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Background. This study presented the key characteristics of patients who tested positive for diphtheria during the outbreak in
the Republic of Guinea in 2023 and assessed the influence of some risk factors on disease development.

Methods. The clinical diagnosis of diphtheria was confirmed by detecting diphtheria toxin genes in nasopharyngeal samples
collected from suspected patients via 2 reverse transcription-quantitative polymerase chain reaction tests. Bivariate analyses with
the y” test and the Fisher’s exact test were conducted to explore possible associations between diphtheria positivity and various
sociodemographic, clinical, and exposure factors.

Results.  In total, 444 samples obtained from suspected cases were analyzed. In 90 (20.3%) cases, the condition was confirmed
using quantitative polymerase chain reaction, with an overall fatality rate of 8.9% (n = 8). On average, deaths occurred 2 days after
admission, with 6 (75.0%) of 8 (6 girls and 2 boys) deaths recorded within the first 3 months after the epidemic onset. The clinical
characteristics included sore throat (91%), fever (90%), whitish throat membrane (83%), throat redness (81%), and dyspnea (28%).
The risk factors were age <15 years, no prior vaccination, and contact with a patient with diphtheria. A whitish throat membrane
and dyspnea were significantly associated with diphtheria positivity.

Conclusions.  This study emphasized that diphtheria remains a major and potentially fatal disease, despite vaccination and early
symptom recognition. The identification of characteristic signs—particularly a whitish throat membrane and dyspnea—is

important for reducing disease severity and mortality.
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Diphtheria is a potentially fatal infectious disease. However, it can
be prevented with vaccination. The term, which originated from
the Greek word “diphtheriae,” refers to the pseudomembrane
that forms at the infection sites [1, 2]. The disease is caused by
Corynebacterium diphtheriae, a Gram-positive actinobacterium
with a high G+C content. Its incubation period is 2-5 days,
and the condition is initially characterized by sore throat and fe-
ver. Severe cases involve toxin-mediated production of a charac-
teristic gray or whitish pseudomembrane in the throat [3-5].
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Clinically, diphtheria presents in pharyngeal and cutaneous
forms, commonly caused by the toxigenic strains of C. diph-
theriae and rarely by Corynebacterium ulcerans and
Corynebacterium pseudotuberculosis, collectively leading to
thousands of deaths annually worldwide [4, 6, 7].

Despite achieving a greater control over the disease globally,
several countries in Africa, Europe, Asia, and America continue
to experience some level of re-emergence and increase in diph-
theria cases [8]. According to World Health Organization data,
84% of children worldwide were fully vaccinated against diph-
theria during early childhood. Meanwhile, the remaining 16%
were either unvaccinated or not fully vaccinated, with a high
risk of contracting the disease and a case fatality rate of 5%-
10% [9]. Generally, additional clinical and biological factors con-
tribute to the development of diphtheria. A better understanding
of these risk factors would facilitate a more precise identification
of vulnerable populations and support the development of more
effective interventions, thereby reducing disease burden [10].

In 2023, a diphtheria outbreak emerged in north-eastern
Guinea, where the vaccination coverage among children aged
0-23 months was only 54% [11]. By November 2024, the
National Agency for Food Safety reported 6331 suspected cases
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of diphtheria and 162 deaths since the first case was biologically
confirmed on 20 July 2023 [11]. Importantly, the 2018
Demographic and Health Survey showed that only 24% of chil-
dren aged 12-23 months had been fully vaccinated in Guinea.
Meanwhile, 22% of children from the same age group did not
receive vaccination at all [12]. This finding emphasizes the issue
of under-immunization against vaccine-preventable diseases
such as diphtheria within the population.

Due to this alarming situation and with the aim to develop an
appropriate epidemiological response, the current study as-
sessed the main characteristics of confirmed diphtheria cases
and the influence of some risk factors on disease development.

MATERIALS AND METHODS

Data Collection and Study Design

This study conducted a secondary analysis of data gathered by
health workers during the admission of patients with suspected
diphtheria at epidemic treatment centers in the health districts
that reported cases from July 18, 2023, to June 18, 2024. These
data, which included sociodemographic, clinical, and epidemio-
logical information on suspected cases, were obtained directly
from notification forms. Nasopharyngeal or oropharyngeal swab
samples were also collected for the laboratory confirmation of
the diagnosis using 2 real-time quantitative polymerase chain re-
action (RT-qPCR) tests, which can detect bacterial DNA and
diphtheria toxin.

A patient was suspected with diphtheria if he/she presented at
least 2 of the following symptoms: fever, sore throat, reddened
throat, cervical lymph node swelling, difficulty breathing, throat
irritation, cough, swallowing difficulties, or a whitish or grayish
throat membrane. An epidemiologically linked case correspond-
ed to the definition of a suspected case that had been in contact
with a laboratory-confirmed case within 14 days preceding the
onset of disease signs. A clinically compatible case was defined
as any case meeting the definition of a suspected case with no lab-
oratory confirmation test results and no epidemiological link
with a laboratory-confirmed case. A discarded case was any sus-
pected case with 2 RT-qPCR tests that yielded negative results for
the diphtheria toxin gene (toxA and toxB) [13, 14].

Laboratory Analysis

The nasopharyngeal samples were collected by a trained biolo-
gist. The collection kit included a nasopharyngeal swab, the
AMIES transport medium (Thermo Fisher Scientific), and per-
sonal protective equipment [15]. These samples were securely
packaged in triple layers and maintained at a temperature of
4°C-8°C. Further, they were classified using data from the in-
vestigation forms, and transported to the National Public
Health Laboratory and then to the CERFIG for diagnostic
confirmation.

Manual extraction of bacterial DNA was performed using a
human diagnostic kit (RunMei Gene Technology Co., Ltd.), ac-
cording to the manufacturer’s instructions. Fresh DNA extracts
were used to confirm the diagnosis via RT-qPCR. The DNA al-
iquots were subsequently stored at —20°C.

The confirmation of diphtheria diagnosis was based on the
presence of diphtheria toxins in suspected patients. The diph-
theria diagnosis was biologically confirmed after establishing
an epidemiological link and a clinical diagnosis of the disease
at the epidemiological treatment centers of the reporting dis-
tricts of the cases. This strategy refers to the recommendations
of the Pasteur Institute, which involves confirming the clinical
diagnosis via a test for detecting the toxin secreted by C. diph-
theriae [16]. The primer and probe sequences used to detect the
2 subunits (A and B) of the diphtheria toxin were as
follows: ToxA-forward—GGCGTGGTCAAAGTGACGTA; ToxA-
reverse—CTTGCTCCATCAACGGTTCA; ToxA-probe—6FAM-
CCAGGACTGACGAAGGTTCTCGCACT; ToxB-forward—CG
CCCTAAATCTCCTGTTTATGTT; ToxB-reverse—GTACCCAA
GAACGCCTATGGAA; and ToxB-probe—6FAM-TTCACAGAA
GCAGCTCGGAGAAAATTCATTC [17].

The primers were reconstituted at a concentration of 20 uM
and the probes at 5 uM. To prepare the real-time qPCR mix-
ture, we used 10pul of the Master Mixes using the
LightCycler® 480 RT-qPCR system, 0.5 pl of each primer,
0.5 ul of the probe, 3.5 pl of H,O, and 5 pl of DNA extract.
The amplification program on the CFX 96 real-time PCR sys-
tem (Bio-Rad) was as follows: 1 cycle at 95°C for 10 min, fol-
lowed by 40 cycles of 95°C for 10s and 60°C for 30 s and
finally by 1 cycle at 40°C for 30 s [17]. Each RT-qPCR plate con-
tained the 2 pairs of primers accompanied by the correspond-
ing probes and allowed the simultaneous detection of the 2
subunits of the diphtheria toxin. The validation criteria for
the RT-qPCR results included a Ct value of >38, a sinusoidal
amplification curve for the positive control, and lack of ampli-
fication in the negative controls.

Data Analysis

A descriptive analysis of the data was performed. Qualitative
variables were expressed as frequencies, and quantitative vari-
ables were presented as means with standard deviation. A bi-
variate analysis using the y* test and the Fisher’s exact test
was performed to investigate the association between diphthe-
ria positivity and the sociodemographic, clinical, and exposure
characteristics of the participants. Next, variables with a
P-value of <.20 were included in a multivariate logistic regres-
sion model to identify factors that are independently associated
with diphtheria positivity. Odds ratios and confidence intervals
were then calculated, and a P-value of <.05 indicated statisti-
cally significant differences. Data were entered into the Excel
sheet and analyzed using the R-Studio 4.4.1 software.
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Patient Consent Statement

This study was conducted in the context of a public health
emergency related to the diphtheria epidemic in the country.
Consequently, the inclusion of participants was opportunistic
and based on routine care. Therefore, explicit consent was
not required. The patients were informed that their sociodemo-
graphic and clinical information and blood samples would be
used to coordinate the epidemic response. The National
Ethics Committee for Health Research (CNERS) of Guinea ap-
proved the study protocol under the reference number N°186/
CNERS/23 dated October 24, 2023.

RESULTS

Diphtheria Positivity Rate

Over a 1-year epidemic period, we received 444 samples col-
lected from patients suspected of diphtheria, of whom 90
tested positive on 2 RT-qPCR tests, resulting in a global
positivity rate of 20.3%. In total, 13 deaths, including 8 con-
firmed cases, were recorded, yielding a case fatality rate of
8.9% (Figure 1).

Sociodemographic Characteristics of the Participants

The median age of the patients with diphtheria was 11 +9
years (min: 1 year, max: 60 years), with a female predom-
inance (53 [59%] of 90 patients) and a male-to-female sex
ratio of 0.7. Among all patients who tested positive, only
3 (3.3%) were vaccinated against diphtheria. Of them,
only 1 had a vaccination card. In total, 53 (59%) of 90 pa-
tients with diphtheria had been in contact with a patient
during disease onset. Meanwhile, 27 (30%) of 90 patients
reported no contact with a sick person, and 10 (11%) of
90 patients were not aware if they had prior contact
(Table 1).

Diphtheria
suspected cases
MN=444

l I

Positive by 2 Negative by 2
RT-gPCRs RT-gPCRs
n=90 (20.3%) n=354 (79.7%)

Y v
Dead Alive Dead Alive
n=8 (8.9%) n=82 (91.1%) n=5 (1.4%) n=349 (98.6%)

Figure 1. Flowchart for the selection of diphtheria cases. We have collected 444
samples from patients suspected of diphtheria. Among these patients, 90 tested
positive for diphtheria, and 354 tested negative. Among the diphtheria cases, 8
deaths and 82 recoveries were recorded. In addition, 5 deaths were reported among
the patients who tested negative.

Table 1. Sociodemographic Characteristics, Risk Factors, and Clinical
Signs of the 444 Patients Suspected of Diphtheria Who Underwent
Confirmation Testing

Patients Who Were Patients \WWho Were
Diphtheria-negative Diphtheria-positive
Based on the 2 Based on the 2

Characteristics of the RT-gPCR Tests RT-gPCR Tests

Patients N=354° N=90" P-Value®
Age (y) <.001

1-5 85 (24%) 53 (69%)

6-10 89 (25%) 17 (19%)

11-15 59 (17 %) 11 (12%)

>15 121 (34%) 9(10%)
Sex .6

Female 218 (62%) 53 (69%)

Male 136 (38%) 37 (41%)
Region .002

Conakry 45 (13%) 8 (8.9%)

Faranah 15 (4.2%) 3 (3.3%)

Kankan* 209 (59%) 72 (80%)

Kindia 13 (3.7%) 3 (3.3%)

Labé 9(2.5%) 0(0%)

Mamou 63 (18%) 4 (4.4%)
Vaccinated patients** 41 (12%) 3 (3.3%) .019
Patients with vaccination 15 (4.2%) 1(1.1%) 2

records
Contact with a patient 129 (36%) 53 (59%) <.001
No contact with a patient 213 (60%) 27 (30%)

Lack of awareness about 12 (3.4%) 10 (11%)

contact with a patient
Clinical symptoms . .

Fever 314 (89%) 81 (90%) 7

Headaches 214 (60%) 51 (567%) 5

Cough 169 (48%) 51 (57 %) 13

Dyspnea 45 (13%) 25 (28%) <.001

Physical asthenia 93 (26%) 32 (36%) .080

Abdominal pain 4(1.1%) 1(1.1%) >.9

Nausea 68 (19%) 16 (18%) .8

Vomiting 55 (16%) 15 (17%) .8

Sore throat 307 (87 %) 82 (91%) 3

Dysphagia 292 (82%) 80 (89%) 14

Swollen neck lymph 103 (29%) 33 (37%) 2

Throat irritation 109 (31%) 27 (30%) 9

Throat redness 266 (75%) 73 (81%) 2

Whitish throat 224 (63%) 75 (83%) <.001

membrane

Skin lesion 6 (1.7%) 3(3.3%) 4

Joint damage 2 (0.6%) 1(1.1%) .5

Dysphonia 2 (0.6%) 0 (0%) >.9

Rhinorrhea 7 (2.0%) 1(1.1%) >.9

The variables associated with diphtheria were age (P-value <.001), health region or endemic
area (P-value < .002), contact with a patient (P-value <.001), dyspnea (P-value <.001), and
whitish throat membrane (P-value < .001).

N (%).
bPearson’s x2 test; Fisher's exact test.
* Siguiri district where all 8 fatal cases occurred is a part of this region.

** The vaccination against diphtheria had been reported by the patient’s companion or the
patient him/herself.

Six of the 8 administrative regions recorded suspected cases
of diphtheria. Of these, 5 had confirmed cases. Among the af-
fected regions, the Kankan region had the highest number of
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diphtheria cases (80%, 72 of 90 patients). In addition, the
Conakry, Mamou, Faranah, and Kindia regions recorded pro-
portions of confirmed cases at 8.9% (n =38), 4.4% (n=4), and
3.3% (n = 3), respectively. However, the Labé region did not re-
cord any confirmed cases of diphtheria despite reporting 9 sus-
pected cases (Table 1).

Clinical Signs and Symptoms

The common clinical characteristics of patients with diphtheria
were sore throat (91%), fever (90%), dysphagia (89%), whitish
throat membrane (83%), redness at the back of the throat
(81%), headaches and cough (57%), physical asthenia (36%),
cervical lymph node swelling (37%), throat irritation (30%),
and dyspnea (28%) (Table 1).

Eight Positive Cases of Diphtheria based on 2 RT-qPCR Tests

The 8 diphtheria-related deaths, which involved 6 girls and 2
boys, with a median age of 4 years, occurred in the Siguiri dis-
trict. Upon admission to the epidemic treatment center, the
predominant clinical features of the patients who died were
as follows: fever (n =8), generalized asthenia (n=8), odyno-
phagia (n=38), dysphagia (n=38), presence of diphtheritic
membrane (n=38), throat redness (n=26), cervical edema
(n =6), and cough (n = 6). None of the patients had received
diphtheria vaccination. On average, the patients died 2 days af-
ter admission. Six of 8 patients (4 girls and 2 boys) died within
the first 3 months after confirming the epidemic. Meanwhile,
only 1 death was recorded in both the second and fourth quar-
ters of the year.

Weekly Trends in Suspected, Confirmed, and Negative Cases of Diphtheria
The positivity rates were 30.0% (9 of 30 patients) during the
first quarter (from July to September 2023), 19.3% (26 of 135
patients) during the second quarter (from October to
December 2023), 3.7% (5 of 135 patients) during the third
quarter, and 34.7% (50 of 144 patients) during the fourth quar-
ter (Figures 2A and 2B).

Risk Factors

The risk factors associated with diphtheria included age <15
years, with the specific details as follows: 1-5 years (adjusted
odds ratio [aOR] = 10.6, 95% confidence interval [CI] = 4.83-
25.4), 6-10 years (aOR =3.38, 95% CI=1.41-8.59), and 11-
15 years (aOR = 2.84, 95% CI = 1.08-7.68). Lack of vaccination
against diphtheria (aOR = 3.76, 95% CI =1.21-16.7) and con-
tact with a patient with confirmed diphtheria (aOR = 3.20, 95%
CI =1.83-5.71) were also a significant risk factor. The predic-
tive signs of diphtheria included a whitish throat membrane
(aOR =4.10, 95% CI=2.13-8.42) and dyspnea (aOR = 2.68,
95% CI =1.27-5.65) (Table 2).

DISCUSSION

The Republic of Guinea has become a hotspot for epidemic-
prone diseases over the last decade. Since 2023, the country
has been facing a diphtheria outbreak.

It should be emphasized that the diphtheria vaccine has
been introduced in Guinea in the 1980s as part of the World
Health Organization’s Expanded Program on Immunization.
Thereafter, this program has ensured the implementation of the
country’s vaccination strategy. The vaccination coverage remains
a challenge, with rates below 50% since 2014 [18].

In 2020, administrative data reported that ~90% of infants
aged 0-11 months received their third dose of the pentavalent
vaccine in Guinea. However, the full vaccination coverage rate
for children aged 12-23 months was only 24% [19]. This is still
insufficient to prevent the occurrence of diphtheria in the
country. Several studies have shown that vaccination alone
can only interrupt transmission in 28% of epidemic households
[20, 21]. Countries affected by diphtheria have implemented
strategies to strengthen routine vaccination, organize catch-up
campaigns, enhance surveillance and early detection, train
healthcare personnel, improve technical capacities, and raise
community awareness about best practices while promoting in-
tersectoral cooperation [22]. Thus, the implementation of these
strategies will significantly enhance vaccination coverage and,
as a result, can effectively control the diphtheria epidemic.

In our case series, diagnosis was based on clear epidemiolog-
ical link, compatible clinical presentation, and 2 RT-qPCR tests
that detected the diphtheria toxin gene in blood samples [15].
However, bacterial culture and the Elek test, which are the
gold standards for confirming diphtheria, could not be per-
formed because of technical difficulties.

Data were collected from individuals suspected of diphthe-
ria. Each patient was identified using a notification form filled
out based on the declarations of the patients themselves or their
companions. The positivity rate was 20%, which is one of the
highest in the West African subregion. According to an
AFRICA-CDC report, the diphtheria epidemic has affected 4
African countries including Algeria, Guinea, Niger, and
Nigeria. As of 9 October 2023, there have been over 14 587 re-
ported cases, with a case fatality rate of 4.1%. Nigeria accounts
for >90% of these cases [23]. This high positivity rate could be
explained by the screening strategy implemented by the coun-
try’s health authorities. This strategy was based on the detection
of new epidemic foci, the hospital management of positive cas-
es, and the vaccination of contacts aged >5 years.

After confirming the initial diphtheria cases in Siguiri, a city
in the Kankan region, the disease spread to 5 other regions
along National Highway N° 01, likely caused by patient or con-
tact mobility. This underscores the need for a comprehensive
contact investigation to identify and manage affected individu-
als, especially due to the complexity added by multiple
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Figure 2. Aand B, Weekly and quarterly evolution of diphtheria cases from July 2023 to June 2024 in the Republic of Guinea. During the first quarter of the epidemic, 30
samples from suspected individuals were analyzed, with a total of 9 confirmed cases of diphtheria, which corresponded to a positivity rate of 30%. In the second and third
quarters, 135 samples collected from suspected individuals were analyzed, with 26 and 5 confirmed cases, yielding positivity rates of 19.3% and 3.7%, respectively. During
the fourth quarter, 144 samples obtained from suspected individuals were tested. Among the patients, 50 were confirmed to be positive, leading to a positivity rate of 34.7%.

epidemic foci. Rapid, resource-intensive responses are essential
to address this urgent health challenge.

The confirmed cases peaked at 2 times points throughout the
year: October-December 2023 (29%) and April-June 2024
(55%). Despite efforts, these peaks emphasize the continued
public health threat caused by diphtheria, exacerbated by new
epidemic foci and disease spread within communities. These
periods follow the rainy season (July-September) and the dry

season (January—March). Thus, climatic factors may influence
future epidemic management. However, a direct link has not
been established.

Overall, this study showed that children aged 1-5 years were
the most affected, with a predominance of girls. There were
only 3 patients who were confirmed to have been initially vac-
cinated, and only 1 had a vaccination card. All 3 survived. In
2023 in Nigeria, 73.5% (n =3466) of patients with confirmed
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Table 2. Factors Associated With Diphtheria

Characteristics of the Patients OR?® 95% CI*  P-Value
Age (y) Adjusted
value
1-5 10.6 4.83-25.4 < .001
6-10 3.38 1.41-8.59 .008
11-15 2.84 1.08-7.68 .035
>15 1.0
Patients vaccinated against diphtheria 1.0
Patients not vaccinated against 3.76 1.21-16.7 .041
diphtheria
No contact with a patient 1.0
Contact with a patient with 3.20 1.83-6.71 <.001
diphtheria
Lack of awareness about contact 2.86 0.95-8.49 .058

with a patient
1.27-5.65 .010
2.13-842 <.001

Dyspnea 2.68
Whitish throat membrane 4.10

Compared with patients aged 15y, those aged 1-5 y were 10.6 times (95% Cl: 4.83-25.4)
more likely to develop diphtheria. Children aged 6-10y were 3.38 times (95% Cl: 1.41-8.59)
more likely to contract the disease. Meanwhile, children aged 11-15 y were 2.84 times
(95% CI: 1.08-7.68) more likely to contract diphtheria. Unvaccinated children (adjusted
OR: 3.76, 95% Cl: 1.21-16.7) were significantly more likely to contract diphtheria, similar
to those who had been in contact with an infected person (adjusted OR: 3.20, 95% ClI:
1.83-5.71). Dyspnea (adjusted OR: 2.68, 95% ClI: 1.27-5.65) and a whitish throat
membrane (adjusted OR: 4.10, 95% CI: 2.13-8.42) were significantly associated with
diphtheria.

?0R, odds ratio; Cl, confidence interval.

diphtheria were aged 1-14 years, with a female predominance
of 56.3%. Only 22.8% (n =1074) were fully vaccinated against
diphtheria, and 6% were partially vaccinated [24]. In India,
based on a laboratory-supported diphtheria case surveillance,
a female predominance of 69% was observed in 2016 [25]. In
addition to the predominance of children, 10% of positive
diphtheria cases involved adults, as observed in other studies
[13, 26-28]. This finding confirms that diphtheria continues
to pose a threat to both children and unvaccinated or under-
immunized adults, thereby emphasizing the ongoing impor-
tance of vaccination and vigilance. Notably, 1 patient who re-
ceived the DTP-Hib-HepB (pentavalent) vaccine tested
positive for diphtheria, thereby raising concerns about the im-
munity levels in vaccinated populations. This underscores the
need to evaluate antibody levels in vulnerable groups, particu-
larly during epidemics [29]. Regarding the higher number of
women who tested positive for diphtheria, no biological or im-
munological differences were noted between sexes thus far.
The analyses also revealed that lack of vaccination and contact
with infected individuals are significant risk factors for the out-
come. In addition, the presence of dyspnea and diphtheritic
membrane is strongly associated with the outcome. In any case,
several factors must be considered in the clinical symptomatology
of diphtheria. These results underscore the need to strengthen
diphtheria vaccination, particularly among children aged 1-15.
They also highlight the importance of training healthcare workers
to immediately recognize the signs of the disease, to facilitate

early diagnosis and treatment, and to effectively manage contact

cases to limit transmission.

CONCLUSION

Although diphtheria can be prevented by vaccination, it has re-
surfaced again in Guinea, with a high fatality rate. Children are
generally affected. The main clinical signs of the disease are sore
throat, fever, dysphagia, and the presence of a whitish mem-
brane observed against a reddened, inflamed background.
The risk factors associated with diphtheria include age <15
years, lack of immunization, and contact with an infected indi-
vidual. The presence of a whitish membrane at the back of the
throat and dyspnea are the predictors of the disease. This study
emphasized the importance of vaccination and the strengthen-
ing of programs, along with early diagnosis and treatment, in
inhibiting the impact of diphtheria. Blood culture and the
Elek test remain important for diagnostic confirmation.
However, the detection of diphtheria toxin via RT-qPCR has
been confirmed to be essential for accelerating epidemic re-
sponse, particularly in challenging cases.

Notably, in addition to its socio-health impact, this re-
emergence reflects the fragility of the whole health system in
the country, the failure of vaccination strategies, and the chal-
lenge of eliminating vaccine-preventable diseases. This study ad-
dresses a gap in the research of epidemic-prone diseases in
general and particularly diphtheria. The analyzed data encom-
pass nearly all health regions across the national territory. We
believe that the results obtained are sufficient to describe the ex-
tent of the epidemic, draw lessons from it, and develop methods
that can improve the coordination of our response to diphtheria.
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