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Abstract: Leishmaniasis is an important vector-borne disease, and it is classified as one of 

the most important tropical fly-borne infections. This disease can cause two types of clinical 

manifestations: cutaneous forms and visceral forms. Visceral leishmaniasis, which is also 

called kala-azar, is a very serious infection that can be fatal. The management of visceral leish-

maniasis requires informed diagnostic and therapeutic approaches. Continuous research and 

development regarding the treatment of visceral leishmaniasis had led to many improvements. 

Paromomycin is a relatively new antibiotic drug that has been used for the treatment of visceral 

leishmaniasis for several years. This article reviews and discusses the use of paromomycin for 

visceral leishmaniasis therapy.
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Introduction
Leishmaniasis is an important parasitic infection of the blood. It is classified as a 

protozoan disease, and it is caused by Leishmania spp. Leishmaniasis is found in many 

countries throughout the world, and it is classified as an important vector-borne infection. 

The transmission of disease is via a vector: in this case, the bite of a fly. Leishmaniasis 

transmission can be from an infected human or animal (especially a canine) to another 

human.1–3 There are two important groups of problematic sand flies: genus Phlebotomus 

in undeveloped countries, and genus Lutzomyia in more developed areas.1–5 As a result 

of the nature of vector-borne diseases, vector control is the focus of disease control.6 

It is estimated that more than 1 million new cases of leishmaniasis occur each year.7 

At present, leishmaniasis is classified as an important neglected tropical disease.8 

The disease is highly prevalent in many poor and developing countries. In addition, the 

extension of the disease into new settings has been reported for the past two decades.8,9 

Hence, leishmaniasis is currently a disease of global concern. Another important prob-

lem involving the control of leishmaniasis is the difficulty of treating this disease. The 

problem of drug resistance has emerged in many endemic areas. In recent years, some 

new drugs have been introduced to fight drug-resistant leishmaniasis. The aim of this 

article is to provide a critical review of the treatment of visceral leishmaniasis with the 

new drug paromomycin. This article will discuss several specific aspects of the drug, 

including both its benefits and its side effects.

Clinical aspects of visceral leishmaniasis
Leishmaniasis is an important vector-borne disease, and it is classified as one of the 

most important tropical fly-borne infections. This disease can cause two types of 
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clinical manifestations: cutaneous forms10–12 and visceral 

forms.13–15 The reticuloendothelial system, the spleen, and 

the liver are the main parts of the body that are affected by 

visceral leishmaniasis.13–15 In approximately 10% of cases, 

some additional bone marrow involvement can be observed.1,2 

The disease can be both chronic and deadly. Patients usually 

experience a delay before diagnosis and treatment. Visceral 

leishmaniasis is common in immunocompromised hosts; 

thus, it is a focused disease that is currently under surveillance 

for immunocompromised patients.16 With regard to the epide-

miology of visceral leishmanaisis, the endemic areas include 

the Middle East and South Asia.13–15 Visceral leishmaniasis 

was previously limited to these endemic areas. However, the 

emergence of the disease in new settings has been continu-

ously reported for several years.8,9 The migration of disease 

is an important issue in modern travel medicine.

The diagnosis of visceral leishmaniasis can be difficult, 

and it is often delayed. In endemic areas, most diagnoses 

are usually derived from the microscopic examination of 

tissue smears.14 Better serology and molecular methods are 

usually not available as a result of resource limitation.14 

The management of visceral leishmaniasis still requires 

good diagnostic and therapeutic approaches. Continuous 

research and development regarding the treatment of vis-

ceral leishmaniasis is needed. At present, the treatment for 

visceral leishmaniasis requires long courses of medication 

and parenteral administration.13 The cost of treatment is 

considered quite expensive in resource-limited settings.13 

There is no doubt that medication and medical care are the 

two main factors that affect the cost-effectiveness ranking of 

the selection of new treatment.17 Nevertheless, research and 

development regarding the treatment of visceral leishmania-

sis has led to many improvements.18 It is hoped that the use 

of these new drugs will lead to the complete elimination of 

visceral leismaniasis.19 In addition, active case-finding and 

vector-control strategies should not be overlooked; these 

activities remain very significant for the successful control 

of visceral leishmaniasis.20

Why do we need a new drug for the 
treatment of visceral leishmaniasis?
Visceral leishmaniasis is classified as a treatable disease. 

Early diagnosis and treatment are important to the successful 

management of patients. With regard to treatment, medical 

therapy with the use of an antileishmanial drug is the key 

approach. Antileishmanial drugs have been used for the treat-

ment of visceral leishmaniasis for a long time. However, as 

time passes, problems with old drugs are detected, and new 

drugs are needed (Table 1). The classical treatment, which is 

based on a pentavalent antimony complex, involves frequent 

drug resistance.13,14 There are many problems with the current 

treatment of visceral leishmaniasis treatment. These problems 

lead to poor outcomes of the treatment in general. However, 

the main concern is the drug treatment.

Problems with drug treatment are common in settings 

where disease incidence is high. For example, in India, where 

visceral leishmaniasis is highly prevalent, the problem of 

drug resistance is common.14 The first classical drug, anti-

mony, is already useless as a result of drug resistance, and 

has not been used since the 1970s.21 A report by Olliaro et al 

concluded that “unresponsiveness to antimony has developed 

steadily in the past to such an extent that antimony must 

now be replaced, despite attempts to stop its progression by 

increasing dose and duration of therapy.”22

The second-line drugs pentamidine and amphotericin B 

remain effective, but their use is limited as a result of toxicity 

and availability.13,14 Both pentamidine and amphotericin B 

are more effective for getting rid of the parasites than the 

classical pentavalent antimony complex. As compared with 

amphotericin B, pentamidine is easier to use, it has fewer 

side effects, and it is not light sensitive; hence, it is more 

widely used. However, the problem of drug resistance is also 

observed with pentamidine. The failure rate of pentamidine 

use has been reported to be as high as 33% in India; this 

has led to the conclusion that this drug is not particularly 

useful, and the increasing or doubling of the dose is rou-

tinely required.23 A combination of drugs is also used for 

Table 1 Problems associated with the classical antileishmanial drugs

Drugs Problems Details

Pentavalent antimony complex1–3 

 
Pentamidine4 
 
Sodium stibogluconate5 
 
Amphotericin B1,2

Drug resistance 
 
Drug resistance 
 
Drug resistance 
 
Cost; toxicity

Nearly 100% of the cases in endemic areas such as India do not respond  
to pentavalent antimony.3 
One-third of the cases in endemic areas, especially in India, require the double dosage 
of pentamidine for effective treatment.4 
In India, the failure of treatment with sodium stibogluconate has increased, and  
in vitro and in vivo studies of parasite isolates confirm this refractoriness.5 
The high cost and high toxicity of amphotericin B are the major problems that lead  
to this drug not being widely used.1,2
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the treatment of leishmaniasis; however, its effectiveness 

has not been confirmed.24–26 In addition, newer drugs (eg, 

new lipid formulations of amphotericin B, the new oral drug 

miltefosine) have been licensed for a few years, but the main 

problem with these is their cost.13,14 A similar situation is also 

observed with the use of sodium stibogluconate therapy.27 

With all of this information in mind, there is no doubt that new 

drugs for visceral leishmaniasis treatment are required.

A new drug for the treatment  
of leishmaniasis: paromomycin
Paromomycin is an antibiotic drug that was introduced for 

the treatment of visceral leishmaniasis in 2006. It is clas-

sified as a new aminoglycoside antibiotic. Paromomycin 

originated from the bacterial pathogen Streptomyces rimosus 

var. paromomycinus. It is considered a broad-spectrum 

antibiotic, and it is also used for the treatment of parasitic 

infestation.28 With regard to pharmaceutical information,29–33 

paromomycin is an aminoglycoside antibiotic. It was first 

discovered during the 1950s, and it exists as paromomycin 

sulfate. It is a white and amorphous product. Paromomycin 

is stable and water soluble. It has been reported that paro-

momycin can bear heat up to 120°C for 24 hours. However, 

if it is exposed to heat of 130°C, degradation can be seen, 

and it loses a third of its biological activity.34 The chemical 

composition of paromomycin sulfate is 0–2, 6-diamino-2, 

6-dideoxy-β-L-idopyranosyl-(1→3)-0-β-D-ribofuranosyl-

(1→5)-0-[2-amino-2-deoxy-α-D-glucopyranosyl-(1→4)]-

2-deoxystreptamine sulfate salt. The molecular formula is 

C23H45 N5O14 xH2SO4, and the molecular weight is equal 

to 615.64. The classical available form of paromomycin 

in medical marketing is the paromomycin sulfate capsule, 

and the brand name is Humatin® (Caraco Pharmaceutical 

Laboratories, Ltd, Detroit, MI). The paromomycin capsule 

is for oral intake, and each one contains 250 mg. The newer 

form of paromomycin, the injection form, was successfully 

pharmaceutically produced. It is mainly given as an intra-

muscular injection. This form is widely used for systemic 

infection. An ointment form has also been prepared for the 

treatment of local skin infections.35 Finally, the inhalation 

form of paromomycin has recently been produced, and it is 

also indicated for the treatment of some systemic infections 

(eg, cryptosporidiosis).36 The indications for the usage of each 

form of paromomycin are different (Table 2).

With regard to pharmacokinetics and pharmacodynamics, 

both the in vitro and in vivo antibacterial actions of 

paromomycin are high. The drug is as highly effective 

as neomycin. However, the classical oral form poses the 

problem of absorption. After oral administration, almost all 

of the drug cannot be effectively absorbed, and nearly all of 

the drug is recoverable from the stool; hence, it is useful for 

the treatment of intestinal infection. With long-term, high-

dose treatment, there is also no systematic absorption of oral 

paromomycin.37 Paromomycin is considered active against 

several Gram-negative and Gram-positive bacteria, and it 

is also active against some protozoa and cestodes. At first, 

paromomycin was indicated for intestinal amebiasis,38–40 

and its usage was later expanded for many other infections, 

including visceral leishmaniasis. Although paromomycin is 

considered a broad-spectrum antibiotic, it does not affect the 

pattern of useful intestinal microflora. Iwaki et al reported 

that, “after administration was discontinued, reduced bowel 

flora was returned to the normal range within a few days.”41 

For the injection form of the drug, the pharmacokinetics 

study revealed that the peak concentration of paromomycin 

can be derived 2 hours after administration, and the drug is 

completely eliminated within 24 hours.42 The elevation of 

blood urea and blood urea nitrogen can be observed after an 

intramuscular injection dose of 90 mg/kg.43 The inhibition 

of protein synthesis by binding to 16S ribosomal RNA is 

the main drug action.43 Fourmy et al reported that paromo-

mycin binding resulted in a local conformational change in 

the A site of 16S ribosomal RNA.44 The detected changes at 

the N1 positions of A1492 and A1493 on the minor groove 

side of the A-site RNA implied a mechanism of action that 

occurred during translation.44 In conclusion, the main action 

of paromomycin is the inhibition of translation.44,45

It is generally recommended that paromomycin be 

used for the treatment or prevention of infections that 

are proven to be caused by a susceptible pathogen. This 

reduces the chance of the development of drug-resistant 

bacteria, and it maintains the effectiveness of the drug. 

Paromomycin is contraindicated for those patients with 

a history of previous hypersensitivity reactions (eg, drug 

allergy) and intestinal obstruction (for the oral form). Cross 

reactivity to neomycin can be seen, and this is an important 

precaution to remember when using paromomycin.46 The 

standard dosage for oral paromomycin is 25 to 35 mg per 

kilogram of body weight daily. The administration of the 

Table 2 Forms of paromomycin and their clinical usage

Forms Examples of indications

Oral1–3 
Ointment4 
Inhalation5 
Injection6

Amebiasis; cryptosporidiosis; tapeworm infestations 
Trichomoniasis; cutaneous leishmaniasis 
Cryptosporidiosis 
Drug-resistant tuberculosis; visceral leishmaniasis
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drug should be done in three divided doses with meals, and 

the use of the drug should be continuous for 5 to 10 days. 

Some adverse reactions or side effects of paromomycin 

can be seen; the important ones include nausea, abdominal 

cramps, and diarrhea. The chance of developing a side 

effect significantly increases in any patients who receive 

a dose of more than 3 g per day.

Recently, advancements in pharmacology have allowed 

for the development of a newer modif ied version of 

paromomycin. The so-called “paromomycin-loaded albumin 

microsphere” has been in use for a few years. The preparation 

of paromomycin-loaded albumin microspheres (ie, ,5 µm) 

helps to better target macrophages for treatment. This 

is useful for the treatment of leishmaniasis.47 Khan et  al 

reported that “pharmacokinetic studies demonstrated nearly 

80% reduction in C
(max)

 of paromomycin when administered 

as paromomycin-loaded albumin microsphere, compared 

to other formulations at equivalent dose.”43 In addition, it 

has been observed that there are no symptoms of toxicity 

with the use of paromomycin-loaded albumin microspheres 

at the level that was reported to be toxic for classical 

paromomycin.43 According to a clinical trial by Thakur et al, 

it has been confirmed that injectable paromomycin is 

effective and safe for the treatment of patients with visceral 

leishmaniasis.48

Efficacy of paromomycin in the 
treatment of leishmaniasis
Paromomycin, which was introduced in 2006, can be thought 

of as a new candidate for the treatment of leishmaniasis.49–51 

Sundar and Chakravarty stated that “paromomycin, with its 

excellent efficacy, low cost, shorter duration of administra-

tion and good safety profile, has the potential to be used as 

a first-line drug.”52 Indeed, based on the nature of broad-

spectrum antibiotics as previously described, paromomy-

cin is useful for the treatment of many infections. For the 

treatment of leishmaniasis, paromomycin is one of two new 

recommended drugs, in addition to miltefosine, which was 

introduced in 2002.53

For visceral leishmaniasis, a paromomycin intra-

muscular injection can be effectively used. It can also 

be effective for patients with resistance to other drugs, 

including sitamaquine.54 There are many recent trials, in 

both animals and humans, that have looked at the treat-

ment of visceral leishmaniasis with paromomycin. The 

pioneering study of the effects of paromomycin on visceral 

leishmaniasis in rats was reported by Buffet et al.55 In this 

study, a good efficacy of paromomycin was observed; 

this study was the origin for the further development of 

this drug for visceral leishmaniasis treatment. A continu-

ous study by Williams et al in a rat model also confirmed 

the antileishmanial activity of the drug both in vitro and 

in vivo.56 The effectiveness of the widely used injection 

regimen has also been confirmed for humans.48 Chunge 

et al studied several regimens for the treatment of visceral 

leishmaniasis and concluded that “treatment with amino-

sidine [paromomycin] alone was the cheapest and safest 

regime.”57 A 21-day course of 20 mg per kilogram of body 

weight per day should be used as first-line treatment for 

visceral leishmaniasis.58–61 A reduction of liver and spleen 

size can be observed an average of 2 years after treatment, 

and the weight gain seen among patients taking this drug 

is a sign of a good response.61 Generally, the complete 

disappearance of the parasite can be seen 6 to 7 months 

after drug administration.62 The efficacy of paromomycin 

is equal to that of amphotericin B. It has also been noted 

that paromomycin is not inferior to amphotericin B.63 

The severe adverse effects, especially nephrotoxicity and 

fever, are significantly lower in patients who are receiving 

paromomycin as compared with those who are receiving 

amphotericin B.63 Nevertheless, some adverse effects 

(eg, the elevation of liver enzymes, pain at the infection 

site) are more common among patients who are receiving 

paromomycin.63,64 In addition, dermal leishmaniasis after 

visceral leishmaniasis has also been reported as a cutaneous 

manifestation after treatment.65

It should be noted that paromomycin is considered cost-

effective from a pharmacoeconomic perspective. On the 

basis of a recent assessment from India, it has been reported 

that “paromomycin is the cheapest option ($7450 to treat 

1000 patients).”66 This is equal to “US$2 for paromomycin in 

an outpatient setting.”67 Nevertheless, paromomycin mono-

therapy poses a risk for the development of drug resistance.68 

Therefore, the use of combination therapy is recommended 

for the management of visceral leishmaniasis that is aiming 

at successful control. Banerjee et al concluded that, “once 

the elimination target of one case per 10,000 population has 

been reached, combination therapies involving miltefosine 

and paromomycin can be introduced to ensure long-term 

availability of several drugs for visceral leishmaniasis and 

to protect against resistance.”69

As noted previously, newer, modified paromomycin 

given via the liposome technique is also available for 

the treatment of visceral lesihmaniasis.68 Paromomycin-

associated stearylamine-bearing liposome is the best 

example of this.70
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Future trends in the use  
of paromomycin for the treatment 
of visceral leishmaniasis
There can be no doubt that paromomycin will be used 

worldwide for the treatment of visceral leishmaniasis as a 

result of its good effectiveness. However, the problem of 

drug resistance will continue to grow if there is no control of 

appropriate, rational usage. The continuum for the develop-

ment of a new generation of paromomycin involves the hope 

for a better and safer drug for the management of visceral 

leishmaniasis.

Conclusion
Paromomycin is an old antibiotic that has been newly 

approved for use in the treatment of leishmaniasis. The 

use of paromomycin treatment has been confirmed for its 

efficacy and safety in the management of patients with 

visceral leishmaniasis. This drug is inexpensive, and it has 

been accepted as a first-line alternative drug in the setting of 

resistance to classical antileishmanial drugs.

Disclosure
The author reports no conflicts of interest in this work.
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