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A fatal case of Crimean-Congo hemorrhagic fever virus (CCHFV) was detected in Dakar, Senegal, West Africa, in April 2023. To elucidate the mechanisms involved in this outcome, the kinetics of viral load, immunoglobulins, and cytokines were assessed using RT-qPCR and ELISA. A high IL-6 titer, low IL-10 titer, and delayed IgG response were associated with disease severity. These biomarkers may serve as predictors of disease severity, potentially aiding in early intervention and treatment strategies.
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1 Introduction

Crimean Congo hemorrhagic fever virus (CCHFV) is a WHO blueprint pathogen that can cause human disease. Human CCHFV cases have been reported in Africa, Asia, and Europe (1). Clinical reports and epidemic data showed that less than 5% of cases were severe with a mortality rate of 40% among these hospitalized patients (1). However, few studies have analyzed the role of host immunity and viral load in severe outcomes and fatality (2–7) but no data are available in Senegal about the biological mechanisms involved in fatal outcomes. In Senegal, the circulation of CCHFV has been reported since 1967 (8). Recent studies suggest that the CCHFV could be present in the whole Senegalese territory (Dakar = 2.7%, Diourbel = 4.6%, Fatick = 14.4%, Kaffrine = 14.5%, Kaolack = 4%, Louga = 12,1%, Matam = 5.2%, Sedhiou = 10.1%, Thies = 6.1%, Saint-Louis = 38.4%, Kolda = 28.3%, Tambacounda = 22.2%, Kedougou = 20.9%, and Ziguinchor = 14.8%) (9) and sporadic cases have been reported every year since the implementation of the Sentinel Syndromic Surveillance Network in Senegal (4S) in 2011 (10). Human febrile samples (swab, urine, feces, blood, and cerebrospinal fluid) collected at the 4S healthcare centers are sent weekly to the Institut Pasteur de Dakar (IPD) for molecular and serological diagnosis of arbovirus, viral hemorrhagic fevers (VHFs), respiratory viruses [influenza A/B/C, rubella, measles, rhinovirus, para influenza 1-4, bocavirus, coronavirus (SARS-CoV 1/2, MERS-CoV, HCoV 229E, OC43, NL63, HKU1), respiratory syncytial virus, paraechovirus, adenovirus, and metapneumovirus], enterovirus, poliovirus, and rabies virus.

This sentinel surveillance allows the Senegalese stakeholders to take appropriate measures in case management to prevent or contain epidemic outbreaks.

In this study, we detected and tested a fatal case of CCHFV through the 4S network. Our objective was to analyze the role of certain immune markers [immunoglobulin M (IgM), immunoglobulin G (IgG), interleukin 6 (IL-6), interleukin 10 (IL-10), tumor necrosis factor-alpha 1 (TNF-α1), and interferon-gamma 1 (IFN-γ1)] (2–7) that have been associated with fatal outcomes in studies conducted in other countries to better understand the mechanisms involved in the fatal progression observed in our patient.




2 Case study

On 18 April 2023, a 35-year-old male butcher from Parcelles Assainies (Dakar, western Senegal) presented at the Dalal Jam National Hospital Center (Dakar) with febrile syndrome. Symptoms started on 10 April 2023 and included a flu-like syndrome (headaches, muscle pain, and joint pain) and meningoencephalitis signs (confusion, hallucination, disorientation, seizures, neck stiffness, and coma). These signs were confirmed by a clinical examination conducted by a doctor. As the patient was negative for malaria, he was hospitalized for treatment (rehydration through an intravenous saline solution and symptomatic treatment for the various signs and symptoms of the patient), and blood samples were taken for further analysis in the hospital such as blood glucose test, sedimentation rate, coagulation factors, and complete blood count. The administration of care and treatment were provided throughout the entire duration of his hospitalization. All the interventions were well tolerated by the patient. This tolerance and adherence were evaluated visually by healthcare staff by monitoring the appearance of any side effects or allergies and no adverse events were detected. On 20 April, hemorrhage signs were detected and another blood sample was taken and sent to IPD for laboratory diagnosis. At IPD, the sample was tested by IgM ELISA and RT-qPCR to test for a diagnosis of several arboviruses and VHF. The sample tested positive for CCHFV on both the RT-qPCR and the IgM ELISA. Unfortunately, the patient died on 22 April 2023 due to his illness. A retrospective study was undertaken with the blood samples collected from this patient between 18 and 22 April 2023 to understand the biological mechanisms involved in this fatal outcome.

For this case report, the kinetics of viral load and several immunological markers, including IgM, IgG, IL-6, IL-10, TNF-α1, and IFN-γ1, were determined by RT-qPCR (11) and ELISA (in-house test for immunoglobulins and Invitrogen kits for cytokines) respectively, as many studies show that variations in the concentrations of these markers are involved in the outcome of patients affected by CCHFV (2–7). Each experiment was repeated three times.

A low average number of platelets of 7000/µL was measured during the patient’s hospitalization (reference range 150,000–450,000/μL) as has already been reported (5). This low number of platelets could explain the hemorrhagic syndrome developed by the patient. It is commonly known that platelets are essential for hemostasis and a lack of proper platelet function leads to excessive bleeding.

The RT-PCR testing revealed that the viral load decreased from the day of hospital admission (5 x 105/mL) to the day of death (3 x 103/mL) (Figure 1). Our results differ from previous findings where fatal cases of CCHFV had viral loads of 108–107 (5, 12). For this reason, we explored the immune response pathway to understand the cause of this fatal progression better. This decrease could be associated with an increase in humoral IgM and IgG immunity as previously shown (13). Our analysis showed that IgM was detected on 19 April and the highest signal was observed on 22 April (Figure 2). However, an IgG signal was only detected on the day of death (Figure 2) as has been already reported in another study (7), which did not detect anti-CCHFV IgG in fatal cases 11 days after the symptom onset. Previous studies showed that IgG concentration is inversely correlated with viral loads (2, 5). This means that a late IgG secretion could be correlated to this fatality.




Figure 1 | Viral load during the hospitalization. Viral load per mL was determined by RT-qPCR and decreased between 5 log 10 to 3 log 10.






Figure 2 | The kenetics of immunoglobulins M and G in the fatal case where evaluated by ELISA. A high IgM titer (green curve) and lower IgG (red curve) were detected during this hospitalization.



Interestingly, the titers of IL-6 increased continuously from the day of admission (Figure 3) and the highest titer was reached on the day of death (404.16 pg/mL). This high titer of IL-6 could be correlated to the severity of the disease (3–5, 7). Many studies have shown a significant role of IL-6 in cytokine storms, a severe immune reaction in some patients, leading to widespread inflammation, organ damage, and potentially death (5).




Figure 3 | Sequential of interleukins 6 and 10 during hospitalization. The average IL-10 titer was lower (21.56 pg/ml, grey curve) than the average IL-6 titer (186.53 pg/mL, blue curve).



Additionally, a subsequent increase in IL-10 was detected during the hospitalization (Figure 3) but lower titers were found (10.16 - 46.96 pg/mL). The lower rate of IL-10 in fatal cases has already been documented (6, 7). This could be because IL-10 is a potent inflammatory mediator of vascular injury (14) and a low IL-10 concentration leads to coagulation disturbance which can explain the severity of the disease.

Furthermore, TNF-α1 was not detected during the hospitalization as has been already reported (7). TNF-α1 production contributes to macrophage activation with resulting hemophagocytosis, stimulates vasodilatation by acting on the endothelium, and has an antifibrinolytic action (6). Given this, a progression towards a fatal outcome might have occurred in the absence of TNF-α1.

IFN-γ1 was not detected during the hospitalization as has already been described (5). IFN-γ is secreted by activated T cells and natural killer (NK) cells. This cytokine is responsible for the inflammatory response and viral immunity via macrophage activation (14). An absence of this immune mediator could be related to the fatal outcome.




3 Conclusion

Our analysis provides some explanations for the fatal outcome in this human CCHFV case. Based on our findings, we suggest that the fatality could be associated with a high IL-6 titer, a low IL-10 titer, an absence of TNF-α1 and IFN-γ1, and a late anti-CCHFV IgG response.

As this study is the first in Senegal to demonstrate the feasibility and utility of measuring immune markers to predict the outcome of CCHFV, it has certain limitations. Notably, control samples are absent for severe cases and for survivors. Furthermore, we plan to measure additional immune markers such as IL-1β, IL-2, IL-7, IL-8, IL-12, IL-13, IL-17A, granulocyte colony-stimulating factor (G-CSF), granulocyte-macrophage colony-stimulating factor (GM-CSF), monocyte chemoattractant protein-1 (MCP-1), and macrophage inflammatory protein-1β (MIP-1β).
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