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Introduction: Amoebiasis is one of the world’s most prevalent and fatal infectious diseases.
Several surveys revealed that amoebiasis is one of the most widely distributed diseases in
Ethiopia. The combination of metronidazole with diloxanide furoate represents a new
approach for the treatment of the infection.

Objective: This study aimed to analyze the cost-effectiveness of diloxanide plus metroni-
dazole compared with metronidazole alone in the treatment of amoebiasis in Ethiopia.
Methods: An analytical decision model was used to analyze costs and effectiveness from
a societal perspective by taking adult amoebic patients as the study population with a time
horizon of two months. The potential impacts of uncertainty in single parameters were
explored in one-way sensitivity analyses.

Results: Metronidazole with diloxanide had a higher cost and effect compared to metronidazole
alone with an incremental cost-effectiveness ratio (ICER) of 8 USS per amoebic case cured. The
result was sensitive to the decrease in the effectiveness of metronidazole with diloxanide.
Conclusion: This study revealed the addition of diloxanide to standard treatment to be
a more effective and more costly treatment strategy. Therefore, a decision for choosing the
medication should be based on the ability of patients to pay for the treatment.

Keywords: amoebiasis, metronidazole, metronidazole with diloxanide, cost-effectiveness
analysis, Ethiopia

Introduction

Amocebiasis is the third leading parasitic cause of mortality after malaria and
schistosomiasis.! Annually, around 500 million peoples are infected worldwide
while 40 to 100,000 (75,000 on average) die of the disease.' Eighty to
ninety percent of those infected are asymptomatic and one percent may develop
invasive/extra-intestinal amoebiasis.”

Studies in Ethiopia indicated that amoebiasis is one of the most widely dis-
tributed diseases.” In a countrywide survey of 97 communities, the overall pre-
valence of amoebiasis, as measured by the rate of cyst-passers, in non-school
communities was 3.5%.° In another study in 50 communities in Northern
Ethiopia, the prevalence of amebiasis ranged a 3% to 55%. Management of the
infection caused a significant economic burden in this area and other parts of the
country where the disease was widespread.®

Although frequently overlooked in practice, for the adequate therapy of invasive
amoebiasis, treatment should be directed at all the sites where the parasite is
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present. Luminal or contact amoebicides will not be effec-
tive against amoebae in the tissues. On the other hand,
parenteral amoebicides do not possess sufficient activity
against amoebae in the bowel lumen.’

Metronidazole is sufficient for the treatment of hepatic
amoebiasis resulting in an apparent cure. However, the
dose may be inadequate in amoebic dysentery and patients
are liable to a symptomless cyst-passing state with the
danger of subsequent relapse. The drug is highly absorbed
and is more active in the tissues than in the gut lumen. It
follows that a higher dose is needed to cure luminal than
systemic infections. Besides, most strains of Escherichia
coli are capable of inactivating metronidazole. The drug is
also characterized by a short duration of action, repeat
dosage requirement, and possible drug resistance.”* As
a result, drugs with a longer half-life and more convenient
dosage regimen and combinations with other active drugs
are needed to meet these demands. Diloxanide furoate is
a luminal, while metronidazole is both luminal and tissue
amoebicide. The combination of the two medications
represents a new approach for the treatment of the
infection.” Contrary to this, the standard treatment guide-
line in Ethiopia recommends metronidazole 750 mg three
times a day for seven days as the first-line treatment.'®

Even though researches suggested the clinical signifi-
cance of the combination of metronidazole with diloxanide
over metronidazole alone, the economic side of this treat-
ment strategy remains uncertain. Therefore, this study
analyzed the incremental costs, effects, and cost-
effectiveness of these treatment options. The analysis
was from a societal perspective by taking adult amoebic

groups as a study population.

Method

Description of the Intervention
Eradicating the parasite is the essential outcome measure
to prevent the risk of relapse and recurrences from
amoebiasis.® Therefore, case cured (parasite eradicated)
was a primary efficacy measure used in this economic
analysis.

The two alternative treatment protocols analyzed were:

1. Metronidazole alone
2. Metronidazole with diloxanide furoate

Both metronidazole and diloxanide is a prescription drug
that is available in an oral dosage.

The required dose in the first alternative is metronida-
zole 800 mg three times a day for seven days.® For patients
not cured with metronidazole, diloxanide furoate 500 mg
three times a day for ten days is the subsequent therapy.’
In the second alternative, metronidazole 400mg and dilox-
anide furoate 500 mg three times a day for five days is
recommended. '

PubMed and Google Scholar were the searched data-
base for finding evidence. Besides, the pharmaceutical
fund and supply agency (state-owned importer and distri-
butor of pharmaceuticals in Ethiopia), the ministry of
health and expert opinions were incorporated.

We found one randomized controlled trial that com-
pared metronidazole and diloxanide over metronidazole
alone.'" We also found a meta-analysis of 9 randomized
controlled trials on the effectiveness of metronidazole.'?
All the results of effectiveness data were based on
probabilities.

We constructed a decision tree to calculate the
expected costs and effectiveness of alternative therapies.
Discounting of costs and effects was not necessary since
the time horizon of the study was only two months. We
chose this time horizon because relapse from amoebiasis
most frequently occurs within 4 to 6 weeks of completing
treatment.®

We analyzed direct costs and effects from the societal
perspective and calculated incremental costs, effects, and
cost-effectiveness for both treatment strategies. We presented
all monetary values in the 2016 US dollar (US$) with an
average exchange rate of 21.4 Ethiopian Birr per USS.

Calculating Effectiveness
We calculated the expected clinical outcomes for the two
alternative strategies using a decision tree model
(Figure 1). Amoebic patients may either take metronida-
zole alone or metronidazole with diloxanide furoate. Both
of these alternatives have a probability of cure or not.
Amoebic patients not cured with metronidazole alone are
assumed to return to the health facility to take diloxanide
furoate, which again has the probability of cure or not.
For the first alternative (metronidazole alone), the like-
lihood of a favorable treatment outcome (cure) was based on
evidence from a systematic review and meta-analysis of nine
randomized clinical trials conducted on populations with both
suspected and documented disease in endemic areas.'> And
the probability of cure of diloxanide was found from one
randomized clinical trial.'® The cure rate for patients who

took metronidazole alone was 86%.'> And of those who
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Figure | Analytical decision model.

failed, 93% were cured with the diloxanide given on
their second visit.'®

For the second alternative, the effectiveness data was
found from one randomized controlled trial that compared
metronidazole against metronidazole with diloxanide furoate.
In the study, all amoebic patients treated with metronidazole
combined with diloxanide get cured (100%)."" (Table 1)

Mortality from Amoebiasis

Mortality from amoebiasis is highly associated with the com-
plications of the disease. Severe toxemia, perforation of the
bowel, toxic megacolon, rupture of the hepatic abscess into
pleura, lung, peritoneum, pericardium, skin, and subcutaneous
tissue are among the complications leading to death. Hepatic
abscess-producing obstructive jaundice can also occur. Fever,

leukocytosis with elevated polymorphs, rise in hepatic
enzymes and serum bilirubin are the accompaniments of the
complications. Late diagnosis and treatment increase the
probability of complications and mortality from amoebiasis.
The global mortality rate of amoebiasis is 36,040,000 (7.5%)
per 480 million people infected, the majority of the death
being secondary to complications. This complication and
death usually occur due to delay in starting therapy or treat-
ment failure.'> Based on this, we assumed that 7% of the
individuals in the first alternative would face treatment failure,
a complication from the disease, or death.

Calculating Costs
The cost items incorporated were: health professional con-

sultation time costs, laboratory examination costs,

Table | Effectiveness of Metronidazole Alone versus Metronidazole with Diloxanide Furoate

Alternative |

Alternative 2 (Metronidazole with
Diloxanide)

Metronidazole Diloxanide After the Failure of
Alone Metronidazole
Outcome | Cured 86%'? 93%'® 100%""
Not 14% 7% 0%
cured

Note: Reference numbers.'"'2!®
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Table 2 Costs Parameters (US $)

Medication Costs
Alternative | Alternative 2
Cost per Tablet/per Duration of Treatment in Cost per Duration Cost per Case
Capsule Days Case of Treated
Treated Treatment
in Days
Metronidazole 0.02 7 1.24 5 0.59
Diloxanide 0.12 10 3.77 5 1.89
Other Costs
Alternative | Alternative 2
Cured with Metronidazole Not Cured
with
Metronidazole
Physician visit 3.04% 3.04 6.08 3.04
Laboratory examination 1.07° 1.07 2.14 1.07
Health care providers 0.074 0.074 0.15 0.074
salary
Transportation 0.36° 0.36 0.72 0.36

Notes: *Cost per visit; ®Cost per examination; “Cost per trip.

medication cost, physician visits cost, medical supplies
cost, and transportation costs. Most of these costs are the
same for both alternatives. However, medication costs,
laboratory examination costs, physician visits costs, health
professional consultation time costs, and transportation
costs are doubled for patients not cured with metronida-
zole alone (alternative 1).

We found the cost of metronidazole from the market
prices of 10 public and private pharmacies in different
areas of Addis Ababa. Because the cost distribution is
skewed, we took the mean cost (0.02$ per capsule).
Therefore, the total cost of metronidazole needed in the
first alternative was 1.24$. Also, we found the cost of
diloxanide furoate from 10 community pharmacies in
Addis Ababa (the medication was not available in public
facilities), and we used the mean cost (0.12$ per tablet).

We obtained laboratory examination costs from 10
private facilities in Addis Ababa (laboratory examination
cost is subsidized in public facilities), and we used the
mean cost (1.07$ per one examination). The physician
visit cost (3.04$) was also the mean cost obtained from
10 private health facilities (physician visit cost is subsi-
dized in public facilities).

In Ethiopia, amoebic patients are usually treated in
health centers by health officers or nurses whose salary
was 1478 per month, and the national average consultation
time at the outpatient department was 10 minutes (from
the expert opinion). Therefore, the cost for 10 minutes of
consultation time was 0.03 USS. Also, the average stool
examination time was 10 minutes (from the expert opi-
nion) and, since the salary of the laboratory technician was
the same as that of the health officer, the cost for 10
minutes examination time was 0.03 USS$. We used the
national average dispensing time (1.31 minutes) for calcu-
lating dispensing time cost.'” By taking the monthly salary
of the dispenser (182.75USS$), the cost of dispensing time
was 0.006USS. Finally, we used the national average
transportation cost (0.364$ per trip)."*

Metronidazole costs 1.24 US$ alone while it costs
0.59US$  when
Diloxanide costs 3.77 US$ on the failure of metronidazole

given together with diloxanide.
alone, while it costs 1.89 US$ together with metronida-
zole. Alternative two has a lower cost associated with
physician visits, laboratory, health care providers, and
transportation because all patients get cured on their first

visit to the health facility (Table 2).
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Uncertainty and Sensitivity Analysis

There is uncertainty on the rate of effectiveness of diloxa-
nide furoate (93%) for patients not cured with metronidazole
alone. We found the data from the study conducted on
homosexual men.'® However, studies reported the number
of parasites on homosexual men is higher than the general
population.*'> Also, there is uncertainty on the rate of
effectiveness of metronidazole plus diloxanide (100%).
The study did not incorporate the confidence interval for
the result."’ The other uncertainty was attached to the prices
of medications. In the first alternative, the dose of metroni-
dazole needed to treat amoebiasis is 800 mg three times
a day. However, the metronidazole dose available in the
country is 250 mg.’ Hence, we used 750 mg (3 capsules)
of metronidazole to calculate the cost. Also, we took the
price of 500 mg (2 capsules of 250 mg) metronidazole
instead of 400mg in the second alternative. On the other
hand, we found the price of diloxanide from private phar-
macies only. We determined the impacts of these uncertain-
ties in one-way sensitivity analyses. We varied the costs of
the medications by 20% and the effectiveness of metronida-
zole and diloxanide by 14% and 7% respectively, for the
sensitivity analysis input not to exceed 100%. We varied the
effectiveness of metronidazole with diloxanide in one direc-
tion only because its effectiveness was 100%.

Results

Base Case Analysis

The expected cost and effect of alternative 1 (metronida-
zole alone) were 6.94 US$ and 0.99, respectively. On the
other hand, the expected cost and effect of alternative 2

respectively. The incremental cost and effectiveness of
metronidazole with diloxanide over metronidazole alone
were 0.08 US$ and 0.01, respectively. The incremental
cost-effectiveness ratio (ICER) was 8 USS$ per amoebiasis
case cured (Table 3, Figure 2).

Sensitivity Analysis

In the one-way sensitivity analysis, the ICER was sensitive
when the effectiveness of metronidazole with diloxanide
varies to the lowest range. Metronidazole alone gives an
extra expected effect of 0.19 (0.99-0.8) at the same
expected cost of 7.02 USS$. Therefore, metronidazole
alone dominated the combination of metronidazole with
diloxanide (Table 4).

Discussion

Based on this analysis, metronidazole with diloxanide was
more effective and more costly with an ICER of 8 US § per
case cured. However, we did not explore if metronidazole
with diloxanide is affordable by society. How much of this
incremental cost is paid varies with different coverage cri-
teria and reimbursement policies of each plan. The sensitiv-
ity analysis revealed the same when the price of the
medications varies. However, the result changed when we
reduce the effectiveness of metronidazole with diloxanide.
We ignored the tolerability difference between the two alter-
natives in the calculations made. Because metronidazole is
common to both alternatives, there are no incremental cost
differences due to adverse effects. Besides, studies revealed
that diloxanide is a tolerable medication when given alone or

(metronidazole with diloxanide) were 7.02 US$ and 1, in combination with metronidazole.**'!'¢
Table 3 Outcome Values of the Decision Tree
Outcome | Probability | Cost Expected Effectiveness Expected Incremental Incremental ICER
Cost Effectiveness Cost Effect
Alternative | 0.08 0.0l 8
A 0.86 578 4.97 | 0.86
B 0.13 14.09 1.83 | 0.13
C 0.01 14.09 0.14 0 0
Total | 33.96 6.94 0.99
Alternative Il
D | 7.02 7.02 | |
E 0 7.02 0 0 0
Total | 14.04 7.02 |

Notes: The outcomes (A, B, C, D, E) are shown in Figure |; Effectiveness, | is positive effect (amoebiasis cured); Effectiveness, 0 is negative effect (amoebiasis not cured).
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Figure 2 A cost effectiveness plane comparing metronidazole alone with metronidazole plus diloxanide.

Limitation
This study did not incorporate the indirect costs. Besides, the

results are not generalizable to children and pregnant women.

Conclusion

A transition to metronidazole with diloxanide is associated
with higher expected costs and effectiveness. The poorer
sections of the community may face problems in paying
for the treatment. Therefore, the current preference for

metronidazole alone over the combination may continue

Table 4 Results from One Way Sensitivity Analysis

Input Variable Input Value | ICER

Low | High | Low | High
Base line 8
Metronidazole cost per capsule 0016 | 0.024 | 7 —4.6
Diloxanide cost per tablet 0096 | 0.144 | —25 27
Metronidazole effectiveness 72 100 6 NA
Diloxanide effectiveness 86 100 4 NA
Diloxanide with metronidazole 80 NA -0.42 | NA
effectiveness

Abbreviation: NA, not applicable.

unless the country shifts some of its resources based on its
specific health care needs and financial capacity.
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