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In 2016, Venezuela faced a large diphtheria outbreak that extended until 2019. Nasopharyngeal or 
oropharyngeal samples were prospectively collected from 51 suspected cases and retrospective data 
from 348 clinical records was retrieved from 14 hospitals between November 2017 and November 
2018. Confirmed pathogenic Corynebactrium isolates were biotyped. Multilocus Sequence Typing 
(MLST) was performed followed by next‑generation‑based core genome‑MLST and minimum 
spanning trees were generated. Subjects between 10 and 19 years of age were mostly affected (n = 95; 
27.3%). Case fatality rates (CFR) were higher in males (19.4%), as compared to females (15.8%). The 
highest CFR (31.1%) was observed among those under 5, followed by the 40 to 49 age‑group (25.0%). 
Nine samples corresponded to C. diphtheriae and 1 to C. ulcerans. Two Sequencing Types (ST), ST174 
and ST697 (the latter not previously described) were identified among the eight C. diphtheriae 
isolates from Carabobo state. Cg‑MLST revealed only one cluster also from Carabobo. The Whole 
Genome Sequencing analysis revealed that the outbreak seemed to be caused by different strains 
with C. diphtheriae and C. ulcerans coexisting. The reemergence and length of this outbreak suggest 
vaccination coverage problems and an inadequate control strategy.

Diphtheria most frequently presents as an upper respiratory infection predominantly caused by toxigenic strains 
of the gram-positive bacilli, Corynebacterium diphtheriae. Symptoms include sore throat, mild fever, and a gray-
white pseudomembrane on the tonsils, larynx or pharynx. In the industrialized world, the infection declined to 
only sporadic cases after the introduction of the toxoid vaccine in 1923 and massive immunization in 1940–19501. 
However, despite the implementation of the Expanded Immunization Program by the World Health Organiza-
tion in 1974, Diphtheria remains endemic in several developing countries. Its re-emergence is usually associated 
with the breakdown of health systems which struggle to reach adequate vaccination  coverage2. This was observed 
in the former USSR in the early 1990s with around 150,000 older children and adults  affected3. More recently, 
clusters and outbreaks have been reported from South Africa, Bangladesh, Laos and  Yemen4–7.

Between July and November 2016, Venezuelan doctors at small urban health centers reported an unusual 
increase of “atypical pharyngitis” cases, presenting with pharyngeal lesions resembling diphtheria. The last previ-
ous case of the disease in the country was officially reported in  19928.

The first cases were reported in July 2016 in the southern-border Bolivar state and progressively spread 
throughout all states and to neighboring countries, such as  Colombia9. As of epidemic week 48 of 2019, a total 
of 3,033 suspected cases with peaks in the years 2017 and 2018 and an official reported Case Fatality Rate (CFR) 
of 9% were  reported10. The accuracy of this data has been subject of debate by several local non-governmental 
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health organizations that indicated a higher incidence than the reported as well as important delays on the official 
publication of epidemiological data and reporting  inaccuracies11.

The available data provided by PAHO (Panamerican Health Organisation) is aggregated on a national level 
and only represented by case definition and survival status. This study aims at characterizing the molecular epi-
demiology of the diphtheria outbreak in Venezuela by gathering retrospective and current demographic data of 
cases as well as available current samples obtained directly from hospitals located in the most affected regions.

Methods
Data collection and study sites. Between December 2017 and December 2018 (one of the outbreak peak 
 periods10) nasopharyngeal (NP) or oropharyngeal (OP) swabs from suspected cases were collected at 14 hospi-
tals across the most affected states: 6 hospitals in the Capital District, 2 hospitals in Carabobo, and 1 hospital in 
each of the following states: Aragua, Bolivar, Mérida, Anzoátegui, Lara and Zulia. Demographic information was 
retrieved from direct interviews with the patients from whom samples were taken (Tables 1 and 3).

In parallel, medical records from cases diagnosed as “Diphtheria”, “suspected Diphtheria”, “Atypical Phar-
yngotonsilitis” and “Atypical Pharyngitis” were retrospectively reviewed at the study hospitals from June 2016 
to July 2019. Relevant demographic data was retrieved when available. Informed consent was obtained from all 
subjects or, if subjects were under 18, from a parent and/or legal guardian. Ethical approval for the investigation 
was sought and granted at the Central University of Venezuela. Also, all partners involved signed a material 
transfer agreement for this investigation (Table 2 and figures).

Case definitions. A suspected case was defined as any person with upper respiratory tract infection with 
either tonsillitis, laryngitis, or nasopharyngitis or a combination of them and either pseudomembrane or mem-
brane or both. Confirmed cases included all suspected cases of a confirmed case with laboratory isolation of C. 
diphtheriae.

Laboratory procedures. Isolation, identification and antimicrobial testing. The specimens were inocu-
lated onto blood agar, Hoyle’s Tellurite and Tinsdale’s medium. Suspected isolates were identified and tested for 
toxigenicity by Polymerase Chain Reaction (PCR)12. Confirmed C. diphtheriae isolates were biotyped using the 
API Coryne system (Biomerieux). Toxigenicity was confirmed by the modified ELEK test. Resistance testing 
was performed with Etests (bioMerieux) and MICs were interpreted according to Clinical Laboratory Standards 
Institute (CLSI) recommended breakpoints.

Table 1.  Descriptive characteristics of the study participants (N = 51) recruited between December 2017 
and December 2018 in Venezuela. N, n sample size. a Missing gender information in 5 patients. b Missing 
age information in 7 patients. c Missing state information in 9 patients. d Missing membrane localization 
information in 19 patients.

Characteristic N n (%)

Gender 51a

Female 30 (65.2)

Male 16 (34.8)

Age (years) 51b

 < 5 10 (22.7)

5–9 6 (13.6)

10–19 18 (40.9)

20–29 4 (9.1)

30–39 2 (4.5)

40–49 2 (4.5)

 ≥ 50 2 (4.5)

State 51c

Carabobo 16 (38.1)

Bolivar 6 (14.3)

Zulia 1 (2.4)

Merida 5 (11.9)

Distrito Capital 11 (26.2)

Miranda 1 (2.4)

Vargas 1 (2.4)

Aragua 1 (2.4)

Membrane localization 51d

Pharyngeal 28 (87.5)

Extra pharyngeal 4 (12.5)
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Sequencing and data analysis. For DNA extraction, we used isolates from blood agar plates. We 
extracted genomic DNA by using a modified protocol of the Qiamp DNA Mini Kit (Qiagen, Germany).

Routine Multilocus Sequence Typing (MLST) was performed by PCR of the 7 target regions atpA, dnaE, 
dnaK, fusA, leuA, odhA, and rpoB by using a previously described  protocol13. We included the modified primers 
described by Both et al.14 to be able to amplify dnaE and dnaK of C. ulcerans. Sequences were analysed using Seq-
Man Pro (Ver.Seqman;DNASTAR), Madison, WI (https:// www. dnast ar. com/ blog/ categ ory/ publi catio ns/). Allelic 
profiles and sequence type (ST) designations for each studied strain were obtained by submitting the generated 
DNA alleles to the PubMLST database curated by the Pasteur Institute Paris (http:// pubml st. org/ cdiph theri ae/).

Whole-genome libraries for Next-generation Sequencing (NGS) were prepared with the Nextera XT kit 
(Illumina, San Diego, CA, USA), and sequencing was performed with 2 × 250-bp paired-end reads on the Illu-
mina MiSeq. Quality control of NGS sequencing run was performed by the Bioinformatic Unit using FastQC 
v0.11.815 and Trimmomatic v.0.3316.

We generated a C. diphtheria core genome-MLST (cg-MLST) scheme, defining specific target loci for whole-
genome sequencing data typing, by using SeqSphere + target definer tool (Ridom, Munster, Germany) with default 
options. As reference, the genome of strain NC 13129 from the National Center for Biotechnology Informa-
tion (NCBI) (accession number no. BX248353.1/NC_002935.2) was used. All 23 complete C. diphtheriae avail-
able from NCBI as query sequences (accession nos. NC_016782.1, NC_016783.1, NC_016785.1, NC_016786.1, 
NC_016787.1, NC_016788.1, NC_016789.1, NC_016790.1, NC_016799.1, NC_016800.1, NC_016801.1, 
NC_016802.1, NZ_CP018331.1, NZ_CP020410.2, NZ_CP025209.1, NZ_CP029644.1, LT_990688.1, NZ_
LR134538.1, NZ_LR134537.1, NZ_CP039523.1, CP038789.1, NZ_CP039522.1, and NZ_CP039523.1) were 
included. The complete genome of strain NC_CPO25209.1 was used to exclude genes that are horizontally 
transferred to prevent that such genes are part of a cgMLST typing  scheme17.

The resulting cg-MLST scheme consisted of 1441 target  loci17. The accessory scheme contains 640 genes that 
are not homologous and do not have invalid start/stop codons in the seed genome, but overlap with other genes, 
do not appear in all query genomes or have invalid stop codons in 80% or more of the query genomes. By conven-
tion, those genes are not used for cgMLST. However, they can be used in addition to increase the discriminatory 
power if the resolution of cgMLST is not high enough.

We performed next-generation-based cg-MLST with reference-based alignments after read trimming and 
assembling by using Unicycler v.0.4.618, Quast v4.119, Kmerfinder v.3.120, Snippy v.4.4.021, BamUtil v.1.0.1322, 
and Picard WGSMetrics v1.140 by the Bioinformatic Unit at the Instituto de Salud Carlos III. We performed 

Table 2.  Descriptive characteristics of the study population in the diphtheria outbreak (N = 348) reported 
between June 2016 and July 2019 in Venezuela (retrospectively retrieved from study hospital records). N, n 
sample size; CFR case fatality rate; CI confidence interval. a Excluding observations with missing survival status. 
b Missing gender information in 1 patient. c Missing age information in 1 patient. d Missing age information in 1 
patient. e Missing state information in 3 patients.

Characteristic N n (%) N a n (%)a #  deathsa CFR [95%  CI]a

Gender 348b 262

Female 184 (52.87) 133 (50.76) 21 15.79 [10.57–22.93]

Male 164 (47.13) 129 (49.24) 25 19.38 [13.49–27.05]

Age (years) 348c 261d

 < 5 77 (22.13) 45 (17.24) 14 31.11 [19.53–45.66]

5–9 68 (19.54) 46 (17.62) 10 21.74 [12.26–35.57]

10–19 95 (27.30) 75 (28.74) 6 8.00 [3.72–16.37]

20–29 27 (7.76) 23 (8.81) 2 8.70 [2.42–26.80]

30–39 31 (8.91) 28 (10.73) 3 10.71 [3.71–27.20]

40–49 31 (8.91) 28 (10.73) 7 25.00 [12.68–43.36]

50–59 7 (2.01) 7 (2.68) 1 14.29 [2.57–51.31]

 ≥ 60 12 (3.45) 9 (3.45) 2 22.22 [6.32–54.74]

State 346e 262

Carabobo 206 (59.54) 188 (71.76) 36 19.15 [14.16–25.37]

Bolivar 62 (16.47) 4 (1.53) 0 0.00 [0.00–48.99)]

Zulia 37 (10.69) 37 (14.12) 2 5.41 [1.50–17.70]

Merida 20 (5.49) 18 (6.87) 3 16.67 [5.84–39.22]

Distrito Capital 15 (4.05) 7 (2.67) 3 42.86 [15.82–74.95]

Miranda 9 (2.60) 7 (2.67) 1 14.29 [2.57–51.31]

Monagas 2 (0.58) 0 (0.00) 0 –

Aragua 2 (0.58) 1 (0.38) 1 100.00 [20.65–100.00)]

Case definition 349 262

Suspected 314 (89.97) 237 (90.46) 40 16.88 [12.65–22.17]

Confirmed 35 (10.03) 25 (9.54) 6 24.00 [11.50–43.43]

https://www.dnastar.com/blog/category/publications/
http://pubmlst.org/cdiphtheriae/
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in silico cg-MLST by using the generate cg-MLST or extended cg-MLST scheme of 1.441 or 2.176 target loci. 
The combination of all alleles in each strain formed an allelic profile that was used to generate minimum span-
ning trees (MST). Alleles with missing values in at least one sample or samples with 10% of distance columns 
were excluded from the comparison table. A cluster was defined as a group of closely related cg-MLST-analysed 
isolates differing by ≤ 5 alleles and subclusters with the same similarity threshold but after extended cg-MLST.

Isolation and identification were conducted at the microbiology laboratory at the Centro Clínico Materno 
Leopoldo Aguerrevere in Caracas, Venezuela. All the subsequent laboratory procedures were carried out at the 
Centro Nacional de Microbiología, Instituto de Salud Carlos III located in Madrid, Spain.

Statistical analyses were conducted using R version 3.4.2. Categorical variables are reported as numbers and 
percentages of patients. Percentages are based on all observations, excluding missing values. Case Fatality Rates 
(CFR) were calculated along with 95% confidence intervals. CFRs are calculated excluding those in which the 
survival status is missing. Histograms were used to display the distribution of cases over the outbreak period by 
case status, survival status and state. The map has been generated using R version 3.6.2 (https:// www.r- proje ct. 
org, packages: ggspatial, rnaturalearth).

All methods including patients recruitment, sample collection, packaging and shipping of samples as well 
as bacteriology and molecular procedures were carried out in accordance with updated relevant guidelines and 
corresponding regulations. This study was reviewed and granted by an ad hoc ethics committee from the Tropical 
Medicine Institute at the Universidad Central de Venezuela.

Results
Characteristics of the patients. 51 cases were recruited and a corresponding number of NP and OP 
samples were taken depending on the membrane localization. In our cohort, females were more frequently 
affected (65.2%; n = 30) than males (34.8%; n = 16) and young subjects with ages between 10 and 19 (40.9%; 
n = 18) as well. Most of the cases were found in hospitals from the central and densely populated states of Cara-
bobo (38.1%; n = 16) and Capital District (26.2%; n = 11). Pharyngeal localization of the pseudomembrane was 
predominant (87.5%; n = 28) in comparison to extra-pharyngeal (mostly laryngeal) pseudomembranes (12.5%; 
n = 4) (Table 1).

As for the retrospective data, more females (52.0%; n = 184) than males were affected yet being the CFR 
19.4% in males and 15.8% in females Young individuals were the most frequently affected with a majority 
(27.3%; n = 95) of cases between ages of 10 to 19 years of age, followed by children under 5 years (22.1%; n = 77) 
and then by children between 5 and 10 years old (19.5%; n = 68). The highest CFR (31.1%) was observed among 
those under 5, followed by the 40 and 49 years age-group (25.0%). The state with most cases was Carabobo with 
206 (59.5%) cases; a highly populated coastal-central state located 167 km to the west of the capital. Following, 
Bolivar and Zulia accounted for 62 (16.5%) and 37 (10.7%) cases respectively. The capital ranked fifth place in 
number of cases, although it registered the highest CFR of 42.9%, followed by Carabobo, Mérida and Miranda 
presenting CFRs of 19.2%, 16.7% and 14.3% respectively. As for Aragua state, the only case recorded in this data 
died (Table 2).

In accordance with PAHO’s epidemiological updates, the case distribution based on retrieved data from the 
study hospitals, shows three main peaks: the first one occurring in October 2016, the second between December 
2017 and April 2018, and a third wave between July 2018 and February 2019 (Fig. 1). The curve shows the low 
laboratory confirmation capacity. Figure 2 shows a proportional CFR which increases during the periods of 
highest incidence.

Figure 3 shows the different states according to the number of cases during the outbreak. The distribution of 
cases retrospectively retrieved shows a peak of cases in Bolivar state which shares borders with Brazil. Following 
this peak, cases were reported from the western states Zulia and Merida, which share a border with Colombia. 
Here, the number of cases remained low. An increasing number of cases was registered from December 2017 
onwards in the densely populated coastal-central area, in which Carabobo state presented the highest disease 
burden by the end of 2019 (Figs. 3 and 4).

Microbiological characteristics. Among 51 samples collected for the present study, C. diphtheriae was 
detected in 9 (18%) cases. One case was positive by PCR but the culture was negative. All C. diphtheriae isolates 
corresponded to biotype mitis. C. ulcerans was isolated in one (2%) case. All isolates resulted in toxigenic strains 
confirmed by PCR and ELEK (Table 3).

Antimicrobial characteristics. All C. diphtheriae (n = 8) and C. ulcerans (n = 1) isolates were susceptible 
to erythromycin and penicillin.

Multilocus sequence typing. Two STs were identified among the 8 C. diphtheriae analysed. The ST174 
with 4 (50%) isolates and the ST697 with 4 (50%) isolates from Carabobo. The ST697 was not previously 
described. Clonal analysis classified the 8 C. diphtheriae isolates into one clonal complex designated by eBurst 
groups. The isolates are part of eBurst group 33 (composed of ST697, ST174 and ST677).

The C. ulcerans isolate belonged to a new ST (ST702) classified as a singleton by eBurst analysis.

Whole genome sequencing results. Cg-MLST with an in-house generated scheme, consisting of 1441 
C. diphtheriae-specific target loci, and visualization in a minimum spanning tree revealed only one cluster, con-
sisting of four isolates from Carabobo (ST697). The differences between the isolates within the cluster ranged 
from zero to five alleles. The other four isolates were not assigned to any clusters and the differences between 
them ranged from 10 to 18 alleles. The reference sequence BH8NC_016800 (BioProject: PRJNA224116 and 

https://www.r-project.org
https://www.r-project.org
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BioSample: SAMN02603077) from Brazil, harbours the lowest number of allele differences (1100 alleles) com-
pared to the Venezuelan isolates (Fig. 4). The cg-MLST scheme was enlarged by adding 735 accessory targets 
to the 1441 cg-MLST targets. The results using the extended cg-MLST confirmed the phylogenetic structure.

Discussion
This study shows a non-previously described sequencing type of C. diphtheriae implicated in a diphtheria out-
break and suggests its potential coexistence with C. ulcerans in the Venezuelan outbreak. Also, our findings 
contribute to shed light in describing a territorial pathway of this epidemic.

Some characteristics of the cases prospectively recruited for this study are similar to those retrieved from 
the hospital records and those officially reported by PAHO. Consistently, the most affected group of individuals 
was in the ages between 10 and 19  years10. In both, PAHO reports and the retrieved hospital records, individu-
als between 40 to 49 years of age were also frequently  affected10. The high incidence and CFR in the latter group 
is an unusual finding that requires closer attention, since it might imply the potential need of vaccine boosters 
among non-pediatric population. Unfortunately, this assumption can only be made in the case these group was 
previously fully vaccinated as children (6-doses  scheme23). Although likely since no coverage problems were 
reported in the country in the past decades, this information is missing for our cohort.

High incidences and CFR in diphtheria epidemics are expected among children under  five3. This was 
also found during the latest outbreak among the Rohingya refugees and in the last outbreaks in Laos and in 
 Yemen3,6,7,24. In the study presented here, it could be confirmed that patients under 5 years of age had the high-
est CFR followed by adults between 40 to 49 years. Although most of the deaths in this age group were seen in 
Carabobo (the state of highest incidence), sufficient clinical information is lacking to draw further conclusions. 
The overall CFR of 21% found in the study was high in comparison with the last two largest outbreaks regis-
tered during crises, namely the Rohingya displacement in  20167 and the civil war in Yemen between 2017 and 
 20185 where CFRs of 1.0% and 5.6% were reported, respectively. A delay in antitoxin administration and use 
of suboptimal doses due to country-wide shortages might be one explanation of the high CFR reported in this 
study. In another cohort that was observed during the same outbreak, up to 39.6% of cases had an unknown 
immunization status while 37.5% declared incomplete or no vaccination. Further, the same study showed that 
suboptimal dosage was frequently administrated to patients with  diphtheria25.

The occurrence of diphtheria outbreaks might indicate vaccination coverage problems. In order to prevent 
diphtheria, a critical vaccination coverage (Vc) between 79 and 84% is essential to ensures herd  immunity26. 
Coinciding with PAHO, the data retrospectively retrieved from the hospitals for this study suggest the beginning 
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Figure 1.  Distribution of suspected and confirmed diphtheria cases by month, Venezuela, June 2016 and July 
2019 (N = 349).
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of the outbreak in the southeast of the  country10. This indicates that the potential index case(s) might have 
originated from inaccessible mining areas where vaccination is challenging. The state of Bolivar is the largest in 
the country and the richest in mineral residues. Since the government declared the unrestrained opening of the 
mining arch of the Orinoco River in 2011, legal and illegal mining activities are ongoing and rapidly growing. 
This situation has also led to an exceptional escalation of vector-borne disease transmission in this  region27,28. 
The detection of diphtheria cases among nomad Amerindian communities surrounding the mining  areas9 may 
explain the transmission from these remote areas to other states of the country which is also represented in our 
retrospective data (Fig. 3a,b). These communities typically lack access to formal health services and frequently 
take part in mining activities. However, no strains from these areas were isolated in our study. The retrospective 
records included in this study aligns with the official reports which might indicate that the outbreak started in the 
southeast of the country (Bolivar state) and spread to the west and central most densely populated states (Fig. 4)10. 
Colombia and secondly Brazil, are the most frequent receptors or transit countries of Venezuelan refugees. This 
migration route may explain the cases detected among Venezuelan refugees at border communities of  Colombia9. 
Political instability and a deep economic crisis have produced an unprecedented social calamity, characterized 
by the health system breakdown and a humanitarian emergency obliging thousands to leave the  country9,27–29.

The eight C. diphtheriae isolates analysed are distributed in two STs (ST174 and ST697). The ST174 has only 
been reported in the MLST database PubMLST.org in one isolate from Brazil in 2016 from a six years old child 
and was toxin positive by PCR (no information about ELEK test is available) allowing to suspect potential strain 
introduction through the southeast boarder to Brazil. All isolates belong to the same eBurst group (group 33 
composed of ST174, ST697 and ST677). Interestingly, with entered date corresponding to the 23rd of March 
2020, the ST677 is described in PubMLST.org in one isolate from Colombia.

The phylogenetic analysis of the isolates by cgMLST revealed only one cluster (corresponding with the isolates 
grouped in the ST697). The cluster is concentrated around a specific geographic area (Carabobo) suggesting no 
transmission from one city to another occurred. Two of these four isolates (2,018,020 and 2,018,021) had no 
allele differences and differed by only 1 or 5 alleles compared to the other two (2,017,025 and 2,018,023). Samples 
within and outside the cluster were taken in similar time intervals suggesting that the strains detected in the 
different states might correspond to different origins.

The cg-MLST pointed to a less close relationship for isolates with ST174 showing between 10 to 18 differ-
ent alleles. Neither the ST174 nor the ST677 isolate reported in PubMLST.org from Brazil and Colombia were 
characterized by WGS. To our knowledge, no complete genomes (except the one used as reference genome) 
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Figure 2.  Distribution of deceased and survived diphtheria cases by month, Venezuela, June 2016 and July 2019 
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from Brazil or Colombia exist to analyze the similarity between the circulating Venezuelan strains. However, our 
finding suggest that there may be a diverse community of corynebacterial strains circulating in South America.

Interestingly, the isolation of C. ulcerans in one patient with typical clinical features of diphtheria suggest the 
coexistence of both C. ulcerans and C. diphtheriae in the area of the outbreak. A publication by Dias and col-
leagues demonstrated the presence of this zoonotic pathogen not only in rural areas of Brazil but also in highly 

Figure 4.  Minimum-spanning tree of core genome multilocus sequence typing with 1423 targets of the 
toxigenic Corynebacterium diphtheriae isolates from Venezuela. Allele distances between isolates are indicated, 
cluster with allele difference ≤ 5 is shaded in pink, and the reference genomes are shown in grey (only the 
reference genome used as seed and the closest reference genome to Venezuelan isolates are shown).

Table 3.  Characteristics of the Corynebacterium isolates. ND not defined, NA not applicable, ND no 
determined.

N° ID Sex Age Diagnosis State Specimen Pathogen (biotype) Elek Tox Gen PCR ST

1 2,017,024 F 66 Respiratory diphtheria Mérida Corynebacterium diphtheriae mitis Yes Yes ND

2 2,017,025 F 10 Respiratory diphtheria Carabobo Corynebacterium diphtheriae mitis Yes Yes 697

3 2,018,021 F 12 Respiratory diphtheria Carabobo Corynebacterium diphtheriae mitis Yes Yes 697

4 2,018,020 F 3 Respiratory diphtheria Carabobo Corynebacterium diphtheriae mitis Yes Yes 697

5 2,018,023 M 11 Respiratory diphtheria Carabobo Corynebacterium diphtheriae mitis Yes Yes 697

6 2,019,002 F 61 Respiratory diphtheria Distrito Capital Corynebacterium diphtheriae mitis Yes Yes 174

7 2,019,006 F 17 Respiratory diphtheria Distrito Capital Corynebacterium ulcerans NA Yes Yes 702

8 2,019,003 M 44 Respiratory diphtheria Aragua Corynebacterium diphtheriae mitis Yes Yes 174

9 2,019,007 F 38 Respiratory diphtheria Miranda Corynebacterium diphtheriae mitis Yes Yes 174

10 2,019,009 F 28 Respiratory diphtheria Miranda Corynebacterium diphtheriae mitis Yes Yes 174
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populated cities like Rio de  Janeiro30. Its potential to generate outbreaks in humans should not be underestimated 
since a diverse diphtheria toxin in C. ulcerans has been  identified31. The diphtheria toxin diversification might 
decrease the effectiveness of the diphtheria toxoid vaccine and the diphtheria antitoxin for preventing and treat-
ing infections caused by this bacteria.

A main limitation of this study was access to comprehensive data. Data on vaccination status as well as clinical 
information and treatment details are key to describe the nature and virulence of the circulating strains as well 
as the efficacy and coverage with the available vaccines. Although CFRs from our cohort is consistent with the 
reported by PAHO, our data collected in referral hospitals alone might not accurately represent the totality of 
cases. The lacking laboratory capacities for the confirmation of suspected cases, and the logistic challenges for 
timely shipping viable samples within Venezuela and to Madrid was a significant restriction and likely played a 
role in the low detection rate of our cohort mostly compounded by highly suspected cases of diphtheria. However, 
to our knowledge, this is the only study of prospective cases accompanied with retrospective medical records 
together with molecular analysis of bacterial strains implicated in this large outbreak. Offering an opportunity 
to spread crucial data of a remerging disease in a context of extreme logistic difficulties and political arrest.

Conclusions
The diphtheria outbreak in Venezuela might remain active up to date, reflecting the inadequacy of implemented 
outbreak mitigation strategies. The high CFR observed in the study population may be related to the delay in 
antitoxin administration and the use of suboptimal doses. The unexpectedly high frequency in adolescents 
and adults suggests the need for vaccine booster doses among the non-pediatric population. The WGS analysis 
revealed that the outbreak seems to be caused by different strains with C. diphtheriae and C. ulcerans coexisting.

Received: 31 August 2020; Accepted: 9 March 2021

References
 1. Efstratiou, A. & George, R. C. Microbiology and epidemiology of diphtheria. Rev. Med. Microbiol. 7, 31–42 (1996).
 2. CDC. Diphtheria. https:// www. cdc. gov/ dipht heria/ about/ index. html (2018).
 3. Vitek, C. R. & Wharton, M. Diphtheria in the former Soviet Union: reemergence of a pandemic disease. Emerg. Infect. Dis. 4, 

539–550 (1998).
 4. Mahomed, S. et al. An isolated outbreak of diphtheria in South Africa, 2015. Epidemiol. Infect. 145, 2100–2108. https:// doi. org/ 

10. 1017/ S0950 26881 70008 51 (2017).
 5. Dureab, F. et al. Diphtheria outbreak in Yemen: The impact of conflict on a fragile health system. Conflict Health 13, 1–7. https:// 

doi. org/ 10. 1186/ s13031- 019- 0204-2 (2019).
 6. Sein, C. et al. Diphtheria outbreak in Lao People’s Democratic Republic, 2012–2013. Vaccine 34, 4321–4326. https:// doi. org/ 10. 

1016/j. vacci ne. 2016. 06. 074 (2016).
 7. Rahman, M. R. & Islam, K. Massive diphtheria outbreak among Rohingya refugees: Lessons learnt. J. Travel Med. 26, tay122. 

https:// doi. org/ 10. 1093/ jtm/ tay11 22 (2019).
 8. Practitioneers, I. C. O. G. IHR alert: Extensive Outbreak of Diphtheria in Venezuela. https:// www. icgp. ie/ go/ libra ry/ public_ health_ 

alerts/ 47451 04B- 0F5C- F480- 148C7 4944F 931F3D. html. (2016).
 9. Lodeiro-Colatosti, A. et al. Diphtheria outbreak in Amerindian communities, Wonken, Venezuela, 2016–2017. Emerg. Infect. Dis. 

J. 24, 1340. https:// doi. org/ 10. 3201/ eid24 07. 171712 (2018).
 10. PAHO/WHO. Epidemiological Update: Diphtheria https:// www. paho. org/ hq/ index. php? option= com_ docma n& view= downl oad& 

alias= 49684- 15- august- 2019- dipht heria- epide miolo gical- update- 1& categ ory_ slug= dipht heria- 8968& Itemid= 270& lang= en (2019).
 11. Pineda, J. Medicos denuncian que OPS “se reservó” Data Sobre Epidemia de Difteria en el País. https:// efect ococu yo. com/ salud/ 

medic os- denun cian- que- ops- se- reser vo- data- sobre- epide mia- de- difte ria- en- el- pais/ (2017).
 12. De Zoysa, A., Efstratiou, A., Mann, G., Harrison, T. G. & Fry, N. K. Development, validation and implementation of a quadruplex 

real-time PCR assay for identification of potentially toxigenic corynebacteria. J. Med. Microbiol. 65, 1521–1527. https:// doi. org/ 
10. 1099/ jmm.0. 000382 (2016).

 13. Bolt, F. et al. Multilocus sequence typing identifies evidence for recombination and two distinct lineages of Corynebacterium 
diphtheriae. J. Clin. Microbiol. 48, 4177–4185. https:// doi. org/ 10. 1128/ JCM. 00274- 10 (2010).

 14. Both, L. et al. Molecular and epidemiological review of toxigenic diphtheria infections in England between 2007 and 2013. J. Clin. 
Microbiol. 53, 567–572. https:// doi. org/ 10. 1128/ jcm. 03398- 14 (2015).

 15. Andrews, S. FastQC: A Quality Control Tool for High Throughput Sequence Data. http:// www. bioin forma tics. babra ham. ac. uk/ proje 
cts/ fastqc/ (2010).

 16. Bolger, A. M., Lohse, M. & Usadel, B. Trimmomatic: A flexible trimmer for Illumina sequence data. Bioinformatics 30, 2114–2120. 
https:// doi. org/ 10. 1093/ bioin forma tics/ btu170 (2014).

 17. Hoefer, A. et al. Molecular and epidemiological characterisation of toxigenic and non-toxigenic C. diphtheriae, C. belfantii and C. 
ulcerans isolates identified in Spain from 2014 to 2019. J. Clin. Microbiol. https:// doi. org/ 10. 1128/ jcm. 02410- 20 (2020).

 18. Wick, R. R., Judd, L. M., Gorrie, C. L. & Holt, K. E. Unicycler: Resolving bacterial genome assemblies from short and long sequenc-
ing reads. PLoS Comput Biol 13, e1005595. https:// doi. org/ 10. 1371/ journ al. pcbi. 10055 95 (2017).

 19. Gurevich, A., Saveliev, V., Vyahhi, N. & Tesler, G. QUAST: quality assessment tool for genome assemblies. Bioinformatics 29, 
1072–1075. https:// doi. org/ 10. 1093/ bioin forma tics/ btt086 (2013).

 20. Larsen, M. V. et al. Benchmarking of methods for genomic taxonomy. J. Clin. Microbiol. 52, 1529–1539. https:// doi. org/ 10. 1128/ 
jcm. 02981- 13 (2014).

 21. Yoshimura, D. et al. Evaluation of SNP calling methods for closely related bacterial isolates and a novel high-accuracy pipeline: 
BactSNP. Microb. Genom. 5, e000261. https:// doi. org/ 10. 1099/ mgen.0. 000261 (2019).

 22. Jun, G., Wing, M. K., Abecasis, G. R. & Kang, H. M. An efficient and scalable analysis framework for variant extraction and refine-
ment from population-scale DNA sequence data. Genome Res. 25, 918–925. https:// doi. org/ 10. 1101/ gr. 176552. 114 (2015).

 23. Pediatría, S. V. D. P. Y. Esquema de Inmunización http:// www. svped iatria. org/ secci ones/ publi cacio nes/ esque ma- de- inmun izaci 
on/ (2020).

 24. Dureab, F. et al. Diphtheria outbreak in Yemen: The impact of conflict on a fragile health system. Conflict Health 13, 19–19. https:// 
doi. org/ 10. 1186/ s13031- 019- 0204-2 (2019).

 25. Guillén, A. C., Navas, T. & Carvajal, A. Difteria en Venezuela: análisis de las manifestaciones clínicas y evolución de una serie de 
casos. Bol Venez Infectol 30, 10–16 (2019).

https://www.cdc.gov/diphtheria/about/index.html
https://doi.org/10.1017/S0950268817000851
https://doi.org/10.1017/S0950268817000851
https://doi.org/10.1186/s13031-019-0204-2
https://doi.org/10.1186/s13031-019-0204-2
https://doi.org/10.1016/j.vaccine.2016.06.074
https://doi.org/10.1016/j.vaccine.2016.06.074
https://doi.org/10.1093/jtm/tay1122
https://www.icgp.ie/go/library/public_health_alerts/4745104B-0F5C-F480-148C74944F931F3D.html
https://www.icgp.ie/go/library/public_health_alerts/4745104B-0F5C-F480-148C74944F931F3D.html
https://doi.org/10.3201/eid2407.171712
https://www.paho.org/hq/index.php?option=com_docman&view=download&alias=49684-15-august-2019-diphtheria-epidemiological-update-1&category_slug=diphtheria-8968&Itemid=270&lang=en
https://www.paho.org/hq/index.php?option=com_docman&view=download&alias=49684-15-august-2019-diphtheria-epidemiological-update-1&category_slug=diphtheria-8968&Itemid=270&lang=en
https://efectococuyo.com/salud/medicos-denuncian-que-ops-se-reservo-data-sobre-epidemia-de-difteria-en-el-pais/
https://efectococuyo.com/salud/medicos-denuncian-que-ops-se-reservo-data-sobre-epidemia-de-difteria-en-el-pais/
https://doi.org/10.1099/jmm.0.000382
https://doi.org/10.1099/jmm.0.000382
https://doi.org/10.1128/JCM.00274-10
https://doi.org/10.1128/jcm.03398-14
http://www.bioinformatics.babraham.ac.uk/projects/fastqc/
http://www.bioinformatics.babraham.ac.uk/projects/fastqc/
https://doi.org/10.1093/bioinformatics/btu170
https://doi.org/10.1128/jcm.02410-20
https://doi.org/10.1371/journal.pcbi.1005595
https://doi.org/10.1093/bioinformatics/btt086
https://doi.org/10.1128/jcm.02981-13
https://doi.org/10.1128/jcm.02981-13
https://doi.org/10.1099/mgen.0.000261
https://doi.org/10.1101/gr.176552.114
http://www.svpediatria.org/secciones/publicaciones/esquema-de-inmunizacion/
http://www.svpediatria.org/secciones/publicaciones/esquema-de-inmunizacion/
https://doi.org/10.1186/s13031-019-0204-2
https://doi.org/10.1186/s13031-019-0204-2


10

Vol:.(1234567890)

Scientific Reports |         (2021) 11:6378  | https://doi.org/10.1038/s41598-021-85957-1

www.nature.com/scientificreports/

 26. Plans-Rubió, P. Evaluation of the establishment of herd immunity in the population by means of serological surveys and vaccina-
tion coverage. Hum. Vaccines Immunother. 8, 184–188. https:// doi. org/ 10. 4161/ hv. 18444 (2012).

 27. Robinson, J.-O. et al. Effects of Political Instability in Venezuela on malaria resurgence at Ecuador-Peru Border, 2018. Emerg. Infect. 
Dis. J. 25, 834. https:// doi. org/ 10. 3201/ eid25 04. 181355 (2019).

 28. Grillet, M. E. et al. Venezuela’s humanitarian crisis, resurgence of vector-borne diseases, and implications for spillover in the region. 
Lancet. Infect. Dis https:// doi. org/ 10. 1016/ S1473- 3099(18) 30757-6 (2019).

 29. Alberto, E.P.-M. et al. Resurgence of vaccine-preventable diseases in Venezuela as a regional public health threat in the Americas. 
Emerg. Infect. Dis. J. 25, 625. https:// doi. org/ 10. 3201/ eid25 04. 181305 (2019).

 30. Dias, A. A. et al. Corynebacterium ulcerans diphtheria: An emerging zoonosis in Brazil and worldwide. Rev. Saude Publica 45, 
1176–1191. https:// doi. org/ 10. 1590/ s0034- 89102 01100 06000 21 (2011).

 31. Otsuji, K., Fukuda, K., Ogawa, M. & Saito, M. Mutation and diversity of diphtheria toxin in Corynebacterium ulcerans. Emerg. 
Infect. Dis. 25, 2122–2123. https:// doi. org/ 10. 3201/ eid25 11. 181455 (2019).

Acknowledgements
To the staff at the Tropical Medicine Institute of the Universidad Central de Venezuela.

Author contributions
R.S.: Concept, outbreak investigation coordination and write up. L.H. and S.H.: Bacteriology, molecular analysis 
and study write up. J.C. and A.G.: were the local outbreak investigation network coordinators. E.L.: Biometry and 
graphs. A.C., E.H.,TN., S.V., N.L., M.L., L.A., V.N., M.R., T.D., J.M. and E.H.: coordinated the outbreak investiga-
tion at their corresponding study sites. F.B. and O.A.: Bacteriology at study sites. J.T., J.M. and D.E.: contributed 
with the conceptualization and write up. All authors reviewed and approved this manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL. This work was supported by the Bernhard Nocht 
Institute for Tropical Medicine, Department of Infectious Disease Epidemiology budget not related with any 
particular grant.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to R.A.S.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2021

https://doi.org/10.4161/hv.18444
https://doi.org/10.3201/eid2504.181355
https://doi.org/10.1016/S1473-3099(18)30757-6
https://doi.org/10.3201/eid2504.181305
https://doi.org/10.1590/s0034-89102011000600021
https://doi.org/10.3201/eid2511.181455
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Molecular and epidemiologic characterization of the diphtheria outbreak in Venezuela
	Methods
	Data collection and study sites. 
	Case definitions. 
	Laboratory procedures. 
	Isolation, identification and antimicrobial testing. 

	Sequencing and data analysis. 

	Results
	Characteristics of the patients. 
	Microbiological characteristics. 
	Antimicrobial characteristics. 
	Multilocus sequence typing. 
	Whole genome sequencing results. 

	Discussion
	Conclusions
	References
	Acknowledgements


