

I Drug-induced WHO Drug Inf 1991; 5: 12.
2 Iqbal SM. a al. Metronidazole ototoxicity-report of two cases. J Laovyngo!

Otol 1999; 113; 355-7.

Effects on the eyes. Myopia that developed in a patient
after 11 days of oral me, le for trich jasis had
resolved 4 days after withdrawal of treatment, but
recurred when she resumed treatment.

Optic neuropathies have also occurred.*? In one report,
retrobulbar or optic neuritis was seen in 7 patients given
oral metronidazole.? Dosage varied from 0.75 to 1 g daily
and duration of treatment from 7 days to a year.
Abnormalities included defects in colour vision, decreased
vision, and scotomas. Vision improved on withdrawal of

patients.
1. Gsigh

2. Putnam D, « «f. Metronidazole and opdc neuritis. Am J Ophthalmol 1991;

NB 77
3. McGrath NM, e al. le opric due to
Clin Bxperiment Ophthalmol 2007; 35: 585-6.
Effects on the infestinal fract. ANTIBIOTIC-ASSOCIATED

COUMS. Exposure to antibacterials, particularly broad-spec-
trum antibacterials, is the most significant risk factor for
development of antibiotic-associated  colitis {AAC).
Antibacterials usually used to treat the discase such as
vancomycin and metronidazole have also been shown to
cause AAC. AAC has been reported after a 4-day prophy-
lactic course of metronidazole, given rectally' and after a

7-day course of oral mectronidazole?; the conditi

3. F:rmk-ﬂ’ nihlynévmmsumnwmmnsyndmmc&&cﬂm
Prese Med 1985; 14

2108,
4. Moulin B, oL Risque neurotoxique du métronidazole (MN) au cour:
de I'insuifisance rénale sévh:AmMelhmz(hrtr) 1988; 139: 369.

5. Sopena B, e al. C por la de
mmonldaml y doroquina. Med Clir (Barc) 1990; ” 67!

6. ky Y. ef al. Convuls induced by for
Clostrfdium ditficlle-sssodated disease in dlmnk renal failure. Am J Mes:
Sd 2000; 319: 338-9,

EFFECTS ON MENTAL FUNCTION. Although metronidazole is
sometimes used to reduce colonic flora in the treatment of
hepatic encephalopathy, impaired bolism of metro-
nidazole in such panents can result in clevated plasma

resolved in both cases after treatment with oral vanco-
mydn for 5 to 7 days. A 25-year-old woman developed
AAC after a course of vancomycin and metronidazole,
both orally, for pelvic inflammatory disease. The condition
resolved after treatment with vancomycin given alone.?
For further reports on AAC caused by vancomydn see
under Vancomycin, p. 385.3.

1. Thomson G. ¢ al. P
metrontidazole. 8MJ 1981; 282: 864-5.

2. Daly JJ, Chowdary KVS. Pseud b
metronidazole. Dig Dis Sci 1983; 28: 573-4.

3. Bingley PJ, Harding GM. C] difficile colitis £
with meuvonidazole and vancomycin. Postgrad Med J 1987; 63: 993—4.
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colitis secondary to

Effects on the fiver. Severely clevated liver enzyme values,
consistent with a drug-induced hepatitis, occurred in a
patient given metronidazole hydrochloride 500 mg every 6
hours intravenously for 4 days. He was also receiving cefa-
pirin sodium and tobramycin sulfate.! A case of reversible
hepatotoxicity caused by an overdose of metronidazole
12.5g has also been reported.? Fatal acute fulminant liver
failure probably due to metronidazole occurred in a young
woman who had also developed jaundice two years earlier
after taking metronidazole.?
1. Appleby DH. Vogtland HD. Suspected metronidazole toxicity. Clin Pharm
1983; 2: 373-4.
2. LamS. Bank S.
Inzern Med 1995; 122: 803.
.3. Bjornsson E, ¢t al. Merronidazol as a probable cause of severe liver
injury. Hepatogastroenterology 2002: 49: 2524.

caused by i rdose. Ann

Effects on the Jungs. Report of a patient who had hacmop-
tysis after omidazole treatment for lambliasis;' he had also
had dyspnoea and haemoptysis after similar

and ¢ toxicity. Psychosis and
manic behaviour were reported in a patient during treat-
ment for hepatic encephalopathy with metronidazole and
lactulose, although pl -metronidazole conci
were not found to be raised (24 micrograms/mL).' Symp-
toms resolved when metronidazole was stopped. Acute
psychosis has also been reported in a patient after a 5-day
course of intravenous metronidazole 1 g daily for a gynae-
cological disorder? and in an 18- year-old woman after 2
days of [oral] treatment for pelvic inflammatory disease
with metronidazole 400 mg three times daily and ofioxacin
400 mg twice daily.’ In another patient who developed
probable metronidazole-associated encephalopathy after
taking oral mertronidazole, the symptoms gradually
resolved over a period of 2 to 4 months.* Hallucinations®
and confusion®é have also been reported in other patients
without hepatic encephalopathy; in undernourished
patients it has been suggested that metronidazole-induced
encephalopathy might involve a common pathway with
Wernicke's encephalopathy,” from which it must be dis-
tinguished. Irreversible metronidazole-associated
encephalopathy leading to death has been reported in a
patient given 1.5g as a single intravenous dose dady over
10 weeks as part of a1 to treat Y ! It
has been suggested® that patients taking mctronidazolc for
prolonged durations may be at increased risk of
encephalopathy.
1. Uhl MD, Riely CA. j in treating portosy
pathy. Ann Iniern Med 1996; 124: 455.
2. W, Spernal J.
Prychiatry 1997; 134: 1170-1.
3. Koul §, e al. Organic psychosis induced by of}
m:yupudzooq 70: 236-7.
4 X N. U

conc

hal

induced psychotic disorder. Am J

and dazol,

reaction to a common

with metronidazole 10 months previously. Bronchoscopy
findings were consistent with diffuse alveolar haemorr-
hage.
1. Uyar M, & al. Diffuse alveolar h
treaument. Respirology 2009; 14: 612-13.
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Effects on the nervous system. ASEPTIC MENINGITIS. A 42-
year-old man had 3 episodes of aseptic meningitis during
treatment with oral metronidazole as part of an cradica-
tion regimen for Helicobacter pylori infection.! On each
occasion his symptoms resolved spontaneously when era-
dication treatment was stopped and recurred when treat-
ment was restarted. The aseptic meningitis was attributed
to the metronidazole and the patient later tolerated an
cradication treatment regimen containing a proton pump
inhibitor and a macrolide.

1. Khan S, e al. le-induced aseptic during
Belicobacter pylori eradicaion’ therapy. Anm Intern Med 2007: 146:
395-6.

CEREBEUAR TOXKJTY. Ataxia and dysarthria have been
reported in 2 patients given oral metronidazole plus intra-
venous cefepime or oral levofloxacin.! Symptoms occurred
about one month after starting treatment and resolved 2
10 5 weeks after stopping metronidazole. A later report? of
a patient who' developed cerebellar toxicity with ob)ecnve
abnormalities on MRI s¢ g during id
therapy also identified 10 cases in the literature (including
those referred to above). The age range of the patients was
17 to 74 years and most presented with symptoms of atax-
ia and dysarthria. Cerebellar toxicity in these reports
appeared to be related to high curnulative doses of metro-
nidazole (between 25 and 1080g). Further cases have
been reported.>*

1. Woodruff BK. ¢f al. Reversible memonidazole-induced lesions of the

cerebellar dentate nudel. N Engl J Md 2002; 3“. 6H

2. Patel K, of al. Cercbellar ataxia f id
azole: case report and literature review. buJ ln[mDu 2003. 12:elll-
elll4. .

3. GravesTD, etal. induced b toxicity in

a multiple ransplant recipient. J Newrol Sci 2009; 285: 238-40.

4. Sama JR, et al. Cases: reversible cerebellar syndrome caused by
memronidazole. CMAJ 2009; lll 61]1-3.

S. Chatzkel JA, ugh A.
Pediatr Radiol 2010; 40: 1453.

CONVULSIONS. Reports' of convulsions associated with
metronidazole therapy (usually in high doses or in
patients with renal impairment).

le-induced 1L

toxicity.

i N it i 1. Halloran T3. C dated with high doses of
metronidazole, although there was a residual deficit in 2 metroidazale. Prug i) Cin Pharm 1983; 16: 405,
2. Wienbren M, ¢t al. C Isions and lopathy in a patient with
A, et al. Transient myopia f i ater with i J Clin Pathol 1985; 38:
for Trichomonas vaginalis. JAMA 1992; 267; $11-12. 1076.
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7. Zuccoli G, et al. Metronidazole-induced and Wernicke encephalopathy:
two different entides sharing the same metabolic pathway? AINR Am J
Neuroradiol 2008; 29: E84.

8. Grootholf MV, ef al. hy after
high-dose intravenous m:tmmdamle Clm Thlr 2010; 32: 60-4.

9. b MM, et al.
report and review of the liserature. J Clin lemnnl 201L: 51: llH

PERIPHERAL NEUROPATHY. Peripheral neuropathy has been
reported in patients given metronidazole, usually for long
periods.!” Stopping metronidazole or lowering the dose
usually results in complete resolution or improvement of
the neuropathy but in some patients it may persist despite
these measures. For reports of retrobulbar or optic neuritis
associated with metronidazole, see Effects on the Eyes,
above.

1. Dulfy LF, et al. Peripheral neuropathy in Crobn’s disease patients treated
with metronidazale. Gastroenterulogy 1985; 88: 681-4.

2. Boyee EG. et al. le-induced h
pathy. DICP Annt Pharmacother 1990; 24: 19-21.

3. Learmed-Coughlin 5. F hy induced by
Ann Pharmacother 1994; 28: 536.

4. Dreger LM, ef al. induced
neuropathy. Amn Pharmacother 1998: 32. 267-8.

5. Zivkovic SA, ot al. Sensory d with l
repon of four cases and review of the licerature. J Clin Neuromusc Dis
2001: 3: 8-12.

6. Sarma GRX, Kamath V. Acute painful peripheral neuropathy due to
metronidazole. Neurol India 2005; 53: 372-3.
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Effects on the pancreas. A small number of cases of acute
pancreatitis associated with metronidazole, in some cases
recurrent on rechallenge, have been reported.’® The delay
between metronidazole exposure and the onset of pan-
creatitis ranged from 12 hours to 38 days. All cases of pan-
creatitis were moderate and resolved after stopping the
metronidazole. No cases were found in a retrospective
study of about 6500 patients given metronidazole,® How-
ever, another retrospective analysis’® of 3083 patients
found that metronidazole may increase the risk of acute
pancreatitis, but mainly when it is used with other drugs
for the eradication of Helicobacter pylori.,

1. Plotnick BH, 1 al. induced itis. Ann Intern Med
1985; 103: 39]1-2.

2. Sanford KA, ef al. idazol d p Ann Intern Med
1988; 10%: 756-7.

3. Sura ME, e al. Metronidazole-assodated pancreatitis. Am Pharmacother
2000; 34: 1152-5.
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4. Tsesmell NE, &t al. Acute pancreatids as a possible consequence of
metronidazole during a relapse of ul colids. Bur J
Hepatol 2007; 19: 845-6.

5. Feola DJ. Thornton AC. induced p titis in a padent
with vaginal 2002; 22: 1508~
10

6. Nigwekar SU, Casey KJ. induced A case
xepon and review of lltzu(ure Jorp 2004 % 516-9

7. L P, Mir 0. d titis during HIV
infection. AIDS 2008; 22: 545—6

8. O'Halloran E, eral. induced HPB Sury 2010;
2010: 5234568,

9. Priedman G, Selby JV. How often does metronidazole induce
panaunns? vaounvlagy 1990; 98: 1702-3.

10. d M, & a, and risk of acute pancreatitis: a
population-based case-control study. Aliment Pharmacol Ther 2005; 3L:
415-20.

Gyncecomastia. 6ynaec0masda occurred in a 36-year-old
man with ulcerative colitis after taking metronidazole for
about a month.!

1. FaganTC.etal. induced
3217.

JAMA 1983: 234:

Hypersensitivity. A hypersensitivity reaction with chills,
fever, generalised erythema, and a maculopapular rash
developed after a single oral dose of metronidazole in a
patient who had previously developed a rash during treat-
ment with intravaginal metronidazole. ! There have been a
few case reports of fixed drug eruptions with oral metro-
nidazole?* and ornidazole* with cross-sensidvity to other
nitroimidazoles (but not necessarily all of them); provaca-
tion or patch tests may be done with care to establish
cross-sensitivity. Cutaneous exanthemas® in patients tak-
ing metronidazole have also been reported. Anaphylaxis
has been reported,*7 including a case after an oral dose of
metronidazole and spiramycin in which the subsequent
skin prick test was positive for metronidazole.5 Allergic
contact dermatitis has been reported after application of

compelling reasons and precautions should be considered
in all patients.!

1. The Drug Database for Acute

drugs-porphytia.org (accessed 08107([1)

ilabie ac hrp:/f

Pregnancy. Metronidazole is mutagenic in bacteria and
carcinogenic in rodemts. It readily crosses the placenta
achieving similar concentrations in the placental cord and
maternal plasma and its use in pregnancy is controversial.
Meta-analyses of studies involving the use of metronid-
azole In the first trimester of pregnancy'? concluded that
there did not appear to be an increased risk of teratogeni-
city. Furthermore, a small study® that reviewed the use of
idazole in 922 during p y found no
association between metronidazole treatment at any stage
of pregnancy and preterm birth, low birth weight, or con-
genital anomalies.However, in the USA licensed product
information considers metronidazole to be
contra-indicated during the first trimester in patients with
trichomonjasis; use for trichomoniasis duting the second
and third trimesters may be acceptable. For other indica-
tions the risks and benefits of treatment with metronid-
azole should be weighed carefully, especially in the first
trimester. In the UK, the National Teratology Information
Service notes that the limited available data do not indicate
an increased risk to the fetus from maternal use of meto-
nidazole during pregnancy (although high-dose regimens
for bacterial vaginosis are not recommended), and recom-
mends that the drug should not be withheld in pregnancy
if there is a compelling indication for its use.

1. Burun P, e al. Safety of in 2 lysis,

Am J Obstet Gymecnl 1995: 172: 525-9.
2. Caro-Patén T, ¢ al. Is metronidazole teratogenic? A meta-analysis. BrJ
Cline Pharmatol 1997; 4k 17942
3. KossCA etal use during and

adverse birth outcomes. Amumwb Agents Chemother 2012; 36; 4800-5,
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elicited by patch test with tinidazole. Contact Dermatitis 2005; 53: 169-70.

4. Sanmukhani J, er o/, Fixed drug eruption with omidazole having cross-
sensittvity to secnidazole but not to other nitro-imidazole compounds: a
case report, Br J Clin Pharmacol 2010; §9: 7034,
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Allergal Immunopathol (Madr} 2006; 34: 70-2.

6. Asensio Sinchez T. # af. Anaphylaxis due 1o metronidazole with positive
skin prick test. J Investig Allergol Clin Immunol 2008; 18: 138-9.

7. Schmuu JL, et al. Réaction anaphylactique au métronidazole. Ann
Dermatol Venereol 2009; 136: 759,

8. Madsen JT. ef al. Allergic contact dermatitis to topical metronidazoie - 3
cases. Contact Dermatitis 2007; 56: 364-6.

Precautions

Neurotoxic symptoms including peripheral neuropathy and
transient epileptiform seizures, and other serious effects
such as leucopenia have sometimes been associated with
prolonged or intensive treatment with mewonidazole (see
Adverse Effects, p. 937.3). Clinical and laboratory
monitoring is advised in patients given metronidazole for
more than 10 days. Metronidazole should be used with
caution in patients with blood dyscrasias or CNS disease; it
should be stopped in those who develop abnormal
neurological signs. Doses should be reduced in patients
with severe hepatic impairment.

It is suggested that the use of metronidazole should be
avoided during pregnancy, and this caution applies
espedially to use during the firse trimester and to the use
of high-dose regimens (sce also below).

Patients are advised not to drink alcoholic beverages
while taking metronidazole (see under Interactions, below).

Breast feeding. Metronidazole is disuibuted into breast
milk giving it a bitter taste that may impair feeding.! The
last available guidance from the American Academy of
Pediatrics considered that although the effects of metro-
nidazole on breast-fed infants were unknown they might
be of concern. It recommended that breast feeding should
be stopped for 12 to 24 hours when single-dose therapy
was used;® no spedfic recomumendations were given for
long-term treatment. Unnecessary exposure to metronid-
azole should be avoided because it has been found to be

and carcinogenic In some studies (see under
Advclse Effects, p. 938.1).
1. Rubin PC. Prescribing in genenl les. BMS 1986; 293:
1415-47.

2. American Academy of Pediawrics. The transfer of drugs and other
chemicals into human milk. Pediatrics 2001; 108: 776-89. [Retired May
20]0] Cm:ﬂnn ibid; 1029. Also available ac: hep://aappolicy.

cgil d! %3b108/3/776 (accessed

03/02/04)

Porphyria. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphyria Centre Sweden, dassifies metronidazole as
probably porphyrinogenic; it should be prescribed only for

When given with alcohol, metronidazole may provoke a
disulfiram-like reaction in some patients. Acute psychoses
or confusion have been associated with the use of
metronidazole and disulfiram together.

Metronidazole is reported to impair the metabolism or
excretion of several drugs induding coumarins and warfarin
{p. 1532.3), phenytoin (p. 544.1), lithium (see Antimicro-
bials, p. 431.3), ciclosporin, and fluorouradil (p. 797.3), with
the consequent potential for an increased inddence of
adverse effects. There is some evidence that phenytoin
might accelerate the elimi idazole. Plasma
concentrations of metronidazole are decreased by pheno-
barbital, with a consequent reduction in the efficacy of
metronidazole. Cimetidine has increased plasma concentra-
tons of metronidazole.

. For incompatibilities between metronidazole and other

jon of metr

drugs in solutions for injection, see p. 936.2.

Alohol. Metronidazole may provoke a disulfiram-like
reaction in some individuals when given with alcohol;
reactions have occurred after the use of preparations for-
mulated with alcohol, including injections, as well as after
drinking alcohol.! Acute psychosis or confusional state
was reported in 6 of 29 alcoholic patients who were also
taking disulfiram.? However, an analysis of published
reports’ and a study in healthy subjects* both found that
there was no convincing evidence of a disulfiram-like
reaction between metronidazole and alcohol, although
caution was still advised.

Licensed product informarion for some other 5-
nitroimidazole derivatives warns of a potendal interaction
with alcohol but apart from an isolated report for
ornidazole® there do not appear to be any other published
reports to support this.

1. Edwards DL, et al. like reaction d with
1 le and Clint Pharne 1986; 8:

999-1000.

2. Rothstein E, Clancy DD. Toxicity of disulfiam combined with
metronidazole. N Engl J Med 1969; 280: 1006~7.

3. Williams CS, Woodzod( KR. Do ethano{ and metronidazole Interact 1o
produce a Amn 2000; 34: 255~7.

4. Visapil J-P, et al. Lack of d! like reaction with dazol

In addition to conflicting reports on the effects of
metronidazole on the metabolism of phenywin (p. 544.1),

increased bolism of metr le was reported in a
patient during treatment with phenytoin 3
1. Mead PB, er ol Possible bolism by
phenobarbital. Nm.,/fm 1982; m 1490.
2. GuptesS.P bollsm of N Engl J Med
1983; 308: 529.

3. Wheeler LA, ¢ al. Use of high-pressure liquid chromatography to
determine plasma levels of metronidarole and metabolites after
imicrob Agents Chemother 1978; 13; 205~

9.

Antineoplastics. For reference to the effect of metronid-
azole on busulfan, see p. 756.1.

Disulfiram. For a report of acute psychosis or confusional
state after metronidazole treatment in alcoholic patients
receiving disulfiram, see under Alcohol, above.

Gastrointesfinal drugs. In 2 study in 6 healthy subjects
metronidazole plasma concentrations were increased by
twice-daily doses of cimetidine. The effect was presumed to
be due to inhibition of cytochrome P450 isoenzymes
responsible for metronidazole metabolism.! However,
cimetidine was not found to affect the pharmacokinetics
of metronidazole in a study in patients with Crobn’s dis-
ease? nor in a single-dose study in healthy subjects.?

Although concentrations in plasma and saliva of
metronidazole and its hydroxy metabolite were unaffected
by omepramle in healthy subjects, those in gastric juice were
substantially lowered, possibly as a result of a reduction in
transfer from the plasma.* However, this may be of limited
clinical significance duﬁng treatment of Helicobacter pylori
infections.

1. Gugler R Jansen JC. between
amole. N Engl J Med 1983; 309 1518-19.

2, Endiri O, & al. of idazole with cimetidine and
phencbarbital in Crohn's disease. Clin Pharmacol Ther 1987 41: 238,

3. Loft S, er al. Lack of effect of idine on the and
metabolism of a single oral dosc of metronidazole. Eur J Clin Pharmacol
1988; 35: 65-8.

4. Jessa MJ. et al. The ellecl of or

and

on the
and le in human plasroa, saliva and
gastric juice. Erldm Pllamawl 1997; 44: 245-53.

Immunosuppressants. For details of a pharmacokineﬁc
study reporting reduced exposure to mycophenolate mofetil
when given with metronidazole or metronidazole plus
norfloxadin, see Antibacterials, p. 1968.2.

Antimicrobial Action
Metronidazole is active against most anazmln: pmtozoa
mcludmg Balantidium coli, Bl

Wt Giardia 1 Ji "' dia lamblia), and Tricho-

monas vaginalis. Anaerobic bactena which are typically
sensitive are Gram-negative anaerobes belonging to the
Bactervides fragilis group, Prevotella spp., and Fusobacterium

- spp. and Gram-positive anaerobes such as Peptococcus niger,

Peptostreptococeus, Clostridium spp., and susceptible strains of
Eubacterium. It is bactericidal. It also has variable activity
against the facultative anaerobes Gardnerella vaginalis and

Helicobacter pylori.

Resistance has been reponed and about 7010 75% of
Acti spp. and Propioni ium propi are
to metronidazole. Cross-r e to other nitroimidazoles,

such as tinidazole, may occur.

Metronidazole is considered to be a prodrug that needs to
be activated by susceptible organisms. The mechanism of
action is not entirely clear, but is thought to involve
reduction by bacterial ‘nitroreductases’ to an uastable
intermediate which interacts with DNA, effectively
preventing further rephcanon‘ Several factors affect the
sensitivity of micro-org; 15 to metronidazole in vitro.
Anaerobic conditions are important for optimal activity.
Interactions between micro-organisms and metronidazole
have been described, including inhibition of Escherichia coli
by metronidazole in the presence of B. fragilis and
enhancement of the rate of killing of B. fragilis by
metronidazole in the p e of E. coli. The oxidative
metabolites of metronidazole also have antibacterial
activity; the hydroxy metabolite has been reported to be
consistently more active than metronidazole against strains
of G. vaginalis.%3

and cthanol, Amnt Pharmacother 2002; 36: 9714,
5. Shanma V. « a/. D like reaction with
2009; 53; 292-3.

J Postgrad Med

For a report of a possible interaction
between metronidazole and carbamazepine, see p. 517. 2
An increase in the rate of metabolism of metronid:

Tesulting in treatment failure, was reported in a padcnt
taking phenobarbital! In a retrospective survey of pauens
who had not responded to with met

80% were found t6 be on long-terin phenobarbital
therapy.? Up to 3 times the usual dose was required to
produce a parasitological cure of giardiasis in such patients.

sk ¢ to metronidazole has developed in sensitive
species including the B. fragilis group,*® other Bacteroides
p.1"1 (now known as Prevotella spp.). and rarely to C.
difficile.'*'> Metronidazole resistance has also been
doc d for T. lis'*1® and Giardia strains."”
Nitroimidazol i ¢.in Helicob pylori has been
increasing and may be associated with reduced response
rates to anti-Heliwwbacter therapy for peptic ulcer disease in
some populations (see Peptic Ulcer Disease under Uses,
p. 937.3).
1. Wngham HR, etal. between micro- istns and d-
azole. J Antimicrob Chemother 1982; 10z 84~7.
2. Ralph ED. Amatnieks YE. Rdndvc susceptibilities of G:rdnerelh
vaginalis (B hil Neisserla g hy and Bac-




940 Antiprotozoals
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dindamycin and cefoxitin, JAmau Chemather 1989; 23; 660-2.
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of a prosthetic hip joint. J Infect 1990; zo. 129-33.

9. TurnerP, etal.
and imipenem in dinjcal isolate atsmemldes fragilis. Lancer 1995; 343:
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Hepatic impairment. There have been differing resuls
from pharmacokinetic studies of the elimination of metro-
nidazole in patients with hepatic impairment. No marked
difference was reported! between patients with cirrhosis
or hepatosplenic schistosomiasis given a single 500-mg
oral dose of idazole when pared with healthy
subjects; this suggested that, in the absence of renal
impairment, dosage adjustment was not needed in
patients with hepatic impairment. However, others found?
that elimination of metronidazole, given intravenously,
was considerably impaired in a study of 10 patients with
alcoholic liver disease or chronic active hepatitis, 7 of
whom also had reduced creatinine clearance. Responding
to the ¢ 3 that these differing results were probably

10. Schapiro JM, et al. Bsolation of
fragilis carrying the nimA niworeductase gene Irnrm a patient in
‘Washington State. J Clin chnhal 2004; 42: 4127-9.

11. Spromt MS, eral. bes. Lanert 1983; §: 1220.

12. McWalier PW, Baird DR. anldnole‘mlsunx anaerobes. Lanart
1983; k 1220.

13. Spront MS, Keams AM. i
genicus. J Antimicrob Chemother 1988: 22: 951-2.

14.Peliez T, & ol of Cle dificlle ility 10

di and ydn. Agents Chemother 2002: 46:
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1647-30.
13, Brazier JS, o al. Reduced susceptibility of Closuridium difficile 10
metronidazole. J Antimicrob ammhzr 2001; 48: 741-2.
16. Cudmore SL, ot ol. T caused by
resistant Trichomonas vaﬂnalu Clm Mmmbml Rev 2004 17: 783-93.
17. JR. F5. P vmnahs
isolates with resi to i u\d i
15 Chemother 2006; 50: 4209-10.
18. Crowell AL et al. In vitro metronidazole and tinidazole activities lpinsl

due to unpalred renal climmauon. the authors suggested*
that impaired jon of metronidazole was due to
impaired hepatic merabolism rather than decreased renal
clearance; other studies have shown meuonidazole clear-
ance to be normal in renal impairment. They nevertheless
agreed that reduction in the dosage of metronidazole is
required only when hepatic function is very poor, particu-
larly when renal funcion is impaired. A study in 10
severely ill patients with or without impaired hepatic and/
or renal function® also suggested that hepatic function is a
very important determinant ol metronidazole elimination.

1. Danesh d TK. et af. of oral in hepatic
cirrhosis and in hepatosplenic schisiosomiasis. Gur 1982; 23: 807-13.
2. Farrel} G, ef ol. Impaired cli of in de

chronic liver discase. BMJ 1983; 287: 1845.
3. D TK. Roderts CJC. Impaired elimination of metronidazole

resistant strains of Trich vaginalis.
Agents Chemother 2003: 47: 1407-9.
19. Upcroft P, Upcroft JA. Drug targets and mechanisms of resistance in the
anaerobic prowzoa. Clin Microbiel Rev 2001; 14: 150-64.

Pharmacokinetics -

Metronidazole is readily and almost completely absorbed
after oral doses. Peak plasma concentrations of about 6 and
12 micrograms/mL occur, usually within 1 10 2 hours, after
single doses of 250 and 500mg respectively. Some
accumulation occurs and consequently there are higher
concentrations when muiltiple doses are given. Absorption
may be delayed, but is not reduced overall by food.
Metronidazole benzoate suspension given orally is hydro-
lysed in the gastrointestinal tract to release metronidazole,
which in tumn is then absorbed.

Peak steady-state plasma concentrations of about
25 micrograms/mL with trough concentrations of about
18 micrograms/mL have been reported in patients given an
intravenous loading dose of 15 mg/kg followed by 7.5 mg/kg
every 6 hours. The bioavailability of metronidazole from
rectal suppositories is 60 to 80%; peak plasma concentra-
tions are half those achieved with equivalent oral doses and
effective concentrations occur after about 5 to 12 hours.
Absorption from vaginal pessaries is poor with a reported
bioavailability of about 20 to 25%; absorption is gradual
producing peak plasma concentrations of about 2 micro-
grams/mL after a dose of 500mg. An intravaginal gel
formulation providing a dose of 37.5mg metronidazole
produced peak plasma concentrations of 300 nano-
grams/mL at 8 hours, with a bjoavailability of 56%.

Metronidazole is widely distributed. It appears in most
body tissues and fluids including bile, bone, breast milk,
cerebral abscesses, CSF, liver and liver abscesses, saliva,
seminal fluid, and vaginal ‘secretions, and ‘achieves
concentrations similar to those in plasma. It also crosses
the placenta and rapidly enters the fetal circulation. No
more than 20% is bound to plasma proteins.

Metronidazole is metabolised in the liver by side-chain
oxidation and glucuronide formation. The principal
oxidative metabolites are 1-(2-hydroxyethyl)-2-hydroxy-
methyl-5-nitroimidazole {the hydroxy metabolite), which
bas antibacterlal activity and is detected in plasma and
urine, and 2-methyl-S-nitroimidazole-1-acetic add (the
acdd metabolite), which has vmually no antibacterial
activity and is often not detected in plasma, but is excreted
in urine. Small amounts of reduced metabolites, acetamide
and N-(2-hydroxyethyljoxamic add (HOA), have also been
gﬂened in urlne and are probably formed by the intestinal

ora.

The climination half-life of metronidazole is about 8
houts; that of the hydroxy metabolite is slightly longer. The
hall-life’ of metronidazole is reported to be longer in
neonates (see below) and in patients with severe hepatic
impainment (see below); that of the hydroxy metabolite is
prolonged in patients with substantial renal impairment
{see below).

The majority of a dose of metronidazole is excreted in the
;u'lne. mainly as metabolites; a small amount appears in the
acces.
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Infonts and children. A single intravenous dose of
15 mg/kg has been suggested lor neonates,! which would
produce therapeutic concentrations of metronidazole for
about 24 hours in term neonates and 48 hours in preterm
neonates. Renal and hepatic function is incompletely
developed in newborn infants and consequently the elimi-
nation half-life of metronidazole is prolonged and has
been reported to range from 25 to 109 hours.! Elimination
half-life is inversely proportional 1o gestational age!? and
as the infant matures half-life is reduced to values closer
to those in adults.'?
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Renal impairment. Pharmacokinetic studies have indi-
cated that doses of metronidazole need not be altered in
patients with renal impairment,' although adjustrents
might be required in patients undergoing haecmodialysis,
since metronidazole and its hydroxy metabolite are effi-
dently cleared and extensively removed in such patients2
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chobro! (Tpuxobpon); Trichopol (Tpuxonon); S.Afr.. Acuzole:
Adco-Metrostat; Ambral; Amzole; Anaerobyl: Bemetrazole:
Dynametron; Flagyl; Intramed Trichazole; Medamet; Metagyl:
Metazol; Metrazole; Metris; Mewrogel V: Narobic; Rozex; Supra-
zole; Trichazole; Zagylt: Zobacidet; Singapore: Fladex: Flagyl:
Medazole: Nizole; Protogyl; Rozex; Stanzil; Syneodalin; Trina-
z0le; Spainm: Amoteint; Flagyl, Rozex; Tricowas Bf; Zidoval:
Swed.: Elyzolt; Flagyl: Rosazol; Rozex: Zidoval; Switz.: Arilin:
Dumozol; Elyzol}; Flagyl; Il d: Perilox; |

Rozex, Tha'l. Aslazole; Blogylf Flagyl. Kana-P; Medazole;

However, in another study’ the amount of metrc 1
and its hydroxy metabolite cleared was found to depend
on the type of dialysis membrane used; the authors con-
duded that dosage supplementation may be needed only
for serfously ill patients undergoing haemodialysis with a
membrane having high metronidazole clearance.

Routine adjustment of dosage was not considered
necessary in patients undergoing peritoneal dialysis.*
However, the p ial for bolites to accurnulate was
noted in patients on continuous ambulatory peritoneal
dialysis® and it was suggested that dosage reduction may be
necessary if excessive concentrations of metabolites are
found to be toxic.

1. GW, et al. Ph in patients with
varying degrees of renal failure. BrJ am Pharmacol 1985; 19: 203-9.

2. Somogyl A, et al. Disposition and removal of metronidazele in patients
undergoing haemodialysis. Eur J Clin Pharmacal 1983; 25: 683-7.

3. lau AH, a al. d of and its
metabolltes. Antimicrob Agents Chﬂnalllﬂ 1986; 29: 235-3.

4. Cassey JG, o ol Ph of

dialysis.

950-1.

5. Guay DR o al Ph kinetics of

in patients
Agenis Chemother 1983; 24:

i in patients
I dialysis. Antimicrab

Agents Chemother 1984; 25: 306-10.
Preparations
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Arg.: Bexon; Colpofilin: Dazo-
tron{; Etronil: Flagyl: Format; Ginkan; Gynotran; Metral;
Merrizol; M v; M dermic; local; Nalox; Ovufem;
Padet; Repligen; Rozex; Rupezol; Taremis; Tolbin; Tricofin;
Austral.. Flagyl; Mewogyl; Metronide; Rozex; Zidoval; Austria:
Anaerobex; Ariline; Elyzolt; Nidazea; Rozex; Trichex; Belg.:
Flagyl; Nidazea; Rosaced; Rozex; Braz: Canderm; Candifen:
Daizolston; Flagimax; Flagyl; Flanizol; Helmizol; Metronidet;
Meuoniflext; Metronil; Metroning; Metronix; Metroval;
Metrozolt: Neo Metrodazol; Odonidt; Rozex; Trinodazol;
Canad.. Flagyl; Florazole; MetroCream; MetroGel; MetroLotion;

. ol |' Mepagyl, T M. o
Meu-oade, Metrogyl; t; Milanid; ; Nida-
Zole; N Robaz: T Tri d; Unigof;
Vagil; Vagilan; Vagyl4; Turk.: Flagyl; Metrajil: Metrazo); Metro-
selt; Nidazolt; Roza; UAE: Negazole; UK: Acea; Anabact; Ely-
zo0l; Flagyl; Metrogel; Metrolyl; Metrosa; Metrotopt; Metrozol;
Noritate; Norzol; Rosiced; Rozex; Vaginyl; Zidoval; Zyomet:
Ukr.: Blloran (3daopan); Flagyl (®narun); Gravagin (Ipasarws);
Klion (Kmron)t; Metrogyl (Merporun); Tnchopol (Tpuxonon);
USA: Flagyl; Mmocream. ] Vaginal: M I, Nori-
tate; P Vitazolt; Venez.: Bactrizol;
Flegyl; Menizol: Metren; Metris; Metrogyl; Mctrovax; Rozek.

Muolti-i ions. Arg.: Bexon; Ciprocort; Colpofilin
Max; Estilomicin; Fangan Plus; Farm-X Duo; Farm-X Ginecolo-
gico; Flagystatin; Ginal Cent; Ginkan: Linfol Cicatrizante; Lin-
fol: Linfol; Mailen; Metanis; Monizol Cort; Naxo TV: Neo Pelvi-
cllin; Ovuf:m Ovumun Pelviu]]m NE; Pentol; Septigyn;

Jazrle

T Vagicural Plus; Vagilen; Awustral.: Somac-
MAt; Brnz Bio-Vagin; Colpatrln colpnst, Colpistar; Colpista-
tn; D 1; Flagyl P Gir +; Kolpi-

trat; Periodontil; Tricolpex; Tricomax; Trinodazol Nistatina; Tri-
nodazol; Vagi Biotic; Vagimax+t; Canad.: Flagystatin; Losec 1-2-
3 M; Rosasol; China: Bi Jie (Hi%); Shan Qing (WiE); Shuang
Zuo Tai (FAEE); Ya Zhou Kang (¥ MM); Cz: Klion-D; Fin.:
Flagyl Comp; Helipak A; Helipak T; Fr.: Bi Missilor; Birodogyl
Missilos; Rodogyl; Tergynan; Hung.: Klion-D; India: A-Flox M;
Abdogyl-N; Actinor-MZ; Aldezol-DF; Aldiagram; Aldiamycin;
Alfumet; Amibex-NA: Amibex; Anaerid-F; Aristogyl Plus; Aris-
togyl-F; Aristogyl-F: Atodine-M; Avifiox-M; Avilox-M: Bacter-
M; Bactomet; Balvidine-M; Bekker-M: Bestodin-M; Biosin;
Broflox Plus; Burnoff; C-Dial; C-Piox-M. C-Met; Clingen Plus;
Clofcin-M; D d; D dal-M; Diaba-M; Diaglow;
Diarlop Plus: Digyl; Dlnemet M, Dlot. Dr:zAv Drcz, Dyrade-M.
E-Dine-M; Ecoseptic; k -
M: Enwozyme-M; Fastaid; Fenigyl; Flagyl-F; Floxole-Mz. Flox-
zen-M; Fogum; Fumestar; Gastogyl-M; Gramogyl: Gramogyl
Gramoneg-M; Heal; Healin: Heximet; Inseptin-MF; Iocandin
Sol; Tocandin-M; Kaltin MF; Klassak: Lomostop-MF; Lotinor;
Loxamet; Maghex-M; Mangogyl; Mapgy}l: Matinor; Matrix-MN;




Metronidazole/Nifurtimox 941

Medilop; Megaflox-M; Megyl-F; Meklin; Meclam; Metnox;
Metro Plus; Metro-P; Metro; Metrogyl Compound: Metrogyl-

DG: Metrogyl-F; Mcn-ogyl P' Mctrohex, Metrokind-P; Metron-
DE; P; Misodine-M; Mupimet; N-
TZ; Nalidys; Negadxx-M. Neocip M; Nex-M; Nitra-Met; NM
Power; Nogit-M; Nor-Mewmogy}; Noragyl; Norbit; Norfagyl; Nor-
tazole; Norgrade; Norin-MZ: Normint; Norrit: Notty: Novogyl-
MPS; Noxigyl: NTD; Nugit-M; Obit-M; Of-M: Ofacin-M; Oflact-
M; Oflamed-MN; Oflaquin-M; Oflatoon-MZ; Oflavid; Oflee-M;
Oflo-M; Oflomet; Oflostar-M; OFM; Oftec-M; Okaflox M; Oka-
gyl Olife-M; Orahex; Orex-M; Ovidine-M: Oxo-M; Pantop-HF;
Powergyl; Qugyl: Indon.: Fladystin: Flagystatin; Neo Gynoxa;
Provagin; Trichostatic; Vagistin: Irl: Pylera; Ital: Meclon;
Malaysia: Neo-Penotran; Rodogyl: Mex,: Acenil: Amebyl; Dio-
dolina; Eskapar Compuesto; Flagenase 400; Flagocil}; Flagysta-
tin V; Gynotran; Lambliquin: Madecassol C; Metodine: Metro-

diyod; furf; Noredl; Ny V; Promibasol-Plust;
Rodogyl; Stomffler Plus Vagmul‘v Philipp.: Flagysuun, Neo-
F : GY Rus.: D (I ); Gynalgin

(Funamrem); Gyterna (I‘mq:m) Klion-D (l(nuou-,ll) Metrogyl
Denta {Metporun [enta); Metrogyl Plus (Merporur [Lmoc);
Metrohex (Merporexc); Neo-Penotran (Heo-Ilewotpan); Singa-
pore: Flagystatin; Neo-Penotran; Spain: Blastoestimulina: Rho-
dogil; Turk.: Gynouan; Neo-Fenotran; Nidazol-M; Ukr.: Denta-
gel (flewrarems); Gynalgin  (Cusamrwm); Klion-D  (Kmion-JI);
Metrogyl Denta- {(Merporun [enta); Micogynax (Muxowunakc);
Neo-Penotran (Heo-[lenotpan);. USA: Helidacs Pylera.

BP 2014: idazole Gel; M idazol, fusi Merro-
nidazole Oral Suspension; Metronidazole Suppositories; Metro-
nidazole Tablets;

USP 36: M idazote C tes; Metronid
azole Injection; Men'omdzzole Tablets.

le Gel; id-

Monensin (BAN, USAN, tNNj

Lilly-67314; Monensina, Monensinum; MoHenauH.
4-2-[2-Ethyl-3"-methyi-5'<{tetrahydro-6-hydroxy-6-hydroxy-
methyl-35-dimethylpyran-2-yliperhydro-2,2'-bifuran-5-yi-9-
hydroxy-2,8-dimethyi-1,6-dioxaspiro{4. 5]dec-7-yl}3 meth-
oxy-2-methylpentanoic acid.

CyeHe:0n=6708. -

CAS — 17090-79-8.

"ATC Vet — QA16QA05; OP51AH03

“UNH — 90600Y.J62P.

Pharmacopoeios. In US for veterinary use only.

USP 36: (Monensin). A mixture of antibiotic substances
produced by Streptomyces annamonensis.

Monensm Sodlqm (BANM, ANNM]

Monensm Sodrque Monensma sédlca, Natm Monensmum,
:Harpii MoHeH3nH.

1€36HgiNa0y=692.9

.CAS ~ 22373-78-0. . -

ATC Vet — QAT6QA06; QPS5IAHO3.

UNIt = 1GS872GAFV. .-

Pharmacopoeias. In US for veterinary use only.

USP 36: (Monensin Sodium). An off-white to tan crystalline
powder. Slightly soluble in water; soluble in chloroform and
in methyl alcohol; practically inscluble in petroleum spirit.
Avoid moisture and excessive heat.

Profile

Monensin is an antiprotozoal used as the sodium salt in
veterinary practice for the prevention of coccidiosis in
pouluy and as a growth promotor for cattle.

Narasin Ay, USAN, NN

Compound 79891 UNyJ9891 Naraslna, Narsine; Naras:-
‘nur; Hapasw. - -

2-{6-{§:{2-(5-Ethyhtetrahydro-5- hydroxyﬁ-merhylpyran-z-yl)—
15-hydroxy-2,10.12-trimethyi-1,6,8-trioxadispirof4.1.5.3]pen-
tadec-13-en-9-yf}-2-hydroxy-1.3- dlmethyH—oxoheptyl}t
o35 methylpyran~2 yl)bu(yrlc acid..

UNII ] DZY9VU539P

Pharrnucopoelus In US for veterinary use only

USP 36: (Narasin Granular). It contains narasin mixed with
suitable carriers and inactive ingredients prepared in a
granular form that is free-flowing and free of aggregates.
Narasin is a white to off-white crystalline powder. Soluble in
water and in methyl alcohol.

Profile

P

Turk.: Mac-
(Maxampop

Rus.: Macmiror Complex (M K
miror Complex; Ukr. Macmiror Complex
K

Narasin, an antibiotic produced by Strep
is an antprotozoal used in veterinary practice for the
prevention of cocddiosis in chickens.

Nicarbazin 5

Nlcarbazma, Huxap6asuH.

An’equimolecuiar complex of 1,3- bls(4ﬂmophenyl)urea
H{Ci3H1gNOs) and 4.6-dimethylpyrimidin-2-ol (QH,NZO)
CiaHiaNgOs=426.4

JEAS — 330-9540.

ATC Vet — QPSTAED3.

“UNI — TIPINUAI2U.

Profile

Nicarbazin is an antiprotozoal used in veterinary practice for
the prevention of coccidiosis in poultry.

Nifuratel AN, Usan, iNN)

Methylmercadone; Nifurateeli; Nifuratelum; Hugyparen.
5-Methylthiomethyl- 3—(S-n|trofurfurylldeneammo) -2-0xazoli-,
done.

CigHy1N3055=2853

CAS — 4936474,

ATC — GOIAX0S.

ATC Vet — QGOIAX0S.

UNI —. USOUGPOBSP.

Uses and Administration

Nifuratel is a nitrofuran derivative with a broad
antimicrobial spectrum. It is active against the protozoan
Trichomonas vaginalis and has an antibacterial spectrum
similar to that of nitrofurantoin and some antifungal activity
against Candida albicans, Although other drugs are preferred,
nifuratel has been used to treat susceptible infections of the
genito-urinary tract in oral doses of 200 to 400 mg three
times daily. It has also been given vaginally.

Adverse Effects

Adverse effects associated with nifuratel include gastro-
intestinal disturbances, peripheral neuropathy, and
thrombocytopenic purpura. Allergic reactions, hepatotoxi-
city, blood dyscrasias, and pulmonary reactions similar 1o
those seen with the structurally related drug nitrofurantoin
have been reported rarely. Haemolytic anaemia may occur
in patients with G6PD deficiency given nifuratel.

itivity. There have been a few reports of contact
dermatitis assodated with nifuratel,! induding one of a
man with contact dermatitis of the genitals occurring 5
hours after the first use of nifuratel ointment; the man’s
‘wife was being treated with nifuratel vaginal pessaries.?
Vulvovaginal allergic contact dermatitis has also been
reported 8 days after the first use of nifuratel vaginal sup-
positories.!

1. HelbigD. er of. Yulvovaginal alicrgic contact dermatitis from nifuratel;
report of a case and review of the literature. Contact Dermatisis 2008; 58;
231-2.

2. Bedello PG, ¢ ai. Contact dermatitis from nifuratel. Contaa Dermatitis
1983; 9: 166.

Precautions

Nifuratel should not be given to patients with renal
impairment, neuropathies, or G6PD deficiency.

Interactions

A disulfiram-like reaction may occur in patients taking
alcohol while on nifuratel therapy.

Pharmacokinetics

When taken orally nifuratel is absorbed from the
gastrointestinal tract. A metabolite, with activity against
bacteria but not against trichomonads, is excreted in the
urine.

Preparations
Propriefary Preporations (details are given in Volume B}

i Preparations. Cz: Macmiror; Ger.: Inimurt;
Hong Kong: Macmiror; [al.: Inimur; Macmiror; Mex.: Maamir-
or; Pol.: Macmiror; Rus.: Maaniror -(Masswpop); Ukr.: Maamir-
or (Maxmupop).

Preporations. China: Lang Yi (834k); Shui Qing
(K} Cz: Macmiror Cumplex, Hong Kong: Macmiror Com-
plex; Ital.: Inimur Coraplex: Macmiror Complex; Mex.: Mac-
miror Complex V; Pol.: Macmiror Complex: Port.: Dafnegi;

The symbol + denotes a preparation no longer actively marketed

v

)

Nifursol AN, USAN, pINNJ

Nifursolum; Hnd:vypcon !
:35-Dinitro-2'~(5- nltrofurfuryhdene) i
CyoHyNsOy=3652 :
“CAS —16915-70-1.

ATC Vet ~ QPS )AXOS
UNII - TG9960USSZ

Profile

Nifursol is an antiprotozoal that has been used in veterinary
practice for the prevention of blackhead (histomoniasis) in
poultry. Nifursol has been banned from use in food-
producing animals in some countries because it is
potentially mutagenic, carcinogenic, and genotoxic.

leurhmox (BAN, dNN)

Ba rzsoz leummoxum Hv|¢yprv|M0Kc. o
Tetrahydr&3—methyl~4—(5 mtrofurﬁjryhdeneam
.Zine 1,)-dioxide. - - !

€ oHhaN;0s5=2873
CAS = 23756306,
-ATC — POICCOL.

ATC Vet — QPSIACOL
UNIl — M84i3K7C20.

Pharmacopoeias. In Fr. and Int.

Uses and Adminisiration

Nifurtimox is a nitrofuran derivatve with antiprotozoal
activity. It is of value.in the treatment of American
trypanosomiasis (Chagas’ disease) due to infection by
Trypanosoma cruzi, especially the early acute stage of the
disease (see p. 925.3). In African trypanosomiasis it has
some activity against T. brucei gambiense, the organism
responsible for West African slecplng sickness.

Nifurtimox Is given orally in 3 to 4 divided doses. It is
better tolerated by children than by adults. Treatment for
American trypanosomiasis is given for 90 days for acute
infections and 120 days for chronic infections. Doses for
adults are 8 to 10mg/kg daily. For doses in African
trypanosomiasis see below.

For details of doses in children, see below.

Adminisiration in children, For the treatment of American
trypanosomiasis {Chagas’ disease) in children, nifurtimox
may be given orally in 3 or 4 divided doses for 90 to 120
days. Doses are based on age and weight:

« children from 1 to 10 years of age: 15 to 20 mg/kg

¢ children from 11 to 16 years of age: 12.5 to 15 mg/kg

Leishmaniasis. Mucocutaneous leishmaniasis of the New
World (p. 922.1) is usually treated with pentavalent ant-
mony or, in those who do not respond, with amphotericin
B or pentamidine. However, nifurtimox 10 mg/kg daily for
a minimum of 4 weeks has been shown to be effective in
cases of mucoc 15 leish is in Colombia and
Brazil. Despite this, toxic effects with nifurtimox are com-
mon and its role as a second-line drug or with pentavalent
antimony has not been established.'
1. WHO. Conurol of the leishmaniases. WHO Tech Rep Ser 793, 1990. Also
available at: heep:#/tibdoc.who.int/us/WHO_TRS_793.pd! (accessed
27107109)

Neuroblastoma. Nifurtimox is under investigation’ in the
1t of neurobl {p- 716.2).

1. Saulnier Sholler GL. et al. A phase ) study of nifurtimox in patients with
relapsed/refractory neuroblastoma. J Pediatr Hematol Oneol 2011; 33: 25—
30.

mar

African frypanosomiasis. Nifurtimox has been tried as an
alternative to melarsoprot or eflomithine in the menin-
halitic stage of Tryp brucei gambi infec-
uon (p 925.2), but higher doses than those used in Amer-
ican trypanosomiasis are necessary. A good initial
response was achieved' in 25 patients with nifurtimox
15mg/kg daily for 60 days, but 3 patients relapsed while
still receiving nifurtimox and a further 12 of 19 patients
who were followed up relapsed subsequently. An attempt?
to improve the response by increasing the daily dose even
higher to 30 mg/kg for 30 days resulted in substantial toxi-
city and only a modest improvement in results, with 9 of
25 patients relapsing. Promising -results have been
reported®* from use of oral nifurtimox 15mg/kg daily
(5mg/kg every 8 hours) for 10 days with eflornithine
400 mg/kg daily (200 mg/kg every 12 hours) intravenously
for 7 days; this drug combination (NECT) has now been
included in the WHO List of Essential Medicines for the
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treatment of human African trypanosomiasis,® and may be
a candidate to replace melarsoprol in this condition.®
1. Pepin J, ¢ al. An open dlinical trial of nifurtimox for arsenc-resistant
Brucei gambiense sleeping sickness in centwral Zaire. Trans R
Soc Trop Med Hyg 1989; 83: 514-17,
2. Pépin 1, e al. High-dose nift for est
brucei gambiense slexping sickness: an open trial in central hu': Trans R
Soc Trop Med Hye 1992; 86: 254—6
3. Priotto G, etal. bination therapy for second-
stage Trypanosoma brucei gambiense slecping sickness: a randomized
ciinlcal rial in Congo. Clin Infict Dis 2007; 43: 1435-42.

5 to 10 days and in giardiasis a dose of 500mg is given
twice daily, usually for 5 to 7 days.

Nimorazole may also be used in the treatment of acute
ulcerative ginglvitis in a dose of 500 mg twice daily for 2
days.

Radiosensitisation. References to the use of nimorazole as
a radiosensitiser in the management of head and neck
cancer.
1. Overgaard J, & al. A randomized double-blind phase I study ol
le as & hypoxic i of primary radioth
supeaglottic larynx and pharynx carcdnoma: results of the Danish Bead
and Neck Cancer Study (DAHANCA] Protocol 5-8S. Radiother Omncol
1998; 46: 135-46.
2. Henk JM. #f al. Treatment of head and neck cancer with CHART and

4. Priotto G, ef al. Nify therapy for second-
stage African 7 brucei bri is: a muiti-
c!nﬁ‘t. domised, phase I, y trial. Lancet 2009; 374: 56~

S. WHO WHO Model List of Escndnl Medldn:s. lsth list (updned March
2010). a:  hup:

lmed Updated_: _ld\ll(_"ﬂ'lnApdf {accessed

08/07/10)

6. Lutje V, et al. Chemotherapy for second-stage human African
irypanosomlasis, Available in The Cochrane Database of Systematic
Reviews; Issue 8. Chichester: John Wiley: 2010 {accessed 02/02/11).

Adverse Effects and Precautions

Adverse effects are common with nifurtimox and include
gastrointestinal effects such as anorexia, loss of weight,
abdominal pain, nausea and vomiting, and effects on the
nervous system., such as memory loss, insomnia, CNS
excitement, convulsions, and psychotic behaviour. Long-
term treatment has been associated with periphera! nervous
system effects such as tremor, muscle weakness, mild
paraesthesia, and polyneuropathy. Haematological adverse
effects, skin rashes, and other allergic reactions may occur.
Patients are advised not to drink alcoholic beverages while
taking nifurtimox.

Breast feeding. Women being wreated with nifurtimox for
American wtypanosomiasis are discouraged from breast
feeding. However, based on theoretical models to estimate
breast milk concentrations and milk-plasma ratio, the risk
for significant infant exposure to nifurtimox through
breast milk was calculated to be small and below the level
of exposure of infants receiving nifurtimox treamment for
American trypanosomiasis.! In view of these findings it
was recommended that the risk of stopping breast feeding
should be carefully e d against its benefits, particu-
larly in poor communiries with limited services.

1. Garda-Bournissen F, #f al. Is use of nifurtimox for the wreatment of

Chagas disease compatible with breast feeding? A population
pharmacokinetics analysis. Arch Dis Child 2010; 95: 224-8.

Cify. An incease in chromosomal aberrations
has been seen in children given nifurtimox.!
1. Gorla NB, e al. increase ol ch

non-randomly distributed in chagasic children treated with nifurtimox.
Mutat Res 1989; 224: 263-7.

Pharmacokinetics

Oral nifurtimox is well absorbed and peak serum
concentrations occur after 4 hours. It is rapidly and
extensively metabolised and relatively low concentrations
of nifurtimox appear in the plasma and tissues. It is
presumed to cross the blood-brain barrier. Less than 1% of
an oral dose is excreted unchanged in the urine. The half-
life is about 3 hours and is not significandy altered in those
with severe renal impairment.
References.
1. Paulas C, eral Ph i ofa ift
in heaithy volunteers. int J Clin Pharmacs! Ther Texicol 1989; 27: 4547,

2. Gonzalez-Martin G, ef al. The pharmacokinetics of nifurtimox in chronic
renal fatlure. Zur J Clin Pharmacol 1992; 42; 671-3.

Preparations
Proprietery Preparations (details are given in Volume B)
Single-ingredient Preparations. Chile: Lampit.

Nlmorqzole (BAN, NN

;Nimorazol: Nlmorazo ’Nlmorazolum ‘Nitrimidazina; Nitri-
mudazme;Hmopason LAES
Ni

Hwanmcopoenus In It
Uses and Administration

Nimorazole is a S5-nitroimidazole derivative. It has
antimicrobial actions and uses similar to those of metro-
nidazole (p. 936.2). It is also used as a radiosensitiser.

In the treatment of trichomoniasis, the usual dose of
nimorazole is 2 g orally as a single dose with a'main meal. It
may alternatively be given in a dose of 1 g every 12 hours for
three doses, or 250 mg three times daily for 5 to 7 days. In
amoebiasis, nimorazole 1g is given twice daily, usually for

All cross-references refer to entries in Volume A

phase I study. Radiother Oncol 2003; 66: 63~70.

3. Overgaard J, et al. Plasma osteoponrin, hypoxia, and response to the
hypoxia sensitiser nimorazole in radiotherapy of head and neck cancer:
results trom the DAHANCA S5 randomised double-blind placcho-
conlrolled wrtal. Lanort Oncol 2005; 6: 757-64.

4. NH, er ai. The regimen in patients with head and
neck cancer can increase the effect of vitamin K antagonists. Acta Oncol
2008; 47: 150-1. *

Adverse Effects and Precautions

As for Metronidazole, p. 937.3.

Pharmacokinetics

Nimorazole is readily absorbed from the gastrointestinal
tract. Peak blood concentrations occur within 2 hours, and
high concentrations are reported to occur in salivary and
vaginal secretions. Trichomonididal urinary concentrations
may persist for up to 48 hours after a dose. It is mainly
excreted in the urine as metabolites that also have some
antiprotozoal and antibacterial activity. Unchanged drug
and metabolites also appear in breast milk,

Preparations

patients who failed initial treatment and one of those who
had recurrent disease were re-treated and responded t>
nitazoxanide, giving an aggregate cure with nitazoxanids
of 66%.
1. Musher DM, efal. for the
colitls, Clin Infect Dis 2006; 43: 421-7.
2. Musher DM, ¢ al. Clostridium difficlle colitis that fajls conventionzl
metronidazole therapy: response 1o nitazoxanlde. J Antimicrob Chemother
2007; 59: 705-10.

of Clostridium difficile

Hepdfitis C. Nitazoxanide, given orally, either as mono-
therapy or with peginterferon alfa-2a (with or withou:
ribavirin) is being investigated for the treatment of chroni:
hepatitis C (p. 952.1).

Nitazoxanide monotherapy (500mg twice daily for 2«
weceks) in patients with chronic hepatitis C genotype ¢
resulted in sustained virologic response (undetectabi
serum hepatitis C virus RNA 24 weeks after the end o
therapy) in 17% (4 of 23} of patients; all responders hac
baseline serum hepatitis C virus RNA level
<400000IU/mL.! A later phase I study,? in treatment
naive patients with chronic hepatitis C genotype 4, given 1.
weeks of lead-in treatment with nitazoxanide monotherapy
followed by a further 36 weeks of treatment with additiona
peginterferon alfa-2a {with or without ribavirin) reportec
an increase in the percentage of patients with sustainec
virologic response compared with standard therapy o
peginterferon alfa-2a plus ribavirin for 48 weeks. A simila:
study® in patients with mainly hepatitis C genotype 4
infection found that the lead-in treatment time for
pitazoxanide monotherapy could be reduced from 1z
weeks t0 4 weeks without compromising sustained virologic
response rates.

1. Rossignol JE. et al. Clinical trial: randomized, double-biind, placebo-

lled study of ni for the o

patients with chronic hepatitis C genotype 4. Aliment Pharmacol Ther
2008; 28: 574-30.

2. \ JF, a al. Impi viralogic response in chronic hepatids €
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Nitazoxanide pav, usan, i

Nitazoxanida; Nitazoxanidum; PH-5776; Hurasokcamu,
N-{5-Nitro-2-thiazolyl)salicylamide acetate.

‘CizHgN;055=307.3 - -
CAS = §5981-094.
ATC = POIAXI].

UNil — SOA12PO41N,

Uses and Administration

Nitazoxanide is used for the treatment of cryptosporidiosis
{p- 921.1) and giardiasis (p. 921.3}. It is given orally and
should be taken with food; the usual dose is 500 mg twice
daily for 3 days.

For details of doses in children, see below.

Nitazoxanide has also been tried in several other
protozoal and helminth infections, particularly in immu-
nocompromised patients, including those with HIV
infection. It is also being investigated for the weatment of
chronic hepatitls C, rotavirus disease, and Clostridium difficile
colitis. For further information see below.

Rcviews
. Bailey JM, id for iasis and
cryptosparidiosis in chlldren Ann rlmmmwhrr 2004; 38: 634-40.
2. Fox LM, LD. ide: 2 new
agent. Clin Infect Dis 2005; 40: 1173-80.
3. Musher DM, ¢r al. Ni for the of Cl difficile

colitis. Clin {nfeat Dis 2006; 43: 421-7.
4, Anderson VR, Cuman MP. Nluzoxanldt a review ol its use in the
of g 3 Drugs 2007; 67: 1947-67.

Administration in children. For the treatment of cryptos-
poridiosis and giardiasis in children, nitazoxanide is given
orally with food. Doses are 100mg twice daily for 3 days
in those aged 1 to 3 years and 200mg twice daily for 3
days in those aged 4 to 11 years.

‘Antibiotic-associated colifis. Clostridium difficile colitis is

usually treated with metronidazole but treatment failures
are increasingly being reported and there is concern over
the emergence of vancomycin resistance if it is used for
treatment instead. Nitazoxanide is therefore being investi-
gated as a possible alternative to metronidazole. A pro-
spective, randomised, double-blind study' found that nita-
zoxanide (at an oral dose of 500 mg twice daily for 7 to 10
days) was at least as effective as metronidazole given at a
dose of 250 mg 4 times daily for 10 days. A further study?
in 35 patients who failed treatment with mewonidazole
for C. difficile colitis and were then treated with nitazoxa-
ride reported initial cure rates of 74% afier 10 days. How-
ever, 7 patients later had recurrent disease. Three of the

genotype 4 treated with nitazoxanide, peginterferon. and ribavirin.
Gastroemierology 2009; 136: 856-62.

3. Rossignol JF. & al. Treatment of chronic hepatitis C using a 4-week lead-
in with ‘efore plus ni 7 Clin
Gastroenterel 2010: 44: 5049,

Protozoal infections. As well as its established use in cryp-
tosporidiosis (p. 921.1) and giardiasis (p. 921.3), nitazoxa-
nide has been used in other protozoal infections incduding
intestinal amoebiasis (p. 919.1), blastocystosis {p. 920.3).
cutaneous leishmaniasis (p. 922.1), and microsporidiosis
(p. 924.1).

Rofavirus diarrhoea. A randomised double-blind placebo-
controlled study' in 38 children {median age 11 months}
with confirmed rotavirus diarrhoea found that oral nita-
zoxanide 7.5mg/kg wwice daily for 3 days significantly
reduced the duration of rotavirus disease. The median
time to resolution of iliness after the first dose was 31
hours for those given nitazoxanide compared with 75
hours for those given placebo. Another, single-blind
study? involving 147 children found nitazoxanide tended
to be more effective than probiotics in reducding duration
of diarrhoea and time in hospital.

1. Rossignol J-F, & al. Effect of nita2oxanide lor treatment of severe

rotavirus di ised double-blind placebo lled trial.
Lancet 2006: 368: 124-9.

2. Teran CG. et al. vi. p for the of acute
yotavirus diarshea in children: a rand d, single-blind, lled

trial in Bolivian children. Jn J Infect Dis 2009; 13: 518-23.

Worm infections. Nitazoxanide has been used in various
helminthiases, including ascariasis (p. 143.3), hymenole-
piasis (p. 146.1), the liver fluke infection fascioliasis
(p. 146.2), and trichuriasis (p. 149.1).

Adverse Effects

The most common adverse effects associated with
nitazoxanide are abdominal pain, diarthoea, nausea,
vomiting, and headache. Other less commonly reporred
adverse effects include anorexia, fever, Batulence, pruritus,
and dizziness. Spontaneous bone fracture and discoloration
of urine and of the eyes have been reported rarely.
Increased creatinine and liver enzyme values have been
noted.

Pharmacokinetics

Nitazoxanide is absorbed from the gastrointestinal tract after
ora) dosage and is rapidly hydrolysed to an active desacety!
metabolite, tzoxanide. Tizoxanide then partially undergoes
conjugation, mainly by glucuronidation. The extent of
absorption is enhanced if given with food and peak plasma
concentrations of tizoxanide and the glucuronide are seen 1
to 4 hours after an oral dose. The parent drug is not detected
in plasma. Tizoxanide is more than 99% bound to plasma
proteins. About two-thirds of an oral dose of nitazoxanide is
eliminated in the faeces and one-third in the urine;
tizoxanide is excreted in the urine, bile, and faeces, while
the glucuronide is excreted in only the urine and bile.
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Uses and Administration

Omidazole is a S5-nitroimidazole derivative. It has the
antimicrobial actions of metrbnidazole and is used similarly
(see p. 936.2) in the weatment of susceptible protozoal
infections and also in the treatment and prophylaxis of
anaerobic bacterial infections (p. 173.1).

Itis given orally after food, or intravenouisly. Intravenous
solutions of ornidazole should be diluted to 5mg or less per
mL and 100 or 200 mL infused over 15 to 30 minutes.

In amoebiasis (p. 919.1), 500 mg of omidazole is given
orally twice daily Yor 5 to 10 days. Patients with amoebic
dysentery may be given 1.5g as a single daily dose for 3
days. An alternative regimen for adults over 60kg is 1g
twice daily for 3 days. In severe amoebic dysentery and
amoebic liver abscess, omidazole may be given by
intravenous infusion in a dose of 0.5 to 1g inidally,
followed by 500 mg every 12 hours for 3 to 6 days.

In giardiasis (p. 921.3), 1 or 1.5 g of ornidazole is given
orally as a single daily dose for 1 or 2 days.

In trichomoniasis (p. 925.1), a single oral dose of 1.5g
is given; alternatively, a 5-day oral course of ornidazole
500 mg twice daily may be used. Sexual partners should also
be treated.

For the treatment of anaerobic bacterial infections,
ornidazole is given by intravenous infusion in an initial dose
of 0.5 to 1 g followed by 1g daily as a single dose or in two
divided doses for 5 to 10 days; oral therapy with 500mg
every 12 hours should be substituted as soon as possible.

For the prevention of postoperative anaerobic bacterial
infections, 1g is given by intravenous infusion about 30
minutes before surgery. An alternative oral regimen is 1.5g
given 12 hours before surgery, then 500 mg every 12 hours
for 3 to 5 days after the surgery.

For details of doses in children, see below.

Administration in children. Omidazole is licensed in sev-
eral countries in children weighing up to 35kg for the
treatment of susceptible protozoal infections and also in
the treatment and prophylaxis of anaerobic bacterial infec-
tions. It is given orally after food or intravenously. Chil-
dren weighing over 35kg may be given the adult dose
{above).

In amoebiasis children may be given an oral dose of
25mg/kg as a single daily dose for 5 to 10 days. Those with
amoebic dysentery may be given 40 mg/kg as a single daily
dose for 3 days. In severe amoebic dysentery and amoebic
liver abscess, ornidazole may be given by intravenous
infusion in a dose of 20 to 30 mgrkg daily for 3 to 6 days. In
glardiasis, 30 or 40 mg/kg is given orally as a single daily
dose for 1 or 2 days and in trichomoniasis, a single oral
dose of 25 mg/kg is given.

For the wreatment of anaerobic bacterial infections,
ornidazole is given by intravenous infusion in a dose of
10mg/kg every 12 hours for 5 to 10 days or orally at a dose
of 20 to 30 mg/kg daily. For the prevention of postoperative
anaerobic bacterial infections, 20 to 30 mg/kg may be given
orally or intravenously 12 hours before surgery; after
s}u;gery a dose of 20 to 30 mg/kg is given every 12 hours for

ays.

Administration in hepatic i nt. In view of the pro-
longed half-life and reduced clearance of ornidazole
reported in patients with hepatic dysfunction (see below),
the interval between doses should be doubled in patients
with severe hepatic impairment.

Administration in renal impairment. The elimination of
ornidazole is reported to be largely unaltered in patients
with impaired renal function (see under Pharmacoki-
netics, below). Dosage adjustment is therefore usually

unnecessary, although patients receiving haemodialysis
should be given a supplemental dose of ornidazole (oral or
intravenous formulations) with each dialysis run: licensed
product information for an oral formulation of ornidazole
suggests a supplemental dose of 500mg should be given if
the daily dose is 2 g daily or 250 mg should be given if the
daily dose is 1 g daily.

Rhx toid arthritis. Rh id arthritis is common in

patients with periodontitis and many pathological aspects
of the diseases are similar. Furthermore, high concentra-

tions of antibodies to anaerobic bacteria have been found

in the serum and synovial fluid of patients with rheumat-
oid arthritis. To evaluate the efficacy of ornidazole, a ran-
domised, double-blind, placebo-controlled study! was car-
ried out in 160 patients with active rheumatoid arthritis.
Significantly more patients given oral ornidazole 1g daily
met the American College of Rheumatology criteria for
20, 50 and 70% improvement at 3 months compared with
those taking placebo. Omidazole treatment was also asso-
ciated with significant reductions in pain, duration of
morning stiffness, and disease activity and improved qual-
ity of life. ’
1. Ogrendik M. Trearment of rheumamld anhrins with ornidazole: a
randomized, double-blind. study. Int
2006; 26: 1132-7.

Adverse Effects and Precautions

As for Metronidazole, p. 937.3.

Effects on the liver. Auto-immune hepatitis occurred in a
35-year-old woman after weatment with ornidazole for
diarrhoea-and a further episode occurred after treatment
for a vaginal infection.! A few cases of acute cholestatic
hepatidis have also been reported; all the patients
improved 1 to 2 months after stopping treatment.? Severe
hepadtis with prolonged cholestasis and bile duct injury
has been reported after tong-term use (8 weeks) of ornida-
zole.?
1. Kosar Y, ¢ al. Omidazole-induced autoimmune hepatitis. Fur J
Gastroenteral Hepatol 2001; 13: 737-9.
2. Tabak P, r al. Omidazole-induced lverdamage: repart of three cases
and review of the literature. Liver Int 2003; 23: 351-4.
3. Harputluoglu MM, e al. Severe hepatitis with prolonged cholestasis and
bile duct injury due the long. use of le. Aca
Belg 2007: 70: 293-5.

Pharmacokinetics

Omidazole is readily absorbed from the gastrointestinal tract
and peak plasma concentrations occur within 3 hours. After
repeated oral doses of 500 mg every 12 hours, steady-state
peak and trough concentrations are 14 and 6micro-
grams/mL respectively.

The plasma elimination half-life of omidazole is 12to 14
hours. Less than 15% is bound to plasma proteins. It is
widely distributed in body tissues and fluids, including the
CSF.

Omidazole is metabolised in the liver and is excreted in
the ‘urine, mainly as conjugates and metabolites, and to a

" lesser extent in the faeces. Biliary excretion may be

important in the elimination of ornidazole and its
metabolites. .

References.
1. Schwaniz DE. Jeunet F. Comparative pharmacokinetic studies of
id; and d: in man. Ch 1976; 22: 19-29.

2. Matheson 1, et al. Plasma levels after s single oral dose of 1.5 g ornidazole.
Br ] Vener Dis 1977; 53: 236-9.

3. Schwanz DE, ef al. Metabolic studies of omidazole in the rat. in the dog
and in man. Xernobiotica 1979; 9: 571-81.

4. Turcant A, et al. Pharmacokinetics of oruidazole in neonates and infants
after a single intravenous infusion. Eur J Clin Pharmacol 1987; 32: 111~
13.

5. Mmmcnul? kinetd

i (1.000 i

and tissue p o( asingle dose

in colorectal surgery. Annmmb Agents Chamnhtr 1990; 34: 192I-4
6. Bourget P, et al. and its bolites during
preguancy. J Antimicrob Gvrmarlm' 1995; 3%: 691-6.

Hepatic impairment. The elimination of ornidazole after a

single intravenous dose of 500mg was impaired in 10

patients with severe liver dirrhosis when compared with

10 healthy subjects; mean half-lives were 21.9 hours and

14.1 hours respectively.! These results suggested that the

interval between doses of ornidazole should be doubled in

patients with marked hepatic impairment. The need for

dose adjustment was confirmed in further studies of

patients with other forms of liver disease.?

. Taburet AM, et al. Pharmacokinetcs of ornidazole in patients with
severe liver cirthosis. Clin Pharmacol Ther 1936; 40: 359-64.

2, Bourget P, ¢t al. Omidazole pharmacokinetlcs in several hepatic diseases.
J Pharmacol Clin 1988; 7: 25-32.

3. Taburet AM, ¢t of, Pharmacokinetics of omidazole in patients with acute
viral hepatitis, alcoholic dirrhosis, and extrahepatic cholestasts, Clin
Pharmacol Ther 1989; 45: 373-9.

Renal impairment. The half-life of intravenous ornidazole
was not prolonged in a study in patients with advanced
chronic renal failure, including those on continuous
ambulatory peritoneal dialysis, although total plasma

The symbol t denotes a preparation no longer actively marketed

clearance was halved; modification of the usual dosage is
not necessary in such patients. However, the drug was
removed by haemodialysis and ornidazole should be given
after the dialysis session rather than before.! In another
study?® the systemic availability and total body clearance of
ornidazole were unaffected in chronic renal failure; it was
considered that an additional dose should be given before
haemodialysis to compensate for removal during that pro-
cedure.

i Merd}an He nl Ptunmculdneua of ornidazole in patients with renal

and | dialysis. 8r J
Clin Ph.rmaml 1985; 19 21 l-l7
2. Horber FF, o ol High h of in the
presence of a negligible renal Bur J Clin I 1989; 36
389-93.
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Pharmacokinetics

Paromomydin is poorly absorbed from the gastrointestinal
tract and most of an oral dose is eliminated unchanged'in
the facces; about 0.1% of an oral daily dose is excreted
renally. Oral absorption may be increased in conditions
which damage or inflame the mucosa or disrupt

5. Bryceson ADM. st al. of Old Waosld
with results of an open study in London. Trans R

antibiotic substance produced by the growth of Strep
rimosus var. paromontycinus, or a mixture of two or more
such salts.

A creamy-white to light yellow, odourless or practically
odourless, very hygroscopic powder. It loses not more than
5% of its weight on drying. Very soluble in water; insoluble
in alcoho), in chloroform, and in ether. pH of a 3% solution

Soc Trop Med Hyg 1994: 88: 226-8.
6. BcnSahhA.nnLAnndnmlmd.phmbe-mnnnﬂeduhlmanm
Am J

treating
Trop Med Hyg 1995. 53 162-6.

7. Sotol. etal of New World
with a of wpical p hyib h
chloride and injectable mqlum!ne antimonate, Clin Infect Dis 1995; 20;
47-51.
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in water is between 5.0 and 7.5. Store in airtight contai

Uses and Administration

for
Idshnunlun: mmﬂed study. dm Infect Dis 1998; 24: 56-8.
9. S o inosidine and is with sodium

l.h¢ of diffuse

Paromomycin is an aminoglycoside antibacterial that has
been given orally in the treatment of intestinal protozoal
infections, incdluding amoebiasis, cryptosporidiosis, and
giardiasis. It has also been tried parenterally for visceral, and
topically for cutaneous, leishmaniasis {below). For details of
these infections and their treatment, see under Choice of
Antiprotozoal, p. 919.1. It has been used in the treatment of
beef or pork tapeworm infection (p. 148.2}, but it is not the
treatment of choice. Like neomycin (p. 330.1), it has been
used in the suppression of intestinal flora pre-operatively
and as adjunctive therapy in the management of hepatic
encephalopathy.

Paromomycin is given as the sulfate although doses are
expressed in terms of the base. In intestinal amoebiasis, the
dose for both adults and children is the equivalent of
paromomycin 25 to 35 mg/kg daily in 3 divided oral doses
with meals for 5 to 10 days. Similar doses have been tried in
cryptosporidiosis.

In taeniasis and other tapeworm infections, a dose of
4 gis given orally as a single dose or in divided doses over the
course of one hour,

For hepatic coma, 4 g is given daily in divided oral doses
at regular intervals for 5 to 6 days.

Administration in children. Paromomycin may be given to
children for the treaunent of intestinal amoebiasis. Oral
doses used are the same as those for adults, above. For the
treatment of visceral leishmaniasis in the Indian sub-
continent, WHO recommends an intramuscular dose of
paromomycin of 11mg/kg daily for 21 days for children
weighing more than 5kg: for visceral leishmaniasis in east
Africa the same intramuscular dose is recommended (with
pentavalent antimonials) for 17 days.'

1. WHO. WHO model Jormulary for children. Geneva: WHO 2010. Also

aused by Mshmanla acthiopica. Trans R Soc Trop Med Hyg 1994; 88:

W.Jhxmrlnl dornised ulal of
v sodium stibogiuconate for treating visceral leishmaniasis in North
Bihar, India. BMJ 1998; 316: 1200-5.

. Thakur CP, e al. A prospective randomized, comparative, open-label
wial of the safery and efficacy of paromomycin (aminosidine) plus
sodium stibogluconate versus sodium stibogluconate alone for the

of visceral leish: Trans R Soc Trop Med Hyg 2000: 94:

429-31.

. Sundar S. e al. Injectable paromomydin for visceral leishmaniasts in
India. N Engl J Med 2007; 356: 2571-31.

. Sundar S, e al. Sh of visceral
leishmaniasis in India: 14-day vs zl-day reatment. Clin Infect Dis 2009;

»

-

& intestinal motility.

Peak plasma concentrations are reached within 0.5 to 1.5
hours after an intramuscular injection. After intramuscula:
use it distributes well into extracellular fluid, but penetrate:
poorly into the CNS and lungs. Paromomycin crosses the
placenta and may accumulate in amniotic fluid and feta!
plasma. The plasma elimination half-life is 2.62 hours
Paromomycin does not appear to be metabolised and it
excreted virtually unchanged in the urine by glomerular
filtration.

Pnrememl adminisiration. Rcferences
1. Kanyok TP, et ai. Ph
aminosidine in healthy subjects. Anlunmb Agents Chemother 1997; 41:
982-6.
2. Sundar S, & al. Injectable paromomycin for visceral leishmantasis in
India. N Engl J Med 2007; 356: 2571-81.

Preparations

Proprieiary Preparations (details are given in Volume B)
Single-ingredient Pnpamim\s. Austria: Humatin; Belg.: Gab-
broral; Canad.: ; Gr.: Inden.:

Gabbryl; Ital.: Gabbroral; Humaun. Kaman; Jpn: Ameparomo;
Spain: Switz.: Hi ; USA: tin

49; S14-13.
14. WHO WHO modé! formulary. ceneva WHO, 2008. Also available IL
http:/iwww.who.i % list/WMF2008.pdf
14/12/10)

. Manfredi R, o al. Dlfuse cutaneous dissemination of visceral
leishmaniasis during human bmmunodeficdency virus {HIV) infection,
despite negligible immunodeficiency: repeated fatlure of liposomal
amphotericin B administration, lollowed by successful long-term

W

and dn ntJ Agents
2008; 31: 590-2.
Trichomoniasis. Local application of a paromomycin

cream has been tried in a small number of patients with
metronidazole-resistant vaginal trichomoniasis (p. 925.1)
with moderate success.! Intravaginal use of 250-mg oral
tablets of paromomycin twice daily in a similar patient has
also been reported.? The patient became asymptomatic
within 3 weeks of starting paromomydin despite stopping
treatment after 10 days because of vaginal soreness.
1. Nyifjesy P, & al. Difficult-to-treat trichomoniasis: results with
paromomydn cream. Clin Infect Dis )998; 26: 936-!
2. Tayal SC, et al.
waginalis. Int J STD AIDS 2010; 21: 217-18.

Adverse Effects, Treatment, and Precautions

available at  hup://www.who. WMFC_
2010.pdf (accessed 13/12/10)
Leishmaniasis. Topical weatment with paromomycin 15%
plus methylbenzethonium chloride 5 or 12% has pro-
duced variable results’* in cut.
(p. 922.1); paromomydn 12 to 15% with urea 10% was
better tolerated,** however, benefit has not been seen in
all studies.*® Treatment with topical paromomydn plus
systemic meglumine antimonate was initially promising in
patients with New World cutaneous leishmaniasis;” how-
ever, a subsequent study® found no dear advantage over
treatment with meglumine antimonate alone. Good
responses to parenteral paromomydn 14 mg/kg daily, with
sodium stibogluconate 10mgrkg daily, in cases of diffuse
cutaneous leishmaniasis have also been reported.”
Paromomydn has also been used intramuscularly, either
alone!? or with sodium stibogluconate,!! in the treatment of
visceral leishmaniasis (p. 923.1) in an area of India with
increasing resistance to pentavalent antimony compounds.
The authors of one study’® found paromomycin 16 or
20mg/kg daily for 21 days to be significantly more effective
than sodium stibogluconate 20mg/kg daily for 30 days,
while another study'? found intramuscular paromomydn
(11 mg/kg) daily for 21 days to be no less effective than
treatment with intravenous amphotericin B (1 mg/kg) on
alternate days for 30 days. Although patients given
intramuscular paromomydn (11 mgrkg) daily for 14 days
showed significant improvement in clinical and biomedical
parameters, they had a statistically significant lower cure
rate than those given weatment for 21 days; this 14-day
treatment regimen is therefore not recommended as
monotherapy.!’ WHO recommends an intramuscular dose
of 11 mg/kg daily for 21 days for all patients weighing more
than 5kg.}4 Oral paromomycin plus intravenous pent-
amidine was reported to be eHective in the treatment of

amphotericn- visceral leish in an HIV-
infected patient.!? .
1. El-On J, et al. Topical of 0ld World h

ansed by Leishmania major: a double-blind control study. J Am Acad
Dermatol 1992; 27: 227-31.
2. xnuse G, Kroeger A. Topica) of i
with p: ydn and methyib chloride: a

All cross-references refer to entries in Volume A

As for Neomydn, p. 330.2.

Effects on elecirolytes. Three cases of tetany have been
described in patients being treated for leishmaniasis with
parenteral paromornydn. Symptoms resolved after treat-
ment with intravenous calcium gluconate and paromomy-
cn treatment could be continued with oral caldum sup-
plementation.! The authors consider that paromomycin
may cause temporary renal tubular damage leading to
hypocalcaemia.

1. ‘Thakur CP. Tetany in kala azar patients treated with paromomycin.
Indian J Med Res 2008; 127: 489-93.

Effects on the pancreas. Pancreatitis was associated with
use of paromomydn during treatment of cryptosporidiosis
in a patient with HIV infection.!

1. Tan WW, et ol d
Ann Ph her 1995; 29: 22-4.

in HIV-relaced

Y

Porphyria. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphyria Centre Sweden, dassifies paromomycin as
probably not porphyrinogenic; it may be used as a drug of
first choice and no precautions uc needed.!
1. The Drug base for . Availabl
drugs-porphyria.org (la\ssed 08/07111)

at: hap:/rwww.

Interactions
As for Neomycin, p. 330.3.

Anlimicrobial Action

Paromomycm is active agamst vanous protozoa including
SPP-. ica, and Cryptosporidium
spp. In addition, it has an antibacterial spectrura similar to
that of neomycin (p. 330.3). There is cross-resistance
between paromomycin and kanamydin, framycetin, neo-
mydn, and streptomycin.
Paromomycin also has anthelmintic properties against
tapeworms.

Multi-ingredient Prep

Israel: Leshcutan.

USP 36: Paromomycin Sulfate Capsules; Paromomycin Sulfate
Syrup.

Pentamidine Isetionate iaam, inm

Isetionato de pentamldlna M&B-800; Pentamidiinidi-
isetionaatti; Pentamidin Izetiyonat; Pentamidina, isetionato
de; Pentamidindiisetionat; Pentamidin-diisetionat; Pentami-
din-diizetiondt; Pentamidine Diisetionate; Pentamidine,
diisétionate de; Pentamidine isethionate (USAN); -Pent-
.amidine, Isétionate de;.Pentamidini diisetionas; Pentamidini
lsethionas; Pentamidini isetionas; Pentamidino diizetionatas;
Pentamidyny diizetionian; MexTamnamnHa Maetmowar.
4,4'-(Pentamethylenedioxy)dibenzamidine bis(z-hydru—
xyethanesulphonate). =~ - =

C|9H14N402-2C1H6045'597—7 : ‘

CAS == "100-334 (pemam:drne); 140-64-7 @enrarmdme
isetionate),” :

ATC — POICNOL.

UNII—WP3K600A2

Pharmacopoeias. In Eur. (see p. vil), Int, and Us.

Ph. Eur. 8: (Pentamidine Diisetionate; Pentamidine
Isetionate BP 2014). A white or almost white powder or
colourless crystals; it is hygroscopic. Freely soluble in water;
sparingly soluble in alcohol; practically insoluble in
dichloromethane. A 5% solution in water has a pH of 4.5
to 6.5. Store in airtight containers.

USP 36: (Pentamidine Isethionate). A white or almost white
powder or colourless crystals. It is hygroscopic. Freely
soluble in water; sparingly soluble in alcohol: practically
insoluble in dichloromethane. A 5% carbon dioxide-free
aqueous solution has a pH of 4.5 to 6.5. Store in airtight
containers at a perature of 20 deg to 25 degrees,
excursions permitted between 15 degrees and 30 degrees.
Protect from light.

Incompatibifity. Immediate precipitation occurred when a
solution of pentamidine isetionate 3 mg/mL in glucose 5%
was mixed with each of 5 cephalosporin and 1 cephamy-
dn injections.!

Pentamidine isetionate is reported to be incompatible
with foscarnet.

1. Lewis JD. El-Gendy A. Cephalospori
incoapanbilicies. Am J Health-Syst Pharm 1996; 33: 1461-2.

Pentamidine Mesilate panm, innvy)

Mesllato’.de - pentamidina; Pentamidina, - mesilato . de,
Pentarnidine Dimethylsulphonate:’ Pentamidire; Mésilate
de; Pedtamidine . Mesylate; Pentamndme Methanesulpho:
nate; Pentamidini Mésilas;-RP- -2512; l'lerrrawpuna Mesuna'r
Pertamidine dimethanesuiphonate. * :
C19H14N402:20‘|3503H-537-6 )

UN- ,.§530384,00A T T

Pharmacopoeias. In Inz.




Pentamidine Isefionate 945

Uses and Administration

Pentamidine, an aromatic diamidine derivative, is an
antiprotozoal thought to act by several mechanisms,
including interference with protozoal DNA and' folate
transformation and by inhibition of RNA and protein
synthesis. It is used in the treatment of the early stages of
African trypanosomiasis, especially Trypanosoma brucei
gambiense infections, in some forms of leishmaniasis, and
in the treatment and prophylaxis of pneumocystis pneu-
monia. Pentamidine has also been tried in other protozoal
infections including Acanthamoeba infection and babesiosis.
For further information on these diseases see below.

Pentamidine has been given as the isetionate or mesilate
salt, It was registered in 1950 as the mesilate, but had been
used in protozoal diseases before this. The drug was re-
evaluated and commercialised as the isetionate salt in 1984;
this form is the one now available in most countries.
Pentamidine isetionate 4mg/kg |s cquivalcm to about
2.3mg/kg of p idi S€;
3.6 mg/kg is equivalent to about 2 Bmglkg of pcntamldmc
base.

Pentamidine isetionate is given by deep mu-amuscular
injection or by slow intravenous infusion over at least 60
minutes; direct intravenous-injection must be avoided.
Patients should be lying down. The mesilate has usually
been given intramuscularly. -

In the treatment of carly African trypanosomiasis due
to T. b. gambiense, pentamidine isetionate 4 mg/kg may be
given daily or on alternate days by inmamuscular injection
or intravenous infusion to .a total of 7 to 10 doses.
Pentamidine is not effective In trypanosomiasis with CNS
involvement.

In the treatment of visceral leishmaniasis, and of
mucocutaneous leishmaniasis due to Leishmania braziliensis or
L. aethiopica that bave not responded to antimonials,
pentamidine isetionate 4 mg/kg may be given, by intra-
venous infusion or intramuscular injection three times
weekly, for 5 to 25 weeks or longer. An alternadve regimen
in visceral leishmaniasis is to give 3 to 4 mg/kg, preferably
by intramuscular injection, on alternate days to a maximum
of 10 injections; the course may need to be repeated. In
cutaneous leishmaniasis due to L. aethiopica or L. guyanensis,
pentamidine isedonate 3 to. 4mg/kg may be given,
preferably intramuscularly once or twice weekly, until the
condition resolves. A weekly dose of 3 to 4mg/kg is also
used for diffuse ¢ leish is due to L. /-
and should be continued for at least 4 months after parasites
are no longer detectable on skin smears.

2, GJ, et al. Di i h ba in patients with AIDS:
a report of five cases and a review of the literature. Arch Dermatol 1995;
131: 1291-6.

Babesiosis. Pentamidine has been tried for babesiosis
(p. 920.2), but while some patients showed dinical
improvements, - the efficacy and safety of pcmamidinc in
this infection has been questioned.*

1, Francioli PB, &1 al. of is to p dine therapy. Ann
Interm Med 1981; 94: 326—)0

2. Raoult D, eral. it and Ann Intern
Med 1987; 107: 544.

‘3. Clarke CS, et al. Babesiosis: und or 1 g7 Postgrad

Med 7 1989; 65: 591-3.
4. Teutsch M, Juranek DD. Babesiosis. Ann Intern Med 1981; 95: 241.

Leishmaniasis. Per dine has been used in the treat-
ment of visceral leishmaniasis (p. 923.1) in patients who
have failed to respond to antimonials alone.! It has also
been suggested as an alternative for long-term secondary
prophylaxis in padents with HIV infection.?

A systematic review and meta-analysis® to determine the
best drug management in the treatment of cutaneous
leishmaniasis {p. 922.1) in Latin America reported similar
cure rates for pentamidine and the pentavalent antimonials.
Pentamidine has been extensively used and studied in
French Guyana, where L. guyanensis causes most disease and
cure rates higher than 90% have been reported after 2 doses
of pentamidine. Pentamidine may be considered for
treatment of patients with recurrent disease and was
found to be superior to re-treatment with pentavalent
antimonials in those who failed the treatment with the
latter.? A short course of intramuscular pentamidine (3 to
4mg/kg initially and repeated once 2 days later) was
successful in treating 2 patients with Old World cutaneous
leishmaniasis resistant to initial treatment with pentavalent
antimonials or oral fluconazole.* A 73% cure rate was
reported in 11 patients infected with L. infantum, L. major, or
L. tropica.’

Diffuse cutaneous or mucocutaneous disease
(p. 923.1) which is unresponswc to antimonials may
respond to pentarnidine.!

For mention of the use of pentamidine with
paromomycin to treat visceral leishmaniasis in an HIV-
infected patient, see p. 944.1.

1. WHO. WHO model formulary. Geneva: WHO, 2008. Available ac: heep:#/
www.who.int/selection_medicines/list/WMF2008.pd! (accessed
15/04/09)

2 P:nzl on Oppummlsuc Infections in HIV-Infected Adults and

lor the pi and of
in HIV-infected adults and adolescents:

In the treatment of pneumocystis p
pentamidine isetionate 4 mg/kg is given once daily for 14
days or longer, by intramuscular injection or preferably
slow intravenous infusion. Pentamidine isetionate is given
by inhalation through a nebuliser to prevent pneumocystis
pneumonia in HIV-positive patients in a dose of 300 mg
once every 4 weeks; in those who cannot tolerate this dose
150 mg every 2 weeks may be used. It has also occasionally

recommendations from CDC, the National Institutes of Health, the
HIV Medicine Association of the Infectious Diseases Society of America
{issued 8th July, 2013). Available at: hup://www aidsinfo.nih.gov/
contenifiles/lvguidelines/adult_oi.pdf (accessed 17109/13)

3. Tuon FF, ¢t al. Treatment of New World

3. Sha BE,  al. Pneumocysds carinii choroiditis in patients with AIDS:
clinical features, response to therapy. and outcome. J Acguir Immuwne
Defic Syndr Hum Retravirol 1992; 3: 1051-3.

4. MME, er A uial of i or

hopril as primary against
Pneumocystis carinil pneumonia n patients with human immunodefi-
clency virus infection. N Engl J Med 1992; 327: 1836-41.
5. Hardy WD, ¢tal A trial of or
lized for of
carinli pneumonia in patients with the acquired immunodeficdency
- . N Engl J Med 1992; 327: ma-s
6. Glrard P-M, et al. D: Y with
dine as prinury phy against P arinii
pocumonia and toxoyla:modxm HIv lnlecﬂon NEngIJMtd 1993; 328:
1514-20.
7. Torres RA. e ! Randomized trial of dapsone and. aerosolized
idine for the prophylaxis of ystis carlnil
toxoplasmic encephalitis. Am J Med 1993; 95: 573-83.

8. Bomette SA, etal A trial of three
In patients with ad human &
Engl J Med 1995; 332: 693-9.

9. Rizzacdi GP, o al. Msk:andben&ﬂuohumouudpenummm:nd

i le in primary carinii pneu-
monia tn HIV-1-lnfected patents: a two-yur Italian mu[ﬁmnmc
randomized controlled trial. J Infect 1996; 32: 123-31.

10. X U, st al. Low of carinif

in HIV patients recriving 300 mg pentamidine aerosol every 2 weeks.
Clin Investiy 1992: 70: 1089-91.

11. Rizzardl GP, o al. Better efficacy of twice-monthly than monthly

lised . tor 4 hylaxis of

agents
virus infection. N

caripli pneumonia in patiens with AIDS: an Ialian multicentic
randomised controlled trial J infect 1995; 31: 99-105.

12. Ong BLC, & al. Em::cymddigmmpulmnmwmncdanmnl
weekly 600 mg aerosol against Pn
cystis carinil pneumonia. Infection 1992,10' 136-9.

13. CcDC. for and i
Infections in HIV- u\!eﬂed adults and adolescents: recommendations
from CDC, the Nasona) Insdrutes of Health, and the HIV Medicine
Assocladon of the Infectious Discases Society of America. MMWR 2009;
58 {RR-4); 1-207. Also available at: hutp://www.cdc.gov/mmwe/POP/rr/
rr5804.pdf (accessed 12/04/09)

African trypanosomiasis. Pentamidine is used for the
early or haematolymphatic phase of African trypanosom-
iasis caused by Trypanosoma brucei gambiense (p. 925.2).' It
is reported to be less effective against T. b. rhodznmse and
in some areas e of T. b. gambi to p

is increasing. Pentamidine has beéen used with suramin for
T. b. gambiense infections but this has not been shown to
be clinically superior to pentamidine alone.?

1. WHO. Control and surveillance of Alriean nypannsomilsls: report of a
WHO expert committee. WHO Tech Rep Ser 881 1998. Also available at:
hrwpi//libdoc. who.int/trs/WHO_TRS_881 pdf (accessed 17107109)

2. Pépin J, Khonde N. Relapses foll
Trypanosoma brucei gambiense sieeping sickness with a eombimdun ul
pentamidine and suramin, Trans R Soc Trop Med Hyg 1996; 90: 183-6.

Adverse Effects

Pentamidine is a toxic drug and adverse effects are frequent
and sometimes severe when given parenterally; toxicity is
more common in patients with AIDS. Fatalities due to

systematic review with a meta-analysis. Int J Dermatol 2008; 47: 109-24.
Jauréguiberry S, o al. Efficacy of short-course intramuscular
penumlduu isethionate treatment on Old World localized cutaneous
is in 2 patients. Clin infect Dir 2006; 42: 1812-13.

»

been used by this route for treating mild to moderate P.
Jjirovecii infection in a dose of 600mg daily for 3 weeks.
Nebuliser design can affect the droplet size delivered and
hence the amount of pentamidine reaching sites of action
within the lungs. The optimal particle size is 1 to
2 micrometres. Precautions should be taken to minimise
atmospheric pollution with pentamidine during nebulisa-
tion and to minimise exposure of medical personnel to the
drug.

Administration in children. The indications for use and
doses of pentamidine in infants and children are the same
as those for adults, see above.

Administration in renal impairment. Since renal dearance
accounts for only a small proportion of pentamidine elimni-
nation, dosage adjustment is not generally considered
necessary for mild to moderate degrees of renal impair-
ment. UK licensed product information recommends
dosage reductions in patients with pneumocystis pneu-
monia who have a creatinine clearance of less than
10 mL/minute. In patients with life-th

“

. Hellier L ¢ «f. Treatment of Old World cutaneous leishmaniasis by
Ppentamidine isethionate: an open study of 11 padents, Dermatology 2000;
200: 120-3.

Pneumocystis pneumonia. In the treatment of pneumo-
cystis pneumonia {(p. 567.2) intravenous pentamidine is
generally reserved for patients with moderate to severe
disease who do not respond to, or cannot tolerate, co-
trimoxazole. Co-tri le with pentamidine is no more
effective than pentamidine alone in these patients and is
potentially more toxic than either drug.' Inhaled pent-
amidine has occasionally been suggested for mild to mod-
erate infection, but is now generally only used for prophy-
laxis. However, patients given inhaled pentamidine may
be prone to extrapulmonary Preumocystis infections.*?

In both primary and secondary prophylaxis of
pneumocystis pneumonia in immunocompromised
patients, co-trimoxazole is preferred to inhaled pent-
amidine. Comparative studies have shown that, in the short
term, inhaled pentamidine has been less effective than co-
trimoxazole** and no more effective than another common
prophylactic drug, dap &7 T addition, both co-
i le and dapsone (given with pyrimethamine) also

the recommended dose of 4 mg/kg daily should be given
for 7 1o 10 days and then on ahernate days for the
remainder of the 14-dose course. In less severe disease the
suggested dose is 4 mg/kg on alternate days for 14 doses.

Amoebic infections. ACANTHAMOEBA INFECTIONS. There
have been a few case reports of intravenous pentamidine
being used successfully to treat disseminated Acanthamoeba
infection (p. 920.1) without evidence of CNS involvement
in immunoc 2 1t is unlikely that
pentamidine would be effective in infections involving the
CNS.

). Slater CA, &t al Brief report: ot di d
Acanthamoceba infection in an immunocompromised patient. N Engl J
Med 1994; 331: 85~7.

provide protection against toxoplasmosis and extrapulmon-
ary pneumocystis infections. However, inhaled pent-
amidine is better tolerated than either of these, and studies
have suggested that in the long term the efficacy of the three
drugs is comparable,®? at least in patients with CD4+ T
lymphocyte counts of more than 100 cells/microlitre.
Increasing the dose of pentamidine from 300 mg every four
weeks to 300mg every two weeks'®!! or 600mg every
week'? may improve efficacy further. Intermittent par-
enteral dosage of penmmdmc has been used when the
more usual drugs cannot be given.'

1. Glatt AE, Chirgwin K. Pneumocystis cacinii pneumma in humn
tu;nlm;nodcﬂdmcy virus-Infected patients. Arch Intert Med 1990; 130:
271-9.

2. Witt K. ¢ al. Dissemination 6f Pneumocystis carinif in patients with
AIDS. Satnd J Infect Dis 1991; 23: 691-5.

The symbol t denotes a preparation no longer actively marketed

severe hypc ion, hypogly acute pancreatitis, and
cardiac arthythmias have been reported.

Rapid intravenous injection has resulted in sudden
hypotension and immediate reactions such as flushing,
dizziness, headache, vomiting, breathlessness, tachycardia,
and fainting. Hypotension may also occur when pent-
amidine is given intramuscularly or by slow intravenous
infusion. Pentamidine may prolong the QT interval and
isolated cases of de de poi have been reported.
Renal impairment is common (over 20% of patients),
usually ifesting as mild and reversible raised blood urea
nitrogen and serum creatinine concentrations, but acute
renal failure can occur. Hypoglycaemia, sometimes followed
by hyperglycaemia and type 1 diabetes mellitus, is well
documented. Other severe adverse effects indude leuco-
penia, thrombecytopenia, and hypocalcaemia; possible
Stevens-Johnson syndrome has also been reported. Less
severe adverse effects include azotaemia, raised liver
enzyme values, anaemia, macroscopic haematuria, hypo-
magnesaemia, hyperkalaemia, nausea and vomiting, rashes,
and taste disturbances, Rhabdomyolysis has been rarely
reported after intramuscular use. Intramuscular pent-
amidine often causes pain, swelling, sterile abscess
formation, and tissue necrosis at the site of injection.
Similar damage can follow extravasation during intra-
venous dosage.

Pentamidine is not as toxic when given by inhalation for
the prophylaxis of pneumocystis pneumonia. The com-
monest adverse effects with this route are cough and
bronchoconstriction (particularly in patients with a history
of smoking or asthma) and may be controlled by a
bronchodilator. Inhalation may leave a bitter taste,
Pneumothorax has been reported, but may be associated
with the disease. There have been rare reports of adverse
effects such as those seen when pentamidine is given by
injection.

Incidence of adverse effedts. Adverse effects were seen in
46.8% of 404 patients given pentamidine parenterally for
the treatment of pneumocystis pneumonia, according to
an analysis from the CDC in the USA.' The reactions
included impaired renal function (23.5% of patients),
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abnormal liver function (9.6%), hypoglycaemia (6.2%),
haematological disturbances (4.2%), rashes {1.5%), and
hypocalcaemia (1.2%). Local reactions at injection sites
such as pain and abscess occurred in 18.3% and immedi-
ate adverse effects such as hypotension in 9.6%.

Retrospective studies®#* suggest that adverse reactions
occur more commonly in patients with AIDS.

An evaluation of pentamidine in the weatment of 82
patients with visceral leishmaniasis further illustrates its
toxicity.® Cardiotoxicity (tachycardia, hypotension, and
ECG changes of non-specific myocarditis), occurred in
about 23% of patients. No hypoglycaemic reaction was
noted, but 4 patients developed diabetes mellitus and 3 of
them were found 1o be insulin-dependent. Other adverse
reactions included gastrointestinal effects (anorexia,
nausea, vomiting, abdominal pain, or diarrhoea) in about
78%. CNS effects (headache associated with flushing,
delirium, or sensory disturbances resembling pins and
needles [paraesthesias]) in about 24%, mild reversible
albuminuria in about 7%, and allergic manifestations
{generalised urticaria, itching, and conjunctival congestion)
in about 5%. One patient had severe anaphylaxis.

1. Walzer PD, ef al. Pneumocystis carini) pneumonia in the United States:
epidemiologic. diagnostic and clinical leatures. Ann Intern Med 1974; 80:
83-93,

2. Lachaal M. Venuto RC. Nephrotoxicity and hyperkalemia in panems
with acquired i di treated with
Am J Med 1989; 87; 260-3.

3. Briceland LL Bailie GR. P i b ity and
hyperkalemia in patients with AIDS. DICP Ann Pharmacother 1991 25
11714

4. O’Brien JG, et al. A 5-year retrospective review of adverse drug reactions
and their risk factors in human Immunodeficiency virus-infecied
patients who were therapy for
Pneumocystis mnnn pneumonl: Clint Infect Dis 1997; 24 554-9

5. Jha TK. Eval of
in the treatment of resistant cases of hh -azar occurring in Nonth Bihar,
India. Trars R Soc Trop Med Hyy 1983; 77: 167-70.

Effects on the blood. Haemolytic anaemia has been
reported in a 55-year-old man with AIDS being treated
with intravenous pentamidine for pneumocystis pneu-
monja. Symptoms developed after a cumulative dose of
3740 mg of pentarmdme had been given and resolved sev-

positive patient treated with intravenous pentamidine for
preumocystis pneumonia.’

Precautions
Pentamidine should be used under close supervision and

1. Navin TR, Fontaine RE. versus
don of pentamidine. NEngl.led 1984; 311: l701

2. Helmick CG, Green JK. P
of administration. Ann Intern Med 1985; 103: “0

3. Harel Y, e al. Pentamidine-induced torsade de pointes. Mmr Infect DisJ
1993; 12: 6924.

4. Miller HC. Cardiac arrest after intravenous peatamidine in an Infant.
Pediatr Infect Dis 1 1993; 12: 694-6.

3. Zaneri LAF, Oliphant CM. Pentamidine-induced torsade de pointes.
Ann Pharmacother 1994; 28: 282-3.

6. Otsuka M, ef al. Torsades de pointes complicaring penumldlnt therapy
of carinll ia in acute

and route

great care Is necessary if it is used in patients suffering from
any condition likely to be exacerbated by its adverse effect;.
The CSF should be checked for signs of CNS involvemer t
before giving pentamidine for tryp {asis, since it s
unlikely to be effective in such cases. Patients should b=
lying down while it is given and their blood pressure shoul 1
be meonitored. Kidney and liver function, blood-glucos:
concentrations, blood and platelet counts, and other

Intern Med 1997; 36: 705-8.

7. Antoniou T, Gough KA. Early-onset pentamidine-assodiated second-
degree heart block and sinus bradycardla: case report and review of the
literature. Pharmacotherapy 2005; 23: 899-903.

Effects on the kidneys. In an analysis' of the adverse
effects of parenteral pentamidine (see also under Incidence
of Adverse Effects p. 945.3), nephrotoxicity was often the
most serious adverse reaction. although it was impossible
to attribute it solely to pentamidine. Severe renal impair-
ment occurred in 15 of 404 patients and contributed mate-
rially to 12 of 14 ensuing deaths. However, elevation of
blood urea nitrogen was usually relatively mild and rever-
sible in those patients who had normal pretreaument renal
function and had received no other nephrotoxic agents. In
two studies in patients with AIDS,*? severe nephrotoxicity
{increase in serum creatinine concentration of 500 micr-
ograms per 100mL) was reported in about 40% of
patients. Analysis of risk factors suggested that the devel-
opment of adverse reactions to parenteral pentarnidine is
correlated with the total dose received and the duration of
treatment,®? but not with the initial degree of renal func-
don.? It has been noted that renal toxicity is more com-
mon when pentamidine is given intramuscularly, rather
than intravenously, to AIDS patients with diarrhoea, sug-
gesting that fluid status might have an important role.*
There have been instances of renal failure occurring when
pentamidine is inhaled as an aerosol for its local effect.>¢

1. Walzer PD. o al. Pneumocystis carinii pneumonia in the United States:
epidemiologic. diagnostic and dinical features. Ann Intern Med 1974; 80:

eral days after stop the- p idine.! Megaloblastic

anaemia after intravenous pentanudme has also been
reported.?
1. Taguchi R, o al. Pentamidine-induced hemolytic anemia in an AIDS
patient. Asm Pharmacother 1999; 33: 503.
2. AuWY, etal i induced lobl
Haematologios 2002: 87: ECR06.

anaemia.

Effects on carbohydrate metabolism. As reported under
Incidence of Adverse Effects, p. 945.3, pentamidine can
have a range of effects on carbohydrate metabolism. Four
patients receiving p dine for p ystis' pneu-
monia developed severe fasting hypoglycaemia followad
later by hyperglycaemia and type 1 diabetes mellitus.! It
has been suggested that pentamidine has a toxic effect on
the B-cells of the pancreatic islets and can induce an early
cytolytic release of insulin and hypoglycaemia, followed
by B-cell destruction, insulin deficiency, and diabetes mell-
itus.!? AIDS patients appear to be highly susceptible and
have a higher incidence of hypoglycaemia due to pent-
amidine.? The action on the pancreas has led to fatal acute
pancreatitis;*# fatal hypoglycaemia has also been reported.”
These reports’*>? involved pentamidine given by injection;
pancreatitis®>® and diabetes mellitus'®!! have also been
reported in patients given pcntam.ldme by aerosol inhala-
tion.

1. Bouchard P, e al. Diabetes mellirus following pentamidine-induced

bypoglycemis in humans. Diabetes 1982; 31; 40-5.

2, Osd K, etal ic effect of in vitro and in vivo
studies in a patient wuh malignant insulinoma. Am J Med 1984; 77: 41~
6.

3. Stahl-Bayliss CM, et af. P ine-induced hypogly in patients
with the acquired imupune defi Y Clin Ph Ther
1986; 39: 271-5.

4. S.etal P and is. Ann Intern Med 1986;
105: 140-1. X

5. Zuger A, o al. Pentamidine-associated fatal acute pancreattis. JAMA
1986; 236: 2383-5.

6. Sauleda J, et al. Probable induced acute itis. Amn
Pharmacother 1994; 28: 52-3.

7. Satter FR, Waskin B. P and faral hypogly Ann Intern
Med 1987; 107: 789-90.

8. HererB, etal. with by acrosol. BMJ
1989: 298: 605.

9. -BanCC. A and Ann Intern Med 1989;
11L 693, ’

10. Fisch A. Diabetes mellitus in a2 patient with AIDS afier reatment with
pentamidine acrosol. BMJ 1990; 301: 875.

11. Chen JP, ¢ al. Diabetes after acrosolized pentamidine. A jntern Med
1991; 114 91314,

Effects on the cardiovasculor system. Hypotension is a pro-
blem with intravenous pentamidine, but can be reduced
by infusing the dose over 60 minutes, when the inddence
of hypotension appears 10 be similar to that with the intra-
muscular route.’? Intravenous pentamidine has also been
associated with torsade de pointes.>$ Sinus bradycardia and
second-degree heart block has been described in an HIV-

All cross-references refer to entries in Volume A

83-93.

2. LL, Bailie GR. F d h icity and
hyperkalemia in patients with AIDS. DICP Ann Pharmacwther 1991; 28:
11714

3. O'Brien JG. ef al. A S-year retrospective review of adverse drug reacions
and their risk factors in human immunodeficiency virus-infected
patients who were receiving intravenous pentamidine therapy for
Pneumocystis carinii pneumoniz. Clin Infect Dis 1997; 24: 354-9.

4. Stehr-Green JK, Helmick CG. Pentamidine and renal oxicity. N Engl J
Med 1985; 313: 694-5.

5. Miller RF, #t al. Acute renal failure after nebulised pentamidine. Lancet
1989: i 1271-2.

)2 indicative of developing toxidity, such as serur -
caldum, -magr and fum concentrations an |
the ECG, should also be assessed regularly during courses ct
treatment with pentamidine. Particular caution an!
continuocus cardiac monitoring is advised if the patient':
QT interval exceeds 500milliseconds while receivin:
treatment; alternative regimens should be used if the Q°
interval exceeds 550 milliseconds.

Patients with a history of asthma or smoking may be a.
increased risk of cough and bronchospasm durin,
inhalation of nebulised pentamidine. Symptoms may be
controlled by giving a bronchodilator before pentamidine
Pentamidine solution should not be mixed with other drug:
nor should a bronchodilator be given in the same nebuliser
Extrapulmonary Preumocystis jirovecii infections may occw
in patients given nebulised pentamidine and should be
considered in patients with unexplained signs anc
symptoms. Precautions should be taken to minimise
ammospheric pollution with pentamidine during nebulisa-
tion and to minimise exposure of medical personnel tc
pentamidine.

Porphyria. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphyria Centre Sweden, classifies pentamidine as
probably not porphyrinogenic; it may be used as a drug of
first choice and no precautions are needed.!
1. The Drug base for Acute P jlabl
drugs-porphyria.org (accessed 08/07/11)

a: hup:

Interactions

Use of pentamidine with other nephrotoxic drugs such as
amphotericin B or foscarnet should preferably be avoided.
Extreme caution is also necessary if pentamidine is given
with other drugs, such as foscamet, that can cause
hypocalcaemia. There is an increased risk of ventricular
arrthythmias if pentamidine is given with drugs which
prolong the QT interval such as intravenous erythromycin,
fluoroquinolones, amiod: tricyclic antid

6. Chapelon C, ef al. Renal i y with nebulised di
Lancet 1989 ii: 1045-6.

Effects on the nervous system. Paraesthesias, incduding
perioral paraesthesias,? have been reported with pent-
amidine therapy. Perioral numbness occurred in a patient
soon after starting the third intravenous infusion of pent-
amidine for weatinent of pneumocystis pneumonia and
disappeared after the end of the infusion; numbness
recurred with all subsequent pentamidine infusions.}
See also under Incidence, p. 945.3.

1. Milligan KS, PhﬂhplDLPenaral d with |
A her 2007; 41: 153-6.
2. Brown B, a al. Perioral and fadal panuheshs assodzwd with
use for p: Y prophylaxis. Pediatr

Hematol Oncol 2010; 27: 65860,

Effects on the respiratory system. Although inhated pent-
amidine has produced reactions that are normally asso-
dated with the parenteral route, the main problem after
inhalation is bronchoconstriction; it can be prevented by
prior use of a bronchodilator. Acute eosinophilic pneu-
monia associated with nebulised pentamidine has been
reported in a patient.? Concern has also been expressed at
the risks to those who are with the patient at the time of
inhalation and are exposed to nebulised pentamidine.>-*
1. Smith DE. e al. bronch with nebul
pentatidine. Lancet 1988; ik: 90S.
2. Dupon M. e al. Acute eosinophilic pneumonia induced by inhaled
pentamidine iscthionate. BMJ 1993; 306: 109.
3. McDiarmid MA, Jacobson-Kram D. Aerosolised pentamidine and public
health. Lanart 1989; i: 8634, .
4. Thomas SHL, et al. Acrosolised pentamidine. Lancet 1989; iz 1284,
s. GC et al. of inhaled in health care
workers. N Engl J Med 1991; 325: 891-2.

Effects on the skin. Toxic epidermal necrolysis occurred in
a man with SLE the day after being given aerosolised
pentamidine for the prophylaxis of pneumocystis pneu-
monia. A lymphocyte stimulating test was performed on
all candidate drugs, and was positive for idine

phenothiazines, or terfenadine. There may be an increased
risk of pancreatitis when intravenous pentamidine is used
with didanosine, stavudine, or zaldtabine and such
combinations should be avoided. Pentamidine is structu-
rally similar to amiloride and therefore use with potassium-
sparing diuretics may result in severe hyperkalaemia.

Pharmacokinetics

After parenteral doses of the isetionate, pentamidine is
widely distributed in the body. During repeated dosing
accumulation is believed to occur, particularly in the liver
and kidneys. After intravenous injection plasma concentra-
tions fall rapidly to one twentieth of peak values during the
first 2 hours, followed by a much slower dedline thereafter.
On inramuscular injection peak concentrations occur after
about 1 hour and the serum concentration remains the
same for about 24 hours. The apparent volume of
distribution of pentamidine after intramuscular injection is
more than 3 times that seen after intravenous use.
Elimination half-lives of 6 hours after intravenous infusion
and 9 hours after intramuscular injection have been cited,
but probably represent an intermediate value, and terminal
elimination half-lives of between several days and weeks
have been reported. After multiple intravenous doses the
half-life was 12.5 days. Only a small amount is slowly
excreted unchanged in the urine.

Distribution to the lung is relatively poor after injection.
Systemic absorption after inhalation is reported to result in
peak plasma concentrations of 5 to 10% of those after
parenteral use, and there have been a few repors of
systemic adverse effects. The half-life of aerosolised
pentamidine in bronchial alveolar lavage fluid is more
than 10 to 14 days. Particle or droplet size appears to be
important in achieving adequate pulmonary distribution.

References.
1. ODoherty MJ, et al. Diffcrences in relative efficdency of nebulisers for

Treatment with pentamidine was stopped and the patient
was given plasma exchange, corticosteroids, and normal
immunoglobulin. The eruption slowly resolved over 3 to 4
weeks.}

Lancet 1988; 1 1283-6.
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4. Bnmnu U, o al. Pentamidine concentrations in plasma, wholt blood
and cerebrospinal Duid during of in

1. Wataral A ¢ al. Toxic epidermal necrolysis cavsed by
pentamidine. Am J Med 2009; 122: el-¢2.
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actively secreted by the kidney. J Annrmnub Chemother 1994; 33: 803-10.

6. Bronner U, # al. P and adverse after a single

dose of pentamidine In patents with Trypanosoma gambicnse sleeping
sickness. Br J Clin Pharmacol 1993; 39: 289-95.

7. Conte JE, Golden JA. 0 y and systemic ics of

used for of Pay carindi

pneumonia m patients (nfecied with the human immunodefidency
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Renal impairment. In a study' of patients with normal
renal function or on haemodialysis, renal clearance of
pentamidine during the 24 hours after intravenous use
was 2.1% of the plasma clearance in those with normal
renal function, suggesting that pentamidine elimination
would be largely unaffected by renal impairment. In those
with end-stage renal disease on haemodialysis the term-
inal elimination half-life after a single dose was prolonged
to about 75 hours, compared with 30 hours in the patents
with normal renal function, but the volumes of distribu-
tion and area under the concentration-time curve were
pot significandy different. In padents with normal or
mildly impaired renal function who had received between
12 and 21 doses, the terminal elimination half-life after
the final dose was about 12 days and pentamidine was still
detectable in the plasma after 6 weeks, There was evi-

dence of acc lation of per idine during repeated
daily dosing.

1. ConteJE. P idine in padents with
normal renal funciion or m::lvmg hemodialysis. J Infect Dis 1991; 163:
169-75.

Preparations
Proprietary Preparations (details are given in Volume B)
Single-i Belg.: Pentacarinat; Braz.:

Pentacarinat; Fr.. Pentacarinat; Ger.: Pentacarinat; Gr.
Pentacarinat: Pentamx Hong Komg: Pentacarinay Irl:
Pentacarinatt; Ital: Pentacarinat; Neth.: Pentacarinat; NZ:
P inat; Port.: P inat; Spain: Pentacarinat; Swed.:
Pentacarinat; Switz.. Pentacarinat; Thai: Pentacarinat UK:
Pemacarinat; USA: NebuPent; Pentacarinat; Pentam.

BP 2014: Pentamidine Injection.

Qumfamrde [USAN, ANN)

QUmfamIda Qumfamldum. Wn—400|4 Xumbawq
1-{Dichloroacetyl)}1,2,3, 4—tetrahydroqumohn-6~ol 2 furon:
acid ester. |

CogthaClNO,=3542

CAS — 62265-68-3.
UNIt — O1ZB1046R1.
Profile

Quinfamide is a luminal amoebicide. It is given orally for
intestinal amoebiasis in a dose of 300 mg, either as a single
dose or as three divided doses over 24 hours. .

Preparations

Proprietary Preparations (deta\ls are given in Volume B)
Single-i fient P Mex.: Amefin; Amefurt; Ame-
nox; Amolarma Amofurt Bisidim; Celemint; Doffler; Fala-
cid$; Luminovag: Protosin; Quocel; Serphamida.

dien Preparafions. Mex.: Amoebriz; Bensohmi
plex; I-‘amuver Oxal Vermox-Plus.

Com-

.Robenidine Hydrochloride
[BANM, USAN, ANNMY

CL-78116; Hidrocloruro de robenidina; Robeniding, hidro-,
cloruro . de; Robénidine, . Chlorhydiate de; Roben ni.
Hydrochloridum Ropenzidene, Hydrochloride; "Poberiniura
Frgpoxnopug.

1.3-Bis thorobenzylldeneam«no)guamdme hydrochlonde
CrsHsClNLHCI=370.7

CAS —. . 25875-51-8 (Iobentdine) 25875«50-7 (robemdlne
:hydrochloride); -
UNI = 8STT15Y392

Profile

Robenidine is an antiprotozoal used as the hydrochloride in
veterinary practice for the prevention of cocddiosis in
poultry and rabbits.

Ronidazole pan, usan, PINNY-
Romdazol R ”'dazolum Pouvmazon N

mom-udazol 2- yl)methyl carbamate
‘CeHaNO=2002 "

AAS — 7681767
ATC Vet — QPS1AACE.
UNIl — EOTRAM1063,

Pham\ocopoems In BP(Vct)

BP(Vet) 2014: (Ronidazole). A white to yellowish-brown,
odourless or almost odourless powder. Slightly soluble in
water, in alcohol, and in chloroform; very slightly soluble in
ether. Protect from light.

Profile

Ronidazole is a 5-nitroimidazole antiprotozoal that is used
in veterinary practice for the control of trichomoniasis in
cage birds and pigeons. It has also been added to turkey
feeding stuffs and has been used for the control of swine
dysentery. Ronidazole is considered to be carcinogenic and
its use in food-produding animals has been banned in some
countries.

Salmomycm Sodlum (BANM, NN
\A"' c

¢3096 (salmomy‘o K364 (salmomycm) K-748364A
(salinomycm) Natrii Salmomyanum, Salinomicina. sédica;
Salinomycine Sodique; Harpwia Canuuomsumh.
‘Sodium  (2R)-2:((2R.55,6R)-6-[€15,25,35, SR) 5-
{(25,55,7R.95,105,12R,15R)-2-[(2R,5R,65)-5-ethyltetrahydro-5-
hydroxy-6-methylpyran-2-yl)-15-hydroxy-2,10,12-trimethyl-
1,6,8-trioxadispiro[4.1.5 3}pentadec-13-en-9-yl)-2-hydroxy-
1,3-dimethy!- 4»oxoheptyl]tetrahydr&Smethylpyran-Z yii
“butyrate.

‘CaHeaNa0y,=7730 - : :

CAS — :53003-104 (sahnomyan) '§5721-31-8 (salmomycm
sodiumy. - -

UNII — 92U0D3BMEK.

Profile

Salinomycin, an ionophore antibiotic produced by
Streptomyces albus, is an antiprotozoal used as the sodium
salt in veterinary practice for the prevention of coccidiosis in
poultry and as a growth promotor in pigs.

Poisoning. Ionophore antibacterials sefectively bind cer-
tain ions causing intra- and extracellutar biochemical dis-
turbances. Salinomycin preferentially binds to potassium
and interferes with potassium transpert across mitochon-
drial membranes; the sodium/caldum ion exchange
mechanism may also be disrupted. It also has potent sym-
pathomimetic effects. Animal poisonings with jonophore
antibacterials have been reported, with skeletal musdcle in
all animals and cardiac muscle in some animals being
affected.! In humans, prolonged rhabdomyolysis (40
days), pain, and dlsabxhty were reported in a healthy man
after he acd lly inhaled and swall d about 1 mgr/kg
of salinomycin. Suppomve treatment (with activated char-
coal, Oxygen, and intravenous fluids) is recommended, as
well as aggressive management of myoglobinuria (with
urinary alkalinisation) and prolonged bed rest to reduce
metabolic demand on the musde; an early baseline cardiac

Secmdazole {BAN; ANN)

M- 185184 14539—RP RP- 14539 Secmdazol Secmdazolum
Seknidazol; Ceximaason. -~
I—(Z-Methyl-s—mtrmmldazol 1 yl)propan -2-af, -
GHyyN;03=1852
CAS — 3366-95-8.
ATC-— PO1ABO7.
UNIl — R3459K699K

Profile

Secnidazole is a 5-nitroimidazole derivative with properties
similar to those of metronidazole (p. 936.1), apart from a
much longer plasma half-life of 20 hours or more. It is used
in the treatment of amocbiasis, giardiasis. and trichomon-
iasis.

For the treatment of intestinal amoebiasis and tri-
chomoniasis in adults, secnidazole is given orally, usually as
a single dose of 2g; for hepatic amoebiasis an oral dose of
1.5 g daily is given in single or divided doses.for 5 days. For.
the treatment of intestinal amoebiasis and giardiasis in
children 30mg/kg may be given as a single oral dose;. in
hepatic amoebiasis an oral dose of 30 mg/kg daily is given in

single or divided doses for 5 days.
References.
1 GII]bJC Wkemauu! : a review of its ial activity,
use in the of
and b-cmhl Dmgs 1996; 51: 621-38.
2, N, e al. Di Sfragilis, 1 cause of
diarrhea, successfully reated with secnidazole. Clbembwl Infect 2003;
9: 110-13.
3. Escobedo AA, et al. A bend: and
i for the of giard! Ann Trop Med Parasital 2003;
97: 499-504.

4. Nifez JT, Gémez G. Low-dose senidazole in the treatment of bacterial
vaginosis, fnr J Gynaecol Obstet 2005; 88: 281-3.
5. SlimR etal. induced acute
for an old drug? JOP 2010; 11: 85-6,
6. Bohbot J-M. et al. of bacterial vagin a
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secnidazole and meuronidazole. Infect Dis Otsiet Gymerol 2010; 2010:
705692,
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Preparations
Proprietary Preparutions (dztmls are given in Volume B)

Single-ingredient Arg.: Flagentyl; Braz.: Deprozol;
Neodazol; Sedar; Secnal; Secn.mdol Secni-Plus; Secnics; Sec-
nidal Sccmdann Secnih itec; Secnix; L Sectil:
Tecnid: Unigyn: China: Ke Ni (S[J8); Kelisaike (F[3LMH);
Ming Jie (%ﬁ): Sai Ta Le (¥E#b5Kk); Sha Ba Ke (PEX): Xi Ni
Di (% /2ill); Xin Shuang ({3); You Ke Xin (0 XfR); Fr.: Sec-
nol; India: Ambiform; Amitab; Entosec; Etisec; Flagentyl; Noa-
meba-DSt; Secnil: Indon.: Sentylt: Mex.: Conamvag: Gisistin;
Minovag; Sabima; Secnidal; Philipp.: Flagentyl; Port.: Flagen-
tyl; Rus.. Tagera (Tarepa); Turk.: Flagentyl; Ukr.: Secnidox
{Cesamunoxc); Vemez.: Ambese; Daksol; Fazol; Secnidal: Secni-
vax; Seczol; Unidazol.

Multi-ingredient Preparafions. Arg.: Gynerium UD; Gynerium;
Braz: Gynopac India: Azintra-3; Azithral XP; Eradikit Eve
Kit Fas-3 Kit; FC-Kit; Fiscon Tab; Flunec Combikit; Fulkit:
Fygek-AS; Gyn-3; Gynouim Kit; Hif-AS: Kit-3D; Od-Kit; Saf
Kit: Mex.: C Cobistal; Gitrasek; Sepia; Sporasec; Rus: Safodd
{Cadounn); Ukr.: Ginekit (uuexur); Venez.: Sporasec.

ECG is also recommended.!

1. Story P, Doube A. A case of human poisoning by salinomycin, an
agricultural andbiotic. N Z Med J 2004; 117: U799.

Satranidazole NN

C 10213Go; ‘CG-10213-Go; Go-10213; Satranidazol; Satrani-
dazolum; Catpanmaason.
14{1-Methyl-5-nitroimidazol-2- yI) 3—(methylsulfonyl}2 -imida-
zolidinone, -,

CaHlyyNsOs5=2893 " o

CAS — 56302-13-7. T

UNI - 4N7GRABA39.. LT

Profile

Satranidazole is a S-nitroimidazole derivative with proper-
ties simnilar to those of metronidazole {p. 936.1). It is used in
the treatment of amoebiasis, giardiasis, and trichornoniasis.

References.
1. Muzaflar J, et ol. Randomized, single-blind phubo-cvnu'nﬂed
multicenter trial to compare the efficacy and satety of

(BAN USAN ANNJ

4 ramlcme Sermduramicinur;  UK-
61689-2 (semduramicm sodium); UK-61689; Cew;ypamnquu
(2R,35,45,5R,65)- Tetrahydro 2,4-dibydroxy=6-{(R)-1-
[(25.5AR. 75 8R95)-9-hydroxy-2.8-dimethyl-24(25,2'R.3'S 5'R)-
octahydro-2-methyl-5'-{(25,35,5R,65)-tetrahydro-6-hydroxy-
3,5,6-trimethyl-2H-pyran-2-yl]-3'-[(25,55,6R)-tetrahydro-5-
methoxy-6-methyl-2H-pyran-2-yloxy}-2.2’-bifuran-5-yl}-1.6-
dioxaspiro[4.51dec-7 -yl]ethyl}-S-methoxy-a methyl -2H-
pyran-2-ylacetic acid. - B
C.,H;,O,é_an}
37

(seiﬁbulamidn); ki 19068—7f-é (sermdur-

Profile

Semduramicin is an antiprotozoal used in veterinary
practice for the prevention of coccidiosis in poultry. It is also
used as the sodium salt.

and satranidazole in patients with amebic liver abscess. Dng Dis S 2006;
51: 2270-3.

Preporaﬁons

Proprielary Preparations (details are given in Volume B)
Single-ingredient Pmpavhons. India: Satrogyl; Satromax.
Multi-ingredient Preparutions, India: Satrogyl-O; Satromax-0.

The symbol t denotes a preparation no longer actively marketed
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Uses and Administration

Suramin is a trypanocide used in the treatment of African
trypanosomiasis and as an anthelmintic in the reaunent of
onchocerdasis (see below).

Suramin is given as suramin sodium by slow intravenous
injection, usually as a 10% solution. Because of the danger
of severe reactions it is advxsable to give a test dose befare
starting treatment.

In African trypanosomlasxs suramin is used mainly for
the early (haematolymphatic) stages of Trypanosoma brucei
rhodesiense infection; pentamidine may be preferred for
early-stage treatment of T. b. gambiense infection. Suramin is
not used for late-stage infections with CNS involvement.
Early-stage trypanosomiasis treatment begins with a (rest)
dose of 5mg/kg of suramin on day 1. This is given with a
pause of at least 1 minute after injecting the first few
microlitres; the next 0.5 ml is given over 30 seconds with a
wait of one minute before injecting the remainder of the
dose over several minutes. If the test dose is tolerated
10 mg/kg is given on day 3, then 20mg/kgon days 5, 11, 17,
23, and 30. Another schedule consists of a test dose of 100 to
200 mg and then 5 doses of 1 g given on days 1, 3, 7, 14, and
21.

For doses used in children, and in onchocerciasis see
below.

General references.
1. McGeary RP, ef el Sursmin: clinlcal uses and structure-activity
relationships. Mim Rev Med Chem 2008; 8: 1384-94.

Administration in children. For the treatment of early-
stage African trypanosomiasis in children, suramin may be
given by slow intravenous injection. A (test) dose of
5mg/kg is given on day 1 (see above), 10 mg/kg on day 3,
and 20 mg/kg on days 5, 11, 17. 23, and 30. Another sche-
dule consists of a test dose of 100 to 200mg and then 5
doses of 20 mg/kg given on days 1, 3, 7, 14, and 21.

Malignant neoplasms. Suramin is reported to have
antineoplastic activity and has been studied in several
malignant neoplasms, in particular hormone-resistant pro-
static cancer (p. 712.3).""* However, its dinical usefulness
is hindered by dose-limiting toxicity and problems in
developing a simple dose schedule. It has also been inves-
tigated as a chemosensitiser.!®!2

1. Stein CA. et al Suramin: an antiancer drug with a unique mechanism of
action. J Clin Oncol 1989; T: 499-508.
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intermittent short infusions without adaptive controls. Arm Oncol 1994;
5: 597-600.

5. Art W, et al. Suramin io adrenocortical cancer: llmited efficacy and

serious toxicity. Clin Endocrinol (Oxf) 1994; 41: 299-307.

. Eisenberger MA. Reyno LM. Suramin. Cancer Treas Rev 1994; 20: 259-73.
. Rosen PJ, et al. Suramin in hormone-refractary metastatic prosrate
cancer: a drug with limited efficacy. J Clin Oncol 1996; 14: 1626-36.

8. Small EJ, e al. Suramin therapy for patients with symptomarc
hormone-refractory prostate cancer. results of a randomized phase
trial comparing suramin plus hydrocortisonz to placebo plus
hydrocortisone. J Clin Onz! 2000; 18: 1440-50.

9. Kaur M, &t al Suramin‘s development: what did we leam? fnvest New
Drugs 2002; 20: 20%-19.

10. Villalona-Calero MA, et al. Noncy! asa it
patents with advanced non-small-cell lung cancer: 2 phase I nudy Ann
Oncol 2008; 19: 1903-9,

11. George S, et al. Phase VI wdal of S-flucrouracil and a noncytotoxic dose
level of suramin in patients with metastatic renal cell cardnoma. Clin
Genitourin Cancer 2008; 6 79-85.

12. Lam ET, # al. Phase [ uial of non-cytotoxic suramin as a modulator of
d | and therapy in ly treated patients with
non-small cell lung cancer. Canzr Chemother Pharmacol 2010; 66: 1019—
29.

No

Onchocerciasis. Although suramin js the only drug in
clinical use for onchocerdiasis that is effective against adult
worms, its use is restricted because of the frequency of
associated complications and its intrinsic toxicity. Treat-
ment of onchocerdasis (p. 147.2) is currendy based on
continuous suppression of microfilariae by regular use of
ivermectin. WHO! advises that suramin should only be
considered for the curative treatment of individuals in
areas without transmission of onchocerdasis and of indivi-
duals leaving an endemic area, and for severe hyperreac-
tive onchodermatitis where symptoms are not adequately
controlled with ivermectin. WHO? also recommends that
it should not be used to treat onchocerciasis in the elderly
or infirm, in patients with severe liver or renal disease, in

All cross-references refer to entries in Volume A

totally blind patients (unless they require relief from
intensely itchy lesions), or in pregnant women ({who
should be treated after delivery). )

A total dose of 66.7mgrkg in six incremental weekly
doses is recommended.’* The first (test) dose of suramin
sodium 3.3 mg/kg should be given very cautiously by slow
intravenous injection; this is followed at weekly intervals by
inaemental doses of 6.7mg/kg 10.0mg/kg, 13.3mg/kg,
16.7 mg/kg and 16.7 mg/kg.2

1. WHO. Onchocerciasis and its control: repornt of a WHO expent
committee. WHO Tech Rep Ser 852 1995. Also available at: hup://libdoc.
who.inUtrs/WHO_TRS_852.pdf {accessed 27/07/09)

2. WHO. WHO model forrulary. Geneva: WHO, 2008. Available at: hup://
www.who.int/sciection_medicines/listy WMF2003.pdf (accessed
14/04/09)

African nosomiasis, Suramin is used in the treat-
ment of the early haemartolymphatic phase of African
trypanosomiasis (p. 925.2) caused by Trypanosoma brucei
rhodesiense and for T. b. gambiense infections which are
resistant to pentamidine.! In some regions, suramin has
been used with pentamidine for T. b. gambiense infections
but it has not been shown to be clinically superior to pent-
amidine alone.? Case reports have suggested that suramin
with metronidazole? or eflornithine! could be useful in T.
b. rhodesiense infections, although response to suramin plus
eflomithine was disappointing in a study involving 6
patients.®

1. WHO. WHO mode! formulary. Geneva: WHO, 2008. Available at: hup://
www.who.int/selection_medicines/list/ WMF2008.pdl (accessed
14/04/09)

2. Pépin J, Khonde N. Relapses foll of early-stag
Trypanosoma brucei g:mblensc slecping fldmess with a combination of
pentamidine and suramm Trans R Soc Trop Med Hys 1996 90: 183-6.

3. PoulkesJR. and suramin bi inthe of
arsenical refractory rhodesian sleeping sickness—a case study. Trans R
Soc Trop Med Hyg 1996; 90: 422,

4. Taelman K, # ai. Combination treatment with suramin and eflornithine
in late stage rhodesian irypanosomiasis: case report. Trans R Soc Trop Med
FHyg 1996; 90: 572-3.

. Clerinx J, et al. of late stage
using suramin and eflomithine: repon of six cases. hnnx R Soc Trop Med
Hyg 1998; 92: 449-50.

Adverse Effects

An immediate and potentially fatal reaction, with nausea,
vomiting, shock, seizures, and loss of consciousness, may
occur during the first injection of suramin sedium in some
patients and thus it is usual practice to give a small test dose
before starting treatment; toxidty is more likely in
malnourished patients.

Abdominal pain, mouth ulceration, and skin reactions
such as urticaria and pruritus may occur.

Other adverse effects include paraesthesia and hyper-
aesthesia of the palms and soles, skin eruptions, blood
dyscrasias, fever, polyuria, increased thirst, raised liver
enzyme values, fatigue, and effects on the eye including
photophobia and lachrymation. Proteinuria is common;
haematuria and casts in the urine may also occur. There
have been occasional reports of adrenal insufficiency.

“

Effects on the blood. Thrombocytopenia has been
reported in patients recciving suramin, generally during
treaunent for AIDS or cancer.”’ An immune-mediated
mechanism has been proposed® although there is evidence
that muliple mechanisms may be involved* Other
adverse effects on the blood include leucopenia or neutro-
penia,"->* anaemia,! deterioration of pre-existing lympho-
cytopenia,® and fatal myelosuppression.® Agranulocytosis
and haemolytic anaemia have occurred rarely.
1. Levine AM. « al Suramin antiviral therapy in the acquired
Immunodeficency syndrome. Ann Insern Med 1986; 103: 32-7,
2. Arlt W, et al. Suramin in adrenocortical cancer: limited efficacy and
setious toxciy. Clin Endocrinol (0xf) 1994; 41; 299-307.
is secondary to

3. Seidman AD, et al. I P
suramin, Cancer 1993; 71: 8514,

4. Todale JF, et al. Severe thrombocytopenia in patients treated with
suramin: evidence for an immunc mechanism in one. Am J Hematol
1996; 51: 152-7.

5. Garda-Schirmann JM, et el. Suramin treaunent in hormone- and
chemotherapy-refractary prostate cancer. Uraiogy 1999; 53: 535-41.

6. Rosen P), e al. Suramin in hormone-refractory metastatic prostate
cancer: a drug with limited efficacy. J Clin Oneol 1996: 14: 1626-36.

Effects on the eyes. Late effects on the eyes associated
with suramin include photophobia, lachrymation, and pal-
pebral oedema. Keratopathy characterised by comeal
deposits has been reported in patients receiving suramin.
In a study of 114 patients receiving suramin for prostatic
cancer, 13 developed corneal deposits similar to those
reported with chloroquine therapy after 34 to 98 days of
therapy.! Symptoms in 10 of the 13 induded lachrymation
and foreign body sensation. The remaining 3 patients
were asymptomatic. Shifts in refractive error were also
found. Keratopathy has also been reported in patients
with AIDS receiving suramin.? In patients treated with
suramin for ocular onchocerciasis, the incidence of optic
atrophy was higher after 3 years than in untreated
patients.> A prolonged inflammatory response to dying
microfilariac in the optic nerve might be responsible,

although a direct toxic or allergic effect could not be ruled
out.

1. Hemady RX. et al. Ocular symptoms and signs assodlated with s ;ramin
sodium trestment for metastatic cancer of the prostate. Am J Opk thatmol
1996; 121: 291-6.

3. Teich SA, e al. Toxic keratopathy associated with suramin the-apy. ¥
Engl J Med 1986; 314: 1455-6.

3. Thylefors B, Roiland A. The risk of optic atrophy following s ramin
treatment of ocular onchecerdiasis. Bull WHO 1979; 57: 479-80.

Effects on the kidneys. In addition to the proteinuria com-
monly seen during suramin therapy, there have been
reports of individual cases of renal glycosuria’ and of icute
renal failure >3
1. Awadzi K. et al. The chemotherapy of onchocerciasis XVIIE: ast acts of
treatment with suramin. Trop Med Parasitol 1995; 46: 19-26.
2. Figg WD, e al. Acute renal toxicity assodated with suramin in the
treatment of prostate cancer. Cancer 1994; 74: 1612-14.
3. Smith A, ¢f al. Acute renal faflure in a patient recelving treatmes t with
suramin. Am J Clin Oncol 1997; 20: 433-4.

Effects on the nervous system. Neurological disccders
reported in patients receiving parenteral suramin fo: the
treatment of malignandies include a mild, distal a::onal
neuropathy and a more severe, inflammatory demye inat-
ing neuropathy that is partially reversible and may resem-
ble Guillain-Barré syndrome.! Severe polyneurojathy
with generalised flaccid paralysis is dose dependent and
has generally been associated with serum-suramin con-
centrations greater than 350 micrograms/mL.** but rotor
neuropathy was reported in 8 patients with serum cor cen-
trations of 275 micrograms/mL.*
1. Chaudhry Y, e al. A prospective study of suramin-induced per: sheral
neuropathy. Brain 1996; 119: 2039-52.
2. La Rocca RV, ez al. Suramin-induced pelyneuropathy. Neurology 1990;
40 954-60.
3. Arlt W, ot al. Suramin in adrenocortical cancer: limited efficacy and
serious toxicity. Clin Endocrinol (Oxf) 1994; 41: 299-307.
4. Biton RJ, of a/. Pharmacologic variables associated wity the
development of neurologic toxicity in patients treated with sura nin. J
Clin Orical 1995; 13: 2223-9.

Effects on the skin. Pruritus and urticaria may occur as
hypersensitivity reactions to suramin. A prospective siudy'
in 60 patients given high doses of intravenous surami 1 for
the treatment of malignandes reported skin react ons,
most commonly morbilliform reactions, in 82% of
patients. Other reported skin effects were, kerztotic
papules, UV recall, and urticaria. Most reactions occw rred
within the first 24 hours of therapy and resolved de ipite
continued treatment. Late skin reactions include er: the-
matous maculopapular rashes.? Severe reactions inclu ding
erythema multiforme,® exfoliative dermatitis, and fatal
toxic epidermal necrolysis*® have been reported.
1. Lowitt MH. ef al. Cutancous eruptions from suramin: 2 dinic:| and
histopathologic study of 60 patients. Arch Dermaiol 1995; 131: 1147-53.
2. O'Donnell BP, et al. Suramin-induced skin reactions. Arch Devmatol 1992;
128: 75-9.
3. Karz SK, e al. Erythema multiforme induced by suramin. J Am Acad
Dermatol 1995; 32: 292-3.
4. May E, Aliolio B. Fawal toxic epidermal necrolysis during su amin
therapy. Eur J Cancer 1991: 27: 1338.
5. Falkson G, Rapoport BL. Lethal toxic epidermal necrolysis d iring
syramin treatment. Eur J Caneer 1992; 28A: 1294

Precautions

Suramin sodium should be used under close supervision,
and the general condition of patients improved as far as
possible before treatment starts. Patients who have a se rere
reaction to the first dose should never receive suramin
again. It should not be used in elderly or infirm patients e r in
the presence of severe hepatic or renal disease. The u:ine
should be tested before treatment starts and weekly duing
treatment; dosage should be reduced if mode -ate
proteinuria develops and stopped if it becomes severe ir if
casts appear in the urine.

Pregnancy. Suramin has been reported to be teratog mic

in mice but not in ras.! WHO? recommends that waen

necessary suramin should be used in pregnant woiien

with T. b. rhodesiense trypanosomiasis, even those vvith

meningoencephalitic disease, because melarsoprol is

contra-indicated; in onchocerciasis, suramin treatm ent

should be delayed until after delivery.

1. Merder-Parot L, Tuchmann-Duplessis H. Action abortive et téraw j¢ne

d'un mypanodde, la suramine. C R Sor Biol 1973; 167: 1518-22.

2. WHO. WHO model formulary. Geneva: WHO, 2008. Available at: h tp://
www.who.int/selection_medicines/list/WMF2008.pdl (acce ssed
07/04/09)

Pharmacokinetics

After intravenous injection. suramin becomes bounc to
plasma proteins and plasma concentrations over 100 mi To-
grams/mL are maintained for several weeks. Unbo ind
suramin is excreted in the urine; small amounts are excreted
in the faeces. Suramin is widely distributed; concentrat ons
in the kidney and adrenal glands are higher than thos« in
other tissues. Penetration of suramin into the CSF appea s to
be poor.
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The clinical pharmacokinetics of suramin were studied in
4 patients with AIDS given 6.2g intravenously over 5
weeks.! Suramin accumnulated during reatment and plasma
concentratdons exceeded 100 micrograms/mL for several
weeks. After the last dose the terminal half-life of suramin

ranged from 44 to 54 days. At least 99.7% was bound to
plasma proteins. Renal clearance accounted for most of the
elimination of suramin from the body. There appeared to be
little or no metabolism of suramin.

In another study,? ten male patients with onchocerdasis
received weekly infusions of suramin for 6 weeks, according
to the dose regimen recommended by WHO (see p. 948.1).
In these patients the median elimination half-life was about
92 days, and in each case, the peak plasma concentmration
remained below 300 micrograms/mkL.

1. Collins JM, et al. Clinical pharmacokinetics of suramin in patients with
HTLV-IIVLAYV Infection. J Clin Pharmacol 1986; 26: 22-6.
2. Chijlokc CP, e al. Clinical pharmacokinetics of suramin in pati¢nts with
jasis. Eur J Clin Pharmacal 1998; 34: 249-51.

Preparafions
Proprietary Preparolions (details are given in Volume B)
Singln—ingoéien' Preparafions. Ger.: Germanin.

Teclozan {USAN, ANNJ

'NSC- 107433 Téclozan; Teclozan; Teclozanum, Wln 13146
Texnosax.
NN’ -p-Phenylenedimethylenebis[2,2-dichloro-N- (2—ethox~
yethyflacetamide].
CaoH2ClN,0,=502.3 N
CAS — 5560-78-1. - s
ATC — POTACO4. :
UNIIl — KSRIFOCOUB. . -

\

Profile

Teclozan, a dichloroacetamide derivative, is a luminal
amoebicdde with actions and uses stmilar to those of
diloxanide furcate (p. 931.2). It has been given orally in the
treatment of intestinal amoebiasis.

Preparafions
Proprietary Preparations (details are given in Volume B)

Single-ingredient Preparafions. Braz.: Falmonox; Yenez.: Falmo-
nox.

'l"lbroqumol IPINNY

T!broqumolum. Tunb6poxuHon. A -
7-Bromo-5-methylquinafin-B-ol. o

CiHaBINO=2381
CAS ~ 7175099, 1
ATC — POIAADS.

UNI — PESBI2SNHA.

Profile

Tilbroquinol is a halogenated hydroxyquinoline antiproto-
zo0al with properties similar to those of diiodohydroxyquino-
line (p. 931.1). It has been used with tiliquinol (below) in
the treatment of intestinal infections induding amoebiasis
but less toxic drugs are preferred.

Adverse effedts. A report of neurotoxicity, considered to
be subacute myelo-opticoneuropathy, in a patient who
had 1aken tilbroquinol with tiliquinol for 4 years.! Hepato-
toxicity has also been reported? with this combination.

1. Soffer M. et al. Oxyquinoline toxicity. Lancet 1983; & 709,
2. Caroli-Bosc B-X, et al. Hépatite aigud due i 'assodation de ﬂISquinol et
tilbroquine! (Intétrix). Gn:tmmml Clin Biol 1996; 20: 505—6

Preparations
Propriatary Preparations (details are given in Volume B)

Mui-ingredient Preparations. Fr.: Intetrix; Rus: Intetrix
(drrerpixc); Ukr.: Intetrix {Haretpmc).

T'Ilqumol IANN)

Tllqunnolum TunmxuHon. . B
5-Methylquinolin-8-ol. T P
CigHaNO=1592 - SRS
CAS ~— 554]-67-3. R
UNI — 8130GIOGVG,

Profile I
Tiliquinol has been used with tibroquinol (above) in the

treatment of intestinal infections including amoebiasis but
less toxic drugs are preferred.

Preparations
Pmpr'ldnry Preparations (details are given in Volume B)
dient Pr L Fr.. Intetrix; Rus: Inteix

Tenonﬂrozole 1NN

TC 109 Tenonltrozol Ténomtrczole Tenomtr G Tenom-
trozolum; Thenitrazole: TeHouvrrposon
N-{5-Nitrothiazot-2- yl)thlophene—z—carboxamlde
CgHsNy035,=2553

CAS — 3810-35-3,
ATC — POIAX0S.

UNIf ~— PBQ7WLEIWP,
Profile

Tenonitrozole is an antiprotozoal given in the treatment of
trichomoniasis (p. 925.1). It is given orally in a dose of
250 mg twice daily with meals, for 4 days.

Preparations
Proprietary Preparations (details are given in Volume B}
Single-ingredient fons. Fr.. Atrican; Rus.: Atrican |

{ATpuxan); Ukr.: Atrican (Atpuxan).

Ternldazole [ANN)

Temxdazol Termdazolum. TepHuAaaon -
2-Methyl-5-nitroimidazole-1 -propanol
“CoHyiNgO;=1852 " <

CAS —1077:93-6. - R
UNIF =~ 4ANBROTBQBO.. i e i+ 1 20
Profile

Ternidazole is a S5-nitroimidazole antiprotozoal with
properties similar to those of metronidazole (p. 936.1). It
is an ingredient of preparations used for the treatment of
vaginitis.

Preparations

Proprietary Preparafions (details are given in Volume B)

Multi-ingredient Preparofions. Rus Tergynan (Tepaoman); Ukr.:
Tergynan (Tepuomay),

(Hmpwlc), Ukr.: Intetrix (Wirrerpuxc).

Tinidazole g, usan, i

gZP 12574; Tinidatsoli, Tinidazol; Tinidazolas; Tinidazalo;
Tinidazolum; Tynidazol; Tunupazon.
“1-f-{Ethylsulphonyhethyl)- Z-methyl -5-nitroimidazole.
QH,,N30.5_247 3

CAS = 19387-91-8. "
ATC J01XD0Z; POIABOZ
ATC Vet — QIOIXDO2: QPS5 14402
UNIl — 033KF7V46H.

Phammacopoeias. In Chin., Eur. (see p. vii), Jpn, and US.
Ph. Eur. 8: {Tinidazole). An almost white or pale yellow,
crystalline powder. Practically insoluble in water; soluble in
acetone and in dichloromethane; sparingly soluble in
methyl alcohol. Protect from light.

USP 36: (Tinidazole). An almost white or pale yellow
crystalline powder. Practically insoluble in water; soluble in
acetone and in dichloromethane; sparingly soluble in
methyl alcohol. Store in airtight containers. Protect from
light.

Uses and Administration

Tinidazole is a S-nitroimidazole derivatve. It has the
antimicrobial actions of metronidazole and is used similarly
(sec p. 936.2) in the treatment of susceptible protozoal
infections such as amoebiasis (p. 919.1), giardiasis
{p. 921.3), and wichomoniasis (p. 925.1), and bacterial
vaginosis (p. 174.1), and in the treatment and prophylaxis
of anaerobic bacterial infections (p. 173.1). It has also been
used in regimens for the eradication of Helicobacter pylori in
peptic ulcer disease (p. 1816.2).

Tinidazole is usually given as a single daily oral dose with
or after food; it is also given by intravenous infusion and as
vaginal pessaries.

In symptomatic (invasive) amoebiasis, tinidazole
treatment is usually followed with a Juminal amoebicide.
In intestinal amoebiasis, a single daily dose of 2g is given
orally for 2 or 3 days; in hepatic amoebiasis, 1.5 to 2g asa
single daily dose may be given for 3 days or occasionally up
to 6 days.

The symbol t denotes a preparation no longer actively marketed

A single dose of tnidazole 2g is given orally in the
treatment of giardiasis, trichomoniasis, and acute
necrotising ulcerative gingivitis. In trichomoniasis, sexual
partners should also be treated.

For details of doses in children, see below.

In bacterial vaginosis, a single 2-g dose of tinidazole is
usually given orally, although higher cure rates have been
achieved with a 2-g dose on 2 successive days or 1 g daily for
5 days.

For the treatment of most anaerobic bacterial
infections, tinidazole is given orally, usually for 5 or 6
days, in an initial dose of 2 g followed on subsequent days by
I g daily or 500 mg twice daily. If oral therapy is not possible,
tinidazole may be given intravenously, 800mg being
infused as 400mL of a 2mg/mL solution at a rate of
10 ml/minute; this initial dose is followed by 800 mg daily
or 400 mg twice daily until oral therapy can be substituted.
For the prevention of postoperative anaerobic bacterial
infections, 2g is given orally about 12 hours before surgery.
Alternatively 1.6 g is given as a single intravenous infusion
before surgery.

For the treatment of peptic ulcer disease, dmdazole
500 mg twice daily has been given with clarithromycin and
omeprazole for 7 days. Due to problems with resistance to
tinidazole and macrolides a sequential regimen of a proton
pump inhibitor with amoxicillin for 5 days, followed by the
proton pump inhibitor with tinidazole (500 mg twice daily)
and dlarithromycin for a further 5 days has also been
recommended.

Rcvicws
1. Manes G, Balzano A. Tinidazole: from protazos to Belicobacter pylort—
the past, present and future of a niwvimidazole with pecullarites. Expert
Rev Ami Infet Ther 2004; 2: 695-705.
2. FungHB, Doan TL. le:a iy
Ther 2003; 37: 1859-84.
3. Nailor MD. Sobel JD. Tinidazole for bacterial vaginosis. Expert Rev Anti
Infet Ther 1007; 3: 343-8.
4. Granizo ), et al. d un bicida clfsico con
potendiales en 1a actualidad. Rev Exp Quimioter 2009; 22: 106-14.
5. DickeyLl. ¢t al. Guideltnes for the of bacterfal
on tinidazole. Ther Clin Risk Manag 2009; 5: 485-9.
6. Armstrong NR, Wilson JD.“Tinidazole in the treatment of bmexhl
vaginosis. It J Womens Health 2010; 1: 53-65.

Administration in children. Tinidazole may be given to
children for the treatment of susceptible protozoal infec-
tions. For intestinal or hepatic amoebiasis an oral dose of
50 to 60 mg/kg daily (to a maximum of 2 g) is given. Intes-
tinal amoebiasis is treated for 3 days and hepatic amoeb-
iasis for 5 days. Treatment of symptomatic (invasive)
amoebiasis must be followed by a luminal amoebicide to
eradicate any surviving organisms from the lumen of the
large intestine.

In the treatment of giardiasis or trichomoniasis 50 to
75mglkg (to a maximum of 2g) as a single oral dose is
given; it may someumcs ‘be necessary to repeat this dose
once.

p ! agent. Clint

Adminisiration in renal impairment. The climination of
tinidazole is largely unchanged in patients with tmpaired
renal function (see under Pharmacokinetics, p. 950.1) and
dosage adjustment is not generally considered necessary.
However tinidazole is removed by haemodialysis, and
patients may need additional doses to compensate; a dose
equivalent to 50% of the recommended dose may be
given at the end of haemodialysis.

Adverse Effects and Precautions

As for Metronidazole, p. 937.3.

Breast feeding. The last available guidance from the
American Academy of Pediatrics' considered that the use
of tinidazole by mothers during breast feeding may be of
concern, since it is mutagenic in vitro. Alter single-dose
therapy, breast feeding may be stopped for 12 to 24 hours
to allow excretion of the dose.

1. American Academy of Pedlatrdcs. The transfer of drugs and other
chemicals inco human milk, Pediacrics 2001; 108: 776~89. [Retired May
2019] Cotrection. xbd, 1029. Also available at: hup://aappolicy.

ogh iatrics % 3b108/3/776 {accessed

03/06/04)

ia. The Drug Database for Acute Porphyria, com-

piled by the Norwegian Porphyrla Ccntre (NAPOS) and

the Porphyria Centre le as prob-

ably porphyrinogenic; it should be prescribed only for

compelling reasons and precautions should be considered
in all patients.!

1. The Drug Database for Acute Porphyria. Available at: hetp:/fwww.

drugs-porphyria.org {accessed 08/07/11)

Shock. An acute severe toxic reaction, considered not to
be allergic, occurred in a healthy subject shortly after the
intravenous infusion of tinidazale 1.6g over 80 minutes.!
He fainted for about 10 seconds and low blood pressure,
nausea, and tiredness persisted for several hours. He had
spasms in the left arm but no generalised convulsions.
Anaphylactic shock has also been reported.? with severe
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bronchospasm and. subsequent development of Stevens-
Johnson syndrome, in a patient who had reactions of
increasing severity after 3 scparate exposures to oral tinid-
azole.
1. Asse s, etal Severe toxic reaction to tinidazole. Eur J Clin Pharmacol
1983; 241 425-7. .
2. Singbal 55, Rataboli PV. Anaphylaxis and h i d
i ing severity ng repeated w0
tnidazole. 7 Postgrad Med 2005; 51: 243-4.

Infeméﬁons

Although licensed product informaton suggests that
tinidazole may, like metronidazole (p. 939.2), produce a
disulfiram-like reaction with alcohol there do not appear to
be any published reports to support this.

Pharmacokinetics

The pharmacokinetics of tinidazole resemble those of
metronidazole although the half-life is longer.

Tinidazole is rapidly and almost completely absorbed
after oral doses and, typically, a peak plasma concentration
of about 40 micrograms/mL occurs 2 hours after a single 2-g
dose, falling to about 10micrograms/mL at 24 hours and
2.5 micrograms/mL at 48 hours; concentrations above
8 micrograms/mL are maintained by daily maintenance
doses of 1g. Comparable concentrations occur with
equivalent intravenous doses. The plasma elimination
half-life of tinidazole is 12 to 14 hours.

Tinidazole is widely distributed and concentrations
similar to those in plasma have been achieved in bile, breast
milk, CSF, saliva, and a variety of body tissues; it also crosses
the placenta and blood-brain barrier. Only 12% is reported
to be bound to plasma proteins. An active hydroxy
metabolite has been identified.

Unchanged drug and metabolites are excreted in the
urine and, to a lesser extent, in the faeces.

References.
1. Wood BA, @ al. The pharmacokinetcs, metabolism and dssue
of uni J Anti Chemather 1982; 10 (suppl A):
43-57.

2. Karhunen M. Placental mransfer of metronidazole and tinidazole in early
human pregnancy after a single infusion. Br J Clin Pharmazol 1984; 18:
254-7.

3. Evaldson GR, ¢t al. Tinidazole milk excretion and pharmacokinetics in
lactating women. Br J Clin Phanuwl 1985; 19: 503-7.

4. Wood §G, ¢t al, Ph and of MC-1i le in

Preparations

Proprietary Preporations (details are given in Volume B)
Single-ingredient Preparctions. Arg.: Fasigyn: Gynormal; Lady-
len Duo; Austral.: Fasigyn; Simplotan; Belg.: Fasigyn: Braz.:
Amplium; Facyl; Fasigyn: Ginosutin}; Pletil; Tinoral; Chile:
Fasigyn; Troxxil; China: Bi shi (LLi&); Dabao (#AfR); Dikexin
(M $): Fu Lu Ning (#3%F); Hua Er Pu (%/KE); Ji De (¥
#); Jie Luo Lin (JEE#); Jieli (1%20); JinHe (#M); Kai Fu Xin
(SLERE); Ke Li Tai (FT3L%); Le Jing Yi (5FP8); Login (SKi3);
Pu Luo Shi {(#¥¥H); Shuanghedida (#FXiL); Tinijing (BB
#); Xi Pu Ning (B#); Xiaoli (B87); Yi Qi (##); Yu Ning
(#F); Fr. Fasigyne; Gr.. Fasigyn; Trichogin; Hong Kong:
Fasigyn; India: Amebamagma; Costini; Cozit; Datisole: Enida-
20l; Fasigyn; Norigyl; Tiniba; Tinidafyl: Tinifas; Tinvista; Indon.:
Fasigynt: Flatnt: Israel: Fasigynt; Protocide; Ital.: Trimonase;
Malaysia: Tindol; Mex.: Amebysol; Ametridd: Estovyn-T;
Fasigyn; Induken; Trinigyn; Trisepil: NZ: Dyzole; Port.:
Fasigyn; Rus.: Fasigyn (Q®anoxmx); Tiniba (Twmiba); S.Afr.:
Fasigyn; Singapore. Fasigyn; Spain: Tricolam; Swed.: Fasigyn:
Switz.: Fasigynet; Thai.: Asiazole-TN; Fasigyn; Funida; Gyno-
gena; Idazole; Leuco; Pagyn; Sporinext; Tinazole; Tivagil; T™M
Dazole; Tonid+; Trichonas; Tricogyn; Tricozone: Turk.: Fasigyn;
UK: Fasigyn; USA: Tindamax; Venez.: Fasigyn; Pangamil.

Mulii-ingredient Preporations. Arg.: Aduar. Fasigyn Nistatina; |

Gynormal; Helmint Comp 0; Ladylen; Meb Compuesto;
Nistinol4; Tru Compuesto: Braz.: Amplium-G; Anfugine; Car-
trax; Colpolaset: Duozol; Facyl M; Ginec Gino-Colon; Gino-
Pledl; Ginosutin-Mt; Gynben; Gynomax; Gynopac Poliginax;
Seczol; Takil; Tinin; Tiotrax: Travogyn: Trinizot M; Vulnagen;
Chile: Doxifen; Exomicol: Farmdal. Gmccopasl Dual; Gineco-
past; Ginedazol Dual: Gined ; Tinidazol
Compuesto; China: Weisanlian {W=R); India: Actiflox-T;
Actinor-TZ; Adcip-TZ; AFlox-TZ; Aldp-TZ; Alcipro-TN; Alof-T;
Alvi; Amebis Forte; Amibex-TZ; Amidine Plus; Anribic-DF; Ari-
dp-TZ; Atocip-TZ; Aviflox-TZ Avilox-TZ Azostat; Bacter-TZ;
Baydp-TZ; Biocip-TZ; Bioflox-TZ; C-Nor Plus; Cancap-Kit; Can-
dizole-T4; Caniron-TZ; Casflox-TZ; Caspro-TZ; Cbic-TZ; Cebect-
TZ Cebran-TN; Ceepro-TZ; Ceflox-TZ; Cefobac-TD; Cefobac-
TDH; Ceplox-TZ; Cezel-PT; Cidalox-TZ; Ciflon-TZ; Cifomed-Tz;
Cifran-CT-H; Cifran-CT; Cina-TZ Cinant-TZ; Cinodin-TZ; Cin-
zole; Cip-TZ; Cipcin-INZ; Cipcot-TZ; Cipflox-TZ; Cipgen TZ;
Cipglow-TZ; Ciplox TZ; Cipro-TZ; Ciprobid-TZ; Ciprobiotic-TN;
Ciprodac-TZ Ciprodex-TZ; Ciprogyl; Ciprolar-T; Ciprolet-A;
Ciprolet-AH; Cipronat-TZ; Cipronij-TZ Cipropet-TZ; Ciprosym-
TZ Ciprotini; Ciprotiz; Ciprotum-TZ; Ciprova-T; Ciprovec-TZ;
Ciprowin-TZ; Ciprozee-TZ; Ciptam-CT; Ciptech-CT; Cipti; Cipti-
ni; Cipure-TZ: Cipven-TZ; Cipwin-TZ; Cipzy-TZ: Ciral-TZ: Citi;
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CPF-TZ; CT-Robes; Cudn-T; Cymex-TZ; Cyprin-TD; Dandrid:
D ; Depd-TZ; Diaba; Dialox; Diarlop-CT: DLotin MPS;

humans. J Antimicrob Chemother 1986; 17: 801-9.

Renal impairment. Single-dose studies indicate that the
pharmacokinetics of tinjdazole in patients with chronic
renal failure are not significantly different from those in
healthy subjects and that no meodification of tinidazole
dosage is necessary. However, tinidazole is rapidly
removed by haemodialysis.}?

1. Fouvat BL, e al. Pharmacokinetics of tinidazole in chronic renal
failure and in patients on baemodialysis, Br J Clin Pharmarol 1983; 15:
73541

2. Robsop RA, et al. Tinidazole pharmacokinedcs in severe renal failure.
Clin Pharmacokinet 1984; 9: 3894,
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Ofler-1Z; Oflin-TZ; Oflo-TZ Oflocos-TZ Ofleden-T; Ofloriac-
TZ; Oflon-TZ; Ofloren-TZ; Oflostar-TZ; Oflox TZ; Oflxcin-TZ;
Ofo-TZ; Ofpil-TZ: Ofral-TZ Ofspan-TZ; Oft: Oftini; Oftum TZ;
Ofven-TZ; Ojen-TZ; Okaflox-TZ; Olff TZ Olife-TZ; Oltaur-3ZH;
Omepraz-HP Kit; Omidbact-TZ; Omniflox-CT; Omoxitin; Oni-
flox: Orpic-T; Osani-T: Osiflox-TZ OTC HP Kit: Oxiflox TZ:
Oxo-TZ; Oxwal-TZ;. Panzer-TZ: Parabact}; Pylokit: Tinidafyl
Plus; Tinvista-CF; Tinvista-NF; Wotinex; Indon.: Fasigyn-1'ys-
tatint; Jtal: Fasigin N; Malaysia: Pylobact Combi; Mex.: ¢ fu-
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Profile

Toltrazuril is an antiprotozoal used in veterinary practice or
the treatment of coccidiosis in pouluy and calves, and to
treat coccidian infections, including isosporiasis, in pigle's.
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Profile
Tryparsamide, a pentavalent arsenical compound, is a
trypanocide which penetrates into the CSF and has been
used with suramin in the treatment of late-stage Africcn
trypanosomiasis due to Tryp brucei g asn
alternative to melarsoprol or eflomithine (see p. 925.2).
However, because of its toxicity, especially the risk f
blindness resulting from damage to the optic nerve, othi T
drugs are preferred.

For the adverse effects of arsenic and their treatment, st¢
Arsenic Trioxide, p. 2448.3. Like melarsoprol, tryparsamic e
can cause encephalopathy.




Antivirals 951

Antivirals

Common cold, p. 951

Encephalitis, p. 951

Gastro-enteritis, p. 951

Haemorrhagic fevers, p. 952

Hepatitis, p. 952

Herpesvirus infections, p. 954
Cercopithecine herpesvirus 1 infections, p. 954
Cyiomegulovnrus miecﬂons p-954

The drugs described in this chapter are used in the treatment
of viral infections; they may also be used to provide
protection, usually for a brief period only, against infection.
For most viral infections drug treatment has to be started
early in the infection to be effective and inhibit the
replicating virus. There is litdle evidence that antiviral drugs
affect latent or nonreplicating viruses. They do not provide
an alternative to available immunisation for the long-term
prophylaxis of viral infection—for details of such treatment
see the.chapter on Vacdnes Immunoglobulins and Antisera,
p.2373.1.

Choice of Antiviral

Antiviral drugs are effective for the treatmenmt and
prophylaxis of a range of viral infections as described
below. Non-specific Symptomatic and supportive eatments
are also important in the management of viral infections.
Those viral infections not amenable to antiviral drug
therapy include mumps, poliomyelitis, rabies, and rubella.

Common cold

The common cold is a term used for viral upper respiratory
tract illness. Rhinoviruses are the commonest cause in all
age groups. Adenoviruses, coronaviruses, enteroviruses,
and metapneumovirus may also be responsible. Infecting
organisms in these groups may be of many different
serotypes.

Colds are usually self-limiting and last for 4 to 10 days.
Symptoms include nasal discharge and stuffiness, sneezing,
sore throat, and cough (see also p. 1651.2); there is little or
no malaise, headache, or fever. Colds may predispose to
concurrent or subsequent bacterial infection of the upper
respiratory tract; exacerbation of asthma or chronic
obstructive pulmonary disease may also occur. Acute otitis
media or acute sinusitis may result from obstruction of the
Eustachian tube and mucosal swelling.

The successful development of a single cure or vaccme is
unlikely, given the variety of causative viruses and large
number of serotypes. Treatment is symptomatic. Analgesics,
cough suppressants, antihistamines, and decongestants
relieve symptoms but do not tend to reduce the duration of
illness. Antibacterial and antiviral therapy has consistently
failed to show any benefit and antibacterials are indicated
only if there is secondary bacterial infection.! Very large
doses of vitamin C have been widely used to prevent and
treat colds but a systematic review? has concluded that,
despite some evidence of benefit in published studies, its
failure to reduce the incidence of colds in the normal
population indicated that routine high-dose prophylaxis
was not justified for community use; it might, however, be
of use in persons exposed to brief periods of severe physical
exercise or to cold environments. For treatment, no benefit
has been found for doses up to 4g. although one study
reported equivocal benefit from a dose of 8 g given at the
onset of symptoms.? Other drugs® tried have included mast-
cell stabilisers, interferon alfa-2b, and zinc salts. Intranasal
interferons have shown some benefit in prophylactic use,
but high incddences of unacceptable nasal adverse effects
have resulted in interferons failing to fulfiil their early
promise. Results of studies of oral or intranasal zinc
treatment have been variable, although a systematic review
concluded that oral zinc reduced the duration and severity
of common cold symptoms when used therapeutically, and
that it reduced the incidence of the common cold in healthy
cluldren when used prophylactically.* There is little

to support the use of Echi for

EpsfeinBarr virus lnfechons, p. 955
Herpes simplex infections, p. 955
Varicello-zoster infections, p. 956 .

HIV infection and AIDS, p. 957 )
HIV-associated infections and comphcohons p 958
HIV-associated malignancies, p. 959 -
HIV-associated wasting, p. 959

HWV infection prophylaxis, p. 959 -

viral resistance and interactions with oral conu'acepnves,
the intranasal formulation appears more promising.”

1. Arroll B, Kenealy T. Antibiotics for the common cold and acute purulent
rhinids. Available in The Cochrane Database of Systematic Reviews:
Issue 3. Chichester: John Wiley: 2005 {accessed 02/04/08).

2. Hemild B, et al, Vitamin C [or preventing and treating the common cold.
Availabie in The Cochrane Database of Syswematic Reviews; [ssue 3.
Chichester: John Wiley; 2007 {accessed 02/04/08).

. Mossad SB. Treaunent of the common cold. BMJ 1998 317: 33-6.

4. Singh M, Das RR. Zinc lor the common cold. Available in The Cochrane
Database of Systeraatic Reviews; Issue 2. Chichester: John wil:y* 201t
{accessed 20/10/11).

5. Linde K. er al. Echinacea for preventing and mreating the common cold.
Available in The Cochrane Database of Systematic Reviews; Tssue 1.
Chichester: John Wiley; 2006 {accessed 02/04/08).

6. Caruso TJ, Gwaltney JM. Treatment of the common cold with
Echinacea: a structured review. Clin infea Dis 2005; 40: 807-10.

7. Fleischer R, Laessig K.-Safery and efficacy evaluation of pleconaril for
treatment of the common cold. Clin Infea Dis 2003; 37: 1722.
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Encephdlitis

Bncephalitis refers to an acute inflammatory process
affecting the brain parenchyma; it is distinct from
meningitis which is an inflammation of the meninges.
Meningoencephalitis involves both- the brain parenchyma
and meninges. Viral infection is the commonest cause of
encephalitis,* with the herpes simplex virus (p. 955.2)
being the commonest organism involved in immunocom-
petent individuals. Other viruses that may cause encephal-
itis include enteroviruses (e.g. poliovirus), Epstein-Barr,
influenza, Lassa fever, measles and mumps (paramyxo-
viruses), rabies, rubella, and varicella zoster. CMV and HIV
cause encephalitis almost exclusively in immunocompro-
mised individuals. In the 1990s, Hendra virus and Nipah
virus, which belong to the paramyxoviridae family, were
newly discovered causes of encephalitis. The reservoir for
these viruses is bats, but transmission to humans can occur
via close contact with secondary hosts such as horses and
pigs. A group of viruses known as the arthropod-borne
encephalitis viruses (arbovicruses) may cause infections in
whn:h encephalitis is a major clinical feature. They include:

« bunyaviruses including California encephalitis virus and
- La Crosse virus (both transmitted by mosquitoes)

o flaviviruses (previously arbovirus Group B) including
Japanese encephalitis virus, St Louis encephalitis virus,
Murray Valley encephalitis virus, Rocio virus, and West
Nile virus (all transmitted by mosquitoes) and the tick-
borne viruses of this group, louping ill virus, Powassan
virus, and the Eastern and Western subtype viruses

* reoviruses including Colorado tick fever virus (trans-
mitted by ticks)

s togaviruses including Eastern, Western, and Venezuelan
equine viruses (transmitted by mosquitoes)

[n endemic regions viral encephalitis should be suspected in
patients presenting with fever, headache, neck rigidity,
altered level of consciousness (which may range from
drowsiness to coma), and signs of diffuse cerebral
dysfunction (hallucinations, psychosis, personality changes,
and agitation). Seizures are common and patients who
recover from encephalits may be left with permanent
neurological damage.

Since herpes simplex virus is the commonest cause of
viral encephalitis, it is recommended that patients with
encephalitis be given intravenous aciclovir empirically until
the causative virus has been identified. (Antibacterial
treatment for meningitis may also be given empirically until
the cause of symp has been blished; doxycycline
should be used if rickeusial or ehrlichial infections are
suspected.)* No spedific treatment exists for non-herpetic
encephalitis (although investigational treatments, including
passive immunisaton and the use of inhibitory RNA

lecules, are under development$), and patients must be

treatment or prevention of colds.*® However, availabl

Echinacea products differ greadly and there is some evidence
that treatment with those based on the aerial parts of E.
purpurea might be effective in adults if started early.’
Pleconaril, a viral capsid binder, has also been studied but
there have been concerns with the oral formulation over

d with vigorous supportive care. Corticosteroids are
advocated in some drcumstances,® but their use is
controversial. Oseltamivir may be considered for infections
caused by the influenza virus, ribavirin for infections with
measles or Nipah virus, and interferon alfa-2 for infections
caused by the St Louis encephalitis virus.® Pleconaril is

The symbol t denotes a preparation no longer actively marketed

“Infections in 1mmunocompromlsed pctlenrs p- 960
Influenza, p. 960 :

Measles, p. 961

Respiratory syncyhul virus lnfectlon p 961 -
SARS, p. 962 - . -
Warts, p. 962 .

under investigation for use in enteroviral encephalitis.
Control of mosquito and tick populations in endemic areas
and minimising contact with these vectors are important
means of preventing infections. Japanese encephalitis
vacdne and tick-borne encephalitis vaccine are available for
active immunisation of individuals at risk of infection and
tick-borne encephalitis immunoglobulins are available in
some countries for passive immunisation against infection.

1. Whidey RJ, Gnann JW. Viral encephalitis: familiar infections and
emerging pathogens. Lamoer 2002; 359: 507-14.

2. Chsudhuri A, Kennedy PGE. Diagnosis and treatment of viral
encephalitis. Postgrad Med J 2002; T8: 575~83.

3. Steiner L & af. Viral encephalitis: a review of diagnostic methods and
guidelines lor management. Eur J Newrol 2005; 12: 33143,

4. SolomonT. et al. Viral encephalitis: a clinidan’s guide. Pract Newrs! 2007;
7: 285-302.

5. Tunkel AR, e al. Infectious Diseases Society of America. The
management of encephalitis: clinical practice guidelines by the
Infectious Diseases Society of America. Clin Infect Dis 2008; 47: 303-27.

6. Gould EA, & al. Does andviral therapy have a role in the control of
Japanese encephalitis? Antiviral Res 2008; 78: 140-9.

Gastro-enteritis

Gastro-enteritis (inflammation of the stomach and
intestines) may be caused by viruses, bacteria, or
protozoa.'? Viral gastro-enteritis is an important cause of
diarrhoea, espedally in children and immunocompromised
patients. Viruses causing diarrhoea and other gastrointest-
inal symptoms include calicivirus (such as norovirus and
sapovirus), and rotavirus, as well as adenovirus and
astrovirus.

« Rotavirus infection is recognised as a prominent cause of
endemic acute diarrhoea in infants and young children
and may occasionally cause acute or chronic diarrhoea in
AIDS patients. Infection may be subclinical, although
symptomatic rotavirus infection usually presents with
fever and vomiting for 2 to 3 days, followed by watery
diarrhoea that lasts for 4 to 5 days. Other symptoms
include abdominal cramps and headache.

s Noroviruses (such as the Norwalk virus) are a more
common cause of viral gastro-enteritis in older children
and adults, but do not appear to cause severe disease in
infants. They have been the cause of waterborne
outbreaks of gastro-enteritis in nursing homes, military
bases, and cruise ships.

e Sapoviruses (such as the Sapporo virus) are more
commonly seen in young children. While illness
resulting from these viruses is usually mild and lasts for
24 to 72 hours, the presenting symptoms are usually
nausea and abdominal cramps. Other symptoms include
diarrhoea, vomiting, headache, myalgias, and low-grade
fever.

o CMV is an important cause of diarrhoea in AIDS (see
Hl1V-associated Wasting, p. 959.1).

In acute diarthoea of any cause it is most important to

maintain hydration by preventing and replacing fluid and

electrolyte loss, especially in infants and the elderly (see

p. 1808.2). For further discussion see Oral Rehydration

Solutions, p. 1782.1. Antivirals are not used in the

management of viral diarthoeas, except for that caused by

CMYV, where ganciclovir, valganciclovir, or foscarnet may be

beneficial. A 3-day course of oral nitazoxanide was found to

significantly reduce the duration of rotavirus disease in
young children.? Frequent handwashing and good personal
hygiene may prevent person-to-person spread of infection.

Washing of contaminated clothing and surfaces, and boiling

of contaminated water will also assist in preventing

infection. Several live oral rotavirus vaccines (p. 2416.1) for
use in the prevention of childhood diarrhoea have been
developed and some are now licensed.
t. Musher DM, Musher BL. C
Engl J Med 2004; 381: 2417-27. . .
2. Casbumn-Jones AC, Farthing MJG. of diarrh
Gut 2004; 53: 296-305. .
3. Rossignol J-F. et al. Effect of nitazoxanide for treatment of severe
rotavirus diarthoea: randomised double-blind plmbo-auntmlled trial,
Lancet 2006; 368: 124-9.
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Haemorrhagic fevers

The viral haemorrhagic fevers are a group of viral illnesses
characterised by a febrile illness that in some patients may
be followed by severe bleeding, progressive organ failure,
and death. The viruses are typically transmitted by
mosquitoes, ticks, or rodents, and are largely geographically
restricted. The more important viruses responsible for
haemorrhagic fevers in man incdude:

e arenaviruses causing South American haemorrhagic

fever syndromes (incuding Argentine, Bolivian, Brazi-

lian, and Venezuelan haemorrhagic fever) and Lassa

fever (transmitted by rodents)

« filoviruses causing Ebola and Marburg haemorrhagic
fever, the natural host for which is unknown

« flaviviruses (previously arbovirus Group B) causing
dengue fever and yellow fever (transmitted by
mosquitoes), and Kyasanur forest fever and Omsk
haemorrhagic fever {transmitted by ticks)

« hantaviruses causing haemorrhagic fever with renal
syndrome and hantavirus pulmonary syndrome (trans-
mitted by rodents)

¢ nairovirus causing Crimean Congo haemorrhagic fever
(transmitted by ticks)

o phlebovirus causing Rift Valley fever (transmitted by
mosquitoes)

Specific symptoms and the incubation time vary according

to the infecting virus; in general the incubation time is short

{up to 21 days but commonly less than 7 days) and followed

by sudden (or, in the case of Lassa fever, more gradual)

onset of fever, headache, myalgia, rash, and gastrointestinal
disturbances such as abdominal pain, anorexia, diarrhoea,
nausea, and vomiting. In patients who develop severe
haemorrhagic manifestations {sidn or mucosal bleeding,
haematemesis, haematuria, or melaena), hepatitis, circula-
tory, renal, and respiratory failure, and coma are common.

Depending on the causative virus, jaundice (yellow fever

and Crimean Congo fever), muscle and joint pains (dengue

fever), or pulmonary symptoms {hantavirus) may be more
pronounced. Mortality is variable and ranges from less than

5% in dengue haemorrhagic fever and Lassa fever with

optimal supportive care, to 15 to 30% in yellow fever and

Crimean Congo haemorthagic fever, and 70 to 80% in

severe Ebola and Marburg virus infections.

Infection precautions, source isolation, and optimal
supportive care are cornerstones of the management of viral
haemorrhagic fevers. Vector control and prevention of bites
are very important. There is generally no specific drug
treatment for haemorrhagic fevers, although ribavirin may
reduce mortality in patients with Lassa fever or
haemorrhagic fever with renal syndrome, and possibly in
Crimean Congo and Bolivian haemnorrhagic fevers. Vacdnes
have been developed for the active immunisation of
individuals at risk of Argentine haemorrhagic fever, Rift
Valley fever, and yellow fever, and others are being
developed for dengue fever and haemorrhagic fever with
renal syndrome. Studies are ongoing for a vaccine against
Ebola and Marburg viruses. Crimean Congo haemorrhagic
fever immunoglobulins are available in some countries for
passive immunisation against the disease. Guidelines for the
prevention, control, and treatment of dengue and yellow
fevers have been produced by WHO!? and related
organisations.> Guidelines for the management of haemor-
rhagic fevers have been published for some European
countries.** The Pan American Health Organization® and
the CDC? have also produced guidelines for the manage-
ment of hantavirus pulmonary syndrome.

1. Vainio J, Cutts P. Yellow fever. Genzva WHO, 1998, Also available at:
hrtp:/twww.who.int/ DocsPDF/ 2.pdf
{accessed 02/04/08)

2. WHO. Prevention and control of dengue and dengue haemarrhagic fever:
omprehensive guidelines, New Delhi: WHO, 1999. Also available at: hup://
www.searo.who.igt/EN/Section10/Section332/Section554.htm
(accessed 02/04/08)

. Lloyd LS. Best practices for dengue prevention and control in the Americas.
Washingion DC: Environmental Health Project, 2003. Also available at:
hetp://www.ehproject. org/PDF/Strategic_papers/SR7-BestPractice.pdf
{accessed 02/04/08)

4. Advisory G on D: M and control of
viral haemorrhagic fevers. London: HMSO, 1996, Also available at: hup://
www.hpa.org.uk/web/BPAwebFile/ HPAweb_C/1194947341973
(accessed 28/08/08)

5. Virdl haemorrhagic fevers. Eur Smll 2002; 7 (Mar) 31-52, Abo
available at  hop:/#

-

hepatitis A, B, C, D, and E. Hepatitis may also occur as part
of the clinical course of other viral infections, including
CMYV, Epstein-Barr virus, herpes simplex virus, rubella,
varicella-zoster, and yellow fever infections.

Hepatitis A and E are spread via the faecal-oral route.
Hepatitis B, C, and D are spread via contaminated blood and
blood products, perinatal transmission, or sexual contact.
All of these viruses may cause acute and occasionally
fulminant hepatitis; hepatitis B, C, and D viruses can also
cause chronic hepatitis. The herpesviruses may cause
hepatitis during primary infection or during reactivation of
a latent infection in immunocompromised persons. (For
discussion on the management of herpesvirus infections,
see p. 954.1.) Yellow fever virus is transmitted by
mosquitoes and may cause fulminant hepatitis in
non-immunised persoas.

Acute viral hepatitis results in hepatocyte necrosis and
inflammation of the liver. Clinical presentation ranges
widely from asymptomatic infection to fulminant hepatic
failure. Symptomatic acute hepatitis is characterised by
abdominal pain, anorexia, fatigue, jaundice, low-grade
fever, nausea, vomiting, and raised liver enzymes (AST and
ALT). Chronic viral hepatitis is commonly asymptomatic
but may result in hepatic fibrosis, cirrhosis, or hepatocel-
lular cardnoma. Acute and chronic hepatitis may be
complicated by fulminant hepatitis and liver failure,
characterised by hepatic encephalopathy, coma, and
death. As HIV and hepatitis B and C share risk factors for
transmission, there are a significant number of people co-
infected with 2 or all 3 viruses. HIV and hepatitis B or C co-
infected patients have been jound to have higher rates of
hepatitis-related morbidity and mortality, with accelerated
progression to cirrhosis, end-stage liver disease, and
hepatocellular carcinoma.!

Viral hepatitis can be prevented by active immunisation
against hepatitis A, hepatitis B, and yellow fever.
Vaccination against hepatitis A is recommended, for
example, for travellers to endemic regions, haemophiliacs,
and for those considered to be at high risk due to their
occupation or lifestyle (see p. 2388.3). Postexposure
prophylaxis with hepatitis A immunoglobulin is recom-
mended in some countries for household and intimate
contacts of patients with hepatitis A infection, while others
recommend normal immunoglobulins. Vaccination with
hepatitis B vaccine is frequently recommended as part of the
infant immunisation schedules and for non-immunised
infants and adults at risk of infection (see, p. 2389.3).
Hepatitis B immunoglobulin is recommended for passive
immunisation of individuals exposed to a patient infected
with the hepatitis B virus and after liver transplantation in
persons infected with the hepatitis B virus, in order to
prevent hepatitis B virus induced damage to the grafted liver
(see, p. 2389,2). Yellow fever vaccination is recommended
for persons at high risk of infection, including travellers to
endemic areas and may be considered as part of the standard
infant immunisation schedule in countries where the virus
is endemic (see, p. 2424.3).

The treatment of acute hepatitis infections is largely
symptomatic, as no effective antiviral therapy is available.
Acute hepatitis B infection resolves without therapy in the
majority of immunocompetent adults. A small pilot study?
reported rapid dlinical and biochemical responses to
lamivudine in 13 of 15 patients with severe acute hepatitis
B infection. Acute hepatitis C* is more commonly
asymptomatic but, if diagnosed, therapy with an interferon
alfa may be considered* as there is some evidence that they
may reduce the risk of progression to chronic infection.’ A
study® in a small number of patients with acute hepatitis C
concluded that if spontaneous clearance has not occurred by
12 weeks, a 6-month course of peginterferon alfa-2b should
be given, as response rates to antiviral therapy are higher in
patients with acute infection compared with those with
established infection. The American Association for the
Study of Liver Diseases (AASLD)* has stated that either
interferon or peginterferon given for a period of 12 or 24
weeks may be considered for the treatment of acute
hepatitis C if the infection persists 2 to 3 months after
diagnosis. Similar views have been published by the Clinical
Effectiveness Group of the British Association of Sexual
Health and HIV’ and by the Scottish Intercollegiate
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Hepatitis

Though hepatitis may have many causes, viral hepatitis
describes infections caused by viruses that mainly target the
liver. Five hepatitis viruses are recognised to be primarily
responsible for infection in humans and have been named

All cross-references refer to entries in Volume A

idelines Network.® The AASLD also states that no
recommendation can be made for or against the addition of
ribavirin and its use should be evaluated on a case-by-case
basis.*

Treatment of chronic hepatitis B aims to achieve
seroconversion from e antigen (HBeAg)-positive to ¢
antigen-negative chronic infection (which is associated with
lower rates of viral replication and lower rates of disease
progression), to suppress viral replication, to delay the
progression of chronic hepattis to cirrhosis or hepatocel-
lular carcdnoma, and to treat extrahepatic complications
such as glomerulonephritis. Complete suppression of viral
replication is important to reduce the risk of viral resistance.
Treatment is only recommended in patients with active or
advanced liver disease and with high levels of HBV DNA.

Drugs used for the treatment of chronic hepatitis B ir:clude
immune modulators (interferon alfa-2b and peginterferon
alfa-2a) and nudeoside/nudleotide analogues (lamivudine,
adefovir, entecavir, telbivudine, and tenofovir).>!! Emtri-
dtabine is being investigated for use in chronic hepatitis
B*19 but studies with devudine have been stopped due to
serious toxicity.!?

Interferon alfa was the first drug approved for the
management of chronic hepatitis B. A meta-ana ysis"
found that a significantly higher percentage of patients
with chronic hepatitis B who were HBeAg-positive. and
treated with interferon alfa for 3 to 6 months, became
HBecAg-negative compared with the untreated control
group. Interferon alfa was found to be most effective ¥hen
it was used in patients with recently acquired hepa-its B
infection, high pre-treatment ALT, and low hepatitis E DNA
levels.'? Studies have suggested that subcutar eous
peginterferon alfa is as effective or slightly more eff ctive
than interferon alfa given subcutaneously.'? Results from
various studies'* have shown peginterferon alfa to be more
effective than the antiviral lamivudine, in both HI eAg-
positive’* and HBeAg-negative patients with chronic
hepatitis B, when peginterferon alfa was jiven
subcutaneously once weekly for 48 weeks.

Oral lamivudine has a similar efficacy to interfero:1 but
fewer adverse effects. Studies'”-'* have shown favourable
effects on histologic, virologic, and biochemical featu ‘s of
the disease from long-term therapy, induding decr:ased
disease progression and progression to hepatoce lular
carcinoma in patients with cirrhosis or advanced fit rosis.
In HBeAg-positive patients, treatment with lamivud:ne is
generally continued for at least 6 months after seroco 1ver-
sion, while HBeAg-negative patients may need inde inite
treatment due to high relapse rates when treatment is
stopped.’?

Studies with daily oral adefovir dipivoxil for 48 weeks have
shown a mean drop in hepatitis B viral DNA of abott 3.5
logs (factors of 10) in patients with HBeAg-positive chronic
hepatitis B'® and of about 4 logs in patients with HBeAg-
negative chronic hepatitis B.2* When adefovir dipivoxil was
continued in HBeAg-negative patients for 144 weeks benefit
was maintained whereas viral load rebounded in -hose
patients who stopped treatment at 48 weeks.?® Hepat tis B
virus DNA was undetectable in 71% and 79% of parients
after 96 and 144 weeks of treatment respectively.?® Vost
HBeAg-positive and HBeAg-negative patients also had
improvements in serum-ALT and liver histology.!*°

Other oral antiviral drugs approved for the treatment of
chronic hepatitis B, including in patients with lamivuline-
resistant disease, are entecavir and telbivudine. Studies with
daily oral entecavir for 48 weeks have shown a mean drp in
hepatitis B viral DNA of about 6.9logs in patients with
HBeAg-positive chronic hepatitis B?! and of about Sics in
patients with HBeAg-negative chronic hepatitis B.22
Entecavir treatment continued through to 96 week;, in
those patients with HBeAg-positive hepatitis B, conti wed
to show benefit.?* In both these studies entecavir was f und
to be more potent than oral lamivudine in suppre sing
hepatitis B virus. Telbivudine was reported to be superir to
lamivudine in patients with HBeAg-positive chionic
hepatitis B and as effective as lamivudine in those with
HBeAg-negative disease after 52 weeks of treatment;?* ifter
104 weeks of treatment telbivudine was reported t) be
superior to lamivudine in patients with HBeAg-positive and
HBeAg-negative chronic hepatitis B.2* A small open abel
study?® with telbivudine or adefovir for 52 week:. or
adefovir for 24 weeks followed by telbivudine for 28 wreks,
in patients with HBeAg-positive hepatitis B, reported
greater and more consistent reductions in HBV DNA with
telbivudine than with adefovir after 24 weeks of treatment.
After 52 weeks, HBV DNA suppression was greater in
patients given continuous telbivudine or who switched
from adefovir 10 telbivudine after 24 weeks than in those
given adefovir for 52 weeks. The most recent oral antiviral
drug to be approved for the treatment of chronic hepatitis B
is tenofovir disoproxil fumarate. Studies with daily oral
tenofovir for 48 weeks reported superior antiviral efficacy
compared with adefovir dipivoxil?” A systematic review
and meta-analysis*® compared the relative short-term (1-
year) treatment efficacy of lamivudine, peginterferon alfa,
adefovir, entecavir, telbivudine, and tenofovir in treatment-
naive patients with chronic hepatts B. Tenofovir was the
most effective treatment in HBeAg-negative patients; in
those who were HBeAg-positive, tenofovir and entecavir
were judged most potent.

The development of antiviral resistance is a concern with
long-term nudlecside/nucleotide treatment. Some 14 to
32% of patients who initially respond to lamivudine
develop drug resistance within the first year of therapy and
resistance increases to about 80% after 5 years of
treatment;?® lamivudine is therefore generally not
recoramended as first-line treatment.’® Adefovir dipivoxil
showed no resistance after 1 year of treatment, but the rate
increased over time to about 11%, 18%, and 29% at year 3,
4, and 5 respectively.!*202132 Jong-term therapy with
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adefovir dipivoxil resulted in the development of resistance
mutations in less than 6% of patients and it was effective in
patients who had previously developed resistance to
lamivudine.?® Entecavir showed negligible resistance up to
6 years of treatment in previously treaument-naive patients,
although resistance is reported to be much higher (nearly
60% after 6 years) in patients with lamivudine-resistant
disease.? The resistance rate with telbivudine is reported to
be 2 to 4% after 1 year of treatment, and about 9% (in
HBeAg-negative patients) to 21% (in HBeAg-positive cases)
after 2 years.?? Preliminary resulis also suggest negligible
resistance at 48 weeks with tenofovir.?®* Combination
therapy with different nucleoside and nucleotide analogues
is being investigated in order to prevent drug resistance and
improve efficacy.?*> The additon of lamivudine to
peginterferon alfa did not significantly enhance effi-
cacy.'33¢ The combination of lamivudine and adefovir
was found to be as effective as lamivudine monotherapy.?”
The combination of lamivudine and telbivudine was less
effective than telbivudine alone’® but emtricitabine and
adefovir was more effective than adefovir alone.’”

While the AASLD'? states that all the approved
weatments may be given as initial therapy, their preferred
choice is peginterferon alfa or the nucleoside analogues
tenofovir-.or- entecavir, in adults with HBeAg-positive or
-negativechronic hepatitis B. In children with HBeAg-
positive chronic hepatitis B, standard interferon alfa or
lamivudine‘are:recommended. In patients who are HBeAg-
positive “interferon is given for a defined duration
(interferon alfa is given for 4 months and peginterferon
alfa for12months), while a nucleoside/nudeotide analogue
is usually given for an additional 6 months after HBeAg
seroconversion. Most patients who are HBeAg-negative will
relapse after weaiment is stopped. In these patents
interferon is also given for a defined duration (both
interferon and peginterferon alfa are given for 12 months),
but treamment with a nucleoside or nucleotide analogue is
indefinite. Patients who have not responded to interferon
alfa (standard or pegylated) therapy may be re-treated with
a nucleoside analogue. Those who fail to respond after 6
months treatment should be switched to an altemative
regimen. Adefovir®®** or tenofovir®® may be given with
lamivudine in those patients with lamivudine-resistant
hepatitis B virus. Interferon alfa is not recommended in
patients with compensated cirthosis as it may cause
hepatitis flares and hepatic dec tion. Guidelines are
also available for other countries.”40-43

Hepatitis B patients co-infected with hepatitis D virus
are less responsive to interferon therapy than patients
infected with hepatitis B virus alone. A study** with high-
dose interferon alfa (9 million units) given 3 times a week
for 48 weeks reported normalisation of ALT and inhibition
of hepaiitis D viral replication in 50% of the patients.
However, relapse was common after treatinent was stopped,
although biochemical responses persisted for up to 4 years.
Long-term follow-up of this same group of patients for 2 to
14 years revealed that high-dose interferon alfa may
fraprove fong-term outcome and patient survival.*

Treatment of chronic hepatitis C aims to decrease
viral replication or eradicate hepatitis C virus, delay the
progression to circhosis, and thereby decrease the frequency
of hepatocellular carcinoma, and to treat extrahepatic
complications of infection. The first available treatment was
interferon alfa-2b, and this was followed by interferon alfa-
2a, given subcutaneously 3 times a week. Patients treated
with these interferons had a 10 to 20% chance of cbuining
a sustained virological response {SVR), but had a high
relapse rate. The combination of daily oral ribavirin with
non-pegylated interferon alfa improved the rate of SVR after
48 weeks of treatment to about 40%. Further improve-
ments in the SVR rates to about 60% have been reporied
since the introduction of weekly subcutaneous peginterfer-
on alfa given with daily oral ribavirin. Studies®*’ have
found peginterferon alfa and ribavirin (SVR of 54 t0 56%) to
be more effective than interferon alfa and ribavirin (SYR of
44 to 47%). Factors predictive of a poor SVR are viral
genotype 1, a high pretreatment virai load, increased body-
weight, and the presence of cirrhosis. A study% with
peginterferon alfa-2b or interferon alfa-2b and ribavirin
showed an SVR of 42% in patients with genotype 1,
compared with about 80% in patients with genotypes 2 and
3. Furthermore, patients infected with hepatitis C virus
genotype } require treatment for 48 weeks with the
standard dose of ribavirin (1 or 1.2g daily) compared with
24 weeks of ribavirin 800 mg daily in those infected with
genotypes 2 or 3.4 Other studies*->? suggest that SVR can
be achieved in some patients infected with genotypes 2 and
3 with a 12 to 16 week course of treatment. This is
particularly true for patients in whom hepatitis C virus RNA
is undetectable after 4 weeks of treatment. In patients with
genotype 1 infection, longer durations of therapy (up to 72
weeks), may be appropriate in slow responders (patients
who achieved a 2log fall in the viral load but in whom viral
RNA is still detectable by week 12).%4%* In one study,™ a
SVR rate of 44% was reported for slow responders who

continued treatment for 72 weeks, compared with a SVR
rate of 28% in those who received 48 weeks of treatment.

Detailed guidelines have been produced in the UK, %38
Canada,” and in the USA*#*® for the management of chronic
hepatitis €. They all recommend weekly subcutaneous
peginterferon alfa plus daily oral ribavirin as the first choice
of wreatment in patients with moderate to severe chronic
hepatitis C. The decision to treat those with mild chronic
hepatitis should be individualised; if treatment is given,
subcutaneous peginterferon alfa plus oral ribavirin is again
preferred.

. For genotype 2 and 3 infection, 24 weeks of treatment is
usually recommmended>3 but some®¢® suggest that 12 or 16
weeks of therapy may be sufficient in patients with
genotypes 2 and 3 with undetectable viral RNA at week 4.
For genotype 1, treatment for 48 weeks is generally
recommended. An early prediction of treatment failure in
padents with genotype 1 infection is detectable hepatitis C
virus RNA with less than a 2-log fall in viral load after 12
weeks of treatment. Some>*¥ suggest that stopping
treatment in these patients may be considered at this
point, while the British Sodety for Gastroenterology®®
recommends stopping treatment after 24 weeks if hepatitis
C virus RNA is still detectab[c Some guidelines’® suggest re-

{wi feron and ribavirin) of nonrespon-
ders and relapscrs who have significant fibrosis or drrhosis
and who initially received (non-pegylated) interferon with
or without ribavirin®® or monotherapy with pegylated
interferon.’ Patients with other genotype infections should
be treated with combination therapy for 48 weeks.’”*

Thymalfasin is being investigated as an adjunct to
conventional therapy for the treatment of chronic hepatitis
B and C. Telaprevir#> and boceprevir,®6+% specific
inhibitors of hepatitis C virus serine protease, have been
developed and are used as adjuncts to conventional therapy
in the treatinent of chronic hepatitis C genotype 1.

Treatment of chronic hepatitis in HIV co-infected
patients. HIV infection reduces the efficacy of current
therapies for hepatitis B; it decreases response to
interferon alfa and increases the incdence of Jamivudine-
resistant hepatitis B mutations.! Guidelines for the
management of HIV and hepatitis- B co-infection have
been developed by various expert groups.’”%? The British
HIV Association guidelines®” discuss appropriate choice of
antivirals and their activity against hepatitis B virus and
HIV. In patients not requiring HIV therapy, hepatitis B
weamnent should be with drugs that have no anti-HIV
activity. Peginterferon alfa for 12 months is considered
suitable for HBeAg-positive patients with minimal fibrosis,
raised ALT, low hepatitis B virus DNA, and genotype A (if
tested). Treatment shouid be stopped if there is no hepatitis
B virus DNA response (less than 1 log reduction at 12 weeks
and more than 2000 international units/litre at 24 wecks).
Long-term treaanent with adefovir dipivoxil may be given as
an alternative to interferon therapy and is the drug of choice
in patients with significant fibrosis. Adefovir dipivoxil may
be given with telbivudine, but telbivudine should not be used
alene because of the high rate of hepatitis B viral resistance.
Siarting a HAART regimen (including tenofovir and
tmtricitabine) early may be considered for antiretroviral-
naive patients with wild-type HIV. Patients who require
both HIV and hepatitis B therapy may be given tengfovir
alone or with either lamivudine or emtricitabine, as part of, or
in addition to, their antiretroviral regimen. Lamivudine or
emtridtabine should not be used as the only active drug
against hepatitis B virus in a HAART regimen, in order to
prevent the development of viral resistance. Entecavir may
be given when tenofovir has to be stopped due to toxicity,
but it must be given with a fully-suppressive HAART
regimen.’” Successful treatment of HIV with HAART may
resuit in severe exacerbation of hepatitis B in co-infected
patients.

Treatment of hepatitis C in HIV co-infected patients has
been associated with an increased rate of adverse effects and
reduced response rates, While combination therapy for
hepatitis C is not as effective in co-infected patients as in
those with hepatitis C alone, studies”™?? have shown
sustained virological responses with peginterferon alfa and
ribavirin treatment in co-infected patients. Two studies”-72
reported an SVR rate of 27% for patients given
peginterferon alfa plus ribavirin as opposed to 12 to 20%
in those treated with interferon alfa plus ribavirin. The
APRICOT study group’® reported an SVR rate of 40% for
patients treated with peginterferon alfa plus ribavirin,
compared with 20% for those given peginterféron alfa
monotherapy and 12% for those given interferon aifa plus
ribavirin. A much reduced rate of SVR to peginterferon alfa
plus ribavirin therapy was found, however, in co-infected
patients with hepatitis C virus genotype 1 (29%) compared
with hepatitis C virus of genotypes 2 and 3 (62%) and
turther study is required to develop strategies for treating
infection with genotype 1.7%72 Guidelines for the treatment
and management of HIV and hepatitis C co-infection have
been developed by various expert groups.>*¢"73 In general,
they all recommend combination therapy with peginterferon

alfa and ribavirin, usuaily for 48 weeks. Virological response

should be reassessed at weeks 4 and 12 and treatment

should only be continued beyond 12 weeks in those with an

early virological response. Shorter periods of treatnent {24

weeks) may be considered in patients with genotypes 2 or 3

infection who have a rapid virological response (response

within 4 weeks). Patients with genotype 1 and 4 who have

no virological response at 4 weeks but response at 12 and 24

weeks may be given a longer treatment course of 60 to 72

weeks. Significant haemolytic anaemia may occur with

ribavirin, and therefore concurrent use with zidovudine
should be avoided and when possible stavudine should be
replaced. Didanosine should never be given with ribavirin
due to potentiaily life-threatening complications, such as
lactic acidosis, myopathy, neuropathy, pancreatitis, and
steatosis.7*74 Abacavir with ribavirin should be avoided if
possible. If efavirenz is given with interferon the patient
should be carefully monitored for increased CNS toxicity.®”
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Epstein-Barr virus (p. 955.1), herpes simplex virus
(p- 955.2), and varicella-zoster virus (p. 956.2). Herpes-
viruses 6, 7, and 8 have also emerged as potential pathogens
and have been associated with a variety of disorders
including childhood febrile illnesses, various malignancles
including Kaposi's sarcoma (p. 718.1), and multiple sclerosis
(p. 996.3).

ecine herpesvirus 1 infections. Cercopithecine her-
pesvirus 1 (herpesvirus simiae, monkey B virus, herpes B
virus) is a herpesvirus that usually infects macaque mon-
keys, but may rarely be transmitted to man by laboratory
accidents or bites or saatches from infected monkeys.
Initial symptoms and signs may include vesicles at the site
of the bite or scratch, fatigue, fever, headache, and myal-
gia. Lymphadenitis or lymphadenopathy, abdorninal pain,
nausea, and vomiting may occur. As the infecrion spreads
to the CNS there is increasing neurological involvement
that can lead to encephalitis, coma, and death. Those
patients who survive usually have serious neurologic
impairment.

Initial treatment'* should be prompt with thorough
cleaning of the wound or exposure site. Intravenous high-
dose aciclovir or ganciclovir, followed by oral therapy. is
recommended for symptomatic or culture-confirmed
infection. Gandclovir is recommended in patients who
have signs or symptoms of peripheral nervous system or
CNS involvement. Routine prophylactic use of antivirals is
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Herpesvirus infections

Established herpesvirus pathogens discussed below include
Cercopithecine herpesvirus 1 (below), CMV (below),

All cross-references refer to entries in Volume A

notrec ded, although postexposure prophylaxis with

oral valaciclovir started within a few hours of exposure and

given for 14 days may be considered for potential exposures.
Vaccines against the virus have been investigated.
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us fi Cytomegalovirus (CMV) is a
mcmbcr of the herpesvirus group. Infection may be by
intra-uterine, perinatal, or sexual transmission, by oral
contact with the saliva of infected individuals, by blood
transfusion, or by transplantation of infected tissue. After
infecdon, viral DNA becomes incorporated into the host
cell DNA where it persists, with occasional reactivation,
for the life of the individual. Primary infections in immu-
nocompetent adolescents and adults are generally asymp-
tomatic, although they may occasionally present as infec-
tious mononudleosis, lymphocytosis, or lymphadenopathy.
Most congenitally infected infants are also asymptomatic,
but some may present with intra-uterine growth retarda-
tion, jaundice, hepatosplenomegaly. encephalitis, and
thrombocytopenia. Conversely, CMV is a major cause of
morbidity and mortality in immunocompromised persons,
particulazly transplant recipients and patients with AIDS
where it may present as CMV retinitis, colitis, oeso-

hagitis, hepatitis, p , or neurological disease in
the form of dementia, ventnmloenccphahus. or ascending
polyradiculomyelopathy. Pneumonitis is more common in
transplant recipients while retinitis is most frequent in
AIDS patients.

Treatment for CMV disease is usually only given to
immunoccompromised patients, in whom relapses are likely
to occur after treatment is stopped due to the latent nature
of the virus. Gandiclovir and its oral prodrug valganciclovir
are used in the weaument of severe infections in transpiant
recipients and patients with AIDS but ganddovir may cause
neutropenia. Foscarnet is an alternative to ganciclovir with
sirnilar efficacy and does not produce myelosuppression,
although nephrotoxidty and electrolyte disturbances are
common. Cidofovir may also be used for the treatment of
CMYV retinitis, and has the advantage of intermittent use.
However, long-term treatment may be limited by renal
toxicity.

HIV-infected patients. US guidelines' for the initial
treatment of CMV retinitis in HIV-infected adults and
adolescents rec d, for i diate sight-thr
lesions, intravitreal injections of gancidovir along with oral
valganciclovir. For patients with peripheral retinal lesions,
oral valganciclovir alone is recommended. Alternatives are
intravenous ganddovir, intravenous ganciclovir followed
by oral valganddovir, intravenous foscarnet, or intra-
venous cidofovir. For HIV-infected children, intravenous
gandclovir is recommended; intravenous foscamet is an
alternative and valganciclovir with or without an intra-
ocular ganciclovir implant may be considered for children
old enough to be given an adult dose of oral valgandclovir.?

After inducton therapy, maintenance therapy
{secondary prophylaxis) is recommended in AIDS patients
with CMY retinitis until immune reconstitution as a result
of antretroviral therapy has been achieved or for life if it is
not. The drug of choice is oral valganddclovir; alternatives
include intravenous gandclovir with or without foscarmet,

intravenous foscamet, or intravenous cddofovir.! Main-
tenance therapy may be stopped in patients with Ipactive
CMYV disease who have an increase in CD4+ T lymphocyte
count to more than 100 cells/microlitre sustained for 3 to 6
months or more, although continued ophthalmic monitor-
ing should be performed. Maintenance therapy should
begin again if the CD4+T lymphocytc count falls belo'w 100
cells/microlitre.!

Early relapse of CMV retinitis in patients with perzistent
immunodeficiency is common and is generally due 1« poor
penetration of drugs into the eye when given system cally,
rather than drug resistance. Hence, re-induction and
maintenance treatment with the same systemic drug used
initially fs recommended in patients who relapse after
systemic treatment. An alternative drug should ony be
considered if drug resistance is suspected or to city
precludes use of the initial drug. Combined gandclovi ' and
foscarnet may be considered for patients who are not
suitable for other alternatives, but is associated with gr sater
toxicity. Relapse later in therapy is usually due to drug
resistance and patients with bigh-level ganciclovir-resistant
isolates should be switched to an alternative therapy.’

In HIV-infected adults and adolescents, CMV colitis or
oesophagitis should be treated initially with intrave 1ous
gancicdovir or foscarnet, or with oral valganciclcvir.!
Chronic maintenance therapy is not routinely re om-
mended but should be considered if relapse occurs.- For
neurological disease, starting therapy promptly is critic:  for
an optimal dlinical response. Combination treatment with
intravenous ganciclovir and foscarnet is currently favor red.
The optimal duration of therapy has not been establist ed.!
Treatment of CMV pneumonitis is usually reservec for
patients with cytological or histological evidence of ¢MV
disease who do not respond to treatment for cther
pathogens; treatment is usvally with intravenous gand-
clovir or foscarnet. The role of maintenance in these pati nts
is yet to be established.!

In AIV-infected adults and adolescents, primary prophy-
laxis with oral valganciclovir is not usually recommer ded
because of the cost. the potential to induce CMYV resista 1ce,
and the lack of proven survival advantage.!

Transplant recipients. Primary prophylaxis of CMV
disease in high-risk patients, particularly transp ant
recipients, has been reported using intravenous gaici-
clovir,> valgandclovir,%’ {foscarnet,? valaddovis,*!? ind
CMYV immunoglobulins.!*'* Oral ganciclovir has also been
used for primary propbylaxis and for pre-emptive therapy
(treatment when active CMV infection is documented but
disease has not yet been evident) in some wanspiant
patients.!¢** A systematic review?® found that giving C UV
immunoglobulins did not reduce the risk of CMV diseas:: or
all-cause mortality in solid organ transplant recipients : nd
adding them to aciclovir or gandidovir was not more
effective than an antiviral given as monotherapy.

‘The British Transplantation Sodety (BTS)?® and ot ier
expert groups, including an intemational consensus grc up
of the Transplantation Society.?! have published recc n-
mendations for the prevention and management of C11V
disease after solid organ transplantation. These recomme nd
that the highest risk padents, such as CMV-seronegat ve
recipients of a solid organ transplant from a seroposit ve
donor, -should be offered primary prophylaxis. Tae
following options are available in the UK and ire
recommended by the BTS:*°
e oral -valganciclovir for 100 days {in hean, kidncy,

kidney/pancreas, or liver transplant redipients)

» valaddovir for 90 days (heart, kidney, kidney/pancre.is,
liver, or lung)

» intravenous gandciclovir for at least 28 days (heaz,

kidney, kidney/pancreas, liver, or lung)

high-dose oral aciciovir for 12 weeks (kidney)

intermittent CMV hyperimmune globulin for 12 weecs

(kidney)

Frequent monitoring and possible pre-emptive treatmer ¢,

usually with intravenous ganciclovir, may also “e

required.2®

The above regimens are also used to prevent CMV
disease when the donor and recipient are both CM'’-
seropositive and the patient is being treated wih
antithymocyte globulin, antilymphocyte immunoglobuli:y,
or muromonab-CD3. If these drugs are not used, the B1S
considers that no prophylaxis is needed for CM\-
seropositive recipients of kidney, kidney and pancrea,,
liver, or heart transplants from seropositive donors; lung
transplant recipients should be given chemoprophylaxis i s
for seronegative patients above.?®

The BTS also recornmended oral ganciclovir for 90 days
as an option for prophylaxis after heart, kidney, kidney/
pancreas, liver, or lung transplant, but acknowledged i1
their recommendations that, during their preparation, th:
UK manufacturer ceased production of oral gandiclovir; it
was, however, retained as an option in the recommenda-
tions in case of availability in the future.?®

Recommendations have also been produced for th:
management of CMV infection in recipients of allogenei:
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stem cell transplantation by the Infectious Diseases Working
Party of the European Group for Blood and Marrow
Transplantation.? For treatment of CMV pneumonia,
normal immunoglobulin is given with gancidovir, but
normal immunoglobulin is not required in other forms of
CMV disease.? For prevention of CMV disease, pre-emptive
therapy with cither intravenous gandclovir or foscarnet
rather than primary prophylaxis, is the recommended
approach. Intravenous ganciclovir is, however, effective for
primary prophylaxis but should be reserved for patients at
high risk of developing disease. Adclovir or valaciclovir may
also be used for primary prophylaxis but their use must be
combined with monitoring and pre-emptve therapy with
either intravenous gancicdovir or foscamet. If, however,
gandclovir has been given for primary prophylaxis then
foscarnet should be used for first-line pre-emptive therapy.
The use of valganddovir for primary prophylaxis is under
investigation, but i it is given then foscarnet should be used
subsequently for first-line pre-emptive therapy. Cidofovir

may be used as second-line pre-emptive therapy.?

CMYV vaccines are currently in development.
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individual becomes a lifelong carrier of the virus. Chronic
EBV infection, particularly in immunocompromised indi-
viduals, is assodated with several malignant diseases
including Burkit's lymphoma, nasopharyngeal carcinoma,

ly

hoproliferative di Hodgkin‘s disease, T-cell

P

]ymphomas, and some gastric cancers. EBV is also asso-
clated with chronic interstitial pneumonitis in infants with
AIDS and with oral hairy leucoplakia and CNS lymphomas
in older AIDS patients.

Infectious mononudeosis {glandular fever) Is an acute,

self-limiting, lymphoproliferative infection that is seen
when primary infection occurs in adolescents or young
adults.!? Transmission is by intimate oral contact and the
incubation period ranges from 30 to 50 days. Ilness is
characterised by fever, sore throat, and lymphadenopathy.
Other signs and symptoms include malaise, myalgias,
jaundice, rash, and hepatosplenomegaly. Symptoms may
last for about 2 to 3 weeks and most patients recover
uneventfully with only supportive treatment, although
fatigue may continue for some months. Complications,
including encephalitis, anaemias, or cytopenias, may occur
in a few patients but are rarely fatal. Very rarely the illness
may become chronic. Chronic active EBV is defined as
severe illness lasting longer than 6 months, evidence of
major organ involvemnent, and elevated titres of antibody to
EBV. Prognosis in these patients is poor and many die due to
progressive pancytapenia and hypogammaglobulinaemia,
or lymphomatous disease.

There is no specific treatment for EBV infections!

although various experimental approaches have been
investigated.’ Treatment is generally symptomatic: hydra-
tion, paracetamol or NSAIDs, and throat lozenges or sprays.

meta-analysis* of five randomised controlled studies

involving 339 patients with mild, moderate, or severe EBV
infection, found that patients who took aciclovir had less

oropharyngeal shedding, but clinical benefit was marginal
and not sustained on stopping treatment. In a stnall number
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or EBV replication. Corticosteroids are generally

not indicated in uncomplicated EBV infection® but may be
useful in patients with airways obstruction.!!® They may
also be considered in systemic complications such as auto-
immune haemolytic anaemia, aplastic anaemia, and
thrombocytopenia and some also consider that they may
be used for CNS involvement, myocarditis or pericarditis.
However, concern has been expressed that they may impair
Immunity, resulting in a larger reservoir of latent virus and
thereby potentially increasing the risk of developing EBV-
related tumours in Jater years.

Concurrent throat infection with streptococdi should not

be treated with amoxidllin or ampidllin’ since they may
cause a maculopapular rash in patients with infectious
meononucleosis.

. Ebell MH. Epstein-Barr virus infectious mononucieosis. Anmt Fam

Physician 2004; 70: 1279-87.

. Luzuriaga K, Sullivan JL. Infectious mononudeosis. N Engl J Med 2010;
. 36X: 1993-2000.
. Gershburg E. Pagano JS. Epstein-Barr virus for

treatment. J Antimicrok Chemother 2005; 36: I77-81.

e HSV-1 commonly causes symptomatic oropharyngeal
herpes presenting as acute gingivostomatitis or pharyng-
itis and characterised by lesions of the buccal and gingival
mucosa, fever, and cervical adenopathy.

HSV-1 infections are common among immunocompro-

mised patients, espedially organ transplant recipients and

those undergoing chemotherapy. In these patients
infection may be more severe with extensive mucocu-
taneous and disseminated disease.

o Genital herpes is characterised by a painful ulcerative rash,
and may be accompanied by dysuria, vaginal or urethral
discharge, and tender inguinal lymphadenopathy.
Genital herpes is most commonly caused by HSV-2 but
may also be caused by HSV-1. Genital herpes tends to be
more extensive when caused by HSV-2 and may include
complications such as aseptic meningitis, disseminated
disease, extragenital lesions, and bacterial superinfec-
ton.

Herpes lesions are common among HIV-positive patients

and may be severe, painful, and atypical; HSV

recurrences and asymptomatic shedding are also
increased.

e Ocular herpes is generally caused by HSV-1. It usually
affects only one eye and most often occurs on the cornea
resulting in epithelial or stromal keratitis. Epithelial
keratitis usually heals without scarring whereas stromal
keratitis infection involves the deeper layers and may
lead to scarring, loss of vision, and occasionally blindness.
Less commonly, HSV may also cause uveitis, chorior-
etinitis, or acute necrotising retinitis. -

s HSV has been identified as one of the cominonest causes
of Bell's palsy and acute, sporadic viral encephalitis. Both
HSV-1 and HSV-2 may cause encephalitis and if left
untreated it is often faal or may result in neurologic
sequelae, especially in those over 35 years of age.

e Neonatal herpes may result from transmission of HSV-2
{or HSV-1) from mother to child during the perinatal
period. Risk of neonatal herpes is highest when the
mother develops pnmary genital herpes near the time of
delivery whereas risk is much reduced with recurrent
episodes. Neonatal herpes is a severe disseminated
infection and often results in CNS disease. Untreated it is
often fatal and survivors often have persistent ocular
disease.

Recurrent herpes results from reactivation of latent

infection and is usually milder and the duration is shorter

than the primary infection. Reactivation is frequently
associated with prodromal signs and symptoms, ranging
from a mild tingling sensation to shooting pains. Systemic
symptoms and lymphadenopathy are rare. Herpes labialis,
also known as fever blisters or cold sores, are the most
common infection resulting from reactivation of HSV-1.

Recurrence of genital herpes is more likely with HSV-2 than

HSV-1 infections,

Management. The most widely used antiviral for herpes
simplex infections is aciclovir. Alternatives with Improved
bioavailability include famciclovir and valaciclovir.
Antiviral treatment of primary herpes simplex infections,
while relieving symptoms and reducing the duration of viral

hedding, does not p recurrences. Antiviral therapy is
generally more effective for primary infections than for
recurrences, and should be given as early as possible during
the course of an active infection, preferably within 3 days of
the onset of symptoms. Res:stauce to aciclovir is emerging,
mainly in immunoc i 2 Herpes simpl

vacdnes have also been tried but with generally

¢ Orofacial herpes simplex infection. Primary muco-

cutaneous HSV infection can be treated with topical,
oral, or intravenous adclovir. Oral famciclovir and
valaciclovir have similar efficacy to oral aciclovir and are
rec ded alternatives.! Mucocutaneous HSV in HIV

co-infected patients may be wreated with intravenous or
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Herpes simplex infecions. Herpes simplex virus (HSV,
herpesvirus hominis) is a DNA virus belonging to the her-
pesviridae family and occurs worldwide.! HSV can be
divided into serotypes HSV-1 and HSV-2. Both viruses

chronic infection of sensory nerve ganglia from
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tion, 2nd ed., 2004. Available au hap://bs.demo.eibs.co.uk/
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Epstein-Barr virus infections. Epstein-Barr virus (EBV) is
a DNA virus of the herpesvirus group occurring world-
wide. EBV is the causative agent in infectious mononu-
cleosis and many people acquire a non-symptomatic infec-
tion, frequently in childhood. After primary exposure the

where they may be reactivated by triggers such as stress,
bacterial infection, fever, irradiation (incduding sunlight),
menstruation, and immunosuppression. The pritmary
infection may therefore be followed by recurzent episodes
in the same area.

Primary HSV infection is acquired through direct

contact with lesions or mucosal secretions of persons with
active HSV lesions or persons shedding virus asy

tically. Primary HSV-1 infections usually occur in the
perioral area, and HSV-2 in the genital area, but infection
may be acquired at other sites, including the fingers

- (whitlow), and rectum (herpes proctitis) after anal

intercourse. The incubation period for both viruses ranges
from 2 to 12 days and most primary HSV infections are
asymptomatic.

oral aciclovir, oral famciclovir, or oral valaciclovir.?
Recurrent episades of herpes labialis are usually self-
limiting and rarely require antiviral therapy. In
immunocompetent patients careful hygiene, sympto-
matic treatment with analgesics, and the use of
antiseptics to reduce secondary infection will usuaily
suffice. The use of sunscreens may also reduce the
frequency of recurrences. If antivirals are used they
should be started early in the prodromal phase. Topical
antivirals, including acidovir, pendclovir, and troman-
tadine, have been used and are most effective when
started during the prodromal phase.* Dacosanol may be a
further alternative for topical use.’ Oral antivirals
(aciclovir, famddovir, and valaciclovir) may shorten the
duration of symptomatic lesions by about 1 day.* High-
dose oral valadidovir has also been reported to be
effective for suppression of recurrences and may provide
the convenience of single-day treatment.® In immuno-
compromised patients with primary symptomatic
infection or recurrent episodes of infection, intravenous
or oral aciclovir, oral famcidovir, or valacidovir may-be
used. An oral antiviral (addovir, famdclovir, or
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valaciclovir) is recommended for patients with herpes
labialis and concurrent HIV infection.?
* Genital herpes is usually treated with oral aciclovir,
famciclovir, or valaciclovir.’® Intravenous aciclovir is
given for severe disease or neurological complications. A
study'® found that both oral aciclovir and oral
valaciclovir were effective in suppressing the frequency
of recurrences and amount of HSV shedding. However,
treatment of the primary HSV infection appears 10 have
no effect on subsequent recurrences. Symptomatic
recurrences in patients with a recognisable prodrome
may be aborted or the severity reduced by episodic
treatment with a S5-day course of oral aciclovir,
famciclovir, or valaciclovir begun by the patient.??
Alternative regimens (for HIV-negative patients) include
high oral doses of aciclovir for 2 days,”*!! famciclovir for
1 day, or valaciclovir for 3 days.”*
In HIV-negative patients without a prodrome, or those
with frequent recurrences, continuous suppressive
therapy with aciclovir, famdiclovir, or valadclovir should
be considered.”® Once-daily suppressive therapy with
valadclovir was found to significantly reduce the risk of
transmission of genital herpes among heterosexual, HSV-
2-discordant couples.'?
Symptomatic HSV recurrences in HIV-positive patients
respond more slowly to anti-HSV ueatment and longer
treatrnent courses and higher doses of antivirals are
needed.!? Suppressive or episodic therapy should be
considered for all HIV-infected persons.>”13
Ocular herpes simplex infections usually require
treatment with antivirals and/or interferons. Topical
antivirals include addovir, brivudine gandclovir, and
wifluridine; these have similar efficacy and are more
effective than idoxuridine or vidarabine.!* Systemic
antivirals include aciclovir, famdclovir, and valaciclovir.
Other systemic antivirals that have been evaluated are
ganciclovir, foscarnet, and cidofovir.!* HSV epithelial
keratitis can be treated with a topical antiviral, a topical
interferon {alfa or beta), or a combination of both.
Benefit appears to be similar after 7 days of weatment
with either an interferon or antiviral monotherapy, but
combination therapy with interferon and an antiviral
produces faster healing than a topical antiviral alone.™
Trifluridine eye drops are the teatment of choice for
herpes simplex epithelial keratiis in HIV-infected
patients.!?
Topical corticosteroid monotherapy is contra-indicated
for epithelial keratitis as disease severity can be
increased; however, the treatment for stromal keraritis
does consists of both topical trifluridine and topical
corticosteroids. The Herpes Eye Disease Study!® reported
that the addition of topical prednisolone to trifluridine
reduced the risk of persistent or progressive stromal
kerato-uveitis by 68%, while the further addition of oral
adclovir provided no additional benetit.'” Suomal
keratitis or iritis was not prevented by the addition of
oral acidovir in patients with epithelial keratitis and
currently receiving topical trifluridine.!® Oral acidovir,
however, was effective in reducing the rate of recurrent
HSV ocular disease, particularly in patients with prior
stromal keratitis,'® and may be of benefit to patients in
uveitis when added to topical corticosteroid and antiviral
therapy.?°
+ Severeor d d herpes simplex infections,
particularly in immunocompromised patients, require
intravenous therapy. Adcdlovir is given for CNS infections
and disseminated HSV infections.!*" Inuavenous
foscamet is recommended for infections resistant to
aciclovir; intravenous ddofovir is an alternative.?
Prolonged applications of topical trifluridine, cidofovir,
or imiquimod also have been used successfully for lesions
on external surfaces.> Neonates with evidence of herpes
infection should be gnven hxgh-dose intravenous
addovir.”%1% I np with fre-
quent' or disabling recurrences may benefit from
prophylactic oral acidovir, valaciclovir, or famdclovir.>!*
Prevention. Intravenous adiclovir is recommended for all
HSV-seropositive patients undergoing allogencic haemato-
poietic stern cell transplants to prevent reactivation of latent
HSV. Aciclovir may also be considered for HSV-seropositive

reduce the occurrence of neonatal herpes.2>2¢ Prophylactic
use of antivirals in late pregnancy is therefore not routinely
recommended.’®
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ment, high fever, more extensive vesicular skin erupdon,
severe pneumonia, and encephalitis.

Primary varicella -infection in the first 20 weeks of
pregnancy has been associated rarely with congenital
varicella syndrome, characterised by skin scarring, local
muscular- atrophy, chorioretinitis, encephalitis, cortical
atrophy, and miaocephaly. Maternal infection until at least
5 days before delivery may result in a mild neonatal
infection, while matemal infection from 7 days before to 7
days after delivery may result in a severe infection of the
neonate with a reported fatality of about 30%.

Herpes zoster is characterised by painful vesicular
eruptions in a dermatomal distribution. It may be preceded
by a prodromal phase with fever and malaise or pain over
the affected dermatome. Lesions continue to form over a
period of 3 to 5 days, and disappear, often with a degree of
scarring, after 10 to 15 days. Chronic pain that may persist
after the rash has healed is termed postherpetic neuralgia
{p. 10.3) and occurs in about 10% of patients. Involvement
of the trigeminal nerve can lead to sight-threatening
ophthalmic herpes zoster. Herpes zoster may be more severe
and extensive in immunocompromised patients but is rarely
fatal.

Treatment. Recommendations for the treatment of
chickenpox in children,! adults,? and during pregnancy®?
have been developed. Treatment in otherwise heal'hy
patients is usually symptomatic using -antipyretics, ar al-
gesics, and antipruritics and is aimed at reducng
complications. Antibacterials may be required for secondary
skin infections. Antivirals are not recommended for he
treatment of uncomplicated chickenpox in otherwise
healthy children.! However, oral aciclovir may shorten he
duration of fever and the number of lesions when giten
within 24 hours of onset of symptoms.* Antivirals do not
reduce the incidence of chickenpox-associated compli:a-
tions in otherwise healthy children but may be useful in
adults or immunocompromised patients. Intravencus
therapy may be used in severe chickenpox.

The place of antivirals in the treatment of herpes zoster is
well established; recommendations and guidelines on
management have been produced.>?® Antiviral treatment
can reduce the severity and duration of acute pain,
minimise complications and propagation of the rash, and
reduce viral shedding.® Systemic antivirals are recom-
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Varicello-zoster infeclions. Varicella-zoster virus (VZV)
belongs 10 the herpesviridae and causes 2 separate dis-
eases: chickenpox (varicella) and herpes zoster (zoster,
shingles). Infection may be acquired through the respir-
atory wact via airborne droplets or by close contact with
infected individuals. Primary infection with VZV usually
occurs in childhood and results in chickenpox. In immu-
nocompetent persons chickenpox is self-limiting and
results in lifelong immunity. However, the virus is not
eliminated and remains dormant within sensory nerve

lia. In later life or in immunocompromised persons,

patients undergoing autologous haematopoietic stem cell
transplantation” who are at risk of developing scvere
mucesitis from the conditioning chemotherapy.?! Oral
aciclovir, famciclovir, or valaciclovir may be given to
patients who can tolerate oral therapy. A systematic
review™ of interventions for the prevention and treatment
of HSV in patients being treated for cancer found aciclovir 1o
be effective; valaciclovir was found to be no more effective
than aciclovir and high doses of valaciclovir were no better
than low doses. There is a risk of neonatal herpes in the
infants of mothers with genital herpes infection. Although
dinical studies have shown that oral aciclovir or valacictovir
used near term reduce viral shedding and recurrence at
labour and birth and the use of caesarean section these
studies were not sufficiendy powered to determine if they
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reactivation of the virus from the sensory nerve may
occur and give rise to nerve pain and a dermatomal rash

(herpes zoster). inmunocompromised patients may devel-’

op a second episode of chickenpox.

The incubation period for chickenpox is about 14 to 15
days. In children it usually presents with a generalised rash,
fever, and malaise. The rash rapidly progresses from
macules to papules and then to vesicular lesions before
crusting, with successive crops appearing over several days.
Chickenpox acquired in childhood is commonly a mild
disease lasting 3 to 5 days, with secondary bacterial skin
infections the commonest complication. Chickenpox in
adults may be more severe, and have a higher incidence of
complications. Immunocompromised individuals may
develop severe chickenpox with multiple organ involve-

ded for all i ycompetent patients whao are over 50
years of age, have moderate to severe pain or rash, or have
nontruncal involvement. Treatment should be start>d
within 72 hours of the onset of the rash and is usualy
continued for 7 to 10 days. Antiviral therapy may also e
considered in those presenting 72 hours after the onset of
the rash when there are skin, motor, neurological, or ocular
complications, when new vesicles are still forming, in the
elderly, or in those with severe pain.” Topical antivirals a e
not recommended.

Acidovir may be given orally or intravenously,
depending upon the severity of the infection. Oril
famdiclovir, valaciclovir, or brivudine are alternative:.”
Bioavailabilities of these drugs are beuer than aciclovir
and they also appear to be superior in terms of healirg
lesions and equally or more effective in relieving pain.” 2

There has been controversy over the use of oral aciclov r
to prevent postherpetic neuralgia and ocular complic: -
tions. A meta-analysis suggested that treatment of herpes
zoster with oral adclovir within 72 hours of the onset «f
rash could reduce the incidence of residual pain at 6 mond s
by 46% in immunocompetent adults.!> Subsequert
analyses found little!* or no'’ evidence that addlovr
decreased the incidence of postherpetic neuralgia and non®
for a reduction in incidence with either famciciovir'4!® cr
valacidlovir. " It is, however, generally agreed that antivira s
do reduce the duration of postherpetic neuralgia'* and som*
experts recommend antivirals even in patients at low ris ¢
for developing postherpetic neuralgia and other complica -
tions.” The addition of corticosteroids to antiviral therap
does not reduce the incidence or duration of postherpeti *
neuralgia, but may improve the rate of resolution of th:
neuritis or improve pain control. 617

Severely immunocompromised patients or others a:
high risk of severe or disseminated herpes zoster shoulk.
receive intravenous aciclovir. Oral acidovir, famciclovir, o
valaciclovir may be considered in less severely immuno
compromised patients.” Sorivudine and brivudine are alsc
effective against zoster infections.!® Brivudine is as effective
if moet more, than aciclovir in immunocompromisec

1% but is not recc ded in such patients becaust
of a potentially fatal interaction with fluorouracil (anc
related drugs).” Sorivudine has been withdrawn from the
market after deaths in patients also taking fluorouracl
Foscarnet may be of value in aciclovir-resistant varicella-
zoster infections?*-?? although treatment failures have been
reported.??

Ophthalmic herpes zoster is treated with an oral
antiviral, given within 72 hours of the onset of the rash
additional treatment with topical aciclovir to the eye may
also be considered. Oral aciclovir, famciclovir, and
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valadclovir are all effective in reducing the pain associated
with ophthalmic zoster.242*

Prevention. Varicella-zoster immunoglobulins are used
for the prevention of chickenpox in patients at high risk of
developing complications, such as the immunocompro-
mised, neonates whose mothers developed chickenpox 7
days before to 7 days after delivery, and in susceptible
pregnant women after significant exposure. There have
been reports of severe chickenpox occurring in patients
undergoing corticosteroid therapy. In the UK, use of
varicella-zoster immunoglobulins is recommended in
persons exposed to the virus who have received high
doses of corticosteroids within the previous 3 months® (see
also Varicella, under Precautions for Corticosteroids,
p. 1619.2).

Varicella-zoster vaccines are available in some countries
and in the UK vaccination is recornmended for active
immunisation against chickenpox in persons considered to
be at high risk of either infection or complications, induding
healthy contacts of immunocompromised patients. In the
USA, a 2-dose vaccination regimen is recommended as part
of the primary immunisation schedule of infants and
children. Routine vaccination is also recommended for
persons over the age of 13 years without evidence of
immunity?’ and a high-potency vacdne against herpes
zoster is recommended for persons 60 years of age and
older.?® For further discussion of varicella-zoster vaccines,
see p. 2423.3.

Transmission of chickenpox to household contacts is not
prevented by giving aciclovir to the primary case but there is
evidence to suggest that ransmission can be suppressed by
giving aciclovir to susceptible contacts during the
incubation peried.2%3% Although the need for such
prophylaxis has been questioned, especially in otherwise
healthy children,3! prophylaxis or early treatment with
antivirals may be ugeful for household contacts in whom
the infection might prove to be more severe!-3+3
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HIV infectiop and AIDS

The causative agent of AIDS (acquired immunodeficency
syndrorre) is. the human immunodefideacy virus (HIV;
previously known as HTLV-BI or LAV), a retrovirus
transmitted by sexual contact, blood and blcod praducts, the
use of contaminated needles, or vertically from mother 10
fetus. Two subtypes of HIV have been identified. The most
common is HIV-1, which occurs worldwide. HIV-2 is found
mainly in West Africa and is associated with a slower
progression to AIDS than HIV-1.

HIV uses the CD4 receptor and the CCRS5 or CXCR4 co-
receptors to enter T lymphocytes and monocytes/
macrophages, where viral RNA is reverse transaibed into
DNA and inserted into the host genome. Viral replication
results in immune activation and progressive depletion of
CD4+ T lymphocytes. Primary HIV infection is characterised
by the development of non-neutralising HIV antibodies
{seroconversion), and in some patients may manifest as a
transient rash, sore throat, and lymphadenopathy (ser-
oconversion illness). Primary HIV infection is usually
followed by a largely asymptomatic chronic infection,
during which persistent generalised lymphadenopathy may
be noted. Chronic HIV infection is characterised by gradual
depletion of CD4+ T lymphocytes resulting in progressive
immunodeficiency. This may become dinically apparent
when symptoms such as fatigue, weight loss, recurrent
fever, diarthoea, or thrush occur. Alternatively, patients
may develop severe opportunistic infections such as
pneumocystis pneumonia, toxoplasma encephalitis, oeso-
phageal candidiasis, cryptococcal meningitis, CMV retinitis,
Mycobacterium avium complex, recurrent bacterial pneu-
monia, pulmonary or extrapulmonary tuberculosis, or
neoplasms such as Kaposi’s sarcoma, cervical carcinoma,
and lymphomas; these are collectively referred to as AIDS-
defining illnesses. AIDS-defining illnesses generally do not
occur until severe immunodefidiency is present (CD4+ T
lymphocyte count of less than 200 cells/microlitre or less
than 14% of the total lymphocyte count). Most AIDS-
defiriing events can therefore be prevented if effective HIV
treatment is started before the CD4+ count has fallen to this
level. Since the availability of highly active antiretroviral
therapy (HAART), the incidence of AIDS-defining illnesses
has markedly declined. However, antiretroviral therapy
may result in toxicity or paradoxical worsening of
underlying opportunistic infections.

During the course of chronic HIV infection, measure-
ment of the CD4+ count and HIV RNA (viral load) will aid
prognosis. The absolute CD4+ count or CD4% reflects the
susceptibility to opportunistic infections while a high HIV
viral load is associated with a more rapid decline in CD4+
count and more rapid clinical disease progression. The HIV
viral load is also used to monitor success of antiretroviral
therapy, where the goal is complete suppression of viral
replication (resulting in undetectable HIV viral loads). CD4+
counts and viral loads are both taken into consideration in
the decision to start antiretroviral therapy.

TREATMENT.

The following discussion relates to the use of
antiretrovirals in HIV infection and AIDS. The treaunent
of secondary and opportunistic infections and other
complications is covered under the relevant sections, below.

Treatment strategies for HIV infection are changing
rapidly and frequently updated guidelines for the treatment
of HIV infection are published for the USA.!" for the UK,* by
the Europcan AIDS Clinical Society (EACS), and by
WHO.&

Data from clinical studies in support of weatment of acute
HIV infection are limited. Treatment of the primary HIV
infection may be beneficial in relieving symptoms due to
HIV during the seroconversion illness; it may restrict
damage to the immune system, reduce the viral load set
point once treatment is stopped and reduce the rate of viral
mutation and risk of HIV transmission to sexual partners.®
The UK guidelines do not routinely recommend early
treatment of acute HIV infection, but suggest that reatment

may be considered in patients with neurological involve-

ment, any AIDS-defining illness, or a CD4+ count less than

200 cells/microlitre for 3 months or more.* US guidelines?

state that treatment of acute infection is optional.

In chronicinfection, the goal of antiretroviral therapy is to
prevent or reverse immunodeficiency, prevent opportunis-
tic infections, and prolong survival. The dedsion of when to
start antiretroviral therapy should be individualised to take
into account patient-specific refative risks and benefits of
treatment. Guidelines'**+* rec d that antiretroviral
treatment should be given to patients whose CD4+ counts
have fallen below 200 to 350 cells/microlitre or who have
symptomatic disease, irrespective of their viral load or CD4+
count. Treatment is generally not indicated for asympto-
matic patients with a CD4+ count greater than 350 cells/
microlitre but may be considered for patients with a high
viral load (more than 100 000 copies/microlitre), rapid CD4
+ count decline {more than 100 to 120 microlitres per year),
co-infection with hepatitis B or C virus, HIV-assodated
nephropathy, or risk factors for non-AIDS diseases,
particularly cardiovascular diseases.*¢ However, some
experts in the USA! recommend antiretroviral treatment
should be given to asymptomatic patients with CD4+ counts
of 500 cells/microlitre or less and that it should also be
considered in those with CD4+ counts above 500 cells/
microlitre.

Combination therapy with oviral drugs aims to
improve potency, minimise toxicity, and delay drug
resistance. The drugs used in combination therapy are:

» nudeoside reverse transcriptase inhibitors (abacavir,
didanosine, emtricitabine, lamivudine, stavudine, zalci-
tabine, and zidovudine) or the nucleotide reverse
transcriptase inhibitor tenofovir

« HIV-protease inhibitors (amprenavir, atazanavir, dar-
unavir, fosamprenavir, indinavir, lopinavir, nelfinavir,
ritonavir, saquinavir, and tipranavir)

» non-nucleoside reverse transcriptase inhibitors {delavir-
dine, efavirenz, nevirapine, and etravirine}

¢ the entry inhibitors, including the HIV-fusion inhibitor
enfuvirtide, the CCRS-antagonist maraviroc, and the
HIV-integrase inhibitors dolutcgravu', raltegravir, and
elvitegravir

Although ritonavir inhibits HIV-protease when given in

high doses, it is almost exclusively used in low doses for its

CYP450 inhibitory properties, to boost the plasma

concentrations of co-administered HIV-protease inhibitors.

Combination of three antiretrovirals, typically two nucleo-

side/nucleotide reverse transcriptase inhibitors (NsRTL/

NtRTI) plus either a (ritonavir-boosted) HIV-protease

inhibitor (PI) or a non-nucleoside reverse transcriptase

inhibitor (NNRTI), is referred to as highly active
antiretroviral therapy (HAART). Such regimens have
produced sustained reductions in viral load often to levels
below the limit of detection, and have been associated with
improvements in CD4+ count, immune function, and
clinical well-being. This is reflected by the decline in
morbidity and mortality among patients with HIV infection
since the availability of HAART. Triple therapy regimens,
consisting of at least 2 classes of antiretrovirals, are superior
to monotherapy, dual therapy, or triple NRTI therapy.

Quadruple therapy regimens may be of benefit in some

patients but are likely to increase. toxicity. Complete

suppression of viral replication minimises the emergence of
drug-resistant HIv.*!!

When considering combination antiretroviral therapy
several factors need 10 be taken into consideration. Drug
combinations should provide additive or synergistic
antiviral activity without increased toxicity or pharmaco-
kinetic interactions that may affect the efficacy of co-
administered drugs. Drugs with maximal potency should be
combined so as to minimise the risk of drug resistance
developing. The patient’s ability to adhere td a regimen,
comorbid conditions; resulis of genotypic drug resistance
testing. and the likelihood of pregnancy- should also be
taken into consideration.

In the developed world the availability of co-
formulations of zidovudine with lamivudine, abacavir
with lamivudine, and tenofovir with emtricitabine, and
concerns over the toxicity of stavudine and zalcitabine have
resulted in most reaument-naive patients starting with one
of these combinations. There bas been a shift from
zidovudine/lamivudine to abacavir/lamivudine or to
tenofovir/emtricitabine because of concern over the adverse
effects and long-term toxicity (lipoatrophy) associated with
zidovudine. Some experts in the USA? consider abacavir/
Jamivudine to be a second-line combination because
abacavir is associated with an increased risk of myocardial
infarction in patients with high cardiac risk factors.
Furthermore there is concern regarding the effectiveness
of abacavir/lamivudine in patients with baseline viral loads
more than 100000 copies/microlitre."** Similarly, among
the NNRTIs, delavirdine is now rarely used and a shift from
nevirapine to efavirenz has occurred because of the
potential of nevirapine to cause severe skin and liver
toxicity. Efavirenz is the preferred NNRTI except for
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pregnant women {especially during the first trimester) or
women with a high pregnancy potential. A co-formulated
tablet containing tenofovir, emtricitabine, and efavirenz is
available and taken once daily. HIV-protease inhibitors are
almost exdusively used with ritonavir boosting. Giving
amprenavir, atazanavir, darunavir, fosamprenaviz, indina-
vir, lopinavir, saquinavir, or tipranavir, with ritonavir,
improves the pharmacokinetic properties and clinical
efficacy of these HIV-protease inhibijtors. Acceptable Pls
for treatment-naive patients are ritonavir-boosted atazana-
vir, darunavir, fosamprenavir, lopinavir,'%* or

therapeutic options living in_ resource-limited countries.
where the newer more expensive drugs are not available.!®
While HAART maintains plasma viral load at undetect-
able levels in most patients, viral rcplimuon rapidly returmns
to pretreatment levels once treatment is stopped. Treatment
interruption may be associated with a predpitous decline of
CD4+ count, clinical disease progression, and the
development of drug resistance. Structured long-term
treatment interruptions (or planned breaks) are generally
not rccommendcd in patients with HIV infection, even if
e results in chronic non-suppression of HIV

vir.2* Randomised, controlled studies indicate that triple
NRTI treatment with zidovudine, lamivudine, and abacavir
is less potent than combining two NRTIs with either an
NNRTT or a PL with higher rates of virological failure and its
use is not recommended.** Triple or quadruple NRTI
treatment regimens are not recommended,! but may be
used in exceptional drcumstances when a PI- or NNRTI-
based HAART regimen cannot be given.* In the USA,
raltegravir and two NRTIs, preferably tenofovir and
emtricitabine, may also be given as an initial weatment
regimen.)? Maraviroc with zidovudine plus lamivudine was
found to be as effective as efavirenz when used exclusively
in patients with CCRS5-tropic HIV infection: in this patient
grovp maraviroc may be considered for mreatment-
experienced patients or if primary drug resistance is
present.!

WHO guidelines®* recommend that treatment-naive
patients be started on a triple therapy regimen, consisting
of two NRTIs and one NNRTI. Suggested regimens include
zidovudine, lamivudine, and efavirenz or nevirapine, or
tenofovir, lamivudine or emtricitabine, and efavirenz or
nevirapine.

Treatment failure. Although HAART regimens are
generally most effective in antiretroviral-naive patients,
good responses can also be achieved in treatment-
experienced patients.' In patients who have an inadequate
response to therapy, adherence needs to be carefully
assessed and reasons for potential non-adherence
addressed. If a patient has drug toxicity, intolerance to
therapy, or for any other reason is unable to adhere 10
therapy, a change of drugs should be considered. Change of
treatment should also be considered if the patient has a
suboptimal virologic response to their current antiretroviral
therapy and may be considered in those with limited gains
or decreases in their CD4+ count or clinical deterioratian
while on fully suppressive regimens. Resistance testing is
needed to determine which antiretroviral drugs will
possibly be the most active.

Choice of second-line regimen is essentially empirical,
since there js limited evidence from controlled studies.'
Addition of a single antiretroviral drug to a iaxhng
combination regimen is generally not rec

drug

RNA 12430 The continued efficacy of any HAART regimen is
dependent on strict adherence to treatment. The improved
formulation and co-formulation of several antiretrovirals
has reduced the pill burden and newer drugs tend to have
fewer adverse effects. However, the cost of treatment is high
and access to effective treatment in developing countries
with high burdens of disease, although improving, remains
limited. .

Newer antiretroviral drugs to further reduce pill burden
and limit toxicity are in development. In addition, research
continues into further drugs with enhanced activity against
resistant isolates, such as HIV-entry inhibitors (that inhibit
the three steps of HIV entry: CD4 attachment, chemokine
receptor binding, and membrane fusion) and HIV-integrase
inhibitors.2!-2 Interleukin-2 may improve the CD4+ count
in patients with advanced HIV infection, or preserve CD4+
counts in patients with early HIV infection. However, it is
not clear that this results in any additional clinical benefit to
patients on antiretroviral therapy (see p. 810.3). Some
vaccines aimed at preventing HIV infection or reducing the
HIV viral load are currently under investigation (see AIDS
Vaccines, p. 2376.1).
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because further resistance may result.'** When a new
regimen is started, 2 to 3 drugs should be included to which
the patient has not been exposed or to which the virus is not
resistant.
s A failing regimen of two NRTIs and an NNRTI may be
replaced by a ritonavir-boosted PI with one or two
different fully active NRTIs.!-+4:6
In a failing NNRTI regimen, the NNRTI should be
replaced with a drug with different mechanism of action,
most commonly a ritonavir-boosted PL but newer drugs
such as the integrase inhibitor raltegravir, the CCRS
antagonist maraviroc, or the NNRTI etravirine may be
tried. Etravirine must be given with a potent ritonavir-
boasted PI-containing regimen.!

« For patients who fail on a ritonavir-boosted PI based
regimen, treatment options are to change to a NNRTI-
based regimen (if not previously used), substrute the
HIV-FI for one with limited cross-resistance (such as
ritonavir-boosted atazanavir, darunavir, lopinavir, or
tipranavir), and/or add a drug with a different
mechanism of action, such as the HIV-fusion inhibitor
enfuvirtide, raltegravir, or the CCRS antagonist
maraviroc.24

In multidrug-experienced patients the goal of treat-

ment s still to suppress HIV-! RNA to less than

50 copies/mL. In these patients treatment regimens should

include at least 2, and jdeally 3, fully active drugs, and at

least 1 drug from a different class, such as enfuvirtide,
etravirine, maraviroc, or raltegravir, should be included.!4

Ritonavir-boosted PIs with activity against resistant viruses

are usually the basis of a new regimen. ! Ritonavir-boosted

tipranavir'*!® or darunavir,'* when used as part of a

combination regimen with at least one (preferably two)

active agents such as enfuvirtide, result in better viral
suppression and CD4+ count increases in patients with
multidrug resistant HIV-1 infection than standard ritonavir-
boosted Pls.!”!® Etravirine, which may be used depending
on the number of NNRTI-associated resistance mutations
present, must be given with a potent ritonavir-boosted PI;
darunavir, but not tipranavir, is suitable,! There is no
evidence for the use of two HIV-PIs,' but some consider that
they may be an alternative for patients with limited
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HIV-associated infections and lications. Infections.
Patients with HIV infection and AIDS are at increased risk
of specific bacterial, fungal, protozoal, and viral infe tions
largely as a result of impaired cell-mediated imm mity.
With the introduction of antimicrobial prophylaxi: and
HAART there has been a significant decrease in the ind-
dence of most AIDS-defining opportunistic infections,
espedially in the developed world. However, HIV-related
opportunistic infections and deaths sdll occur in paients
newly diagnosed with HIV infection, in those in the early
course of HAART, in those non-adherent to theh HIV
treatment, or in those with drug-resistant HIV infe tion;
deaths also result from non-opportunistic infection: and
chronic viral hepatitis.!

» Infections affecting the lungs include recurrent bac :erial
pneumonia {p. 200.1), pneumocystis pneun onia
(p. 567.2), and pulmonary tuberculosis (p. 210.2).
Many pathogens cause gastrointestinal-tract disease in HIV-
infected patients, including candida oesoph. gitis
{p. 564.1), CMV colitis {p. 954.2), and amoehiasis
(p- 919.1), cryptosporidiosis (p. 921.1). giarciasis
{p. 921.3), isosporiasis {p. 921.3), or microsporic iosis
(p. 924.1).

» AIDS-defining neurologica! infections include .\IDS
dementia complex (HIV encephalopathy), cryptoc ccal
meningitis {p. 565.2), cerebral toxoplasmosis (p. 924.2).
and progressive multifocal leukoencephalopathy (see
Infections in Immunocompromised Patients, p. 960 2).
Systemic opportunistic infections in AIDS patients include
tuberculosis, coccidioidorycosis (p. 565.1), histo slas-
mosis (p. 566.1), and Mycobacterium avium corm plex
infections (see Nontuberculous Mycobacterial Infect ons,
p. 194.1). CMYV retinitis (p. 954.2) may be a cau:e of
blindness, while chronic herpesvirus infections
(p- 954.1) may affect the skin and gastrointestinal t-act.
Recommendations have been published for both meatrient
and prophylaxis of opportunistic infections in +JIDS
patients.?* Recovery of immune function in patents
responding to HAART may be sufficient to protect agi:inst
centain opportunistic infections and to allow pnmarl or
secondary prophylaxis ta be stopped.

Other complications. Non-infectious comphcanox s of
HIV infection include cardiovascular events, renal disease,
metabolic and skeletal disorders, toxidities of HAART, and
malignandes (p. 959.1).

HIV infection and adverse effects of HAART nay
accelerate the typical problems associated with ageing and
in particular cardiovascular disease.® HIV infection appea s to
increase the risk of coronary hean disease by up to twefold
compared with uninfected persons and the mean ag: at
which it develops is more than 10 years earlier (at abou: 50
years of age) in HIV-infected persons.

Black patients with HIV infection may develop chron:cor
end-stage renal disease due to HIV-associated nephrop: thy
(HIVAN) or thrombotic microangiopathy; antiretroniral
therapy can improve renal function in HIVAN and may s ow
or even stop its progression. Acute renal failure is comr ion
in hospitalised patients with (opportunistic) infections,
malignandies, or hepatitis C co-infection, while protein:wria
is common in all HIV patients and may reflect an increzsed
risk of cardiovascular events. Antiretrovirals, in partic tlar
tenofovir and indinavir, may cause renal dystunctior.*?
Guidelines for the mar of chronic kidney diseas : in
HIV-infected patients have been developed by the @IV
Medicine Assodation of the Infectious Diseases Sodety of
America.®

Metabolic complications associated with HIV infection and
HAART include dyslipidaemia, abnormal glucose metab-
olism (insulin resistance, impaired glucose tolerance, «nd
diabetes mellitus), and bone disorders {osteopenia, 0si2o0-
porosis, and osteonecrosis); hepatic steatosis may occur with
or without lipodystrophy in the form of lipohyperirophy
(fat accumulation) or lipoatrophy (fat loss). HAART nmay
occasionally cause lactic acidosis.0!

Pancytopenia is commonly seen in patients with advan.ed
HIV infection, and neurological syndromes such as asej tic
meningitis, headache, neuropathy, myopathy, and Guil-
lain-Barré syndrome, may occur at any stage of he
infection.
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HiV-associoted malignoncies. There is an increased ind-
dence of certain malignancies in patients with HIV infec-
ton. Malignancies commonly associated with HIV infec-
tion are Kaposi's sarcoma (p. 718.1), Hodgkin's disease,
non-Hodgkin’s lymphoma and primary CNS lymphoma
{(see AIDS-related Lymphomas, p. 697.2), invasive cervical
cancer (p..704,2), and anal cancer (see Malignant Neo-
plasms of th.f, Anus, p. 708.1). Some tumours may regress
to effective antiretroviral therapy. Guidelines
for the, management of HIV-associated malignandes have
also been issued by the British HIV association.'
1. BcwexM, etal. AIDS British KIY
lines for RIV- 2008. IV Med 2008; 9: 336~
58 “Also available ar: hetp://www . bhive.org/documents/Guidelines/
Malignancy/080627MaligFinal.pd! (accessed 19/08/10)

HIV iated fing. Severe malnutrition in HIV-
infected patients is recognised as wasting syndrome!* and
has been defined as an involuntary loss of body-weight of
10% or more (of both lean and fat tissue) and may be
associated with fatigue, fever, and diarrthoea (not
explained by another cause). However, there is some
debate as to whether it should be defined as the loss of 5
or 10% of usual weight and whether changes in body
composition, rather than weight alone, better define the
syndrome. Wasting is associated with morbidity and mor-
tality in advanced HIV infection and AIDS. Wasting
syndrome has been associated with inadequate oral intake,
malabsorption syndrome, metabolic disorders, hypogonad-
ism, and increased cytokine production. Weight loss and
malnutrition tend to be less severe in patients taking
HAART. However, loss of body cell mass may occur in
patients given HAART and needs to be differentiated from
fat redistribution {lipodystrophy).

Since HIV replication is central to the par.hogencsxs of
wasting syndrome, antiretroviral therapy Is indicated.
Nutritional intervention, exercise, and drug treatment may
be indicated in patients who have an incomplete response to
antiretroviral therapy. Drugs that -have been tried include
growth hormone, the appetite stimulants dronabinol and
megestrol, the growth hormone mediator mecasermin,
steroid hormones (testc one and ne analo-
gues), synthetic anabolic steroids {nandrolone, oxandro-
lone, and oxymetholone), and drugs that decrease cytokine
production such as pentoxifylline and thalidomide. A
suggested initial approach to the management of wasting? is
to increase dietary intake of protein or total calories.
Nutritional supplementation and exercise should always be
considered and encouraged before drug treatment is started.
Testosterone replacement may be given to HIV-infected
men with significant weight loss and low testosterone levels,
and megestrol may be given to patients who are unable to
voluntarily increase or maintain total energy intake. Other
drug treatments such as growth hormone and anabolic
steroids may be considered where rapid weight loss is
associated with acute infection and in severe cases of
continued weight loss refractory to non-drug therapies.
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HIV infection prophylaxis

Non-occupational exposure to HIV. Behavioural
changes are the most effective methods of reducing the
spread of HIV infection in the general population. These
include the promotion of safe sex practices and needle
exchange schemes for intravenous drug users. Guidelines
have been published in the USA! for postexposure
prophylaxis (PEP) after sexual activity, intravenous drug
use, or other non-occupational exposure to HIV amongst
the general population:

o a 28-day course of HAART is recommended for persons
who have had non-occupational exposure to potentially
infected body fluids of a person known or suspected to
have HIV infection when there is a substantial risk of
transmission and when the person presents within 72
hours of exposure

o for persons seeking care within 72 hours of
non-occupational exposure from a person of unknown
HIV status, or when such exposure would represent a
substantial risk for transmission if the source were HIV-
infected, it is recommended that risks and benefits of PEP

. be evaluated on an individual case basis

s PEP js generally not recommended for persons seeking
care where there is no ‘substantial risk for HIV
transmission or for those presenting more than 72
hours after exposure {although it may be considered for
persons seeking care after more than 72 hours if the
exposure represents a sub ial risk for tr. ission)

Guidelines for non-occupational PEP have also been

produced in the UK*? for exposure outside the healthcare

setting and are similar to those for occupational exposures

(see below); when given, PEP should be started as soon as

possible after exposure.

Occupational exposure to HIV, The risk of
seroconversion Is estimated at about 0.3 to 0.4% after
percutaneous contamination with HIV-infected blood and
considerably less for accidents involving contamination of
intact skin or mucous membranes. In view of potental
toxicity of antiretrovirals, the decision whether to give PEP
should balance the risk of infection against the potential
drug toxicity and PEP should generally only be offered to
intermediate to high-risk cases. Factors associated with
increased risk of occupationally-acquired HIV infection
include:

o deep injury

o visible blood on the device which caused the injury

» injury with a needle which had been placed in a source
patient’s artery or vein

o primary HIV infection or terminal HIV-related illness in
the source patient

U PEP is given it should be started as soon as possible after

the exposure. Zidovudine monothetapy has been exten-

sively used for PEP and reduces seroconversion after
percutaneous exposure by 79%. PEP with combination
antiretroviral drugs is now preferred as it resulis in more
complete suppression of viral replication and is more likely
to afford some protection against drug-resistant HIV strains.

Guidelines for the UK? recommend a 4-week course of
antiretroviral therapy after occupational percutaneous,
mucous membrane, or broken skin site exposure to high-
risk body fluids or tissues known to be, or suspected of
being, infected with HIV. They advise that PEP emergency
starter packs should contain two nucleoside reverse
transcripiase inhibitors (NsRTIs) (tenofovir and emtricita-
bine} and a boosted HIV-protease inhibitor (lopinavir-
ritonavir).

_Guidelines in the USA* recommend selection of PEP
regimens based on the tevel of risk of transmission presented
by the exposure and other considerations such as possible
antiretroviral drug resistance in the source. Most occupa-
tional HIV exposures can be managed with a two-drug
regimen, using two NsRTIs or one NsRTI and one nucleotide
reverse transcriptase inhibitor (NtRTI). Although there are
no definitive data to show increased efficacy of 3-drug PEP
regimens over 2-drug regimens, the addition of further
drugs may be considered for exposures that pose an
increased risk of transmission or if amtiretroviral drug
resistance is likely. HIV-protease inhibitors are recom-
mended as the preferred drug for inclusion into 3- or 4- drug
regimens but the NNRTI, efavirenz, may be considered
when resistance to HIV-protease inhibitors in the source
person is known or suspected. Due to the higher risk for
potentially serious or life-threatening adverse effects
abacavir, delavirdine, nevirapine, zalcitabine, and the
combination of didanosine and stavudine, are not
recommended for PEP.

Measures aimed at reduding vertical transmission of
HIV from mothers to their infants include antiretrovira!
therapy to the mother and baby, elective caesarean section,
and avoidance of breast feeding when replacement feeding
is acceptable, affordable, and safe.”®

The risk of vertical transmission is directly proportional
to the maternal plasma HIV viral load at the time of delivery,
and very few HIV-infected children are born to mothers
whose HIV viral load is undetectable. The benefit of elective
caesarcan section is therefore most profound in women
with detectable or high HIV viral loads. In contrast,
zidovudine monotherapy given during pregnancy and
Iabour, and to the infant postpartum, reduces the rate of
vertical transmission by about 70%, irrespective of maternal
viral load or CD4+ count.!®!! However, zidovudine
monotherapy is suboptimal for mothers with high viral
loads, in whkom combination antiretroviral therapy should
be used to prevent vertical transmission.

In resource-limited settings, infants born to HIV-infected
mothers who are not breast fed are at very high risk for
mortality or morbidity. This risk can exceed that associated
with HlV-infection and WHO therefore recommends
exclusive breast feeding for infants born to HIV-infected
women for the first 6 months of life if replacement feeding is
ROt acceptable, feasible, affordable, sustainable and safe.'?
However, breast feeding continues to expose the infant to
the risk of HIV infection and studies are ongoing to
determine if extending the duration of antiretroviral
prophylaxis will reduce HIV transmission via breast feeding.
Extended prophylaxis for the Grst 14 weeks of life with
nevirapine or with nevirapine plus zidovudine significantly
reduced postnatal HIV infection in 9-month-old infants,!?
but extended treatment for the first 6 weeks of life with
nevirapine did not reduce the risk of HIV transmission at 6
months of age.!* The use of nevirapine in this manper is
controversial because it rapidly induces resistance to
NNRTI.* Extended prophylactic treatment of infants with
lamivudine, for a maximum of 6 months. during
breasdeeding, was found to be effective in reducing HIV
transmission.'® Another approach being investigated to .
prevent postnatal HIV transmission is to continue HAART
treatment during breastfeeding in those HIV-infected
mothers who received HAART during pregmmcy solely for
ptophylaxls of perinatal HIV transmission.'

Gu for the 1t -of HIV infecuon in
pregnant women and for the prevention of transmission of
HIV from mother to child have been developed for the USA”
and the UK. The US guidelines’ recommend that
zidovudine-based therapy is of proven benefit in preventing
perinatal HIV transmission, but three-drug combination
drug regimens should be considered the standard of care for
both treatment of HIV infection in pregnant women and
prevention of perinatal HIV transmission, Treatment to
prevent the latter should be offered to all wormen, regardless
of CD4 count and viral load:

» women who are taking HAART and become pregnant
should continue with their regimen, although regimen
with potentially terafogenic drugs such as efavirenz
should be substituted in the first trimester, as should
combinations with known adverse potential for the
mother, such as stavudine/didanosine. I an HIV-
protease inhibitor is required, ritonavir-boosted lopinavir
is the drug of choice; alternatives include ritonavir-
boosted atazanavir, indinavir, or saquinavir. Treatment
should be continued both during labour (with zido-
vudine given intravenously and other antiretroviral
drugs given orally), and postpartum

» women who have not had antiretroviral treatment and
have indications for therapy should also begin HAART,
subject to the same precautions as above; those who do
not require HAART for their own health should be
offered it for prevention of perinatal transmission, but

- treaumient may be delayed until after the first trimester,
and should be stopped postpartum unless indications for
continuing it develop. If the regimen includes a long
half-life NNRTL consideration should be given to
continuing NRTIs for at least 7 days after stopping the
former

* women who have previously had anuretrovuals should
be offered an BAART regimen based on resistance
testing; use of zidovudine as a component of the regimen
is recommended when feasible. Need for continuing
therapy should be evaluated postpartumn

e in all cases above, the infant should be treated with
zidovudine intravenously or orally for 6 wecks, starting 6
to 12 hours after birth; the course may be reduced to 4
weeks where adherence or toxicity is a problem

¢ in women wha have had no antiretroviral therapy before
labour. treatment should be offered with:

* mother: continuous infusion of zidovudine during
labour; infanr: zidovudine for 6 weeks started within 6
to 12 hours of birth
or

e mother: continuous infusion of zidovudine during
labour, plus a single dose of nevirapine at onset;
consideration shauld be given to adding lamivudine
during labour and zidovudine and lamivudine for 7
days postpartum, to reduce development of nevir-
apine resistance; infant: single ora! dose of nevirapine
at 2 to 3 days after birth, plus zidovudine for 6 weeks

o if the mother has no antiretraviral therapy either before
or during labour, the infant should stll be given
zidovudine for 6 weeks, started as soon as possible after
birth. The use of other drugs for prophylaxis in infants
requires spedialist consultation

While similar to those of the USA, the UK guidelines®

recommend that zidovudine monotherapy combined with

elective caesarean secion may still be an option for
pregnant women in whom HAART is contra-indicated and
whose HIV viral load is less than 10000 copies/mL, or for
women not wishing to take HAART during pregnancy.

Infants born to HIV-infected mothers should be given

zidovudine for 4 weeks after birth. Alternative antiretroviral
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therapy may be given to infants whose mothers did not take

zidovudine in their treatment regimen and triple therapy

may be considered for infants whose mothers had no
antiretroviral therapy or whose mothers are infected with
drug-resistant HIV.

WHO has published guidelines on the use of
antiretrovirals in pregnancy and for preventing HIV
transmission to infants in resource-limited settings® and has
updated them in line with available evidence.?

* In countries where HAART is available, women with a
CD4+ T lymphocyte count below 350 cells/microlitre and
those with a CD4+ T lymphocyte count greater than
350 cells/microlitre who have other indications for
antiretroviral treatment should start HAART during their
pregnancy. The preferred regimens are zidovudine plus
lamivudine and either nevirapine or efavirenz. Alter-
native recommended regimens include tenofovir, plus
lamivudine or emtricitabine, and nevirapine or
efavirenz.* However, efavirenz-based regimens should
not be started during the first trimester of pregnancy.
‘Women already taking antiretrovirals should continue
their therapy: but consideration should be given to
switching those who are in the first trimester of
pregnancy and taking efavirenz to a nevirapine-
containing regimen
Non-breast fed infants born to these mothers should be
given zidovudine or nevirapine {from birth until 6 weeks
of age; breast-fed infants should be given nevirapine
from birth until 6 weeks of age®

* Women in whom maternal HAART is not indicated. or
those living in countries where HAART is not available,
should be given short-course zidovudine starting at 14
weeks of pregnancy or as soon as feasible thereafter and
continued into labour. A single dose of nevirapine should
be given at the onset of labour 1o the mother. Zidovudine
and lamivudine are given during labour and delivery and
then for 7 days postpartum to reduce the emergence of
nevirapine resistance. The single dose of nevirapine, and
the zidovudine plus lamivudine given intra- and
postpartum, can be left out if the mother has received
more than 4 weeks of zidovudine during pregnancy
Non-breast fed infants born 10 these mothers should be
given zidovudine or nevirapine from birth until 6 weeks
of age; breast-fed infants should be given nevirapine
from birth until 1 week after exposure 1o breast milk is
stopped®

* Another option for HIV-infected women being treated to
prevent perinatal transmission to the infant. but not in
need of therapy for their own health is triple
antiretroviral therapy starting from as early as 14
weeks of gestation until one week after all exposure to
breast milk has ended. The recommended regimens
include zidovudine, lamivudine plus either ritonavir-
boosted lopinavir, abacavir or efavirenz, or alternatively
tenofovir, emtricitabine or lamivudine, plus efavirenz
Non-breast fed infants born to these mothers should be
given zidovudine or nevirapine from birth untl 6 weeks
of age; breast-fed infants should be given nevirapine
from birth until 6 weeks of age.*

Other €S Necessary to mini thetr ission of

infection include the rigorous selection of blood donors,

microbiological screening of blood. and, where possible,

heat treatment of blood products. Maternal vitamin A

defidency has been identified as a risk factor for vertical

transmission in Africa (see p. 2100.2). Nutritional
intervention and vaginal cleansing during labour could
reduce vertical mransmission in regions where zidovudine
therapy is not readily available.
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Infections in immunocompromised patients

Most viral infections present in a more severe form in
immunocompromised patients than in immunocompetent
patients. Among the viral infections that may be a particular
problem in immunocompromised patients are hepatitis,
herpesvirus infections (including CMV and Epstein-Barr
virus infections), measles, and RSV infections. For further
information and treatment of these infections, see under the
individual diseases. For secondary infections occurring in
HIV-infected patients, see p. 958.3.

Persistent infection with human parvovirus B19 can
cause red cell aplasia with resultant anaemia, particularly in
immunocompromised patients; treatment with immuno-
globulin has been reported to be successful.

Infection with a polyomavirus (JC virus)*? can cause
progressive multifocal leukoencephalopathy.
Although no treatment has been consistently successful,?
prolonged survival has been reported in patients receiving
interferon alfa’ and in those receiving HAART.*$ Cidofovir
may be of benefit in patients unresponsive to HAART.?*
Rarely, JC virus, and much more commonly a related
polyomavirus, BK virus,” have been assodated with
polyomavirus-associated nephropathy (PVAN)
renal transplant patients, a condition associated with poor
prognosis for graft survival. BK virus is also associated with
haemorrhagic cystitis after stemn-cell transplantation.!?
Cidofovir'! has been investigated for management of BK
virus infections.
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Influenza

Influenza is an acute respiratory-tract infection caused by
RNA viruses of the family Orthomyxoviridae. Three types of
influenza virus, A, B, and C, have been dassified. Type A
causes most infections in man; type B causes a similar
though possibly milder infection than type A; type C
generally only causes mild infection. Epidemic influenza is
usually caused by the type A influenza virus. Outbreaks of
influenza due to the type A virus occur in most years while
those due to the type B virus tend to occur at intervals of
several years. Influenza viruses are antigenically labile with
the principal surface antigens, haemagglutinin and

neuraminidase, undergoing frequent changes. Mijor
changes (antigenic shifts) in these surface antigens orcur
periodically and are responsible for the emergence of the
subtypes of virus which may cause pandemic influenza;
minor changes (antigenic drift) occur more frequently and
are responsible for the annual epidemic outbreaks of
influenza.

Influenza is transmitted from person to person in
respiratory droplets with an incubation period of 1 to 2 days.
Infection with influenza A or B virus usually lasts for about
1 to 2 weeks and is characterised by sudden onset of fever,
chills, headache, malaise, myalgia, dry cough, nasal
obstruction, and a dry or sore throat. Infections are usually
acute but self-limiting and persons with pre-existing
immunity, or those who have received influenza vaccine,
have less severe symptoms. Complications that may occu-in
the course of infection include primary viral pneumonia,
secondary bacterial pneumonia, croup, exacerbation of
asthma or chronic bronchitis, myositis, Reye’s syndrorne,
and the toxic shock syndrome. Patients at high risk of
complications include the elderly, children less than 5 years
of age and particularly those less than 2 years of age, persuns
18 years of age or less who are receiving long-term aspirin
therapy, those who are morbidly obese, women who ire
pregnant or up to 2 weeks postpartum, persons with
haemoglobinopathies, immunocompromised individuals,
and those with heart disease, chronic chest disease,
metabolic disorders, chronic renal disease, chronic lier
disease, and certain neurological disorders.

Since 1997, infection of humans with avian influerza
virus H5N1 (so-called ‘bird flu‘) has been reported, initially
in Hong Kong. Avian influenza may cause severe illness and
is associated with high mortality. Since then cases have aiso
been reported in other Asian countries and in the near East.
Although the current H5N1 influenza strains appear not to
be transmissible from human to human, it is of major
concern that further mutations or mixing with human
influenza strains could convert H5N1 to a strain that would
spread from human to human and cause a serious
pandemic.? In April 2009 an influenza outbreak in
humans, first detected in Mexico, and termed pandemic
(HIN1) 2009 influenza (previously referred to as novel
influenza A (HINI) and also known as swine flu), was
caused by a new strain of influenza A virus, subtype HINI.
Infections had been reported worldwide and on 11th June
2009 WHO declared a worldwide pandemic. Because there
was litle or no pre-existing immunity to the virus the
impact of the infection has occurred in a wider age range
than seasonal influenza (particularly children and young
adults). Additionally, it can infect the lower respiratory tract
and cause rapidly progressive pneumonia espedally in
children and young to middle-aged adults. Although most
patients have a milder disease and recover without antiviral
treatment or medical care, severe complications including
fatal outcomes have occurred. In those who required
hospitalisation, mare than half had underlying healh
conditions or weak immune systems. However, about a
third of those with very severe illness admitted to an
intensive care unit were previously healthy. By August
2010 epidemiological data indicated that the behaviour of
the virus and its patterns of wansmission were transitioning
towards that of seasonal influenza and WHO announced
that the (HIN1) 2009 influenza pandemic was over.
However, sporadic and localised outbreaks may continue to
cause serious disease in high-risk groups in the post-
pandemic period.> WHO has developed detailed guidelines
for the pharmacological management of avian influenza‘*®
and pandemic (HIN1) 2009 inﬂucnza" in humans Sl.mﬂar
guidelines for the of an infl
have been developed in many countries.>!®

The most effective means of preventing influenza is to
provide seasonal vaccination with influenza vaccine adjusted
10 take account of current antigenic drifts and shifts and to
provide protection against both influenza A and B. WHO!!
recommends that elderly individuals and persons of any age
who are considered to be at high risk of influenza-related
complications should be vacdnated. Similar recommenda-
tions have been made in the UK'? and USA.1>13

In healthy adults living in industrialised countries,
protective efficacy of influenza vaccine is about 70 to 90%.
and vaccipation of the elderly living in the community
reduces the number of hospitalisations by 25 to 39% and
death by 39 to 75%.!! Vaccines have been developed against
2009 pandemic (H1N1) influenza and avian influenza. For
further information see under Influenza Vaccines,
p. 2393.3.

Four antiviral drugs are available for the prevention of
influenza: the M2 ion channel inhibitors, amantadine and
rimantadine (ad ). and the inidase inhi-
bitors, oseltamivir and zanamivir. Andvirals appear to act
independently of vaccination and provide additional
barriers to the virus, but should not be used as a substitute
for vacdnation. They may be considered for postexposure
prophylaxis, for seasonal prophylaxis in unvaccinated
individuals at high risk, for persons who take care of those at
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high risk, and in vaccinated individuals if an influenza
outbreak occurs less than 2 weeks after vaccination with an
inactivated vaccine, or if circulating influenza strains are
thought to be different to the vaccine strain. Prophylaxis
with antivirals may also be considered in vaccinated
immunocompromised individuals whose antibody response
to the vaccine is likely to be incomplete.'$!7 Postexposure
prophylaxis should be started within 48 hours of the most
recent exposure and is given for no more than 10 days.'®
Preexposure prophylaxis should be given for the duration of
(ime when exposure might occur.!®

and dine, when started before
exposure and contmued throughout the period of exposure,
are effective in preventing influenza A in 60 to 90% of
patients. They are ineffective against influenza B and
therefore cannot be considered as a substitute for
vaccination unless the vaccine is contra-indicated.!®
Additional problems with these drugs are the rapid
development of viral resistance and subsequent spread of
resistant virus to dose contacts and the potential to cause
serious CNS adverse effects. All strains of influenza
anticipated to drculate during the 2011-2012 winter
influenza seasons, including pandemic (HIN1) 2009
influenza strains, are resistant to adamantanes.'?

A systematic review?? of dinical studies in healthy adults
and “children mdlcatcd that both the neuraminidase
inhibitor § and ivir, were effective in
preventing and treating the symptoms of influenza A and B
but they do not prevent pr or stop influenza
virusés from spreading from person-to-person.

In ‘the "USA, all 4 antiviral drugs are licensed for
postexposure praphylaxis of influenza but anly oseltamivir
and zanantivir are recommended by the Advisory
Committee on Immunization Practices'® and the American
Academy of Pediatrics.!* In the UK, amantadine, zanamivir,
and oseltamivir arg licensed for prophylaxis, but only
oseltamivir and zanamivir were recommended by NICEY
for postexposure prophylaxis in those at high risk of
complications of influenza. Recommendations did not
favour use for seasonal prophylaxis of influenza.

For most people treatment of influenza is largely
symptomatic and supportive. However, antivirals may be
used for the treatment of vaccinated or unvaccinated
individuals who develop symptoms. Amantadine and
rimantadine have been shown to reduce the duration of
uncomplicated influenza A infection when given within 43
hours of the onset of symptoms. These drugs may be
considered for patients at high risk of complications.
Treatment failures may be due to the rapid emergence of
drug resistance.'*32 They are not effective against influenza
B, seasonal influenza A (H3N2), or the pandemic {HINI)
2009 strain.* Oseltamivir and zanamivir given within 48
hours of the onset of symptoms are active against both
influenza A and B viruses and reduce the duration of
uncomplicated influenza by about 1 day in healthy adults
and adolescents. Data are limited and inconclusive for all 4
drugs in terms of efficacy when given to individuals at high
risk of complications of influenza. Neuraminidase inhibitors
have several ad es compared with dirte
including reduced viral resistance, additional efficacy
against influenza B, fewer adverse effects (including CNS
effects), and reduction in dinical symptoms. Viral strains
Tesistant to amantadine and rimantadine generally remain
susceptible to neuraminidase inhibitors.20-32

In the UK, oseltamivir and zanamivir are recom-
mended?? for the treatment of those at risk of complications
of influenza who can start reatment within 48 hours (or
within 36 hours for zanamivir treatment in children) of the
onset of symptoms. In the UK NICE does not recommend
the use of amantadine for the treatment of influenza. In the
USA, the Advisory Cominittee on Immunization Practices'®
and the American Academy of Pediatrics'* recommend
oseltamivir or zanamivir for treatment of acute illness
caused by influenza A and B. Treatment js given for 5 days,
although longer treatment regimens might be needed in
hospitalised and immunosuppressed patients. Treatment
should be started as soon as possible (ideally within 48 hours
of iliness onset), but treatment may stll be of benefit in
patients with severe or progréssive illness and in
hospitalised patients if started after 48 hours.'* Neurami-
nidase inhibitors have also been eftective against some
strains of avian influenza in amimal studies and may be
considered for both prophylaxis and treatment of suspected
infections,? although WHO recommends oseltamivir as the
treatment of choice.’

Peramivir is a neuraminidase inhibitor that is given
intravenously; although it has not yet been approved for
marketing in the USA, the FDA has authorised its
emergency use to treat certain adult and paediatric patients
with suspected or laboratory-confirmed pandemic (HINI1)
2009 influenza, or infection due to nonsubtypable influenza
A virus suspected to be 2009 HIN1 based on community
epidemiology. Laninamivir octanoate has been licensed for
use in Japan. It is a Jong-acting neuraminidase inhibitor
given as a single oral inhalation for the treatment of

influenza. Intravenous formulations of oseltamivir and
zanamivir are under investigation and available on a
compassionate use basis in some countries for the treatment
of influenza.&1¢
Pregnant women with confirmed or suspected influ-
enza should be given antiviral treatment as they are known
to be at higher risk for complications from infection.!*
Oseltamivir is preferred for treatment of pregnant women
although zanamivir might be preferred by some providers
because of its limited systemic absorption.'®
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However, severe disease and complications may develop
and are more common in adults and in children who are
undemnourished or immunocompromised. Most complica-
tions occur when the measles virus further suppresses host
immune responses, resulting in a reactivation of latent
infections or superinfection by bacteria, Respiratory
complications include giant cell pneumnonia, bronchopneu-
monia, and laryngotracheobronchitis, while neurological
complications include febrile seizures, acute encephalitis,
progressive subacute encephalitls, and the more slowly
progressive subacute sclerosing panencephalitis (SSPE)
which may develop several years after the original measles
infection. Other complications indude diarrhoea, otitis
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replacement. Vitamin A treatment for children with measles

Available at: hetp: . who.

in developing countries has been associated with a

hlnl dell l_mngt.pdi d 28/01/11)
7. Cliniczl management of human infection with pandemic {HIN1) 2009:
revised guidance, November 2009, Geneva: WHO, 2009, Available at:
beep:/iwwwr.who. i fu/clinical_man-
agement_hlni.pdf (accessed 08/12/09)- M

significant reducton in mortality (see p. 2100.3). A
systematic review of randomised studies concluded that a
dose of 200 000 units of vitamin A given on 2 consecutive
days rcduced mortality in children under 2 years with

8. Brish Infection Society. British Thoradc Sodety, Health P
Agency. Pandemic fu: clinical management of patients with an
influenza-like iliness during an influenza pandemic. Thorax 2007; 62
(suppl 1): i1-i46. Correction. ibid.; 474. Also available az.hm:llwww
brit-thoracic.org.uk/ linical% /

pdf d 19/08/10)

9. Security and Prosperity Pannzxship of North America. North American
plan for avian and pandemic influenza (issued August 2007). Available
at: htrp:/tvweww spp.govipdt/nap_flu07.pd! (accessed 03/04/08)

10. Dwyer DE, e al. Preparing {or an influenza pnndmﬁc Med T Asat 2006;
183 (suppl): $25-580.

11. WHO. Influenza vaccdnes: WHO position paper. Wkly Bpidem Rec 2005;
80:  277-88. Available at:  hutp://www.who.int/immunization/
wer8033influenza_August2005_position_paper.pdf (accessed 03/04/08)

12. DoH, Seasonal flu immunisation 201172012 London: Depart-
ment of Health (ixrucd 25 May, 2011). Available av: hitp://www.dh.gov.
uk/prod_consum_dh
ah_128173.pat (accessed 19/03/12)

13. Amenun Academy of Pediatrics Committee on Infectious Discases,

{or the p and control of
inlluenzz in children, 2011.2012. Pediarrics 2011: 128: 813-25. Also
available au 128/4/813.

full pdf+himi (accessed 19/03712)

14. CDC. Prevention and control of influenza with vaccines: recommenda-
tions of the Advisory Committee on Immunization Practices (ACIP),
2010. MMWR 2010; S9{RR-8): 1~62. Correction. ibid; 993 and 1147.
Also  avatlable ar:  hep://www.cdc.gov/mmwr/PDF/re/er5908.pdl
{accessed 07/02/11)

15. CDC. Update: recommendatons of the Advisory Committee on
Immunization Practices (ACIP) regarding use of CSL seasonal influenza
vaccine {Afluria) in the United States during 2010-E1. MMWR 2010; 59:
989-92, Also available at: P cde. gt

lad. hum 07/02/11)

T6. Anonymous. Antiviral drugs for influenza. Med Leit Drugs Ther 2011; 53:

-3,

* 17, Nicholson KG, et al. Influenza. Lancet 2003; 36Z: 173345,

18. CDC. Antiviral agents for the weamment and chemoprophylaxis of
influenza: recommendations of the Advisory Committee on Immuniza-
tion Practices (ACIP). MMWR 2011; 60 (R.R 1): 1-26. Alsa available at:
htrp: ivwww.cdc.gs 27/0U11)

19. JeHerson T, eral. A and dine for infls Ain adults.
Available in The Cochrane Database of Systematic Reviews: Issue 2.
Chichester: John Wiley; 2006 (accessed 03/04/08).

20. Jeflerson T, ot al. for p g and treating
influenza in healthy adults and children. Avnlhhle in Th< Cochrane
Database of Systematic Reviews: Issue 1. Chichester: John Wiley; 2012
(accessed 19/03/12).

2]1. NICE. Oseltamivir, amantadine (review) and zanamivir for the
prophylaxis of influenza; Indudes a review of NICE technology
appraisal guldance 67: NTICE technology appraisal 158 {issued quember
2008).  Available  ar:  hup://www. nice.org.uk/ni dt

les.2 WHO recc ds that Y A
be given to all children with measles in developing countries
in order to prevent keratitis and blindness. A recent review
has suggested that prophylactic antibacterials may be of
benefit in preventing complications such as pneumonia,
purulent otitis media, and tonsillitis in children with
measles but of no benefit for conjunctivitis or gastro-
enteritis;’ evidence from earlier reviews did not support
such use.*5 However, prompt antibacterial therapy should
be given to those patients-who develop keratitis, otitis
media, or pneumonia. There appears to be no good evidence
for the use of antivirals, although there are case reports of
ribavirin being used to trcat severely affected and
immunocompromised adults with acute measles® or
patients with subacute sclerosing panencephalitis (intra-
venous ribavirin plus intrathecal high-dose interferon alfa’
or intraventricular ribavirin®). No controlled studies have
been conducted and the use of ribavirin should be
considered experimental.

1. Perry RT. HnlseyNA.Thcdlnlalﬂmlﬁnncenlmndzs:lrwkw Pl

Infect Dis 2004; 89 (suppl L}: $4-S16.
2. YangHM. e «l. Vitamin A for treating measles in children. Available in
The Cochrane Database of Systematic Reviews; Issue 4. Chichester: John
Wiley; 2005 (sccessed 03/04/08).
. Kabra SK. ef af. Antibi for preventing children with
measles. Available in The Cochrane Database of Systematic Reviews;
Issue 3. Chichester: John Wiley: 2008 (accessed 28/08/08).
4. Shann P. Meta-analysis of trials of prophylactic antbiotics for children
with measles: inadequate evidence. BMJ 1997; 314: 334-7,

5. Duke T. Mgone CS. Measles: not Just another viral exanthem. Lasncer
2003; 361: 763-73.

6. Fornl AL ot al. Severe measles pneumonitis in adults: evaluation of
dinical characteristics and therapy with intravenous ribavirin. Clin Infea
Dis 1994: 19: 45462,

7. Hosoya M. o al. ngh-dose Intravenous ribavirin therapy for subacute

Chemather 2001; 45 943-5.

8. Tomoda A. ef al. Trial of intraveruricular ribavirin therapy for subacute

sclerosing panencephatitis in Japan. Brain Dev 2003; 23: 514-7.

w

Respiratory syncytial virus infection

Respiratary syncytial virus (RSV) is an RNA virus of the
Eamily Paramyxoviridae and occurs worldwide. RSV is a
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Measles

Measles' is an acute viral iliness caused by an RNA virus of
the Morbillivirus genus and of the family Paramyxoviridae.
It is a highly contagious disease spread by airborne droplets
or direct contact with respiratory secretions of infected
persons. Infection confers lifelong immunity. .

The incubation period for measles Is about 8 to 12 days
followed by a prodromal phase lasting several days. This
phase is usually characterised by malaise, fever, conjunctiv-
itis, cough, rhinitis, congestion, and later Koplik’s spots on
the buccal mucosa. An erythematous, maculopapular rash
appears towards the end of the prodromal phase, starting on
the face and spreading over the trunk and limbs. Measles is
generally benign and uncomplicated and recovery vsually
takes place during the week after the rash’s appearance.

with comp d cardiac, respiratory, or immune systems.
RSV is spread from respiratory secretions through close
contact with infected persons or contact with contaminated
environmental surtaces. RSV infection s highly contagious
and may result in extensive nosoconuial transmission. RSV
outbreaks tend to occur annually, usually from late autumn
through to early spring.

Primary infection in infants and young children is
charactetised by fever, cough, runny or congested nose,
vomiting, and sometimes wheezing. During the primary
infection up to 50% of infants develop lower respiratory-
tract disease, most commonly bronchiolitis and pneumonia,
and about 1 to 2% of these infants may require
hospitalisation. Most infants needing hospitalisation are
less than 6 months old or at risk of severe infection, for
example because of a history of prematurity, or pre-existing
cardiac or respiratory diseases or immunodefidency. Otitis
media and persistent wheezing are common complications
of RSV infection in infants and young children. RSV
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infection may trigger acute respiratory distress syndrome
and exacerbate pre-existing, underlying cardiac, renal
(nephrotic syndrome), or lung {cystic fibrosis) disease.
Acquired immunity does not prevent re-infection, although
subsequent infections are typically milder.

The management of mild RSV infection in infants and
children?7 consists of supportive care such as fever control
and adequate hydration. Children with more severe lower
respiratory-tract disease may require hospitalisation for
supplementary oxygen. Measures to limit the spread of
infection in hospitals and institutions are impornant.
Pharmacological therapies are of limited benefit. Beta,-
agonist bronchodilators are often used in the management of
bronchiolitis even though systematic reviews and meta-
analyses of studies have indicated only modest short-term

" benetit of clinical symptoms and no reduction in hospital
admission rates, length of hospital stay, or improvement in
oxygen saturation.’® A review® of the use of the
anticholinergic bronchodilator ipratropium bromide
reported no proven efficacy. An evaluation of clinical
studies? using nebulised or intravenous adrenaline 1o treat
RSV infection has reported clinical benefit in some infants,
as well as a reduaion in hospital admission or stay.
However, a systematic review!? found insufficient evidence
10 support the use of adrenaline in inpatients, although
there was a suggestion that it might be of short-term benefit
in outpatients. If a bronchodilator or inhaled adrenaline is
tried, it should be stopped if no response is evident after 1 or
2 wreatments.*4

Nebulised hypertonic saline is thought to increase
dearance of mucus and a systematic review!! of 4
randomised studies involving 254 infants up to 24 months
of age suggested that nebulised 3% saline may significantly
reduce the length of hospital stay and improve the dinical
severity score of acute viral bronchiolitis.

Systemic corticosteroids are also widely used despite a lack
of documented clear benefit. A systematic review'? found
little benefit in terms of length of hospital stay or admission
rate and no evidence of improvement in clinical scores,
respiratory rate, or oxygen saturation when compared with

. placebo. Although a later study'? found that a 3-day course
of oral prednisolone given to children aged 6 to 35 months
with respiratory distress reduced disease severity, length of
hospital stay, and the duration of symptoms another'*
showed that a single oral dose of dexamethasone was of no
benefit in infants with moderate to severe bronchiolitis. A
double-blind, placebo-controlled study'® in 800 infants with
bronchiolitis suggested that treatment with oral dexa-
methasone plus nebulised epinephrine might significanty
reduce hospital admissions. The routine use of systernic
corticosteroids is not recommended by expert groups.*’
Inhaled corticosteroids given during the initial acute phase of
bronchiolitis did not prevent post-bronchiolitic wheezing.¢

Ribavirin is the only antiviral drug that has been licensed
for the treatment of infants and children with severe RSV
bronchiolitis (and it is only available in some countries).
Although some studies with aerosolised ribavirin have
shown some clinical benefit in infants with lower
respiratory-tract RSV infection, days of hospitalisation and
short-term outcomes have not been affected.? Due to the
small number of patients enrolled in these studies,
evaluaton of the effects has been difficult. Also, there are
some difficulties in giving the drug, and concerns about
occupational health and safety, and the high cost. Routine
use is not recommended;** but it may be used for selected
infants and children at risk of severe disease and
complications. If used, ribavirin should be started early in
the course of the disease.>+

Antibacterials, although often used in the management of
bronchiolitis, are not routinely recommended.4* The results
from three small studies'™!? suggest that surfactant may
reduce duration of ventilation and length of intensive care
stay.

Prevention of RSV infection involves good infection
control practices and use of RSV immunoglobulin and a
human monodonal antibody to RSV, palivizumab. Both RSV
immunoglobulin and palivizumab can be given during an
RSV outbreak to prevent serious complications of infection
in infants and children considered at high risk. The efficacy
of RSV immunoglobulin?® and palivizumab?! were tested in
randomised, placebo-controlled dlinical studies involving
high-risk infants and children (history of prematurity or
with bronchopulmonary dysplasia). A 41% overall
reduction in hospital admissions was reported in those
given RSV immunoglobulin prophylaxis. Prophylaxis with
palivizumab resulted in a 55% overall reduction in
hospitalisation; reduction rates were 39% and 78% in
those with and without bronchopulmonary dysplasia
respectively. Respiratory severity scores, hospital days,
days of oxygen requirement, and the rate of intensive care
admission were also significantly lower in the palivizumab
group than for the placebo group. Prophylaxis with
palivizumab was also found to reduce post-bronchiolitic
wheezing in premature infants.? It is recommended by
some expert groups for prophylaxis in infants and children
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at high risk of severe RSV infections.***? Vacdnes to
prevent RSV infection are currently under development.
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required. Other treatments tried have included corticoster-
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treatment of ribavirin and corticosteroids, reportec an
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corticosteroid dose, and the incidence of nosocomial
infections. Chloroquine and niclosamide have both been
reported to have some activity against the virus in virro, "
but have not been tried clinically. Newer antivirals specific
for coronaviruses'?!? and vaccines against SARS-CoV'*
have been investigated.
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SARS

Severe acute respiratory syndrome (SARS)'? is a respiratory
illness caused by a coronavirus (SARS-CoV). SARS presents
mainly in previously healthy adults aithough there have
been some cases reported in children. SARS-CoV is
wransmitted by contact or droplets and transmission mainly
occurs during the second week of illness. The incubation
period for SARS is usually 2 to 10 days but may be aslong as
16 days. The disease manifests initially as flu-like prodxomal
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Warls

symptoms, usually characterised by {ever, malai:

headache, and rigors. Cough (initially dry), dyspuoea, and
diarrhoea may be present in the first week but are more
comumonly present in the second week of illness. Severe
cases develop rapidly progressive respiratory distress and
hypoxia and up to about 20% of patients may require
intubation or mechanical ventilation. About 20% of
patients develop large volume, watery diarthoea. The
overall fatality rate during the 2002-2003 SARS outbreak
was about 9.5%.

There is currently no consensus on the optimal treatmerit
for SARS and treatment recommendatjons are based on the
experience gained during the 2002-2003 SARS outbreak.
Guidelines for the surveillance and management of
SARS have been developed by WHO.? In the UK guidelines*
have been issued for the hospital management of adults
with SARS, and others have also been developed by
cdinidans involved in the SARS outbreak in Hong Kong.?
Because SARS is indistinguishable from pneumonia caused
by viral and bacterial pathogens, empirical antibacterial
reatment in accordance with local guidelines for severe
community-acquired pneumonia (p. 200.1) is recom-
mended. Fluids and oxygen therapy should be given as

Warts are caused by human papillomaviruses. The lesic ns
present in several different forms and can affect any skin <ite
although the hands, feet, and anogenital areas are m st
frequently affected. Anogenital warts are known as
condylomata acuminata. Treatment generally relies on
some form of local tissue destruction (see p. 1689.3).
Interferons have also been used (see p. 992.1).
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Abacavir Succinate panm, USAN ANNM)

Abacawr, Succmate o Abacavw. succinato de; Abacaviri
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CAS - 168146:84:7. .

ATC = JOSAFO6.

ATC Vet — QJO5AF0S.
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Note. The code 1592U89 has been applied to abacavir
succinate but is more properly reserved for abacavir sulfate.

Abacavir Sulfate [BANM, USAN, dNNM)

1592U88; Abacavir, Sulfate d'; Abacavir, sulfato de; Abacavir
Sulphate; Abacaviri ‘Sulfas; Suifato de abamvur. AﬁaKaanpa
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CAS — 188062-50-2.
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NOTE. The code 1592U89 and its abbreviated forni, 1592,
have also been applied to abacavir and abacavir sucdnate.

Phurchopoeuus In Eur. (see p. vii), Int,, and US.

Ph. Eur. 8: (Abacavir Sulfate). A white or almost white
powder. Soluble in water; practically insoluble in alcohol
and in dichloromethane.

USP 36: (Abacavir Sulfate). A white to oﬁ-wh.ne powder
Soluble in water, in absolute alcohol, in methyl alcohol, and
in ethyl acetate.

Uses and Administration

Abacavir is a nudeoside reverse transcriptase inhibitor with
antiretroviral activity against HIV. It is used in the treatment
of HIV infecdon and AIDS (p. 957.2). Viral resistance
emerges rapidly when abacavir is used alone, and it is
therefore used with other antiretrovirals.

Abacavir is given orally as the sulface but doses are
expressed in terms of the base; 1.17 g of abacavir suifate is
equivalent to about 1 g of abacavir. The adult dose is 300 mg
twice daily or 600 mg once daily. For details of doses in
children, see below. Doses should be reduced in patients
with hepatic impairment {see below).

Fixed-dose combinadon products have been developed
in order to improve patient adherence and avoid
monotherapy, thereby decreasing the risk of acquired drug
resistance. Products containing abacavir in combination
with lamivudine and with lamivudine and zidovudine are
available in some countries.
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occurred. Caution is needed as hypersensitivity may be
misdiagnosed as influenza, respiratory disease, or gastro-
enteritis. Erythema multiforme, Stevens-Johnson
syndrome, and toxic epidermal necrolysis have occurred
rarely. Other adverse effects associated with abacavir
include pancreatitis and raised liver enzyme values. Lactic
acidosis, sometimes fatal and usually associated with severe
hepatomegaly and steatosis, has been reported in patients
receiving NRTIs, but is thought to be less likely with
abacavir than with others such as didanosine, stavudine, or
zidovudine.

 Immune reconstitution syndrome {an inflammatory
immune response resulting in clinical deterioradon) has
been reported - during the initial phase of treatment with
combination antiretroviral therapy, including abacavir, in
HIV-infected padents with severe immune deficdency.
Accumnulation or redisuibuton of body fat (lipodystrophy)
including central obesity, dorsocervical fat enlargement
(buffalo hump); peripheral wasting, fadal wasting, breast
enlargement, and cushingoid appearance have been seenin
patients receiving antiretroviral therapy, although the risk
assodated with abacavir use is relatively low. Metabolic
abnormalities such as hypertriglyceridaemia, hyper-
cholesterolaemia, insulin resistance, hyperglycaemia, and
hyperlactataemia have also been reported. NRTIs have also
been assodated with mitochondrial dysfunction such as
abnormal behaviour, anaemia, convulsions, hyperlipasae-
mia, hypertonia, and neutropenia. Elevated creatine
phosphokinase, myalgia, myositis, and rarely thabdomyo-
lysis have been reported, particularly when nudeoside
analogues have been given with HIV-protease inhibitors.
Osteonecrosis has been reported, particularly in patients
with advanced HIV disease or long-term exposure to
combination antiretroviral therapy. For further information

on adverse effects associated with NRTIs see Zidovudine, -

p. 1024.3,

Effects on the heart. For the possible risk of myocardial
infarction in patients taking abacavir, see Effects.on the
Heart under Adverse Effects of Zidovudine, p. 1025.2.

Effects on the skin. Stevens-Johnson syndrome occurring
in a patient receiving antiretroviral therapy with abacavir,
lamivudine, and zidovudine was probably associated with
abacavir.! Resolution occurred upon stopping antiretrovir-
al therapy and the condition did not recur upon rechal-
lenge with an alternative regimen also containing lamivu-
dine and zidovudine.

1. Bossi P, « al. Stevens-Johnsen syndcome associated with sbacavir
therapy. Clin Infect Dis 2002; 33: 902.

Hypersensitivity. Hypersensitivity reactions ‘occur in about
5% of patients starting treatment with abacavir,"? gener-
ally within the first 6 weeks.? Symptoms typically occur
suddenly and worsen with each consecutive abacavir
dose.? Re-starting abacavir in a patient with a history of
hypersensitivity syndrome can cause severe, rapidly pro-
gressive, and patentially fatal reactions.

Risk of developing hypersensitivity to abacavir appears to
be related to race, and history of antiretroviral use; it is

4. Shey M, etal A b drug of abacavir-lami davudil
{Trizivir} for treating HIV infection and AIDS. Available in The Cochrane
Database of Systematic Reviews: Issue 3. Chichester: John Wiley; 2009
(ac::sed 05/10/09).

5. G, «t al. Ab in the
treaiment of HTV: a review. Ther Clin Risk Manag 2010; 6: 83-94.

Administration in children. For the wearment of HIV

infection in children 3 months of age and older, abacavir

may be given orally as a tablet or solution with other anti-

retroviral drugs. Doses are based on body-weight:

¢ 1410 21 kg: 150 mg (half a tablet) wice daily

« 22 to 29kg: 150mg (haif a tablet) in the moming and
300mg (1 tablet) in the evening

« 30kg or more: 300 mg (1 tabler) twice daily

or

« the solution may be given in a dose of 8 mg/kg twice daily
to a maxirmnum dose of 300 mg twice daily

Administration in hepatic impairment. Abacavir should
not be used in patients with moderate to severe hepatic
impairment, although reduced oral doses of 200mg twice
daily may be given to patients with mild impairment
{Child-Pugh score 5 t0 6).

Adverse Effects

The most significant adverse effects assodated with
antiretroviral regimens containing abacavir are severe and
sometimes fatal hypersensitivity reactions that may occur
espedially (but not exclusively) during the first 6 weeks of
treatment, or during intermittent therapy (see also below).
Symptoms of hypersensitvity often include fever, rash,
cough, dyspnoea, lethargy, malaise, headache, myalgia, and
gastrointestinal disturbances, particularly nausea and
vomiting, diarthoea, and abdominal pain. Anaphylaxis has

hought to be lower in antiretroviral-experienced patients,
and those of African descent.!? Carriage of the major
histocompatibility complex class [ allele HLA-B(*}5701 has
been found to be the most significant predictor of whether
or not a patient will be hypersensitive to abacavir.2 The
multicentre PREDICT-1 study? confirmed that prospective
HLA-B{*)5701 screening was effective in reducing the
incidence of abacavir hypersensitivity reaction.
1. Hewiu RG. Abacavir hypersensitivity reaction. Clin fnfecr Dis 2002: 34:
113742,
2. Hughes CA, er al. Abacavir hypersensitivity reaction: an update. A
Phannacother 2008; 42: 387-96.

3. Mallal S, ¢t al. HLA-B*5701 screcaing for hypersensitivity to abacavie. N
Engl J Med 2008; 338: 568-79.

Precautions

Patients considered to be at increased risk for an abacavir
hypersensitivity reaction are those that carry the human
leucocyte antigen HLA-B(*)5701 allele; screening patients
for this allele before starting treatment with abacavir bas
been shown to reduce the risk of hypersensitivity reactions.
Routine sareening of all patients before starting treatment
with an abacavir-containing product is therefore recom-
mended including .in those who tolerated previous
treatment with abacavir but have unknown HLA-B(*)
5701 status. Abacavir should be stopped immediately if
symptoms associated with hypersensitivity occur and
should rever be restarted in patients who have stopped
therapy due to a hypersensitivity reaction. Patients should
be closely monitored for signs of hypersensitivity during the
first 2 months of treatment, although such reactions can
occur at any time. Patents restarting therapy after an
interruption are at particular risk even if they have not
previously had symptoms of hypersensitivity. Since
intermittent therapy may increase the risk of reactions

The symbol t denotes a preparation no longer actively marketed

patients should be advised of the importance of regular
dosing.

Although the suggestion in some studies that use of
abacavir in the previous 6 months was associated with an
increased risk of myocardial infarction does not seem to
have been borne out (see Effects on the Heart under
Adverse Effects of Zidovudine, p. 1025.2), underlying risk of
cardiovascular disease should be considered and efforts
made to minimise risk factors.

Abacavir should not be used in patients with moderate to
severe hepatic impairment, and should be used with caution
and reduced doses in those with lesser degrees of
impairment and those with risk factors for liver disease.
Treatment should be stopped if liver function deteriorates
rapidly or if hepatomegaly or unexplained metabolic
acidosis develop.

Abacavir should be avoided in padents with end-stage
renal disease.

Porphyria. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria.Centre (NAPOS) and
the Porphyria Centre Sweden, classifies abacavir as prob-
ably not porphyrinogenic; it may be used as a drug of first
choice and no precautions are needed.!

1. The Drug Database for Acute Porphyria. Available at: hop:/fwww.
drugs-porphyris.org (accessed 14/10/11)

Interactions

Use of alcohol with abacavir may result in decreased
elimination of abacavir and consequent increases in
exposure. Abacavir increases the systemic clearance of oral
methadone and patients should be monitored for signs of
withdrawal symptoms. The dose of methadone may need to
be increased in some patients.

Alcohol Refetences i
JA etal. Ph k of abacavir (1592U89)
and ethanol in human immunodeficiency virus-inteced aduls.
Animicrob Agents Chemother 2000; 44: 1686-90. .

Antiviral Action

Abacavir is converted intracellularly in stages to its active

form carbovir triphosphate. This halts the DNA synthesis of

retroviruses, including HIV, through competitive inhibition

of reverse ranscriptase and incorporation into viral DNA.

References.

1. Faleno MB. e #l. Unique inctracellular activation of the potent

anti-human immunodeficency virus agent 1592U89. Antimicrob Agents
Chemnather 1997; 41: 1099-1107.

Pharmacokinefics

Abacavir is rapidly absorbed after oral doses with a
bioavailability of about 80%. Absorption is delayed slightly
by food but the extent is unaffected. Abacavir crosses the
blood-brain barrier. It is about 50% bound to plasma
proteins. The elimination hatf-life is about 1.5 hours aftera
single dose. Abacavir undergoes intracellular metabolism to
the active antiviral metabolite carbovir triphosphate.
Elimination is via hepatic metabolism mainly by alcohol
dehydrogenase and by glucuronidation and the metabolites
are excreted mainly in the urine. There is no significant
metabolism by hepatic cytochrome P450 isoenzymes.
References
l. Yuen GJ, et al. A review of the pharmacakinetics of abacavir. Clin
Pharmacokinet 2008; 47: 351-71.
2. Sleasman JW, et al. Abacavir pharmacokinetics during chronic therapy
in HIV-l-infected adolescents and young adults. Clin Pharmacol Ther
2009: 8%: 394401,

Preparations
Proprietary Preparations (details are given in Volume B)

Preparutions. Arg.: Filabac; Finecil; Panka; Plu-
sabair; Zepril; Ziagenavir; Austral: Ziagen; Austria: Ziagen:
Belg.: Ziagen; Braz.: Ziagenavir: Canad.: Ziagen; Chile: Ziagen;
China: Ziagen (¥i#); Cz: Ziagen; Denm.: Ziagen; Fin.: Ziagen:
Pr.: Ziagen; Ger.: Kivexa; Ziagen; Gr.: Ziagen: Hong Kong: Zia-
ger: Hung.: Ziagen: India: Abamune; Abec Irl: Ziagen; Israel:
Ziagen; Ital: Ziagen: Mex.: Vurtas; Ziagenavir; Neth.: Ziagen;
Norw.: Ziagen; NZ: Ziagen; Pol.: Ziagen; Port.. Ziagen; Rus.:
Ziagen (3wares); S.Afr.: Ziagen; Singapore: Ziagen; Spain: Zia-
gen; Swed: Ziagen; Switz.: Ziagen: Thai.: Ziagenavir, Turk.:
Ziagen; UK: Ziagen; USA: Ziagen; Venez.: Ziagen.

Multi-ingredient Arg.: Kivexa; Tricivir; Trilaxis; Tri-
vudin; Zidomuv; Awstral: Kivexa; Trizivir, Austria: Kivexa;
Trizivir; Belg.: Kivexa; Trizivir; Braz.: Kivexa: Canad.: Kivexa;
Tdzivir; Chile: Kivexa; Tricvir; China: Trizivir (=), Cz:
Kivexa; Trizivir; Demm.: Kivexa; Trizivir; Fin.: Kivexa; Trizivir:
Pr.: Kivexa; Trizivie; Ger.: Trizlvir; Gr.: Kivexa; Trizivic Hong
Kong: Kivexa; Trizivir; Hung.: Kivexa; Trizivir; Irl.: Kivexa; Tri-
Zvir; Israel: Kivexa; Trizivic Ital: Kivexa; Trizivic Mex.
Kivexa; Trizivir; Neth.: Kivexa; Trizivir: Norw.: Kivexa; Trizivir;
NZ: Kivexa; Ttizivir; Pol.: Kivexa; Trizivir; Port.: Kivexa; Trizi-
vir; Rus.: Kivexa (Kusexca); Trizivir (Tpmausup); S.Afr.: Kivexa;
Sonke Abaclamizid; Trizivar; Singapore: Kivexa; Trizivir; Spain:
Kivexa; Trizivir; Swed.: Kivexa; Trizivir; Switz.: Kivexa; Trizivir;
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Thai.: Kivexa; Turk.: Trizivir; UK: Kivexa; Trizivir; USA: Epzi-
comy; Trizivir; Venez.: Trizivir.

sof P .
BP 2014: Abacavir Oral Solution: Abacavir Tablets;
USP 36: Abacavir Oral Solution; Abacavir Tablets.

Aciclovir g, v
Aadoguanosma Aciclovirum; Acﬂdowr AaldovTr Ac1klovnas

%7 hydroxyethoxymethyf)ﬂ-l—punn—&one j
GoFnNsDy=2352 >

CAS == 59277893, .

ATC = 'DO6BBO3; J05AB01; SOIA003
ATC Vet — QD05BB03; QJ05ABO1; QS01ADO3.
UNIt — X4HESIOI 1k,

Pharmocopoelas In Chin., Eur. (seep vn) and US.

Ph. Eur. 8: (Adiclovir). A white to almost white crystalline
powder. Slightly soluble in water; very slightly soluble in
alcohol; practically insoluble in heptane: soluble in dilute
solutions of alkali hydroxides and mineral adids.

USP 36: (Acycovir). A white 10 off-white crysialline
powder. Slightly soluble in water; insoluble in alcohol;
soluble in dilute hydrochloric acd. Store in airtight
containers. Protect from light and moisture.

Aciclovir Sodium anm, NN

Acxclovur s6dico; - Aciclovir :Sodique; - Acy:lovnr Sodium
(USANY; Natrii Aciclovirum; Hanvm AyuKnoBvp.
CgHioNsNa0,=247.2

CAS — 69657-51-8. .

ATC — DO06BB03; JOSABOI; SOIADOj

ATC Vet — QDOSBBO3; QJ05ABOI; OSOIAD03
UNIl — 927142)563.

Incompatibifity. Aciclovir is reported to be incompatible
with foscarnet.? Visual incompatibility has also been
reported® on simulated Y-site injection between adidlovir
and cddosporin, diphenhydramine, gentamicin, grani-
setron, or metoclopramide.

1. Lor E, Takagi J. Visual compatibility of foscarnet with other injectabie

drugs. Am J Hosp Pharm 1930; 47: 157-9.

2. Baltz JK, et al. Visual compaubility of foscamet with other injectable
drugs during simulated Y-site administration. Am J Hosp Pharm 1990; 47:
2075-7.

. Canann D, ef al. Visual compatibility of iv medicstions routinely used in
bone marrow transplant recipients. Am J Health-Syst Pharm 2009; 66:
727-9. Correction. ibid.; 1431.

w

Stability. A study’ found that aciclovir sodium solutions
prepared with sodium chloride 0.9% and with dextrose
5% were stable for 7 and 21 days respectively when stored
at 23 degrees. Solutions stored at 4 degrees were found to
be stable for 35 days although subsequent storage at room
temperature produced irreversible precipitation. Precipita-
tion may also occur when freshly prepared solutions are
refrigerated but the precipitate redissolves at room tem-
perature, US licensed product information recommends
that diluted solutions be used within 24 hours of prepara-
tion.
1. Zhang Y, et al. Suability of acydovir sodium 1, 7, and 10mg/mL in 5%
dextrose injection and 0.9% sodium chloride injection. Am J Health-Syst
Pharm 1998; 35: 574-7.

Uses and Administration

Aciclovir is a synthetic purine nudeoside analogue
structurally related to guanine. It is used mainly for the
treatment and prophylaxis of viral infections due to herpes
simplex virus types 1 and 2 (p. 955.2) and varicella-zoster
virus (herpes zoster and chickenpox—p. 956.2).

Herpes simplex infections, including herpes keratitis,
herpes labialis, and genital herpes, respond to acidovir by
the intravenous, oral, or topical route, given as soon as
possible after symptoms appear. Both initial and recurrent
infections can be successtully treated. Prolonged treatment
can reduce the incidence of recurrence which is particularly
important in immunocompromised patients. However,
when prolonged treatment is withdrawn, infections may
recur. In addition, prolonged or repeated courses in severely
immunocompromised patients may result in the selection of
virus strains with reduced sensitivity and patients may,
therefore, not respond to continued treatment.

Addovir also improves the healing of herpes zoster
lesions and reduces acute pain when given intrav y or

Solutions for infusion are usually prepared to give a
concentration of aciclovir of 25 or 50 mg/mL; this must then
be further diluted to a final concentration not greater than
about Smg/mL (0.5%) and given over 1 hour.
Alternatively, a solution containing 25mg/mL may be
given by injection using a controlled-rate infusion pump,
over 1 hour. In obese patients the dose should be calculated
on the basis of ideal body-weight, to avoid overdosage.

For herpes simplex infections in the immunocompro-
mised, and for severe initial genital herpes, or for prophylaxis of
herpes simplex infections in i promised patients the
dose by the intravenous route is- 5mg/kg given every 8
hours, and recommended periods of treatment range from 5
to 7 days. A higher dose of 10 mg/kg every 8 hours is given
in the treatment of herpes simplex encephalitis, and treatment
is usually continued for 10 days.

For varicella-zoster infections in immunocompetent
patients, a dose of 5 mg/kg every 8 hours may also be given.
In immunocompromised patients the higher dose of 10mg/kg
every 8 hours should be used.

Oral doses of aciclovir also vary according to indication.
In herpes simplex infections: ’

« for treatment of primary infections, including genital
herpes, the usual oral dose is 200 mg five times daily
(usually every 4 hours while awake) for 5 to 10 days

* severely immunocompromised patients or those with
impaired absorption may be given 400 mg five times daily
for 5 days

» for suppression of recurrent herpes simplex in immuno-
competent patients, the oral dose is 800 mg daily in two to
four divided doses; dosage reduction to 400 1o 600 mg
daily can be tried. Higher doses of 1 g daily have also been
used. Therapy should be interrupted every 6 to 12
months for reassessment of the condition
Chronic suppressive treatment is not suitable for mild or
infrequent recurrences of herpes simplex. In such cases
episodic treatment of recurrences may be preferred; a dose
of 200mg five times daily for 5 days has been
recommended, preferably begun during the prodromal
period.

» for prophylaxis of herpes simplex in immunocompromised
patients, the dose is 200 to 400 mg four times daily.

The usual oral dose of aciclovir for treatment of

chickenpox is 800mg four or five times daily for 5 to 7

days; for herpes zoster 800 mg five times daily may be given

for 7 to 10 days.

For the treatment of recurrent herpes labialis in
immunocompetent patients, aciclovir is available as a 50 mg
mucoadhesive buccal tablet. One tablet should be applied as
a single dose to the upper gum region within one hour of
onset of prodromal symptoms. Once applied, the tablet
gradually dissolves during the day; it should not be crushed,
sucked, chewed, or swallowed.

In herpes simplex infections of the skin, including
genital herpes and herpes labialis, topical treatment with an
ointmment or cream containing acidovir 5% may be applied
5 or 6 times daily for periods of 5 to 10 days, preferably
beginning in the prodromal period as soon as signs or
symptoms occur. In herpes simplex keratitis a 3% eye
ointment may be applied 5 times daily undl 3 days after
healing.

Doses should be reduced in rena! impairment (see below).

For details of doses in children, see Administration in
Children, below.

Revicws
| 8 w:puﬂ A.l ﬂ al. Addovu' a reappraisal of f1s antiviral aciviry,
and th tic efficacy. Drugs 1994; 47

153-205.

2. Leflore S, f al. A risk-benefit evaluation of acidovir for the reatment
and prophylaxis of herpes simplex virus inlections. Drug Safety 2000: 23:
13142,

3. Nasser M, et al. Acyclovir for treating primary herperic gingivostomatitis.
Avajlable in The Cochrane Darabase of Systematic Reviews: Issue 4.
Chichester: John Wilcy; 2008 {accessed 29/10/09).

Administration in children. Acidovir is licensed for use in
infants and children for the treatment of herpes simplex
and varicella-zoster infections, and for the prophylaxis of
herpes simplex infections in the immunocompromised. It
may be given by slow intravenous infusion over 1 hour,
or orally.

Rec ded intr doses vary according to
country and age of the patient. They are generally given
every 8 hours.

In the UK the 8-hourly dose for children aged 3 months to
12 yeans is calculated by body-surface. The usual course of
treatment is 5 to 10 days:

. herpes simplex and varicella-zoster infections in

¢ 1t patients: 250 mg/m?

orally; use to prevent postherpetic neuralgia is conu'ovelsia]
(see p. 10.3). Beneficial effects may be more marked in
immunocompromised patients.

When used by intravenous infusion aciclovir is given as
the sodium salt but doses are expressed in terms of the base.
Aciclovir sodium 1.1 g is equivalent to about 1 g of aciclovir.

All cross-references refer to entries in Volume A

o varicella-zoster infection in immunocompromised
children or those with herpes simplex encephalitis:
500 mg/m?
In the USA, the 8-hourly intravenous dose for children aged
3 months to 12 years is calculated by body-weight:
* herpes simplex infections: 10 mg/kg for 7 days

¢ varicella-zoster infections in immunocompromisad

children: 20mg/kg for 7 days

¢ herpes simplex encephalitis: 20 mg/kg for 10 days
In the UX and the USA the intravenous dose for neonares
and infants up to 3 months of age is calculated by body-
weight; an 8-hourly intravenous dose of 10mg/kg may e
given for the treatment of herpes simplex infectiors.
Treatment for neonatal herpes simplex usually continues
for 10 days. Higher intravenous doses of 20mg/kg every 8
hours for 14 days (21 days for CNS involvement) have becn
recommended by the BNFC for the treatment of herp:s
simplex infection in neonates and children up to 3 mont 1s
of age. Similarly, 10 to 20 mg/kg intravenously every 8
hours is also recommended, for at Jeast 7 days, for tle
treatment of herpes zoster infection in this age group.

In the UX the following oral doses are permitted in the
treatment of herpes simplex infections, and in tte
prophylaxis of herpes simplex infections in the immun-
compromised:

e 2 years and over: usual adult dose (see above)

o under 2 years: half usual adult dose
In the UK and the USA the ora! doses for the treatment of
chickenpox are:

e over 2 years: 20 mg/kg, up to a maximum of 800m 3,

four times daily for 5 days
Alternatively, the following oral doses may be used:

e under 2 years: 200 mg four times daily

s 210 5 years: 400 mg four times daily

® 6 years and over: 800 mg four times daily
Although not a licensed indication, in the UK the BNFC
recommends that aciclovir may also be given for
postexposure attenuation of chickenpox, where varicella-
zoster immunoglobulin cansiot be used, in children from 1
month to 18 years of age; a dose of 10mg/kg 4 times daily
for 7 days is suggested, starting 1 week after chickenpox
exposure.

Administrafion in renal impairment. Doses of acidovir

should be reduced in renal impairment according to creat-

inine clearance {CC) and licensed preduct information
gives the following guidance:

intravenous dosage:

» CCbetween 25 and 50 mL/minute: the interval between

infusions may be increased to 12 hours

CC 10 to 25 mL/minute: the interval between infusions

may be increased to 24 hours

e CC less than 10 mL/minute: patients on peritoneal dialysis
should receive half the usual appropriate dose given once
every 24 hours; patients on zaemodialysis should receive
half the usual dose every 24 hours plus an extra half-dose
after haemodialysis

oral dosage:

e CC less than lOml/minute: herpes simplex infections:
2001mg every 12 hours; varicella-zoster infections: 800 mg
every 12 hours

e CC between 10 and 25mL/minute: varicella-zoster
infections. 800 mg three times daily every 8 hours

For critically ill patients receiving reoal replacement

therapy, the following aciclovir doses have been

recommended:!

s continuous venovenous haemofiltration {CVVH). 5 to
10mg/kg every 24 hours

» continuous venovenous haemodialysis (CVVHD) or
haemodiafiltration {CVVHDF): 5 to 10 mg/kg every 12 to
24 hours

» intermittent haemodialysis: 2.5 t0 5mg/kg cvery 24
hours

1. Heinz BH, & al. Antimicrobial dosing concepts and recommendations
for critically ill idull. padenls rtccivlng continuous renal replacement
therapy of 2009; 29: 562-
77. -

multiforme. For patients with recurrent erythe-
ma multiforme (p. 1684.3) assodated with herpes simplex
infection a 5-day course of oral aciclovir at the start of the
infection has been proposed to prevent the subsequent
skin lesions.” If this fails, a 6-month course of oral aciclo-
vir has been found to be of benefit,? even if the association
with herpes is not obvious. It should be noted, however,
that erythema multiforme may occur as an adverse effect
of systemic adidovir.
L dJK etal. erytherna multif clinical features and
treatment In a large series of patients. Br J Dermatol 1993; 128: 542-5.
2. Tamall FM, eral. A double-blind. placebo-controlied miat of continuous
acydovir therapy in recurrent erythema multiforme. Br J Dermatol 1995;
132: 267-70.

HIV infection. Herpes simplex virus type 2 {HSV-2) sero-
prevalence among HIV-1 infected persons ranges from 50
to 90%. HSV-2 reactivations are common and often
asymptomatic among HIV-1 infected persons. During
HSV-2 reactivations plasma and genital HIV-1 levels
increase and may increase HIV-1 transmissibility and dis-
ease progression. HSV-2 suppression has therefore been
considered as a potental strategy to reduce HIV-1 viral
load, slow HIV-1 disease progression, and possibly delay
the need to start HAART.! Randomised studies** among
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HIV-1 and HSV-2 co-infected persons not taking antiretro-
viral therapy (ART) and not severely immunocompro-~
mised found that dard HSV-2 suppressive therapy
with oral aciclovir (400 mg twice daily) or oral valaciclovir
{500mg twice daily) for 8 to 12 weeks significantly
reduced plasma and genital HIV-1 levels. However,
another study® reported that standard suppressive treat-
ment with oral adclovir for 12 weeks had no effect on the
rate of HIV genital shedding despite a reduction in genital
HSV-2. A further study™® in southern and cast Afvca in
heterosexual, discordant {for HIV-1) couples where one
partner was co-infected with HSV-2 and HIV-1, had a CD4
+ count of 250 cells/microlitre or more, and was not taking
ART, reported that dard daily

for HSV-2 with oral addovir, given for up to 24 months,
reduced the risk of HIV-1 disease progression by 16%
when compared with placebo treatment.” However, the
inddence of transtnission of HIV-1 to the previously unin-
fected sexual partner was not reduced.®

1. Tan DE « al. Can herpes simplex virus type 2 suppeession slow HIV
disease prograssion: a study protocol for the valacydovir in delaying
apuretroviral ceament enmry {VALIDATE) oial, Trials 2010; 113 113,

2. Nagot N, #f al. Reduction of HIV-1 RNA levels with therapy to suppress
herpes simplex virus. N Engl S Med 2007; 356: 790-9.

3. Zuckerman RA, o ol Herpes simplex virus (HSV) mppreﬁnn with
vuhqdovineduces rectal and blood plasma EIV-1 levels in HEV-1/HSV-

e S men; a3 domized. double-blind, placebo-centralled
- crossaver trial. J Infee Dir 2007; 196: 1500-8.
4. Bacten JM. ot al. Herpes simplex virus (HSV).suppressive therapy
decreases plasma and nenllal HIV.1 kVeh in HSV-2/HIV-1 coinfected
*wamen: a tial. J Dyfect Dis
- 2008; 198: 1504-8.
S. -Delany S, et al. Unpact of aciclovir on genital and plasmz FIV-L RNA in
. HSV-2/HIV-| co-infected women: 2 randomized placebo-controlled trial
in South Africa. AIDS 2009; 23: 461-9. .

6. Cowan FM. o al. A randomised placebo-conaolled aial to explore the
effect of suppressive therapy with acydovir on genital shedding of HIV-1
and herpes simplex virus type 2 among Zimbabwean sex workers. Sex
Tranm infect 2008; 84: 348-53.

7. Lingappa JR, et al. Daily acyclovir lor HIV- -1 disease progression in people
dually infected with HIV-1 and herpes simplex virus type 2 a
randomised placebo-controlled trial. Lancet 2010; 3735: 824-33.

8. Celum C e ol Acydovir and transmission of HIV-1 from persons
infected with HIV-1 and HSV-2. N Sngl J Med 2010: 362: 427-39.

Adverse Effects

Aciclovir is generally well tolerated. When given
intravenously as aciclovir sodium it may cause local
reactions at the injection site with inflammation and
phiebitis; these reactions may be assodated with extravasa-
tion that can lead to tissue necrosis.

Renal impairment may be assodated with systemic use of
adiclovir in some patients; it Is usually reversible and is
reported to respond to hydration and/or dosage reduction or
withdrawal, but may progress to acute renal failure. The risk
of renal toxicity is increased by conditions favouring
deposition of acidovir arystals in the tubules such as when
the patient is poorly hydrated or has existing renal
impairment, or when the drug is given at a high dosage or
by rapid or bolus injection. Some patients taking systemic
acidovir may have transient increases in blood concentra-
tons of urea and creatinine although this is more acute thh
intravenous dosage.

Occasional adverse effects after systemic use include
increased serum bilirubin and liver enzymes, haematolo-
gical changes, rashes {induding erythema multiforme,
Stevens-Johnson syndrome, and toxic epidermal necroly-

d

3. Amos RJ, Amess JAL loblastic h.
Larect 1983; 1 242-3.

4. Tauris P, et al. of the acyd of the
plaque-forming celf response of human peripheral blood lymphocytes. J
Antimicrok Chemother 1984; 13: 71-7,

is due to acy

ir-induced modul

Effects on the kidneys. Adiclovir is excreted mostly by the
kidney, and reaches high concenwrations in the wbular
lumen, but is relatively insoluble in urine and may there-
fore cause intratubular precipitation of crystals in the kid-
ney and renal damage which may result in acute renal
failure within 24 to 48 hours. High doses, dehydration, or
pre-existing renal impairment increase the risk of aciclo-
vir-associated acute renal failure, which has been treported
in 12 to 48% of patents in some series. Although usually
asymptomatic there may be nausea, vomiting, and flank
pain, together with haematuria and pyuria. Most patients
recover on stopping the drug and rehydraton, though
some need temporary dialysis; use of a loop diuretic may
be helpful in some cases. Slow infusion and adequate
hydration can help to prevent crystal precipitation, and
doses should be reduced in patients with underlying renal
impairment.'* An obese man developed acute renal fail-
ure after seven 1-g doses (calculated according to his
acwual body-weight) of intravenous acidovir. Addovir dis-
tributes mainly into water and therefore dosing based on
acwual rather than ideal body-weight may result in a sig-

nificant overdose and thereby increase the risk for renal

impairment?
There are also occasional reports of renal toxicity
appatcntly unrelated to crystal precipitation.+4

1. Perazella MA. Crysul-induced acute renat failure. Am J Med 1999; 106:
459-65.

" 2. Bernandez JO, ¢t al. Acydovir-induced renal failurc in ao obese patient.

Am J Health-Syst Pharm 2009; 66: 125891,
3 Fldschu R Jolmsun M. Acydavir nzphmmndry a ase report
af p of

edema have been associated with the use of addlovir. °
Cross-sensidvity to famdclovir* and to the prodrug valad-
clovir™® may occur; although some patients hypersensitive
to aciclovir have been treated with famddovir as an alter-
native.” Successful induction of tolerance to oral aciclovir
bas been described. 1

L. Heruy RE, o ol. Successtul oral acydovir desensitization. Am Allergy
1993; 70: 386-8.

2. Schuser J, @ al. Allergic drug emption secondary W intravenous
acydovir. Acte Derm Veureol 2008; 83: 196-8.

3. Jen SP. ot &l Probable acyclovir-induced angioedema in 2 patient with
HIV Infection 2nd suspected varicella-zoster virus encephalitis. Am J
Health-Syrt Pharm 2011; 68: 2257-60.

4. Kawsar M, o a/. Graded challenge In an addovir allergic padent, Sex
Trarsm Infect 2001; 77: 204-3.

$. Lammintausta K, #f ol. Rapid systemic valacicdovir reaction subsequent
to addovir contace allergy. Comtact Dermaticis 2001; 45: 181,

6. Ebo DG. o al. Immediaie allergy from valacycdovic. Allergy 2008; 63:
941-2.

7. Bayrou Q. e al. asa

possible In some
cases of allergy to acyclovir. Comtact Dermatitis 2000; 42- 42

Vasculifis, Adclovir has been associated with vasculitis. Tn
one patient’ it was one of many drugs given that may

"have caused a necratising vasculitis. In another report an

immunocompeomised child with chickenpox given acido-
vir by infusion developed a vasculitic rash which dimin-
ished on withdrawal of the drug.?

For a report of peripheral neuropathy assodated with
vasculitis due to the prodrug valaddovir, see Effects on the
Nervous System, p. 1021.3.

1. von Schulthess GK, Sauter C. Acydovir and herpes zoster. N Engl J Med

1981; 305: 1349,
2. Plat MPW, Eden OB. in i with chick
in childh acute lymph ia. Laywcer [982; iz
7634 "
Precautions

aqdnwt-mduud nephmpnhy Case Report Med 2010; 2010' 602783.

4. Glustina A o ol Low-dose acyclovir and acute renal failure. Anx Intern
Med 1988; 108: 312,

5. Bck P, o al Acute mnalhﬂunmdwmaherahlghdnseol onl
acyclovir. N Bngl S Med 1991; 323: 1178,

6. Johnson GL o al. Acute renal &ilure and neurotoxidity lollowing oral
acydovir. Ann Pharmacuther 1994; 28: 460-3.

Effects on the nervous system. Neurotoxicity, induding
tremor, confusion, myoclonus, agitation, lethargy, or hal-
ludnation, is an uncommon adverse effect of.acicovir,
and may be hard to distnguish from progression of the
underlying disease state. Renal impairment may increase
the risk, although no clear reladonship with peak plasma
concentrations has been shown; cases are also more com-
mon in elderly patients and those taking other neurotoxic
drugs.! Of 143 patients given addovir by intravenous
infusion in doses ranging from 0.75 to 3.6 g/m? daily for
the treatment of herpesvirus infections after bone marrow
wransplantation, 6 developed reversible neurological symp-
toms including tremor, agitation, nausea, lethargy, mild

Systemic adclovir should be used with caution and in
reduced doses in patients with renal impalrment (see
Administration in Renal Impairment, p. 964.3}. The elderly
and padents with existing renal impairment should be
closely monitored for neurdlogical adverse effects. Adequate
hydradon should be maintained in patients given parenteral
or high oral doses of adclovir. Intravenous doses should be
given by infusion over one hour to avoid precipitation of
aciclovir in"the kidney: rapid or bolus injection should be
avoided. The risk of renal impairment is increased by use
with other nephrotoxic drugs. Doses of intravenous
adclovir based on actual body-weight may be excessive in
obese patients, espedally those with renal impairment;
doses for obese patents should be calculated according to
their ideal body-weight (see also under Effects on the
Kidneys, above). Intravenous aciclovir should also be used
with caution in padents with underlying neurological
abnormalites, with significant hypoxia, or with serious
hepatxc or electroly(c abnonnauues. In sevcrely immuno-

pr or d courses of

disorientation, autonomic instability, h aesthesia,
and slurred speech.? EEGs were diffusely abnormal in all
6. Symptoras improved in all patients on withdrawing ad-
clovir; reinstituting aciclovir in 2 produced a recurrence of
symptoms. Concomitant therapy included irradiation and
methotrexate intrathecally for all 6, interferon alfa for 3,
and ddosporin for 1. It has been suggested that if it is dif-
ficult to distinguish worsening encephalitis from adiclovir

sis), fever, headache, dizziness, and gast tinal effects
such as nausea, vomitng, and diarrhoea. Hepatitis and
jaundice have been reported rarely. Anaphylaxis and
angioedema have occurred. Reversible neurological effects
including lethargy, somnolence, confusion, hallucinacions,
agitation, tremors, psychosis, convulsions, and coma have
been reported in a small number of patients, particularly in
those given intravenous aciclovir and with predisposing
factors such as renal impairment; these effects may be more
marked in older pati Th botic chr ytopenic

icity, a trial of h dialysis might be appropri-

ate.’ Development of neurotoxic symptoms has been
reported* to be associated with increased concentrations ol
the metabolite 9-carboxymethoxymethylguanine in serum
and CSF.

. Emst ME, Franey RJ. Acyclovir- and gandclovir-induced neurotoxicity.

Ann Pharmacether 1998; 32: lll-l)

2. Wade JC, Meyers JD. yonp with p

acyclovic alter marrow Ann Ineern Md 1983

98: 921-5.
. Brady M. Main J. Aciclovir neurotoxicity is an important side effect of

lherapy in patents with renal impairnena. Clin Med 2009; 9: 630.

-

purpura and haemolyuc L synd; imes
resulting in death, have occurred in immunocompromxscd
patients given high parenteral doses of aciclovir. Accclerated
diffuse hair loss has also been reported.

Topical application of acidovir may produce transient
stinging, burning, itching. or erythema. Eye ointments may
occasionally produce transient stinging, superfidal punctate
keratopathy, blepharitis, or conjunctivitis.

Effects on the blood. There has been no evidence of bone-
marrow toxicity in patients given adidovir after bone mar-
row transplantation.'? However, megaloblastic hacmato-
poiesis was seen in the bone marrow of 3 patients given
acidovir for suspected or proven herpes simplex encephal-
itis.” There has also been a report of inhibition of h

ibid. 2010; 10 205.

4. Belldén A, et al. The acicovir metabolite CMMG is detectable in the CSF
of subjects with neuropsychiarcic sympuoens duting aciclovir and
valacidovir reatment. J Antimicrob Cliemother 2006: 37: 945-9,

Effects on the skin. Vesicular or bullous lesions have been
assoclated with intravenous use of adclovir in patients
thought to have herpes simplex encephalitis.'? Careful
evaluadon is necessary to differentiate the reaction from
herpetic lesions. Recall dermatitis in an area previously
affecred by hexpes zoster lesions has also been associated
with aciclovir.?
See also Hypersensitivity, below

peripheral blood lymphocytes in samples taken from
healthy subjects given aciclovir.4 .

1. Serota FT, et al. Acyclovir treatmens of herpes zosier Infections: use in
children undergolng bone marrow taasplantadon. JAMA 1982 247:
2132-5.

2. Gluckman B, e al. Oral acyclovir prophylactic treatment of herpes
simplex infecion after bone mamrow transplantation. J Antimicrod
Chamother 1983; 12 (suppl B): 161-7,

1. Buck ML, # 4l Vesicular yc
Ann Pharmacther 1993; 37: 14589,
2 rndwmbunzuuhahxelp&sh;euhn
d'addovir. mé toxique ou

Ann Dermatol Venereol 2000; 127: 496-8.
3 Camscol.all Dmxempdannmwrm-ddammmman
mad y allected by herpes zoster. Clin
Exp Dermatol 2002; 27: 132-4.

Hypersensitivity. Hypersensitivity reactions,!? including
maculopapular rash and itching, anaphylaxis, and angio-

The symbol t denotes a preparation no longer actively marketed

acclovir may result in the selecton of virus strains with
reduced sensitivity; patients may, therefore, nat rcspond t0
continued treatment.

Breast feeding. Aciclovir is distributed into breast mitk!*
and in some instances concentrations are higher than in
maternal serum.’? Licensed product informatdon reports
that a maternal oral dose of 200mg five times daily could
expose a breast-fed infant to 300 micrograms/kg daily and
advises caution when giving nursing mothers adclovir.
However, no adverse effects have been seen in breast-fed
infants of mothers taking acidovir, and the last available
guidance {rom the American Academy of Pediatrics con-
sidered® that it was therefore usually compatible with
breast feeding.

1. Lau R, ef al. Uncxpected accumulation of acycluvir in breast milk with
estimation ul infan expusure. Obsier Gymeco! |987: 69: 468-71.

2. Meyer L. et al. Acyclovicin human breast milk: Am J Obsiet Gynacol | 988;
158: 586-8.

3. Bork K, Benes P. Concentration and kinetic studies of intravenous
acydovir in serum and breast milk of a patient with eczema herpeticum.
7 Am Aced Dermatol 1995; 32: 1053-9.

4. Taddlo A, e al. Acydovir excreton in human breast milk. Ann
Pharmacother 1994; 29: 385~7.

5. Amerdcan Academy of Pedlawics. The transfer of drugs and other
chemicals into human milk. Pediatrics 2001; 108: 776-89. [Retired May
2010) Comrection. ibid; 1029. Also .available au hup://aappolicy.

%3b108/3/776 (accessed

02/04/08)

Porphyria. The Drug Database for Acute Porphyria, com-~
piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphyria Cenwre Sweden, classifies adiclovir as not
porphyrinogenic; it may be used as a drug of ﬁm choxce
and no precautions are needed.!

1. The Drug base for Acute
drugs-porphyris.org {accessed 2210971 n

flable 2t hutp:

ngncncy The incidence of congenital abnormahty and
spontaneous fetal loss in 1246 cases of prenatal exposure
to oral or intravenous aciclovir (as recorded by the Inter-
national Acydovir Pregnancy Registry between 1 June
1984 and 30 June [998) did not significantly differ from
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those in the general population.} A large popwlation-based
historical cohort study? of live-born infants in Denmark
from January 1996 to September 2008 found exposure to
oral adclovir (1561 exposures), valaddovir (229 expo-
sures), or famcidovir (26 exposures) in the first trimester
of pregnancy was not assodated with an increased risk of
major birth defects diagnosed within the first year of life.
Porty of 1804 infants (2.2%) exposed to addovir, valad-
dovir, or famciclovir in the first trimester were identified
with a major birth defect compared with 19 920 of about
800000 (2.4%) unexposed infants. Similarly, use of ad-
dovir cream in the first wrimester of pregnancy was not
associated with birth defects but there were too few expo-
sures to pendclovir cream to evaluate its safety.
The Royal College of Obstetridans and Gynaecologists®
Tecor that sy jc acidovir may be given to
1t whop with a first episode of genital
herpcs however, caudon is advised when giving addlovir
before 20 weeks of gestation. Daily use over the last four
weeks of pregnancy to reduce the risk of recurrence at term
is, however, not routinely recommended. Due to an
apparent increase in risk and severity of varicella
pneumonitis in the latter half of pregnancy, the UK
Advisory Group on Chickenpox* recommends oral aciclovir
for all pregnant women with chickenpox who present
within 24 hours of the onset of a rash if pregnancy is at more
than 20 weeks of gestation.
1. Stone KM. e« al. Prmmcy w(mu Ibuowuu sys:emk pmuul

Herpes simplex virus develops resistance to addovir i
vitro and in vive by selecion of mutants defident in
thymidine kinase. Other mechanisms of resistance indude
altered substrate spedifidty of thymidine kinase and
reduced sensitivity of viral DNA polymerase. Resistance
has aiso been reported with varicella-zoster virus, probably
by similar mechanisms.

Although occasional treatment failures have been
reported, resistance has not yet emerged as a major
problem in treating herpes simplex infections in immuno-
competent patients. However, resistant viruses are more
likely to be a problem in patients with a suppressed immune

response.

There is virtually complete cross-resistance of herpes
simplex strains between aciclovir and penciclovir, although
it Is not universal. Cross-resistance is also nearly universal
between adidovir and brivudine. However, cross-resistance
is not usually seen in addovir-resistant thymidine kinase
mutants to cidofovir, foscarnet, or vidarabine, which either
do not require intracellular activation, or are not activated
by thymidine kinase. If resi: "does oceur, it must be due
10 DNA polymerase mutation. Acicdlovir-resistant thymi-
dine-kinase mutants of herpes simplex are often cross-
resistant to gandclovir, whereas adclovir-resistant poly-
merase mutants often retain sensitivity to the latter. Cross-
resistance in strains of varicella zoster virus between
adclovir and penciclovir has been reported.
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Sodium content. Each g of addovir sodium contains
4.05 mmol of sodium.

Interactions

Probenecid is reported to block the remal dearance of
addovir. The risk of renal impairment is increased by use
with other nephrotoxic drugs.

Antivirals. Use of zidovudine with acidovir is not generally
associated with addidonal toxicity,! However, there is a
report® of a patient who had overwhelming fatigue when
given aciclovir and zidovudine together; no such effect
occurred when each drug was given alone.

Pormer product information for interferon alfa-n!
reported progressive renal failure in patients also given
adclovir.

1L T TA. etal. ¥ h oflow- and high-dose
zidovudine plus hxgh-dnsz :cydmdx In pauznu with symptomadic
buman infection. Agentr Chemather

1991; 35: 2223~31.
2. Bach MC. Possible drug interaction during therapy with azidothymidine
and acydovir for AIDS. N Engl J Med 1987; 316: 547,

Theophylfine. For reference to evidence that addovir inhi-
bits theophyiline g in accumulation, see
p. 1235.2.

Antiviral Action

Aciclovir is active against herpes simplex virus type 1 and
type 2 and against varicella-zoster virus. This activity
requires intracellular conversion of adidovir by viral
thymidine kinase to the h with
conversion by cellular enzymes s to the diphosphate and the
active triphosphate. This active form inhibits viral DNA
synthesis and replication by inhibiting the herpesvirus DNA
polymerase enzyme as well as being incorporated into viral
DNA_ This process is highly selective for infected cells.
Studies in animals and in vitro have found various
sensitivities but show that target viruses are inhibited by
concentrations of aclcovir that are readily achieved
clinically. Berpes simplex virus type 1 appears to be the
most susceptible, then type 2, followed by varicella-zoster
virus.

The Epstein-Barr virus and CMYV are also susceptible to
addovir to a lesser extent. However, for CMV it does not
appear to be activated by thymidine kinase and may act via
a different mechanism. Epstein-Barr virus may have
reduced thymidine kinase activity but its DNA polymerase is
very sensitive to inhibition by acidovir tnphosphate, which
may account for the partial activity.

Addovir has no activity against latent viruses, but there
is some evidence that it inhibits latent herpes simplex virus
at an early stage of reactivation.

All cross-references refer to enuies in Volume A

1. Bacon TH. et al, Herpes simplex virus resistance o acydovir and
pendidovir afier two decades of andviral therapy. Ciin Micekio! Rev
2003; 16: 114-28,

2. Malvy D, «t al. A reqospective, case-conerol study of acydovir resistance
in herpes simplex virus. Clin Infect Dis 2003; 41: 320-6.

Pharmacokinetics

Addovir is poorly absorbed from the gastrointestinal mact
after oral doses. Bioavailability of oral adiclovir is about 10 to
20%; orally active prodrugs such as valaddovir (p. 1021.1}
have been developed to overcome this poor absorption.
After intravenous dosage as adidlovir sodium it is widely
distibuted to body tissues and fluids induding the CSF

_where concentrations are about 50% of those in plasma.

Protein binding is reported to range from 9 to 33%.

Addovir is excreted largely unchanged in the urine, by
glomerular filtration and some active tubular secretion,
with up to 14% appearing in the urine as the inactive
metabolite 9-carboxymethoxymethylguanine. In patients
with normal renal function, the half-life is about 2 to 3
hours. In patients with chronic renal failure, this value is
increased and may be up to 19.5 hours in anuric patients.
During haemodialysis the half-life has been reported to be
reduced to 5.7 hours, with 60% of a dose of aciclovir being
removed. Faecal excretion may account for about 2% of a
dose.

Probenecid increases the half-life and the area under the
plasma concentration-time curve of aciclovir.

Acidovir crosses the placenta and is disoibuted into
breast milk in concentrations about 3 times higher than
those in maternal serum.

Absorption of addovir is usually slight after topical
application to intact skin, although it may be increased by
changes in formulation. Adclovir is absorbed after
application of a 3% ointment to the  eye gwlng a relatively

high concentration in the aq ligibl
amounts in the blood.
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Distribution. The pharmacokinetcs of oral acidovir and its
distribution into the eye.}

1. Hung SO. e al. Pharmacokinetdcs of oral acydovir {Zovirax) in the eye.
Br J Ophthalmol 1984; 68: 192-3.

Preparations
Proprieiary Preparotions (details are given in Yolume B}

{Fesnpan); Virolex (B ); Zovirat

(Tep
(Bouput) USA: Sitavig Xerese; Zovirax; Venez.: Addor; Avi:
Cloryvil; Herpin; Zovirax. .

Mul-ingredient Preparcti Cz: lear; Demm.: Xerclea:
India: Clovuax; Rus.: Berpferon (Tepndepor); Swed.: Xerclea;
Ukr.: Herpferon (Tcpadepon)t.

Pharmacopoeial Preparations

BP 2014: Addovir Cream; Addovir Eye Ointment; Addovit
Infusion; Adidovir Oral Suspension: Acidovir Tablets; Disper -
sible Addovir Tablers;

USP 36: Acydovir Capsules; Acydovir for Injecdon; Acydovi-
Ointment; Acydlovir Oral Suspension; Acyclovir Tablets.

Single-ingredient Preparations. Arg.: Acerpes; Addo; A
Apofarm; Dioxis: Duolip; Lafevir; Lisovyr. Oralsone Herpes;

Poviral; Trixviral; Virostatic Xiclovir; Zovirax; Austral.: Adhex- *

al; Advir; Acydo-V; Blistex Antiviral; Chemists Own Cold
Sore; Lovir; Nyal Antiviral Cold Sore; Ozvir; Zovirax: Zydirt:
Austria: Adi;c Addobene; Addostad; Actvic Herpomed:
Nycovir}; ViroMed; Xorox; Zovirax; Belg.: Addomed; Docad-
dot; Viratop; Zovirax; Braz.: Addofar Addomed; Addor
Adiveral; Advirax; Andomax; Antivirax; Aviral; Clovir; Ducto-
virax; Exavir; Ezopen; Hedivir; Herpesil; Hervirax; Hpvir; Unl
Vir; Zovirax; Canad.: Zovirax; Chile: Eurovir; Lisovyr; Oftavir
Vironida; Zovirax; China: A Lun (M£): A Te Mi An (FI#%
%): Ai Bel Qing (X AH); Ai Er Xin (R¥); Alsike (XBR);
Asile (FB.5k); Bangna (38#); Bao Zhen Kang (%3 ¥): Bo Shi
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“Adéfov efovlru ¥ GS-0393; PMEA; Aae¢osmp
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‘CHNsOP=2732 7 7
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Adefov:r D:pwox:l [BANM, USAN, dNNVY

Adefw:r Dlplvoksd Adéfcvu‘ Dtplvoxll Adefowr, dlprOXllO
.de: Adefovirum Dipivoxilum;-Bis (POMIPMEA; Dipivoxilo de
adefovir; GS-0840; PVZPMEA; Anedosip lanveoxcnn, .
9-[2~({B|s[(pwaloyloxy)rnethoxy]phosphmyl}memoxy)ethy(]
-adenine.

c,,H,,Nso,P_sms - s

CAS — 142340996, . - - ’

Uses and Admmlslrahon

Adefovir is a nudleotide reverse transcriptase inhibitor,
structurally related to adenine, that is given orally as the
prodrug adefovir dipivoxil for the weaument of chronic
hepatitis B {p. 952.1). It is used in adults with
decompensated liver discase, or with compensated liver
disease with evidence of active viral replication, persistentdly
raised serum alanine aminotransferase concentrations, and
histological evidence of active liver inflammation and
fibrosis. The usual dose of adefovir dipivoxil is 10 mg once
daily. For- -details of dosage modification in patients with
renal mpalrm:nt. see below.

Adefovir was initially investigated for the treatment of
HIV infection, but its.use is limited by nephrotoxicity due
to the high doses necd:d
References. .

1. Dando TM, Plosker GL. Adefovir dipivexil: a review of its use in chronic
hepatitis B. Drugs 2003; 63: 2215-34.

2. Rivkin AM. Adefovir dipivoxl in the freatment of chronic hepatitis B.
Ann Pharmacother 2004; 38: 625-33.

3. Danta M, Dusheiko G. Adefovir dipivoxil: review of 2 novel acydic
audeoside analogue. Imr J Clin Pract 2004; 58; 877-86.

4. Joues J, @ al. Adefovig dipivoxdl and pegylated interferoa aipha for the
weatment of chronic rids B: an updated systematic review and
economic evaluadon. Health Technal Asess 2009; 13: 1-172.

Administration in renal impairment. The oral dose of ade-
fovir dipivoxil should be reduced in patents with renal
impairment. The dosing interval should be medified
according to the creatinine clearance (CC) of the padent:
e CC 50mlL or more per minute: usual 10 mg once-daily
dosage (above)
« CC 30 to 49 mL/minute: 10mg every 48 hours
e CC 10 to 29 mL/minute: 10 mg every 72 hours
« haemodialysis patients: 10 mg every 7 days after dialysis

Adverse Effects

The most common adverse effects reported from adefovir
have been gastrointestnal effects including nausea,
flaulence, diarrhoea, dyspepsia, vomiting, and abdominal
pain. Other common adverse effects are headache and
asthenia. There have also been reports of pruritus and skin
rashes, Increases in serum-creatinine concentrations may
oceur and there have been instances of renal lmpaumnt
and acute renal fajure; proximal renal hy,

Breast feeding. It is unknown whether adefovir is distrib-
uted into breast milk but licensed product information
recomamends that mothers should not breast feed if taking
adefavir.

The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphyria Cenm chden, classifies adefovir dipivoxil
as probably not porphytinog! it may be used as a drug
of first choice and no precautions are needed.?

1. The Drug Database lor Acute Porphyria. Avallable at hutpe/fwww.
. drugs-porphyria.org (acoessed 24/10/11)

. Studies in rodents given high intravenous
doses of adefovir (systemic exposure 38 times that in the
human) have found it to be fetotoxic or embryotoxic
neither high oral doses (systemic exposure 23 to 40 times
that in the human) nor lower intravenous doses {systemic
expostre 12 times that in the human) produced evidence
of teratogenicity or embryotoxicity. There are no studies
available on the use of adefovir in pregnaat women and
licensed product information recommends that it should
only be given to pregnant women if the potential benefit
justifies the potential risk.

Amprenavir jgan, USAN, ANN)

141W54; Amprenaviiri Amprénawr Ampremwrum Ampfe~
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Uses and Administration

Amprenavir is an HIV-protease inhibitor with antiviral
activity against HIV. It is used in the weatment of HIV
infection and AIDS {p. 957.2). Viral resistance ‘emerges
rapidly when amprenavir is used alone, and it is therefore
used with other antirerrovirals.

Amprenavir has been given orally as capsules or solution
but the bioavailability of these formulations (Agenerase,
GlaxoSmithXline) differ and thejr doses are not interchange-
able.

o In adultsand adolescents (13 to 16 yeaxs) wexgbmg sokg
or more the capsules have been given in a dose of 1.2g
twice daxlr when given with ritonavir (ritonavir-boosted

Inferactions

Caution should bc cxeruscd when adefovir is given with 1
other drugs eli d by aaive tubular secretion as

competition for the elimination pathway may increase the

serum concentrations of either drug. Care is required when
adefovir is given with other drugs with the potendal for
nephrotoxicity; licensed product information advises
against use with tenofovir.

Antiviral Action

Adefovir is converted intracellularly in stages to the
diphosphate, which then inhidits the DNA synthesis of
hepatitis B virus through competitive inhibition of reverse

transcriptase and incorporation into viral DNA. Ar high
doses it has some activity against HIV. .

Antiviral resist The develop of I resis-
tance is a concern with long-term nudeoside or nudeotide
weamment for chronic hepatitis B. Smdles"‘ in patients
with chronic hepatitis B showed no e to adefovi
after 1 year of treatment, but resistance rates increased
over time to about 11%., 18%, and 29% at year 3, 4. and
5 respectively. Adefovir was found to be effective in
patients who had previously developed resistance to lami-
vudine.*

1. Marcellin P, et al. Adefovir dipivoxil for the treatment of hepatitis B ¢
antigen-positive chronic hepatitis B. N Engl J Med 2003; 348: 308-16.
Correcton. ibid.: 1192,

2. Hadziyannis $J, & al. Adefovir dipivoxt] for the reatment of hepatitis B ¢
antigen-negadve cironic hepatitis B. N Engl J Med 2003; 348 800-7.

Fanconi syndrome, and hypophosphataemia have also been
reported. Raised liver enzyme concentrations may occur
and severe acute exacerbation of hepatitis has been reported
after stopping treatment with adefovir.

Lactic addosis, usually associated with severe hepato-

megaly and steatosis, has been associated with treatment |

with nucleoside analogues alone or with antiretrovirals (see
Zidovudine, p. 1024.3).

Precautions

Adefovir should be withdrawn if there is a rapid increase in
aminotransferase concentrations, progressive hepatomegaly
or steatosis, or metabolic or laciic acidosis of unknown
actiology. Adcfovir should be given with caution to patients
with hepatomegaly or other risk factors for liver disease.
Parients whose liver enzyme values increase due to response
to weatment must be distinguished from those in whom
these indicate toxicity. Exacerbation of hepatitis has been
reported in patients who developed resistance to adefovir
and in those who stopped adefovir; patients who stop

date

< ibid; 1192,
3. Hadriyanais SJ. e al, Long-term therapy with adefovir dipivoxil far
Mwﬂvﬁcﬁmmhﬁpﬂdﬂsl N Bngl J Med 2003; 35 2673-81.
4. Delaney WE. Progress in the treatment of chronic hepatitis B: long-term
experience with adelovir dipivoxil. J Antimicrob Chemother 2007; 3%
827-32,

Pharmacokinetics

After oral doses adefovir dipivoxil is rapidly converted to
adefovir. Peak plasma concentrations of adefovir occur after
about 0.6 to 4 hours. Bioavailability is reported to be 59%
after a single oral dose. Absorpton is delayed but not
reduced when given with food. Adefovir is widely
distributed to body tissues, particularly into the kidneys,
tiver, and intestines. Less than 4% is bound to plasma or
serum proteins. Adefovir is excreted renally by glomerular
filration and active tubular secretion; the terminal
climination half-life is reported to be about 7 hours.
Adefovir is partially removed by haemodialysis.

Preparations

treatment should be monitored closely for an approp
period. In order to minimise the risk of resistance in patients
with lamivudine-resistant hepatitis B, adefovir should be
used with lamivudine and not as monotherapy. Patients
taking adefovir with normal renal function should be
monitored every 3 months for signs of deteriorating renal
function; patients at risk of renal impairment should be
monitored more frequently and particular care should be
exercised in patients with a creatinine dearance of less than
50 mL/minute, who may require dosage modification, and
in those receiving other drugs that may affect renal function.

Use of adefovir to treat chronic hepatitis B infection in
patients with undiagnosed or untreated HIV infection may
result in the emergence of resistant strains of HIV, US
licensed product information recommends that all patients
be tested for HIV antibodies before starting treatment with
adefovir.

(details are given in Volume B)

Single-ingredient Preparations. Ary.: Biovir: Hepsera; Revervir;
Austral.: Hepsera; Austria: Hepsera; Belg.: Hepsera; Braz.: Hep-
sera; Canad.: Hepsera; Chile: Hepsera; China: A Di XGan (il
4l); A Gan Ding (FTH2); Ailuwel (£3%%); Dai Ding (RT):
Dinghe (T#); Hepsera (342 1); Lifuzhi (RI#2); Ming Zheng
{&1E); Xinfunuo (R ¥); Yilaifen (ZF3F); Youheding (R R
T): Yue Bao (WX); Cz: Hepsera; Denm.: Hepsera; Fin.: Hep-
seca; Fr.: Hepscra,Ger Hepsera; Gr.: Hepsera; Homg Kong.

Hung.: Indic Ad Adfovir; Adheb;
Indon.,l!epscra.trl Hzpsen.lvmd:nzpsua.tml Hepsera;
Malaysia: Repsera; Mex.: Hepsera; Neth.: Hepsera; Norw.: Hep-
scn.NZ.szsera,thpp Hq:scn.hl Heprsen.?nrr. sz-
ser; Singapore. H
Switz.: Hepsera; Thai.: Hepscra.rwk. Hepsera.llx_ﬂepsen.
USA. Hepsera: Venez.: Hepsera,

Pre Py
bt o } Sl

The symbol t denotes a preparation no longer actively marketed

vir) the recommended dose is amprenavir
600 mg with ritonavir 100 mg twice daily or amprenavir
1.2 g with ritonavir 200 mg once daily.

o The oral solution has been given in a dose of 17 mg/kg
three times daily (maximum daxly dose 2.8g) or l.4g
twice daily.

For details of doses in children and patients wughmg less

than 50kg sec below. For dosage in hepatic 1mpaxrment.

also see below.

Amprenavir is now mostly used in the form of the
prodrug fosamprenavir (see p. 980.1}, which may aid
compliance by reducing adverse effects and increasing
flexibility of dosing. .

Reviews.

1. Noble 5, GoaKL. Amprenavir:a mkwalludinhlwmda]lnp-ﬁmu
with HIV infection. Drugs 2000; 60: 1383-1410.

2. Arvieux C, Tribut Q. Amprenavir or fosamprenavir plus riconavir in HIV
infection: pharmacology, efficacy and wierability profile. Drugs 2005; 63:
633-39.

Adminisiration in children. For the treament of HIV
infection in children 4 w 12 years of age and in adoles-
cents {13 10 16 years) weighing less than 50kg, amprena-
vir has been given daily with other antiretroviral drugs.
Doses are based on body-weight:

e the capsules in an oral dose of 20 mg/kg twice daily or
15 mg/kg three times daily, to a maximum daily dose ot
2.4g or

o the solution in an oral dose of 22.5 mg/kg twice daily or
17 mg/kg three tirnes daily, toa maximum daily dose of
28g

Administrafion in hepatic impairment. Amprenavic
should be used with caution and in reduced doses in
patients with hepatic impairment. Additionally, the oral
solution contains propylene glycol and extra restrictions
may apply.
The following doses have been recommended in UK
licensed product information:
oral solution:
¢ donotuse’
capsules:
* moderate impairment: 450 mg twice daily
e severe impairment: 300 mg twice daily
The following doses have been recommended in US product
information:
oral solutiore:
e Child-Pugh score 5 to 8: 513 mg twice daily .
e Child-Pugh score 9 t0 12: 342 mg twice daily
* hepatic failure: do not use
capsules:
« Child-Pugh score 5 to 8: 450 mg twice daily
« Child-Pugh score 9 to 12: 300 mg twice daily

Adverse Effects

As for Fosamprenavir, p. 980.3.

Precautions

As for Fosamprenavir, p. 980.3. For further information on
cross-reactivity between sulfonamide drugs see Hypersensi-
dvity, under Sulfamethoxazole, p. 365.3. The oral solution

and capsule formulations of amprenavir - (Agenerase,
GlaxoSmithXline) also provide high daily doses of vitamin E
(with ts attendant adverse effects, sce p. 2121.2).. The oral
sofution has a high content of propylene glycol, present as
an excipient, and appropriate precautions should be taken;
it is contra-indicated in infants and young children, in
pregnancy, and in hepatic or renal impairment. For further
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information on propylene glycol toxidity, see Adverse
Effects and Precautions, p. 2205.3.

Porphyria. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphyria Centre Sweden, classifies amprenavir as
probably porphyrinogenic; it should be prescribed only for
compelling reasons and precautions should be considered
ini all patients.!

1. The Drug Dawubase for Acute Porphyris. Available au hrp://www.

drugs-porphyria.org (accessed 14/10/11)

Pregnancy. Amprenavir has been associated with terato-
genicity in animals. The solution is contra-indicated in
pregnancy due to the high propylene glycol content.

Interactions

As for Fosamprenavir, p. 980.3.

Agenerase oral solution (GlaxoSmithKline) is
contra-indicated in patients taking disulfiram or other
products that reduce alcohol metabolism (such as metvo.
nidazole) and in those taking alcohol-containing products
(such as ritonavir oral solution) because of the potentiat risk
of toxicity from its propylene glycol content.

Antiviral Action
As for Fosamprenavir, p. 980.3.

Pharmacokinelics

Amprenavir is rapidly and well absorbed from the
gastrointestnal tract after oral doses. Absorption is impaired
by ingestion with a high-fat meal. Amprenavir capsules and
oral solution are not bioequivalent; oral bioavailability is
about 14% lower from the oral solution formulation than
from the capsule formulation {Agenerase, GlaxoSmithKline).
Peak plasma concentrations occur 1 to 2 hours after a single
dose. Itis about 90% bound to plasma proteins. Amprenavir
is metabolised by hepatic cytochrome P450 isoenzyme
CYP3A4. It is excreted mainly in the faeces as metabolites.
The plasma elimination half-life is 7.1 to 10.6 hours.
References.
L. Sadler BM, Stein DS. Clinical ph. logy and ph
amprenavir. Ann Plllmumlhn 2002, 236: 102-18.
2. Swein DS. et al. P and ph: dy ic analysis of
therapy in HIV-l-infected chil-
drm J Clin Pharmacsl 2004; 44: 1301-3.
3. Yogev R o al. Single-dose safety and pharmacokinetics of amprenavir
(141W94), & human imrmunodeficiency virus type 1 (HIV-1) protease
inhibitor. in HIV-infected children. Antimicrob Agenss Chemother 2005; 49:

ic of

33641,

Preparations

Proprielary Prepardtions (details are given in Volume B}

Single-ingredient  Pr s Arg: A Austral.:

Agenmsc, Am‘lm A, {; Braz: A Chile:
t: Cz: A +: Fin: A t: Ger.: Agener-

asd— Gr.: ‘ Irl: A t; Isracl: Ag Mex:
t: Neth.: A +; NZ: Ag:nense. Pol. Agener-

asct; Port.: A Ru.r A (Arciepasa); Spain:

Ageneraset; Switz.: Agenenser- Turk.: Ageneuscf Venez:
Agencrase.

Atazanavir Sulfate maw, usan vy

Alazanavlr, Su(ﬁt& d; Atazanavar, sulfato de, ‘Atazanavir
; ulfas,“BM5~?32632—05 BMS—BZBE!Z

Dlmethyl; (35 asgsizs»&w -3,
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Uses and Administration

Atazapavir is an FIV-protease inhibitor with andviral
activity against HIV-1. It is used in the treatment of HIV
infection and AIDS (p. 957.2). Viral resistance emerges
rapidly when atazanavir is used alone, and it is therefore
used with other antiretrovirals.

Atazanavir is given orally as the sulfate with food, but
doses are expressed -in terms of atazanavir; 228mg of
atazanavir sulfate is equivalent to about 200mg of
atazanavir,

The usual adult dose in both weaunent-naive and
treatment-experienced patients is atazanavir 300 mg, given
with ritonavir 100mg once daily. In the USA, unboosted
atazanavir 400mg once daily may also be considered for

All cross-references refer to entries in Volume A

reatment-naive patients who are unable to tolerate
ritonavir,

Al vir should g ly be ritonavir-boosted if it
must be given with efavirenz, tenofovir, Hj-receptor
antagonists, or proton pump Inhibitors. While the use of
atazanavir with efavirenz is generally not recormmended
(see Interactions, below) increasing the dose of atazanavir to
400mg (with rtonavir 100mg) once daily for use with
efavirenz is considered acceptable in the USA for treatment-
naive patients only. Atazanavir 400mg with ritonavic
100 mg once daily has also been suggested when use with
an H,-receptor antagonist with tenofovir cannot be avoided,
and UK licensed product information also suggests this
regimen if use with a proton pump inhibitor or high-dose
Hj-receptor antagonist (exceeding the equivalent of
famotidine 40 mg/day) is essential:

For deuwails of doses in children and adolescents, see
below.

For details of recommended doses of atazanavir in
patients with hepatic or renal impairment, see below and
below respectively.

Rcviews
1. Havlir DV, O'Macro SD. Alazanavir: new option for rreatment of HIV

infection. Clin Infea Dis 2004: 38: 1599-1604.

2. Musial BL. e of. Atazanavir 3 new protease inhibitor 1o treat KIV
infection. Am J Health-Syst Pharm 2004; 61: 1365-74.

3. Orick JJ, Steinhan CR. A . Anm Ph her 2004; 38: | 664—
4.

4, Swainston Harmisan T, Scott LJ. Awazanavic: a review of its yse in the
managemens of HIV infection. Drugr 2003: 63: 2309-36.

3. Croom KF. ef al. Alazanavir: a review of its use in the management of
HIV-1 infection. Drugs 2009; 69: 110740,

5. Bemwué-Ferrer D, of ol Clinical pharmacology, elficacy and salety of
atazanavir: a review. Exprrt Opin Drug Metab Taxicol 2009: $: 1455-68.

Administration in children. For the treatment of HIV
infection in children 6 years of age and older and adoles-
cents, atazanavir is given orally with food. Doses are based
on body-weight.

In the USA the recommended dosage of atazanavir with
ritonavir in treatment-naive patients at least 6 years of age is:
« 15 to 24 kg: atazanavir 150 mg once daily with ritonavir

80 mg once daily
e 25 to 31 kg: atazanavir 200 mg once daily with ritonavir

100 mg once daily
« 32 to 38 kg: atazanavir 250 mg once daily with ritonavir

100 mg once daily
e 39kg or more: atazanavir 300mg once daily with

ritonavir 100 mg once daily
For treatment-naive patients atleast 13 years of age and 39 kg,
who are unable to tolerate ritonavir, the recommended dose
is atazanavir 400 mg once daily. .

The rec ded dosage of vir with ritonavir in
lreatmmt-apmmc:d patients at least 6 years of age is:

25 to 31 kg: atazanavir 200 mg once daily with ritonavir

100 mg once daily
e 3210 38kg: atazanavir 250 mg once daily with ritonavir

100 mg once daily
e 39kg or more: atazanavir 300mg once daily with

ritonavir 100 mg once daily
Although the overall range of doses recommended in the
UK is the same as in the US, fewer body-weight divisions are
suggested.

Administrafion in hepatic impairment. In weatment-naive
patents the oral dose of atazanavir should be adjusted in
hepauc impairment as follows:
mild hepartic impairment {Child-Pugh category A}): use
with caution (no spedific reducdon recommended)
¢ moderate impairment (Child-Pugh category B): ataza-
navir 300 mg daily
o severe hepatic impairment (Child-Pugh category C): not
tecommended
Ritonavir-b vir regi should be used with
caution in patients with mild bepatic impairment and
should not be used in those with moderate to severe hepatic
impairment.

Administrafion in renal impairment. Oral dose adjust-
ments are not usually necessary for patients with renal
impairment. However, US hcenscd product information
reg ds that i on h di

lysis should be given atazanavir 300mg once daily wuh
ritonavir 100 mg once daily and that atazanavir should not

be used in treamment-experienced patients on haemodia-

lysis.

Adverse Effects

Commonly reported adverse effects of moderate or greatex_

mtcnsuy associated with anti viral reg [«

include gastrointestinal disturbances (abdominal
pain, dhn'hoea. dyspepsia, nausea, vomiting, and jaundice),
headache, insomnia, and peripheral neurological symp-
toms, and scleral icterus. Other commonly reported adverse
effects are asthenia and fatgue. Mild to moderate rashes
(usually maculopapular) generally occurring after 8 weeks
of eatment and resolving within 1 to 2 weeks have been

reported. Stevens-Johnson syndrome and erythema muld-
forme have also been reported in padents given atazanavir.
Atazanavir may prolong the FR interval of the ECG and
asympromatic first-degree AV block has been reported in
some patients. There have also béen rare reports of QT
interval prolongation and torsade de pointes. Cases of
neph.rol!thmsxs have occurred. Most padents taking
ir have asymp tic elevations in unconjugated
bilirubin, which is reversible upon stopping treatment.
Other abnormal laboratory results include elevated amylase
and lipase, elevated liver enzymes, and low neutrophils.
Immune reconstitution syndrome (an inflammatory
immune response resulting in clinical deterioration) has
been reported during the initial phase of treatment with
combination antiretroviral therapy, induding atazanavir, in
HIV-infected patents with severe immune deficdency.

‘Accumulation or redistribution of body fat (lipodystrophy)

including central obesity, dorsocervical fat enlargement
{buffalo hump), peripheral wasting. facial wasting, breast
enlargement, and cushingoid appearance bave been seenin
patients receiving antiretroviral therapy. induding ataza-
navir. Metabolic abnormalities such as insulin resistance,
hyperglycaemia, and hyperlactataemia have also been
reported; unboosted atazanavir generally does not appear to
have a negative effect on lipid levels. Elevaied creatine
phosphokinase, myalgia, myositis, and rarely rhabdomyo-
lysis have been reported with HIV-protease inhibitors,
particularly when given with nucleoside analogues.
Osteonecrosis has been reported, particularly in patients
with advanced HIV disease or long-term exposure to
combination antiretroviral therapy.

For further information on adverse effects associated
with HIV-protease inhibitors see under Indinavir Sulfate,
p. 986.2.

Precautions

In the USA, atazanavir is contra-indicated in patients with
severe hepatic impairment, and UK licensed product
informarion advises that use in those with moderate liver
impairment should also be avoided. It should be used with
caution, and liver enzymes values monitored, in patients
with milder liver disease. The use of ritonavir-boosted
atazanavir has not been studied in hepatic impairment;
while US licensed product information recommends
avoiding use in patients with any degree ol hepatic
insufficiency. UK licensed product information allows use,
with caution, in those with mild impairment. Patients co-
infected with chronic hepatitis B or C and treated with
combination andrewoviral therapy are at increased risk for
severe and potentially fatal hepatic adverse events.
Caution is advised in treating patients with haemophilia
A and B as reports of sponuaneous bleeding have been
associated with the use of HIV-protease inhibitors. Caution
should be exerdsed in patients with pre-existing cardiac
conduction disorders or in those taking drugs that prolong
the PR or increase the QT intervals. Patients developing
jaundice or sdleral icterus assodated with hyperbilirubinae-
mia should be uied on an alternatve antiretroviral; dose
reductions of atazanavir should not be considered.

Pregnancy. Atazanavir has not been assodated with tera-
togenidity in animals. Although there are theoretical con-
cerns that atazanavir given to mothers may exacerbate
physiologic hyperbilirubi ia and lead to kernicterus in
neonates and young infants, these effects have so far not
occurred in dinical studies.!
For further information on Lhe use of HIV-protease
inhibitors in pregnancy, see under Indinavir, p. 987.1.
1. Public Health Service Task Force. Recommendadons loc use of
antretroviral drugs in pregnant HIV-infected women lor maternal

health and intervencions 10 reduce perinatal HIV transmission in the

United States (usued 1!'.h April, 2009; updated 24th May, 2010).
Availsble  at il paf

{accessed 03/10/09)

Interactions

Atazanavir is extensively metabolised in the liver by the
cytochrome P450 isoenzyme CYP3A4 and inhibits CYP3A4,
CYP2C8, and UGT1Al. Use with drugs mainly metabolised
by these isoenzymes may result in increases in their plasma
concentrations, while drugs that inhibit CYP3A4 may
increase at vir plasma concentrat When ritonavir-
boosted atazanavir is given, the drug interaction profile for
ritonavir may -predominate because ritonavir is a more
potent CYP3A4 inhibitor than atazanavir.

Although specific guidance varies between licensing
authorities, licensed product information generally
contra-indicates the use of atazanavir with drugs that are
highly dependent on CYP3A4 for clearance and for which
elevated plasma concentrations are assoclated with serious
or life-threatening events. These drugs indude
. andarrhymnuc (am:od;rone, bcprldl.l. and quinidine)
« antihi izole and terfe dine)

s antipsychotics {pimozide)
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o ergot derivatives (dihydroergotamine, ergometrine,
ergotamine, methylergometrine)

« gastrointestinal prokinetics (cisapride)

« sedatives and hypnotics (triazolam and oral midazolam)
statins {simvastatin and lovastatin}

m the USA, use with the alpha,-adrenoceptor ist

ATC +=:JOSAEI2. -
{ATC Vet —QIOSAEI2:
UN#.-— B89BTSBKELH. -

Uses and Administration

alfuzosin is also contra-indicated.

Owing to the potential for increased serum concentra-
tions of sildenafil, atazanavir should be avoided with
sildenafil when given at the doses needed for the reatment
of pulmonary hypertension. Similarly, atazanavir may
mcrease serum concentrations of inhaled fluticasone and

1 and c ination with either is not recom-
mended. Ritonavir-boosted atazanavir should not be used
with drugs having narrow therapeutic windows that are
highly dependent on CYP2Dé for dearance, such as the
antiarrhythmics flecainide and propafenone. Proton pump
inhibitors, the NNRTIs efavirenz and nevirapine, rifampicin,
and St John’s wort decrease the concentration of atazanavir;
use with the andretroviral is not recommended due to
possible loss of its activity and development of resistance.
H,-receptor antagonists may also substantially reduce
serum concentrations of atazanavir. Careful consideration
needs to be given to both the size and timing of the H,-
receptor -antagonist dose when use with atazanavir is
required, and where the antiretroviral regimen also
indudes tenofovir, use with a H,-receptor antagonist is
best -avoided entirely. For information on doses used in
management of drug interactons, see Uses and Adminis-
tration, p. 968.1.

Atazanavir should alse not be given to patients taking
indinavir, as indirect hyperbilirubinaemia may result.
Atazanavir is also contra-indicated with irinotecan as
atazanavir's inhibition of UGT1Al may increase irinotecan
toxicity.

For further mfarmancm on drug interactions of HIV-
protease inhibitors See under Indinavir Sulfate, p. 987.2.

Antiviral Action

Atazanavir is a selective, competitive, reversible inhibitor of
HIV-1 protease. It interferes with the formation of essential
viral proteins making them incapable of infecting other
cells. Viral resistance develops rapidly when HIV-protease
inhibitors are given alone and therefore they are used with
other antiretrovirals. Various degrees of cross-resistance
between BIV-protease inhibitors may occur.

Pharmacokinetics

Atazanavir is rapidly absorbed from the gastrointestinal tract
after oral doses and peak plasma concentrations occur after
2 to 2.5 hours. On multiple dosing with a ritonavir-boosted
regimen peak plasma concentrations occur after 3 hours.
Bioavailability (of both ritonavir-boosted and non-boosted
regimens) is enhanced if given with food. Atwazanavir is
reported to be 86% bound to serum proteins. It is distributed
into semen and into the .CSF. Atazanavir is extensively
metabolised, mainly by oxidation by cytochrome P450
isoenzyme family CYP3A; the metabolites appear to be
inactive. Atazanavir is mainly excreted in faeces, mostly as
metabolites, and to a smaller extent in the urine. The
terminal elimination hali-life of atazanavir is reported to be
about 7 hours and 8.6 hours after a ritonavir-boosted
regimen.
Reviews

. Le Tnc: C, « al. Clinical pharmacokinetics and summary of efficacy and

of . Ctin inet 2005; 44: 1035-50,
2. Avth;sanun A etal A low dosc of ritonavir-boosted atazanavir

provides adi in HIV-)-infected That
adults. Clin Pharmacol Ther 2009; 85; 402-8.

Preparations

Proprietary Preparations (details are given in Volume B)
Single-ingredient Preparations. Arg.: Reyataz; Austral: Reyataz;
Austria: Reyataz; Belg.: Reyataz; Braz.: Reyataz; Canad.: Reya-
taz; Chile: Reyataz; China: Reyatz ($X %), Cz: Reyataz;
Denm.: Reyataz; Fin.: Reyataz; Fr.: Reyataz; Ger.: Reyataz: Gr.:
Reyataz; Hong Kong: Reyataz: Hung.: Reyataz; India. Atazor;
Indon.: Reyatazt; Irl.: Rcyataz, Israel: Reyataz; Ital.: Reyataz;
Jpn: Reyataz; Mal Y Mex.: Rey Neth.: Reya-

Boceprevir is an oral peptidomimetic HCV-protease
inhibitor effective against hepatitis C virus (HCV) protease
NS3/4A. It is used in the treatment of chronic hepatits C
(p. 952.1) genotype 1 infection in adults with compensated
liver disease, including clrrhosis. Boceprevir is given in an
oral dose of 800mg three times daily {once every 7 to 9
hours) with food in a combined regimen with peginterferon
alfa and ribavirin,

Patients without cirrhosis who are previously
untreated or who have failed previous treatment with
peginterferon alfa and ribavirin should be given an initial 4
weeks of treatment with peginterferon alfa and ribavirin
(bi-therapy). Boceprevir is then added to the regimen (tri-
therapy), after which the course is determined by the
patient’s dinical situation and hepatitis C-RNA (HCV-RNA)
response to therapy. UK- and US-licensed product
information recommend the following approach:
Previously untreated patients
¢ where HCV-RNA is undetectable at weeks 8 and 24:

coruplete tri-therapy until the end of week 28
o where HCV-RNA is detectable at week 8, but

undetectable at week 24: continue tri-therapy to the

end of week 36, then switch to bi-therapy until the end

of week 48
Patients who have failed previous therapy with peginterferon
alfa and ribavirin
« where HCV-RNA is undetectable at weeks 8 and 24: UK

licensed product information advises tri-therapy up to

the end of week 36, then bi-therapy until the end of
week 48; US licensed product information advises tri-

therapy up to the end of week 36
¢ where HCV-RNA is detectable at week 8, but

undetectable at week 24: continue tri-therapy up to the

end of week 36, then switch to bi-therapy until the end

of week 48
Patients with cirrhosis should be given an initial 4 weeks of
bi-therapy, followed by 44 weeks of tri-therapy. The
duration of tri-therapy should not be less than 32 weeks; if
tri-therapy is not tolerated, a switch to bi-therapy for the
remaining 12 weeks can be considered.

In all patients, HCV-RNA levels > 100 units/mL at week
12, or detectable HCV-RNA levels at week 24 are an
indication of treatment futility, in which case tri-therapy
should be abandoned.
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Adverse Effects

The addition of an HCV-protease inhibitor to a regimen of
peginterferon alfa and ribavirin can result in significant
additional toxicity, particularly dermatological, gastroin-
testinal, and haematological.

Adverse effects associated with the use of boceprevir with
peginterferon alfa and ribavirin are wide ranging, but the
most common adverse effects reported in clinical studies
were anaemia, fatigue, headache, nausea, and taste
disturbances. Other common effects that have been
reported include increased incidence of infection, biood
dyscrasias (including neutropenia, leucopenia, and throm-
bocytopenia), dry eyes or changes in vision, thyroid
disturbances, reduced appetite, weight loss, dehydration,
metabolic disturbances (such as hyperglycaemia, hyper-
triglyceridaemia, and hyperuricaemia), palpitations and
changes in blood pressure, psychiatric disturbances,
respiratory effects (including cough and dyspnoea), various
CNS effects (such as dizziness, syncope, hypoaesthesia, or

hesia), tinnitus, gastroi. | disturbances, effects

taz; Norw.: Reyataz; NZ: Reyataz; Pol.: Reyataz; Port.: Rey
Rus.: Reyataz (Pesras); S.Afr.: Reyataz; Singapore: Reyataz;
Spain: Reyataz; Swed.: Reyataz; Switz.: Reyataz; Thai.: Reya-
taz; UK: Reyataz; USA: Reyataz,

Boceprevir usay, iy

Bocéprévnr Boceprevxrum SCH-503034; Souenpesm
‘(1 A, 25, SS)-N-[S-Ammo-I-(cyclobutylmethyl) Z.3-d|ox pro-
1-d

on the skin (mcludmg alopedia, dry skin, pruritus, and
rash), muscle and joint pain, frequent urination, erectile
dysfunction, weakness, fever, chills, and malaise. Rare, but
potentially serious adverse effects can indude deafness,
haemolysis, thyroid neoplasms, cardiac arrhythmias,
thrombotic disorders (including deep-vein thrombosis and
pulmonary embolism), pleural fibrosis and pleuritic pain,
retinopathy, cerebral and retinal ischaemia, myocardial
infarction, cholecystitis, pancreatitis, and gastritis.

Precautions

Boceprevir must not be used as monotherapy as there is a
high likelihood of viral resistance developmg It is
contra-indicated in patients with auto-immune hepatitis.

The symbol t denotes a preparation no langer actively marketed

Because boceprevir is given with peginterferon alfa and
ribavirin, precautions with respect to the use of these
medications must be observed (see p. 995. 1 and p. 1011.. 2
respectively). - Boceprevir-c i ly
increase the incidence and degree of anaemia and
neutropenia compared with peginterferon alfa and ribavirin
alone; complete bicod counts should therefore be obtained
before, and periodically throughout, treatment. Prompt
evaluation and treatment of infections is necessary.
Boceprevir may have proarrhythmic effects and care is
warranted in patients at risk for QT-interval prolongation.

Interactions

Boceprevir is a strong inhibitor of the cytochrome P450
isoenzymes CYP3A4 and CYP3AS; boceprevir in combina-
tion with peginterferon alfa and ribavirin is contra-indicated
with drugs that are highly dependent on these enzymes for
clearance and for which elevated plasma concentrations are
associated with serious or life-threatening events. Although
specific guidance may vary between licensing authorities,
these drugs may include B

o the alpha,-adrenoceptor antagonist alfuzosm
antimalarials (halofantrine and lumefantrine)
antineoplastics {tyrosine kinase inhibitors)
antipsychotics {pimozide)

calcium-channe! blockers (bepridil)

the oral contraceptive hormone drospirenone

ergot derivatives (dihydroergotamine, ergonovine,
ergotamine, and methylergonovine)

* gastrointestinal prokinetics {cisapride)

* sedatives and hypnotics {triazolam and oral midazolam)
= statins {lovastatin and simvastatin)

Owing to the potential for increased serum concentrations
of phosphodiesterase type-5 inhibitor (such as sildenafil and
tadalafil), boceprevir should also be avoided with these
drugs when given at the doses needed for the weatment of
pulmonary hypertension. Similarly, boceprevir may
increase serum concentrations of inhaled budesonide,
fluticasone, or salmeterol; combination with any of these is
not recommended. .

Boceprevir is partly metabolised by CYP3A4 and
CYP3AS; as a result, drugs that induce or inhibit these
enzymes might be expected to decrease or increase
exposure to boceprevir. In particular, use with potent
inducers of CYP3A4 and CYP3AS (such as carbamazepine,
efavirenz, phenobarbital, phenytoin, rifampicin, rifabutin,
or St Johns wort) should be avoided.

Caution should be observed if boceprevir is to be given
with drugs known to prolong the QT-interval (such as
amiodarone, methadone, pentamidine, quinidine, and
some antipsychotics).

Antiviral action

Boceprevir is a competitive inhibitor of the NS3/4A pratease
of hepatitis C virus (HCV) genotype 1, a protein involved in
the post-rranslational processing of HCV polyproteins that is
required for viral replication. The drug has no dinically
significant activity against other HCV genotypes and must
be used with peginterferon alfa and ribavirin to minimise
the emergence of viral resistance.

Phamacokinetics

Boceprevir is given as an equal mixture of two
diastereomers, SCH534128 and SCH534129, only the first
of which is pharmacologically active. It is well absorbed after
oral administration and peak-plasma concentrations occur
after a median 2 hours; in plasma, the diastereomer ratio
changes to 2:1, favouring the active diastereomer
SCHS34128. Plasma congentrations increase in a less-
than-dose-proportional manner, indicating that larger doses
are not absorbed as well as smaller ones. Food enhances its
absorption by up to 65% at a dose of 800mg three times
daily. Steady-state concentrations of boceprevir occur after
about 1 day of regular dosing. It has a mean volume of
distribution of about 772litres and is about 75% bound to
plasma proteins.

Boceprevir is metabolised through the aldo-ketoreduc-
tase (AKR)-mediated pathway to inactive ketone-reduced
metabolites; to a lesser extent, it also undergoes oxidative
metabolism via CYP3A4/S. Tt has a mean elimination half-
life of about 3.4 hours, and is excreted mainly in the faeces
as metabolites with less than 10% as unchanged drug. Renal
excretion of boceprevir is relatively insignificant, and the
drug is not removed by dialysis.

Preparations
Proprietary Preparations (details are given in Volume B)

Single-ingredient Preparations. Austral.: Victrelis; Belg.: Vicwelis;
Denm.: Victrelis; Fr.: Victrelis; Ger.: Victrelis; Irl: Vicwrelis:
Israel: Victrelis; Neth.: Victrelis; Norw.: Victrelis: Singapore:
Victrelis; Spain: Victrelis; Swed.: Victrelis; Switz.: Victrelis; UK:
Victrelis; USA: Victrelis.
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