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SJR

The SJR is a size-independent prestige indicator that
ranks journals by their 'average prestige per article'. It is

based on the idea that 'all citations are not created
equal'. SJR is a measure of scienti�c in�uence of
journals that accounts for both the number of citations
received by a journal and the importance or prestige of

the journals where such citations come from It
measures the scienti�c in�uence of the average article
in a journal it expresses how central to the global

Total Documents

Evolution of the number of published documents. All
types of documents are considered, including citable

and non citable documents.

Year Documents
2016 8
2017 64
2018 123
2019 144

Citations per document

This indicator counts the number of citations received
by documents from a journal and divides them by the

total number of documents published in that journal.
The chart shows the evolution of the average number
of times documents published in a journal in the past
two, three and four years have been cited in the current

year. The two years line is equivalent to journal impact
factor ™ (Thomson Reuters) metric.

Cites per document Year Value
Cites / Doc. (4 years) 2016 0.000
Cites / Doc. (4 years) 2017 0.750
Cites / Doc. (4 years) 2018 1.264
Cites / Doc. (4 years) 2019 2.164
Cites / Doc. (4 years) 2020 3.024
Cites / Doc. (4 years) 2021 3.542
Cites / Doc. (3 years) 2016 0.000
Cites / Doc. (3 years) 2017 0.750
Cites / Doc. (3 years) 2018 1.264
Cites / Doc. (3 years) 2019 2.164

Total Cites Self-Cites

Evolution of the total number of citations and journal's
self-citations received by a journal's published

documents during the three previous years.
 

Journal Self-citation is de�ned as the number of
citation from a journal citing article to articles
published by the same journal.

Cites Year Value
f

External Cites per Doc Cites per Doc

Evolution of the number of total citation per document
and external citation per document (i.e. journal self-

citations removed) received by a journal's published
documents during the three previous years. External
citations are calculated by subtracting the number of
self-citations from the total number of citations

received by the journal’s documents.
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% International Collaboration

International Collaboration accounts for the articles
that have been produced by researchers from several

countries. The chart shows the ratio of a journal's
documents signed by researchers from more than one
country; that is including more than one country
address.

Year International Collaboration

Citable documents Non-citable documents

Not every article in a journal is considered primary
research and therefore "citable", this chart shows the

ratio of a journal's articles including substantial
research (research articles, conference papers and
reviews) in three year windows vs. those documents
other than research articles, reviews and conference

papers.

Cited documents Uncited documents

Ratio of a journal's items, grouped in three years
windows, that have been cited at least once vs. those

not cited during the following year.

Documents Year Value
Uncited documents 2016 0
Uncited documents 2017 4
Uncited documents 2018 32
Uncited documents 2019 40
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Infectious Disease Division, Department of Medicine, National University Health System, Singapore 
Interests: melioidosis; OPAT; outbreak response; surveillance; infection prevention and control 

Prof. Dr. Carlos Franco-Paredes  
Website (https://medschool.cuanschutz.edu/deans-office/cu-med-today/profilesarchives/fall-2020/carlos-franco-paredes-protects-
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detainees-from-covid-19) SciProfiles (https://sciprofiles.com/profile/1135162) 
1. Department of Medicine, Division of Infectious Diseases, Anschutz Medical Center, University of Colorado, Aurora, CO 80045, USA 
2. Instituto Nacional de Salud, Hospital Infantil de México, Federico Gomez, México City 06720, México 
Interests: tropical medicine; Chagas disease; cryptococcosis 
Special Issues, Collections and Topics in MDPI journals
Special Issue in Tropical Medicine and Infectious Disease: The Global Burden of Disease of Chagas Disease (American
Trypanosomiasis) (/journal/tropicalmed/special_issues/c_d) 
Special Issue in Vaccines: Vaccines in the Age of the Infodemic: Vaccine Knowledge and How to Improve Health Literacy
(/journal/vaccines/special_issues/vaccines_in_the_age_of_the_infodemic_vaccine_knowledge_and_how_to_improve_health_literacy)

Dr. Hans-Peter Fuehrer  
Website (https://vetdoc.vu-wien.ac.at/vetdoc/suche.person_uebersicht?sprache_in=en&ansicht_in=&menue_id_in=101&id_in=3676)
SciProfiles (https://sciprofiles.com/profile/1045055) 

Institute of Parasitology, Department of Pathobiology, University of Veterinary Medicine, Vienna, Austria 
Interests: mosquitoes and mosquito-borne pathogens; vectors and vector-borne pathogens; Calodium hepaticum; Plasmodium malariae;
Plasmodium ovale spp 
Special Issues, Collections and Topics in MDPI journals
Special Issue in Pathogens: Zoonotic Parasitoses (/journal/pathogens/special_issues/Zoonotic_Parasitoses) 
Special Issue in Pathogens: Advances in Parasitic Diseases (/journal/pathogens/special_issues/Advances_ParasiticDiseases) 
Special Issue in Parasitologia: Global Change and Parasites (/journal/parasitologia/special_issues/Z5MSAN3K9P) 

Dr. Simona Gabrielli  
Website (https://dspmi.uniroma1.it/node/5946) SciProfiles (https://sciprofiles.com/profile/1079167) 

Department of Public Health and Infectious Diseases, Sapienza University of Rome, P.le Aldo Moro, 5, 00185 Rome, Italy 
Interests: tropical diseases; parasitic diseases; infectious disease epidemiology; PCR; molecular biology; antibodies; ELISA; genetics; DNA;
infection 
Special Issues, Collections and Topics in MDPI journals
Special Issue in Microorganisms: Molecular Epidemiology and Diagnosis of Parasitic Zoonosis
(/journal/microorganisms/special_issues/parasitic_zoonosis) 
Special Issue in Animals: Parasitic Diseases in Canine and Feline and Their Vectors
(/journal/animals/special_issues/Parasitic_Canine_Feline) 

Prof. Dr. Rosa Gálvez  
Website (https://orcid.org/0000-0001-9247-3136)  

1. Department of Specific Didactics, School of Education and Teacher Training, Universidad Autónoma de Madrid, Madrid, Spain 
2. Member of the Research Group 920411—Epidemiology and Control of Communicable Diseases in Veterinary, Universidad Complutense de
Madrid, Madrid, Spain 
Interests: spatial analysis; geographic information system (GIS); medical entomology; sand flies 
Special Issues, Collections and Topics in MDPI journals
Special Issue in Tropical Medicine and Infectious Disease: Arthropods of Medical and Veterinary Importance: Scientific and Social
Approaches (/journal/tropicalmed/special_issues/Scientific_and_Social_Approaches) 

Prof. Dr. Sandra Gemma  
Website (https://www.dbcf.unisi.it/it/dipartimento/personale/docenti/sandra-gemma)
SciProfiles (https://sciprofiles.com/profile/630093) 

Department of Biotechnology, Chemistry and Pharmacy, University of Siena, Via Aldo Moro 2, 53100 Siena, Italy 
Interests: medicinal chemistry; small molecules; drug discovery; structure-activity relationships; anti-infective agents; parasitic diseases;
chemotherapeutics; synthesis of biologically active compounds 
Special Issues, Collections and Topics in MDPI journals
Special Issue in Molecules: Structure-Based Design of Biologically Active Compounds
(/journal/molecules/special_issues/structure_based_design) 
Special Issue in Molecules: Recent Contributions of Female Scientists to the Advancement of Medicinal Chemistry
(/journal/molecules/special_issues/Med_Chem_Fem) 
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Special Issue in Molecules: Cancer and Tuberculosis Drug Discovery: A Theme Issue in Honor of Prof. William A. Denny
(/journal/molecules/special_issues/William_Denny) 
Special Issue in Tropical Medicine and Infectious Disease: Women’s Special Issue Series: Tropical Medicine and Infectious Disease
(/journal/tropicalmed/special_issues/women_series) 
Special Issue in Tropical Medicine and Infectious Disease: SARS-CoV-2 Omicron Variant: Current Perspectives and New Developments
(/journal/tropicalmed/special_issues/3RZUM238VG) 

Prof. Dr. Musie Ghebremichael  
Website (https://ragoninstitute.org/ghebremichael/) SciProfiles (https://sciprofiles.com/profile/2189356) 

Harvard Medical School & Ragon Institute of Massachusetts Institute of Technology, Massachusetts General Hospital and Harvard, Cambridge,
MA, USA 
Interests: biostatistics; immunology; infectious diseases; tuberculosis; malaria; HIV; herpes; statistical modeling 

Prof. Dr. Nick Golding  
Website (https://staffportal.curtin.edu.au/staff/profile/view/nick-golding-fea4f81a/)  

1. Telethon Kids Institute, Perth Children's Hospital, 15 Hospital Ave, Nedlands, WA 6009, Australia 
2. Faculty of Health Sciences, Curtin University, Kent St, Bentley, WA 6102, Australia 
Interests: infectious disease models; vector ecology; malaria models; COVID-19 models; Bayesian statistics; research software 

Prof. Dr. Patricia Graves  
Website (https://research.jcu.edu.au/portfolio/patricia.graves/) SciProfiles (https://sciprofiles.com/profile/232262) 

College of Public Health, Medical and Veterinary Sciences, Division of Tropical Health and Medicine, James Cook University, Cairns, QLD
4870, Australia 
Interests: neglected tropical diseases; lymphatic filariasis; mosquito control; malaria elimination; Pacific islands; Papua New Guinea; Myanmar;
surveillance 
Special Issues, Collections and Topics in MDPI journals
Special Issue in Tropical Medicine and Infectious Disease: Neglected and Emerging Tropical Diseases in South and Southeast Asia
and Northern Australia (/journal/tropicalmed/special_issues/neglected_emerging_tropical_diseases) 

Prof. Dr. Darren Gray  
Website (http://rsph.anu.edu.au/people/academics/associate-professor-darren-gray)
SciProfiles (https://sciprofiles.com/profile/326067) 

Department of Global Health, Research School of Population Health, ANU College of Health and Medicine, 62 Mills Rd, The Australian National
University, Canberra, Australia 
Interests: global health; tropical health; international health; infectious disease epidemiology; Schistosomiasis; soil-transmitted helminths;
clinical trials; medical parasitology 
Special Issues, Collections and Topics in MDPI journals
Special Issue in Tropical Medicine and Infectious Disease: Prospects for Schistosomiasis Elimination
(/journal/tropicalmed/special_issues/schistosomiasis) 
Special Issue in Tropical Medicine and Infectious Disease: Trematode Infections: The Asian Perspective
(/journal/tropicalmed/special_issues/trematode_infections) 

Prof. Dr. Wayne Grayson  
Website (https://www.ampath.co.za)  

1. Ampath Laboratories, Cedar Histopathology Laboratory, Fourways, Sandton, South Africa 
2. School of Pathology, University of the Witwatersrand, Johannesburg, South Africa 
Interests: infectious diseases of the skin; HIV/AIDS-related cutaneous pathology; skin cancer; Kaposi sarcoma 
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Dr. Vanina Guernier  
Website (https://vaninaguernier.wixsite.com/myresearch) SciProfiles (https://sciprofiles.com/profile/583438) 

USDA-ARS National Animal Disease Center, Ames, IA, USA 
Interests: disease ecology; eco-epidemiology; environmental health; leptospirosis; melioidosis; neglected tropical diseases; phylogenetics and
evolution; zoonoses; One Health; antimicrobial resistance 
Special Issues, Collections and Topics in MDPI journals
Special Issue in Tropical Medicine and Infectious Disease: Leptospirosis in Humans, Animals and the Environment—A “One Health”
Perspective (/journal/tropicalmed/special_issues/leptospirosis_one_health) 

Dr. Diana Hansen  
Website (https://www.wehi.edu.au/people/diana-hansen)  

Infectious Disease and Immune Defence Division, The Walter and Eliza Hall Institute, 1G Royal Parade, Parkville, VIC 3052, Australia 
Interests: malaria; dengue; immunity; pathogenesis; immune response to infection; biomarkers; antibodies; B cells; global health 

Dr. Chun Hao  
Website (https://sph.sysu.edu.cn/teacher/386) SciProfiles (https://sciprofiles.com/profile/832912) 

1. Department of Medical Statistics, School of Public Health, Sun Yat-sen University, Guangzhou 510080, China 
2. Sun Yat-sen Global Health Institute, Institute of State Governance, Sun Yat-sen University, Guangzhou 510080, China 
Interests: HIV/AIDS; infectious diseases; social network; global health; implementation science 

Prof. Dr. Anthony D. Harries  
Website (https://www.theunion.org/who-we-are/leadership/senior-management-team/prof-anthony-d-harries)
SciProfiles (https://sciprofiles.com/profile/515198) 

1. Senior Advisor, International Union Against Tuberculosis and Lung Disease, 68 Boulevard St Michel, 75006 Paris, France  
2. Honorary Professor, Faculty of Infectious and Tropical Diseases, London School of Hygiene and Tropical Medicine, Keppel Street, London
WC1E 7HU, UK 
Interests: tuberculosis; HIV/AIDS; tropical medicine; operational research 

Prof. Dr. Shimon Harrus  
Website (http://ksvm.agri.huji.ac.il/staff/shimon_haruss.htm)  

Koret School of Veterinary Medicine, The Hebrew University of Jerusalem, Jerusalem, Israel 
Interests: vector-borne pathogens; Bartonella; Ehrlichia 

Prof. Dr. Roderick J. Hay  
Website (https://rstmh.org/professor-roderick-hay) SciProfiles (https://sciprofiles.com/profile/370326) 

St Johns Institute of Dermatology, King's College London, London, UK 
Interests: infections of the skin; tropical dermatology; medical mycology 
Special Issues, Collections and Topics in MDPI journals
Special Issue in Tropical Medicine and Infectious Disease: Skin-Related Neglected Tropical Diseases (Skin-NTDs)—A New Challenge
(/journal/tropicalmed/special_issues/Skin_NTDs) 
Special Issue in Tropical Medicine and Infectious Disease: Community Engagement and Neglected Tropical Diseases (NTDs)
(/journal/tropicalmed/special_issues/Community_NTDs) 
Special Issue in Journal of Fungi: Biology, Immunology, Epidemiology, and Therapy of Fungal Infections: A Themed Issue Dedicated
to Professor David A. Stevens (/journal/jof/special_issues/honor_fungal_infections) 
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Prof. Dr. Jorg Heukelbach  
Website (https://www.researchgate.net/profile/Jorg_Heukelbach) SciProfiles (https://sciprofiles.com/profile/252811) 

Department of Community Health, School of Medicine, Federal University of Ceará, Fortaleza 60430-140, CE, Brazil 
Interests: public health; tropical neglected diseases; epidemiology 
Special Issues, Collections and Topics in MDPI journals
Special Issue in Tropical Medicine and Infectious Disease: Control of Communicable Diseases in Human and in Animal Populations:
70th Anniversary Year of the Birth of Professor Rick Speare (2 August 1947 – 5 June 2016)
(/journal/tropicalmed/special_issues/rick_speare) 
Special Issue in Tropical Medicine and Infectious Disease: Chagas Disease (/journal/tropicalmed/special_issues/chagas_disease) 

Prof. Dr. Paul Horrocks  
Website (https://www.keele.ac.uk/caep/people/paulhorrocks/) SciProfiles (https://sciprofiles.com/profile/1462697) 

School of Medicine, Keele University, Staffordshire ST5 5BG, UK 
Interests: malaria; Plasmodium falciparum; cell biology; drug action; pharmacodynamics; leishmaniasis; assay development; natural products;
medical education; postgraduate research 

Dr. Paul Horwood  
Website (https://research.jcu.edu.au/portfolio/paul.horwood/) SciProfiles (https://sciprofiles.com/profile/786387) 

Veterinary Preventative Medicine, College of Public Health, Medical and Veterinary Sciences, James Cook University, Townsville, QLD 4811,
Australia 
Interests: emerging infectious diseases; zoonoses; molecular epidemiology; diagnostics 
Special Issues, Collections and Topics in MDPI journals
Special Issue in Pathogens: One Health and Transboundary Diseases
(/journal/pathogens/special_issues/One_Health_Transboundary_Diseases) 

Dr. Hamidah Hussain  
Website (http://ird.global/team/hamidah-hussain/)  

Interactive Research and Development (IRD), Global IRD, 583 Orchard Road,#06-01 Forum, Singapore 238884, Singapore 
Interests: TB active case finding; TB prevention; cost-effectiveness; implementation research 
Special Issues, Collections and Topics in MDPI journals
Special Issue in Tropical Medicine and Infectious Disease: Innovation and Evidence for Achieving TB Elimination in the Asia–Pacific
Region (/journal/tropicalmed/special_issues/TB_elimination) 
Special Issue in Tropical Medicine and Infectious Disease: Women’s Special Issue Series: Tropical Medicine and Infectious Disease
(/journal/tropicalmed/special_issues/women_series) 

Prof. Dr. Tomas Jelinek  
Website (http://www.bcrt.de/32-0-Tomas-Jelinek.html) SciProfiles (https://sciprofiles.com/profile/2291317) 

1. Medical Director, Berlin Centre for Travel & Tropical Medicine, Berlin, Germany  
2. Scientific Director, Centre for Travel Medicine, Düsseldorf, Germany 
Interests: travel medicine; vaccine preventable diseases; vaccination studies; dengue; malaria drug resistance; imported infectious diseases 

Prof. Dr. Shigeyuki Kano  
Website (http://www.pco-prime.com/ncgm_malaria/kano_en.html)  

Department of Tropical Medicine and Malaria, Research Institute, National Center for Global Health and Medicine (NCGM), Shinjuku, Japan 
Interests: malaria; tropical medicine 
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Prof. Dr. Ayman Khattab  
Website (https://researchportal.helsinki.fi/en/persons/ayman-khattab) SciProfiles (https://sciprofiles.com/profile/1251294) 

Department of Bacteriology and Immunology, Faculty of Medicine, P.O. Box 21 (Haartmaninkatu 3), FIN-00014, University of Helsinki, Helsinki,
Finland 
Interests: malaria; vector control; vector-borne diseases; antimalarial drug discovery; innate immunity; complement; vaccines 
Special Issues, Collections and Topics in MDPI journals
Special Issue in Tropical Medicine and Infectious Disease: Spatial Epidemiology of Vector-Borne Diseases
(/journal/tropicalmed/special_issues/vector_borne_diseases_tropicalmed) 
Special Issue in Life: Spatial Epidemiology of Vector-Borne Diseases (/journal/life/special_issues/vector_borne_diseases_life)

Dr. Sascha Knauf  
Website1 (https://www.fli.de/en/institutes/institute-of-international-animal-healthone-health-iitg/) Website2

(https://www.researchgate.net/profile/Sascha-Knauf)  
Institute of International Animal Health, Friedrich-Loeffler-Institut, Federal Research Institute for Animal Health, 17493 Greifswald, Island -
Riems, Germany 
Interests: treponematoses; spirochaetes; neglected tropical diseases; transboundary diseases; One Health; Eco Health; disease reservoirs;
disease ecology; host-pathogen evolution; epidemiology of infectious diseases 

Prof. Dr. Lizette Koekemoer  
Website (https://www.wits.ac.za/staff/academic-a-z-listing/k/lizettekoekemoerwitsacza/)  

1. Wits Research Institute for Malaria, School of Pathology, Faculty of Health Sciences, University of the Witwatersrand, Johannesburg 2001,
South Africa 
2. Centre for Emerging Zoonotic and Parasitic Diseases, National Institute for Communicable Diseases of the National Health Laboratory
Service, Johannesburg 2131, South Africa 
Interests: entomology; malaria vector control; vector biology and mechanisms of insecticide resistance 

Prof. Dr. Anil Koul  
Website (https://www.lshtm.ac.uk/aboutus/people/koul.anil#affiliations)  

London School of Hygiene & Tropical Medicine, Keppel Street, London, UK 
Interests: bacteria; drug discovery and development; drug resistance; bacteriology; microbiology; tuberculosis 

Dr. Roman Kuchta  
Website (https://www.paru.cas.cz/pracovnici/profil/114/)  

Institute of Parasitology, Biology Centre, Czech Academy of Sciences, Branišovská 31, 370 05 České Budějovice, Czech Republic 
Interests: parasitic flatworms; tapeworms; diphyllobothriosis; sparganosis 

Prof. Dr. Nirbhay Kumar  
Website (https://publichealth.gwu.edu/departments/global-health/nirbhay-kumar)
SciProfiles (https://sciprofiles.com/profile/656887) 

Department of Global Health, Milken Institute School of Public Health, George Washington University, Washington, DC 20052, USA 
Interests: malaria; vaccines; immunology; genomics; helminthes and co-infection; malaria transmission; malaria drugs and diagnostics 
Special Issues, Collections and Topics in MDPI journals
Special Issue in Vaccines: The 10th Anniversary of Vaccines—Vaccines against Emerging and Tropical Infectious Diseases
(/journal/vaccines/special_issues/10th_VETID_vaccines) 
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Prof. Dr. Eliningaya J. Kweka  

Catholic University of Health and Allied Sciences (CUHAS), Bugando, Tanzania 
Interests: malaria; parasitology; mosquitoes; tsetse; bed bugs; lice; tabanids; houseflies; filariasis

Prof. Dr. Colleen Lau  
Website (https://researchers.uq.edu.au/researcher/2260) SciProfiles (https://sciprofiles.com/profile/395418) 

School of Public Health, Faculty of Medicine, University of Queensland, Brisbane, QLD 4006, Australia 
Interests: infectious disease epidemiology; emerging infectious diseases; neglected tropical diseases; travel medicine 
Special Issues, Collections and Topics in MDPI journals
Special Issue in Tropical Medicine and Infectious Disease: Medical Geography of Tropical Infections: Disease Patterns in a Changing
Environment (/journal/tropicalmed/special_issues/Medical_Geography) 
Special Issue in Tropical Medicine and Infectious Disease: Harnessing the Power of Data and Technology to Improve Infectious
Disease Control (/journal/tropicalmed/special_issues/Improve_Infectious_Disease_Control) 

Prof. Dr. Shizhu Li  
Website (http://www.ipd.org.cn/show_tutor12.html)  

1. National Institute of Parasitic Diseases, Chinese Center for Diseases Control and Prevention (Chinese Center for Tropical Diseases
Research), Shanghai, China
2. School of Global Health, Chinese Center for Tropical Diseases Research, Shanghai Jiao Tong University School of Medicine, Shanghai,
China 
Interests: schistosomiasis; vector-borne diseases; transmission risk evaluation; epidemiology of parasiology; parasitic diseases control 
Special Issues, Collections and Topics in MDPI journals
Special Issue in Tropical Medicine and Infectious Disease: Control of Schistosome Intermediate Hosts
(/journal/tropicalmed/special_issues/6772K925EH) 

Prof. Dr. Alun L. Lloyd  
Website (https://math.sciences.ncsu.edu/people/allloyd/)  

Drexel Professor of Mathematics, Department of Mathematics, North Carolina State University Raleigh, NC 27695, USA 
Interests: mathematical modeling; dengue; mosquito population dynamics; genetic control strategies 

Prof. Dr. Xuejun Ma  
Website (https://loop.frontiersin.org/people/203544/overview) SciProfiles (https://sciprofiles.com/profile/370157) 

National Health Commission (NHC) Key Laboratory of Medical Virology and Viral Diseases, National institute for viral disease control and
prevention, Chinese Center for Disease Control and Prevention, Beijing 102206, China 
Interests: pathogen discovery; molecular diagnostics; detection; virus 
Special Issues, Collections and Topics in MDPI journals
Special Issue in Tropical Medicine and Infectious Disease: SARS-CoV-2 Omicron Variant: Current Perspectives and New Developments
(/journal/tropicalmed/special_issues/3RZUM238VG) 

Dr. Jutta Marfurt 
Website (https://www.menzies.edu.au/page/Our_People/Researchers/Jutta_Marfurt/)
SciProfiles (https://sciprofiles.com/profile/432833) 
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Menzies School of Health Research, Darwin, Australia 
Interests: infectious diseases; parasitology; malaria; molecular epidemiology; diagnostics; surveillance 
Special Issues, Collections and Topics in MDPI journals
Special Issue in Tropical Medicine and Infectious Disease: Drug Resistance in the Malaria Parasite: Biology and Epidemiology
(/journal/tropicalmed/special_issues/malaria_parasite) 

Dr. Ivo C. Martins  
Website (https://www.dart-diagnostics.com/ivo) SciProfiles (https://sciprofiles.com/profile/387109) 

1. Instituto de Medicina Molecular (iMM), Faculty of Medicine, University of Lisbon, Lisbon, Portugal  
2. DART Diagnostics. Tec Labs - Centro de Inovação. Campus da FCUL, Lisbon, Portugal 
Interests: amyloid fibrils; dengue virus; Zika virus; biophysics; protein-ligand interactions 

Prof. Dr. Santiago Mas-Coma  
Website (https://www.researchgate.net/profile/Santiago_Mas-Coma) SciProfiles (https://sciprofiles.com/profile/41994) 

Departamento de Parasitología, Facultad de Farmacia, Universidad de Valencia, Av. Vicent Andres Estelles s/n, 46100 Burjassot, Valencia,
Spain 
Interests: epidemiology; molecular biology; ecology; pathology; diagnosis; fascioliasis; zoonosis; trematodology; helminthology; parasitology;
tropical medicine 
Special Issues, Collections and Topics in MDPI journals
Special Issue in Tropical Medicine and Infectious Disease: Advances in Vector-Borne Diseases: Celebrating the First Impact Factor of
TMID and in Memory of Sir Patrick Manson (1844-1922) (/journal/tropicalmed/special_issues/if_celebrating) 

Prof. Dr. Richard J. Maude  
Website (https://www.tropmedres.ac/team/richard-maude) SciProfiles (https://sciprofiles.com/profile/656663) 

1. Head of Epidemiology, Mahidol-Oxford Tropical Medicine Research Unit, Faculty of Tropical Medicine, Mahidol University, Bangkok 10400,
Thailand  
2. Associate Professor, Centre for Tropical Medicine and Global Health, University of Oxford, Oxford OX3 7FZ, UK  
3. Visiting Scientist, Harvard TH Chan School of Public Health, Harvard University, Boston, MA 02115, USA 
Interests: epidemiology; malaria; dengue; infectious; environment; GIS; spatial 

Prof. Dr. Mayfong Mayxay  
Website (https://www.tropmedres.ac/team/mayfong-mayxay)  

1. Institute of Research and Education Development, University of Health Sciences, Vientiane 7444, Laos 
2. Lao-Oxford-Mahosot Hospital-Wellcome Trust Research Unit (LOMWRU), Microbiology Laboratory, Vientiane 594, Laos 
3. Nuffield Department of Medicine, Centre for Tropical Medicine and Global Health, Churchill Hospital, Oxford OX3 7LG, UK 
Interests: antimalarial drug resistance (AMR); causes of fever; sepsis; dengue; rickettsial infections; melioidosis; leptospirosis; Japanese
encephalitis virus infection and infantile beriberi 

Prof. Dr. John McBride  
Website (https://research.jcu.edu.au/portfolio/john.mcbride/) SciProfiles (https://sciprofiles.com/profile/378616) 

Cairns Clinical School, College of Medicine and Dentistry, James Cook University, Cairns City, QLD 4870, Australia 
Interests: dengue; Rickettsia; leptospirosis; HIV; Papua New Guinea 
Special Issues, Collections and Topics in MDPI journals
Special Issue in Tropical Medicine and Infectious Disease: Epidemiology of Dengue: Past, Present and Future
(/journal/tropicalmed/special_issues/dengue) 
Special Issue in Tropical Medicine and Infectious Disease: Epidemiology of Dengue: Past, Present and Future (Volume II)
(/journal/tropicalmed/special_issues/epidemiology_dengue) 
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Special Issue in Tropical Medicine and Infectious Disease: Advances in Dengue and Other Arboviral Diseases
(/journal/tropicalmed/special_issues/Dengue_Arboviral_Diseases) 

Dr. Janey Messina  
Website (https://www.geog.ox.ac.uk/staff/jmessina.html) SciProfiles (https://sciprofiles.com/profile/536381) 

School of Geography and the Environment, University of Oxford, South Parks Road, Oxford OX1 3QY, UK 
Interests: health geography; spatial epidemiology of infectious diseases; the application of Geographical Information Systems (GIS) and
quantitative analysis to public health and social science research questions; population-environment interactions, particularly in developing
countries 
Special Issues, Collections and Topics in MDPI journals
Special Issue in Tropical Medicine and Infectious Disease: Spatial Epidemiology of Neglected Tropical Diseases (NTDs)
(/journal/tropicalmed/special_issues/spatial_epidemiology) 

Prof. Dr. Edwin Michael  
Website (https://biology.nd.edu/people/edwin-michael/) SciProfiles (https://sciprofiles.com/profile/1065365) 

Department of Biological Sciences, University of Notre Dame, Notre Dame, IN 46556, USA 
Interests: epidemiology; population biology; neglected tropical diseases; vector ecology; mathematical modelling; computational science;
complex adaptive systems; social epidemiology; integrated disease management 
Special Issues, Collections and Topics in MDPI journals
Special Issue in Tropical Medicine and Infectious Disease: Population Ecology, Epidemiology, and Control of Neglected Tropical
Diseases (/journal/tropicalmed/special_issues/neglected_tropical_diseases) 
Special Issue in Tropical Medicine and Infectious Disease: Elimination of Lymphatic Filariasis: Endgame Prospects, Challenges and
Complexities (/journal/tropicalmed/special_issues/lymphatic_filariasis) 

Dr. Goudarz Molaei  
Website (https://portal.ct.gov/CAES/ABOUT-CAES/Staff-Biographies/Goudarz-Molaei)
SciProfiles (https://sciprofiles.com/profile/826641) 

1. Center for Vector Biology & Zoonotic Diseases, Northeast Regional Center for Excellence in Vector-borne Diseases, The Connecticut
Agricultural Experiment Station, New Haven, CT 06504, USA 
2. Department of Epidemiology of Microbial Diseases, School of Public Health, Yale University, New Haven, 06511 CT, USA 
Interests: medical entomology; vector biology; zoonotic diseases; ecoepidemiology of vector-borne diseases; mosquito vectors of human
disease-causing pathogens; tick vectors of human disease-causing pathogens; vector-host-pathogen interactions; vector population genetics;
molecular medical entomology and physiology; vector-borne tropical diseases 

Dr. Serge Morand  
Website (https://www.researchgate.net/profile/Serge_Morand)  

1. Faculty of Veterinary Technology, Kasetsart University, Bangkok, Thailand  
2. Centre National de la Recherche Scientifique, Centre de Coopération, Internationale en Recherche Agronomique pour le Développement,
Montpellier University, Paris, France 
Interests: rodents and other wildlife-borne diseases 
Special Issues, Collections and Topics in MDPI journals
Special Issue in Tropical Medicine and Infectious Disease: Selected Papers from The 2nd Asia Pacific Rickettsia Conference
(/journal/tropicalmed/special_issues/APRC2) 
Special Issue in Viruses: Viral Zoonoses: Interactions and Factors Driving Virus Transmission
(/journal/viruses/special_issues/Viral_Zoonoses_Interactions_Factors_Driving_Virus_Transmission) 
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Prof. Dr. David Nalin  
Website (https://sciprofiles.com/profile/1104808) SciProfiles (https://sciprofiles.com/profile/1104808) 

Center for Immunology and Microbial Diseases, Albany Medical College, Albany, NY 12208, USA 
Interests: vaccine development; vaccinology; immunology of infectious diseases; intestinal infectious and pathophysiology; cholera; hepatitis;
malaria 
Special Issues, Collections and Topics in MDPI journals
Special Issue in Tropical Medicine and Infectious Disease: Cholera Control in 2021: Bioecology, Immunology, Current and Future
Vaccines and Treatment Options (/journal/tropicalmed/special_issues/cholera_tropicalmed) 
Special Issue in Life: Cholera Control in 2021: Bioecology, Immunology, Current and Future Vaccines and Treatment Options
(/journal/life/special_issues/cholera_life) 

Dr. Susana Vaz Nery  
Website (https://kirby.unsw.edu.au/people/associate-professor-susana-vaz-nery)
SciProfiles (https://sciprofiles.com/profile/1362414) 

Public Health Interventions Research Group, Kirby Institute Level 6, University of New South Wales, Wallace Wurth Building, Sydney, Australia 
Interests: neglected tropical diseases; malaria and NTDs control and elimination in developing countries; intervention studies to inform health
policy changes for more effective and sustainable disease control strategies; WASH and chemotherapy for NTD control; soil-transmitted
helminths 
Special Issues, Collections and Topics in MDPI journals
Special Issue in International Journal of Environmental Research and Public Health: Water, Sanitation and Hygiene Related Disease
(/journal/ijerph/special_issues/WSH) 

Dr. Andreas Neumayr  
Website (https://www.swisstph.ch/fr/staff/andreas-neumayr/) SciProfiles (https://sciprofiles.com/profile/2225555) 

1. Swiss Tropical and Public Health Institute, Basel, Switzerland 
2. Faculty of Medicine, University of Basel, Basel, Switzerland 
3. Division of Tropical Health and Medicine, James Cook University, Townsville, QLD, Australia 
Interests: clinical tropical medicine; clinical parasitology; neglected tropical diseases; emerging infectious diseases; travel medicine 

Prof. Dr. Paul Newton  
Website (https://www.ndm.ox.ac.uk/principal-investigators/researcher/paul-newton)  

Professor of Tropical Medicine & Hon. Consultant Physician, Centre for Tropical Medicine & Global Health & MORU Tropical Health Network,
University of Oxford, Oxford, UK 
Interests: infectious disease; typhus; Asia; Laos; neglected tropical disease; central nervous system infections; health policy; medicine quality;
falsified medicines; substandard medicines 

Dr. Morten Agertoug Nielsen  
Website (https://isim.ku.dk/staff/vip/?pure=en/persons/147122) SciProfiles (https://sciprofiles.com/profile/908727) 

Department of Immunology & Microbiology, University of Copenhagen, Blegdamsvej 3B, DK 2200 Copenhagen N, Denmark 
Interests: malaria immunology with focus on antibodies; translational research; vaccine development; cancer immunology; parasite cell biology 

Prof. Dr. Eric James Nilles  
Website (https://connects.catalyst.harvard.edu/Profiles/display/Person/163911) SciProfiles (https://sciprofiles.com/profile/1848903) 

1. Harvard Humanitarian Initiative, Cambridge, MA 02138, USA 
2. Harvard Medical School, Boston, MA 02115, USA 
3. Brigham and Women's Hospital, Boston, MA 02115, USA 
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Interests: emerging infectious diseases; tropical infectious diseases; epidemiology; seroepidemiology; epidemics; disease outbreaks;
surveillance 

Prof. Dr. Daniel H. Paris  
Website1 (https://www.swisstph.ch/en/staff/daniel-paris/) Website2 (https://www.swisstph.ch/en/news/news-detail/news/daniel-h-

paris-professor-fuer-tropen-und-reisemedizin-an-der-universitaet-basel/) SciProfiles (https://sciprofiles.com/profile/344383) 
1. Swiss Tropical and Public Health Institute, P.O. Box, CH-4002 Basel, Switzerland 
2. University of Basel, P.O. Box, CH-4003 Basel, Switzerland 
Interests: rickettsia; scrub typhus; murine typhus; diagnostics; pathophysiology; vaccine; host response and immune response 
Special Issues, Collections and Topics in MDPI journals
Special Issue in Tropical Medicine and Infectious Disease: The Past and Present Threat of Rickettsial Diseases (Volume II)
(/journal/tropicalmed/special_issues/rickettsial_diseases_ii) 

Prof. Dr. Koen Peeters Grietens  
Website (https://pure.itg.be/en/persons/koen-peeters(a69c8ec4-a982-4d03-a8f4-1b03f41bc016).html)
SciProfiles (https://sciprofiles.com/profile/910361) 

Institute of Tropical Medicine, Antwerp, Belgium 
Interests: medical anthropology; ecohealth; planetary health; malaria; tropical infectious diseases; science and technology studies; vector
control; transdisciplinary research; interdisciplinarity; social sciences 

Dr. Watcharapong Piyaphanee  
Website (https://www.tm.mahidol.ac.th/tropmed-staff/Watcharapong-Piyaphanee.php)  

Department of Clinical Tropical Medicine, Faculty of Tropical Medicine, Mahidol University, Bangkok, Thailand 
Interests: tropical medicine; travel medicine; malaria 

Prof. Dr. Michael Ramharter  
Website (https://www.tropmed-hamburg.de/kontakt-team/) SciProfiles (https://sciprofiles.com/profile/1521560) 

Department of Tropical Medicine, Bernhard Nocht Institute for Tropical Medicine & I Department of Medicine, University Medical Center
Hamburg-Eppendorf, Bernhard Nocht Str. 74, 20359 Hamburg, Germany 
Interests: clinical research (drug and vaccine development) in the field of tropical diseases; malaria; Lassa fever; loiasis; echinococcosis 

Prof. Dr. Andrew Ramsay  
Website (https://risweb.st-andrews.ac.uk/portal/en/persons/andrew-ramsay(d3bc883e-e1b5-4609-bdc8-3ad2d6d21644).html)
SciProfiles (https://sciprofiles.com/profile/2189157) 

1. Division of Infection and Global Health, St Andrews University Medical School, St Andrews KY16 9TF, UK 
2. National Institute of Parasitic Diseases, Chinese Center for Disease Control and Prevention, Shanghai 200025, China 
Interests: tuberculosis; infectious disease diagnostics; parasitic diseases; infectious disease outbreak response; leprosy 
Special Issues, Collections and Topics in MDPI journals
Special Issue in Tropical Medicine and Infectious Disease: Leprosy Elimination: Strategies, Partnerships, Progress, Challenges and
Research (/journal/tropicalmed/special_issues/LESPPCR) 
Special Issue in Tropical Medicine and Infectious Disease: Elimination of Lymphatic Filariasis: Strategies, Partnerships, Progress,
Challenges and Research (/journal/tropicalmed/special_issues/Elimination_LF) 
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Dr. Harunor Rashid  
Website (https://www.sydney.edu.au/medicine-health/about/our-people/academic-staff/harunor-rashid.html)
SciProfiles (https://sciprofiles.com/profile/564961) 

1. National Centre for Immunisation Research and Surveillance (NCIRS) Kids Research, The Children's Hospital at Westmead, Westmead,
NSW 2145, Australia  
2. Discipline of Child and Adolescent Health, The University of Sydney, Camperdown, NSW 2006, Australia 
Interests: travel vaccine; vaccine-preventable infectious diseases; vaccination evaluation; vaccine prioritisation 
Special Issues, Collections and Topics in MDPI journals
Special Issue in Tropical Medicine and Infectious Disease: Travel and Tropical Medicine
(/journal/tropicalmed/special_issues/travel_tropical_medicine) 
Special Issue in Vaccines: Infectious Diseases: The Role of Vaccines and Complementary Measures
(/journal/vaccines/special_issues/Infectious_complementary) 
Special Issue in Tropical Medicine and Infectious Disease: Travel Health (/journal/tropicalmed/special_issues/travel_health) 

Prof. Dr. Serge Resnikoff  
Website (https://www.researchgate.net/profile/Serge_Resnikoff)  

Brien Holden Vision Institute, Sydney, Australia 
Interests: epidemiology; eye diseases; neglected tropical diseases – especially trachoma, health systems 

Prof. Dr. Allen L. Richards  
Website (https://researchain.net/profile/Allen-L-Richards-523081) SciProfiles (https://sciprofiles.com/profile/353750) 

Department of Preventive Medicine and Biostatistics, Uniformed Services University of the Health Sciences, Bethesda, MD, USA 
Interests: Rickettsial diseases; scrub typhus; vector-borne diseases; zoonoses 
Special Issues, Collections and Topics in MDPI journals
Special Issue in Pathogens: Latest Updates on Scrub Typhus (Orientia spp.) (/journal/pathogens/special_issues/4L4WP7V45M) 

Dr. Koert Ritmeijer  
Website (https://www.iddo.org/vl/vl-scientific-advisory-committee/dr-koert-ritmeijer)  

Public Health Department, Médecins Sans Frontières, 1018 DD Amsterdam, The Netherlands 
Interests: leishmaniasis; human African trypanosomiasis; snakebites; noma 
Special Issues, Collections and Topics in MDPI journals
Topics: Novel Therapeutic Strategies against Leishmania and Trypanosoma (/topics/Leishmania) 

Dr. Mark Robinson  
Website (https://www.qub.ac.uk/schools/SchoolofBiologicalSciences/Connect/AcademicStaff/DrMarkRobinson/)  

Institute for Global Food Security, School of Biological Sciences, Queens University Belfast, Belfast BT9 5DL, UK 
Interests: molecular biology of trematode parasites and their host interactions 
Special Issues, Collections and Topics in MDPI journals
Special Issue in Pathogens: Proteomics of Host-Helminth Interactions (/journal/pathogens/special_issues/Proteomics_Helminth) 

Prof. Dr. Allen G. P. Ross  
Website (https://www.icddrb.org/index.php?option=com_content&view=article&id=4223&Itemid=2202&staffID=235)
SciProfiles (https://sciprofiles.com/profile/1510207) 

1. International Centre for Diarrhoeal Disease Research, Bangladesh (ICDDR, B), Dhaka 1212, Bangladesh 
2. Menzies Health Institute Queensland, Griffith University, Gold Coast 4222, Australia 
Interests: global health; tropical infectious diseases; enteric diseases; urban slum health; disease control; pandemic planning; vaccination 
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Prof. Dr. Mary Ross  
SciProfiles (https://sciprofiles.com/profile/355160) 

School of Public Health, University of the Witwatersrand, Johannesburg, South Africa 
Interests: occupational medicine; tropical medicine; public health medicine; travel medicine 

Dr. Brice Rotureau  
Website (https://research.pasteur.fr/en/team/group-brice-rotureau/) SciProfiles (https://sciprofiles.com/profile/2155608) 

Trypanosome Transmission Group, Trypanosome Cell Biology Unit, INSERM U1201 & Department of Parasites and Insect Vectors, Institut
Pasteur, 25, rue du Docteur Roux, 75015 Paris, France 
Interests: parasitology; medical entomology; epidemiology; trypanosomatids; leishmaniases; trypanosomiases 
Special Issues, Collections and Topics in MDPI journals
Special Issue in Tropical Medicine and Infectious Disease: Advances in Vector-Borne Diseases: Celebrating the First Impact Factor of
TMID and in Memory of Sir Patrick Manson (1844-1922) (/journal/tropicalmed/special_issues/if_celebrating) 

Dr. Charles E. Rupprecht  
Website (https://www.ecronicon.com/editorial_popup.php?id=1701) SciProfiles (https://sciprofiles.com/profile/340076) 

1. Adjunct Professor, The Wistar Institute, Philadelphia, PA, USA  
2.CEO, LYSSA LLC, Lawrenceville, GA 30044, USA 
Interests: lyssaviruses; zoonoses; One Health; epidemiology; conservation biology 
Special Issues, Collections and Topics in MDPI journals
Special Issue in Tropical Medicine and Infectious Disease: Rabies Symptoms, Diagnosis, Prophylaxis and Treatment
(/journal/tropicalmed/special_issues/rabies) 
Special Issue in Tropical Medicine and Infectious Disease: Lyssaviruses and Rabies: Prevention, Control and Elimination
(/journal/tropicalmed/special_issues/lyssaviruses) 
Special Issue in Viruses: Innovative Techniques and Approaches in the Control and Prevention of Rabies Virus
(/journal/viruses/special_issues/Rabies-Virus-Control) 

Prof. Dr. Ana Sanchez  
Website (https://brocku.ca/applied-health-sciences/health-sciences/faculty-research/faculty-directory/ana-sanchez-phd/)
SciProfiles (https://sciprofiles.com/profile/682317) 

1. Department of Health Sciences, Brock University, St. Catharines, ON L2V 5A2, Canada 
2. Department of Parasitology, School of Microbiology and Institute of Microbiology Research, National Autonomous University of Honduras,
Tegucigalpa, Honduras 
Interests: neglected tropical diseases; epidemiology; drug resistance and diagnostics with special focus on soil-transmitted helminths (STH);
Taenia solium; Pediculus humanus; Toxocara canis; intestinal protozoa and malaria 

Prof. Dr. Nuno C. Santos  
Website1 (https://imm.medicina.ulisboa.pt/en/investigacao/labs/santos-nuno-c-lab/) Website2

(https://imm.medicina.ulisboa.pt/investigation/laboratories/nuno-santos-lab/#intro)
SciProfiles (https://sciprofiles.com/profile/285597) 

Instituto de Medicina Molecular, Faculdade de Medicina, Universidade de Lisboa, Lisbon, Portugal 
Interests: dengue virus; Zika virus; West Nile virus; HIV; viral entry inhibitors; broad-spectrum antivirals; antimicrobial peptides; antiviral
peptides; biophysics; nanomedicine 
Special Issues, Collections and Topics in MDPI journals
Special Issue in International Journal of Molecular Sciences: Membrane–Peptide Interactions: From Basics to Current Applications
(/journal/ijms/special_issues/Membrane_Peptide) 
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Abstract: Erythema nodosum leprosum (ENL) is an acute immune complex-mediated condition of
the dermis, subcutaneous tissue, and other tissues seen in patients with multibacillary (MB) leprosy,
causing severe impairment to patients’ quality of life. To date, there is no standard diagnostic criteria
for ENL. We aimed to study the diagnostic value and accuracy of Neutrophil-to-Lymphocyte ratio
(NLR), Lymphocyte-to-Monocyte ratio (LMR), and Platelet-to-Lymphocyte ratio (PLR) in diagnosing
ENL. This is an analytic retrospective study with a cross-sectional design that describes the dis-
tribution and clinical characteristics of all newly diagnosed MB patients of Dr. Soetomo General
Hospital Surabaya in the years 2018–2020. NLR, LMR, and PLR were calculated for all patients, and a
receiver operating characteristic curve (ROC) was generated to identify the cut-off points. Among a
total of 182 patients with MB leprosy, 22 cases (12.09%) were reported with ENL. WBC, neutrophils,
monocytes, and thrombocytes showed a positive correlation with the incidence of ENL, but not
lymphocytes. The NLR cut-off point for the diagnosis of ENL was 4.99 (sensitivity 86.4%, specificity
82.5%, accuracy 82.97), while that of PLR was 237.46 (sensitivity 63.6%, specificity 73.1%, accuracy
71.98%). LMR had poor sensitivity and specificity levels of 50% and 28.7%, with cut-off point of 2.28
and accuracy of 31.32%. These results suggest that NLR and PLR could be potential biomarkers for
the diagnosis of ENL.

Keywords: neutrophil-to-lymphocyte ratio; lymphocyte-to-monocyte ratio; platelet-to-lymphocyte
ratio; erythema nodosum leprosum; leprosy; tropical disease; infectious disease; neglected disease

1. Introduction

Leprosy is one of 20 neglected tropical diseases caused by Mycobacterium leprae, with
more than 200,000 new cases reported every year from more than 120 countries [1,2]. The
clinical manifestations of leprosy vary depending on the host immune response. In 1981,
the WHO introduced a simple disease classification based on the number of skin lesions
and the finding of acid-fast bacilli (AFB) to aid the prescription of multidrug regimens.
Paucibacillary (PB) leprosy is associated with five or less skin lesions and negative AFB
findings, while multibacillary (MB) patients present with more than five skin lesions and
positive AFB findings [2]. The majority of leprosy cases in Indonesia, which has the third
highest number of global leprosy cases, are MB leprosy (84%) [3,4].

Erythema nodosum leprosum (ENL) is an acute inflammatory complication of leprosy
that exclusively occurs in MB leprosy [5,6]. It presents as a sudden onset of generalized
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painful erythematous nodules with or without symptoms of systemic inflammation that
may occur before, during, or after multi-drug therapy (MDT) [6–8]. The clinical criteria
proposed by B. Naafs et al. for leprosy diagnosis are considered sufficient in daily clinical
practice, although histopathological findings such as findings such as increased vascularity
with dilated capillaries in the dermis with neutrophil infiltration may aid in disease con-
firmation [9]. ENL has frequent recurrence, with the possibility to persist for years [10].
Leprosy patients with ENL are prone to nerve damage and potential physical disabilities
which severely impact their quality of life, the social and economic burden, and patients’
mortality [7,8,10,11]. The diagnosis of ENL often relies on the medical expertise of doctors
and their ability to recognize the disease’s clinical manifestations [10]. The histopathology
of ENL resembles that of MB leprosy without ENL, except for the possible presence of neu-
trophil infiltration, microabscesses, or vasculitis [9]. The increase of acute-phase proteins,
such as C-reactive protein, gamma globulin, α1-antitrypsin, and α1-acid glycoprotein, may
help the diagnosis, although related tests are often expensive and not available [10].

ENL is described as a neutrophilic immune-complex-mediated condition with a com-
plex interaction of multiple immune system elements, including monocytes, lymphocytes,
and platelets [5,12]. Neutrophil infiltration is the histological hallmark of ENL [12]. A
recent study indicated that the number of peripheral neutrophils, especially of low-density
neutrophils (LDNs), is increased especially in severe ENL [6]. Monocytes are rarely studied
in ENL, although the expression of tumor necrosis factor (TNF)-α is higher in patients with
MB leprosy with ENL than in those without ENL [12]. Platelet or thrombocyte helps to
trap pathogens during cellular immunity by forming microthrombi [9]. The involvement
of lymphocytes in ENL is often limited to increased T-helper lymphocytes and decreased
T-cytotoxic lymphocytes, with an increase of the T-helper-to-T-cytotoxic lymphocyte ratio
in comparison to the control group. B-lymphocytes are not associated with the formation
of ENL [12].

Recently, the Neutrophil-to-Lymphocyte ratio (NLR), Lymphocyte-to-Monocyte ratio
(LMR), and Platelet-to-Lymphocyte ratio (PLR) have been used in different conditions
to reflect the host inflammatory response, hence enabling medical providers to confirm
disease diagnosis, predict the prognosis, and monitor treatment outcome. A study by
Gomes et al. [10] indicated that NLR was 78% accurate in diagnosing leprosy reactions.

This study aimed to study the diagnostic value of NLR, LMR, and PLR as biomarkers
in diagnosing ENL in endemic leprosy.

2. Materials and Methods

This was a cross-sectional retrospective study of data obtained from medical records of
patients who presented, between January 2018 and December 2020, at the Leprosy Division
of dr. Soetomo General Academic Hospital, Surabaya, Indonesia. Eligible patients were
males and females aged 18 years and above, with a confirmed diagnosis of MB leprosy from
skin lesions and AFB analysis, who were subjected to a complete blood test on the same day
of diagnosis. Patients with HIV, secondary syphilis, hypertension, and diabetes mellitus
were excluded. Patients with a history of steroid and other immunomodulators use in the
last two weeks were excluded, due to the possibility of host immunity alteration. Ethical
clearance was obtained from the Ethical Committee of Dr. Soetomo General Academic
Hospital, Surabaya, with reference number 0459/LOE/301.4.2/V/2021.

Physicians experienced in the diagnosis and treatment of leprosy determined the
diagnosis of leprosy based on WHO criteria, which include the finding of hypopigmented
or erythematous skin lesion(s) with impairment or loss of sensation, peripheral nerves
thickening or sensory impairment, or positive acid-fast bacilli smear. Patients were further
classified into MB leprosy when presented with six or more lesions with or without positive
bacterial index. Patients who did not fulfil the criteria were classified as PB leprosy and
excluded from this study. ENL was clinically determined by the findings of a sudden
eruption of tender papules, nodules, or plaques and three of the following symptoms: mild
fever, tender enlarged nerves, arthritis, lymphadenitis, increased loss of sensation or muscle
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power, epididymo-orchitis, edema of the extremities or face, positive Ryrie or Ellis test,
and iridocyclitis or episcleritis. The same physicians obtained demographic data including
comorbidities, gender, age, and the onset of ENL through anamnesis and performed tests
necessary to determine physical disabilities, which were graded using the WHO 2-point
scale. Bodyweight and height were measured for body mass index (BMI) calculation
to determine the nutritional status based on the cutoff for Asian and Asian Americans.
The bacterial and morphological indexes were determined from skin smears obtained
from three different sites. The number of white blood cells and differentials, including
neutrophils, monocytes, and lymphocytes, as well as thrombocyte counts, were recorded
and used to calculate NLR, LMR, and PLR by dividing the absolute count of neutrophils
by that of lymphocytes, the absolute count of lymphocytes by that of monocytes, and the
absolute count of thrombocytes by that of lymphocytes, respectively.

A descriptive analysis was performed for all study variables and reported as median
(minimum–maximum) for non-parametric data and mean (±standard deviation) for para-
metric data. Two-times-two Pearson’s chi-square analyses were done on gender, BI, and MI
data, while the non-parametric Kruskal–Wallis test was used to determine the relationship
between other variables and ENL. The correlation between blood counts and incidence of
ENL was analyzed by using Spearman’s rho correlation test. A receiver operator character-
istic (ROC) curve was constructed to evaluate the sensitivity and specificity of NLR, LMR,
and PLR.

3. Results

A total of 280 new patients visited the Leprosy Division in January 2018–December
2020, including 6 subclinical leprosy, 6 neural leprosy, 13 PB leprosy, and 255 MB leprosy
cases. Approximately 98 subjects were excluded from the study due to age, diagnosis
of non-MB, or absence of laboratory results. Out of the 182 cases included in this study,
only 22 cases (12.09%) were diagnosed with ENL. The 22 ENL patients were free from
any comorbidity, while the non-ENL patients were reported to have HIV (1.65%), diabetes
mellitus (1.09%), Cushing syndrome (0.55%), and secondary syphilis (0.55%).

Table 1 showed that most ENL patients were men (72.72%) aged 18–40 years (68.18%)
who had never received multi-drug therapy (45.45%) or with a history of complete MDT
treatment (31.82%). Grade 2 disability (G2D) was found in 9.09% of newly diagnosed ENL
patients. Nutritional status was determined through BMI measurement and indicated that
most ENL cases had normal BMI (59.09%). Most ENL cases had a BI of less than 3 (77.27%)
and an MI of less than 5 (90.9%). The onset of ENL treatment was the only variable that
was significantly different between the ENL and the non-ENL groups (p = 0.001).

Table 2 indicates that the median WBC of ENL subjects (14.820 (4,160–30,330); p = 0.001)
was almost twice higher than that of subjects without ENL (7.405 (4.380–21.980)). Neu-
trophil count in the ENL group (12.355 (3,520–26,840); p = 0.001) was almost three times
higher than that in the non-ENL group (4,840 (2,010–19,540)). Monocyte count was just
slightly higher in ENL cases (775 (210–1,910); p = 0.051), while lymphocyte count was
lower (1,526.82 (±655.57), p = 0.159), but none of these two values showed a statistically
significant differences between the two groups. The medians of NLR, LMR, and PLR in
ENL cases were 8.19 (2.9–21.46), 2.28 (0.75–4.94), and 283.97 (126.48–1,267.65), respectively.
NLR and PLR revealed a positive correlation with the incidence of ENL with coefficients of
0.45 and 0.26, respectively, while LMR showed a negative correlation, with a coefficient
of −0.205.
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Table 1. Clinical characteristics of ENL in new MB leprosy patients.

Characteristics ENL

n (%) Absent Present p-Value

Gender Males 131 (71.97) 115 (71.87) 16 (72.72) 0.986 a

Females 51 (28.02) 45 (28.12) 6 (27.27)

Age 18–40 104 (57.14) 89 (55.62) 15 (68.18) 0.245 b

41–59 63 (34.61) 56 (35) 7 (31.81)
≥60 15 (8.24) 15 (9.375) 0 (0)

Treatment New 146 (80.21) 136 (85) 10 (45.45) 0.001 b,c

Onset On MDT 5 (2.74) 3 (1.87) 2 (9.09)
RFT/RFC 9 (4.94) 2 (1.25) 7 (31.81)
Dropout 22 (12.08) 19 (11.87) 3 (13.63)

Disability 0 125 (68.68) 112 (70) 13 (59.09) 0.236 b

1 37 (20.32) 30 (18.75) 7 (31.81)
2 20 (10.98) 18 (11.25) 2 (9.09)

Nutritional Underweight 32 (17.58) 28 (17.5) 4 (18.18) 0.545 b

Status Normal 89 (48.90) 76 (47.5) 13 (59.09)
Overweight 49 (26.92) 44 (27.5) 5 (22.72)

Obese 12 (6.59) 12 (7.5) 0 (0)

Bacterial <3 146 (80.21) 129 (80.62) 17 (77.27) 0.083 a

Index ≥3 36 (19.78) 31 (19.37) 5 (22.72)

Morphological <5 160 (87.91) 140 (87.5) 20 (90.90) 0.919 a

Index ≥5 22 (12.08) 20 (12.5) 2 (9.09)

ENL: Erythema nodosum leprosum; a Pearson’s chi square; b Kruskal–Wallis test; c Significant p value < 0.05.

Table 2. Blood count of new MB leprosy cases.

Blood Count
ENL Correlation p-Value

Present Absent Coefficient

WBC a 7,720
(4,160–30,330)

14,820
(4,160–30,330)

7,405
(4,380–21,980) 0.438 c 0.001

Neutrophil a 5,110
(2,010–26,840)

12,355
(3,520–26,840)

4,840
(2,010–19,540) 0.461 c 0.001

Lymphocyte b 1,711.97 (±629.04) 1,526.82 (±655.57) 1,737.43 (±623.13) −0.105 d 0.159

Monocyte a 590 (200–1,910) 775 (210–1,910) 570 (200–1,450) 0.145 c 0.051

Thrombocyte a 308,000
(116,000–909,000)

375,000
(229,000–909,000)

302,000
(116,000–721,000) 0.263 c 0.001

NLR a 3.19 (0.86–21.46) 8.19 (2.9–21.46) 2.93 (0.86–12.85) 0.450 c 0.001

LMR a 3 (0.69–8.67) 2.28 (0.75–4.94) 3.13 (0.69–8.67) −0.205 c 0.005

PLR a 186.59
(72.96–1,267.65)

283.97
(126.48–1,267.65)

173.41
(72.96–893.33) 0.262 c 0.001

ENL: erythema nodosum leprosum, WBC: white blood cells, NLR: neutrophil/lymphocyte ratio, LMR:
lymphocyte/monocyte ratio, PLR: platelet/lymphocyte ratio; a Non-parametric distribution; median
(minimum–maximum); b Parametric distribution; mean (±standard deviation); c Spearman’s rho; d Pearson
correlation test.

The AUCs of NLR, LMR, and PLR were 0.899, 0.318, and 0.732 for the diagnosis of
ENL, respectively. The NLR cutoff point for the diagnosis of ENL was 4.99 (sensitivity
86.4%, specificity 82.5%, accuracy 82.97%) (Figure 1), while for LMR, it was 2.28 (sensitivity
50%, specificity 28.7%, accuracy 31.32%) (Figure 2), and for PLR, 237.46 (sensitivity 63.6%,
specificity 73.1%, accuracy 71.98%) (Figure 3).
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4. Discussion

This study describes the distribution and clinical characteristics of ENL, showing
a relatively low incidence corresponding to 12.09% of all new MB patients. A previous
study by Fransisca C., et al. [13] in the same hospital in 2015–2017 reported a higher ENL
incidence of 33% in all MB cases. This difference may be related to the fact that in this study,
we eliminated a group of patients, who could have been suffering from ENL but did not
perform the necessary laboratory analysis to complete the study. Comorbidities, such as
HIV, secondary syphilis, hypertension, and diabetes mellitus may complicate the disease
manifestations and hinder treatment [14]. None of the ENL-positive subjects in this study
had comorbidities or a history of medications that might affect the results.

The demographic data showed that ENL predominantly occurred in normal BMI male
aged 18–40 years with or without a history of MDT treatment. The slit-skin smear analysis
indicated that the majority of ENL subjects had a BI of less than 3 (77.27%) and an MI of less
than 5 (90.9%). None of these predominant characteristics displayed a significant difference
with respect to the non-ENL group, except for the treatment onset. MDT is an effective
treatment against M. leprae that has successfully suppressed the incidence of leprosy since
its introduction in 1981 [15]. Ironically, MDT used for leprosy treatment, which leads
to bacterial fragmentation, is hypothesized to elicit the formation of antigen–antibody
complexes in ENL [12]. The cause–effect relationship between MDT treatment and ENL
explains the higher incidence of ENL found in patients on MDT therapy or after being
released from MDT, in comparison to newly treated patients [12,13]. The incidence of ENL
during MDT can be at least twice higher than that at the time of initial diagnosis [11].

Macrophages, which are tissue monocytes, are the main resident cells activated by
M. leprae infection [6,16]. Earlier studies indicated that ENL patients experienced a greater
release of TNF-α from monocytes upon contact with M. leprae [12,17]. However, the number
of circulating monocytes did not differ between groups with and without leprosy reac-
tions [12,18]. Monocytes are unlikely to actively participate in the pathogenesis of ENL even
though the immune complex reaction in ENL involves intricate interactions between anti-
gens released from foamy macrophages and antibodies generated by lymphocytes [9,18].

Neutrophils, the most abundant type of WBC, provide protection through phagocyto-
sis, the release of antimicrobial peptides, and the generation of neutrophils extracellular
traps [12]. Histological studies showed an intense perivascular infiltrate of neutrophils
throughout the dermis and subcutis, especially within 72 h of ENL onset [11,12]. The circu-
lating neutrophils appeared to contain M. leprae bacilli, albeit in the absence of systemic
inflammation [16]. Neutrophilic degranulation was observed in ENL, with a subsequent
high production of low-density neutrophils [6]. The released granules acted as mediators
of innate and adaptive immunity that inflicted collateral tissue damage in ENL [16].

Lymphocytes are involved in both cellular and humoral immune responses. T-
lymphocytes actively eliminate bacterial, viral, and parasitic infections through an adaptive
immune response. The antigen specificity of T-cells is based on the major histocompatibil-
ity complex molecules presented by antigen-presenting cells, such as skin dendritic cells,
macrophages, and B-cells [12]. B-lymphocyte produce the antibodies that form immune
complexes leading to the Arthus phenomenon in the pathogenesis of ENL [10]. However,
the active involvement of lymphocytes in different aspects of immune reactions makes
lymphocyte count unreliable in differentiating ENL from non-ENL [10].

Platelets function in the blood coagulation system and fibrinolysis and play a major
role in immunothrombosis by promoting microvessel thrombosis that allows capturing
pathogens thus limiting pathogen dissemination [19]. Elevated platelet count was observed
in ENL patients, especially in the early phase of the disease [19,20]. One of the important
mediators of thrombocytosis, interleukin-6, is also elevated during the initial phase of
ENL [21].

The involvement of WBCs, including neutrophils, monocytes, and lymphocytes, as
well as platelets throughout the pathogenesis of ENL may lead to an increase in cell
counts during laboratory analysis. However, in this study, only WBC, neutrophils, and
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platelets showed a significant difference in their number in patients during ENL episodes
in comparison to MB patients without ENL formation. NLR was determined by dividing
the absolute neutrophil count by the absolute lymphocyte count. The use of this ratio
may help to better evaluate the immune status of the host than the use of the neutrophil
or lymphocyte count alone [10]. Nevertheless, NLR is not a specific biomarker, and its
value may be affected by hormonal changes, hypovolemic change, the use of oral steroids,
hematological diseases, and HIV [22]. Our study described a non-parametric distribution
of NLR, with a median of 8.19 (2.9–21.46) in ENL patients with no comorbidity and no
history of steroid use, and a median of 2.93 (0.86–12.85) in non-ENL patients. Further
analysis showed that the NLR value had a positive relationship with the incidence of ENL
(ρ 0.450; p < 0.05). The diagnostic value of NLR was found to have a cut-off value of 4.99,
with 86.4% sensitivity, 82.5% specificity, and 82.97% accuracy. A previous study by Gomes
et al. [10] used a lower cut-off point of 2.95 to diagnose ENL, with a sensitivity of 81% and
a specificity of 74%.

The LMR was calculated by dividing the absolute lymphocyte count by the absolute
monocyte count. LMR has been used in a variety of tumor and malignancy-related con-
ditions and has been shown up to help establish a prognosis [23]. This study found a
median of 3 (0.69–8.67) for LMR, with a negative correlation with the incidence of ENL. The
ROC curve of LMR indicated a cut-off point of 2.28, with only 50% sensitivity and 28.7%
specificity. Despite the correlation, LMR had very poor sensitivity and specificity in the
diagnosis of ENL.

The PLR was calculated by dividing the platelet count by the absolute lymphocyte
count. PLR has been used as an inflammatory and prognostic marker associated with
various types of cancer [24]. This study found a median PLR in ENL patients of 186.59
(72.96–1,267.65). An increase of PLR had a positive relationship with the incidence of ENL
(p < 0.05), with a median of 283.97 (126.48–1,267.65). The ROC curve helped to find that a
cut-off point of 237.46 displayed 63.6% sensitivity, 73.1% specificity, and 71.98% accuracy in
diagnosing ENL.

The diagnosis of ENL often relies on the medical expertise of the examining physicians
and their ability to recognize the disease clinical manifestations, while non-expert medical
providers have to rely on histopathology findings and the assessment of the levels of acute
phase proteins; however, these tests may not be widely available in rural areas of endemic
countries, such as Indonesia [9]. This study indicates that NLR and PLR had 82.95% and
71.98% accuracy in diagnosing the occurrence of ENL in MB patients. These biomarkers
can be evaluated by performing a simple differential count that is readily feasible and
relatively inexpensive. The results of this paper may help medical providers especially in
endemic areas of leprosy in the diagnosis of ENL.

This study has some limitations. The diagnosis of ENL in this study was made on the
basis of clinical observations only, as a reference test for the diagnosis of ENL does not exist.
Histopathological results may help to better confirm the diagnosis of ENL and to solidify
the key findings of this study. ENL is more likely to occur during MDT, yet this research
was only limited to patients’ initial visits. Therefore, misdiagnosis or under-diagnosis
of ENL might have occurred. This is the first study proposing NLR, LMR, and PLR as
diagnostic biomarkers of ENL. The relatively high specificity and sensitivity of NLR and
PLR, which are simple and low-cost tools, may support clinicians in the diagnosis of ENL.
These findings may help improve disease control, thus preventing possible complications
and disabilities. Additional studies are needed to confirm the results of this study.
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