
UNIVERSIDADE FEDERAL DO RIO GRANDE DO SUL 

FACULDADE DE FARMÁCIA 

TRABALHO DE CONCLUSÃO DE CURSO DE FARMÁCIA 

 
 
 
 
 
 
 
 
 

 

Infinity war: Trichomonas vaginalis and 
interactions with the host immune response  

 
 
 
 
 
 
 
 
 

 
Giulia Bongiorni Galego 

 
 
 
 
 
 
 
 
 

PORTO ALEGRE, 2022 



UNIVERSIDADE FEDERAL DO RIO GRANDE DO SUL 

FACULDADE DE FARMÁCIA 

TRABALHO DE CONCLUSÃO DE CURSO DE FARMÁCIA 

 
 
 
 

 
Giulia Bongiorni Galego 

 
 
 

 
Infinity war: Trichomonas vaginalis and 

interactions with the host immune response 

 
 
 
 
 

 
Trabalho de Conclusão de Curso 

apresentado ao Curso de Farmácia da 

Universidade Federal do Rio grande do Sul 

como requisito à obtenção do título de grau 

de Farmacêutico. 

 
 
 
 
 
 
 

Orientador: Prof. Drª. Tiana Tasca  

 

Porto Alegre, 2022 



AGRADECIMENTOS 
 
 

A trajetória da graduação me proporcionou a oportunidade de conhecer, conviver e 

aprender com pessoas maravilhosas que me incentivaram e me ajudaram durante todos 

estes anos e as quais serei eternamente grata. 

 

Ao GPTrico por ter sido a minha segunda casa e família neste últimos quatros anos, 

onde pude crescer não apenas como acadêmica, mas como pessoa, partilhando risos, 

lágrimas, angústias e conquistas. Agradeço à Brenda, Ju, Miche, Márcia, Corina, Ágata, 

Juju e Carol pela oportunidade de conviver com vocês e aprender tanto com cada uma 

e em especial ao Saulo por se tornar um amigo tão querido. 

 

À Chris, Gabi e Fe por serem os melhores presentes que eu poderia pedir. Obrigada à 

todas vocês por me apoiarem e se fazerem tão presentes mesmo eu estando em outro 

país. Vocês tornaram todo esse caminho algo muito mais leve e sempre terão um lugar 

especial no meu coração. Obrigada por tanto! 

 

À Dr. Graziela Rigo por me ensinar sobre pesquisa, persistência, amor e dedicação. Tu 

és luz por onde passa e agradeço a honra de poder ter convivido contigo diariamente. 

 

À Prof. Drª. Tiana Tasca pela paciência, amor e dedicação em ensinar. Tu és uma  

orientadora e professora excepcional. Eu serei infinitamente grata à ti por ter me acolhido 

neste grupo incrível e por acreditar no meu potencial. Tu mudou a minha vida de uma 

maneira irreversível ao ter me apresentado à pesquisa. Obrigada. 

 

A todos os meus amados amigos, em especial Luisa, Gabriel e Cicero, que estiveram 



1 
 

comigo nos piores e nos melhores momentos. Obrigada por entenderam a minha 

ausência, por não desistirem de mim, pelas palavras de conforto e carinho. 

  

Ao meu namorado, Gabriel Rigo, por estar ao meu lado durante todos esse anos, em 

especial nos últimos meses tão turbulentos. O teu amor, apoio e compreensão foram 

essenciais para mim. Obrigada por me incentivar a ser a minha melhor versão. 

 

Por fim, agradeço aos melhores profissionais da área da saúde que conheço: Julio e 

Gianise, meus pais. Obrigada por todas as noites mal dormindas, plantões e turnos extra 

para que eu pudesse ter a melhor formação possível e poder seguir meus sonhos. Eu 

espero algum dia poder ser metade do ser humano e profissional que vocês são. Vocês 

são a razão de eu ter conseguido chegar até aqui. Agradeço de todo o meu coração por 

nunca terem deixado eu desistir e por terem me agraciado com tanto amor.     

 



APRESENTAÇÃO 

 
 

 
Esse Trabalho de Conclusão de Curso foi redigido sob a forma de artigo ao 

qual foi elaborado segundo as normas do periódico científico Microbial Cell, 

apresentadas em anexo. 



1 
 

Infinity war: Trichomonas vaginalis and interactions with host immune response  
 
 
 
Giulia Bongiorni Galego, Tiana Tasca*  

 

Grupo de Pesquisa em Tricomonas, Faculdade de Farmácia, Universidade Federal do 

Rio Grande do Sul, Avenida Ipiranga, 2752, Porto Alegre, 90610-000, Rio Grande do 

Sul, Brazil 

 

*Corresponding author: Tiana Tasca Avenida Ipiranga, 2752. 90610-000. Porto Alegre, 

Rio Grande do Sul, Brazil; Tel: +555133085325; Email: tiana.tasca@ufrgs.br  

 

Running title: T. vaginalis and host immune response 

 

Keywords: Trichomoniasis. Trichomonas vaginalis. Immune response. Cytokines. 

Inflammation. 

 

 

 

 

 

 

 

 

 



2 
 

ABSTRACT  

Trichomonas vaginalis is the pathological agent of the human trichomoniasis, with 

an incidence of 156 million cases worldwide. Due to the increasing resistance of isolates 

to approved drugs and the clinical complications that include the increase in the 

acquisition and transmission of HIV, the adverse outcomes during pregnancy, and 

cervical and prostate cancer, the understanding of the pathogen interaction with the host 

immune response becomes essential. Production of cytokines and cells of innate 

immunity: Neutrophils and macrophages are the main cells involved in the fight against 

the parasite, while IL-8, IL-6 and TNF-α are the most produced cytokines in response to 

this infection.  Clinical complications: T. vaginalis increases the acquisition of HIV, 

stimulates the invasiveness and growth of prostate cells and generates an inflammatory 

environment that can lead to preterm birth. Vaccine candidate targets: Adhesion proteins, 

cysteine peptidase, and α-actinin are currently cited as candidate targets for a vaccine 

development. Antibodies: IgG and IgG1 was found in serum samples of rodents infected 

with isolates from symptomatic patients as well as patients with symptoms. However, this 

antibodies production does not protect against a reinfection. Endosymbiosis: 

Mycoplasma hominis increased the cytotoxicity, growth, and survival rate of the parasite. 

In this context, the understanding of the mechanisms involved in the host-T. vaginalis 

interaction that elicit the immune response can contribute to the development of new 

targets to combat trichomoniasis. 
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Introduction 

The unicellular protozoan Trichomonas vaginalis is the etiologic agent of human 

trichomoniasis, the most common non-viral sexually transmitted infection (STI) in the 

world, with higher numbers of incidence than Chlamydia infection, gonorrhea, and 

syphilis. In 2016, the World Health Organization (WHO) estimated an incidence of 156 

million cases worldwide [1]. Both men and women can be asymptomatic. In women, when 

symptoms occur, they are manifested by vaginal discharge, itching, dysuria, and 

abdominal pain. In addition, T. vaginalis infection can affect vaginal pH, which increases 

from 4.5 to >5, which partially explaining the association between the parasite, bacterial 

vaginosis (BV), and candidiasis. In men, the most common symptoms are prostatitis, 

decreased sperm motility, and epididymitis. In addition, several studies have 

demonstrated that T. vaginalis infection can increase the acquisition and transmission of 

the HIV in men and women. Co-infection with Chlamydia, gonorrhea, syphilis, and herpes 

simplex virus type 1 and 2 have also been described [2,3].  

Currently, there are three drugs approved by the Food and Drug Administration 

(FDA) against trichomoniasis: secnidazole, metronidazole (MTZ) and tinidazole, 

representatives of the 5-nitroimidazole class. However, the rate of resistant isolates is an 

increasing problem [3]. The first metronidazole-resistant isolate was detected in 1962, 

two years after its introduction [4]. Likewise, the newest therapeutic alternative, 

secnidazole, already has resistant isolates [5]. Furthermore, the test with the highest 

sensitivity and specificity for the detection of T. vaginalis known as nucleic acid 

amplification tests (NAATs) are not a routine test in Brazil, which, added to the fact that 

it is not a notifiable STI obligatory, contribute to the underdiagnosis and, consequently, 

underestimation of trichomoniasis cases [6].  
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In this context, the understanding of the mechanisms involved in the interaction 

between T. vaginalis and the host immune response can contribute to the development 

of new targets to combat the parasite. Thus, the search strategy was based on the 

combination of Trichomonas vaginalis or trichomoniasis with different keywords: immune, 

immunity, macrophages, neutrophils, immune response, innate immunity, adaptive 

immunity, pregnancy, antibody, M. hominis, vaccine and HIV. Only articles indexed in the 

PubMed Central® database, in english or portuguese and published between 2000 and 

2022 were included in this review, in order to summarize the most current data on the 

trichomoniasis-immune response field.   

 
 

1. The avengers: the cells of the host immune system and cytokine 

production 

During an infection, host defense begins with innate immunity mediated by 

myeloid cells, natural killer cells, innate lymphoid cells, the complement system, and 

defensins [7]. Neutrophils are polymorphonuclear cells (PMNs), one of the most 

important members of the immune response, which can be recruited by pattern 

recognition receptors present on endothelial cells or inflammatory mediators released by 

resident leukocytes in infected tissues [8].  

IL-8 is a proinflammatory cytokine which can regulate the activation, migration, 

and degranulation in neutrophils, being released under inflammatory stimulations such 

as lipopolysaccharide (LPS), present in T. vaginalis. Adhesion or contact between the 

parasite and neutrophils is essential for the cytokine production, as well as the membrane 

integrity of the protozoan, since lysates of trichomonads and T. vaginalis excretory-

secretory products (TvSP) were not able to induce the same IL-8 amount. A likely 

pathway is through the regulator of cytokine transcription, factor nuclear kappa B (NF-
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kB), and mitogen-activated protein kinase (MAPK) [9]. Although secretory products did 

not stimulate neutrophils in the same way as live trichomonads, they also contribute to 

the IL-8 production due to the lipid mediator leukotrienes (LT) B4 in their composition. 

Through high affinity (BLT1) and low affinity (BLT2) LTB4 receptors present on 

neutrophils, the NF-kB and cAMP response element-binding (CREB) pathway are 

activated, leading to the cytokine production [10,11].  

The pathogen-neutrophil interaction goes beyond the cytokine production. This 

direct contact decreased the myeloid cell leukemia 1 (Mcl-1) expression, an anti-

apoptotic protein, and increased the caspase-3 expression, a protein related to 

spontaneous apoptosis in neutrophils, triggering the acceleration of the apoptosis 

process [12]. Interestingly, while live trophozoites enhanced the rate of neutrophil 

apoptosis, trichomonads lysate reduced it. T. vaginalis lysate co-incubation with PMNs 

maintained Mcl-1 expression for longer time than the control group with a reduction in 

caspase-3 activation observed at 15 and 25 hours incubation, while caspase-3 cleavage 

by the untreated group occurred at 15 hour incubation [13]. Caspase-3 can be activated 

by the intracellular increase of reactive oxygen species (ROS) by neutrophils in response 

to the presence of trichomonads, via the NADPH oxidase system [14]. Trichomonads 

lysate, excretory-secretory product, and membrane component stimulated superoxide 

anion production, in contrast to the reduction of this production by the protozoan 

peptidase inhibition and release of ROS and IL-8 by blocking adenosine deaminase, the 

enzyme that converts adenosine into inosine. Meanwhile, adenosine and inosine, anti-

inflammatory nucleosides, decreased nitric oxide (NO) generation via iNOS [15-17]. 

Furthermore, the parasite was able to degraded NO in anaerobic conditions through A-

type flavoprotein, an NADH-dependent enzyme which responds to NO species exposure, 

and overexpressed TvMIF during nutrient stress and serum starvation, inhibiting ROS 
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production and avoiding its apoptosis [18,19]. Interestingly, reactive nitrogen 

intermediates (RNI) may be associated with the infection establishment. Isolates of T. 

vaginalis from symptomatic patients inoculated into mice generated higher levels of RNI 

in vaginal tissue than isolates from asymptomatic ones; in contrast, leukocytes showed 

higher RNI and iNOS protein band intensity in the asymptomatic group. On the other 

hand, RNI in vaginal washes and plasma demonstrated to be higher in the asymptomatic 

group [20,21].   

As mentioned earlier, epithelial cells can stimulate neutrophil migration into injured 

tissues. In this context, it was demonstrated that vaginal epithelial cells (VECs) in the 

presence of T. vaginalis increased IL-6, IL-8, and monocyte chemoattractant protein-1 

(MCP-1) mRNA expression, raising the migration of neutrophils and mast cells. In turn, 

mast cells stimulated neutrophil migration [22]. The same was observed in ectocervical 

and endocervical epithelial cells in response to LPS, by producing IL-8 and macrophage 

inflammatory protein (MIP)-3α, necessary for the dendritic cells maturation [23]. 

Curiously, when Prevotella bivia, bacteria of the vaginal microbiota, was in contact with 

the protozoan, the same IL-8 production was detected, but MIP-3α induction was 

reduced, reinforcing the importance of further studies that consider the role of the 

microbiota in immunodulation during trichomoniasis [24]. 

 VECs and human prostatic epithelial cells in contact with T. vaginalis or rTvα-

actinin 2 enhanced IL-10, IL-12, IL-6, and Tumor Necrosis Factor alpha (TNF-α) 

production, while the stimulation of dendritic cells with LPS enhanced CD80, CD86 and 

major histocompatibility complex (MHC) activation makers, in opposition to rTvα-actinin 

2 which diminished MHC-II expression. Likewise, dendritic cells that were stimulated with 

LPS and later with TvSP decreased the expression of MHC-II. Nevertheless, when TvSP 

was present, even with previous LPS stimulation, IL-10 production increased and IL-12 
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reduced. iTregs incubated with mouse bone marrow derived dendritic cells stimulated 

with LPS and treated with rTvα-actinin 2 showed greater release of IL-10, TGF-β and 

IFN-γ, suggesting that rTvα-actinin 2 may act as an immunomodulator [25,26].  

Macrophages are also members of the innate immune system and play a crucial 

role in the host defense against pathogens. These cells can secrete cytokines, defensis, 

ROS and NO [27]. Thus, the influence of macrophages during T. vaginalis infection was 

also explored.  

Macrophages in the presence of apoptotic neutrophils induced by T. vaginalis 

raised IL-10 production and decreased IL-6 and TNF-α [28]. However, in the presence of 

lysate, opsonized or live trichomonads, macrophages enhanced IL-1β, IL-6 and TNF-α 

levels. This latter is dependent on the activation of NF-kB activation by NO [29]. T. 

vaginalis adhesion in macrophages is associated with cytokine production. In the first 

minutes of the adhesion process was observed a transient degradation of IkB-α and NF-

kB activation, since IkB-α prevents the binding of NF-kB with its sites. However, at a 

longer adhesion time, inhibition of NF-kB and consequently reducing in the TNF-α and 

IL-12 production were observed, suggesting a possible pathway that the parasite uses 

to avoid the generation of cytokine [30]. In mouse macrophages, cytokine production was 

associated with the toll-like receptor (TLR)-2. The presence of the parasite leads to the 

phosphorylation of NF-kB p65, p38 and ERK via TLR-2. Activation of the latter resulted 

in an upregulated expression of the proinflammatory cytokines IL-6, TNF-α and INF-γ, 

while the NF-kB translocation has been associated with the regulation of NO production 

and proinflammatory gene expression [31].      

During macrophage apoptosis induced by T. vaginalis, the activation of caspase-

3 led to a downregulation of Bcl-xL, an anti-apoptotic protein, contributing to apoptosis. 

On the other hand, an overexpression of Bcl-2 did not protect macrophages against 
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apoptosis, nor impact cytochrome c release or Bax and caspase-3 activation [32]. The 

release of cytochrome c from mitochondria activated the caspase cascade involving 

caspase-9 and -3, which in turn, activate p38 MAPK and result in host cell death [33].   

Finally, immune system cells also have their ways of preventing the establishment 

of T. vaginalis infection. In mice, trichomonads trigger neutrophils extracellular traps 

(NET) via ROS generation, ERK1/2 and p38 MAPK pathway. However, cells necrosis 

was not able to trigger this mechanism [34]. Likewise, human monocytic cells used 

extracellular traps (ET) to capture T. vaginalis through the same pathway previously 

proposed. Furthermore, in this context, both live and dead parasites were capable of 

inducing ET formation [35]. Nevertheless, a few years earlier, the death of the parasite 

was shown to be independent of NETosis. The contact between PMNs and T. vaginalis 

was necessary to kill the parasite via trogocytosis with important participation of serine 

peptidases and components present in human serum. The serine peptidase within the 

granules can nibble inside PMN-T. vaginalis junction microenvironment, while the serum 

factors may opsonize the trophozoite, aiding in the death process [36]. 

Trichomonas vaginalis has been shown to be able to stimulate vaginal, 

ectocervical and endocervical epithelial cells to release cytokines that can recruit and 

activate innate immune cells, such as neutrophils, macrophages and mast cells to the 

site of infection. At the site, the parasite has a complex machinery to modulate ROS, 

cytokines, and chemokines production as well as to induce apoptosis of the host immune 

cells, besides interfering in the maturation of antigen-presenting cells, such as dendritic 

cells. All together, these mechanisms allow the pathogen survival and the infection 

establishment. Fig.1 summarizes the main mechanisms discussed in this topic. 
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Figure 1. T. vaginalis and the interaction with host immune cells. T. vaginalis 

stimulates vaginal, ectocervical and endocervical epithelial cells, releasing IL-6, MCP-1 

and IL-8 (1), resulting in the migration of mast cells and neutrophils to the site of infection 

(2). There, neutrophils in contact with trichomonads release IL-8 and ROS (3) that 

activate caspase-3 and decrease Mcl-1, an anti-apoptotic protein (4). Macrophages in 

contact with neutrophils killed by parasite-induced apoptosis, decrease IL-6 and TNF-α 

and increased IL-10 (5). The interaction between macrophages and T. vaginalis can lead 

to their apoptosis by caspase-3 activation and downregulation of Bcl-xL (6) or result in 

the release of TNF-α, IL-6, IL-1β (7). Finally, monocytes can kill the protozoan through 

extracellular traps, while neutrophils use a mechanism known as trogocytosis (8). 

 

2. War consequences: HIV association, outcomes during pregnancy and 

prostate cancer  
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 Trichomonas vaginalis presence has been associated with several clinical 

complications such as prostate cancer, preterm birth and increased acquisition and 

transmission of HIV [37]. Due to the importance of this subject, the next topics will focus 

on the main immunological mechanism described in the last two decades, exceptionally 

the paragraph “HIV association” included articles outside this criterion due to relevance.  

 An infection with T. vaginalis increased the chances of acquiring HIV by 1.5 times 

as compared to uninfected individuals. In addition, HIV-reagent women demonstrated 

trichomoniasis prevalence of 17,4-20% with high rates of repeat infection [38,39]. Some 

mechanisms can explain this association. T. vaginalis promotes alteration in the vaginal 

microbiota by reducing lactobacilli producers of H2O2 causing an increase in pH and 

favoring bacterial vaginosis. In turn, BV enhanced pro-inflammatory cytokines that 

disrupted the mucosal barrier while trichomonads by themselves disrupt the integrity of 

the cell monolayer generating perforation. Both mechanisms facilitated the HIV-1 

passage. The immune response activation due to the T. vaginalis infection is responsible 

for the recruitment of CD4 lymphocytes, the target cell of HIV, as well as peripheral blood 

mononuclear cells (PBMCs) that released TNF-α, partially involved in enhancing viral 

replication [40-44].  

The protozoan reduced the secretory leukocyte protease inhibitor (SLPI) 

concentration while its cysteine peptidases cleaved the SLPI, one of the defense 

mechanisms against the establishment of HIV infection [43,45]. However, a cross-

sectional study found no association between the presence of T. vaginalis and the 

enhancement of the expression or activation of CD4+ cells of HLADR+CD38+ 

phenotypes cells, in disagreement with the aforementioned studies that suggested it as 

one of the pathways involved in facilitating HIV infection by the parasite [46].  
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In pregnant women, the parasite leads to low birth weight and preterm delivery. 

The latter may be due to the presence of the parasite itself or to treatment with 

metronidazole [47]. Co-infection with T. vaginalis and BV increased IL-1β and IL-8, which 

in higher levels results in preterm delivery [48,49]. In agreement with these findings, a 

cohort study evaluated 65 asymptomatic pregnant patients infected with T. vaginalis. The 

concentration of IL-8 and neutrophil defensins were higher in women with asymptomatic 

trichomoniasis than the uninfected group, confirming the cytokine release and neutrophils 

activation during trichomoniasis [50]. Furthermore, T. vaginalis infection during 

pregnancy raised serum concentration of granulocyte-macrophage colony-stimulating 

factor (GM-CSF), which stimulated the production of immune cells such as macrophages, 

dendritic cells and granulocytes as well as C-reactive protein (CRP), indicating an 

inflammatory response in systemic levels [51].  

The symbiosis between T. vaginalis and M. hominis may play a role in the clinical 

complication seen in trichomoniasis during pregnancy. After treatment with 

metronidazole, large amounts of bacteria were released in the extracellular environment. 

Once free in this environment, adhesion and infection of human cells occurs [52]. Another 

study found a prevalence of 9,5% of this bacterial microorganism, being cited as one of 

the causes of intra-amniotic infection, which can culminate in preterm birth [53].  

The association between T. vaginalis and prostate cancer remains under debate, 

while some studies have demonstrated the mechanism involved in signaling tumor-like 

cells, others have not found epidemiological evidence [54,55]. Due to the focus of this 

review, the topic below will discuss the immunological mechanisms described for this 

association.  

 Epithelial mesenchymal transition (EMT) is the transformation of epithelial cells 

into stromal cells, being related to tumor progression and has been associated with the 
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NF-kB and JAK/STAT3 activation. In this context, human prostate epithelial cells co-

incubated with live T. vaginalis increased CCL2 expression, but not its production, while 

CXCL8, IL-1β, IL-6 enhanced in both protein and mRNA levels. This interaction induced 

EMT via NF-kB and JAK/STAT signal pathway, while an increased in H2O2 generation 

via the NADPH oxidase system activated ERK and NF-kB, producing IL-1β and CXCL8, 

leading to monocyte migration. IL-6 via IL-6R/JAK2/STAT3 stimulates M2 macrophages 

polarization that accumulate in prostate tumor tissue, contributing to the proliferation and 

invasiveness of prostate cancer cells [56-58]. In vivo, prostate cancer cells from PC3 

lineage cells with T. vaginalis-contained medium (TCM) injected into the PC3 xenograft 

mouse model resulted in an enhancement of the tumor weight and volume as well as 

EMT-related markers, proliferating cell nuclear antigen (PCNA) and cyclin D1, 

proliferative signal molecules [59]. Interestingly, adipocytes also can enhance prostate 

cancer development. Co-incubation with mouse prostate cancer cells with TCM, led 

adipocytes to increase IL-4, CCL2, IL-6 production, besides mRNAs CCL2, IL-4, IL-13, 

IL-6. In turn, IL-4 and IL-13 stimulated macrophage migration and polarization to M2 

macrophages [60]. Prostate stromal cells infected with trichomonads recruited 

neutrophils and monocytes by CXCL8, CCL2 released by the activation of TLR4, ROS, 

MAPK and NF-kB and stimulated the proliferation of benign prostatic hyperplasia cells 

and EMT by IL-6. Then, T. vaginalis-stimulated benign prostatic hyperplasia epithelial 

cells increased IL-6, CXCL8, CCL2 and IL-1β, resulting in monocytes and mast cells 

migration, as well as mast cells activation. In turn, mast cells increased the prostate 

stromal cells proliferation that showed an enhancement of cyclin D1 and B-cell 

lymphoma-2 (Bcl-2) expression [61-64]. In agreement, mouse cells demonstrated the 

same behavior. Mouse prostate cancer (PCa) cells in contact with T. vaginalis recruited 

mouse macrophages through the production of CCL2 and CXCL1, which in turn, 



13  
 

 

increased the production and mRNA CCL2, IL-6 and TNF-α expression as well as the 

invasiveness of PCa cells and the cytokine receptors GP130, CCR2, and CXCR2 

expression, positively affecting the proliferation and invasiveness of these cells [65]. In 

vivo, when the mouse prostate was injected with a mixture of trichomonads and PCa 

cells, it was observed an increase in EMT and Cyclin D1 as well as larger prostate cancer 

than demonstrated in group injection of only PCa cells [66]. 

Finally, T. vaginalis produced TvMIF, a human cytokine homolog that mimics the 

HuMIF and stimulated human monocytes to produce IL-8, contributing to the 

inflammatory environment and interacting with CD74 receptors. The latter leads to 

downstream of ERK and Akt/BAD activation, an anti-apoptotic pathway, increasing the 

tumor growth and cell invasiveness. Interestingly, TvMIF was frequently found in patients 

with positive rather than negative infection, suggesting there is a TvMIF release in the 

extracellular environment in vivo. In addition, it has been shown to be more present in 

men, either because of the stronger immune response in men against TvMIF or because 

of the greater release by the parasite in men than in women [67].   

The long permanence of T. vaginalis can cause several clinical complications. In 

this topic, three of them were highlighted: the increase in HIV transmission and 

acquisition, due to the disruption of the mucosal barrier, reduction of SLPI and 

recruitment of CD4+T cells; adverse pregnancy outcomes caused by a systemic 

inflammatory response with cytokine production, neutrophils migration and M. hominis 

release into the extracellular environment and prostate cancer attributed to a sequence 

of inflammatory mechanisms that raised the invasiveness and growth of prostate cells, 

creating a perfect microenvironment for the establishment of cancer.  

 

3. The infinity stones: Vaccine candidate targets 
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Some proteins of Trichomonas vaginalis play an essential role in the 

establishment of infection and in the parasite-host relationship, being, therefore, 

promising vaccine candidate targets.  

Adhesion protein (AP) 65-1, involved the cytoadherence, was localized in the 

cytoplasm and on the surface of the parasite membrane and conferred protective effects 

in rodents. An increase in time and in the survival rate was observed in the immunized 

group, characterized by IgG production with a higher expression of IgG1 than IgG2a and 

a high concentration of the cytokines IFN-γ, IL-2 and IL-10, suggesting the involvement 

of Th1 and Th2 type cells [68,69]. Likewise, TvAP33 was also detected on most of the 

trichomonad surface. When inoculated into mice, it showed an enhancement in the 

survival rate in the immunized groups, with raise of IL-4, IL-10 and IL-17 cytokines and 

IgG, IgG1 and IgG2a production. It was concluded that there was cellular participation of 

the Th2 type due to higher levels of IgG1 than IgG2a [70].  

Cysteine protease (CP) 30 was found in all the 20 fresh isolates from symptomatic 

and 20 asymptomatic patients investigated in India. Higher intensity band and 

cytoadherence to vaginal epithelial cells were detected in isolates from symptomatic than 

asymptomatic, while antibodies anti-CP30 affected more the cytoadherence in the 

symptomatic isolate, suggesting that the expression of CP30, adherence and 

colonization could be higher in symptomatic isolates than asymptomatic isolates [71]. 

The group of BALB/c mice immunized with intranasal injection of 62kDa cysteine-

proteinase (p-62) plus cholera toxin (CT) enhanced the IgG1, IgG2a, IgG3 sera 

circulating levels and IgG and high IgA levels specific to p-62 in vaginal secretion. It was 

observed similar results in vaginal secretion when p-62 plus CpG-oligodeoxynucleotides 

(CpG) immunization was tested. However, in sera there was an increase of IgG2a, IgG2b 

and IgG3 [72]. A few years later, T. vaginalis anti-protease monoclonal antibodies (MAbs) 
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named 4D8 and 1A8 were tested against the same protease. As result, the epitopes 

demonstrated a repetitive nature and after treatments with pronase, heat and TCA, the 

reactivity was reduced. In conclusion, 4D8 obtained a better protective activity in murine 

model than 1A8, which can be explained by the interaction of MABs with different protein 

epitopes [73]. 4D8 and 1A8 also inhibited cytoadherence in the HeLa cells. However, 

62kDa anti-protease MAbs in the presence of macrophages increased the NO levels. In 

vivo, the group of rodents vaccinated with 4D8 demonstrated higher protection against 

lesions than other groups, while NO levels in mice serum were present in both tested 

groups, suggesting that antibodies can induce cytotoxicity mechanisms against the 

parasite [74].  

Two peptides from α-actinin: ACT-F and ACT-T were used in high dosages as 

immunization. ACT-T conferred a protection of 100% to the mice, while ACT-F high 

dosage only protected 55% of the animals. High amounts of IFN-γ, IL-17A and IL-6 

cytokines and barely levels of IL-2 and IL-4 were detected in both tested groups. In 

addition, both peptides produced high levels of specific IgG, in special IgG1 which was 

in greater concentration than IgG2. However, IL-10 was higher in the ACT-T group than 

ACT-F group, suggesting a Th1/Th2 response [75]. The transient receptor potential-like 

channel of T. vaginalis (TvTRPV) was also tested as a vaccine candidate target. In high 

doses, a raised immune response in BALB/c mice with high IgG production in sera was 

observed. In addition, TvTRPV can be recognized by antigen-presenting in macrophages 

which stimulated the IL-1β, IL-6 and TNF-α production. CD4+T cells incubated with 

mouse macrophages and stimulated with TvTRPV produced detectable levels of IL-10 

and IFN-γ that increased the cytotoxicity of macrophages against the protozoan, 

facilitating its elimination [76].  
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 The unique N-terminal from enolases, a group of enzymes which participate in the 

glycolysis and play a role of plasminogen receptor, also was described as a potential 

target against T. vaginalis. However, in this study there was no development or test as 

an immunizing agent [77]. Finally, whole T. vaginalis cells were proposed as 

immunization strategy. Mice group that received the vaccine candidate target had higher 

IgG and IgG1 serum total levels than the unimmunized group. The production of IgG2a 

was variable between the tested groups [44]. 

One of the proposed ways to combat trichomoniasis is through immunization. 

However, due to currently lack of an adequate animal model for T. vaginalis infection, 

this becomes an arduous task. The most used are mice with an estrogen treatment that 

compromises the immune response, making it difficult and inaccurate to evaluate the 

humoral and cellular responses which negatively impact in the vaccine development 

against this parasite [77]. Table 1 summarizes the vaccine candidate targets and their 

immune system activation discussed in this topic.  

Table 1. Vaccine candidate targets against trichomoniasis 
 

Vaccine candidate  
targets 

Antibody response Cytokine response Ref. 

AP 65 IgG; (IgG1 > IgG2a) IFN-γ, IL-2 and IL-10  [69] 

AP 33 IgG; (IgG1 > IgG2a) IL-4, IL-10 and  
IL-17    

[70] 

CP 30 Not mentioned Not mentioned [71] 

62 kDa proteinase + 
cholera toxin 

IgG1, IgG2a, IgG3 (sera); 
IgA and IgG (vaginal 
secretion) 

Not mentioned [72] 

62 kDa proteinase + 
CpG- 
oligodeoxynucleotides 

IgG2a, IgG2b and IgG3 
(sera); IgA and IgG 
(vaginal secretion) 

Not mentioned [72] 

ACT-T IgG; (IgG1 > IgG2a) IFN-γ, IL-17A, IL-6, 
IL-10 

[75] 
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ACT-F IgG; (IgG1 > IgG2a) IFN-γ, IL-17A, IL-6, 
IL-10 

[75] 

TvTRPV IgG IL-1β, IL-6, TNF-α, 
IL-10 and IFN-γ 

[76] 

N-terminal from 
enolases 

Not mentioned Not mentioned [77] 

T. vaginalis whole 
cells 

IgG and IgG1 with variable 
IgG2a  

Not mentioned [44] 

 

4. Hope in the midst of war: Antibody production during trichomoniasis  

 During a T. vaginalis infection, there are an antibodies production. Although they 

are not protective against reinfection, they may be associated with the presence of 

symptoms or the parasite itself. In this context, some authors have tried to find an 

association between certain antibodies and symptoms. 

Through the mouse model, a study was performed in order to evaluate the 

circulating antibodies during infection caused by T. vaginalis. In vaginal washes and 

serum, IgA, IL-2, TNF-α, CD3+ T cells, CD4+ T cells and NK cells were found at higher 

levels in asymptomatic than symptomatic patients [79]. In a fourteen days post infection, 

IgG, IgG1, and IgM levels were higher in serum samples of rodents infected with isolates 

from symptomatic patients than isolates from asymptomatic [80]. In agreement, when 

antibodies were researching in serum of symptomatic patients, IgG, IgG1, IgG2 and IgA 

were detected in 100% of cases, while IgG, IgG2 and IgA were present in 25% of cases, 

with no detection of IgG1 in asymptomatic patients. In vaginal washes, IgM was not 

detected in symptomatic patients, while IgG was detected in all patients tested [81].  

Finally, the antibodies production was associated with a protection to adverse 

outcomes of pregnancy (AOP) and therapy successful. Pregnant women T. vaginalis- 

positive with no AOP had higher IgG anti-TvLPS in vaginal secretion than the group with 

AOP [82]. After effective therapy with metronidazole, a diminished circulating IgG anti-T. 
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vaginalis was detected, suggesting that there was no longer antigenic stimulation. 

However, in a few patients which had a treatment failure, reinfection or an infection by 

resistant isolates, the persistence of antibody was detected which can be associated with 

a chronic infection [83].   

 In conclusion, IgG and IgG1 was found in serum samples of rodents infected with 

isolates from symptomatic patients as well as patients with symptoms. However, this 

antibodies production does not protect against the establishment of T. vaginalis infection. 

The association between symptoms and the presence of antibodies remains under 

investigation. 

 
5. An extra help: M. hominis and T. vaginalis against host immune 

response  
 

The endosymbiosis between M. hominis and T. vaginalis have gained prominence 

in recent years. Several articles demonstrated that the bacteria can survive within the 

parasite cytoplasmic vacuoles and its presence is capable of influencing the T. vaginalis 

biochemical pathways, tumorigenesis, outcomes in the pregnancy and 

immunomodulation. Thus, this association can impact in the immune response, survival 

and outcomes observed during trichomoniasis [84,85]. 

This interaction increased the mycoplasmal drug resistance and protects the M. 

hominis from antibiotics. When the cultures were treated with gentamicin, the bacterial 

DNA was detected, suggesting a replication inside the parasite which was reinforced by 

the found of 5-Bromodeoxyuridine (5-BrdU) incorporated in trichomonad DNA, which 

might affected PCR-based analytical methods, golden pattern of trichomoniasis detection 

[86-88]. On the other hand, the effects on metronidazole resistance are under debate. 

Some authors defends that T. vaginalis resistance to MTZ cannot be attributed by M. 

hominis presence [89-92], while other speculate that bacterial presence played a role in 
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related expression levels with resistance, such as PFOR and demonstrated that 7 of 8 

resistant isolates were M. hominis positive [93,94]. Furthermore, it is possible that this 

endosymbiosis may actually reduce resistance to metronidazole, making the isolate more 

susceptible and suggesting that downregulation of PFOR was not necessarily related to 

drug resistance [95]. 

The difference among T. vaginalis isolates appeared to be related with the number 

of infecting bacteria found, although this endosymbiosis was not observed in all T. 

vaginalis isolates [87]. Interestingly, Mycoplasma-positive T. vaginalis isolates can infect 

both Mycoplasma-free T. vaginalis isolates and human cells, while a single T. vaginalis 

isolate can be infected by two mycoplasma species [95,96]. Recent studies have shown 

that T. vaginalis can be infected not only by M. hominis, but also by Candidatus 

Mycoplasma girerdii, previously known as Mnola which demonstrated 78% similarity with 

M. hominis and 85% with M. genitalium, and another unknown Mycoplasma spp. In 

addition, the hypothesis that the protozoan may have symbiosis with other bacteria, such 

as Ureaplasma spp., needs further studies [85,97]. In the presence of any Mycoplasma 

species, the parasite demonstrated an upregulation of hemolysis and binding to host 

epithelial cells, indicating a bacterial influence on the virulence observed in the T. 

vaginalis isolates [98]. 

 M. hominis and T. vaginalis also impacts in the immune response. The presence 

of both microorganisms activated the NF-kB, upregulated the expression of IL-8, TNF-α, 

IL-1β and IL-23 by human macrophages and increased IL-6 levels as compared with no 

mycoplasma presence [99,100]. In addition, the bacteria can influence the growth rate of 

T. vaginalis, being ~20% faster in the presence of the symbiont. Furthermore, a 

competition between macrophages and bacteria for arginine uptake leads to 

downregulation of NO production in the mononuclear cells [100]. Nevertheless, this 
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combination potentiated the cytopathic effects on epithelial cells with reduced viability 

and increased in the intercellular spaces, suggesting a virulence enhancement, since a 

higher rate of amoeboid transformation and phagocytic activity was observed. However, 

no impact on the leukocytotoxic effects caused by T. vaginalis was observed [101,102]. 

Interestingly, PBMCs in contact with small extracellular vesicles from isolates with T. 

vaginalis virus inhibited the IL-8 response to the signaling of Mycoplasma-derived 

macrophage-activating lipopeptide-2 (MALP-2), a mycoplasma protein, reducing the 

immune detection of the bacteria [103]. 

 Trichomonas vaginalis and Mycoplasma species have a beneficial relationship for 

both sides. For the bacteria, the parasite works as a “trojan horse” with extra protection 

against immune defense and antibiotics in the extracellular environment, while for the 

parasite there is an increase in the growth rate, virulence, and modulation of the immune 

response, allowing its survival under stress condition. Further studies are needed on the 

possibility of T. vaginalis carrying other microorganisms, such as Ureaplasma spp. 

 
Conclusion 

In this study it was demonstrated that the parasite can activate and stimulate variated 

and complex immunological mechanisms that may be related to the symptoms and 

clinical complications observed. The symbiosis with M. hominis also deserves further 

studies to understand the extent of this relationship. As a conclusion of this review, the 

war between T. vaginalis and host immune system is far from over. More studies are 

needed in the immunological field to understand the protozoan behavior, aiming at new 

targets to fight this infection. 
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ANEXOS 

 
Periódico científico: Microbial Cell  

Submission 

If it is an original submission, prepare a single PDF file including the main text (title 

through figure legends), all figures, and the supplemental data (in this order): this PDF 

file will be used for peer-review purposes and should not exceed 10 MB. In addition, 

provide the cover letter as a separate document (MS Word or PDF). If it is 

a resubmission (after revision), provide the cover letter, the point-by-point reply as well 

as the main text (title through figure legends) as single MS Word documents, 

respectively. In addition, provide each figure file as well as the supplemental material file 

separately. 

Note that your files will be handled and organized at the editorial level upon receipt and 

that your cover letter will be seen by the handling editors only (i.e. not the referees). 

 

Cover Letter 

Upon submission, you should supply a cover letter (approximately one page) containing 

the following pieces of information: 

 

– The corresponding author’s contact information. 

– A concise summary of your study and a brief explanation of its impact. 

– A specification of the article type you are submitting. 

– You may suggest up to 3 suitable members of our Editorial Board for handling of your 

manuscript. 

– A list of recommended reviewers (up to 5). Please supply their names, affiliations and 

http://microbialcell.com/?page_id=59
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e-mail addresses. If you would like to request the exclusion of potential reviewers from 

the review process, please provide their names (up to 3). 

– In principle, Microbial Cell allows the deposition of a manuscript in a preprint server 

like BioRxiv; however, please mention this in the Cover Letter if applicable. 

 

Language 

We expect submitted manuscripts to be written in clear, comprehensible English. If you 

have concerns about your level of English, please have your manuscript proofread by a 

native English speaker or a professional scientific editing service prior to submission. 

This will ensure that reviewers are better able to read and assess your manuscript. 

 

Word and Figure limits 

Microbial Cell publishes a whole range of different Article Types, to which we apply very 

broad limits in terms of word count, number of figures or references. For these formal 

restrictions, please consult our article description and table overview under the Article 

Types section. 

 

General Format Guidelines 

The text should be double-spaced (i.e. double line spacing) and pages should be 

numbered. Appropriate standardized nomenclature should be employed, including the 

suitable use of species, gene and protein names as well as SI units. Abbreviations should 

be kept at a minimum. Non-standard abbreviations should be used only if appearing at 

least twice in the text and in that case be defined upon first usage. If you are using 

symbols or special characters, please do it by inserting them via the “Insert” tab (Insert 

→ Symbols), but do NOT use the font “Symbol”. Thank you!  

https://www.biorxiv.org/
http://microbialcell.com/for-authors-2/article-types/
http://microbialcell.com/for-authors-2/article-types/
http://microbialcell.com/for-authors-2/article-types/
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Submitted manuscripts that do not comply with the format guidelines will be returned to 

the authors for reformatting. 

General aspects 

All manuscripts independent of the article type should start with a Title Page and an 

Abstract ensued by the main text (in Microreviews the Abstract is the first paragraph of 

the main text). After the main text, the following sections should be included in this order 

if applicable: Acknowledgements, References, Figure and Table Legends, Tables. If it 

is an original submission, Figures and Supplementary Material should be integrated 

with the main text into a single PDF file to be used for peer-review purposes and should 

not exceed 10 MB. If it is a resubmission (after revision), each figure file as well as 

the supplemental material file should be provided separately. 

 

The main text of “Editorials”, “Microreviews”, “Meeting Reports” as well as “News and 

Thoughts” manuscripts can be subdivided into different chapters depending on their 

length and the discussed topic at the discretion of the authors and editors. The main text 

of “Reviews” is divided into an (i) introduction, (ii) the main article body (that can be 

subdivided into different chapters) and (iii) a conclusion. The main text of “Research 

Articles” and “Research Reports” usually includes Introduction, Results, Discussion and 

Materials and Methods as separate sections. Please prepare the different sections in 

exactly this order. However, results and discussion may be combined in one single 

section if preferred. 

Below, please find details on the preparation of the different sections: 

 

Title page 
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The first page of your manuscript should include the following information: 

 – The TITLE, which should concisely describe the article’s conceptual significance and 

be accessible to the broad readership of Microbial Cell. It must be less than 150 

characters (including spaces). 

 – The AUTHORS, provided as a complete author name list (complete first and last 

names; middle name(s) may be provided as initial(s)). Each author should be footnoted 

to her/his corresponding affiliation(s). Please carefully double-check the correct spelling 

of the names, since changes in the post-production phase are laborious and may be 

implemented with substantial delay. 

 

– The AFFILIATIONS, which should include the following information: 

department/subunit/institute; institution/university; city, state/province (if applicable), and 

country. Please carefully double-check the correct affiliation(s) for each author, since 

changes in the post-production phase are laborious and may be implemented with 

substantial delay. 

 

– Any ADDITIONAL FOOTNOTES, which should be used if a present address or a 

statement of equal contribution (first and/or senior authorship) needs to be included. 

 

– The CONTACT information, which should include the name, mailing address, 

telephone/fax numbers, and e-mail address of the corresponding author, i.e. the author 

with whom Microbial Cell’s editorial and production offices should maintain 

correspondence. If you would like to have two published corresponding authors, you still 

have to designate one of them for communication with Microbial Cell in all matters prior 

to publication. The published corresponding author(s) confirms adherence to all editorial 
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and submission policies and is responsible for any communications that may result after 

publication. 

 

– The RUNNING TITLE that must be 50 characters or less and should present the 

article’s topic. 

 

– The KEYWORDS that should include up to 7 key general topics to which the article can 

be related. 

 

For REVISED MANUSCRIPTS, please include the original manuscript number assigned 

upon original submission and the word “REVISION” in the title page. 

 

Abstract 

The Abstract should be a single paragraph of not more than 250 words that gives a clear 

synopsis of the article’s content and its significance. Shorter abstracts are encouraged. 

Abstracts should not include references. 

 

Main text 

Introduction 

The Introduction should provide referenced background information and put the work’s 

purpose into context to allow the readership outside the specific field to understand why 

the study was performed. This section may include several paragraphs but no 

subheadings. You may want to conclude this section with a brief description of the work’s 

overall result and comment on its significance. 
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Results 

The Results section should include all relevant data. It should be logically and 

constructively presented and be divided with subheadings. 

Discussion 

The Discussion should place the presented data into the particular frame of the field’s 

pending questions and explain their significance in a broader context. The interpretation 

and the conclusions drawn from the obtained results – also in relation to the hypothesis 

serving as a basis for the study – should be explained. The implications of the study 

should be outlined in regard to related studies published previously as well as to future 

research directions in the field. If the concepts being discussed require thematic 

separation, you may divide these with subheadings. This section can be combined with 

the Results section if preferred. 

 

Materials and Methods 

The Materials and Methods section should be comprehensive and provide enough details 

so that all procedures can be fully repeated. Studies where protocols were previously 

described in detail may be referenced but sufficient information should be provided to 

understand how a given method was performed. If a new method was established, an 

exact description including all details must be provided. For microscopic analyses, image 

acquisition and preparation details must be supplied as described in the chapter 

“Microscopic images”. This section should also describe any statistical methods used for 

data presentation. 
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Acknowledgments 

The Acknowledgments should recognize contributions from non-authors. It should also 

list all funding sources and include a statement of any conflict of interests. 

 

References 

The References should list all cited articles that have been published or in press. Limited 

citation of unpublished data, abstracts, or personal communications should only be cited 

within the manuscript text. If a “personal communication” is cited, a letter from the 

appropriate authors should be supplied. Submitted papers whose acceptance is still 

pending should not be cited. There is no limit to the number of references cited in a 

manuscript except for Editorials, News and Thoughts and Meeting Reports (limited to 5-

25) as well as for Microreviews (no references). References should be numbered in 

brackets [ ] within the text in the order they first appear in the article and listed accordingly

in the Reference section. 

 

Please use the following reference style for all article types (please always add the 

doi-number if one is available for the article – you may check this 

t http://www.crossref.org/; in case there is no doi-number available, please provide the 

PubMed-ID, i.e. PMID, IMPORTANT: not the PMCID): 

  

– Published articles (please use “et al.” only after 30 authors); examples: 

  

1. Fruta CC, Tanino A, Salo W, Petit O, and Smooth IE (2012). The mitochondrial 

protease XXXp is essential for apoptotic execution in Saccharomyces cerevisiae. Cell 

Death Differ 12(4): 567-578. doi: 20.3329/xxx.2012.00069 

http://www.crossref.org/
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2. Casillas I and Buffon GL (2008). Rasputinine promotes mating and fertilization 

efficiency in model organisms. Microb Cell 3(4): 23-34. doi: 69.3319/micc.2008.00011 

 

– Accepted, unpublished articles: Use the same format as for published articles, but insert 

“In press” instead of the page numbers. 

– Books; examples: 

1 1. Salt P (2010). Unicellular models for multicellular applications. 3rd edition. Shared 

Science Publishers, Graz. 

2. Smith W, Panza S, and Werther JW, editors (2007). Beyond the eukaryotic cell: A 

history of conservation. Shared Science Publishers, Graz. 

 – Book Chapters; example: 

 1. Pepper S (2006). Flow cytometry in yeast research. In: Harden XY, Soften AB, 

editors. The power of flow cytometry. Shared Science Publishers, Graz; pp 43-57. 

 – Websites (include authors if known, title of cited page, full URL, posting year if 

known, and date of access), example:  

1. Bubu E (2014). Recent advances in the use of unicellular model organisms. 

Available at: http://www.petit.in/artticle12042014.pdf [Accessed 15.05.2014] 

 

In order to simplify referencing you may use an automatic referencing system; we 

recommend the open-source and freely available Zotero. The corresponding output style 

for Microbial Cell is available for download here (Zotero output style) or directly on 

the Zotero website. We have also prepared an outputstyle for Endnote that you may 

download here (Endnote output style). Note that if no doi-number is automatically 

http://www.zotero.org/
http://microbialcell.com/wordpress/wp-content/uploads/2017/12/microbial-cell.zip
https://www.zotero.org/styles
http://microbialcell.com/wordpress/wp-content/uploads/2014/02/Microbial-Cell_Endnote1.zip
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generated for a given reference, you should first re-check at http://www.crossref.org/ to 

verify there does not exist one and if none is indeed available, then add the Pubmed-ID 

(PMID, IMPORTANT: not the PMCID) manually in the reference list. 

 

If you do use an automatic referencing system (Zotero, Endnote, etc.), please finalize 

and reduce the references to text before submission. Press here for more 

information on how to convert your citations and bibliography to plain text. 

 

Figure legends 

Each Figure Legend should include a brief figure title stating the overall message of the 

figure followed by a concise description of each panel, allowing the reader to understand 

the figure without reading the text. Please, define in the legend all non-standard 

abbreviations and symbols appearing in the figure as well as the specific measures 

displayed when pooled data is presented (e.g. “Data is shown as mean +/- SEM”). 

 

Microscopic images and gel images 

The manipulation and adjustment of presented images must be appropriate, i.e. should 

not allow misinterpretation of the original data. This is the case when for example 

particular features within an image are moved, enhanced, removed or introduced, 

separate images are grouped without indicating it (e.g. different parts of the same or 

separate gels, different exposures, etc.) or adjustments are made so that any information 

of the original data can be misinterpreted. 

The acquisition and processing of microscopic images must be well documented and 

should at least include the following information: the microscope’s manufacturer and 

model; the camera’s manufacturer and model; the acquisition software; the imaging 

http://www.crossref.org/
http://microbialcell.com/how-to-convert-your-citations-and-bibliography-to-standard-text/
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medium upon acquisition; the fluorochromes used. If after acquisition microscopic 

images are processed, the employed software must be mentioned and all processing 

details included (e.g. gamma adjustments, luminosity, contrast, surface rendering, etc.). 

All micrographs should display a scale bar. 

Microbial Cell will closely examine images of accepted manuscripts for any indication of 

inappropriate image manipulation. In case improper image handling is suspected, the 

authors will be asked to provide all original images. If evidence is found for improper 

image manipulation, Microbial Cell reserves the right to reject the manuscript even after 

acceptance. 

 

Figure preparation 

As part of Microbial Cell’s commitment to fast online publication, the journal does not 

redraw figures of accepted manuscripts. Thus, the figures’ quality is the author’s 

responsibility. In order to create high-quality graphics, you may use software such as 

Adobe Photoshop, Adobe Illustrator and/or CorelDraw as well as the freely distributed 

programs GIMP (download at www.gimp.org) and/or Inkscape (download 

at www.inkscape.org). 

  

Note that all content in Microbial Cell is published under the Creative Commons 

Attribution License and that for submission/publication of any photographs or figures 

previously copyrighted you must obtain and supply express written permission of the 

copyright holder(s). 

Figures should be delivered without title or legend. Figure titles and legends are part of 

the main text (see chapter Preparation of Specific Sections). Note that for an original 

submission, Figures are integrated after the main text into a single PDF file to be used 

http://www.gimp.org/
http://www.inkscape.org/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://microbialcell.com/for-authors-2/manuscript-preparation/#general_aspects
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for peer-review purposes and should not exceed 10 MB, while for a resubmission (after 

revision), each figure file is provided separately as a single file. For supplemental figures, 

refer to the chapter Supplemental Data. Please prepare your figures according to the 

following criteria: 

 

– Figure Format: 

Our preferred format is TIFF (.tif), but we can also accept JPEG (.jpg), PNG (.png) or 

BMP (.bmp). Should you want to use other formats, please contact us beforehand. 

Should you work with vector files, be sure to embed all fonts or convert to outlines or 

paths. 

 

 – Figure Size: 

 

Each figure (including multi-panel figures) must be assembled into one file. 

 

 Upon publication, Microbial Cell will size the figures to fit the half or full width of the 

printable PDF (one or two column size, respectively). Please consider this to create 

appropriately sized high-quality figures – if you have a larger multi-panel figure you may 

want to size it to full width. Your figure’s width should be between 3.27in/8.3cm (minimum 

for one column) and 6.83in/17.35cm (maximum for two columns). In any case the 

maximum height should be 9.19in/23.35 cm. 

  

The file size should be kept to the minimum possible to still ensure the quality standards 

herein referred. 

http://microbialcell.com/for-authors-2/manuscript-preparation/#supplemental
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– Figure Resolution: 

 

Be sure that the figure quality meets the standards required by Microbial Cell. Test your 

figures’ quality by printing them in the approximate desired size and examining them for 

pixilated or fuzzy elements. The following resolution numbers should be given at the 

figure’s approximate print sizes: (i) Graphs consisting of lines and text (including those 

containing grayscale artwork) must have a minimum resolution of 300 dpi. (ii) (Color) 

halftone figures (classically photographs, stains, gels, etc.) should have a resolution of 

at least 300 dpi. 

In all cases use the LZW compression option. If you have figures with multiple layers 

(e.g. combination figures with halftone and text elements), please group the objects or 

flatten the layers. 

 

– Color Images: 

 

When preparing colored figures, please consider using colors that allow distinction by 

color-blind readers. Color figures should be saved as grayscale or RGB and not be 

converted to Indexed color or CMYK. Please save the figures with a bit depth of 8 bits 

(not 16) per channel. 

 

– Text displayed in Figures: 
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If text appears within the figure, the font used must be Arial Narrow, between 8 and 12 

point. If a different font is required (e.g. symbols), the font information must be embedded 

in the figure file or be converted to outlines. 

If a figure displays multiple panels, each panel should be marked with the capital letter in 

Arial bold font, 12 points, that corresponds to the part of the figure legend. Please label 

the panels only with the capital letter, without points or brackets: e.g. just “A” and not “A.” 

or “A)”. 

In order to optimize web- and PDF-appearance of your figures, please note the following: 

 –Use a white background (not transparent) for your figures. 

– The lines in your graphics should be at least 0,5 point but not more than 1,5 point.  

– Your figure should be adequately cropped as to minimize the white space surrounding 

it – this will ensure accuracy upon placing the figure in the article context. 

 

Tables 

Please create Tables using the Microsoft Word table function (do not paste an Excel 

Table in Word); tables should be editable (not a graph). All Tables should have a brief 

title placed above the table preceded by the table number (e.g. Table 1). 

Footnotes/Legends (below the table) may be employed to explain abbreviations and be 

concise. If citations are used within the table, these should be indicated in brackets [ ] as 

outlined above for general references. Do not have tables within tables or create spacing 

by including empty columns, rows, or cells. Please avoid large tables (more than one 

printed page) in the main text, which can be published in the Supplementary Data. 

 

Supplemental Data 
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Only data that is not essential for the conclusions of the article may be included as 

Supplemental Data (e.g. control gels, DNA sequences, etc.). Please follow the general 

figure preparation guidelines for preparation of supplemental figures and tables. 

Supplemental Data should be prepared as one single composite Word- or PDF-file with 

embedded figures. If you generate a PDF file, please use embedded fonts. All 

supplemental figures and tables should have titles and legends. All supplemental figures 

and tables should be labelled and referred to in the manuscript with a capitalized “S” (e.g. 

Figure S2B would refer to panel B of the second figure in the Supplemental Data). 

Multimedia files (movies) may be submitted as .mov, .avi, .mpeg, or .gif files to be 

included as Supplemental Material. The Editors reserve the right to restrict the extent of 

Supplemental Material. 

  

Note that if references are only cited in the Supplemental Material, they should still be 

included at the end of the reference section of the main text. The reference numbering 

should continue as if the Supplemental Material was a continuation of the main text. This 

way, we ensure that references within such Supplemental Material can be linked properly 

and can thus contribute towards citation measures for the papers concerned. 

  

Note that in an original submission, the Supplemental Data is integrated after the main 

text and the figures into a single PDF file to be used for peer-review purposes and should 

not exceed 10 MB, while in a resubmission (after revision), the Supplemental Data file is 

provided separately as a single file that should be less than 10 MB in size. Importantly, 

the submitted Supplemental Data file should be publication-ready, since Microbial 

Cell will not copyedit it. 
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Cover images 

Authors whose article has been accepted for publication in Microbial Cell are welcome 

to suggest a cover image for the issue, in which their article is going to be published. 

Submitted images should conform to the general figure preparation guidelines and be 

sized to fill the entire Microbial Cell cover (A4, 210 mm × 297 mm) with a resolution of at 

least 300 dpi. Please remove all text, captions, etc. from the image. If you have variations 

of your candidate cover image, you may send up to 2 alternative versions. Please send 

cover suggestions as an attachment to cover[at]microbialcell.com indicating your name 

(as the licensor of the image), the manuscript ID of your accepted paper and a brief 

description of the image. Keep in mind that all published content in Microbial 

Cell (including the cover image) is licensed under the Creative Commons Attribution 

License. 

 

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/

