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Abstract

Metronidazole has many unique properties such as 
possessing antibacterial as well as anti-protozoal 
activity, very minimal resistance rate, acceptable 
safety profile and market longevity. Metronidazole 
has remained as the recommended drug in the 
treatment of any form of amoebiasis caused by 
Entamoeba histolytica since its inception almost 
half a century ago. Anaphylaxis which limits 
the use of many antibacterial agents is hardly 
reported with metronidazole accounting for its 
favourable safety profile. Owing to its low-cost, it is 
considered affordable and economically accessible 
in developing countries which are mainly affected 
by amoebiasis. Its pharmacokinetic properties 
considered are its asset as well as drawback. For 
example, good bioavailability and good tissue 
penetration allows metronidazole to be used as oral 
dosage form in many indications and responsible 
for its efficacy in many extra-intestinal amoebiasis. 
However, inhibition of hepatic drug metabolizing 
enzymes is responsible for some significant 
drug interactions, and disulfiram like effect with 
alcohol. Unlike many other antimicrobial agents 
which were discovered much later, metronidazole 
has withstood the problem of antimicrobial 
resistance. Even some longer acting agents have 
been developed in the recent past, metronidazole 
remains the drug of first choice for amoebiasis 
documenting very high cure rate with minimal need 
for other treatment modalities. 
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Introduction

Metronidazole belongs to the family of nitro 
imidazole group of drugs that has selective activity 
against anaerobic microorganisms, including 
bacteria and protozoa. At its invention in late 1950s, 
metronidazole was developed for the treatment of 
Trichomonas vaginalis infection and subsequently 
shown to be effective against other protozoans 
namely Entamoeba histolytica and Giardia lamblia 
(1,2,3).Currently it has a significant place in the 
treatment of both intestinal and extra intestinal 
amoebiasis caused by Entamoeba histolytica, 
antibiotic associated colitis, anaerobic infections 
involving lung, gastro intestinal tract and genitalia, 
as a part of Helicobacter pylori eradication 
regimen and as prophylaxis before abdominal and 
gynaecological surgical procedures.

We are all aware of the bitter fact that the modern 
world of medicine is challenged by the emergence 
of antimicrobial resistance since the time the 
first antibiotic emerged. However the role of 
metronidazole in the treatment of amoebiasis 
remains unchanged for more than 50 years despite 
many antimicrobial agents have been forced to 
disappear due to emergence of resistance. Despite 
its extensive use over 5 decades, metronidazole 
remains the preferred drug for any forms of 
symptomatic amoebiasis including extra intestinal 
amoebiasis with only a very small proportion 
requiring percutaneous interventions or any other 
form of surgical treatment. In addition, it has many 
advantages including cost effectiveness, good 
efficacy against susceptible organisms, favourable 
pharmacokinetics and good tissue penetration 
(4). Prescribers should prepare the patients for its 
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adherence limiting adverse effect of metallic taste 
to get the maximum benefits out of metronidazole. 

Despite its long and extensive use in medical 
practice, studies and trials related to this drug are 
limited.  It is a “time-tested” drug. Its efficacy 
and safety are established by being in the clinical 
practice for such a long time without any major 
setbacks. 

The 20th model essential medicine list (EML) 
published by the World Health Organization (WHO) 
in 2017 lists metronidazole as an anti-amoebic 
medicine and as first choice antibacterial agent for 
Clostridium difficile infections, complicated intra-
abdominal infections and Trichomonas vaginalis 
infection and as second choice in mild to moderate 
complicated intra-abdominal infections (5). It has 
survived in this regularly updated model EML 
since the time it was included in 1979 whereas 
many other agents succumbs to deletion during 
the revisions. 

Metronidazole continued to be listed in the national 
EML of Sri Lanka as well under the same categories 
as WHO model EML. Metronidazole is a heavily 
consumed antimicrobial agent in Sri Lanka. On 
personal communication the relevant authorities 
has revealed the fact that the annual consumption in 
2016 of metronidazole 200mg tablet was 42329000, 
400mg tablet was 6662000 and intravenous 500mg 
vials was 2349975.The tentative cost would be 
LKR 35 million for the tablets and LKR 85million 
for the parenteral preparation.

Metronidazole is one of the few agents which exhibit 
the unique property of having both antibacterial 
and anti-protozoal activities.  This article looks at 
the therapeutic efficacy and use of metronidazole 
especially in the treatment of amoebiasis based on 
recent studies.

Amoebiasis

Amoebiasis is reported from all over the world but 
seen more in tropical regions with warm climate. 
Highest incidence is documented from most of 
the developing countries in the tropics including 
Sri Lanka. It is known to affect at least 500million 
people around the world and is responsible for up 

to 100,000 deaths per annum worldwide (6). It is 
listed as the third most common cause of death from 
parasitic diseases.

Amoebiasis is caused by Entamoeba histolytica, 
the trophozoites being responsible for the clinical 
illnesses and cysts facilitating the transmission 
of illness. Amoebiasis is broadly categorized 
as intestinal and extra intestinal disease. When 
trophozoites invade the bowel mucosa it causes 
symptomatic colitis and when it enters the blood it 
causes distant abscesses in the liver, lungs or brain. 
Patients with intestinal amoebiasis usually presents 
with diarrhoea. Profuse diarrhoea is rare. Fulminant 
colitis which present with severe abdominal pain 
and high fever is a very rare complication. Other 
occasional presentations include toxic megacolon, 
acute fulminant necrotizing amoebic colitis and 
an amoeboma presenting as a tender mass in the 
abdomen (7, 8). 

Invasive colitis and liver abscesses are seven fold 
more common among men than women. Amoebic 
liver abscess, the most common extra intestinal 
amoebiasis has high mortality if not treated 
promptly (9). However, successful treatment with 
metronidazole has reduced the mortality almost 
to zero.

The first report of hepatic amoebiasis from Sri 
Lanka, formerly known as Ceylon was way 
back in 1821(10).Since then several reports 
have been published (8, 11, 12).  Though a study 
had been conducted in Northern Sri Lanka on 
immunological and molecular confirmation of 
amoebiasis recently, diagnosis is mainly based on 
clinical and ultrasonographic findings (13). Unlike 
many other infections for which the recommended 
treatment has changed several times over the 
years, clinicians in Sri Lanka are able to conquer 
amoebiasis with oral metronidazole recording high 
eradication rate and few relapses.

Treatment of amoebiasis

Anti-amoebic drugs are classified according 
to the site where the drug is effective: luminal 
amoebicides which act on luminal form of amoeba 
mainly the cysts (14), systemic amoebicides which 
are effective against amoeba in the intestinal wall 
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and liver mainly the trophozoites (15) and  mixed 
amoebicides which are effective against both the 
luminal and systemic forms of amoeba, mainly the 
trophozoites though it is claimed that the luminal 
concentrations are too low for single drug treatment 
(16). 

Metronidazole is a mixed amoebicide highly effective 
against trophozoites of Entamoeba histolytica 
with no action on cysts. It is rapidly absorbed 
after oral administration with a bioavailability of 
over 90%. It’s very low luminal concentrations 
and the necessity to undergo intracellular nitro 
reduction in order to become active are postulated 
as the reasons for its ineffectiveness against cysts 
of Entamoeba histolytica which remain in the 
lumen. Luminal amoebicides are poorly absorbed 
with high concentration in the lumen which limits 
their activity to cysts and trophozoites close to the 
mucosa (17, 18, 19).

Treatment of intestinal amoebiasis

Recommended treatment for amoebic colitis is 
metronidazole 800mg orally three times daily for 
10days followed by a course of diloxonide furoate 
500mg orally three times a day for 10 days (20) as 
metronidazole does not eradicate cysts.  However, 
there are no studies published in the recent past 
which have critically evaluated whether the 
evidence for this recommendation is robust. Hence 
clinicians sometimes use only metronidazole. 
Relapses are not uncommon and probably represent 
either re-infection as the patients are exposed to 
same environmental risks or failure to eradicate 
amoeba from the bowel because of inadequate 
dosage or duration of therapy.

Treatment of hepatic amoebiasis

Metronidazole is the drug of choice for hepatic 
amoebiasis. More than 90%of patients respond 
dramatically to metronidazole therapy with 
resolution of fever and pain within 3 days (21). With 
early diagnosis and therapy, mortality rate from 
uncomplicated hepatic amoebiasis is less than 1% 
though the abscess disappears slowly over months. 
The recommended dosage of metronidazole is 

500-750mg per oral eight hourly for 7-10 days.
In Sri Lanka the tablet strength of metronidazole
is 400mg and clinicians treat  hepatic amoebiasis
with a course of  800mg eight hourly for 7-10
days. Majority of patients with liver abscess
with no overt intestinal symptoms had shown to
harbour the parasites in the intestinal lumen as
well. (22). Thus the patients are given a course
of luminal amoebicide as well to eradicate the
cysts and prevent further transmission. However,
recurrence of amoebic liver abscess is very rare.
Studies have documented that monotherapy with
metronidazole is very effective in treating amoebic
liver abscess (23). There is no evidence to suggest
that even for large abscesses aspiration accelerates 
healing induced by metronidazole therapy (24).
However percutaneous drainage is indicated in
diagnostic dilemmas, lack of clinical response for
metronidazole in 3-5days, imminent rupture, left
lobe abscess in view of preventing rupture into the
pericardium and large abscesses. Open surgical
drainage is indicated only in few complicated cases 
of abscess perforation (25).

Pharmacology of metronidazole 

Metronidazole enters the cell as a prodrug by passive 
diffusion and is activated either in cytoplasm of the 
bacteria or specific organelles in the protozoa. 
In anaerobic microorganisms, metronidazole is 
converted into an active form by reduction of 
its nitro group. This binds to DNA and prevents 
nucleic acid formation by disrupting DNA and 
causing breakage (17,18).

Metronidazole is well absorbed after oral 
administration and distributed to achieve sufficient 
concentration to eradicate infection in the liver, 
gut wall and pelvic tissue. It is predominantly 
metabolized in the liver and mainly eliminated via 
the urine partly as unchanged, partly as metabolites 
and to a lesser extent via faeces .Its half life is 8 
hours and it is prolonged in patients with hepatic 
impairment (19).

Summary of studies 

Table 1 summarizes the different treatment 
modalities and their outcome in hepatic amoebiasis.
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Table 1: Summary of studies related to treatment outcome in hepatic amoebiasis

Author Study Design and inter-
ventions Participants and number Outcome Findings

Linda CE et 
al (26).
Mexico
2014

Prospective observational 
study.
Intravenous metronidazole 
for all participants 

amoebic liver abscess (? How 
diagnosed) 
Say clinically or US 
N= 50

Improvement in symptoms and 
reduction in total white blood 
cell count  in less than 72 hours

48%  required 

Percutaneous drainage.

McGarr PL 
et al(27)
South Africa 
2003

Prospective observational 
study.

Medical management 

Clinically suspected amoebic liver 
abscess patients

N= 178

Clinical improvement, clinical 
deterioration and failure of 
clinical improvement (persistent 
pain).

13% required percutane-
ous aspiration

Zafar A et 
al(28)

Pakistan

2002

Experimental study.

Metronidazole alone Vs 
Metronidazole and inter-
ventions

Arm A: Abscess < 300 cm3 was treat-
ed with metronidazole alone, Arm B: 
abscess > 300 cm3 and smaller ones 
which did not respond to metronida-
zole was treated with metronidazole 
and needle aspiration 

Clinical improvement 

Duration of hospital stay 

Ultrasound resolution of abscess 

Mean time of clinical 
improvement 
A= 7 days
B= 3  days 
Mean hospital stay
A = 7.5days
B= 3.5 day 

Bammigatti 
C et al (29)

India

2013

Randomized control study
A= Metronidazole alone 
B=  ultrasound guided per-
cutaneous aspiration along 
with metronidazol

 patients with solitary right lobe liver 
abscess

N= 57 
A-29
B-28

Resolution of pain and fever 

Resolution of fever and 
pain

A=-27hour

B= 17hour (P = 0.16 and 
0.48, respectively). 

Kale A et 
al(30)
2017
India

Prospective observational 
study
A= Metronidazole alone 
B= Needle intervention

patients with uncomplicated amoebic 
liver abscess

N = 60 

1.Length of hospital stay

2.Complications 

The length of hospital stay 
A= 4.8 ± 0.9 days
B= 7.1 ± 2.4  days 
P< 0.001

Garale MN 
et al(31)

2016

India

Observational study
A=Metronidazole alone 
B=Metronidazole and per-
cutaneous aspiration
C=Metronidazole and 
percutaneous drainage

patients with amoebic liver abscess

N =100 

1.Mean percentage reduction in
the volume of abscess 

Necessity for interventions 

A-18.56%

B-73.2%

c-93.34%

Resistance data for metronidazole

Problem of drug resistance appears to be low with 
metronidazole compared to other antibacterial 
and antiprotozoal agents (15). Even within 
metronidazole, Entamoeba histolytica developing 
resistance is reported to be lower than that of 
anaerobes and other parasites (32, 33). While 
many antibiotics stay in the market only for a short 
period due to bacteria developing resistance (34), 
metronidazole has withstood this problem and in 
the market as the preferred drug for Entamoeba 
histolytica over 5 decades. However, the occasional 
reports of failed treatment with metronidazole and 
differences noted in drug susceptibilities forewarn 
development of drug resistance clinically (35). 
This can happen soon if asymptomatic individuals 
are irrationally treated with metronidazole. In 
authors’ experience, this appears to be low in Sri 
Lanka. Asymptomatic infections are mainly caused 

by Entamoeba dispar which is morphologically 
similar to Entamoeba histolytica (35). Possible 
mechanisms of drug resistance includes parasites 
evading the drugs by hiding in sanctuaries, loss of 
a transporter required for uptake, efflux of the drug 
after uptake, alteration of the drug target and loss of 
drug activation (36, 37).Owing to diploid nature of 
genetic material of luminal parasites, mechanisms 
of drug resistance acquired by changes in a single 
gene in these parasites is a slow process and not 
sufficient to confer drug resistance (38).

Experience on treatment of hepatic amoebiasis 
in Northern Sri Lanka

For a considerable period of time, physicians in the 
Northern Sri Lanka have been treating patients with 
hepatic amoebiasis who are usually referred either 
from private clinics or peripheral Government 
hospital (13). The diagnosis is based on history, 
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examination findings and investigations mainly 
ultrasonography. The latter play a major role in 
confirming the diagnosis. The patients are usually 
young and middle aged men who consume alcohol 
in the form of toddy (a variety of palm wine). 
Poverty, poor sanitation, post war displacement, 
and malnutrition appeared to be other contributory 
factors. They usually present with fever, right 
hypochondrial pain, loss of appetite and significant 
intercostal tenderness. Leucocytosis, elevated 
erythrocyte sedimentation rate and alkaline 
phosphatase are commonly observed in these 
patients. An abdominal ultrasonography usually 
confirms an abscess commonly in the right lobe 
of the liver.

A study conducted in Teaching hospital Jaffna 
(Tertiary Hospital, Northern Province) between 
2012and to 2014 on 345 suspected patients 
with amoebiasis revealed that 99.7% of serum 
samples were positive for IgG antibody against E. 
Histolytica and 99.4% of serum and 100% of pus 
samples were positive for E. histolytica antigen. 
This provided the first immunological confirmation 
of the clinical diagnoses of hepatic amoebiasis 
in Northern Sri Lanka (13).These patients were 
mainly treated with a course of metronidazole for 
7-10 days with some undergoing percutaneous
aspiration.

Theoretically, hepatic amoebiasis is generally 
preceded by an asymptomatic intestinal infection 
which needs treatment with luminal amoebicides 
as well. However, majority of these patients were 
not treated with luminal amoebicides due to non-
availability of these drugs. Interestingly, same 
patients presenting with recurring symptoms were 
hardly noted though we do not have exact figures. 

Limitations of use of metronidazole in clinical 
practice

Though serious adverse effects are extremely rare 
with metronidazole when it is used rationally, (17) 
in some occasions few troublesome adverse effects 
and pharmacokinetic properties limit its use in 
clinical practice. 

Adverse effects like unpleasant metallic taste, 
nausea, vomiting, diarrhoea, and furred tongue are 
known to affect adherence to treatment. Drowsiness 
and dizziness though reported less frequently can 
seriously affect the work ability of users. Since 
majority are young to middle aged males doing 
unskilled manual works, these adverse effects can 
expose them to occupational injuries such as fall 
and accidents. Dark brown discoloration of urine 
though rare and benign can impair adherence and 
results in unnecessary visits to doctors if patients 
are not warned about this innocent side-effect. 
Metronidazole inhibits alcohol and aldehyde 
dehydrogenase and precipitates disulfiram like 
effect if the patients consume alcohol concurrently 
(18). Advising the patients about this issue may 
affect the adherence as the patients who are addicted 
to alcohol may opt to discontinue metronidazole. 
Not informing about the issue will expose the 
patients to distressing symptoms of disulfiram 
like effect such as flushing, throbbing headache, 
sweating, respiratory difficulty and could lead 
to hospitalization even. Individual case by case 
decision had to be made by the prescriber in dealing 
with this issue. 

Serious adverse effects such as peripheral 
neuropathy, leucopoenia, seizures and ataxia 
are rare, occurs with high doses and intravenous 
administration and often reversible. 

Large doses of metronidazole are carcinogenic 
in rodents and the drug is mutagenic in bacteria, 
however long term studies in human did not 
show such effect (39). However large doses and 
prolonged therapy are not practiced in the treatment 
of amoebiasis.

Manufacturers advise to avoid metronidazole 
during pregnancy and breast feeding (40). 
Metronidazole crosses placental barrier and its 
effects on human fetal organogenesis are not 
known; reproduction studies in animals at doses 
similar to maximum recommended daily dose for 
humans did not document any harm to fetus due to 
metronidazole (41). Obviously there are no well 
controlled clinical trials on risk of teratogenicity, 
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but the other studies like cohort studies, meta-
analysis and case control studies have reported data 
from 5000 pregnant women who were exposed to 
metronidazole many during first trimester. One 
such study reported increased risk of cleft lip 
with or without cleft palate (42). Metronidazole 
is one of the few drugs which is present in human 
milk at concentrations similar to maternal serum 
levels, and infant serum levels are generally close 
to or equal to infant therapeutic levels. Because of 
potential carcinogenicity documented in mouse and 
rat studies, it is preferable to avoid metronidazole 
and look for alternatives for female patients from 
developing countries who are nursing their infants 
as discontinuing breast feeding can be more 
disadvantageous. However this is not of a major 
problem in the treatment of amoebiasis as it is rarely 
occurs in female of reproductive age group. 

Metronidazole is known to inhibit hepatic drug 
metabolizing cytochrome enzyme CYP3A4. Co-
administration of metronidazole and CYP3A4 
substrates (e.g.,  amiodarone, tacrolimus, 
cyclosporine, carbamazepine, phenytoin, and 
quinidine) may increase respective CYP3A4-
substrate plasma levels though clinically 
significant outcomes with the dose and duration of 
metronidazole used in the treatment of amoebiasis 
are rarely reported (43,44).  Metronidazole is 
known to potentiate the effect of warfarin and 
increase the risk of busulphan toxicity when co-
administered with these drugs. It is imperative that 
the risk versus benefit should be assessed when co-
prescribing these drugs and adequate precautions 
have to be taken to monitor patients if such co-
prescription is unavoidable. 

Pharmacokinetically, metronidazole has some 
disadvantages, mainly its relatively short plasma 
elimination half-life (8 hours) requiring 3 times 
daily dose and its ability to inhibit some hepatic 
drug metabolizing enzymes. 

Long acting nitroimidazole such as tinidazole 
and ornidazole have been effective as single dose 
therapy or for shorter duration. Though studies have 
reported subtle differences in the side-effect profile, 

metronidazole still remain the preferred agent to 
treat amoebiasis (45).

Open for research

Though metronidazole is effectively used in 
the clinical practice to treat hepatic amoebiasis 
for a long time, there are no well conducted 
studies in the literature reporting its efficacy rate, 
frequency of adverse effects and clinically relevant 
drug interactions. In addition, the long standing 
recommendation of adding a luminal amoebicides 
when hepatic amoebiasis patients are treated with 
metronidazole also needs to be researched using 
clinical, pharmacodynamic and pharmacokinetic 
end points in countries wher it is highly prevalent.

Conclusion

To conclude, metronidazole in the treatment of 
amoebiasis has all the ideal properties which 
we would like to have for the agents used in all 
infections: effective, acceptable safety profile, 
cheap, widely available, and insignificant resistance 
rate.  
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