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Letters to the Editor 

Emergence of colistin-resistant Gram-negative 

Enterobacterales in the gut of patients receiving oral 

colistin and neomycin decontamination 

✩ 

To the Editor 

Sir, Madam, 

In this Journal, Zhu et al. recently reported the results of their 

genomic analysis of multidrug-resistant Klebsiella pneumoniae iso- 

lates from individual patients before and after colistin treatment 

highlighting the rapid emergence and multifaceted molecular 

mechanisms of colistin resistance in K. pneumoniae. 1 This work 

highlights the therapeutic and public-health challenges of colistin- 

resistance (CR), which is increasingly used as a large resort antibi- 

otic, despite its unattractive toxicity profile and narrow therapeutic 

window. 2 Oral non-absorbed colistin has been proposed as a de- 

contamination strategy in intensive care units and for patients car- 

rying multidrug resistant Enterobacterales (MDR-E). 3 , 4 The impact 

of decolonization strategies in terms of emergence of CR has rarely 

been monitored because no reliable selective medium existed and 

CR was not considered a public-health problem. Recently, reliable 

universal culture media have been developed to screen for CR. 5 

Here, we studied the impact of non-absorbed oral colistin on 

the emergence of CR in the gut microbiota of patients from the 

RGNOSIS-WP3 randomized controlled trial. 6 Thirty-nine subjects 

colonized with MDR-E were randomized to receive oral colistin 

sulfate 2 MIU 4 times a day + neomycin sulfate 500 mg bid for 5 

days followed by a fecal microbiota transplant (FMT) from healthy 

donors, or no intervention. Stool samples were collected on visit 

V0 (screening sample), V2 (after 5 days of oral decontamination 

and before FMT for the intervention group), V3, V4 and V5, re- 

spectively 5–10 days, 30–40 days and 150–210 days later. 6 Stool 

samples from donors and 15 subjects from the intervention group 

and 15 from the control group were available for this work and 

plated on Drigalski plates (control) and SuperPolymyxin 

R © plates. 5 

Colony forming units (CFU) counts of all Gram-negative rods were 

determined. Isolates growing on Superpolymyxin 

R © plates were 

identified by MALDI-TOF; CR was confirmed by the culture-based 

Rapid Polymyxin NP test and MIC determined by the microdilu- 

tion method. The limit of detection was 10 2 CFU/g of stool. CR- E. 

coli were sequenced using the Illumina HiSeq technology. To deter- 

mine whether CR isolates were present before the intervention, a 

specific mcr-1 PCR was performed on patients stool prior to inter- 

vention (V0) and on the donor’s stool. 7 Electroporation of plasmids 

was performed to localize the gene conferring resistance to colistin 

and neomycin and molecular typing of the electroporants was per- 

formed using PCR based replicon typing (PBRT). 

✩ Université de Paris, IAME, INSERM, UMR-1137 

No patient or donor included in the trial carried CR isolates on 

V0. Among the 15 patients in the intervention group two (13.3%, 

[IC90 −1; 3], p = 0.24) carried CR isolates at least at one visit af- 

ter the intervention ( Fig. 1 ). No CR-Enterobacterales was detected 

in the stools of subjects from the control group. Among both sub- 

jects with CR- Enterobacterales, one carried 10 Log CFU/g of Haf- 

nia paralvei , a species which is intrinsically resistant to colistin 

(MIC = 8 mg/L), also resistant to neomycin (MIC = 32 mg/L) on visit 

4 and the other carried 1 Log CFU/g and 3 Log CFU/g CR- E. coli 

at visits 4 and 5, respectively, with a colistin MIC at 8 mg/L. Rel- 

ative abundance of CR- E. coli increased between V4 and V5 from 

0.01% to 1% of the total Enterobacterales population. The CR- E. 

coli recovered at V4 and V5 both belonged to phylogroup C ST23 

group and carried the serotype O176:H9. A plasmid-borne mcr-1.1 

gene encoding for CR as well as a aph(3 ′ )-Ia gene conferring re- 

sistance to neomycin were identified, both being co-located on the 

same IncHI2 plasmid. In addition, resistance genes conferring re- 

sistance to hygromycin B ( aph(4)-Ia ), sulfonamides ( sul2 ), tetracy- 

clines ( tet(A) ) and phenicols ( floR and catA1 ), all antibiotics used in 

veterinary medicine, were evidenced. For both subjects, CR strains 

could not be retrieved in the initial stool of the subject or in the 

donor’s stool. PCR experiments performed with specific primers to 

detect mcr-1 gene directly on the pre-therapeutic stool were also 

negative. 

To our knowledge, this is the first report of the in-vivo selec- 

tion of CR-Enterobacterales in the gut microbiota of patients af- 

ter oral decontamination by colistin. The selection of CR strains 

(a naturally-resistant H. paralvei and a mcr-1 producing E. coli ), 

both resistant to colistin and neomycin, may be the result either 

of the enrichment process by SOD of preexisting CR strains that 

had not been initially detected because of very low abundances, 

or of an exogenous acquisition, either from other individuals or 

through FMT. 8 Indeed the transmission from FMT of MDR strains 

from positive donors is a potential risk. 8 Despite our efforts to 

decrease the limit of detection of MCR producers by using a PCR 

technique directly on the pre-therapeutic stool sample and the 

donors’ stools, we failed to detect the parental strain, either be- 

cause CR strains were in intestinal niches, the limit of detection 

remained too high, or the strain was acquired exogenously. How- 

ever, the mcr-1 -positive E. coli is likely of animal origin according 

to its genetic features and its co-resistance profile. 9 Indeed, phy- 

logroup ST23 is frequently encountered among avian pathogenic 

E. coli (APEC) and co-resistances to many antibiotics used specifi- 

cally in veterinary medicine is striking. 10 Furthermore, the aph(3 ′ )- 

Ia gene confers resistance to neomycin and paromomycin, the lat- 

ter commonly used in cattle and pigs. The selection of the MCR-1 

producer is an illustration of the “One Health” problem of resis- 

tance: a strain likely to have been selected by veterinary antibiotics 

among animals ended up in a patient’s gut, later enriched by the 

use of colistin and neomycin as decontaminant. 
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Fig. 1. Dynamics of the selection of colistin-resistant (CR) Enterobacterales isolates in two patients in the intervention group (A and B) who experienced emergence of 

resistance to colistin during follow-up. Total Enterobacterales and CR- Enterobacterales (CR) counts are given for each patient as well as the name of the CR- species. 

V0: screening sample; V2: after 5 days of oral decontamination and before FMT; V3: 5–10 days after FMT; V4 30–40 days after FMT; V5: 150–210 days after fecal microbiota 

transplant (FMT). 6 NA: not available. 

Although the small number of subjects is a clear limitation, this 

observation is a “proof-of-concept” of the risk of selection of CR- 

Enterobacterales after oral colistin treatment and FMT, at a time 

when colistin is one of the last resort antibiotics to treat MDR- 

Enterobacterales infections. The selection of commensal CR- E. coli 

is especially worrying, given the pathogenic potential of E. coli and 

its ability to widely colonize animals and humans. Given the con- 

troversial results of oral decontamination by colistin, we believe it 

should only be used with precautions and with thorough monitor- 

ing of CR. 
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Clinical significance of Pneumocystis jirovecii DNA 

detection by real-time PCR in hematological patient 

respiratory specimens 

Dear Editor, 

We read with interest a recent paper in this Journal by Luzatti 

and colleagues, 1 who explored the significance of the presence of 

Herpes simplex virus (HSV) DNA in lower respiratory tract (LRT) 

specimens for the diagnosis of HSV pneumonia in immunocom- 

promised patients. The authors underlined the difficulty in gauging 

the clinical relevance of such a laboratory finding in the absence 

of histopathological data, as HSV shedding in the LRT may occur in 

the absence of disease. The interpretation of real-time PCR results 

for diagnosis of Pneumocystis jirovecii (PJ) pneumonia (PJP) faces an 

analogous challenge, since the presence of PJ DNA in LRT may re- 

flect colonization (carriage) rather than infection. 2 There is limited 

information on the clinical value of PJ real-time PCR in diagnosing 

PJP in patients with hematological diseases; 3–6 this is exceedingly 

challenging as the sensitivity of direct examination procedures is 

suboptimal due to low fungal burdens. 3 

Here, we report on our experience on this matter. A total of 219 

episodes of pneumonia occurring in 192 consecutive patients with 

hematological disorders in which PJP was considered in the differ- 

ential etiological diagnosis were included. Of these, 127 episodes 

developed in patients undergoing either allogeneic hematopoietic 

stem cell transplantation-allo-HSCT- ( n = 86) or autologous-HSCT 

( n = 19), and 92 in non-transplant patients (acute leukemia, n = 61; 

lymphoma, n = 16; chronic leukemia, n = 8; others, n = 2). The pa- 

tients were attended at the Hospital Clínico Universitario-HCU- 

( n = 100) or at the Hospital Universitario Politécnico “La Fe” –HLF- 

( n = 92) between June 2014 and August 2019. No patients in the 

cohort tested positive for HIV. This study was approved by the re- 

spective hospital ethics committee and informed consent was ob- 

tained from all patients. 

A single specimen per episode was available for diagnosis (BAL 

fluids, n = 179; sputa, n = 22; TA, n = 17 and bronchial biopsy, 

n = 1). The RealCycler PJIR kit R © (Progenie Molecular, Spain) was 

used at HCU, and the Pneumocystis jirovecii Real Time PCR Detec- 

tion (CerTest Biotech; Zaragoza, Spain) was employed at HLF (see 

footnote in Table 1 ). Both assays target the large sub-unit of ri- 

bosomal (mtLSU) RNA gene. Preliminary experiments using 5 BAL 

specimens indicated that both assays yield comparable PCR cycle 

thresholds (C T s) (median, 28.2, range, 26.4–32.3 vs. median 27.5; 

range, 26.3–33.1, respectively; P = 0.89). 

All specimens tested negative by direct examination for PJ, 

whereas 27 were positive by real-time PCR (BAL, n = 18; sputa, 

n = 7, and TA, n = 2); Following stringent clinical, microbiological 

and imaging criteria ( Table 1 ), PJP was deemed to be the most 

probable diagnosis in 12 episodes occurring in unique patients. 

No histopathological confirmation of PJP was available for any 

patient. 

PCR C T values inversely correlate with fungal burden in the 

sample. 6 which is higher in patients with PJP than in colonized 

individuals. 2 Here, overall, PJ PCR C T s in specimens from patients 

with PJP tended to be lower than in PJ carriers ( P = 0.39); when 

only BAL fluid specimens were considered, the difference reached 

statistical significance (median, 29.0; range, 26.4–34.7 vs. median 

34.6; range, 30.0–41.0; P = 0.04). This finding is likely related to 

use of more standardized procedures for BAL fluid sampling. Re- 

ceiver operating characteristic (ROC) curve analysis showed that a 

threshold C T value of 30.0 in BAL specimens displayed a sensitivity 

of 85.7% (95% CI, 45.0–100%) and a specificity of 80% (95% CI, 40.8–

100%) for PJP diagnosis. A number of studies have established dif- 

ferent C T s cut-offs for that purpose, 6–9 . In our view, however, the 

variability in the performance of different PCR assays and sampling 

conditions, heterogeneity of patient populations, and in particu- 

lar the lack of a PJ international standard material for PCR result 

normalization precludes defining a consensus universal threshold 

nowadays. 

The absence of anti-PJ prophylaxis, treatment with corticos- 

teroids and serum LDH levels ≥400 U/L have been shown to be 

associated with PJP. 3 Here, patients not undergoing anti-PJ prophy- 

laxis were more likely to display a clinically significant PJ PCR re- 

sult ( Table 1 ). In turn, ROC curve analysis indicated that a cut-off

LDH value ≥400 U/L had a sensitivity of 81.8% (CI 95%, 59.0–100%) 

and specificity of 67% (95% CI, 34.0–99.3%) for PJP diagnosis. In 

univariate regression logistic models, serum LDH values ≥400 U/L 

were associated with a clinically significant positive PCR PJ re- 

sult (OR, 9.0; 95% CI, 1.2–63.8; P = 0.02). In contrast, corticosteroid 

use within the month before sampling was not different between 

mailto:victoire.de-lastours@aphp.fr
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Table 1 

Characteristics of patients testing positive by real-time PCR for Pneumocystis jirovecii according to their final clinical diagnosis. 

Parameter Pneumocystis jirovecii pneumonia a P value b 

Yes ( n = 12) No ( n = 15) 

Hematological disease in non-transplant patients 

Acute myeloid leukemia 3 3 0.97 

Non-Hodgkin’s lymphoma 2 1 

Acute lymphocytic leukemia 2 2 

Chronic lymphocytic leukemia 1 1 

Type of hematopoietic stem cell transplantation 

Allogeneic 1 7 0.07 

Autologous 3 1 

Detection/recovery of other microorganisms in respiratory specimens 

Yes 3 14 0.001 

No 9 1 

Specimen type in which Pneumocystis jirovecii was detected c 

Bronchoalveolar fluid 6 12 0.45 

Sputa 5 2 

Tracheal aspirate 1 1 

Antibiotic prophylaxis against Pneumocystis jirovecii d 

Yes 0 4 0.03 

No 12 11 

Treatment with trimethoprim-sulfamethoxazole upon detection of Pneumocystis jirovecii DNA by PCR 12 11 0.73 

Corticosteroid use in the previous month to specimen sampling 

Yes 2 4 0.66 

No 10 11 

Oxygen therapy 

Yes 9 13 0.63 

No 3 2 

Exitus 

Yes 4 e 8 0.44 

No 8 7 

a The probability of Pneumocystis jirovecii (PJ) pneumonia (PJP) for each patient was retrospectively evaluated by an expert committee including infectious diseases and 

microbiology specialists at both centers, on the basis of (i) documented PJ presence in respiratory specimens by microscopy; (ii) compatibility of clinical signs and symptoms 

(at least 2 of the following: subtle onset of progressive dyspnea, pyrexia, nonproductive cough, hypoxaemia and chest pain), (iii) compatible (suggestive) radiological findings 

(chest radiograph and/or high-resolution computed tomographic scan detection of interstitial opacities and/or diffuse infiltration infiltrates); (iv) complete resolution of 

symptoms after a full course of anti-PJP treatment; (v) absence of alternative diagnosis. The efficacy of therapy was assessed on a daily basis. PJP was ruled out if real-time 

PCR for PJ tested negative, or if clinical recovery occurred in the absence of PJ-targeted antimicrobial therapy. PJ colonization (carriage) was the most likely possibility when 

patients did not meet the above criteria and an alternate diagnosis was made. 
b Frequencies were compared using the χ2 test (Fisher exact test) for categorical variables. Two-sided exact P values were reported and P values ≤ 0.05 were considered 

statistically significant. The data were analyzed with the SPSS (version 20.0) statistical package. 
c Respiratory tract specimens were obtained following conventional procedures. Specimens were examined for presence of ascus or trophic forms of PJ by microscopy 

following blue toluidine, calcofluor white or Grocott’s methenamine silver staining. Cytospin preparations were prepared from BAL specimens for direct examination. Sputa 

and TA samples were mixed v/v with Sputasol (Oxoid, UK) and vortexed for 5 min. All samples were centrifuged at 30 0 0 g for 10 min, and the pellets were resuspended 

1/10 in 0.9% NaCl for further processing. For real-time PCR, DNA was extracted from 200 μL of specimens using the QIAamp DNA Blood Mini Kit (Qiagen, Hilden, Germany) 

on either QIA Symphony or EZ-1 platforms (Qiagen), following the manufacturer’s instructions. At HCU, a commercially-available real-time PCR assay previously evaluated 

by others, the RealCycler PJIR kit R © (Progenie Molecular, Spain), which targets the mitochondrial large sub-unit of ribosomal (mtLSU) RNA gene, was used according to the 

manufacturer’s instructions ( http://www.progenie- molecular.com/PJIR- U- IN.pdf ). At HLF, the commercially-available Pneumocystis jirovecii Real Time PCR Detection. (CerTest 

Biotech; Zaragoza, Spain), which also targets the large sub-unit of ribosomal (mtLSU) RNA gene, was employed following the manufacturer instructions ( https://www.certest. 

es/wpontent/uploads/2019/02/VIASURE _ Real _ Time _ PCR _ Pneumocystis _ jirovecii _ sp1.pdf ). At both centers PCR were performed in the Applied Biosystems 7500 fast real-time 

PCR platform (Applied Biosystems, CA, USA). PCR results were reported as positive or negative. For positive samples, threshold cycle (C T ) values were also recorded. No 

standard curve was generated with a positive control for quantitative estimations. 
d Antimicrobial prophylaxis for PJP was performed with trimethoprim-sulfamethoxazole (TMP/SMX), one double-strength tablet (160 mg TMP/800 mg SMX) given 2 (in 

allogeneic HSCT patients) or 3 times a week with oral folic acid (15,16). Patients with suspicion of PJP according to the attending physician were treated with TMP/SMX 

15–20 mg/kg (TMP) 75–100 mg/kg (SMX) per day for 2–3 weeks. 

Antimicrobial prophylaxis against PJ and of PJP occurrence 

Anti-PJ prophylaxis was in place in 114 episodes of pneumonia occurring in 85 transplant and 29 non-transplant patients, and not in the remaining 93 episodes (31 transplant 

and 62 non-transplant patients). This information could not be retrieved for 12 episodesAnti-PJ prophylaxis was in place in 114 episodes of pneumonia occurring in 85 

transplant and 29 non-transplant patients, and not in the remaining 93 episodes (31 transplant and 62 non-transplant patients). This information could not be retrieved for 

12 episodes. 
e In all these cases, death was attributable to PJP. 

patients with clinically significant PJ detection and PJ carriers 

( Table 1 ). 

Detection or recovery of other microbial agents (one or more) 

was documented in 17 of the 27 specimens testing positive by 

PJ PCR ( Table 2 ). In line with a previous report, 9 this microbio- 

logical finding was significantly less frequent ( P = 0.001) in spec- 

imens from patients with PJP than in colonized patients; in fact, 

microbial co-detection was inversely associated with PJP in uni- 

variate logistic regression models (OR, 0.024; 95% CI, 0.002–0.26; 

P = 0.002). 

Strengths of the current study are the following: (i) clinical cat- 

egorization of PJP was based upon stringent criteria defined by a 

multidisciplinary team; (ii) only hematological patients were in- 

cluded; (iii) a comprehensive routine investigation of microbial 

causes of pneumonia other than PJ was conducted; (iv) the expe- 

rience of two centers was collected. In addition to its retrospective 

nature, our study also has some limitations: (i) we cannot com- 

pletely rule out that some patients categorized as being PJ carriers 

did in fact have PJP, as most of these patients received full courses 

of TMP/SMX in combination with antimicrobials targeting other 

microbial agents. The lack of standardized criteria for PJP diagno- 

sis makes clinical misclassification of patients a potential drawback 

in studies such as ours, particularly when no positive microscopy 

or histopathology findings are available; (ii) although we evaluated 

http://www.progenie-molecular.com/PJIR-U-IN.pdf
https://www.certest.es/wpontent/uploads/2019/02/VIASURE_Real_Time_PCR_Pneumocystis_jirovecii_sp1.pdf
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Table 2 

Microbiological findings in patients testing positive for Pneumocystis jirovecii DNA by real-time PCR. 

Patient/clinical categorization Specimen Microorganisms detected or recovered a 

1/PJP BAL fluid Respiratory syncitial virus type B/ Candida albicans 

2/PJP BAL fluid Escherichia coli 

3/PJP BAL fluid Enterococus faecium 

4/Carriage Sputum Rhinovirus 

5/Carriage BAL fluid Aspergillus flavus 

6/Carriage BAL fluid Pseudomonas aeruginosa 

7/Carriage BAL fluid Coronavirus 229e 

8/Carriage Sputum Parainfluenza virus type 3 

9/Carriage BAL fluid E. coli 

10/Carriage BAL fluid Respiratory syncitial virus type B/ Aspergillus fumigatus 

11/Carriage BAL fluid Parainfluenza virus type 3 

12/Carriage BAL fluid Pseudomonas aeruginosa /Human metapneumovirus/ Aspergillus fumigatus 

13/Carriage BAL fluid Cytomegalovirus/ Aspergillus fumigatus 

14/Carriage BAL fluid Stenotrophomonas maltophilia /Human metapneumovirus 

15/Carriage BAL fluid Aspergillus fumigatus 

16/Carriage TA Parainfluenza virus type 3 

17/Carriage TA Parainfluenza virus type 3 

BAL, bronchoalveolar lavage; PJP, Pneumocysis jirovecii pneumonia; TA, tracheal aspirate. 
a As per our routine protocol, all specimens were examined by Gram and acid-fast bacilli stain. Samples were also examined for presence of respiratory viruses (RVs) 

using either the Luminex xTAG RVP Fast assay (Luminex Molecular Diagnostics, Austin, TX,USA) at HCU, or the CLART® PneumoVir assay (Genomica, Coslada, Spain) at 

both centers, as previously reported. 10 Semiquantitative (sputa) and quantitative (BAL and TA) cultures for bacteria were performed on conventional media: bacterial loads 

> 10 4 CFU/mL or > 10 5 CFU/ml were deemed to be clinically relevant on BAL fluids and TA samples, respectively. Specimens were cultured on BCYE-alpha agar, BD (Becton 

Dickinson) MGIT® ( Mycobacteria Growth Indicator Tube)/Lowenstein-Jensen agar slants and Sabouraud agar for recovery of Legionella pneumophila, Mycobacterium spp., and 

other fungal organisms, respectively. The Platelia TM Aspergillus Ag Kit (Bio-Rad, Hercules, CA, USA) was used for quantitation of Aspergillus spp. galactomannan in BAL fluid 

and serum specimens. All BAL fluid specimens underwent cytomegalovirus (CMV) PCR testing using the RealTime CMV PCR assay (Abbott Molecular) at HCU or the CMV 

R-GENE® assay (Biomerieux) at HLF, as previously reported. 10 

over 200 patients, only 12 presumptively had PJP; (iii) two differ- 

ent commercially-available PCR assays were used across centers. 

Nevertheless, we found them to yield rather comparable C T s. 

In summary, we found that a positive PJ PCR result in respi- 

ratory specimens from transplant and non-transplant hematologi- 

cal patients with pneumonia frequently reflects colonization rather 

than infection; PCR C T values in BAL fluids, serum LDH levels and 

lack of co-detection of other microorganisms potentially involved 

may be helpful in clinical categorization in the absence of positive 

by PJ microcopy results. 
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Epidemiology and case-control study of Lassa fever 

outbreak in Nigeria from 2018 to 2019 

Dear Editor , 

Poller et al., in this Journal, provided a useful consensus for 

use of personal protective equipment for managing high conse- 

quence infectious disease 1 . Although this was driven largely by re- 

cent Ebola virus disease emergencies, we should remind your read- 

ers of the continuing problem of Lassa fever (LF) in West Africa. 

LF is a febrile infectious disease caused by Lassa virus. The clin- 

ical presentation of the disease is nonspecific and includes fever, 

fatigue, hemorrhage, gastrointestinal symptoms, respiratory symp- 

toms, and neurological symptoms 2 . The observed case fatality rate 

among patients hospitalized with severe LF is 15–20% 

3 , 4 . The dis- 

ease is mainly spread to humans through contamination with the 

urine or faeces of infected rats 2 . Human-to-human transmission 

can occur through contact with the body fluids of infected per- 

sons. Therefore, health care workers are at high risk for infec- 

tion when the standard precautions for infection prevention and 

control including appropriate personal protective equipment are 

inadequate 5 . 

It is estimated that there are approximately 30 0,0 0 0 LF cases 

annually, resulting in approximately 50 0 0 deaths in West African 

countries 4 . In 2018, Nigeria had a large LF outbreak, and we pre- 

viously reported epidemiological characteristics of the outbreak, 

analyzing data collected between January and May 2018. 6 How- 

ever, information on laboratory-negative suspected cases was not 

enough to conduct a case–control study to fully determine the 

risk factors and clinical characteristics of the disease. Nigeria had a 

LF outbreak in 2019 as well. 7 Here we report the epidemiological 

and clinical characteristics of the outbreak including case–control 

analysis against laboratory-negative suspected cases using data col- 

lected between 1st January 2018 and 6th October 2019. 

From January to December 2018, there were 3498 suspected 

cases, including 633 laboratory-confirmed LF cases. In 2019, there 

were 4019 suspected cases reported by 6th October, including 

721 laboratory-confirmed LF cases. Details on the case definition, 

laboratory test, surveillance, and data collection have been de- 

scribed previously. 6 Of the confirmed LF cases, there were 171 fa- 

talities (case fatality rate, 27.0%) in 2018 and 154 fatalities (case 

fatality rate, 21.4%) in 2019. The number of laboratory-confirmed 

LF cases and positivity rate peaked in the dry season (January–

March) in both 2018 and 2019 ( Fig. 1 (A)). The largest number 

of laboratory-confirmed LF cases were reported from the neigh- 

boring Edo and Ondo states in both 2018 and 2019 ( Fig. 1 (B)). 

There were laboratory-confirmed LF cases in states such as 

Kebbi and Zamfara that had no reported cases previously, in 

2019. 

During the study period, the detailed demographic and clin- 

ical information was collected for 1305 laboratory-confirmed LF 

cases (of 1354 cases, 96.4%) and 3350 laboratory-negative sus- 

pected cases (of 6163 cases, 54.4%). Chi-square tests were con- 

ducted to compare the distribution of age, sex, and each symptom 

between the laboratory-confirmed LF cases and laboratory-negative 

suspected cases ( Table 1 ). The proportion of children was signifi- 

cantly lower in laboratory-confirmed LF cases compared with that 

in laboratory-negative suspected cases. The proportion of males 

was significantly higher in laboratory-confirmed LF cases than that 

in laboratory-negative suspected cases. 

Fever was the most prevalent symptom in both laboratory- 

confirmed LF cases and laboratory-negative suspected cases, fol- 

lowed by headache ( Table 1 ). Gastrointestinal symptoms, such as 

abdominal pain, vomiting, and diarrhea, were observed in more 

than 30% of laboratory-confirmed LF cases, whereas hemorrhag- 

ing was observed in 21.1% of laboratory-confirmed LF cases. While 

the prevalence of face/neck edema was low even in laboratory- 

confirmed LF cases (6.4%), nonetheless, the odds ratio of having 

face/neck edema was 6.0 times high for laboratory-confirmed LF 

cases. 

We here reported the LF outbreak in 2018–2019 largest 

recorded in history. While previous studies have focused on 

laboratory-confirmed LF cases and mainly compared fatal cases 

and survived cases, 6 , 8 , 9 our observation revealed the difference be- 

tween laboratory-confirmed LF cases and laboratory-negative sus- 

pected cases. The age and sex distribution differed significantly 

between laboratory-confirmed LF cases and laboratory-negative 

suspected cases. Fever, headache, and gastrointestinal symptoms 

were the most common symptoms in laboratory-confirmed LF 

cases, which are similar to those reported previously. 6 , 8 However, 

these symptoms were also prevalent in laboratory-negative sus- 

pected cases. Clinical guidelines for LF state that edema in the 

face and neck is a specific sign of the disease. 10 The present study 

found that the symptom had a significantly high odds ratio for 

mailto:david.navarro@uv.es
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Fig. 1. Temporal and geographical distribution of LF cases in Nigeria from 1st January 2018 to 6th October 2019 

(A) The epidemic curve of LF cases and trend of positivity rate. (B) States are colored according to the number of laboratory-confirmed LF cases. States that reported no cases 

are shaded in gray. 
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Table 1 

Age, sex, and symptoms distribution in laboratory-confirmed LF cases and laboratory-negative suspected cases. 

Category Variable Laboratory-confirmed 

LF case (%) 

Laboratory-negative 

suspected case (%) 

Odds ratio ∗1 95% confidence interval ∗1 

Age group (years) 0–9 112/1243 (9.0%) 581/3191 (18.2%) 0.45 0.36–0.55 

10–19 179/1243 (14.4%) 478/3191 (15.0%) 0.96 0.79–1.2 

20–29 280/1243 (22.5%) 693/3191 (21.7%) 1.0 0.90–1.2 

30–39 294/1243 (23.7%) 603/3191 (18.9%) 1.3 1.1–1.6 

40–49 171/1243 (13.8%) 346/3191 (10.8%) 1.3 1.1–1.6 

50–59 108/1243 (8.7%) 223/3191 (7.0%) 1.3 1.0–1.6 

60– 99/1243 (8.0%) 267/3191 (8.4%) 0.95 0.75–1.2 

Sex Female 542/1274 (42.5%) 1596/3244 (49.2%) 0.76 0.67–0.87 

Male 732/1274 (57.5%) 1648/3244 (50.8%) 1.3 1.1–1.5 

Symptom Fever 971/1019 (95.3%) 2112/2284 (92.5%) 1.6 1.2–2.3 

Headache 550/829 (66.3%) 1074/1719 (62.5%) 1.2 1.0–1.4 

Fatigue 443/746 (59.4%) 391/1321 (29.6%) 3.5 2.9–4.2 

Abdominal pain 425/776 (54.8%) 545/1353 (40.3%) 1.8 1.5–2.1 

Vomiting 388/741 (52.4%) 302/1237 (24.4%) 3.4 2.8–4.1 

Anorexia 276/666 (41.4%) 188/1212 (15.5%) 3.9 3.1–4.8 

Cough 221/661 (33.4%) 223/1221 (18.3%) 2.2 1.8–2.8 

Diarrhea 233/697 (33.4%) 159/1204 (13.2%) 3.3 2.6–4.2 

Nausea 187/648 (28.9%) 89/1164 (7.6%) 4.9 3.7–6.5 

Chest pain 168/627 (26.8%) 91/1145 (7.9%) 4.2 3.2–5.6 

Muscle pain 161/635 (25.4%) 87/1162 (7.5%) 4.2 3.2–5.6 

Hemorrhaging 132/625 (21.1%) 131/1145 (11.4%) 2.1 1.6–2.7 

Joint pain 102/611 (16.7%) 52/1137 (4.6%) 4.2 2.9–5.9 

Difficulty breathing 84/609 (13.8%) 77/1140 (6.8%) 2.2 1.6–3.1 

Altered state of consciousness 54/604 (8.9%) 34/1132 (3.0%) 3.2 2.0–4.9 

Face/neck edema 17/267 (6.4%) 10/896 (1.1%) 6.0 2.7–13.3 

Total ∗2 1305 3350 Not applicable Not applicable 

∗1 Odds ratios for laboratory-confirmed LF cases were shown. 95% confidence intervals were calculated using Chi-square test with Mantel–Haenszel common odds ratio 

estimate. 
∗2 Denominator varies for each variable because information on the age, sex, and/or symptom was missing in some cases. 

confirmed LF although the prevalence of this symptom was low. 

Unfortunately, we did not determine the differential diagnosis for 

the laboratory-negative suspected cases. Laboratory tests for the 

differential diagnoses are now underway for the LF-negative sam- 

ples collected during the outbreak. The results would provide us 

further insight for better clinical management of patients with 

febrile illnesses in LF-endemic areas. 

In addition to the standard precautions for infection prevention 

and control including appropriate personal protective equipment 

pointed out by Poller et al., 1 it is important to know epidemio- 

logical and clinical characteristics of high consequence infectious 

diseases such as LF. That would help healthcare workers and pub- 

lic health officers increase an index of suspicion of the diseases, 

further leading to better clinical management and surveillance. 
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Human pseudorabies virus infection: A new threat in 

China 

Dear Editor, 

Recently, several studies in this journal have demonstrated the 

threat of animal-derived viruses to humans. 1–3 Since 2018, an in- 

crease in human pseudorabies virus (PRV) infection cases has been 

reported in China, indicating a new animal-derived virus threat to 

human health. 

Porcine pseudorabies (PR), also known as Aujeszky’s disease, is 

one of the most economically important viral diseases in pigs glob- 

ally. Its causative agent is PRV, which is classified into the genus 

Varicellovirus of subfamily Alphaherpesvirinae , family Herpesviridae . 

PRV is almost always fatal in newborn piglets, is frequently accom- 

panied by neurological symptoms, and may cause abortions and/or 

stillbirths in pregnant sows. PRV primarily infects members of the 

Suidae family and can also infect other domestic and wild mam- 

mals, including horses, cattle, sheep, goats, dogs, cats, etc. Cur- 

rently, vaccination is the most effective strategy for PR prevention 

and control in pigs worldwide. 

In China, PRV infections in pigs were first recorded in 1947. 

In the 1970s, an inactivated vaccine consisting of the Bartha-K61 

vaccine strain was imported into China. Since then, this vaccine 

has been widely used in pig vaccination for PR prevention and 

control. Before 2011, no large PR outbreaks were reported in pigs 

in China. However, after late 2011, novel PRV wild-type variants 

emerged in nearly all regions of China and affected a number of 

swine herds vaccinated regularly with the Bartha-K61 vaccine, re- 

sulting in significant economic losses. 4 Subsequent animal exper- 

iments indicated that the Bartha-K61 vaccine could not provide 

complete protection for pigs against a challenge with novel PRV 

wild-type variants in China. For control and eradication of PR, the 

disease was listed in the “Mid- and Long-term Animal Disease Pre- 

vention and Control Program in China (2012–2020)” by the Chi- 

nese government, with the aim of eliminating PR in China by 2020 

( http://www.gov.cn/zwgk/2012-05/25/content _ 2145581.htm ). How- 

ever, vaccination for PRV is still voluntary and not required in 

China. A nationwide epidemiological investigation in 2014 demon- 

strated a high prevalence of 23.26% of PRV among swine herds in 

China. 5 

Humans were previously regarded as refractory for PRV infec- 

tion, although serological PRV antibody positivity was found in 

three cases. In 2018, the first human PRV infection case with di- 

rect molecular evidence was reported in China (Case 1, Table 1 ). 6 In 

this case, the eyes of a 46-year-old woman were directly exposed 

to sewage on a hog farm. In the following two weeks, symptoms of 

fever, headache, coma, and endophthalmitis were observed in the 

patient. Next-generation sequencing (NGS) indicated that PRV DNA 

was detected in her vitreous humor samples but not in her cere- 

brospinal fluid (CSF). After surgery, the patient was discharged, but 

her vision remained impaired. In a subsequent study, Zhao et al. 

mailto:furusey.kyoto@gmail.com
mailto:chikwe.ihekweazu@ncdc.gov.ng
https://doi.org/10.1016/j.jinf.2019.12.020
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2019.12.018&domain=pdf
http://www.gov.cn/zwgk/2012-05/25/content_2145581.htm
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analyzed CSF samples from four patients with encephalitis of un- 

known etiology using NGS (Cases 2–5, Table 1 ) and found molec- 

ular evidence of PRV infection. 7 In addition, retinitis and blindness 

was observed in two cases (Cases 2, 5, Table 1 ), and the patient 

in Case 3 died. The occupation of the four patients was all asso- 

ciated with pork production/sale/cooking. In 2019, six other hu- 

man PRV infection cases involving encephalitis were reported in 

China, and all patients were pork/pig handlers or veterinarians. 8–10 

It was noted that all patients still suffered from various sequelae 

after discharge, except for in one case where the patient died. 

Increasing reports on human PRV infection cases in China 

have recently indicated that PRV poses a significant threat to 

public health in China, especially in people in close contact with 

sick pigs and/or related pork products/contaminants. To reduce 

the risk of PRV infection in susceptible workers, it is necessary 

to promulgate relevant policies by the Chinese government to 

promote PR vaccine development to protect pigs from infection 

with novel PRV wild-type variants currently circulating in China. 

In addition, relevant policies should be updated by the Chinese 

government to monitor vaccination status and virus variation in 

pigs nationwide. Moreover, it seems that PRV can infect humans 

via injury to the skin or eyes. Until now, no effective drugs to 

prevent the progression of the disease caused by PRV infection 

have been reported. Therefore, it is necessary to improve biosafety 

and self-protection awareness in susceptible populations that have 

contact with sick pigs and work in jobs related to handling pork 

products/contaminants. Promoting drug development for curing 

PRV-related disease in infected patients may also help reduce the 

currently increasing threat of PRV to human health in China. 
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Detection of mobile colistin resistance gene mcr-9 in 

carbapenem-resistant Klebsiella pneumoniae strains of 

human origin in Europe 

Dear Editor, 

The emergence and spread of Gram-negative bacteria, for 

example, Klebsiella pneumoniae , co-producing carbapenemases 

and mobilized colistin resistance ( mcr ) genes limit our choice for 

treating multidrug-resistant infections, posing significant threats to 

public health. Herein, we reported the discovery of mcr-9 gene in 

28 K. pneumoniae strains isolated from patients in eight European 

countries, including Belgium ( n = 2), Denmark ( n = 1), Montenegro 

( n = 13), Poland ( n = 1), Romania ( n = 1), Serbia ( n = 1), Slovenia 

( n = 1), and Spain ( n = 7). Notably, the co-existence of mcr-9 and 

the carbapenemase-encoding genes, NDM-1, VIM-1, and OXA-48 

were confirmed in K. pneumoniae isolates of human origin. Phy- 

logenetic analysis suggested that mcr-9 -carrying K. pneumoniae 

isolates, including 23 carbapenem-resistant and five susceptible 

K. pneumoniae strains, show a highly geographically clustered 

pattern. Genetic environment analysis revealed the presence of 

insertion element IS903, IS1 or a cupin fold metalloprotein, wbuC, 

in the mcr-9 flanking. Taken together, these findings indicated 

that mcr-9 has existed for a long time and already spread among 

CRKP isolates of human origin in Europe since 2013, further 

increasing the significant threat of public health through either 

the nosocomial spread or environmental routes. 

The mobilized colistin resistance ( mcr ) gene mcr-9 was detected 

in 28 human gut microbiomes, which has been disseminating 

across three continents, including Asia, Europe and America, 

recently published in the Journal of Infection. 1 The rapid in- 

crease in carbapenem resistance among Gram-negative bacteria 

worldwide has greatly compromised the efficacy of carbapenem 

antibiotics, which has gotten renewed attention to the importance 

of polymyxin antibiotics for multidrug-resistant (MDR) infections. 

Recently, Sophia David and colleagues 2 reported the epidemic 

of carbapenem-resistant Klebsiella pneumoniae (CRKP) in Europe, 

which raised concern that mobile carbapenemase resistance de- 

terminants were widely spread in European hospital settings, 

and inter-hospital spread is far more frequent within, rather than 

between, countries. However, limited information regarding the 

co-occurrence of carbapenemases and mcr genes in the Kleb- 

siella pneumoniae ( K. pneumoniae ) isolates have been provided. 

Plasmid-mediated resistance genes mcr as well as tet (X3/X4) 

have been widespread in bacterial species of animal, human, and 

environment origin as well as human and animal gut microbiomes 

worldwide, where is a huge ARG reservoir with a high horizontal 

gene transfer possibility. 1 , 3 –5 Several studies 6 –8 illustrated that 

the newly described mcr-9 has spread beyond the United States 

into Europe and Asia, and into other Enterobacteriaceae species. 

Of clinical concern is the inevitable spread of a plasmid harboring 

the mcr-9 gene into a CRKP isolate, which has been listed by the 

World Health Organization as a critical priority antibiotic-resistant 

bacterial pathogen for which new antibiotics are urgently needed. 9 

In response to this potential clinical problem, we download > 

1717 K. pneumoniae genomes isolated from 244 hospitals in 32 

European countries 2 and the 14,764 complete bacterial genome 

sequence (accessed 26 July 2019), and explored the distribution of 

plasmid-mediated resistance genes mcr and tet (X3/X4). 

We are surprised to find that the complete mcr-9 gene 

(nucleotide = 100%) was present in 28 K. pneumoniae isolates of 

1717 K. pneumoniae strains from Belgium ( n = 2), Denmark ( n = 1), 

Montenegro ( n = 13), Poland ( n = 1), Romania ( n = 2), Serbia ( n = 1), 

Slovenia ( n = 1), and Spain ( n = 7) (Table S1). Additionally, 23 of 

the 28 K. pneumoniae isolates of human origin were CRKP strains 

and only five were carbapenem-susceptive isolates (Table S1). 

As reported, these mcr-9 -harbouring strains were isolated from 

patients in Europe between 2013 and 2014. These results suggest 

that mcr-9 gene might have been presented in Europe for a long 

time and already spread to the CRKP isolates, which is a major 

cause of both hospital- and community-acquired infections. 2 

To further analyze these mcr-9 -positive K. pneumoniae iso- 

lates, the resistome of the draft genome was analyzed using the 

Comprehensive Antibiotic Resistance Database. 10 Interestingly, the 

mcr-9 gene was co-existed with various carbapenemase-encoding 

genes: in eleven isolates with NDM-1, eight with VIM-1, and two 

with OXA-48 ( Fig. 1 (A)). It should be noted that the mcr-9 - and 

NDM-1-carrying isolates were distributed in Denmark ( n = 1), 

Montenegro ( n = 8), Romania ( n = 1), and Serbia ( n = 1), as well 

as several other beta-lactam resistance determinants (for exam- 

ple, TEM-1, CMY-16, OXA-10 and SHV-11) ( Fig. 1 (A) and Table 

S1). Moreover, the mcr-9 - and VIM-1-harbouring isolates were 

dominant in Spain ( n = 7) and Slovenia ( n = 1), as well as two 

beta-lactamase-encoding genes (non-carbapenemases) (CTX-M-9 

and SHV-11) ( Fig. 1 (A) and Table S1). It is worrying that a CRKP 

isolate from Spain in 2014 was carrying mcr-9 , VIM-1, and OXA-48 

genes simultaneously. The presence of mcr-9 in CRKP isolates from 

patients is of critical importance as mcr-9 could be present in 

hospital-borne outbreaks CRE strains in the future. 

From whole-genome shotgun (WGS) data of the 28 mcr- 

9 -positive K. pneumoniae isolates, sequences types (STs) were 

extracted and assigned to nine different types, i.e. , 274, 461, 15, 

16, 416, 1890, 37, 1942, and 147 ( Fig. 1 (A)). Phylogenetic analysis 

mailto:LG@scau.edu.cn
mailto:guihongzh@scau.edu.cn
https://doi.org/10.1016/j.jinf.2019.12.018
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2019.12.016&domain=pdf


Letters to the Editor / Journal of Infection 80 (2020) 578–606 589 

Fig. 1. (A) Phylogenetic analysis of mcr-9 -positive Klebsiella pneumoniae isolates . The 28 K. pneumoniae strains were isolated from patients in eight European countries. 

+ : Positive, −: Negative. (B) Comparison of the genetic environment of the mcr-9 gene in different bacterial genomes. Bacterial genomes is consisted of plasmids 

pCTXM9_020038 (GenBank accession number CP031724.1), pME-1a (GenBank accession numbers CP0417334), and pMRVIM0813 (GenBank accession number KP975077), and 

contigs from UKQD010 0 0 024 (this study), UIVF010 0 0 040 (this study), E. coli 68A (GenBank assembly GCA_90 050 0325.1) and S. Typhimurium HUM_TYPH_WA_10_R9_3274 

(NZ_NAAN010 0 0 063) (NCBI RefSeq accession number GCF_002091095.1). Blue shading denotes regions of shared homology among different contigs. Colored arrows indicate 

open reading frames, with orange, dark blue, and red arrows representing others, mobile elements, and antibiotic resistance genes, respectively. 

suggested that mcr-9 -carrying K. pneumoniae isolates show a highly 

geographical clustering pattern 

2 ( Fig. 1 (A)). Isolates from patients 

in the same hospital were clustered into one clade, for example, 

in Spain and Montenegro. Overall, the K. pneumoniae isolates from 

different countries were genetically diverse, suggesting that the 

mcr-9 -positive K. pneumoniae isolates were also genetically diverse 

and that mcr-9 could disseminate among different K. pneumoniae 

isolates, mainly by nosocomial transmission. 2 Nowadays, all 

known mcr genes have been detected in various Gram-negative 

bacterial species, whereas a small number of studies have shown 

the presence of mcr-1, mcr-3, mcr-7 , and mcr-8 in K. pneumoniae 

isolates from animal and human origin at relatively low detection 

rate. 11 –14 The presence of mcr-9 in the CRKP isolates indicated 

that this novel mcr gene may already be widely spread among K. 

pneumoniae isolates of human origin in Europe. 

We subsequently searched mcr-9 gene in 14,764 complete bac- 

terial genome sequence and NCBI-nr database (14 October 2019) 

in the NCBI, to fully understand the prevalence of mcr-9 gene in 

Klebsiella species isolates. Interestingly, the mcr-9 gene (identity 

> 99% and 100% query coverage) was present in various bacterial 

genomes, including three Klebsiella species isolates consisting of 

K. pneumoniae ( n = 4), K. quasipneumoniae ( n = 1), and K. oxytoca 

( n = 3) (Table S3). Therefore, further studies focusing on the epi- 

demiology and transmission mechanism of mcr genes, in particular 

mcr-9 in Klebsiella species of human origin are warranted to better 

understand the public health threat of emergence of antibiotic 

resistance among clinical K. pneumoniae . 

Contigs carrying mcr-9 in 28 K. pneumoniae isolates could 

be classified into two groups (for example, GCA_900513855.1 

and GCA_900501685.1) (Table S2). Genetic environments analysis 

indicated that the presence of insertion element IS903 and wbuC 

(a cupin fold metalloprotein), in the mcr-9 (GCA_900513855.1, 

∼28 kb) upstream and downstream flanking, respectively, 

similar to (identity > 99%) the plasmid sequences of pME-1a, 

pCTXM9_020038, and pMRVIM0813, and contigs from of E. coli 

isolate 68A and NZ_NAAN010 0 0 063 from Salmonella 15 ( Fig. 1 (B)). 

Additionally, mcr-9 in another contig ∼8.7 kb was in the up- 

stream of two insertion element IS1 and IS30 0 0, as well as a 

beta-lactamase-encoding resistance gene CTX-M-9, which similar 

to the plasmid sequence of pMRVIM0813. We did not detect the 

downstream regulatory genes (qseC and qseB) found in the isolates 

that harbor mcr-9 . 8 , 16 Moreover, we were unable to determine 

whether a complete IS903 element is upstream due to a short 

mcr-9 -bearing contig that is available for comparison ( Fig. 1 (B)). 

Therefore, a long-read sequencing coupled with a hybrid assembly 

method is needed to fully evaluate and monitor the transfer and 

development of ARGs, especially mcr-9 among CRKP isolates. 

Although two unique plasmid-mediated tigecycline resistance 

genes firstly discovered in bacteria of animal origin in China 

and subsequently identified in many bacterial isolates of human, 

animal and environment origin, including Klebsiella species, as 

well as human and animal gut microbiomes, 1 , 4 , 5 none of them 

was detected in the 1717 K. pneumoniae strains in Europe. 

In summary, we reported the discovery of mcr-9 gene in 28 

clinical K. pneumoniae strains of human origin in eight European 

countries. Importantly, the mcr-9 gene was co-existed with dif- 

ferent carbapenemase-encoding genes in the same strains. The 

spread of mcr-9 , NDM-1, VIM-1, and OXA-48 and other beta-lactam 

resistance determinants (non-carbapenemase) carrying by CRKP 

appears likely to be by plasmid dissemination, as the genes 

identified in isolates belonging to a diverse set of STs distributed 

in different hospitals in Europe. It is noteworthy that all these 

mcr-9 -positive CRKP strains were isolated between 2013 and 2014, 

highlighting an earlier presence of mcr-9 among CRKP around the 

world than previously known. These findings raise the likelihood 

of ongoing undetected mcr-9 gene spread among CRE strains. 

Therefore, further study is urgently needed to understand the 

prevalence and dissemination of mcr-9 , especially in CRE and 
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CRKP strains, and effective measures should be taken to control its 

spread. 
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Management and control of an outbreak of 

vaccine-preventable severe pneumococcal disease at a 

shipyard in Norway 

Dear Editor , 

The interesting systematic review by Amin-Chowdhury and col- 

leagues provides information about outbreaks of severe pneumo- 

coccal disease (SPD) in closed settings that occurred in the conju- 

gate vaccines era 1 . It shows that vaccine-type SPD outbreaks are 

still occurring and it highlights the lack of consensus on how to 

manage such outbreaks. In the following, we will describe how we 

managed a recent outbreak of SPD in Norway. 

In March 2019, Møre and Romsdal Hospital Trust notified the 

Norwegian Institute of Public Health (NIPH) about a cluster of 
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Fig. 1. Epidemiological curve, by sampling date, on outbreak of severe pneumococcal disease in Møre and Romsdal county 2019. X: sequence type 801. T: ST 15,063. One 

case did not have any samples taken, and is hence not plotted on the curve. 

SPD amongst men working in shipyards in Møre and Romsdal 

county. Serotype data from NIPH were available for nine of the 

cases – all were serotype 4. The majority of cases had been work- 

ing at one specific shipyard. Municipal medical officers (MMO), the 

Norwegian Labour Inspection Authority (NLIA), and NIPH formed 

a multidisciplinary outbreak team to investigate and control the 

outbreak. 

We formed specific case definitions: each case had to have 

resided in Møre and Romsdal county in the period from 1. January 

2019 onwards AND: Confirmed : had invasive pneumococcal disease 

(IPD) with serotype 4 isolated from a normally sterile site. Proba- 

ble : worked at the specific shipyard AND had a clinical presenta- 

tion compatible with lower respiratory tract infection or IPD, but 

without microbiological confirmation OR serotype 4 isolated from 

a non-sterile medium (e.g. nasopharyngeal swab or sputum cul- 

ture). 

We identified 20 cases, ten confirmed and ten probable in the 

period between 28. January and 3. April ( Fig. 1 ). All available iso- 

lates were serotype 4 (10 confirmed, 7 probable) and were sus- 

ceptible to penicillin. Fifteen isolates were sequence type (ST) 801, 

while two were a single locus variant of 801, ST 15,063. 

All cases were men between 20 and 60 years, with a mean age 

of 47 years. Fifteen were hospitalized. Four were Norwegian cit- 

izens, the remaining came from other European countries. Seven 

cases smoked. One case had an underlying medical risk condition. 

Immunization history against pneumococci were unknown for all. 

The cases had several professions; mostly related to interior outfit- 

ting and metal welding. Approximately 1800 individuals worked at 

the shipyard in the time period. Many of them lived in temporary 

accommodation. At an on-site inspection of the shipyard, NLIA ob- 

served a polluted atmospheric work environment and little use of 

personal protective equipment. 

Several measures were put in place to control the outbreak, 

including information and advice to raise symptom awareness 

and to reinforce hand and respiratory hygiene, vaccination and 

occupational corrections. Local medical clinics and hospital were 

alerted about the outbreak and advised to have a low threshold to 

admit and treat suspected cases. MMO held information meetings 

with shift leaders, and written information about SPD in several 

languages was distributed to workers to increase SPD awareness. 

Intensified hygiene measures were implemented at the ship yard 

and housing quarters. 

NLIA ordered immediate occupational corrections related to 

controlling the atmospheric work environment. NIPH recom- 

mended vaccination with the 13-valent conjugate vaccine (PCV13) 

to interrupt transmission and prevent disease. Both the PCV13 and 

the 23-valent polysaccharide vaccine provide protection against 

serotype 4, but PCV13 was preferred as this may also affect col- 

onization. As several work tasks were conducted in parallel pro- 

cess in confined spaces with suboptimal ventilation, we were 

unable to identify a single target group for vaccination. Hence, 

the shipyard offered vaccination to all workers. Occupational 

health service promptly vaccinated all workers during a four-day 

period. 

Contrary to the majority of studies included in the systematic 

review, NIPH did not recommend chemoprophylaxis. As the work- 

ers were otherwise healthy (i.e. no high risk group like old age, 

immunocompromising conditions etc.), and since it was impossible 

to target a specific group of workers, NIPH deemed it undesirable 

to distribute antibiotics to 1800 asymptomatic workers, with the 

possibility of inducing antimicrobial resistance and possible side 

effects. 

Due to high turnover of personnel it was not possible to cal- 

culate an attack rate. We did not find any new cases after control 

measures were implemented. No deaths have been reported in re- 

lation to the outbreak. 

This outbreak closely resembles one of the outbreaks described 

in the systematic review; between April and June 2015, an out- 

break with serotype 4, ST 801 occurred at a shipyard in Belfast 2 . 

We are also aware of an outbreak this fall, 2019, at a shipyard in 

Finland with serotype 4 (ST 801), 8 and 12F 3 . Although welders are 

a known risk group for SPD, 4 in all these three outbreaks, people 

who worked closely alongside welders were also infected. In addi- 

tion to exposure to welding fumes, the crammed and poorly ven- 

tilated working conditions, and possibly housing conditions, may 

have increased the risk of developing SPD and facilitated the trans- 

mission of pneumococci in this closed setting. Overall, this Norwe- 

gian outbreak extends the knowledge about how to manage and 

control outbreaks of SPD in closed settings. 
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Leishmania infection in psoriasis 

Dear Editor, 

In this Journal Brunet and colleagues 1 discussed reactivation 

of latent infections in the context of chronic disease, solid or- 

gan transplantation or long-term immunosuppressive treatment. 

We recently observed the reactivation of Leishmania infection in 

a 46-year-old patient receiving methotrexate for psoriasis, who 

was diagnosed with visceral leishmaniasis (VL) showing a muco- 

cutaneous involvement. We analyzed the epidemiologic and clini- 

cal characteristics of all cases of leishmaniasis in patients with pso- 

riasis found through a review of the literature. 

Our patient was admitted into the Infectious Disease Unit of 

Paolo Giaccone hospital, in Palermo, with a painless and ulcerated 

Figs. 1a and b. Ulcerated lesions by Leishmania onto the oral mucosa (a) and right 

foot (b) in a 46-year-old patient with psoriasis. 

lesion onto the oral mucosa ( Fig. 1a ), two nodular ulcerated lesions 

on the right knee and another one on instep of the right foot ap- 

peared one month before ( Fig. 1b ). The patient did not travel out- 

side Italy during the last year. He had been suffering from low- 

grade fever in the last month. 

Considering the above findings leishmaniasis was suspected 

and a needle aspiration of oral and cutaneous lesions was ar- 

ranged in order to perform microscopy and Leishmania-PCR, which 

were positive for Leishmania. Laboratory tests exhibited: WBC 

4970/mmc, Hb 13.9 g/dl, C Reactive Protein, 26.9 mg/L; positive 

serology for Leishmania (IgG 1/3200) and positive Leishmania- 

PCR test on peripheral blood. Abdominal US examination revealed 

splenomegaly (14 cm); methotrexate was suspended and liposomal 

Amphotericin B, 4 mg/kg per day for 10 days, followed by two fur- 

ther administrations two weeks later was started. Cutaneous and 

mucosal lesions improved at the end of the first 10 days of therapy 

and completely vanished after two further administrations, 40 days 

from the beginning of treatment. Leishmania-PCR on peripheral 

blood after 10 days of therapy was negative. 

Table 1 shows the literature data about characteristics, therapy 

and outcome of patients with psoriasis and leishmaniasis. 

Leishmaniasis is a vector-born chronic infectious disease caused 

by protozoa of the genus Leishmania and transmitted to humans 

by the bite of phlebotomine sandflies. In Europe, the Mediter- 

ranean countries are the most affected areas. Leishmania parasite 
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Table 1 

Detailed characteristics of patients with psoriasis or psoriatic arthritis in whom leishmaniasis developed. 

First author Year 

Number of patients 

Risk factors for 

Leishmania 

infection 

Age, y/sex Disease Immunosuppressive 

treatment 

Duration 

months 

Form of 

Leishmania 

Infection 

PCR Microscopy. Serology Treatment Suspension 

of immuno- 

suppressive 

therapy 

Outcome 

Romani-Costa et al., 2004, 

Enferm Infecc Microbiol 

Clin 

Endemic area 

Spain 

55/M PSA Infliximab 9 VL Meglumine antimoniate Cured 

Saha et al., 2006, Br J 

Dermatol 

Traveler returning 

from Mexico, Spain, 

Greece, Malta and 

Turkey 

37/M PSA Metotrexate 

Sulfasalazine 

36 CL Pos SB Pos SB Pos Iv sodium 

stibogluconate 

NR Cured 

Balato et al., 2008, 

Dermatology 

Endemic area 

Italy 

42/M P Efalizumab 

cyclosporina 

24 VL Pos BM 

Pos 

PB 

Pos BM Pos None Yes Cured 

Tektonidou and Skopouli, 

2008, Clin Rheumatol 

Endemic area 

Greece 

45/M PSA Methotrexate 

Infliximab Prednisolone 

60 VL Pos 

BM 

Neg 

BM 

Neg Lyophilized 

amphotericin 

Yes Cured 

De Leonardis et al., 2009, 

Clin Exp Rheumatol 

Endemic area 

Italy 

63/M PSA Methotrexate 

Infliximab 

azathioprine prednisolone 

36 VL ND PosBM Neg Liposomal amphotericin 

B 

Yes Cured 

Khan et al., 2010, BMJ 

case rep 

Traveler returning 

from Malta 

74/F PSA Adalimumab 

methotrexate 

21 CL 

VL 

Pos BM 

Pos SB 

pos BM 

pos SB 

pos Intralesional 

meglumine antimoniate 

and liposomal 

Amphotericin 

Yes Cured 

Romero-Mate et al., 2012, 

Dermatol Online J 

Endemic area 

Spain 

59/F PSA Adalimumab 

methotrexate 

84 CL Pos neg ND Intralesional 

meglumine antimoniate 

No Cured 

Besada et al., 2013, 

Rheumatol Int 

Traveler returning 

from 

southern Spain 

72/F PSA Methotrexate Etanercept 288 VL Pos BM Pos BM ND Liposomal amphotericin 

B 

Yes Cured 

Hernandez-Torres et al., 

2013, Scand J Infect Dis 

Endemic area 

Spain 

50/M P Corticosteroids 

infliximab 

36 CL Pos SB Pos SB Pos Liposomal amphotericin 

B 

Yes Cured 

Guedes-Barbosa et al., 

2013, Semin Arthritis 

Rheum (two patients) 

Endemic area 

Brazil 

39/M 

50/M 

PSA (2) Prednisone 

methotrexate adalimumab 

(2) 

Infliximab (1) 

12 

14 

MCL 

CL 

ND 

ND 

Pos SB 

Pos SB 

NDND Meglumine antimoniate 

(2) 

No 

Yes 

Cured 

Cured 

Hadjipetrou et al., 2014, 

Infez Med 

Endemic area 

Greece 

65/M PSA Methotrexate 24 VL Pos BM Pos BM Pos Liposomal amphotericin 

B 

Yes Cured 

Catala et al., 2014, Actas 

Dermosifiliogr 

Endemic area 

Spain 

33/M PSA Infliximab 24 CL ND Pos SB 

Neg BM 

Pos Intralesional 

meglumine antimoniate 

Yes Cured 

Rakotonarivo et al., 2018, 

JAAD case rep 

Traveler returning 

from Morocco 

62/M P Methotrexate 

ustekinumab 

4 CL Pos SB Pos SB ND Intralesional 

meglumine antimoniate 

oral 

miltefosine for 28 days 

Yes Cured 

Guarneri et al., 2017, 

Wien Med Wochenschr 

Endemic area 

Italy 

65/M PSA Golimumab cyclosporina 

metotrexate 

steroids 

48 ML, VL ND posBM 

posSB 

Pos Liposomal amphotericin 

B 

Yes Cured 

Hernandez Bel et al., 

2018, Arch Soc Esp 

Oftalmol 

Endemic area 

Spain 

72/M PSA Prednison 

metotrexate 

adalimumab 

60 CL Pos Pos ND Intralesional injections 

of meglumine 

antimoniate 

Yes Cured 

Martinez-Domenech et 

al., 2019, Br J Dermatol 

(four patients) 

Endemic area 

Spain 

1 pt 34/F 

1pt40/F 

1pt 71/M 

1 pt 53/M 

P (3) 

PSA (1) 

Adalimumab (4) 

Etanercept (2) 

Metotrexate (2) 

17 

96 

2 

24 

CL (4) ND (1) 

pos SB (3) 

pos SB(2) 

neg SB (2) 

neg(4) Intralesional injections 

of meglumine 

antimoniate (4) 

Yes (3) 

No (1) 

Cured 

(4) 

Caroleo et al., 2019, Curr 

Drug Saf 

Endemic area 

Italy 

48/M PSA Prednisone 

Metotrexate 

cyclosporine Adalimumab 

12 CL ND Pos SB ND Intralesional injections 

of meglumine 

antimoniate 

Yes Cured 

Present case Endemic area 

Italy 

46/M P Methotrexate 180 VL, MCL pos SB pos 

PB 

ND Pos Liposomal amphotericin 

B 

Yes Cured 

Number in parentheses indicates the number of patients of each article reporting the characteristic of the column header. M, male; F, female; P, psoriasis; PSA, psoriatic arthritis; CL, cutaneous leishmaniasis; VL, visceral 

leishmaniasis; ML, mucosal leishmaniasis; MCL, mucocutaneous leishmaniasis; pos, positive; neg, negative; SB, skin biopsy; BM, bone marrow; PB, peripheral blood; ND, not done. 
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establishes chronic intracellular parasitism, survives for an infected 

person’s lifetime and, in the event of major immune deficiency, 

may be reactivated from sites of latency. Leishmaniasis can present 

with a spectrum of clinical manifestations and three patterns of in- 

fection are described: cutaneous (CL), mucosal or mucocutaneous 

(ML or MCL) and visceral leishmaniasis (VL). The infecting species 

of Leishmania is very important in determining the clinical man- 

ifestations and the host immune response is crucial in determin- 

ing the clinical outcome of infection 

2 . Today, non-HIV related im- 

munosuppressive conditions are becoming increasingly prevalent, 

mainly because of better medical care of patients with chronic 

illnesses and the therapeutic use of immunosuppressive drugs. 

In the field of rheumatology, leishmaniasis has been reported in 

association with the use of various immunosuppressive drugs. 3 

The introduction of tumor necrosis factor-alpha (TNF- α) antagonist 

drugs has received much attention recently and several cases of 

VL have been reported in rheumatic patients who do anti-TNF α
drugs. 4 

Psoriasis is a chronic inflammatory autoimmune disease affect- 

ing 2–3% of the world’s population and characterized by an aber- 

rant hyper-proliferation of keratinocytes. The pathogenesis of pso- 

riasis is complex. Genetic susceptibility, environmental triggering 

factors and an over-reaction of local innate immune response initi- 

ate inflammation. Subsequent involvement of adaptive immune re- 

sponse with production of Th 

1 cytokines, chemokines and growth 

factors lead to epidermal hyperplasia. 5 

Recently, a functional role of interleukin-17-producing T helper 

cells (Th17) in psoriasis has been suggested by their reduction 

during successful anti-TNF treatment. 6 It is also known that Th17 

lymphocytes play an essential role in protecting against intracel- 

lular protozoa and in the successful clearance of Leishmania by 

strengthening the Th1 response. 7 In view of this, it could be ar- 

gued that psoriasis may represent a protective factor for Leishma- 

nia infection. Indeed, in our review we did not found any case of 

leishmaniasis in psoriatic subjects who were not under immuno- 

suppressive therapies. 

Biological agents, which are powerful immunosuppressive 

drugs, have been more and more used in rheumatic patients and 

Leishmania infections have been reported among anti-TNF-agents 

users. 8 Recently Maritati et al. found higher prevalence of subclini- 

cal leishmaniasis in patients with inflammatory rheumatic diseases 

receiving biological drugs than those treated with other immuno- 

suppressive drugs. 9 However, leishmaniasis has also been reported 

in psoriatic patients not receiving biological drugs, as occurred to 

our patient ( Table 1 ). 

Diagnosis of CL in psoriatic patients is challenging, as it mim- 

ics many other infections or a flare-up of psoriasis itself that can 

lead to ineffective and harmful changes of therapy. Immunosup- 

pressive therapies cause atypical manifestations of leishmaniasis 

with large lesions spread over large cutaneous areas and associ- 

ated to a possible mucosal involvement. ML by L. infantum is very 

rare and only sporadically described in patients receiving powerful 

immunosuppressive therapies or in HIV-coinfected patients. MCL 

is mostly observed in Latin America where L. braziliensis accounts 

for most cases, but L. panamensis, L. guyanensis, and L. amazonen- 

sis have also been implicated. Only rarely cutaneous lesions extend 

to areas of skin distant from the mucosa involved, as in our case 

in which two lesions on the foot and knee were associated with 

the oral lesion. In the context of impaired immunity, it is also ad- 

visable to rule out VL by PCR-Leismania on peripheral blood so as 

to establish the most appropriate therapy: intralesional or intra- 

venous. 

Finally, there is no agreement on appropriate screening for 

leishmaniasis before immunosuppressive treatments and on the 

strategy to be followed after the diagnosis of leishmaniasis in 

rheumatic patients taking immunosuppressive drugs. 10 Molecular 

methods are highly sensitive and specific tools for the diagnosis of 

visceral leishmaniasis and a screening with Leishmania-PCR in im- 

munosuppressed patients living in endemic areas could be useful 

to identify patients at highest risk of reactivation. 9 

Specific leishmaniasis treatment followed by suspension of the 

immunosuppressive therapy was adopted by most of the authors. 

Overall even if the treatment response is not as good as seen in the 

immunocompetent population, our review reports a good outcome 

in all cases and patients remained relapse-free without mainte- 

nance therapy and despite the ongoing use of immunosuppressive 

medication. 

In conclusion physicians must be alert to the possibility of de- 

velopment of leishmaniasis in immunosuppressed rheumatic pa- 

tients. Adequate screening for VL should be incorporated into the 

list of baseline studies to carry out before initiating biologic thera- 

pies, at least in endemic areas. 
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Challenges to develop an equine herpesvirus vaccine in 

China 

Dear Editors, 

As demonstrated in several studies in Journal of infection , her- 

pesviruses pose an increasing threat to human health. 1–3 According 

to International Committee on Taxonomy of Viruses (ICTV), equine 

herpesviruses (EHVs) belong to the family Herpesviridae . Until now, 

a total of 9 EHV species types have been determined in equines, 

viz. EHV1–EHV9. 4 Among them, EHV1 and EHV4 are the most rel- 

evant herpesviruses affecting equines. Both EHV1 and EHV4 infec- 

tion are associated with upper respiratory tract disease, but only 

EHV1 infection could cause abortion and myeloencephalitis. EHV1 

and EHV4 are prevalent in equines on all continents and have con- 

siderable economic impact on the horse industry. 5 

In China, the number of equines is very large, reaching to be ∼
6.8 million in 2018 ( http://www.stats.gov.cn/tjsj/zxfb/ ). EHV infec- 

tion in equines was first reported in China in 1980, and the epi- 

demiological investigation since then indicated EHV was prevalent 

in the equine population in all the studied 16 provinces in Main- 

land China, with a seroprevalence ranging 8% −92%. 6–8 Vaccination 

is commonly used to prevent and control EHV. However, China has 

not developed a commercially available EHV vaccine so far. 

EHV vaccine has a limited market application potential in China 

currently. Due to the lack of relevant knowledge on EHV, most of 

the Chinese horse owners always erroneously identified it as other 

common pathogen of equine respiratory diseases, and didn’t real- 

ize its potential threat to equine health and reproduction. Although 

the number of equines in China is large, most of them are la- 

bor/farming horses. To the best of our knowledge, even for race- 

horses, vaccination with EHV vaccine has not been performed in 

Mainland China. Considering the wide distribution and high preva- 

lence of EHV in China, it is urgently to popularize knowledge on 

EHV in horse owners and promote market application prospects of 

EHV vaccine. 

In China, few veterinary researchers are currently investigating 

equine virus, including EHV. This is mainly caused by the change 

of equines’ historical role. In the last century, a great number of 

equines were used for military in China. However, there is only 

one military equine farm in Mainland China at present. Consid- 

ering a more important economic role of other domestic animals 

(e.g., pigs, chickens, and cattle) compared with equines, investigat- 

ing equine virus (including EHV) is not a priority in the related 

guide policies issued by the Chinese government. 

Though epidemiological studies on EHV in China are limited, it 

still could be concluded that epidemic status of EHV is very com- 

plicated in China, which increases the difficulty in EHV vaccine de- 

velopment. In most provinces, EHV1 and EHV4 were co-circulating 

in equines with a high seroprevalence. 8 Until now, a total of 7 

EHV1 strains have been isolated from tissue samples of aborted 

equine fetuses (5 from farming horses in Northeast China in 1980, 

1 from Asian wild horses in Western China in 1999, 1 from farm- 

ing horses in Western China in 2016). 6 , 8 In addition, a novel EHV8 

strain was isolated from one horse with serious respiratory disease 

in Northern China in 2010. 9 Recently, our laboratory firstly deter- 

mined the molecule evinces for EHV4 and EHV5 in racehorses in 

Sothern China (data not shown). However, a more large-scale and 

surveillance of EHV in equines is necessary to fully understand epi- 

demic status of EHV in China, which could establish a foundation 

for updating the composition of EHV vaccine developed in China 

in future. 

In other countries, much effort has been made to develop EHV 

vaccine, and modified-live and inactivated virus vaccines have been 

registered for sale. 10 Before an EHV vaccine is developed success- 

fully in China by itself, it is necessary to vaccinate the suscepti- 

ble equine population with an EHV vaccine commercially avail- 

able from other countries to prevent and control EHV in China. 

However, a well-designed case-control animal challenge study still 

needs to estimate the protective efficacy of different vaccines 

against the field prevalent EHV strains in China. 
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Comparative hepatitis C genotype 1–3 viral load kinetics 

in response to directly-acting antiviral therapy 

Dear editor, 

A recent review article on the treatment of hepatitis C with 

directly-acting antiviral (DAA) drugs, makes numerous recommen- 

dations for baseline drug resistance testing. 1 In our local prac- 

tice, we have been performing baseline drug resistance testing for 

some years now, prior to the publication of these guidelines. We 

present a recent retrospective HCV kinetics analysis of these pa- 

tients‘ changing viral loads in response to DAA therapy below. 

Such studies have been used previously to compare viral sup- 

pressive responses in different HCV genotypes and treatment reg- 

imens. 2 , 3 The patients were a mixture of treatment-naive and 

treatment-experienced (including with interferon-based, NS3 pro- 

tease inhibitor-based and DAA-based regimens) cases. 

The current standard of care for hepatitis (HCV) patients is a 

combination of direct acting antivirals (DAAs), for which there are 

three different HCV viral protein targets (NS3, NS5A and NS5B). 

Table 1 

NS3, NS5A, NS5B resistance associated substitutions (RAS), by HCV genotype, found 

in this patient cohort at baseline drug resistance testing (viral sequencing per- 

formed at Imperial College, London, UK). The patients included a mixture of 

treatment-naïve and treatment experienced (i.e. interferon-based, NS3 protease 

inhibitor-based and more recent DAA-based regimens) cases. 

DAA target gene Resistance associated substitution (RAS) by HCV genotype 

NS3 G1a: 54S, 55A, 80 K, 122 G, 122 N, 168 V, 170 V, 174A, 174B, 

174 N, 174S 

G1b: 36 M, 80 K, 170I, 170V 

G3a: 170I 

NS5A G1a: 28T, 28 V, 30H, 30R. 58P, 93H 

G1b: 31 M, 93H 

G3a: 30 K, 93H 

G3b:30 K, 31M 

G4a: 28M 

NS5B G1a: 4 4 4D, 556G 

G1b: 316N 

G2a: 289R 

G4a: 282S 

Treatment with DAAs cure the vast majority of HCV-infected pa- 

tients, with oral regimens having > 95% efficacy in most patient 

groups. 1 , 4 , 5 Treatment failure currently affects approximately 5% of 

treated patients and is often associated with the selection of resis- 

tance associated substitutions (RAS). 1 

We performed HCV drug resistance testing both retrospectively 

(following treatment failures) and prospectively (prior to treat- 

ment) in our cohort of HCV genotype (G) 1–3-infected patients, 

during March 2015-June 2018. Viral extraction, PCR and sequenc- 

ing were performed at Imperial College, using Qiagen Viral RNA 

mini kits (Qiagen PN:52906, Qiagen Ltd., Manchester, UK), and in- 

house PCR and Sanger sequencing methods on an ABI Prism 3100- 

Avant genetic analyser (Thermo Fischer Scientific, Loughborough, 

UK). The prediction of HCV genotype and drug sensitivities is de- 

rived from the geno2pheno algorithm [ www.geno2pheno.org ]. 6 

Treatment regimens used during this period complied with 

contemporaneous NHS rate cards: for non-cirrhotic or com- 

pensated cirrhotic patients: G1-treatment-naive: OMB/PAR/RIT + 

DAS + R; G1-treatment-experienced: ELB/GRZ + /-R; G2-treatment- 

naive/experienced: GLE/PIB; G3-treatment-naive/experienced: GLE/ 

PIB; G1-decompensated cirrhotic patients SOF/LED + R; G2/G3- 

decompensated cirrhotic patients: SOF/VEL + R. 

We assessed the impact of any RAS across G1–G3 on HCV RNA 

kinetics by analysing viral load (RealTime HCV Viral Load, Abbott 

m20 0 0, Abbott Molecular UK, Maidenhead, England) decline rates. 

We applied linear mixed regression to model the viral loads and 

assumed a linear decline (log 10 scale) over time, using SAS statis- 

tical software (SAS Institute Inc., NC, USA). 

In this cohort of 54 patients (n: G1 = 21, G2 = 6, G3 = 27), HCV 

RAS were found as shown in Table 1 . HCV RNA viral load de- 

cline rates were found to be similar and not statistically different 

( p = 0.760) at: −2 log 10 and −1.8 log 10 per month, respectively, for 

G1 and G2/G3 ( Fig. 1 ). This suggests that these viral load decline 

rates were similar across G1-G3 infections despite baseline differ- 

ences in viral load, RAS profile, or a history of any previous treat- 

ment (i.e. interferon-based, older NS3 protease inhibitor-based, or 

more recent DAA regimens). 

These results demonstrate similar HCV RNA clearance efficacies 

of the various DAA treatment regimens for G1-G3, in this patient 

cohort. Although other studies on HCV kinetics have been pub- 

lished, they do not usually compare multiple HCV genotypes. 7 Sim- 

ilar studies on patients infected with G4-6 viruses, and/or under- 

going other DAA treatment or retreatment combinations, 8 , 9 will be 
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Fig. 1. Comparative HCV viral kinetics for G1–G3-infected patients with a variety of treatment backgrounds, on different or similar treatment regimens. Slopes are not 

significantly different ( p = 0.760), ranging from −2 log 10 to −1.8 log 10 per month, respectively, for G1 and G2/G3. 

useful to determine if such clearance efficacies are maintained for 

all DAA treatment regimens across all HCV genotypes, regardless of 

any previous treatment history. 
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High prevalence of Bordetella pertussis in young 

hospitalized infants with acute respiratory infection in 

the south of China: age- and season-dependent effects 

Dear Editor, 

With great interest we have read the report of Zhang et al. con- 

cerning the increased susceptibility to pertussis in Chinese adults 

at childbearing age, as determined in a comparative seroprevalence 

study using samples collected from 2010 to 2016. 1 The authors 

describe that about 5% of the individuals had PT-IgG antibodies, 

which is indicative of a recent infection. In the adults 20–39 years 

of age, 29.1% subjects had undetectable PT-IgG antibodies in 2010 

but 57.4% in 2015/2016. It is well known that adolescents and 

adults have become the reservoir of pertussis and an important 

source of transmission to vulnerable infants. Bordetella pertussis is 

commonly associated with atypical pneumonia as determined in 

hospitalized children. 2 Several seroprevalence studies conducted in 

different regions of China indicate that the incidence of pertussis 

is most likely underestimated. 3 , 4 This may be due to the use of 

insensitive diagnostics. At present, the diagnosis of pertussis in 

China is mainly based on culture. However, both the CDC and the 

World Health Organization (WHO) use PCR as the gold standard 

for diagnosis, in addition to culture. 3 

Oropharyngeal or nasopharyngeal swabs were obtained from 

17,104 inpatients aged between 10 days and 14 years of age 

with clinical suspicion of pertussis, enrolled from March 2014 to 

February 2018 in Shenzhen Children’s Hospital. More than 50% of 

all patients were younger than 6 months of age. The hospitalized 

Fig. 1. B. pertussis infection rates in children with acute lower respiratory tract in- 

fections admitted at the Shenzhen Children’s Hospital. The black bars indicate the 

total number of acute respiratory tract infection cases in the different age groups, 

the orange bars indicate the number of B. pertussis cases (left Y-axis). The red line 

indicates the percentage of B. pertussis cases (right Y-axis). 

patients included 10,894 males and 6210 females (sex ratio, 1.75). 

All patients recovered after the treatment. 

A real time PCR assay targeting ptxA-Pr was used to detect B. 

pertussis . Of the 17,104 samples, 772 (4.51%) tested positive for B. 

pertussis by RT-PCR. Our results indicate that despite vaccination 

pertussis remains a major health problem in China, since the 

prevalence of infection by B. pertussis in hospitalized children 

was high. The majority of patients were admitted because of 

pneumonia. The detection rate in hospitalized patients was lower 

than the rates reported earlier in Shanghai and Ji’nan. 3 , 4 This may 

be due to lower number of samples collected in these studies and 

due to the use of serology or culture methods. 

The overall prevalence rates were 3.97% and 5.48%, respectively. 

However, B. pertussis infection in female patients was significantly 

higher than in male patients (X 

2 = 20.913, p < 0.001). This has 

earlier been reported by the ECDC 

5 and Haberling et al. 6 and may 

point to a genetic association with susceptibility to B. pertussis . 

The detection rates were dependent on age in patients 

(X 

2 = 139.8, p < 0.001). The prevalence decreased with age: 8.71% 

newborns, 5.33% in infants, 2.39% in toddlers, 1.28% in (pre-) 

schoolers ( Fig. 1 ). The high vulnerability of newborns and young 

infants for B. pertussis infection may be related to a combination 

Fig. 2. Monthly distribution and infection rates in 17,104 hospitalized children, March 2014–February 2018. The black bars indicate the total number of acute respiratory 

infection cases in the different age groups, the orange bars indicate the number of B. pertussis cases (left Y-axis). The red line indicates the percentage of B. pertussis cases 

(right Y-axis). 
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of insufficient herd immunity and suboptimal protection against 

B. pertussis infection in children too young to be fully vaccinated. 

Since vaccination rates in infants are already at 99%, it will be 

difficult to improve this further. Therefore, other measures must 

be considered, including booster vaccination at pre-school age and 

vaccination during pregnancy. Because young infants are mainly 

cared for by mothers and other adults, the most important cause 

of infection with B. pertussis is their close contact with parents 

and siblings. 7 

In general, B. pertussis was detected more often during seasonal 

changes, especially from late summer to early autumn. In hospi- 

talized children the number of B. pertussis infections increased in 

March and September as compared to other months ( Fig. 2 ). The 

seasonal infection rates were 4.66% in spring, 4.75% in summer, 

4.62% in autumn and 4.00% in winter, respectively. The prevalence 

in the winter season was lower but not statistically different than 

in other seasons (X 

2 = 3.388, p = 0.336). 

In this study, we used real-time PCR, the most accurate method 

to detect B. pertussis . The detection rate may be significantly 

lower than the actual level, because oropharyngeal samples in 

most patients were collected instead of nasopharyngeal samples, 

and the PCR target gene was ptxA-Pr instead of IS4 81. IS4 81 is 

present in high-copy numbers in B. pertussis whereas ptxA-Pr is a 

single-copy target. However, the ptxA-Pr PCR is more specific and 

will not detect B. parapertussis , which contributes to more than 5% 

of pertussis cases. 8 

Many studies have shown that adolescents and adults with 

B. pertussis infections, causing chronic cough, are an important 

reservoir for transmission, putting newborns at high risk. 9 Mater- 

nal pertussis immunization prevents infant pertussis, as recently 

shown by Amirthalingam et al. Vaccine effectiveness against infant 

deaths was estimated at 95%, and disease incidence in infants 

< 3 months of age has remained low. 10 According to our results, 

vaccination of pregnant women and adults, especially those in 

close contact with infants and young children, may help to prevent 

pertussis in infants and young children in China. 
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Novel coronavirus disease (Covid-19): The first two 

patients in the UK with person to person transmission 

Tang and colleagues reported in this journal their experience 

with COVID-19 disease 1 , the outbreak of which began in December 

2019 in Wuhan, Hubei province, China 2 , 3 with spread to 33 addi- 

tional countries 4–8 as of the 21st February 2020. Here we report 

the clinical features and outcome of the first two cases of disease 

caused by SARS-CoV-2 infection in the United Kingdom (UK) – the 

first imported and the second associated with probable person-to- 

person transmission within the UK. Public health management will 

be reported separately. 

The index case (A) entered the UK on 23/01/20 from Hubei 

province in China. Initially asymptomatic, this individual, a 50 

year-old female with no past medical history and on no reg- 

ular medications, developed symptoms of fever and malaise on 

26/01/20, accompanied by sore throat and dry cough. She had trav- 

elled with her partner and reported no infectious contacts prior to 

travel. On 28/01/20, a close household contact of the index case, 

a resident of the UK, developed symptoms of fever (38.5 °C), fol- 

lowed the next day by diffuse myalgia and a dry cough. This pa- 

tient (case B) is a previously fit and well 23 year-old male. He had 

returned to the UK from Hubei province on 06/01/20. 

Case B promptly sought advice via the National Health Service 

(NHS) self-referral service NHS 111, and he and case A were as- 

sessed as being possibly at risk of Covid-19, and were admitted 

to the regional infectious diseases unit at Castle Hill Hospital, Hull 

University Teaching Hospitals for isolation, assessment and diag- 

nostic sampling. They were managed in separate negative pres- 

sure cubicles with anterooms. Nursing and medical staff donned 

personal protective equipment (PPE) as recommended by Public 

Health England (PHE). The clinical observations of each of the pa- 

tients, together with their initial blood tests, are shown in Table 1 . 

Table 1 

Baseline clinical parameters on admission (bloods on case A done on admission to 

HLIU). 

Parameter Case A Case B 

Heart rate/min 116 91 

Respiratory rate/min 18 17 

Oxygen saturation (room air) 97% 97% 

Blood pressure (mmHg) 120/80 115/74 

Temperature ( °C) 37.6 37.0 

Total white cell count ( × 10 9 /l) 3.4 10.5 

Neutrophil count ( × 10 9 /l) 2.4 8.67 

Lymphocyte count ( × 10 9 /l) 0.6 1.1 

C-Reactive Protein (mg/L) 15 40 

Diagnostic PCR testing of nasopharyngeal swabs using the BioFire 

FilmArray Respiratory Panel 2 plus (bioMérieux, Marcy l’Etoile, 

France) detected rhinovirus/enterovirus RNA in patient B and was 

negative in patient A. SARS-CoV-2 RNA was detected by parallel 

PCR testing of nasopharyngeal swabs from cases A and B at the 

Public Health England (PHE) Respiratory Virus Unit, Colindale, Lon- 

don, and reported on 30/01/20. The NHS England Airborne High 

Consequence Infectious Disease (HCID) network was activated and 

the decision was made to transfer the patients by Hazardous Area 

Response Team ambulance to the HCID High-Level Isolation Unit 

(HLIU) at The Newcastle-upon Tyne NHS Foundation Trust in the 

early hours of 31/01/20. 

Upon arrival in the HLIU (d0) both patients remained clini- 

cally stable. Symptomatology consisted of dry cough in case A and 

in case B comprised fever, myalgia, malaise and sinus congestion 

( Fig. 1 ). Clinical examination findings were unremarkable. Initial 

investigations revealed only mild lymphopenia and elevation of 

CRP, with mild neutrophilia in case B. Periodic fever of 38–38.5 °C 

was observed in case B until d3 of admission. Repeat blood tests in 

Fig. 1. Timeline of symptoms and SARS-CoV-2 PCR positivity on nasopharyngeal swabs. 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2020.02.020&domain=pdf
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this individual on d3 demonstrated mild acute kidney injury (AKI, 

serum creatinine 144 μmol/L). The AKI was thought most likely 

due to dehydration, and resolved within 24 h with administration 

of intravenous infusion of crystalloid at 125 ml/h. CXR was nor- 

mal. Empirical oral antibiotic therapy (co-amoxyclav 500/125 mg 

p.o. t.d.s.) was administered on d3, to cover the possibility of 

secondary bacterial infection, but was subsequently discontinued. 

Symptoms resolved in case A by d3 and in case B by d4 of ad- 

mission. PCR testing of SARS-CoV-2 from nose and throat swabs 

taken daily was negative from d2 onwards in case A and from 

d5 in case B (throat swabs from this individual were negative 

throughout). There was no clinical indication for the use of ex- 

perimental antiviral therapies. Patients were deisolated accord- 

ing to current PHE guidance, based on complete resolution of 

symptoms and two sequential negative respiratory PCR tests at 

least 24 h apart. Rooms were decontaminated with 0.1% hypochlo- 

rite followed by UV light treatment. The contact of these indi- 

viduals remained asymptomatic throughout the 14 days incuba- 

tion period but was isolated as a precaution and to be close to 

family 

These first cases of SARS-CoV-2 are informative for clinicians 

caring for suspected and confirmed cases in the UK and else- 

where. Reassuringly, illness in both individuals was relatively mild 

and short-lived, with no evidence of parenchymal lung disease (re- 

flected by normal oxygenation and the absence of radiological in- 

filtrates) or of the late-stage deterioration that has been reported 

in case series 9 , possibly due to the absence of comorbidities. Ex- 

perimental antiviral therapeutic options for severe disease were 

not considered necessary given the mild clinical nature of the 

illness. Clinical illness correlated with the presence of viral RNA 

in upper airway samples ( Fig. 1 ), with no evidence of prolonged 

asymptomatic shedding, although discordance between nose and 

throat samples in case B highlights the need to sample both ar- 

eas. It was reasonably assumed that the source of infection in 

case B was close contact with symptomatic case A, given that the 

time from travel to China to onset of symptoms in case B was 

22 days, although this cannot be proven. Based on this assump- 

tion, the period from exposure to disease onset appeared short, 

at approximately 48 h, consistent with recent reports of the in- 

cubation period of SARS-CoV-2 6 . Co-occurrence of respiratory vi- 

ral infection, as we observed in case B with rhinovirus, has been 

described in the context of SARS-CoV-2 ( https://www.medrxiv.org/ 

content/10.1101/2020.02.12.20022327v1 ) as it has with many other 

respiratory viruses spread by similar routes, and may have con- 

tributed to the increased symptomatology in case B. Interestingly 

the partner of case A, who was a close household contact, re- 

mained asymptomatic throughout and had negative tests for SARS- 

CoV-2 shedding. It will be of interest to investigate the serologi- 

cal responses in this individual to ascertain evidence of subclinical 

infection. 

Isolation, minimisation of contacts and use of appropriate PPE is 

a cornerstone of management of high consequence respiratory vi- 

ral infection. In the cases reported here, PHE recommendations for 

PPE were followed 

10 and there were no breeches in PPE or noso- 

comial transmission. This should provide reassurance to healthcare 

workers managing patients with suspected Covid-19 in the UK that 

current PPE is both feasible and effective. 
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Simulating and forecasting the cumulative confirmed 

cases of SARS-CoV-2 in China by Boltzmann 

function-based regression analyses 

Dear editor , 

As reported in this Journal 1 and elsewhere, 2 an outbreak of 

atypical pneumonia caused by the zoonotic 2019 novel coronavirus 

(SARS-CoV-2) is on-going in China and has spread to the world. As 

of Feb 16, 2020 (24:00, GMT + 8), there have been 70,548 confirmed 

patients and more than 1700 deaths from SARS-CoV-2 infection 

in China, and 58,182 confirmed patients and 1696 deaths in the 

most affected province, Hubei Province. Much research progress 

has been made in dissecting the evolution and origin of SARS-CoV- 

2 and characterizing its clinical features. 3-7 

While the outbreak is on-going, people raise grave concerns 

about the future trajectory of the outbreak, especially given 

that the working and schooling time has been already dra- 

matically postponed after the Chinese Lunar New Year holiday 

was over (scheduled on Jan 31). In particular, a precise esti- 

mation of the potential total number of infected cases and/or 

confirmed cases is highly demanding. Earlier studies based on 

susceptible-exposed-infectious-recovered metapopulation and 

susceptible-infected-recovered-dead models revealed the number 

of potentially infected cases and the basic reproductive number 

of SARS-CoV-2. 3 , 8 , 9 These traditional epidemiological models 

apparently require much detailed data for analysis. 3 , 8 

Here we explored a simple data-driven, Boltzmann function- 

based approach for estimation only based on the daily cumulative 

number of confirmed cases of SARS-CoV-2 (Note: the rational for 

Boltzmann function-based regression analysis is presented in sup- 

porting information (SI) file). We decided to collect data (initially 

from Jan 21 to Feb 10, 2020) in several typical regions of China, 

including the center of the outbreak (i.e. Wuhan City and Hubei 

Province), other four most affected provinces (i.e., Guangdong, Zhe- 

jiang, Henan, Hunan) and top-4 major cities in China (i.e., Beijing, 

Shanghai, Guangzhou, Shenzhen). During data analysis on Feb 13, 

2020, the number of new confirmed cases on Feb 12 in Hubei 

Province and Wuhan City suddenly increased by 14,840 and 13,436, 

respectively, of which 13,332 and 12,364 are those confirmed by 

clinical features (note: all the number of confirmed cases released 

by Feb 12 were counted according to the result of viral nucleic acid 

detection rather than by referring to clinical features). We thus ar- 

bitrarily distributed these suddenly added cases to the reported 

cumulative number of confirmed cases from Jan 21 to Feb 14 for 

Hubei Province by a fixed factor (refer to Table S1 ), assuming that 

they were linearly accumulative in those days. It is the same forth 

with the data for Wuhan City. 

Regression analyses indicate that all sets of data were well 

fitted with the Boltzmann function (all R 2 values being close to 

0.999; Figs. 1 A, B, S1 , and Table 1 ). The potential total number of 

confirmed cases for mainland China, Hubei Province, Wuhan City, 

and other provinces were estimated as 72,80 0 ±60 0, 59,30 0 ±60 0, 

42,10 0 ±70 0 and 12,80 0 ±10 0; respectively; those for provinces 

Guangdong, Zhejiang, Henan and Hunan were 1300 ±10, 1170 ±10, 

1260 ±10, 1050 ±10, 1020 ±10 and 940 ±10, respectively ( Table 1 ); 

those for Beijing, Shanghai, Guangzhou and Shenzhen were 394 ±4, 

328 ±3, 337 ±3 and 397 ±4, respectively. In addition, we estimated 

the key date, on which the number of daily new confirmed cases 

is lower than 0.1% of the potential total number as defined by us 

subjectively (refer to Table 1 ). 

The above analyses were performed assuming that the released 

data on the confirmed cases are precise. However, there is a 

mailto:christopher.duncan@ncl.ac.uk
mailto:Matthias.schmid1@nhs.net
https://doi.org/10.1016/j.jinf.2020.02.020
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2020.02.019&domain=pdf


Letters to the Editor / Journal of Infection 80 (2020) 578–606 603 

Fig. 1. Fitting the cumulative number of confirmed cases from different geographic regions of China to the Boltzmann function. 

( A ) Plots of the cumulative number of confirmed cases of SARS-CoV-2 as of Feb 14, 2020, in mainland China ( �), in Hubei Province ( �), in Wuhan City ( � ) and in other 

provinces ( � ), with the simulation results being plotted as color lines. Note: the reported cumulative number of confirmed cases of Hubei Province and Wuhan City were 

re-adjusted for data fitting due to the suddenly added cases by clinical features (for detail, refer to Table S1 ). ( B ) Plots of the cumulative number of confirmed cases of 

SARS-CoV-2 as of Feb 14, 2020, in the most affected provinces (Guangdong, �; Zhejiang, �; Henan, � ; Hunan, � ), with the simulation results being plotted as color lines. 

( C, D ) Data of mainland China (panel C) and Hubei Province (panel D) were fitted to the Boltzmann function assuming that the relative uncertainty of the data follows a 

single-sided normal distribution with a mean of 1.0 and a standard deviation of 10%. Original data are shown as circles; simulated results are presented as colored lines as 

indicated. Inserts show key statistics. The key date is defined as the date when the number of daily new confirmed cases is less than 0.1% of the potential total number. 

The low and high key dates were determined by the simulated curve of confidence interval (CI) at 2.5% and 97.5%, respectively. ( E, F ) The cumulative number of confirmed 

cases of 2003 SARS in China (panel E) and worldwide (panel F) are shown as black squares, and the simulation results are plotted as red short lines and parameters of each 

established function are shown in inserts. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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Table 1 

Regression analysis results of confirmed cases of SARS-CoV-2 in China. 

Regions without uncertainty with uncertainty a 

potential total number key date b R 2 potential total number (mean, 95% CI) key date (95% CI) b 

China 72,80 0 ±60 0 2/28 0.999 79,589 (71,576, 93,855) (2/28, 3/10) 

Hubei Province 59,30 0 ±60 0 2/27 0.999 64,817 (58,223, 77,895) (2/27, 3/10) 

Wuhan City 42,10 0 ±70 0 2/27 0.999 46,562 (40,812, 57,678) (2/28, 3/10) 

Other provinces 12,80 0 ±10 0 2/27 0.999 13,956 (12,748, 16,092) (2/27, 3/13) 

Guangdong Province 1300 ±10 2/22 0.999 1415 (1324, 1550) (2/22, 3/01) 

Zhejiang Province 1170 ±10 2/20 0.997 1269 (1204, 1364) (2/21, 2/27) 

Henan Province 1260 ±10 2/24 0.999 1372 (1271, 1559) (2/26, 3/09) 

Hunan Province 1050 ±10 2/26 0.999 1140 (1050, 1279) (2/28, 3/11) 

Beijing City 394 ±4 2/25 0.999 429 (395, 486) (2/25, 3/11) 

Shanghai City 328 ±3 2/22 0.999 356 (334, 388) (2/22, 3/01) 

Guangzhou City 337 ±3 2/20 0.998 365 (346, 393) (2/20, 2/28) 

Shenzhen City 397 ±4 2/18 0.998 430 (407, 461) (2/17, 2/25) 

a The reported cumulative number of confirmed cases may have uncertainty. Assuming the relative uncertainty follows a single-sided 

normal distribution with a mean of 1.0 and a standard deviation of 10%, the potential total number and key dates were estimated at 95% 

CI. For detail, refer to the Methods section and Figs. 1 C, D, S2 and S3. 
b Key date is determined when the number of daily new confirmed cases is less than 0.1% of the potential total number. 

tendency to miss-report some positive cases such that the reported 

numbers represent a lower limit. One typical example indicating 

this uncertainty is the sudden increase of more than 14 0 0 0 new 

confirmed cases in Hubei Province on Feb 12 after clinical features 

were officially accepted as a standard for infection confirmation. 

Another uncertainty might result from insufficient kits for viral nu- 

cleic acid detection at the early stage of the outbreak. We thus ex- 

amined the effects of such uncertainty using a Monte Carlo method 

(for detail, refer to the Methods section in SI file). For simplicity, 

we assumed that the relative uncertainty of the reported data fol- 

lows a single-sided normal distribution with a mean of 1.0 and a 

standard deviation of 10%. 

Under the above conditions, the potential total numbers of con- 

firmed cases of SARS-CoV-2 for different regions were estimated 

( Figs. 1 C, D, S2 and S3 ) and summarized in Table 1 . The potential 

total numbers for China, Hubei Province, Wuhan City and other 

provinces were 79,589 (95% CI 71,576, 93,855), 64,817 (58,223, 

77,895), 46,562 (40,812, 57,678) and 13,956 (12,748, 16,092), re- 

spectively, indicating that overall the outbreak may not be so bad 

as previously estimated. 9 Such uncertainty analysis also allowed us 

to estimate the key dates at 95% CI. As summarized in Table 1 , 

the key dates for mainland China, Hubei Province, Wuhan City, and 

other provinces would fall in (2/28, 3/10), (2/27, 3/10), (2/28, 3/10) 

and (2/27, 3/13), respectively. 

Finally, the ongoing SARS-CoV-2 outbreak has undoubtedly 

caused us the memories of the SARS-CoV outbreak in 2003. We 

thus collected the data from the WHO officiate website for anal- 

ysis, and found that the cumulative numbers of confirmed cases 

of 2003 SARS-CoV both in China and worldwide were fitted well 

with the Boltzmann function, with R 2 being 0.999 and 0.998, re- 

spectively ( Figs. 1 E and F). 

In summary, we found that all data sets, including both the 

on-going outbreak of SARS-CoV-2 in China and the 2003 SARS-CoV 

epidemic in China and worldwide, were well fitted to the Boltz- 

mann function ( Fig. 1 and S1 ). These results strongly suggest that 

the Boltzmann function is suitable for analyzing the epidemics 

of coronaviruses like SARS-CoV and SARS-CoV-2. One advantage 

of this model is that it only needs the cumulative number of 

confirmed cases, somehow as simple as the recently proposed 

model. 10 In addition, the estimated potential total numbers of 

confirmed cases and key dates may provide valuable guidance for 

Chinese central and local governments to deal with this emerging 

threat at current critical stage. 
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Chinese medical personnel against the 2019-nCoV 

We appreciate the work Tang et al. have report emergence of a 

novel coronavirus in China. 1 The 2019-nCoV broke out in Wuhan, 

China at the end of 2019, and has attracted worldwide attention. 2–4 

Although the Chinese government has taken active measures to 

control this epidemic, the virus is very infectious. According to the 

real-time data of the National Health Commission of the People’s 

Republic of China up until February 5, 2020, within a short period 

of half a month, the number of confirmed cases and the number 

of deaths were 24,443 and 493, respectively. The epidemic is pro- 

gressing rapidly. 2019-nCoV poses new public health challenges in 

China. 5 In Wuhan, China, the number of local medical staff is in- 

sufficient for the demand resulting from the explosive increase in 

the number of infected patients. Therefore, many medical person- 

nel are needed to devote themselves to the front line of combating 

the virus. 

Medical personnel throughout the country are led under the 

unified leadership of the Chinese government. Although the epi- 

demic in Wuhan is serious, a large number of medical staff rushed 

to Wuhan to supplement the shortage of manpower in Wuhan hos- 

pitals. This is a battle without smoke, the heroes of which are our 

medical staff. According to the National Health Commission of the 

People’s Republic of China, as of January 30, 2020, Hubei Province 

opened 11,0 0 0 isolated patient beds, and about 170,0 0 0 healthcare 

professionals from all kinds of medical institutions are working on 

the front lines and providing care for patients with fevers, and for 

suspected or confirmed patients. In this time of emergency, under 

the unified deployment of the Chinese government, there are 52 

medical teams including 6097 medical personnel from the National 

Fig. 1. Distribution of Wuhan receiving medical personnel from provinces and cities in mainland China during the outbreak of pneumonia caused by 2019-nCoV. (The number 

of medical personnel were shown (White circle) from 29 provinces and cities in mainland China transferred to Wuhan as of January 30th, 2020. The data on confirmed cases 

(Colored block) were obtained from the websites of Chinese National Health Commissions). 
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Health Commission, the State Administration of Traditional Chinese 

Medicine, the Academy of Chinese Medical Sciences, 29 provinces 

and cities, as well as the army ( Fig. 1 ). 

Huoshenshan Hospital is a specialized hospital established in 

the Wuhan Staff Sanatorium. 

Patients with confirmed coronavirus pneumonia have been ad- 

mitted to our hospital. It has a total of 10 0 0 beds, and includes an 

intensive care unit, an ordinary care unit, a laboratory, and radi- 

ology and other auxiliary departments. According to the National 

Health Commission of the People’s Republic of China, the related 

design scheme of the institute was completed on January 24, 2020. 

Construction of the hospital began on January 29th, and the hospi- 

tal was completed and put into use on February 2nd. The Chinese 

People’s Liberation Army has transferred 1400 medical personnel 

to undertake the task of helping people infected with the virus. 

We firmly believe that Chinese medical personnel and people 

throughout the country can work together to win this defensive 

battle with one heart and one mind. 

References 

1. Tang J.W., Tambyah P.A., Hui D.S.C.. Emergence of a novel coronavirus causing 

respiratory illness from Wuhan, China. J Infect 2020 . pii:S0163-4453(20)30038- 
4. doi: 10.1016/j.jinf.2020.01.014 . 

2. Li Q., Guan X., Wu P., Wang X., Zhou L., Tong Y., et al. Early transmission dy- 

namics in Wuhan, China, of novel coronavirus-infected pneumonia. N Engl J Med 
2020. doi: 10.1056/NEJMoa2001316 . 

3. Huang C., Wang Y., Li X., Ren L., Zhao J., Hu Y., et al. Clinical features of patients 
infected with 2019 novel coronavirus in Wuhan,China. Lancet 2020 . pii:S0140- 

6736(20)30183-5. doi: 10.1016/S0140- 6736(20)30183- 5 . 
4. Phelan A.L., Katz R., Gostin L.O.. The novel coronavirus originating in Wuhan. 

China: Challenges for Global Health Governance. JAMA. 2020. doi: 10.1001/jama. 

2020.1097 . 
5. Wang R., Zhang X., Irwin D.M., Shen Y.. Emergence of SARS-like coronavirus 

poses new challenge in China. J Infect 2020 . pii:S0163-4453(20)30057-8. doi: 
10.1016/j.jinf.2020.01.017 . 

Zhan-hui Feng 1 

Department of Neurology, Affiliated Hospital of Guizhou Medical 

University, Guiyang, China 

Yong-ran Cheng 1 

Zhejiang Academy of Medical Sciences, Hangzhou 310012, China 

Hangzhou Medical College, Hangzhou 311300, China 

Juan Chen 

Affiliated Hospital of Hangzhou Normal University, Hangzhou 

310015, China 

Lan Ye 

Basic Medical College, Guizhou Medical University, Guizhou 550 0 04, 

China 

Meng-Yun Zhou 

Hangzhou Medical College, Hangzhou 311300, China 

Ming-Wei Wang ∗

Affiliated Hospital of Hangzhou Normal University, Hangzhou 

310015, China 

∗Corresponding author. 

E-mail address: wmw990556@163.com (M.-W. Wang) 

1 These authors are contributed equally to this work. 

Accepted 7 February 2020 

Available online 15 January 2020 

https://doi.org/10.1016/j.jinf.2020.02.011 

© 2020 The British Infection Association. Published by Elsevier 

Ltd. All rights reserved. 

https://doi.org/10.1016/j.jinf.2020.01.014
https://doi.org/10.1056/NEJMoa2001316
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1001/jama.2020.1097
https://doi.org/10.1016/j.jinf.2020.01.017
mailto:wmw990556@163.com
https://doi.org/10.1016/j.jinf.2020.02.011

	Emergence of colistin-resistant Gram-negative Enterobacterales in the gut of patients receiving oral colistin and neomycin decontamination
	 Acknowledgments
	 Transparency declarations
	 References

	Clinical significance of Pneumocystis jirovecii DNA detection by real-time PCR in hematological patient respiratory specimens
	 Declaration of Competing Interest
	 Acknowledgments
	 References

	Epidemiology and case-control study of Lassa fever outbreak in Nigeria from 2018 to 2019
	 Declaration of Competing Interest
	 Funding
	 Acknowledgments
	 References

	Human pseudorabies virus infection: A new threat in China
	 Declaration of Competing Interest
	 Acknowledgments
	 References

	Detection of mobile colistin resistance gene mcr-9 in carbapenem-resistant Klebsiella pneumoniae strains of human origin in Europe
	 Author contributions
	 Supplementary Tables
	 Declaration of Competing Interest
	 Acknowledgements
	 Supplementary materials
	 References

	Management and control of an outbreak of vaccine-preventable severe pneumococcal disease at a shipyard in Norway
	 Declaration of Competing Interest
	 References

	Leishmania infection in psoriasis
	 Declaration of Competing Interest
	 Acknowledgment
	 Supplementary materials
	 References

	Challenges to develop an equine herpesvirus vaccine in China
	 Declaration of Competing Interest
	 Acknowledgements
	 References

	Comparative hepatitis C genotype 1-3 viral load kinetics in response to directly-acting antiviral therapy
	 References

	High prevalence of Bordetella pertussis in young hospitalized infants with acute respiratory infection in the south of China: age- and season-dependent effects
	 Declaration of Competing Interest
	 Funding
	 References

	Novel coronavirus disease (Covid-19): The first two patients in the UK with person to person transmission
	 Declaration of Competing Interest
	 Acknowledgements
	 References

	Simulating and forecasting the cumulative confirmed cases of SARS-CoV-2 in China by Boltzmann function-based regression analyses
	 Declaration of Competing Interest
	 Acknowledgments
	 Supplementary materials
	 References

	Chinese medical personnel against the 2019-nCoV
	 References


