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PART A:  Research Protocol 

 

Passive surveillance of STI pathogens in Cape Town, South Africa:  A 

six-month molecular epidemiology study  

1. Background  

Sexually transmitted infections (STI) are some of the most commonly occurring infections globally, 

with countries in sub-Saharan Africa, including South Africa, exhibiting disproportionately higher 

prevalence rates1, 2.  Populations considered to be of higher-risk such as HIV-positive individuals, young 

women, pregnant women, men-who-have-sex-with-men (MSM), and commercial sex workers have 

increased incidences of STIs, with socio-demographic factors such as stigma, gender discrimination, 

and gender inequality further compounding the increased rates2.  STIs commonly present as male 

urethral discharge syndrome (MUDS), vaginal discharge syndrome (VDS), or genital ulcer disease3.  

They may also cause pelvic inflammatory disease (PID), complications in pregnancy, infertility, 

arthritis, and encephalitis4.  Some STI pathogens are also known to increase the risk of HIV-acquisition 

and infectivity5.   

The most commonly occurring STI pathogens are Neisseria gonorrhoeae, Chlamydia trachomatis, 

Trichomonas vaginalis, and Mycoplasma genitalium6, with 127.2 million annual infections, 86.9 million 

annual infections, and 156.0 million annual infections of Chlamydia trachomatis, Neisseria 

gonorrhoeae, and Trichomonas vaginalis, respectively, having some of the highest incidence rates 

worldwide1, 7-10.  Genital ulcer disease, commonly associated with herpes simplex virus 2 (HSV-2), 

Treponema pallidum, and Haemophilus ducreyi, is also frequently reported3.  

The emergence and spread of drug-resistant bacteria is of global public health concern, leading the 

World Health Organisation (WHO), in 2017, to compile the first list of 12 bacterial priority pathogens 

which exhibited high levels of drug resistance to current antibiotics, rendering them difficult to treat, 

or even untreatable in some instances11. Pathogens listed as critical “Priority Level 1” includes 
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Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacterales resistant to carbapenem 

antibiotics, considered the last line of therapy for most complicated infections, and those which 

produced extended spectrum β-lactamases (ESBL)12. The “Priority Level 2” list of high risk pathogens 

includes Neisseria gonorrhoeae, a sexually transmitted infection (STI), resistant to cephalosporins 

and/or fluoroquinolones 12.  

Neisseria gonorrhoeae is a Gram-negative, oxidase-positive, aerobic, nutritionally fastidious, 

intracellular diplococcus, residing in neutrophils.  The fastidious nature of the organism makes routine 

culture challenging, requiring specialised transport and culture media, as well as specific incubation 

conditions to limit growth of commensals. The use of molecular methods such as PCR offers a 

significant improvement in detection rates with high specificity and sensitivity levels.  Infection with 

N. gonorrhoeae leads to gonorrhea or gonococcal disease, the STI reported most frequently after 

Chlamydia in the USA13.  The WHO reported 555,608 cases of gonorrhea in the US in 2017, an increase 

of 18.6% over the previous report, and 75.2% higher than the lowest rate reported in 2009 with 106 

million new cases globally in 200814, 15. A 2018 study, modelling STI prevalence rates in South Africa 

over 30-years, indicated an adjusted N. gonorrhoeae prevalence estimate of 6.6% for women and 3.5% 

for men16.  Gonococcal disease results in cervicitis in women, and urethritis, pharyngitis, and proctitis 

in men, often presenting with a mucopurulent endocervical or urethral exudate on physical 

examination.  Gonococcal disease is usually symptomatic in infected men, however, up to half of 

infected women may not show signs of infection, leading to inadvertent spread17.  

Infections in women, if untreated, may lead to PID, chronic pelvic pain, ectopic pregnancy, and tubal 

infertility, while men may develop epididymitis, prostatitis, and urethral stricture18.  The organism may 

also colonise the rectal and oropharyngeal mucosa, which may result in asymptomatic carriage, 

increasing the risk of inadvertent transmission and the acquisition of resistance determinants from 

resident or transient commensal biota19.  New-borns may also be infected during delivery if born to 

an infected mother.  They subsequently develop ophthalmia neonatorum (conjunctivitis), and this 
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may lead to blindness if untreated.  These rates are extremely low with modern maternal testing 

during pregnancy, and prophylaxis to infants intra partum20.  

Chlamydia trachomatis is a Gram negative, obligate intracellular pathogen which only infects humans.  

C. trachomatis is the most reported STI pathogen in the USA, with the number of incident cases 

increasing yearly, likely due to increased spread and testing in high-risk populations such as MSM, 

coupled with the increased sensitivity of molecular diagnostic tests21.  Adolescents and young adults 

accounted for up to 61% of new cases with women disproportionately affected21.  There are 12 

serovariants of C. trachomatis which are further divided into two biovars.  The first includes all variants 

which cause trachoma of the eye (A, B, Ba, and C) and the genital tract (D, E, F, G, H, I, J, and K); and 

the second includes those which cause invasive lymphogranuloma venereum (L1, L2, and L3)22.  

Diagnosis of chlamydia is complicated by the intracellular nature of the pathogen, requiring cell 

culture and antigen tests for direct pathogen detection, or the use of molecular testing such as PCR23. 

Most infected women remain asymptomatic, and the organism is able to evade the host immune 

system and migrate to the genital tract to cause infection.  Infection leads to tissue damage and 

disruption of fallopian tube integrity over time, which may in turn lead to infertility, ectopic pregnancy, 

or premature delivery if untreated24.   

Mycoplasma genitalium, Mycoplasma hominis, Ureaplasma urealyticum, and Ureaplasma parvum are 

commonly referred to as genital mycoplasmas, which belong to the order Mollicutes, and the family 

Mycoplasmataceae25, 26.  M. genitalium, first identified in 1981 in two men with non-gonococcal 

urethritis, is the smallest known bacterium which is able to self-replicate, and is believed to have 

evolved as a consequence of genome reduction from Gram positive bacteria27, 28.  It lacks a cell wall 

and is therefore not detected by Gram stain, is able to evade the host immune system by antigenic 

changes to the surface proteins, and is intrinsically resistant to β-lactam antibiotics26, 28.  It has several 

additional virulence factors which contribute to its increased pathogenicity including a tip organelle 

for adherence to host epithelial cells, as well as the secretion of specific enzymes for adhesion and cell 
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penetration29.  Due to its fastidious nature and slow growth rate, culture is rarely used as a diagnostic 

tool, with the majority of studies reporting detection using molecular assays29.  This has also hindered 

the association of this organism with disease and the mechanisms used to induce inflammation, cause 

cell damage, and persist in the host28.  

M. genitalium infection is often asymptomatic and may occur as a prolonged chronic infection30. It has

been identified in up to 15-25% of men presenting with non-gonococcal urethritis, and up to 10-13% 

of women presenting with PID30.  Genital mycoplasmas have been shown to colonise up to 80% of 

pregnant and non-pregnant women31.  The role of this organism in male urogenital inflammatory 

disease has been described, however the role in women remains uncertain26.  Inflammation following 

infection is believed to be due to the hosts response, however studies have indicated the organism is 

able to cause damage to fallopian cilia30.  Testing for this organism is only indicated in patients with 

specific indicator syndromes such as men with non-gonococcal urethritis, women with PID, and 

persons with known exposure to the organism, among others30.   

The role of M. hominis and U. urealyticum as genital tract pathogens is similarly contentious, but are 

considered to be opportunistic pathogens which may cause pregnancy complications and are 

implicated in urogenital infections such as nongonococcal urethritis, dysuria, urgency, and urethral 

discharge in men, and PID in women32, 33.  Even though some studies indicated that M. hominis is not 

a pathogen, recent studies characterise it as a pathogen due to its association with Trichomonas 

vaginalis.  There are no studies which definitively confirm it as a true pathogen, and as such, treating 

mono-infections with this organism remains controversial.  Laboratory testing often relies on light 

microscopy for detecting the Mycoplasma’s, although this has poor sensitivity due to the subjectivity 

of microscopy. The use immunochromatographic tests which detect the presence of antibodies, and 

nucleic acid amplification tests (NAATs) provide an alternative with increased specificity and sensitivity 

of detection.   
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A study investigating the prevalence of genital mycoplasmas in pregnant women in Gauteng, South 

Africa indicated high rates of infection with the common agents.  U. parvum was the most prevalent 

at 72.4%, followed by M. hominis at 50.7%, M. genitalium at 14.5%, and U. urealyticum at 2.3%.  M. 

hominis and U. parvum were also identified in 75% of all HIV positive samples31.  Other studies have 

implicated the colonisation with M. hominis and U. urealyticum with spontaneous abortions and low 

birth weights, and early interventions may improve these outcomes33.  Since mycoplasmas lack a cell 

wall, they are intrinsically resistant to β-lactam antibiotics and vancomycin, and with increasing rates 

of resistance the efficacy of tetracyclines, macrolides, and quinolones in treating these infections is 

reduced33.  There are few studies investigating the occurrence of the less common STI associated 

organisms such as U. parvum, and some contention exists on their occurrence and the association 

with true infection, and subsequently whether or not to treat.  There is no clear evidence that these 

organisms cause infection independently of confirmed STI pathogens, or whether they are co-factors 

for infection, or simply vaginal commensals, though their presence has been linked to complications 

during pregnancy25, 34.   

Trichomoniasis, caused by the protozoan Trichomonas vaginalis, is reported to be the most commonly 

occurring STI globally, with an estimated 276.4 million cases reported in 2008, with up to 90% of these 

occurring in resources limited settings, and up to 30 million cases reported in Sub-Saharan Africa 

annually35-37.  T. vaginalis is an extracellular, flagellated protozoan parasite, with a distinctive axostyle 

and undulating membrane35, 36.  It is an obligated parasite relying on carbohydrates obtained from 

phagocytosed vaginal epithelial cells, bacteria, and red blood cells, for survival35, 36.  It infects the 

genital epithelium of humans, causing asymptomatic infection in most men and women, which may 

persist for a few days or even years36.  Symptomatic cases in men usually present with dysuria and 

urethral discharge, and similarly in women who may also present with valvar itching and abdominal 

pain35, 36.  Research has indicated an association between T. vaginalis and other STI pathogens like N. 

gonorrhoeae, C. trachomatis, Herpes Simplex Virus, and syphilis38, as well as with an increased risk of 

HIV infection in T. vaginalis infected women, likely due to the resultant local inflammation and 
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recruitment of target cells for HIV infection, and increased shedding of the virus39.  Laboratory 

diagnosis is based on light microscopy, though the use of antigen tests and PCR may offer significant 

improvements in detection, due the increase in sensitivity and specificity.   

With a global estimate of up to 1 million new cases of STIs reported daily, and the associated burden 

on medical and socio-economic resources, rapid and accurate diagnosis of these infections is critical 

to limit spread and guide appropriate targeted therapy40.  Current WHO guidelines recommend 

syndromic management of STIs, including N. gonorrhoeae41.  These guidelines make provision for 

clinicians to presumptively treat STI, based solely on clinical presentation, and without confirmatory 

laboratory testing, by administering treatment which covers the most likely causes.  This approach has 

added value in certain settings, such as low resourced countries where routine testing or surveillance 

may not be feasible.  

Numerous reports have subsequently emerged indicating the poor performance of this approach to 

accurately detect and correctly treat these infections empirically16, 42-44.  These reports indicated the 

need for better guidelines and criteria to ensure syndromic management is more informed in the 

absence of laboratory testing.  The use of syndromic management guidelines has also led to a paucity 

in the available data on national and global STI prevalence and incidence rates, relying instead on 

sporadic surveillance studies, which may not present current trends or unnoticed outbreaks, which, 

in turn, may drive spread and resistance rates2.   One of the key points in the current WHO Global 

Health Sector Strategy was the improvement of STI case management2.   

Traditional laboratory testing relies on routine culture for N. gonorrhoeae, cell culture for C. 

trachomatis, and light microscopy for the Mycoplasma’s and genital parasites.  These methods report 

poor sensitivity due to the fastidious nature of these organisms, as well as the need for specialised 

culture methods, media, expertise, and the subjectivity of microscopy. The use of multiplexed tests 

such as immunochromatographic tests which detect the presence of antibodies, and especially nucleic 

acid amplification tests (NAATs) which detect the presence of target nucleic acids, as an alternative to 
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current laboratory testing, offers several advantages for the detection of STIs.  Multiplexed NAATs are 

able to test for several different targets simultaneously which reduce the number of tests and 

healthcare visits required, thereby reducing patient anxiety and the associated costs of multiple 

tests45.  Since the risk factors for the acquisition of several STI pathogens overlap, persons at risk often 

acquire multiple infections simultaneously and certain multiplexed assays are able to detect these in 

a single reaction40.   

The efficacy of multiplexed NAATs for the diagnosis of STIs have reported a 95% sensitivity and 

specificity of detection in a large number of currently available tests, with some assays reporting up 

to 100% sensitivity and specificity over a range of STI pathogens40.  One such assay, the Allplex STI 

Essential Assay, reported consistently high diagnostic performance (100% sensitivity) and high 

specificity rates for seven STI pathogens included in the assay, with high concordance to other assays46-

48.  This assays offers the added advantage of rapid, even one day turn-around-times, reductions in 

the associated testing costs providing results for multiple pathogens in a single assay, allowing for 

rapid and targeted therapy, improving patient outcomes, and providing informing on current trends 

which allow for tailored public health interventions to limit spread and curb resistance rates, although 

no antimicrobial susceptibility data is provided40, 46, 47.  
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2. Aim  

This prospective passive surveillance study aims to determine, from urogenital swabs submitted to 

the National Health Laboratory Service at Groote Schuur Hospital, the six-month period prevalence of 

seven commonly occurring STI pathogens.   

3. Research question (CoCoPop)  

  

Condition Seven commonly occurring STI pathogens 

Context National Health Laboratory Service Diagnostic Laboratory at Groote Schuur Hospital 

Population All patients submitting urogenital swabs for routine evaluation 

 

What is the prevalence of seven commonly occurring STI organisms among patients submitting 

urogenital swabs to the National Health Laboratory Service Diagnostic Laboratory at Groote Schuur 

Hospital?  

4. Objectives  

For urogenital swabs submitted to Groote Schuur Hospital, over a period of 6 months, for routine 

microbiological investigations, we seek to:  

 Extract DNA for screening for the presence of seven commonly occurring STI pathogens, using 

a commercial multiplex Allplex STI Essential PCR assay  

 Characterize the distribution of pathogens isolated including prevalence of co-infection  

 Correlate infection rates and patient clinical or demographic information with organisms 

detected  

 Determine the diagnostic test accuracy of the commercial PCR assay against routine 

microbiological investigations and an in-house PCR assay  
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5. Methods 

5.1. Sample collection and routine testing  

The NHLS laboratory at Groote Schuur Hospital provides diagnostic services to multiple facilities in the 

Cape Metro.  Routine microbiological testing is performed on patients exhibiting recurrent 

symptomatic infections, as well as those for antenatal Group B Streptococcal screening, minors who 

may have had sexual non-accidental injury, and patients with other symptoms which may be 

associated with urogenital infection.  Urogenital samples are collected by trained medical staff.   

Based on the local laboratory standard operating procedure (SOP), genital swabs (excluding GBS) will 

be inoculated onto New York City media containing vancomycin, colistin, nystatin and trimethoprim 

lactate49 to inhibit growth of commensals which may out compete N. gonorrhoeae, and chocolate agar 

to detect the presence of viable N. gonorrhoeae.  These samples are incubated at 5% CO2 for 24 – 48 

hours. Growth of grey, oxidase-positive colonies, indicative of N. gonorrhoeae on chocolate agar, are 

submitted to the Vitek 2 (BioMérieux, Marcy-l’Etoile, France) automated identification system using 

an NH card and following manufacturer instructions to confirm identification.  

No routine laboratory testing for C. trachomatis or any of the other pathogens included in the 

commercial PCR assay is conducted at this laboratory.  Once all routine diagnostic tests have been 

performed, the residual urogenital swabs will be collected and stored at -20°C until DNA is extracted 

for batched PCR.  Cultured and confirmed N. gonorrhoeae isolates will also be collected for further 

molecular testing.  

 

5.2. Research ethics approval  

Since human derived samples, as well as demographic and clinical results will be used for this study, 

approval from the University of Cape Town Human Research Ethics Committee will be obtained, prior 

to commencement of the study.   
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5.3. DNA extraction  

To detect the presence of the seven commonly occurring STI pathogens, purified nucleic acids will be 

extracted from all collected samples. The Quick-DNA Fungal/Bacterial Miniprep Kit will be used to 

extract DNA from the collected urogenital swabs and bacterial isolates, according to the 

manufacturer’s recommendations.  Briefly, once routine microbiological testing is complete, the 

urogenital swab will be cut into the kit provided lysis buffer and bashing beads, and placed in the 

Tissue Lyser (QIAGEN) for mechanical lysis.  This will allow for maximal nucleic acid extraction.  The 

homogenate will then be purified as per kit instructions.  Cultured bacterial isolates will be placed 

directly into the lysis buffer and bashing beads, and processed as per kit instructions.   

5.4. PCR screening 

All samples collected for this study will be screened for the presence of seven commonly occurring STI 

pathogens (N. gonorrhoeae, C. trachomatis, M. hominis, M. genitalium, T. vaginalis, U. urealyticum, 

U. parvum) using the Allplex STI Essential Assay (Inqaba Biotech), according to the manufacturer’s 

instructions.  The purified DNA extracted for each sample will be added to the prepared master mix 

and run on an CFX-96TM DX  real time PCR thermocycler, with CFX Manager TM DX Software, Version 

3.1.  The results of each run will be exported and analysed using the manufacturers Seegene Viewer 

online software tool, and the interpreted results exported to Excel for further analysis.   

The utility of a previously validated in-house multiplex real time PCR assay for N. gonorrhoeae and C. 

trachomatis will also be evaluated in this study.  This PCR is widely used with excellent reported 

sensitivity and specificity for the intended targets. The primers and probes (Table 1) will be supplied 

by Integrated DNA Technologies (Whitehead Scientific), with concentrations optimized for our 

setting6, 8.  A previously validated internal amplification control will be included to monitor the impact 

of inhibiting substances which may be present.  The performance of this assay will be compared to 

the commercial assay.  This PCR assay will serve as a comparative to highlight differences in detection 
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rates using different assays, and since both assays are fully validated, no third reference test is 

required.  

Table 1: In-house primers, probes, and PCR conditions to detect N. gonorrhoeae and C. trachomatis. 

Name Sequence (5’ – 3’) Concentration Fluorophore Target 

NGF GGATACGACGTAACCTTGACTATGG 200 nM  N. gonorrhoeae cytosine-

specific DNA-

methyltransferase gene6, 8 

NGR CCGATGTAGAAGACCCTTTTGC 200 nM  

NGP CAACGCCAAAGACTACGGTGTAGCACAG 200 nM FAM 

CTF GGATTGACTCCGACAACGTATTC 200 nM  
Cryptic plasmid of C. 

trachomatis6, 8 
CTR ATCATTGCCATTAGAAAGGGCATT 200 nM  

CTP TTACGTGTAGGCGGTTTAGAAAGCGG 300 nM HEX 

GFPF CCTGTCCTTTTACCAGACAACCA 400 nM  
Green fluorescent protein 

of Aequorea Victoria50 
GFPR GGTCTCTCTTTTCGTTGGGATCT 400 nM  

GFPP TACCTGTCCACACAATCTGCCCTTTCG 50 nM Cy5 

PCR program 

• 95°C – 5 min (Polymerase Activation), followed by 40 cycles of: 

. 95°C – 20 sec (Denaturation) 

. 60°C – 60 sec (Primer annealing and amplification) 

. Acquire to Green (FAM), Yellow (HEX), and Red (Cy5) 

 

 

5.5. Data analysis  

We will document the six-month period prevalence of each of the seven STI pathogens included in the 

Allplex STI Essential assay.  Pearson's chi-squared test, Fisher's exact test, and logistic regression will 

be used to determine associations between the PCR results and the clinical and demographic data 

collected, and Student's t test with unequal variance will be used to compare the difference between 

mean Ct values of the two different PCR assays used.  Statistical analyses will be performed using 

STATA v16.0, and GraphPad Prism v9.0.   
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5.6. Impact  

Results of this study will provide current data on local STI prevalence rates which are not available.  

Furthermore, the results will inform the rationale for a molecular assay at the NHLS GSH to improve 

pathogen detection sensitivity, range, and result turn-around-time.  Should introduced, the assay will 

aid with local disease tracking to limit spread and resistance, thereby reducing attributable morbidity 

and mortality.   
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1. Abstract  29 

Background: Sexually transmitted infections are among the most commonly occurring infections 30 

globally, with countries in sub-Saharan Africa exhibiting disproportionately higher prevalence rates.  31 

Reports indicate the need for accurate detection, epidemiological characterisation, and appropriate 32 

management of these infections.  This prospective passive surveillance study sought to document local 33 

STI prevalence and, in addition, to evaluate the potential of a molecular assay as a surveillance tool in 34 

our setting.   35 

Methods: Urogenital swabs, submitted to Groote Schuur Hospital over a period of 6 months, for 36 

routine microbiological investigations, were subjected to a commercial multiplex PCR assay to 37 

determine the distribution of STI pathogens.  Correlations between detected organisms and clinical 38 

and demographic information were determined using Stata® software.   39 

Results: A total of 148 urogenital swabs were collected and tested, with the majority from women.  40 

Up to 83.79% of the samples tested positive for one or more pathogen, with all seven assayed 41 

pathogens detected in one or more sample.  Ureaplasma parvum was the most prevalent pathogen 42 

detected overall, with a 6-month period prevalence of 42.57%, followed by N. gonorrhoeae (37.84%), 43 

M. hominis (34.46%), U. urealyticum (23.65%), T. vaginalis (11.49%), C. trachomatis (10.14%), with M. 44 

genitalium (1.35%) the least prevalent.  There were several different combinations of co-infections 45 

with multiple pathogens, with one sample testing positive for five organisms.  M. hominis and T. 46 

vaginalis were only detected in co-infection with other pathogens. Persons aged 17-30- and 31-40-47 

years old were 51-times and 16-times, respectively, more likely to test PCR-positive for one or more 48 

STI pathogen.  Samples submitted with non-urogenital specific indications were 11.82 times more 49 

likely to test positive for C. trachomatis.  There was an association between samples submitted for 50 

GBS screening and PCR-positivity for any of the pathogens tested, which were 3.03 times more likely 51 

to test positive for U. parvum.  Routine microbiological investigations only detected three infections.  52 

 53 
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Conclusions: There is a significantly higher than expected rate and difference in organism distribution 54 

of STI prevalence in Cape Town, South Africa as compared with global and regional estimates.  The 55 

use of molecular testing methods may improve detection, providing rapid results, which may allow 56 

for tailored guidelines and interventions to limit spread and resistance.   57 

(350/350 words) 58 

 59 
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3. Introduction  75 

Sexually transmitted infections are one of the most commonly occurring infections globally, with 76 

countries in sub-Saharan Africa exhibiting disproportionately higher prevalence rates1, 2.  Populations 77 

considered higher-risk such as HIV-positive individuals, young women, pregnant women, men-who-78 

have-sex-with-men (MSM), and commercial sex workers have increased incidences of STIs, with socio-79 

demographic factors such as stigma, gender discrimination, and gender inequality further 80 

compounding the increased rates2.   81 

The most commonly occurring STI pathogens are Neisseria gonorrhoeae, Chlamydia trachomatis, 82 

Trichomonas vaginalis, Mycoplasma genitalium and Gardnerella vaginalis3, with 127.2 million annual 83 

infections, 86.9 million annual infections, and 156.0 million annual infections of Chlamydia 84 

trachomatis, Neisseria gonorrhoeae, and Trichomonas vaginalis, respectively, having some of the 85 

highest incidence rates worldwide1, 4-7.   86 

Neisseria gonorrhoeae, a Gram-negative, oxidase-positive, aerobic, nutritionally fastidious, 87 

intracellular diplococcus, residing in neutrophils, is a sexually transmitted infection (STI), and those 88 

resistant to cephalosporins and/or fluoroquinolones are included in the WHO “Priority Level 2”, list of 89 

high risk pathogens8.  Infection with N. gonorrhoeae leads to gonorrhea or gonococcal disease, the STI 90 

reported most frequently after C. trachomatis in the USA9.  The WHO reported 555,608 cases of 91 

gonorrhea in the US in 2017, an increase of 18.6% over the previous report, and 75.2% higher than 92 

the lowest rate reported in 200910, 11.   93 

C. trachomatis is the most reported STI pathogen in the USA, with the number of incident cases 94 

increasing yearly, likely due to increased spread and testing in high-risk populations such as MSM, 95 

coupled with the increased sensitivity of molecular diagnostic tests12.  Adolescents and young adults 96 

accounted for up to 61% of new cases with women disproportionately affected12.   97 
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M. genitalium infection is often asymptomatic and may occur as a prolonged chronic infection13. It has 98 

been identified in up to 15-25% of men presenting with non-gonococcal urethritis, and up to 10-13% 99 

of women presenting with PID13.  Genital mycoplasmas have been shown to colonise up to 80% of 100 

pregnant and non-pregnant women14.  The role of this organism in male urogenital inflammatory 101 

disease has been described, however the role in women remains uncertain, although inflammation 102 

following infection is believed to be due to the hosts response, however studies have indicated the 103 

organism is able to cause damage to fallopian cilia13, 15.  There are few studies investigating the 104 

occurrence of the less common STI associated organisms such as U. parvum, and some contention 105 

exists on their occurrence and the association with true infection, and subsequently whether or not 106 

to treat.  There is no clear evidence that these organisms cause infection independently of confirmed 107 

STI pathogens, or whether they are co-factors for infection, or simply vaginal commensals, though 108 

their presence has been linked to complications during pregnancy16, 17.   109 

The role of Mycoplasma hominis and Ureaplasma urealyticum as genital tract pathogens is similarly 110 

contentious, but are considered to be opportunistic pathogens which may cause pregnancy 111 

complications and are implicated in urogenital infections18, 19.  A study investigating the prevalence of 112 

genital mycoplasmas in pregnant women in Gauteng, South Africa indicated high rates of infection 113 

with the common agents.  Ureaplasma parvum was the most prevalent at 72.4%, followed by M. 114 

hominis at 50.7%, M. genitalium at 14.5%, and U. urealyticum at 2.3%.  Mycoplasma hominis and U. 115 

parvum were also identified in 75% of all HIV positive samples14.   116 

Trichomoniasis, caused by the protozoan Trichomonas vaginalis, is reported to be the most commonly 117 

occurring STI globally, with an estimated 276.4 million cases reported in 2008, with up to 90% of these 118 

occurring in resources limited settings, with up to 30 million cases reported in Sub-Saharan Africa 119 

annually20-22.  Research has indicated an association between T. vaginalis and other STI pathogens like 120 

N. gonorrhoeae, C. trachomatis, Herpes Simplex Virus, and syphilis23, as well as with an increased risk 121 
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of HIV infection in T. vaginalis infected women, likely due to the resultant local inflammation and 122 

recruitment of target cells for HIV infection, and increased shedding of the virus24.   123 

With a global estimate of up to one million new cases of STIs reported daily, and the associated strain 124 

on medical and socio-economic resources, rapid and accurate diagnosis of these infections is critical 125 

to limit spread and guide appropriate targeted therapy25.  In the latest WHO Global Health Sector 126 

Strategy one of the key points is the improvement of STI case management2.  Syndromic management 127 

is still the standard of care in resource limited settings.  128 

Current WHO guidelines recommend syndromic management of STIs, including N. gonorrhoeae26.  129 

These guidelines make provision for clinicians to presumptively treat N. gonorrhoeae infections, based 130 

solely on clinical presentation, and without laboratory confirmatory testing, by administering 131 

treatment which covers this most likely causes.  Numerous reports have subsequently emerged 132 

indicating the poor performance of this approach to accurately detect and correctly treat these 133 

infections empirically27-30.  These reports indicated the need for better guidelines and criteria to ensure 134 

syndromic management is more informed in the absence of laboratory testing.   135 

Traditional laboratory testing relies on routine culture for N. gonorrhoeae, cell culture for C. 136 

trachomatis, and light microscopy for the Mycoplasma’s and genital parasites.  These methods report 137 

poor sensitivity due to the fastidious nature of these organisms, as well as the need for specialised 138 

culture methods, media, expertise, and the subjectivity of microscopy.  139 

Multiplexed NAATs are able to test for several different targets simultaneously which reduce the 140 

number of tests and healthcare visits required, thereby reducing patient anxiety and the associated 141 

costs of multiple tests31.  Since the risk factors for the acquisition of several STI pathogens overlap, 142 

persons at risk often acquire multiple infections simultaneously and a multiplexed assay is able to 143 

detect these in a single reaction25.  Multiplex NAATs for the diagnosis of STIs have demonstrated a 144 

95% sensitivity and specificity of detection in a large number of currently available tests, with some 145 

assays reporting up to 100% sensitivity and specificity over a range of STI pathogens25.  One such assay, 146 
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the Allplex STI Essential Assay, reported consistently high diagnostic performance (100% sensitivity) 147 

and high specificity rates for seven STI pathogens included in the assay32, 33.   148 

Currently, no such multiplex molecular panel is used in our setting to detect multiple STI pathogens 149 

concurrently, and the introduction of such an assay may significantly improve detection rates, allowing 150 

for targeted therapy, thereby limiting spread and resistance.   This study therefore aimed to determine 151 

the local prevalence of selected STI pathogens, using a validated commercial multiplex PCR assay.  152 

 153 

4. Methods 154 

Urogenital samples submitted to the National Health Laboratory Service (NHLS) at Groote Schuur 155 

Hospital, Cape Town, South Africa, for routine diagnostic testing,  from 04 August 2021 – 03 February 156 

2022, were included in this study.  Urogenital swabs were collected using Amies agar gel transport 157 

swabs (ThermoFisher), or sterile dry swabs, by trained medical staff.  The investigating laboratory, one 158 

of two public-sector National Health Laboratory Service laboratories in Cape Town, serves 65 159 

government healthcare facilities (58 primary healthcare facilities, three district, two regional, and two 160 

tertiary hospitals) with a referral area of 754.8 km2 and estimated population of 1.85 million. 161 

Routine diagnostic testing was performed using local standard operating procedures, which included 162 

Gram-staining, vaginal wet mount, and routine culture on selective media (NYC agar containing 163 

vancomycin, colistin, nystatin and trimethoprim lactate), and on chocolate agar.   164 

Swabs collected from patients for antenatal Group B streptococcal (GBS) screening were processed as 165 

per routine, by placing the swab directly into Todd-Hewitt Broth (THB) for enrichment.  No STI testing 166 

is performed for these samples.   For these samples, a new sterile dry swab was placed into the residual 167 

gel transport medium for PCR testing. Routine testing for C. trachomatis and other STI pathogens is 168 

not available at this facility.  169 
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DNA was extracted from all swabs using the Zymo Research Quick DNA Fungal/Bacterial Miniprep kit 170 

(Inqaba Biotech), and swabs were cut directly into the lysis tubes and extracted, according to the 171 

manufacturer’s instructions.  172 

PCR was performed on each extracted sample using the Allplex STI Essential Assay (Inqaba Biotech), 173 

according to the manufacturer’s instructions.  This assay has been clinically validated and is CE and 174 

IVD certified for diagnostic use.  A previously validated in-house PCR assay for N. gonorrhoeae and C. 175 

trachomatis was also evaluated, using primers and probes supplied by Integrated DNA Technologies, 176 

with concentrations optimized for our setting3, 5. This PCR assay will serve as a comparative to highlight 177 

differences in detection rates using different assays, and since both assays are fully validated, no third 178 

reference test is required.  179 

Pearson's chi-squared test, Fisher's exact test, and logistic regression were used to determine 180 

associations between variables, and Student's t test with unequal variance was used to compare the 181 

difference between mean Ct values of the different PCR assays.  Statistical analyses were performed 182 

using STATA v16.0 and GraphPad Prism v9.0.   183 

Patient demographic information including age, sex, sample type, and clinical diagnostic test results, 184 

ward, and clinical indications were recorded.  Research ethics approval, and a waiver of informed 185 

consent was obtained from the University of Cape Town Human Research Ethics Committee (HREC 186 

REF 408/2021).  187 

 188 

5. Results 189 

Of the 148 vaginal and urethral swabs collected during the 6-month study period the majority of 190 

samples (91.2%) were obtained from women (Table 1).  The median age of men (31 y/o) and women 191 

(28 y/o) were not significantly different (p=0.6493) (Figure 1 left).  192 

 193 
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Table 1. Participant demographics and associations.  194 

 Number (n=148) Percentage OR (PCR-positivity) p-value 95% CI 

SEX   Logistic regression 

Male 13 8.8 
1.6 0.486 0.4 - 6.4 

Female 135 91.2 

AGE CATEGORY (yrs)    Logistic regression 

0-10 26 17.6 10.0 0.064 0.9 – 114.8 

11-16 6 4.1 6.0 0.214 0.4 – 101.6 

17-30 54 36.5 51.0 0.002 4.0 – 650.0 

31-40 45 30.4 16.3 0.023 1.5 – 180.0 

41-50 7 4.7 7.5 0.158 0.5 – 122.7 

51-60 4 2.7 9.0 0.178 0.4 – 220.9 

61-70 4 2.7 1.0   

71-80 (reference category) 2 1.4 1.0   

CLINICAL INDICATION    Fischer’s exact test 

Group B Streptococcal Screening 25 16.9  0.014 1.5 - . 

Non-specific Indication 8 5.4  0.355 0.4 - . 

Not Stated 52 35.1  0.489 0.3 – 2.0 

Sexual Non-Accidental Injury 5 3.4  0.185 0.03 - 3.5 

STI syndrome 56 37.8  0.250 0.2 - 1.5 

Surgery  2 1.4  1.000 0.1 - . 

INDICATION by PATHOGEN Indication (nr) Indication (%) Logistic regression 

Non-specific Indication - CT  8 5.4 11.8 0.010 1.8 – 77.9 

GBS Screening - UP 25 16.9 3.0 0.029 1.1 – 8.2 

STI-syndrome - UU 56 37.8 0.3 0.023 0.1 – 0.9 

STI-syndrome - TV 56 37.8 0.3 0.090 0.07 – 1.2 

ASSAY PERFORMANCE  Nr Positive Mean Ct  Ct difference t-test unequal var 95% CI 

Allplex N. gonorrhoeae 56 31.3 
-3.4 0.0014 -5.4 - 1.4 

In-house N. gonorrhoeae 78 34.7 

Allplex C. trachomatis 15 24.2 
-4.3 0.0580 -8.7 - 0.2 

In-house C. trachomatis 19 28.5 

*OR – Odds Ratio relative to PCR-positivity, p-values and 95% confidence intervals are reflective of each category compared.  195 

Using the Allplex STI essential assay, all seven STI pathogens included in the panel were detected in 196 

one or more of the samples tested, with 83.79% of samples testing positive for one or more pathogen.  197 
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Ureaplasma parvum was the most prevalent pathogen detected overall, with a 6-month period 198 

prevalence of 63/148 (42.57%), followed by N. gonorrhoeae 56/148 (37.84%), M. hominis 51/148 199 

(34.46%), U. urealyticum 35/148 (23.65%), T. vaginalis 17/148 (11.49%), C. trachomatis 15/148 200 

(10.14%), with M. genitalium 2/148 (1.35%) the least prevalent (Figure 1 right).  201 

     202 

Based on the clinical indications for testing, greater than a third of samples submitted were for 203 

suspected STI-syndromes, followed by Group B Streptococcal screening (GBS), non-urogenital specific 204 

indications, sexual non-accidental injuries, surgical, and 35.14% had no clinical indication recorded 205 

(Table 1).  M. genitalium was detected in only two samples, both submitted for GBS screening, and 206 

was in co-infection with both M. hominis, and either U. urealyticum, or U. parvum (Figure 2).   207 

Of all the samples tested, 36.49% were positive for a single organism, where N. gonorrhoeae was the 208 

most commonly occurring pathogen in mono-infection (18.92%), followed by U. parvum (10.14%), M. 209 

hominis (4.05%), U. urealyticum (2.70%), C. trachomatis (0.68%).   16.21% of samples tested negative 210 

for all assayed pathogens (Figure 2).  211 

23.65 UU
37.84 NG
34.46 MH
1.35 MG
42.57 UP
10.14 CT
11.49 TV

0 20 40 60 80

Men (Urethral)

Women (Vaginal)

Distribution of ages by sex and sample type

Age Range (yrs)

Figure 1. (Left) Box plot of the age distribution of all samples stratified by sex and sample type. 
(Right) Pie chart indicating the proportion of positive samples for each target tested. Yrs, years; U. 
urealyticum; NG, N. gonorrhoeae; MH, M. hominis; MG, M. genitalium; UP, U. parvum; CT, C. 
trachomatis; TV, T. vaginalis.  
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 212 

Figure 2. Proportions of mono and co-infections 213 

U. urealyticum; NG, N. gonorrhoeae; MH, M. hominis; MG, M. genitalium; UP, U. parvum; CT, C. 214 
trachomatis; TV, T. vaginalis.  215 

 216 

There were a number of combinations of co-infections with multiple pathogens (Figure 2).  27.03% of 217 

samples were positive for two pathogens, while 11.49% tested positive for three pathogens, and 218 

1.35% with five pathogens. M. hominis and U. parvum were the most commonly occurring pathogens 219 

in co-infections (36.29% each), followed by U. urealyticum (25.0%) and N. gonorrhoeae (22.58%), with 220 

each of the seven assayed pathogens present in at least one co-infection combination (Figure 2).  M. 221 

hominis and T. vaginalis were only detected in co-infection with other pathogens.  222 

All samples submitted for GBS screening, non-urogenital specific indications, and surgery were 223 

positive for at least one pathogen, and 17.86% of samples submitted for STI syndromes were negative 224 

for all pathogens (Figure 3).  Of the SNAI samples submitted, 60% (3/5) were positive with 1, 2, and 5 225 

STI-pathogens, respectively.  Samples submitted for non-urogenital specific indications were 11.82 226 

times more likely to test positive for C. trachomatis (p=0.010) (Table 1).  There was also an association 227 
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between samples submitted for GBS screening and PCR-positivity for any of the pathogens tested 228 

(p=0.014), where all 25 samples were positive for at least one pathogen, and samples submitted for 229 

GBS screening were 3.03 times more likely to test positive for U. parvum than any other pathogen 230 

(p=0.029) (Table 1).  231 

 232 

Figure 3. Proportions of samples submitted based on clinical indication recorded.  233 

GBS, Group B Streptococcal Screening; SNAI, sexual non-accidental injury; U. urealyticum; NG, N. 234 
gonorrhoeae; MH, M. hominis; MG, M. genitalium; UP, U. parvum; CT, C. trachomatis; TV, T. vaginalis.  235 

 236 

Most samples received were in the 0-10-, 17-30- and 31-40-year-old age categories (Figure 4). 237 

Multivariate logistic regression analysis indicated that, compared to persons 71-80-years-old, persons 238 

aged 17-30- and 31-40-years old were 51-times (95% CI: 4.0 – 650; p=0.002) and 16-times (95% CI: 239 

1.47 – 179.95; p=0.023), respectively, more likely to test PCR-positive for one or more STI pathogen 240 

(Table 1).  241 
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 242 

Figure 4. Distribution of PCR-positive results in each age category stratified by sex.  243 

All samples submitted to Groote Schuur Hospital were tested with standard selective microbiological 244 

culture and Gram stain procedures.  Of the 148 samples selected for this study 56 (37.84%) were 245 

positive for N. gonorrhoeae mono or co-infection using the Allplex STI Essential Assay.  Of these, 3/56 246 

(5.36%) were culture-positive for N. gonorrhoeae, and only 1/3 was also concurrently positive for 247 

Gram negative diplococci using microscopy.  An additional sample was positive for Gram negative 248 

diplococci on microscopy, but this sample was culture negative for N. gonorrhoeae, and was PCR-249 

positive for U. parvum alone (Supplementary Figure S1).  Of the 17 T. vaginalis PCR-positive samples, 250 

only one was positive on wet mount microscopy.  Sex, Gram stain, and routine culture were not 251 

associated with the likelihood of testing PCR-positive, but this cannot be ruled out due to the small 252 

sample size.  253 

The results of this PCR assay for detecting N. gonorrhoeae and C. trachomatis were compared to an 254 

in-house multiplex PCR assay for N. gonorrhoeae and C. trachomatis5.  The in-house PCR assay 255 

produced higher six-month period prevalence rates compared to those using the Allplex assay with a 256 

52.70% N. gonorrhoeae prevalence, and 12.84% C. trachomatis (Table 1).  Using the estimated 257 

population prevalence for N. gonorrhoeae (10.4%) described by Jongen et al., the positive percent 258 
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agreement between the two assays was only 13.44% (10.33% - 17.29%), and negative percent 259 

agreement was 92.45% (89.24% - 94.75%), with an accuracy of 54.22% (45.84% - 62.43%)34.  For C. 260 

trachomatis (33.70% reported prevalence) the positive percent agreement was much better but still 261 

poor at 45.80% (21.76% - 71.98%), and negative percent agreement was 68.39% (62.50% - 73.74%), 262 

with an accuracy of 65.06% (56.80% - 72.71%)34.  263 

When investigating the CT values of the positive results using both assays the results indicated that 264 

the mean CT value for the Allplex assay (31.28) was significantly lower (p=0.0014) than that of the in-265 

house assay (34.67) for detecting N. gonorrhoeae (Table 1), with a difference in means greater than a 266 

log-fold decrease in sensitivity.  This was not reflected in the results for C. trachomatis where even 267 

though the mean difference was larger, it was not significantly different (Table 1).   268 

 269 

6. Discussion  270 

This study aimed to determine the six-month period prevalence of 7 commonly occurring bacterial STI 271 

pathogens at Groote Schuur Hospital, using a commercial multiplex PCR assay.  Most of the swabs 272 

tested were positive for at least one of the seven STI-pathogens included in the PCR assay.  273 

Ureaplasma parvum was the most prevalent pathogen detected overall, followed by N. gonorrhoeae, 274 

M. hominis, U. urealyticum, T. vaginalis, C. trachomatis, with M. genitalium the least prevalent. This 275 

was alarming considering there were no study specific a priori selection criteria for high-risk 276 

populations.  However, since the swabs were submitted for routine urogenital investigations, this may 277 

have presented a high pre-test probability for an STI.  278 

With the introduction of the WHO and CDC guidelines for the management of STIs35, 36, the available 279 

data for laboratory confirmed infections and antimicrobial susceptibility testing are sparce, making 280 

comparisons of estimated prevalence rates complex, relying primarily on national surveillance 281 
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estimates.  Most studies focused on high-risk populations or young women, since they are 282 

disproportionately at a higher risk for STI2, 12.   283 

According to the World Health Organization (WHO) in 2012 the global prevalence rates in women aged 284 

15-49 years old for C. trachomatis, N. gonorrhoeae, T. vaginalis, and T. pallidum were 4.2%, 0.8%, 285 

5.0%, and 0.5%, respectively, and Africa was noted to account for approximately 40% of the global 286 

occurrence of STIs4, 37.  287 

Almost all swabs submitted for testing in this study were received from women, and the median age 288 

correlated well with international studies where STI-prevalence was highest4, 29.  National and regional 289 

surveillance studies describing STI prevalence rates are limited and vary significantly due to 290 

demographic, socio-economic, and geographic factors, as well as national policies for prevention and 291 

treatment.  A 2018 study, modelling STI prevalence rates in South Africa over 30-years, indicated an 292 

adjusted N. gonorrhoeae prevalence estimate of 6.6% for women and 3.5% for men, and C. 293 

trachomatis prevalence of 14.7% and 6.0% for women and men respectively, which were among the 294 

highest reported globally29.   295 

The N. gonorrhoeae prevalence estimates in this study represents an alarming increase compared to 296 

the global and previous local estimates3, 4, 37.  This may be due to an increase in transmission as 297 

asymptomatic infections may be inadvertently spread, and previous studies have indicated that the 298 

risk for STI in high HIV-burdened regions are increased and is associated with lower education levels, 299 

several sex partners, drug and alcohol use, and early sexual debut38.  This was not as marked for C. 300 

trachomatis where the estimated prevalence rate was higher than the global estimate, but 301 

comparable to other local estimates4, 29.   302 

There are few studies investigating the prevalence of the less common STI pathogens, and some 303 

contention exists on the occurrence of these organisms and their association with true infection, and 304 

whether or not to treat.  There is no clear evidence that these organisms cause infection 305 
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independently of other STI pathogens, or whether they are co-factors for infection, or simply vaginal 306 

commensals, though they have been linked to complications during pregnancy17, 39.   307 

The period prevalence of U. parvum, U. urealyticum, M. hominis, and M. genitalium in this study were 308 

all markedly higher than those determined in an Italian study on women with vaginitis or pregnancy 309 

complications, which used the same PCR assay40.  This is further highlighted in this study where 310 

although U. parvum, M. hominis, and U. urealyticum were identified in mono-infection, albeit at lower 311 

rates, M. hominis, U. urealyticum, and U. parvum were the most commonly occurring pathogens in 312 

co-infections, with M. hominis and T. vaginalis only detected in coinfection with other pathogens.  313 

Compared to a 2013 prevalence estimate of genital mycoplasmas in the North of South Africa, the 314 

current M. genitalium, M. hominis, and U. parvum prevalence rates are dramatically lower, but the 315 

rates for U. urealyticum reported here are more than ten-fold higher14.   316 

The prevalence estimate of T. vaginalis in this study was greater than double the global estimate, yet 317 

only one of the PCR positive samples was also positive using wet mount microscopy, indicating the 318 

poor performance of this method for detection4, 37.   Similar to previous reports, T. vaginalis was only 319 

detected in co-infection with other STI pathogens in this study23.  Since no HIV data was collected in 320 

this study, it is not possible to correlate this to an increased risk of HIV acquisition or virus shedding24.   321 

Most samples submitted for testing in this study were for suspected STI-syndromes, GBS screening, or 322 

where no clinical indication was recorded.  Interestingly, about one fifth of the samples submitted for 323 

suspected STI-syndromes were negative for all pathogens tested.  Considering most samples were 324 

obtained from women, vaginal candidiasis, or bacterial vaginosis, which may also present with 325 

discharge, may have accounted for a proportion of these results.  This may reflect a large proportion 326 

of patients where unnecessary antibiotic therapy may have been initiated based on the current 327 

syndromic testing guidelines.   328 

Samples submitted for GBS screening are routinely collected from pregnant women in the final stages 329 

of pregnancy to determine whether antibiotic prophylaxis should be administered during delivery to 330 
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prevent vertical GBS infection in the new-born infant, which may cause severe morbidity and even 331 

mortality, according to the CDC guidelines41, 42.  Interestingly, only two GBS screening samples were 332 

culture positive for GBS, whereas they all tested positive for one or more STI pathogens, and these 333 

samples were three times more likely to harbour U. parvum than any of the other organisms tested.  334 

Further, M. genitalium was only detected in GBS screening samples, and was in co-infection with both 335 

M. hominis and either U. urealyticum or U. parvum.  Nyemba et al., reported a 40% STI prevalence in 336 

pregnant women living with HIV and 27% in women living without HIV, and that baseline infection was 337 

associated with younger age, and the need for antenatal STI screening43.  These findings highlighted a 338 

potential high-risk population group which may need to be considered for more comprehensive STI 339 

screening in our setting, as studies have indicated an association between STI infections and pre-term 340 

birth, transmission to the foetus or new-born baby, or even stillbirth44.   341 

The association between samples non-urogenital specific indications and testing positive for C. 342 

trachomatis may also represent a cohort of participants  at risk for STI.  These participants may have 343 

presented with non-descript or mild symptoms not indicative of STI, likely the result of C. trachomatis 344 

infection, which is often asymptomatic, especially in women.   345 

Most alarmingly, more than half of the samples submitted from suspected child abuse or sexual non-346 

accidental injury were positive for an STI, with one sample testing positive for five different pathogens, 347 

likely a result of high risk unprotected sexually activity during sexual misconduct.  The use of a broad 348 

range molecular test would provide rapid results for early interventions, increase detection sensitivity, 349 

and provide reliable results for further legal proceedings.   350 

When compared to microbiological investigations, selective culture, Gram stain, and wet mount 351 

proved extremely poor, with only a few samples testing positive for N. gonorroheae or T. vaginalis.  352 

This is not surprising considering the fastidious nature of N. gonorroheae and that low level infections 353 

may be below the detection limit for these methods.   354 
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Using the in-house PCR assay, several discordant results were obtained compared to the commercial 355 

assay.  Even though the in-house assay produced higher prevalence rates, reproducibility was poor, 356 

as reflected by the accuracy values.  Care must be taken when selecting diagnostic assays for STIs, 357 

which are known to cross react with other species and may be impacted by interfering substances.  358 

The use of certified assay, with excellent assay performance criteria should be favoured.   359 

Limitations of this study includes (1) a small and heterogenous sample size, as the associations 360 

described may not hold true at a population level.  Thus, a population surveillance study, especially 361 

with respect to the higher risk groups identified in this study, is thus recommended. (2) There is a 362 

paucity in the current local and National prevalence data, making comparisons of these findings 363 

challenging.  (3) Finally, the lack of complete clinical data, including HIV data may have allowed for the 364 

determination of additional associations.  365 

7. Conclusions  366 

This study highlights alarming prevalence estimates of common STIs locally at a regional level.  High 367 

risk populations such as pregnant women and cases of SNAI may benefit from routine screening.  368 

Continued surveillance or routine testing should be considered, especially in resource limited settings 369 

where transmission rates may be higher and syndromic treatment guidelines may not reflect the true 370 

local scenario.    371 
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Supplementary Figure S1. Venn diagram of PCR-positive samples, culture, and Gram stain.  522 
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• list the full names and institutional addresses for all authors 

o if a collaboration group should be listed as an author, please list the Group name as 

an author. If you would like the names of the individual members of the Group to 

be searchable through their individual PubMed records, please include this 

https://www.biomedcentral.com/getpublished/editorial-policies#standards+of+reporting
https://www.biomedcentral.com/getpublished/editorial-policies#standards+of+reporting
https://solutions.springernature.com/discount/BMCID?redirect=%2Fproducts%2Fvisual-abstract
https://solutions.springernature.com/discount/BMCID?redirect=%2Fproducts%2Fvisual-abstract
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information in the “Acknowledgements” section in accordance with the instructions 

below 

• indicate the corresponding author 

Abstract 

The Abstract should not exceed 350 words. Please minimize the use of abbreviations and do not cite 

references in the abstract. Reports of randomized controlled trials should follow 

the CONSORT extension for abstracts. The abstract must include the following separate sections: 

• Background: the context and purpose of the study 

• Methods: how the study was performed and statistical tests used 

• Results: the main findings 

• Conclusions: brief summary and potential implications 

• Trial registration: If your article reports the results of a health care intervention on human 

participants, it must be registered in an appropriate registry and the registration number 

and date of registration should be in stated in this section. If it was not registered 

prospectively (before enrollment of the first participant), you should include the words 

'retrospectively registered'. See our editorial policies for more information on trial 

registration 

Keywords 

Three to ten keywords representing the main content of the article. 

Background 

The Background section should explain the background to the study, its aims, a summary of the 

existing literature and why this study was necessary or its contribution to the field. 

Methods 

The methods section should include: 

• the aim, design and setting of the study 

• the characteristics of participants or description of materials 

http://www.consort-statement.org/
https://www.biomedcentral.com/getpublished/editorial-policies
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• a clear description of all processes, interventions and comparisons. Generic drug names 

should generally be used. When proprietary brands are used in research, include the brand 

names in parentheses 

• the type of statistical analysis used, including a power calculation if appropriate 

Results 

This should include the findings of the study including, if appropriate, results of statistical analysis 

which must be included either in the text or as tables and figures. 

Discussion 

This section should discuss the implications of the findings in context of existing research and 

highlight limitations of the study. 

Conclusions 

This should state clearly the main conclusions and provide an explanation of the importance and 

relevance of the study reported. 

List of abbreviations 

If abbreviations are used in the text they should be defined in the text at first use, and a list of 

abbreviations should be provided. 

Declarations 

All manuscripts must contain the following sections under the heading 'Declarations': 

• Ethics approval and consent to participate 

• Consent for publication 

• Availability of data and materials 

• Competing interests 

• Funding 

• Authors' contributions 

• Acknowledgements 

• Authors' information (optional) 

Please see below for details on the information to be included in these sections. 
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If any of the sections are not relevant to your manuscript, please include the heading and write 'Not 

applicable' for that section.  

Ethics approval and consent to participate 

Manuscripts reporting studies involving human participants, human data or human tissue must: 

• include a statement on ethics approval and consent (even where the need for approval was 

waived) 

• include the name of the ethics committee that approved the study and the committee’s 

reference number if appropriate 

Studies involving animals must include a statement on ethics approval and for experimental studies 

involving client-owned animals, authors must also include a statement on informed consent from 

the client or owner. 

See our editorial policies for more information. 

If your manuscript does not report on or involve the use of any animal or human data or tissue, 

please state “Not applicable” in this section. 

Consent for publication 

If your manuscript contains any individual person’s data in any form (including any individual 

details, images or videos), consent for publication must be obtained from that person, or in the case 

of children, their parent or legal guardian. All presentations of case reports must have consent for 

publication. 

You can use your institutional consent form or our consent form if you prefer. You should not send 

the form to us on submission, but we may request to see a copy at any stage (including after 

publication). 

See our editorial policies for more information on consent for publication. 

If your manuscript does not contain data from any individual person, please state “Not applicable” 

in this section. 

Availability of data and materials 

All manuscripts must include an ‘Availability of data and materials’ statement. Data availability 

statements should include information on where data supporting the results reported in the article 

can be found including, where applicable, hyperlinks to publicly archived datasets analysed or 

http://www.biomedcentral.com/submissions/editorial-policies#ethics+and+consent
https://resource-cms.springernature.com/springer-cms/rest/v1/content/6633976/data/v2
http://www.biomedcentral.com/submissions/editorial-policies#consent+for+publication
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generated during the study. By data we mean the minimal dataset that would be necessary to 

interpret, replicate and build upon the findings reported in the article. We recognise it is not always 

possible to share research data publicly, for instance when individual privacy could be 

compromised, and in such instances data availability should still be stated in the manuscript along 

with any conditions for access. 

Authors are also encouraged to preserve search strings on searchRxiv https://searchrxiv.org/, an 

archive to support researchers to report, store and share their searches consistently and to enable 

them to review and re-use existing searches. searchRxiv enables researchers to obtain a digital 

object identifier (DOI) for their search, allowing it to be cited.  

Data availability statements can take one of the following forms (or a combination of more than 

one if required for multiple datasets): 

• The datasets generated and/or analysed during the current study are available in the 

[NAME] repository, [PERSISTENT WEB LINK TO DATASETS] 

• The datasets used and/or analysed during the current study are available from the 

corresponding author on reasonable request. 

• All data generated or analysed during this study are included in this published article [and 

its supplementary information files]. 

• The datasets generated and/or analysed during the current study are not publicly available 

due [REASON WHY DATA ARE NOT PUBLIC] but are available from the corresponding author 

on reasonable request. 

• Data sharing is not applicable to this article as no datasets were generated or analysed 

during the current study. 

• The data that support the findings of this study are available from [third party name] but 

restrictions apply to the availability of these data, which were used under license for the 

current study, and so are not publicly available. Data are however available from the 

authors upon reasonable request and with permission of [third party name]. 

• Not applicable. If your manuscript does not contain any data, please state 'Not applicable' 

in this section. 

More examples of template data availability statements, which include examples of openly 

available and restricted access datasets, are available here. 

https://urldefense.com/v3/__https:/searchrxiv.org/__;!!NLFGqXoFfo8MMQ!uXx52T0Voz75XsORkj91fjQf-zIbnS5nM5WvO4siaXngl9fy8XOb3nQcD-dyJe3Aqmlf0P4qLKz4kT9jSJzBpho$
http://www.springernature.com/gp/group/data-policy/data-availability-statements
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BioMed Central also requires that authors cite any publicly available data on which the conclusions 

of the paper rely in the manuscript. Data citations should include a persistent identifier (such as a 

DOI) and should ideally be included in the reference list. Citations of datasets, when they appear in 

the reference list, should include the minimum information recommended by DataCite and follow 

journal style. Dataset identifiers including DOIs should be expressed as full URLs. For example: 

 

Hao Z, AghaKouchak A, Nakhjiri N, Farahmand A. Global integrated drought monitoring and 

prediction system (GIDMaPS) data sets. figshare.  

2014. http://dx.doi.org/10.6084/m9.figshare.853801 

With the corresponding text in the Availability of data and materials statement: 

The datasets generated during and/or analysed during the current study are available in the [NAME] 

repository, [PERSISTENT WEB LINK TO DATASETS].[Reference number]  

If you wish to co-submit a data note describing your data to be published in BMC Research Notes, 

you can do so by visiting our submission portal. Data notes support open data and help authors to 

comply with funder policies on data sharing. Co-published data notes will be linked to the research 

article the data support (example). 

Competing interests 

All financial and non-financial competing interests must be declared in this section. 

See our editorial policies for a full explanation of competing interests. If you are unsure whether 

you or any of your co-authors have a competing interest please contact the editorial office. 

Please use the authors initials to refer to each authors' competing interests in this section. 

If you do not have any competing interests, please state "The authors declare that they have no 

competing interests" in this section. 

Funding 

All sources of funding for the research reported should be declared. The role of the funding body in 

the design of the study and collection, analysis, and interpretation of data and in writing the 

manuscript should be declared. 

Authors' contributions 

https://figshare.com/collections/Global_Integrated_Drought_Monitoring_and_Prediction_System_GIDMaPS_Data_Sets/853801
https://bmcresnotes.biomedcentral.com/about/introducing-data-notes
http://www.editorialmanager.com/resn/
https://www.springernature.com/gp/open-research/open-data
https://bmcresnotes.biomedcentral.com/articles/10.1186/s13104-019-4495-6
http://www.biomedcentral.com/submissions/editorial-policies#competing+interests
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The individual contributions of authors to the manuscript should be specified in this section. 

Guidance and criteria for authorship can be found in our editorial policies. 

Please use initials to refer to each author's contribution in this section, for example: "FC analyzed 

and interpreted the patient data regarding the hematological disease and the transplant. RH 

performed the histological examination of the kidney, and was a major contributor in writing the 

manuscript. All authors read and approved the final manuscript." 

Acknowledgements 

Please acknowledge anyone who contributed towards the article who does not meet the criteria for 

authorship including anyone who provided professional writing services or materials. 

Authors should obtain permission to acknowledge from all those mentioned in the 

Acknowledgements section. 

See our editorial policies for a full explanation of acknowledgements and authorship criteria. 

If you do not have anyone to acknowledge, please write "Not applicable" in this section. 

Group authorship (for manuscripts involving a collaboration group): if you would like the names of 

the individual members of a collaboration Group to be searchable through their individual PubMed 

records, please ensure that the title of the collaboration Group is included on the title page and in 

the submission system and also include collaborating author names as the last paragraph of the 

“Acknowledgements” section. Please add authors in the format First Name, Middle initial(s) 

(optional), Last Name. You can add institution or country information for each author if you wish, 

but this should be consistent across all authors. 

Please note that individual names may not be present in the PubMed record at the time a published 

article is initially included in PubMed as it takes PubMed additional time to code this information. 

Authors' information 

This section is optional. 

You may choose to use this section to include any relevant information about the author(s) that 

may aid the reader's interpretation of the article, and understand the standpoint of the author(s). 

This may include details about the authors' qualifications, current positions they hold at institutions 

or societies, or any other relevant background information. Please refer to authors using their 

initials. Note this section should not be used to describe any competing interests. 

Footnotes 

http://www.biomedcentral.com/submissions/editorial-policies#authorship
http://www.biomedcentral.com/submissions/editorial-policies#authorship
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Footnotes can be used to give additional information, which may include the citation of a reference 

included in the reference list. They should not consist solely of a reference citation, and they should 

never include the bibliographic details of a reference. They should also not contain any figures or 

tables. 

Footnotes to the text are numbered consecutively; those to tables should be indicated by 

superscript lower-case letters (or asterisks for significance values and other statistical data). 

Footnotes to the title or the authors of the article are not given reference symbols. 

Always use footnotes instead of endnotes. 

 

References 

Examples of the Vancouver reference style are shown below. 

See our editorial policies for author guidance on good citation practice 

Web links and URLs: All web links and URLs, including links to the authors' own websites, should be 

given a reference number and included in the reference list rather than within the text of the 

manuscript. They should be provided in full, including both the title of the site and the URL, as well 

as the date the site was accessed, in the following format: The Mouse Tumor Biology 

Database. http://tumor.informatics.jax.org/mtbwi/index.do. Accessed 20 May 2013. If an author 

or group of authors can clearly be associated with a web link, such as for weblogs, then they should 

be included in the reference. 

Example reference style: 

Article within a journal 

Smith JJ. The world of science. Am J Sci. 1999;36:234-5. 

Article within a journal (no page numbers) 

Rohrmann S, Overvad K, Bueno-de-Mesquita HB, Jakobsen MU, Egeberg R, Tjønneland A, et al. Meat 

consumption and mortality - results from the European Prospective Investigation into Cancer and 

Nutrition. BMC Medicine. 2013;11:63. 

Article within a journal by DOI 

Slifka MK, Whitton JL. Clinical implications of dysregulated cytokine production. Dig J Mol Med. 

2000; doi:10.1007/s801090000086. 

https://www.biomedcentral.com/getpublished/editorial-policies#citations
http://tumor.informatics.jax.org/mtbwi/index.do
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Article within a journal supplement 

Frumin AM, Nussbaum J, Esposito M. Functional asplenia: demonstration of splenic activity by bone 

marrow scan. Blood 1979;59 Suppl 1:26-32. 

Book chapter, or an article within a book 

Wyllie AH, Kerr JFR, Currie AR. Cell death: the significance of apoptosis. In: Bourne GH, Danielli JF, 

Jeon KW, editors. International review of cytology. London: Academic; 1980. p. 251-306. 

OnlineFirst chapter in a series (without a volume designation but with a DOI) 

Saito Y, Hyuga H. Rate equation approaches to amplification of enantiomeric excess and chiral 

symmetry breaking. Top Curr Chem. 2007. doi:10.1007/128_2006_108. 

Complete book, authored 

Blenkinsopp A, Paxton P. Symptoms in the pharmacy: a guide to the management of common 

illness. 3rd ed. Oxford: Blackwell Science; 1998. 

Online document 

Doe J. Title of subordinate document. In: The dictionary of substances and their effects. Royal 

Society of Chemistry. 1999. http://www.rsc.org/dose/title of subordinate document. Accessed 15 

Jan 1999. 

Online database 

Healthwise Knowledgebase. US Pharmacopeia, Rockville. 1998. http://www.healthwise.org. 

Accessed 21 Sept 1998. 

Supplementary material/private homepage 

Doe J. Title of supplementary material. 2000. http://www.privatehomepage.com. Accessed 22 Feb 

2000. 

University site 

Doe, J: Title of preprint. http://www.uni-heidelberg.de/mydata.html (1999). Accessed 25 Dec 1999. 

FTP site 

Doe, J: Trivial HTTP, RFC2169. ftp://ftp.isi.edu/in-notes/rfc2169.txt (1999). Accessed 12 Nov 1999. 

Organization site 
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ISSN International Centre: The ISSN register. http://www.issn.org (2006). Accessed 20 Feb 2007. 

Dataset with persistent identifier 

Zheng L-Y, Guo X-S, He B, Sun L-J, Peng Y, Dong S-S, et al. Genome data from sweet and grain 

sorghum (Sorghum bicolor). GigaScience Database. 2011. http://dx.doi.org/10.5524/100012. 

 

Preparing your manuscript 

https://bmcinfectdis.biomedcentral.com/submission-guidelines/preparing-your-manuscript  

This section provides general style and formatting information only. Formatting guidelines for specific 

article types can be found below. 

• Research article 

• Database article 

• Software article 

• Case report 

• Study protocol 

• Review 

General formatting guidelines 

•  Preparing main manuscript text 

•  Preparing illustrations and figures 

•  Preparing tables 

•  Preparing additional files 

Preparing figures 

Back to top 

When preparing figures, please follow the formatting instructions below. 

• Figures should be numbered in the order they are first mentioned in the text, and uploaded 

in this order. Multi-panel figures (those with parts a, b, c, d etc.) should be submitted as a 

single composite file that contains all parts of the figure. 

http://dx.doi.org/10.5524/100012
https://bmcinfectdis.biomedcentral.com/submission-guidelines/preparing-your-manuscript
https://bmcinfectdis.biomedcentral.com/submission-guidelines/preparing-your-manuscript/research-article
https://bmcinfectdis.biomedcentral.com/submission-guidelines/preparing-your-manuscript/database-article
https://bmcinfectdis.biomedcentral.com/submission-guidelines/preparing-your-manuscript/software-article
https://bmcinfectdis.biomedcentral.com/submission-guidelines/preparing-your-manuscript/case-report
https://bmcinfectdis.biomedcentral.com/submission-guidelines/preparing-your-manuscript/study-protocol
https://bmcinfectdis.biomedcentral.com/submission-guidelines/preparing-your-manuscript/review
https://bmcinfectdis.biomedcentral.com/submission-guidelines/preparing-your-manuscript#preparing+main+manuscript+text
https://bmcinfectdis.biomedcentral.com/submission-guidelines/preparing-your-manuscript#preparing+figures
https://bmcinfectdis.biomedcentral.com/submission-guidelines/preparing-your-manuscript#preparing+tables
https://bmcinfectdis.biomedcentral.com/submission-guidelines/preparing-your-manuscript#preparing+additional+files
https://bmcinfectdis.biomedcentral.com/submission-guidelines/preparing-your-manuscript#main-content
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• Figures should be uploaded in the correct orientation. 

• Figure titles (max 15 words) and legends (max 300 words) should be provided in the main 

manuscript, not in the graphic file. 

• Figure keys should be incorporated into the graphic, not into the legend of the figure. 

• Each figure should be closely cropped to minimize the amount of white space surrounding the 

illustration. Cropping figures improves accuracy when placing the figure in combination with 

other elements when the accepted manuscript is prepared for publication on our site. For 

more information on individual figure file formats, see our detailed instructions. 

• Individual figure files should not exceed 10 MB. If a suitable format is chosen, this file size is 

adequate for extremely high quality figures. 

• Please note that it is the responsibility of the author(s) to obtain permission from the 

copyright holder to reproduce figures (or tables) that have previously been published 

elsewhere. In order for all figures to be open access, authors must have permission from the 

rights holder if they wish to include images that have been published elsewhere in non open 

access journals. Permission should be indicated in the figure legend, and the original source 

included in the reference list. 

 

Figure file types 

We accept the following file formats for figures: 

• EPS (suitable for diagrams and/or images) 

• PDF (suitable for diagrams and/or images) 

• Microsoft Word (suitable for diagrams and/or images, figures must be a single page) 

• PowerPoint (suitable for diagrams and/or images, figures must be a single page) 

• TIFF (suitable for images) 

• JPEG (suitable for photographic images, less suitable for graphical images) 

• PNG (suitable for images) 

• BMP (suitable for images) 

• CDX (ChemDraw - suitable for molecular structures) 
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For information and suggestions of suitable file formats for specific figure types, please see our author 

academy. 

Figure size and resolution 

Figures are resized during publication of the final full text and PDF versions to conform to the BioMed 

Central standard dimensions, which are detailed below. 

Figures on the web: 

• width of 600 pixels (standard), 1200 pixels (high resolution). 

 

Figures in the final PDF version: 

• width of 85 mm for half page width figure 

• width of 170 mm for full page width figure 

• maximum height of 225 mm for figure and legend 

• image resolution of approximately 300 dpi (dots per inch) at the final size 

 

Figures should be designed such that all information, including text, is legible at these dimensions. All 

lines should be wider than 0.25 pt when constrained to standard figure widths. All fonts must be 

embedded. 

 

Figure file compression 

 

• Vector figures should if possible be submitted as PDF files, which are usually more compact 

than EPS files. 

• TIFF files should be saved with LZW compression, which is lossless (decreases file size without 

decreasing quality) in order to minimize upload time. 

• JPEG files should be saved at maximum quality. 

• Conversion of images between file types (especially lossy formats such as JPEG) should be kept 

to a minimum to avoid degradation of quality. 

https://www.biomedcentral.com/getpublished/writing-resources/data-presentation
https://www.biomedcentral.com/getpublished/writing-resources/data-presentation
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If you have any questions or are experiencing a problem with figures, please contact the customer 

service team at info@biomedcentral.com. 

 

Preparing main manuscript text 

Back to top 

Quick points: 

• Use double line spacing 

• Include line and page numbering 

• Use SI units: Please ensure that all special characters used are embedded in the text, 

otherwise they will be lost during conversion to PDF 

• Do not use page breaks in your manuscript 

File formats 

The following word processor file formats are acceptable for the main manuscript document: 

• Microsoft word (DOC, DOCX) 

• Rich text format (RTF) 

• TeX/LaTeX (use BioMed Central's TeX template) 

Please note: editable files are required for processing in production. If your manuscript contains any 

non-editable files (such as PDFs) you will be required to re-submit an editable file when you submit 

your revised manuscript, or after editorial acceptance in case no revision is necessary. 

Additional information for TeX/LaTeX users 

Please use BioMed Central's TeX template and BibTeX stylefile if you use TeX format. Submit your 

references using either a bib or bbl file. When submitting TeX submissions, please submit both your 

TeX file and your bib/bbl file as manuscript files. Please also convert your TeX file into a PDF (please 

do not use a DIV file) and submit this PDF as a supplementary file with the name 'Reference PDF'. This 

PDF will be used by our production team as a reference point to check the layout of the article as the 

author intended.  

mailto:info@biomedcentral.com
https://bmcinfectdis.biomedcentral.com/submission-guidelines/preparing-your-manuscript#main-content
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The Editorial Manager system checks for any errors in the Tex files. If an error is present then the 

system PDF will display LaTex code and highlight and explain the error in a section beginning with an 

exclamation mark (!). 

All relevant editable source files must be uploaded during the submission process. Failing to submit 

these source files will cause unnecessary delays in the production process. 

TeX templates 

BioMedCentral_article (ZIP format) - preferred template 

article (part of the standard TeX distribution) 

amsart (part of the standard TeX distribution) 

Style and language 

English  

How can you help improve your manuscript for publication? 

Presenting your work in a well-structured manuscript and in well-written English gives it its best 

chance for editors and reviewers to understand it and evaluate it fairly. Many researchers find that 

getting some independent support helps them present their results in the best possible light. The 

experts at Springer Nature Author Services can help you with manuscript preparation—including 

English language editing, developmental comments, manuscript formatting, figure preparation, 

translation, and more.  

Get started and save 15% 

You can also use our free Grammar Check tool for an evaluation of your work. 

Please note that using these tools, or any other service, is not a requirement for publication, nor does 

it imply or guarantee that editors will accept the article, or even select it for peer review.  

 

您怎么做才有助于改进您的稿件以便顺利发表？ 

https://resource-cms.springernature.com/springer-cms/rest/v1/content/18360804/data/v1
http://www.ctan.org/pkg/article
http://www.latex-project.org/ftp.html
http://www.ctan.org/pkg/amsart
http://www.latex-project.org/ftp.html
https://authorservices.springernature.com/go/sn/?utm_source=Website&utm_medium=BMC&utm_campaign=SNAS+Referrals+2022&utm_id=ref2022
https://www.aje.com/grammar-check/?utm_source=Website&utm_medium=BMC+&utm_campaign=SNAS+Referrals+2022+GC&utm_id=Grammar+Check
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如果在结构精巧的稿件中用精心组织的英语展示您的作品，就能最大限度地让编辑和审稿人理

解并公正评估您的作品。许多研究人员发现，获得一些独立支持有助于他们以尽可能美好的方

式展示他们的成果。Springer Nature Author Services 的专家可帮助您准备稿件，具体包括润色

英语表述、添加有见地的注释、为稿件排版、设计图表、翻译等。  

开始使用即可节省 15% 的费用 

您还可以使用我们的免费语法检查工具来评估您的作品。 

请注意，使用这些工具或任何其他服务不是发表前必须满足的要求，也不暗示或保证相关文章

定会被编辑接受（甚至未必会被选送同行评审）。 

 

発表に備えて、論文を改善するにはどうすればよいでしょうか？ 

内容が適切に組み立てられ、質の高い英語で書かれた論文を投稿すれば、編集者や査読者が

論文を理解し、公正に評価するための最善の機会となります。多くの研究者は、個別のサポ

ートを受けることで、研究結果を可能な限り最高の形で発表できると思っています。

Springer Nature Author Servicesのエキスパートが、英文の編集、建設的な提言、論文の書式、

図の調整、翻訳など、論文の作成をサポートいたします。  

今なら15％割引でご利用いただけます 

原稿の評価に、無料の文法チェックツールもご利用いただけます。 

これらのツールや他のサービスをご利用いただくことは、論文を掲載するための要件ではあ

りません。また、編集者が論文を受理したり、査読に選定したりすることを示唆または保証

するものではないことにご注意ください。 

 

게재를 위해 원고를 개선하려면 어떻게 해야 할까요? 

여러분의 작품을 체계적인 원고로 발표하는 것은 편집자와 심사자가 여러분의 연구를 이해하고 

공정하게 평가할 수 있는 최선의 기회를 제공합니다. 많은 연구자들은 어느 정도 독립적인 

https://authorservices.springernature.com/go/sn/?utm_source=Website&utm_medium=BMC&utm_campaign=SNAS+Referrals+2022&utm_id=ref2022
https://www.aje.com/grammar-check/?utm_source=Website&utm_medium=BMC+&utm_campaign=SNAS+Referrals+2022+GC&utm_id=Grammar+Check
https://authorservices.springernature.com/go/sn/?utm_source=Website&utm_medium=BMC&utm_campaign=SNAS+Referrals+2022&utm_id=ref2022
https://www.aje.com/grammar-check/?utm_source=Website&utm_medium=BMC+&utm_campaign=SNAS+Referrals+2022+GC&utm_id=Grammar+Check
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지원을 받는 것이 가능한 한 최선의 방법으로 자신의 결과를 발표하는 데 도움이 된다고 합니다. 

Springer Nature Author Services 전문가들은 영어 편집, 발전적인 논평, 원고 서식 지정, 그림 준비, 

번역 등과 같은 원고 준비를 도와드릴 수 있습니다.  

지금 시작하면 15% 할인됩니다 

또한 당사의 무료 문법 검사 도구를 사용하여 여러분의 연구를 평가할 수 있습니다. 

이러한 도구 또는 기타 서비스를 사용하는 것은 게재를 위한 필수 요구사항이 아니며, 편집자가 

해당 논문을 수락하거나 피어 리뷰에 해당 논문을 선택한다는 것을 암시하거나 보장하지는 

않습니다. 

 

¿Cómo puede ayudar a mejorar el artículo para su publicación? 

Si presenta su trabajo en un artículo bien estructurado y en inglés bien escrito, los editores y revisores 

podrán comprenderlo mejor y evaluarlo de forma justa. Muchos investigadores piensan que un poco 

de apoyo independiente les ayuda a presentar los resultados de la mejor forma posible. Los expertos 

de Springer Nature Author Services pueden ayudarle a preparar el artículo con la edición en inglés, 

comentarios para su elaboración, el formato del artículo, la preparación de figuras, la traducción y 

mucho más.  

Empiece ahora y ahorre un 15% 

También puede usar nuestra herramienta gratuita Grammar Check para evaluar su trabajo. 

Tenga en cuenta que utilizar estas herramientas, así como cualquier otro servicio, no es un requisito 

para publicación, y tampoco implica ni garantiza que los editores acepten el artículo, ni siquiera que 

lo seleccionen para revisión científica externa. 

 

Como pode ajudar a melhorar o seu manuscrito para publicação? 

Apresentar o seu trabalho num manuscrito bem estruturado e em inglês bem escrito confere-lhe a 

melhor probabilidade de os editores e revisores o compreenderem e avaliarem de forma justa. Muitos 

investigadores verificam que obter algum apoio independente os ajuda a apresentar os seus 
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resultados da melhor forma possível. Os especialistas da Springer Nature Author Services podem 

ajudá-lo na preparação do manuscrito, incluindo edição de língua inglesa, comentários de 

desenvolvimento, formatação do manuscrito, preparação de figuras, tradução e muito mais.  

Comece agora e poupe 15% 

Também pode utilizar a nossa ferramenta gratuita de verificação de gramática para efetuar uma 

avaliação do seu trabalho. 

Tenha em conta que a utilização destas ferramentas, ou de qualquer outro serviço, não constitui um 

requisito para publicação, nem implica nem garante que os editores aceitem o artigo ou o selecionem 

para revisão por pares. 

  

Data and materials 

For all journals, BioMed Central strongly encourages all datasets on which the conclusions of the 

manuscript rely to be either deposited in publicly available repositories (where available and 

appropriate) or presented in the main paper or additional supporting files, in machine-readable 

format (such as spread sheets rather than PDFs) whenever possible. Please see the list 

of recommended repositories in our editorial policies. 

For some journals, deposition of the data on which the conclusions of the manuscript rely is an 

absolute requirement. Please check the Instructions for Authors for the relevant journal and article 

type for journal specific policies. 

For all manuscripts, information about data availability should be detailed in an ‘Availability of data 

and materials’ section. For more information on the content of this section, please see the 

Declarations section of the relevant journal’s Instruction for Authors. For more information on BioMed 

Centrals policies on data availability, please see our [editorial policies]. 

 

Formatting the 'Availability of data and materials' section of your manuscript 

The following format for the 'Availability of data and materials section of your manuscript should be 

used: 

"The dataset(s) supporting the conclusions of this article is(are) available in the [repository name] 

repository, [unique persistent identifier and hyperlink to dataset(s) in http:// format]." 

The following format is required when data are included as additional files: 
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"The dataset(s) supporting the conclusions of this article is(are) included within the article (and its 

additional file(s))." 

BioMed Central endorses the Force 11 Data Citation Principles and requires that all publicly available 

datasets be fully referenced in the reference list with an accession number or unique identifier such 

as a DOI. 

For databases, this section should state the web/ftp address at which the database is available and 

any restrictions to its use by non-academics. 

For software, this section should include: 

• Project name: e.g. My bioinformatics project 

• Project home page: e.g. http://sourceforge.net/projects/mged 

• Archived version: DOI or unique identifier of archived software or code in repository (e.g. 

enodo) 

• Operating system(s): e.g. Platform independent 

• Programming language: e.g. Java 

• Other requirements: e.g. Java 1.3.1 or higher, Tomcat 4.0 or higher 

• License: e.g. GNU GPL, FreeBSD etc. 

• Any restrictions to use by non-academics: e.g. licence needed 

Information on available repositories for other types of scientific data, including clinical data, can be 

found in our editorial policies. 
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See our editorial policies for author guidance on good citation practice. 

Please check the submission guidelines for the relevant journal and article type.  

What should be cited? 

Only articles, clinical trial registration records and abstracts that have been published or are in press, 

or are available through public e-print/preprint servers, may be cited. 

Unpublished abstracts, unpublished data and personal communications should not be included in the 

reference list, but may be included in the text and referred to as "unpublished observations" or 
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"personal communications" giving the names of the involved researchers. Obtaining permission to 

quote personal communications and unpublished data from the cited colleagues is the responsibility 

of the author. Only footnotes are permitted. Journal abbreviations follow Index Medicus/MEDLINE. 

Any in press articles cited within the references and necessary for the reviewers' assessment of the 

manuscript should be made available if requested by the editorial office. 

How to format your references 

Please check the Instructions for Authors for the relevant journal and article type for examples of the 

relevant reference style. 

Web links and URLs: All web links and URLs, including links to the authors' own websites, should be 

given a reference number and included in the reference list rather than within the text of the 

manuscript. They should be provided in full, including both the title of the site and the URL, as well as 

the date the site was accessed, in the following format: The Mouse Tumor Biology 

Database. http://tumor.informatics.jax.org/mtbwi/index.do. Accessed 20 May 2013. If an author or 

group of authors can clearly be associated with a web link, such as for weblogs, then they should be 

included in the reference. 

Authors may wish to make use of reference management software to ensure that reference lists are 

correctly formatted. 

Preparing tables 

Back to top 

When preparing tables, please follow the formatting instructions below. 

• Tables should be numbered and cited in the text in sequence using Arabic numerals (i.e. Table 

1, Table 2 etc.). 

• Tables less than one A4 or Letter page in length can be placed in the appropriate location 

within the manuscript. 

• Tables larger than one A4 or Letter page in length can be placed at the end of the document 

text file. Please cite and indicate where the table should appear at the relevant location in the 

text file so that the table can be added in the correct place during production. 

• Larger datasets, or tables too wide for A4 or Letter landscape page can be uploaded as 

additional files. Please see [below] for more information. 
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• Tabular data provided as additional files can be uploaded as an Excel spreadsheet (.xls ) or 

comma separated values (.csv). Please use the standard file extensions. 

• Table titles (max 15 words) should be included above the table, and legends (max 300 words) 

should be included underneath the table. 

• Tables should not be embedded as figures or spreadsheet files, but should be formatted using 

‘Table object’ function in your word processing program. 

• Color and shading may not be used. Parts of the table can be highlighted using superscript, 

numbering, lettering, symbols or bold text, the meaning of which should be explained in a 

table legend. 

• Commas should not be used to indicate numerical values. 

If you have any questions or are experiencing a problem with tables, please contact the customer 

service team at info@biomedcentral.com. 

Preparing additional files 

Back to top 

As the length and quantity of data is not restricted for many article types, authors can provide 

datasets, tables, movies, or other information as additional files. 

All Additional files will be published along with the accepted article. Do not include files such as patient 

consent forms, certificates of language editing, or revised versions of the main manuscript document 

with tracked changes. Such files, if requested, should be sent by email to the journal’s editorial email 

address, quoting the manuscript reference number. Please do not send completed patient consent 

forms unless requested. 

Results that would otherwise be indicated as "data not shown" should be included as additional files. 

Since many web links and URLs rapidly become broken, BioMed Central requires that supporting data 

are included as additional files, or deposited in a recognized repository. Please do not link to data on 

a personal/departmental website. Do not include any individual participant details. The maximum file 

size for additional files is 20 MB each, and files will be virus-scanned on submission. Each additional 

file should be cited in sequence within the main body of text. 

If additional material is provided, please list the following information in a separate section of the 

manuscript text: 

• File name (e.g. Additional file 1) 
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• File format including the correct file extension for example .pdf, .xls, .txt, .pptx (including 

name and a URL of an appropriate viewer if format is unusual) 

• Title of data 

• Description of data 

Additional files should be named "Additional file 1" and so on and should be referenced explicitly by 

file name within the body of the article, e.g. 'An additional movie file shows this in more detail [see 

Additional file 1]'. 

For further guidance on how to use Additional files or recommendations on how to present particular 

types of data or information, please see How to use additional files. 
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