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Abstract

:

Lassa fever (LF) is a viral hemorrhagic disease found in Sub-Saharan Africa and is responsible for up to 300,000 cases and 5000 deaths annually. LF is highly endemic in Sierra Leone, particularly in its Eastern Province. Kenema Government Hospital (KGH) maintains one of only a few LF isolation facilities in the world with year-round diagnostic testing. Here we focus on space-time trends for LF occurring in Sierra Leone between 2012 and 2019 to provide a current account of LF in the wake of the 2014–2016 Ebola epidemic. Data were analyzed for 3277 suspected LF cases and classified as acute, recent, and non-LF or prior LF exposure using enzyme-linked immunosorbent assays (ELISAs). Presentation rates for acute, recent, and non-LF or prior LF exposure were 6.0% (195/3277), 25.6% (838/3277), and 68.4% (2244/3277), respectively. Among 2051 non-LF or prior LF exposures, 33.2% (682/2051) tested positive for convalescent LF exposure. The overall LF case-fatality rate (CFR) was 78.5% (106/135). Both clinical presentations and confirmed LF cases declined following the Ebola epidemic. These declines coincided with an increased duration between illness onset and clinical presentation, perhaps suggesting more severe disease or presentation at later stages of illness. Acute LF cases and their corresponding CFRs peaked during the dry season (November to April). Subjects with recent (but not acute) LF exposure were more likely to present during the rainy season (May to October) than the dry season (p < 0.001). The findings here suggest that LF remains endemic in Sierra Leone and that caseloads are likely to resume at levels observed prior to the Ebola epidemic. The results provide insight on the current epidemiological profile of LF in Sierra Leone to facilitate LF vaccine studies and accentuate the need for LF cohort studies and continued advancements in LF diagnostics.






Keywords:


Lassa fever; Lassa virus; case-fatality rate; enzyme-linked immunosorbent assay; Ebola virus disease; Sierra Leone












1. Introduction


Lassa fever (LF) is an acute, viral, and often fatal illness that is endemic to Sierra Leone, Liberia, Guinea, and Nigeria [1]. More recently, LF has been observed in Mali, Ghana, and Benin [2]. LF was first described in Sierra Leone in the 1950s and was isolated in 1969 following the death of a nurse working at a hospital in Lassa, Nigeria [3,4,5]. The causal agent for LF is Lassa virus (LASV), an arenavirus found in Mastomys rats (Mastomys natalensis), a ubiquitous rodent in Sub-Saharan Africa [6,7]. LASV consists of up to seven lineages that are predominately localized in specific countries and generally cluster within geographic regions [8,9].



Between 300,000 and 500,000 LF cases resulting in 5000 deaths occur annually [10,11]. In parts of Sierra Leone and Liberia, it is estimated that 10–16% of admitted persons have LF infection [11]. Approximately 80% of people infected with LF are asymptomatic, while the remaining 20% of infections result in severe disease [2]. An estimated 80% of LF infections are acquired through contact with rodents, and 20% of infections are through human-to-human transmission via bodily fluids [12]. Persons at highest risk for LF reside in rural areas where Mastomys rats are prevalent [3]. Peak incidence for LF has been observed in the dry season for studies dating back to the 1980s [13]. However, recent studies suggest that that LASV survives better in humid conditions [14].



LF is classified as a National Institute of Allergy and Infectious Diseases (NIAID) Category A Biodefense Agent [15]. The standard therapy for LF is ribavirin, which is most efficacious within seven days of infection [16]. Symptomatic LF usually manifests through non-specific signs and symptoms (such as fever, headache, sore throat, muscle pain, chest pain, nausea, vomiting, diarrhea, cough, and abdominal pain), making differential diagnosis difficult with the presence of competing febrile illnesses such as malaria, typhoid fever, gastroenteritis, pneumonia, influenza, and many others [2,13,17]. Severe LF cases may manifest as facial swelling, fluid in the lung cavity, bleeding, and low blood pressure, and, in fatal cases, death usually occurs within 14 days of disease onset [2]. While there is currently no vaccine for LF, the largest initiative to date toward LF vaccine development was recently launched through the Coalition for Epidemic Preparedness Innovations (CEPI) global partnership [18].



The World Health Organization (WHO) estimates overall LF case-fatality rates (CFRs) at 1% [2], but those for hospitalized patients are usually considerably higher. In the early 1970s, CFRs for LF were 38% in hospitalized patients in Sierra Leone [19]. More recently, CFRs for LF have reached 69% in Sierra Leone and may exceed 80% in third-trimester pregnancies [18,20,21]. Other recent studies in Sierra Leone revealed LF CFRs of 67% in hospitalized patients and 63% in hospitalized children [22,23]. Countries reporting LF outside of Sierra Leone have historically reported lower CFRs. In 2020, a meta-analysis for 25 countries in Sub-Saharan Africa reported 29% CFRs for LF patients [24]. In Nigeria, CFRs declined from 94% in 2001 to 15% in 2018, while the caseload increased from 0.3 to 3.4% over the same period [25]. In several recent LF outbreaks in Nigeria, it was estimated that between 19.5% and 22.7% of confirmed cases died [26].



The highest incidence rates for LF have historically been observed in the Eastern Province of Sierra Leone [14]. Sierra Leone is primarily associated with the Lineage IV Josiah strain of LASV [27], which is the target of most vaccines [28]. The first LF studies in Sierra Leone were carried out from 1973 to 1992 but were halted from 1993–2001 during the Blood Diamonds War [29]. Since 2006, the Viral Hemorrhagic Fever Consortium (VHFC) has carried out research activities in Sierra Leone, focusing on building LF diagnostics capacity and implementing research studies on LF pathogenesis and its epidemiological risk factors [5,30,31,32].



Situated in the Eastern Province, Kenema District of Sierra Leone, Kenema Government Hospital (KGH) maintains the country’s sole LF isolation ward, and is one of only a few of its kind worldwide. Between 2014 and 2016, the largest recorded Ebola epidemic in history ravaged Sierra Leone, Liberia, and Guinea, resulting in over 11,000 deaths [33]. During this time, KGH served as the primary Ebola treatment facility in Sierra Leone and its LF ward was utilized to isolate Ebola patients [34]. The epidemic had a long-lasting and adverse impact on health care infrastructure where research and hospital operations struggled to continue [35,36]. Schieffelin et al. (2014) describe the effect of this epidemic and the clinical outcomes of Ebola patients presenting to KGH [37]. The detrimental impact on reproductive health services in Sierra Leone resulting from the epidemic was also recently described [38,39]. The WHO officially declared the end of the Ebola epidemic in Sierra Leone on 7 November 2015 [40].



A recent, large-scale study on the status and the space-time epidemiological profile of LF has yet to be carried out in the wake of the 2014–2016 Ebola epidemic. To address this gap, this study aimed to describe and characterize recent epidemiological and demographic factors for LF screenings at KGH, assess the impact of the 2014–2016 Ebola epidemic on LF clinical presentation patterns, and provide a current perspective about the status of LF in Sierra Leone to facilitate recent vaccine studies.




2. Materials and Methods


2.1. Study Site


Sierra Leone has a population of approximately 7.8 million people with a median age of 19.4 years, and about 57% of its people reside in rural areas [41,42]. The country is divided into four provinces and was formerly subdivided into 14 districts and 149 chiefdoms. A new geographical map was adopted in July 2017, dividing the country into four provinces, 16 districts, and 190 chiefdoms [43]. Seasonal rainfall in Sierra Leone occurs between May and October (referred to here as its “rainy season”), and low precipitation occurs between November and April (referred to here as its “dry season”) [44]. Situated in Kenema District, Eastern Province, Sierra Leone, KGH is a 350-bed regional hospital with a catchment area of approximately 670,000 persons [45]. KGH maintains the only LF treatment facility in Sierra Leone, including a 25-bed Lassa isolation ward and biosafety level-3 (BSL-3) laboratory, where up to 600 suspected LF cases are screened annually [17,20]. Suspected LF cases in Sierra Leone are initially evaluated at KGH or one of its peripheral health units (PHUs). Following clinical presentation, subjects meeting the LF suspected case definition provide blood samples for screening at the KGH Lassa Fever Laboratory. Subjects clinically diagnosed for LF are isolated and treated with ribavirin at the KGH Lassa Fever Ward. Subjects may self-present to KGH or may have their blood samples transported from PHUs to KGH for screening. Contact tracing is carried out for all confirmed LF cases by a dedicated surveillance team. In addition to providing screening services for residents of Sierra Leone, KGH occasionally screens samples for nearby health facilities in its neighboring country of Liberia.




2.2. Study Design and Inclusion Criteria


LF surveillance data were passively collected between 1 January 2012, and 31 December 2019, at KGH for symptomatic subjects meeting the suspected LF case definition, which covers three components of signs and symptoms: presence of fever, absence of signs of local inflammation, absence of clinical response to antimalarial treatment (or a broad-spectrum antibiotic), and a combination of at least two other clinical signs and symptoms known to be associated with LF [17]. The variables analyzed in this study included patient demographics (age at presentation, gender, and district of residence), date of clinical presentation, hospital admission status, date of illness onset, survival outcome, and LF seropositivity. Each of these variables was captured on the initial clinical presentation to KGH or one of its PHUs. The season of clinical presentation was determined according to the date of the first LF serostatus test, which usually occurred within 24 h of the blood draw. Patient survival outcomes were determined at hospital discharge unless subjects did not present to KGH, were transferred to another ward or clinic, or died before hospitalization. Inclusion criteria were residents of Sierra Leone with valid raw laboratory data for determining LF serostatus. It is worth mentioning that data captured during the 2014–2016 Ebola epidemic (particularly between May 2014 and January 2015) were often underreported or sporadically collected, and testing was frequently delayed due to the devastating impact on the KGH data and health information systems.




2.3. Lassa Fever Clinical Database


The VHFC clinical database includes data sources captured since 2006 on referral, demographic, pre-admission, hospitalization, and laboratory outcomes. Data maintained in the database were collected and captured using a combination of paper-bound logbooks, case report forms (CRFs), medical charts, and electronic data files. Patient survival outcome was captured using enrollment logbooks, referral forms, and medical chart forms (and cross-verified over these sources to provide the best possible representation of survival outcome). The data capture process for LF screening at KGH is detailed by Shaffer et al. (2019) [46]. Data were abstracted from the VHFC clinical database for suspected LF cases between 1 January 2012, and 31 December 2019.




2.4. Lassa Fever Enzyme-Linked Immunosorbent Assay (ELISA) Diagnostics


LF serostatus was classified according to acute, recent (non-acute), and convalescent or prior LF exposure. Antigen (Ag)-capture ELISAs were used to detect LASV viremia through the presence of LASV nucleoprotein (NP) antigen (considered here as acute LF cases). Immunoglobin M (IgM)- and Immunoglobin G (IgG)-capture ELISAs were used to detect recent LF infection and convalescent LF exposure, respectively [30,31]. These immunoassays were developed on-site at KGH for diagnosis of LF [21]. The diagnostic sensitivity and specificity for the Ag ELISA were 94.1% and 83.7%, respectively [47].



While all subjects were tested for LF on clinical presentation, multiple tests were commonly performed to detect seroconversion or provide confirmatory results. For those cases where multiple testing occurred, the first test result was used to represent each observation for this study.



ELISA data were expressed as crude optical density (OD) values, standard deviations (SDs), dilutions, and positive and negative control values. The ELISAs were run in duplicate, and the replicate OD values were averaged and standardized by modeling average OD values against six concentration levels using a four-parameter logistic regression modeling approach [48]. An analog standardization approach was applied to the pool of negative control values. The cutoff values for determining seropositivity were defined as 2.5 SDs (for Ag serostatus) and 3 SDs (for IgM and IgG serostatuses) above the arithmetic mean of the standardized OD values. Values less than these cutoffs were considered as negative, and an indeterminate classification was not used.




2.5. Statistical Analysis


Data were expressed as frequencies and percentages or means and SDs as appropriate. Time periods preceding and following the 2014–2016 Ebola epidemic were based on the first and last reported Ebola cases at KGH (25 May 2014 and 7 November 2015, respectively). Pearson’s chi-square tests were used to assess differences in proportions among the comparison groups. Receiver operating characteristic curve (ROC) approaches were used to analyze a continuous age variable to determine its optimal breakpoint for determining survival outcome and acute LF infection. Data management and statistical analysis were carried out using the SAS System (version 9.4, SAS Institute, Inc., Cary, NC, USA). The type-I error threshold was set at 5%.





3. Results


3.1. Lassa Fever Suspected Cases by Year of Clinical Presentation


Data were analyzed for n = 3277 suspected LF cases screened at the KGH LF Laboratory between 1 January 2012 and 31 December 2019. A total of 428 subjects were hospitalized at KGH, and the remaining 2849 subjects were not admitted (Figure 1).



Clinical presentations and screenings for LF were skewed toward the beginning of the time frame, peaking in 2012 (716 screenings) and were lowest in 2016 (228 screenings). Hospital admissions peaked in 2013 (126 admissions) and were lowest in 2019 (11 admissions). The proportion of hospital admissions to clinical presentations peaked in 2013 and 2016 (24.9 and 24.1 admissions per presentation, respectively). Between 2016 and 2019, there was a 30.2% increase in suspected LF presentations (228 presentations versus 297 presentations in 2016 and 2019, respectively).




3.2. Serostatus Group Comparisons


The n = 3277 suspected LF cases were classified in terms of Ag and IgM ELISA serostatus groups as Ag+ (acute LF exposure); Ag−/IgM+ (recent, non-acute LF exposure); and Ag−/IgM− (non-LF or prior LF exposure). The baseline characteristics for the serostatus groups are shown in Table 1.



The serostatus groups differed according to hospital admission rate, age distribution, survival outcome, duration between illness onset and clinical presentation, IgG serostatus, and season of clinical presentation. Six percent (195/3277) of samples tested positive for acute LF exposure (Ag+). Among these samples, 54% (106/195) were for subjects admitted to KGH, while 46% (89/195) were for non-admitted subjects. Those subjects in the Ag+ group not admitted to the hospital were commonly due to deaths occurring prior to arrival to KGH or serostatus changes due to follow-up testing.



Among all tested samples, 31.5% (1033/3277) showed evidence of acute or recent LF infection, while the majority of samples (68.5% [2244/3277]) did not reveal any evidence of acute or recent LF exposure. Survival outcomes were available for 135 of the 195 Ag+ subjects, and the overall CFR was 78.5% (106/135). Serostatus results differed by age category, where subjects aged over 40 years were more commonly observed in the Ag−/IgM+ or Ag−/IgM− groups (19.7% [307/1552] and 17.7% [117/661] for the Ag−/IgM+ and Ag−/IgM− groups, respectively versus 9.0% [17/188] for the Ag+ group; p < 0.001). Interestingly, IgG positivity was more likely to occur in subjects aged under 15 years than those aged at least 15 years (Table S1, p < 0.001).



Ag−/IgM− subjects were more likely than the other two serostatus groups to present to a health facility within seven days following illness onset (66.0% [357/541] for the Ag−/IgM− group versus 43.0% [47/109] and 43.0% [145/337] for the Ag+ Ag−/IgM+ groups, respectively; p < 0.001). The Ag−/IgM+ group was significantly more likely to present during the rainy season than the other two comparison groups (61.4% [513/836] for the Ag−/IgM+ group versus 43.6% [85/195] and 47.9% [1067/2229] for the Ag+ and Ag−/IgM− groups, respectively; p < 0.001). Among the 2244 Ag−/IgM− subjects, 2051 were tested for convalescent LF exposure (IgG positivity), and IgG serostatus was positive for 33.2% (682/2051) of these subjects.




3.3. Fatality Rates by Serostatus


Fatality rates were plotted by serostatus and year of clinical presentation (Figure 2).



CFRs among Ag+ cases ranged from 57.1% (8/14) in 2017 to 100.0% (8/8) in 2018. Fatality rates for Ag−/IgM+ subjects ranged from 10.0% (1/10) in 2016 to 71.4% (25/35) in 2014. Ag−/IgM− fatality rates peaked in 2015 and were lowest in 2017 (95.0% [38/40] versus 4.8% [2/42], respectively). Average CFRs prior to the 2014–2016 Ebola epidemic (2012–2013) were 73.8% (48/65) compared with 88.9% (16/18) following the epidemic (2018–2019).



CFRs for the Ag+ group were significantly higher in the dry season (86.1% [62/72]) than the rainy season (69.8% [44/63]; p = 0.022). Patient survival outcome among Ag+ subjects was not significantly associated with hospital admission status, gender, age, district of residence, duration between illness onset and clinical presentation, or IgG serostatus (Table S2). However, admission status for the Ag−/IgM+ and Ag−/IgM− groups coincided with an increased likelihood of survival (Table S3, p < 0.001).



IgG seropositivity was not associated with CFRs for the Ag+ or Ag−/IgM+ groups (Table S1). However, IgG serostatus was associated with the CFRs in Ag−/IgM− subjects, where increased IgG positivity was coincident with increased CFRs (p < 0.001). Please note, however, that this result should be interpreted with caution as survival outcome data were sparse for the Ag−/IgM− group as subjects in this group were not usually admitted to the hospital.




3.4. Breakpoints for Continuous Age Predictor


As subject age was previously classified categorically (<5, 5–14, 15–40, >40 years), the optimal age breakpoint that would determine patient survival outcome and acute LF seropositivity status was evaluated. Figure 3 shows the ROC analyses for age value breakpoints with respect to predicting patient survival outcome and antigen seropositivity.



A breakpoint of 23 years best classified these data according to patient survival outcome (sensitivity = 0.52, specificity = 0.51, area under the curve [AUC] = 0.525; p = 0.004). The analyses for acute LF seropositivity yielded a higher AUC value, which also occurred at age = 23 years (sensitivity = 0.60, specificity = 0.59, AUC = 0.617; p = 0.005). Together, these results suggest that an age of 23 years at clinical presentation is an influential breakpoint in determining both patient survival and acute LF seropositivity.




3.5. Space-Time Trends in Suspected LF Presentations and Confirmed Cases


Spatiotemporal patterns were mapped to illustrate LF clinical presentations and confirmed cases by two-year time intervals (Figure 4).



Study subjects primarily resided in the hyperendemic Kenema District or one of its neighboring districts (Bo, Kailahun, or Pujehun). Both screenings and confirmed cases were increasingly clustered over time in the Kenema region. From 2012 to 2013, Kenema District accounted for 69.7% (515/739) of all screenings, while this district accounted for 97.9% (139/142) of screenings from 2018 to 2019. From 2012 to 2013, seven of the 14 districts (50%) included at least one acute case. Between 2018 and 2019, 100.0% (13/13) of the Ag+ cases resided in Kenema District.




3.6. Seasonality of Lassa Fever Presentations


Table 2 shows patient characteristics by season of clinical presentation. Acute LF cases (Ag+) were more likely to present during the dry season than the rainy season (6.9% [110/1595] of presentations occurred during the dry season versus 5.1% [85/1665] during the rainy season; p = 0.031). Those subjects with recent or prior LF infection (Ag−/IgM+) were more likely to present in the rainy season than the dry season (33.6% [559/1665] in the rainy season versus 22.3% [356/1595] in the dry season; p < 0.001). Age at clinical presentation differed between the rainy and dry seasons, particularly in subjects aged under five years (p = 0.005). Subjects aged under five years represented 14.8% (177/1200) of the presenting population in the rainy season versus 10.1% (121/1195) in the dry season. IgG serostatus did not differ by season of clinical presentation (33.9% [541/1598] in the rainy season versus 33.3% [467/1401] in the dry season; p = 0.763).



LF-related observations peaked at the beginning of the rainy season (1665 presentations in the rainy season versus 1595 presentations in the dry season), while acute cases peaked in January (23 acute cases) and February (24 acute cases; Figure 5).



Interestingly, recent LF exposures (Ag−/IgM+) most frequently presented in August (at the middle of the rainy season) with 21% [175/836] of the Ag−/IgM+ presentations. Non-LF or prior LF subjects (Ag−/IgM−) also most frequently presented in the rainy season, accounting for 16% (348/2229) of non-LF subjects in August. The spatial distribution of presentations and confirmed cases did not differ between the rainy and dry seasons (p = 0.335; Figure S1).




3.7. Impact of the 2014–2016 Ebola Epidemic on LF Epidemiological Factors


Temporal breakpoints for classifying the study data according to periods preceding, during, and following the 2014–2016 Ebola epidemic were determined according to the first and last reported Ebola cases in Sierra Leone (25 May 2014 and 7 November 2015, respectively). Table 3 shows a comparison of the patient characteristics according to the three time periods. LF screenings during the Ebola period were irregular at KGH between 25, May, 2014, to 17, November, 2014, due to the unprecedented impact of the epidemic on isolation and testing capacity and data systems.



Following the Ebola epidemic, subjects were increasingly likely reside in Kenema District (accounting for 96.0% [288/300] of all suspected cases following the epidemic versus 69.1% [569/824] of all cases prior to the epidemic, p < 0.001). Other factors that differed between the pre-and post-Ebola time periods were: Hospitalizations (22.1% [306/1384] versus 8.8% [98/1012], p < 0.001); percentage of presenting females (59.0% [811/1375] versus 54.7% [583/1065], p = 0.036); Ag−/IgM+ serostatus (36.4% [504/1384] versus 16.5% [183/1110], p < 0.001); percentage of IgG+ subjects (21.6% [295/1365] versus 43.0% [378/879], p < 0.001); and percentage of presentations during the rainy season (55.4% [767/1384] versus 39.0% [428/1097], p < 0.001). Overall fatality rates did not significantly differ between the pre- and post-Ebola time periods (39.8% [86/216] following the epidemic versus 33.5% [131/391] before the epidemic; p = 0.120).





4. Discussion


We observed distinct spatiotemporal patterns in LF presentations and confirmed cases in Sierra Leone between 2012 and 2019. Both suspected and confirmed LF cases primarily resided in Kenema or one of its neighboring districts, which is at least partially attributable to self-presentation bias. Additionally, the testing occurred in Kenema, which is Sierra Leone’s third-largest city and provides easier access for those living near the testing site than those residing in more rural parts of the country. The known frequent travel between Kenema and Liberia may also contribute to the higher observed case frequencies observed in Kenema. However, over 30% of the Ag−/IgM− group tested positive for convalescent LF exposure, which occurred both inside and outside of Kenema District. This finding suggests that LF remains highly prevalent across Sierra Leone.



It is estimated that about 80% of people who become infected with LASV are asymptomatic and that 1 in 5 infections result in severe disease [2]. The sample of LF cases here was clearly a subset of those with severe, symptomatic disease, but data were not collected for asymptomatic subjects. For this reason, the passive case detection approach applied undoubtedly underestimates (and likely substantially underestimates) the actual number of LF cases.



4.1. Testing Is Likely Prioritizing Subjects at Late Stages of Acute LF Infection


There is a direct relationship between CFR temporal fluctuations with screening activity. LF CFRs in Sierra Leone remain higher than those reported in other LF endemic countries. The high CFRs observed in this study suggest that current testing approaches may capture only a small portion of highly symptomatic cases. This observation is supported by the findings in this study as the majority of LF cases presented at or after seven days following illness onset. Since ribavirin therapy is most efficacious within seven days following disease onset, reaching patients at earlier stages of the illness would reduce CFRs. In 2019, Nigeria experienced the largest LF outbreak to date, while the country’s CFRs declined in 2020, partly due to enhanced screening [26].



Notably, fatality rates among subjects without acute or recent exposure were remarkably high (54%). It is worth mentioning, however, that survival outcome data was often unavailable for these subjects as they were not typically admitted to the KGH Lassa Fever Ward. Nonetheless, the majority of Ag−/IgM− subjects with observed survival outcomes died of an unknown febrile illness, which accentuates the illness severity in the presenting population. While differential diagnoses were not included in this work, the most likely contributing illness is malaria as it remains highly endemic across Sierra Leone. In an earlier study in Sierra Leone, over half of non-LF or prior LF subjects had detectable levels of Plasmodium falciparum [20].



Among the Ag−/IgM+ and Ag−/IgM− serostatus groups, subjects admitted to KGH experienced lower fatality rates compared with non-admits, suggesting that hospital care at the KGH Lassa Ward is effective in reducing mortality in these groups. It was beyond the scope of this study to evaluate the efficacy of ribavirin therapy, but it is worth mentioning that the ELISA diagnostic test results constitute only part of the LF confirmation process by the clinicians.



A particular challenge lies in triaging suspected LF patients at rural PHUs. Indeed the majority of the subjects for this study did not test positive for acute or recent LF exposure and ideally would be screened at facilities outside of KGH. However, screening practices necessitated the transport of a blood sample from the PHUs to KGH due to the limited supply of rapid LF diagnostics. Ideally, screening would occur on a rapid basis to meet the seven-day threshold for ribavirin efficacy. Another consideration for improved triaging centers on reevaluating suspected case definitions for LF and competing febrile illnesses. Specific, measurable signs and symptoms are desirable but must consider facilities that may lack medical equipment needed for their implementation.




4.2. The Definition of Confirmed LF Cases Significantly Influences CFRs


Differential LF diagnosis for this study focused on acute (Ag+) exposure. Recent, non-acute LF exposure (Ag−/IgM+) does, however, occasionally result in hospitalization and confirmed LF diagnoses. Reframing the LF case definition in terms of acute or recent exposures would have considerably reduced the CFRs reported here. More specifically, the overall CFR of 79% for acute cases was significantly higher than the fatality rate for recent LF exposures (31%). The combined fatality rate for acute or recent exposures was 49%. However, in our experience, recent LF exposures (Ag−/IgM+) are often consistent with LF recovery and do not regularly warrant hospitalization and thus were not considered in determining the CFRs. Interestingly, fatality rates among recent exposures (Ag−/IgM+) were lower than those for convalescent exposures (IgG+). A possible explanation for this occurrence is that some Ag−/IgM+ subjects may be skewed toward more acute exposure stages of LF. Additionally, many of the Ag−/IgM− subjects here may have been at severe stages of competing, unknown febrile illnesses.




4.3. LF Remains Endemic in Sierra Leone


Among non-LF or prior LF exposures (Ag−/IgM−), over 30% of subjects tested positive for convalescent exposure (IgG+). This finding was observed for subjects residing both inside and outside of Kenema District, suggesting that LF infection remains highly endemic to Sierra Leone. The likelihood of subjects with convalescent exposure previously experiencing severe symptoms was beyond the scope of this study. IgG seropositivity did not appear to impact CFRs in Ag+ or Ag−/IgM+ subjects. Convalescent LF subjects were more likely to have fatal outcomes (compared with non-LF subjects) in the Ag−/IgM− group, but the outcome data were sparse in Ag−/IgM− subjects which may impact its interpretation.




4.4. LF Case-Fatality Rates Are Higher in the Dry Season and Recent, Non-Acute LF Exposures Are More Likely to Present in the Rainy Season


Peak LF incidence occurred during the dry season, which was consistent with previous studies. Additionally, we found that CFRs were higher during the dry season (compared with the rainy season) among acute LF cases. Seasonal trends differed by stage of illness, where recent, non-acute exposures (Ag−/IgM+) were significantly more likely to present during the rainy season than the other serostatus groups. We observed an increasing trend in the proportion of Ag−/IgM+ observations during the rainy season, suggesting that those with recent LF infection, even without severe hemorrhagic manifestations, may be predisposed to other febrile illnesses that were impacted by factors related to precipitation such as malaria.




4.5. Suspected LF Case Frequencies Have Yet to Recover Following the 2014–2016 Ebola Epidemic


The impact of the 2014–2016 Ebola epidemic on the health information systems in Sierra Leone was partially quantified in this study. We observed increased duration between illness onset and clinical presentation and sharp declines in self-presentations of symptomatic cases (and fewer LF cases overall) after the epidemic. While these findings are partly attributable to the reorganization of screening locations in Sierra Leone following the epidemic, the utilization of health care services following the epidemic has also generally declined for health outcomes in other parts of West Africa [49,50,51,52]. Declines in suspected LF presentations this study coincided with higher CFRs. Together, these findings suggest that either symptomatic subjects are delaying presentation following illness onset or that there have been actual changes in illness severity. The extremely high CFRs following the epidemic are likely due to clinical presentations at later stages of illness. It is therefore likely that suspected LF case presentations and CFRs will ultimately return to their pre-Ebola levels. We refrained from drawing conclusions about patterns observed during the Ebola period as LF testing was not routinely carried out over that time period. It is also possible that some patients with LF may have presented as suspected Ebola patients during the Ebola time period.




4.6. Only a Few Confirmed Cases LF Cases Are Needed to Constitute an LF Outbreak


In terms of what constitutes an outbreak for LF, every confirmed case in Sierra Leone triggers a case investigation by the KGH outreach team that involves interviewing and training household contacts about LF. Therefore, each case observed at KGH is essentially considered and treated as though it were an outbreak. It is worth mentioning that the number of beds for LF at the KGH isolation Ward is limited. Thus, even a few isolated cases of LF can place an extreme burden on health systems and contact tracing personnel. A recent LF outbreak occurred in Nigeria, resulting in 365 cases and 114 deaths, overwhelmed its only dedicated LF ward at Irrua Specialist Teaching Hospital in Edo state with just 24 beds [53].




4.7. Subjects Aged over 40 Years Are Less Frequently Observed in the Acute or Recent Serostatus Groups


Interestingly, serostatus results differed by age category, where subjects aged over 40 years were more commonly observed in the Ag−/IgM− group than the Ag+ or Ag−/IgM+ groups. This finding could potentially be due to less LF exposure experienced in older age groups or increased immunity in older populations. Increased immunity in older age populations is at least partially supported by our finding that IgG positivity was more likely to occur in subjects aged at least 15 years (Table S1). There may be a relationship between convalescent exposure in older adults and those found in recent vaccine studies, where older adults experienced fewer side effects than younger adults [54].




4.8. Limitations


Perhaps the most significant limitation for this study was self-presentation bias, which precluded causal inference. The majority of study subjects resided in Kenema District in each year of the study. Further, data systems were overwhelmed during the 2014–2016 Ebola epidemic, which often led to incomplete or lagged reporting during that period. The data captured here did not include survival outcome data for most of the non-hospitalized subjects. Survival outcomes for hospitalized subjects were captured at discharge, so the reported CFRs may underestimate mortality as some LF cases may have died following hospital discharge. Test results were determined according to the first test on the first blood draw, and repeat testing often occurred (resulting in different serostatus results), which may explain some of the non-admissions and admissions in the Ag+ and Ag−/IgM− serostatus groups, respectively. It is also possible that some LF cases initially presented to a PHU while not completing follow-up recommendations following antimalarial or general antibiotic therapy (one of the first steps in meeting the suspected LF case definition), which may further explain some of the non-admissions classified with acute LF exposure. The rainy and dry seasons were classified according to historical rainfall patterns (May–October and November–April), but these patterns are known to fluctuate on an annual basis. The ELISA diagnostics detected Lineage IV LASV strains, and the Ag−/IgM− group may have included subjects experiencing symptoms from other LASV strains.





5. Conclusions


The 2014–2016 Ebola epidemic and increased globalization have raised awareness about the potential global threat of emerging infectious diseases such as Ebola virus disease and LF. The extremely high CFRs observed in this study suggest that more mobile and rapid diagnostic testing for LF is critically needed across Sierra Leone. While the number of confirmed LF cases is currently relatively low, they coincided with higher CFRs than before the Ebola epidemic. It is therefore likely that the LF case and presentation loads in Sierra Leone will resume to levels observed before the Ebola epidemic. Studies characterizing the epidemiological profiles for LF should remain a priority at local levels to detect emerging outbreaks, monitor and evaluate diagnostic testing strategies, and facilitate LF vaccine studies.








Supplementary Materials


The following are available online at https://www.mdpi.com/2076-2607/9/3/586/s1, Table S1: IgG serostatus by age group, Kenema Government Hospital Lassa Fever Ward, 2012–2019, Table S2: Characteristics of confirmed Lassa fever cases by survival outcome, Kenema Government Hospital Lassa Fever Ward, 2012–2019, Table S3: Hospital admission status by survival outcome, Kenema Government Hospital Lassa Fever Ward, 2012–2019, Figure S1: Spatial distribution of Lassa fever screenings and confirmed LF cases at Kenema Government Hospital by season of clinical presentation, 2012–2019.





Author Contributions


J.G.S., J.S.S., R.F.G., D.S.G. conceived, planned, and drafted the manuscript which was reviewed and approved by all authors; R.J.S., D.S.G. performed patient care and clinical duties; M.M., A.G., J.N.H., D.K.S.N., D.J.B., M.L.B., M.L.H., M.M.R., L.M.B., R.F.G. developed the ELISA diagnostics; M.M., A.G. carried out the laboratory diagnostic testing; J.G.S., J.S.S., L.K., F.A., M.G., E.J.E., N.G.B. performed data curation, capture, management, and statistical analyses; J.G.S., J.S.S., E.J.E. wrote the statistical programs for linking and harmonizing the data sources and performing the statistical modeling for determining the diagnostic test results; J.G.S., J.S.S., L.K., F.A., M.G., E.J.E., N.G.B. edited the manuscript and provided consultation. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by National Institute of Allergy and Infectious Diseases grants/contracts U19AI115589, AI067188, AI082119, AI2008031, AI2009061, AI104216, AI104621, P20GM103501, HHSN272200900018C, HHSN272200900049C, HHSN272201000022C, U19AI135995, and U01AI151812. The funder provided support in the form of salaries for authors J.G.S., J.S.S., M.M., A.G., L.K., F.A., M.G., E.J.E., N.G.B., J.N.H., M.L.B., L.M.B., R.J.S., R.F.G., D.S.G., but did not have any additional role in the study design, data collection and analysis, decision to publish, or preparation of the manuscript. The specific roles of these authors are provided in the Author Contributions section. The authors D.K.S.N., D.J.B., M.L.B., M.L.H., M.M.R., L.M.B. and R.F.G. are current employees or affiliates of Zalgen Labs, LLC.




Institutional Review Board Statement


This project was approved by the Tulane University Institutional Review Board and the Sierra Leone Ethics and Scientific Review Committee.




Informed Consent Statement


Blood samples for study subjects were collected at local peripheral health units or KGH based on the suspicion of Lassa fever. Presenting patients were cared for or treated by trained KGH personnel. Informed consent for de-identified, routine surveillance data for non-hospitalized subjects was waived for aggregate analyses as part of a surveillance data protocol approved by the Sierra Leone Ethics and Scientific Review Committee. All subjects aged at least 18 years presenting to or hospitalized at KGH provided written informed consent, and written parental permission was obtained for all subjects under 18 years of age.




Data Availability Statement


Data are contained within the article or supplementary material. The data presented in this study are available in Table 1, Table 2 and Table 3 and Tables S1–S3.




Acknowledgments


We thank the members of the Viral Hemorrhagic Fever Consortium: Autoimmune Technologies; Broad Institute; the Scripps Research Institute; Tulane University; the University of California–San Diego; the University of Texas Medical Branch; Vybion, Inc.; Zalgen Labs, LLC; Irrua Specialist Teaching Hospital Lassa Fever Program; Kenema Government Hospital Viral Hemorrhagic Fever Program; and the Sierra Leone Ministry of Health and Sanitation. We also thank the Tulane University Institutional Review Board, the Sierra Leone Ethics and Scientific Review Committee, and Kenema Government Hospital staff for their support. We truly appreciate and thank the study participants who have made this study possible. It is our sincere hope that this work provides insight and takes another step toward understanding and ultimately eradicating Lassa fever.




Conflicts of Interest


The Viral Hemorrhagic Fever Consortium (VHFC; vhfc.org accessed on 20 January 2021) is a partnership of academic and industry scientists developing diagnostics, therapeutics, and vaccines for Lassa fever and other severe diseases. Tulane University and various industry partners have filed United States and foreign patent applications on behalf of the VHFC for several of these technologies. If commercial products are developed, VHFC members may receive royalties or profits. The authors D.K.S.N., D.J.B., M.L.B., M.L.H., M.M.R., L.M.B. and R.F.G. are current employees or affiliates of Zalgen Labs, LLC. The funders had no role in the design of the study, in the collection, analyses, or interpretation of data, in the writing of the manuscript, or in the decision to publish the results.




References


	



World Health Organization. Lassa Fever. 2021. Available online: https://www.who.int/health-topics/lassa-fever#tab=tab_1 (accessed on 11 January 2021).

	



World Health Organization. Lassa Fever. Available online: https://www.who.int/news-room/fact-sheets/detail/lassa-fever (accessed on 12 January 2021).

	



Ogbu, O.; Ajuluchukwu, E.; Uneke, C.J. Lassa fever in West African sub-region: An overview. J. Vector Borne Dis. 2007, 44, 1–11. [Google Scholar] [PubMed]

	



McCormick, J.B. Epidemiology and control of Lassa fever. Curr. Top. Microbiol. Immunol. 1987, 134, 69–78. [Google Scholar] [CrossRef]

	



Garry, R.F. 50 Years of Lassa Fever Research. Curr. Top. Microbiol. Immunol. 2020. [Google Scholar] [CrossRef]

	



Monath, T.P.; Newhouse, V.F.; Kemp, G.E.; Setzer, H.W.; Cacciapuoti, A. Lassa virus isolation from Mastomys natalensis rodents during an epidemic in Sierra Leone. Science 1974, 185, 263–265. [Google Scholar] [CrossRef] [PubMed]

	



McCormick, J.B.; Webb, P.A.; Krebs, J.W.; Johnson, K.M.; Smith, E.S. A prospective study of the epidemiology and ecology of Lassa fever. J. Infect. Dis. 1987, 155, 437–444. [Google Scholar] [CrossRef]

	



Sattler, R.A.; Paessler, S.; Ly, H.; Huang, C. Animal Models of Lassa Fever. Pathogens 2020, 9, 197. [Google Scholar] [CrossRef]

	



Raabe, V.; Koehler, J. Laboratory Diagnosis of Lassa Fever. J. Clin. Microbiol. 2017, 55, 1629–1637. [Google Scholar] [CrossRef] [PubMed]

	



Birmingham, K.; Kenyon, G. Lassa fever is unheralded problem in West Africa. Nat. Med. 2001, 7, 878. [Google Scholar] [CrossRef]

	



Centers for Disease Control and Prevention. Lassa Fever. 2019. Available online: https://www.cdc.gov/vhf/lassa/index.html (accessed on 9 January 2021).

	



Iacono, G.L.; Cunningham, A.A.; Fichet-Calvet, E.; Garry, R.F.; Grant, D.S.; Khan, S.H.; Leach, M.; Moses, L.M.; Schieffelin, J.S.; Shaffer, J.G.; et al. Using modelling to disentangle the relative contributions of zoonotic and anthroponotic transmission: The case of lassa fever. PLoS Negl. Trop. Dis. 2015, 9, e3398. [Google Scholar] [CrossRef]

	



McCormick, J.B.; King, I.J.; Webb, P.A.; Johnson, K.M.; O’Sullivan, R.; Smith, E.S.; Trippel, S.; Tong, T.C. A case-control study of the clinical diagnosis and course of Lassa fever. J. Infect. Dis. 1987, 155, 445–455. [Google Scholar] [CrossRef]

	



Fichet-Calvet, E.; Rogers, D.J. Risk maps of Lassa fever in West Africa. PLoS Negl. Trop. Dis. 2009, 3, e388. [Google Scholar] [CrossRef] [PubMed]

	



National Institute of Allergy and Infectious Diseases. NIAID Emerging Infectious Diseases/Pathogens. 2018. Available online: https://www.niaid.nih.gov/research/emerging-infectious-diseases-pathogens (accessed on 13 January 2021).

	



McCormick, J.B.; King, I.J.; Webb, P.A.; Scribner, C.L.; Craven, R.B.; Johnson, K.M.; Elliott, L.H.; Belmont-Williams, R. Lassa fever. Effective therapy with ribavirin. N. Engl. J. Med. 1986, 314, 20–26. [Google Scholar] [CrossRef]

	



Khan, S.H.; Goba, A.; Chu, M.; Roth, C.; Healing, T.; Marx, A.; Fair, J.; Guttieri, M.C.; Ferro, P.; Imes, T.; et al. New opportunities for field research on the pathogenesis and treatment of Lassa fever. Antivir. Res. 2008, 78, 103–115. [Google Scholar] [CrossRef] [PubMed]

	



Coalition for Epidemic Preparedness Innovations. Largest-Ever Lassa Fever Research Programme Launches in West Africa. Available online: https://cepi.net/news_cepi/largest-ever-lassa-fever-research-programme-launches-in-west-africa/ (accessed on 6 March 2021).

	



Fraser, D.W.; Campbell, C.C.; Monath, T.P.; Goff, P.A.; Gregg, M.B. Lassa fever in the Eastern Province of Sierra Leone, 1970–1972. I. Epidemiologic studies. Am. J. Trop. Med. Hyg. 1974, 23, 1131–1139. [Google Scholar] [CrossRef]

	



Shaffer, J.G.; Grant, D.S.; Schieffelin, J.S.; Boisen, M.L.; Goba, A.; Hartnett, J.N.; Levy, D.C.; Yenni, R.E.; Moses, L.M.; Fullah, M.; et al. Lassa fever in post-conflict sierra leone. PLoS Negl. Trop. Dis. 2014, 8, e2748. [Google Scholar] [CrossRef] [PubMed]

	



Shaffer, J.G.; Schieffelin, J.S.; Grant, D.S.; Goba, A.; Momoh, M.; Kanneh, L.; Levy, D.C.; Hartnett, J.N.; Boisen, M.L.; Branco, L.M.; et al. Data set on Lassa fever in post-conflict Sierra Leone. Data Brief 2019, 23, 103673. [Google Scholar] [CrossRef]

	



Kangbai, J.; Kamara, F.; Lahai, R.; Gebeh, F. Lassa Fever in post-Ebola Sierra Leone. Sociodemographics and case fatality rates of in-hospital patients admitted at the Kenema Government Hospital Lassa Fever Ward between 2016–2018. J. Virol. Pathog. 2020, 1, 101. [Google Scholar]

	



Samuels, R.J.; Moon, T.D.; Starnes, J.R.; Alhasan, F.; Gbakie, M.; Goba, A.; Koroma, V.; Momoh, M.; Sandi, J.D.; Garry, R.F.; et al. Lassa Fever among Children in Eastern Province, Sierra Leone: A 7-year Retrospective Analysis (2012–2018). Am. J. Trop. Med. Hyg. 2020, tpmd200773. [Google Scholar] [CrossRef]

	



Kenmoe, S.; Tchatchouang, S.; Ebogo-Belobo, J.T.; Ka’e, A.C.; Mahamat, G.; Simo, R.E.G.; Bowo-Ngandji, A.; Emoh, C.P.D.; Che, E.; Ngongang, D.T.; et al. Systematic review and meta-analysis of the epidemiology of Lassa virus in humans, rodents and other mammals in sub-Saharan Africa. PLoS Negl. Trop. Dis. 2020, 14, e0008589. [Google Scholar] [CrossRef]

	



Akpede, G.O.; Asogun, D.A.; Okogbenin, S.A.; Dawodu, S.O.; Momoh, M.O.; Dongo, A.E.; Ike, C.; Tobin, E.; Akpede, N.; Ogbaini-Emovon, E.; et al. Caseload and Case Fatality of Lassa Fever in Nigeria, 2001–2018: A Specialist Center’s Experience and Its Implications. Front. Public Health 2019, 7, 170. [Google Scholar] [CrossRef]

	



Bagcchi, S. Lassa fever outbreak continues across Nigeria. Lancet Infect. Dis. 2020, 20, 543. [Google Scholar] [CrossRef]

	



Heinrich, M.L.; Boisen, M.L.; Nelson, D.K.; Bush, D.J.; Cross, R.W.; Koval, A.P.; Hoffmann, A.R.; Beddingfield, B.J.; Hastie, K.M.; Rowland, M.M.; et al. Antibodies from Sierra Leonean and Nigerian Lassa fever survivors cross-react with recombinant proteins representing Lassa viruses of divergent lineages. Sci. Rep. 2020, 10, 16030. [Google Scholar] [CrossRef]

	



Sullivan, B.M.; Sakabe, S.; Hartnett, J.N.; Ngo, N.; Goba, A.; Momoh, M.; Sandi, J.D.; Kanneh, L.; Cubitt, B.; Garcia, S.D.; et al. High crossreactivity of human T cell responses between Lassa virus lineages. PLoS Pathog. 2020, 16, e1008352. [Google Scholar] [CrossRef] [PubMed]

	



Monath, T.P. A short history of Lassa fever: The first 10–15 years after discovery. Curr. Opin. Virol. 2019, 37, 77–83. [Google Scholar] [CrossRef]

	



Branco, L.M.; Grove, J.N.; Boisen, M.L.; Shaffer, J.G.; Goba, A.; Fullah, M.; Momoh, M.; Grant, D.S.; Garry, R.F. Emerging trends in Lassa fever: Redefining the role of immunoglobulin M and inflammation in diagnosing acute infection. Virol. J. 2011, 8, 478. [Google Scholar] [CrossRef] [PubMed]

	



Boisen, M.L.; Uyigue, E.; Aiyepada, J.; Siddle, K.J.; Oestereich, L.; Nelson, D.K.; Bush, D.J.; Rowland, M.M.; Heinrich, M.L.; Eromon, P.; et al. Field evaluation of a Pan-Lassa rapid diagnostic test during the 2018 Nigerian Lassa fever outbreak. Sci. Rep. 2020, 10, 8724. [Google Scholar] [CrossRef]

	



Viral Hemorrhagic Fever Consortium. Viral Hemorrhagic Fever Consortium. 2021. Available online: https://vhfc.org/ (accessed on 12 January 2021).

	



Centers for Disease Control and Prevention. 2014–2016 Ebola Outbreak in West Africa. 2019. Available online: https://www.cdc.gov/vhf/ebola/history/2014-2016-outbreak/index.html#:~:text=After%20an%20initial%20declaration%20in,March%20and%20April%20of%202016 (accessed on 19 January 2021).

	



Goba, A.; Khan, S.H.; Fonnie, M.; Fullah, M.; Moigboi, A.; Kovoma, A.; Sinnah, V.; Yoko, N.; Rogers, H.; Safai, S.; et al. An Outbreak of Ebola Virus Disease in the Lassa Fever Zone. J. Infect. Dis. 2016, 214 (Suppl. 3), S110–S121. [Google Scholar] [CrossRef] [PubMed]

	



BBC News. Ebola Intensifies the Struggle to Cope with Lassa Fever. 2014. Available online: https://www.bbc.com/news/world-africa-29868394 (accessed on 21 January 2021).

	



Check Hayden, E. Infectious disease: Ebola’s lost ward. Nature 2014, 513, 474–477. [Google Scholar] [CrossRef]

	



Schieffelin, J.S.; Shaffer, J.G.; Goba, A.; Gbakie, M.; Gire, S.K.; Colubri, A.; Sealfon, R.S.; Kanneh, L.; Moigboi, A.; Momoh, M.; et al. Clinical illness and outcomes in patients with Ebola in Sierra Leone. N. Engl. J. Med. 2014, 371, 2092–2100. [Google Scholar] [CrossRef]

	



Quaglio, G.; Tognon, F.; Finos, L.; Bome, D.; Sesay, S.; Kebbie, A.; Di Gennaro, F.; Camara, B.S.; Marotta, C.; Pisani, V.; et al. Impact of Ebola outbreak on reproductive health services in a rural district of Sierra Leone: A prospective observational study. BMJ Open 2019, 9, e029093. [Google Scholar] [CrossRef]

	



Jones, S.A.; Gopalakrishnan, S.; Ameh, C.A.; White, S.; van den Broek, N.R. Women and babies are dying but not of Ebola’: The effect of the Ebola virus epidemic on the availability, uptake and outcomes of maternal and newborn health services in Sierra Leone. BMJ Glob. Health 2016, 1, e000065. [Google Scholar] [CrossRef] [PubMed]

	



World Health Organization. Statement on the End of the Ebola Outbreak in Sierra Leone. 2015. Available online: https://www.afro.who.int/news/statement-end-ebola-outbreak-sierra-leone (accessed on 19 January 2021).

	



The World Bank. Sierra Leone. 2021. Available online: https://data.worldbank.org/country/SL (accessed on 20 January 2021).

	



Worldometer. Sierra Leone Population. Available online: https://www.worldometers.info/world-population/sierra-leone-population/ (accessed on 20 January 2021).

	



Wikipedia. Districts of Sierra Leone. 2020. Available online: https://en.wikipedia.org/wiki/Districts_of_Sierra_Leone (accessed on 29 January 2021).

	



Wikipedia. Geography of Sierra Leone. 2020. Available online: https://en.wikipedia.org/wiki/Geography_of_Sierra_Leone#:~:text=Physical%20geography,-Sierra%20Leone%20is&text=Sierra%20Leone%20has%20four%20distinct,1%2C948%20meters%20(6%2C391%20ft) (accessed on 23 January 2021).

	



Senga, M.; Pringle, K.; Ramsay, A.; Brett-Major, D.M.; Fowler, R.A.; French, I. Factors Underlying Ebola Virus Infection Among Health Workers, Kenema, Sierra Leone, 2014–2015. Clin. Infect. Dis. Off. Publ. Infect. Dis. Soc. Am. 2016, 63, 454–459. [Google Scholar] [CrossRef]

	



Shaffer, J.G.; Schieffelin, J.S.; Gbakie, M.; Alhasan, F.; Roberts, N.B.; Goba, A.; Randazzo, J.; Momoh, M.; Moon, T.D.; Kanneh, L.; et al. A medical records and data capture and management system for Lassa fever in Sierra Leone: Approach, implementation, and challenges. PLoS ONE 2019, 14, e0214284. [Google Scholar] [CrossRef] [PubMed]

	



Boisen, M.L.; Hartnett, J.N.; Shaffer, J.G.; Goba, A.; Momoh, M.; Sandi, J.D.; Fullah, M.; Nelson, D.K.; Bush, D.J.; Rowland, M.M.; et al. Field validation of recombinant antigen immunoassays for diagnosis of Lassa fever. Sci Rep. 2018, 8, 5939. [Google Scholar] [CrossRef]

	



SAS Institute Inc. Pharmaceutical Statistics Using SAS; SAS Institute, Inc.: Cary, NC, USA, 2007. [Google Scholar]

	



Wilhelm, J.A.; Helleringer, S. Utilization of non-Ebola health care services during Ebola outbreaks: A systematic review and meta-analysis. J. Glob. Health 2019, 9, 010406. [Google Scholar] [CrossRef] [PubMed]

	



Bolkan, H.A.; van Duinen, A.; Samai, M.; Gassama, I.; Waalewijn, B.; Wibe, A.; von Schreeb, J. Admissions and surgery as indicators of hospital functions in Sierra Leone during the west-African Ebola outbreak. BMC Health Serv. Res. 2018, 18, 846. [Google Scholar] [CrossRef] [PubMed]

	



Wagenaar, B.H.; Augusto, O.; Beste, J.; Toomay, S.J.; Wickett, E.; Dunbar, N.; Bawo, L.; Wesseh, C.S. The 2014–2015 Ebola virus disease outbreak and primary healthcare delivery in Liberia: Time-series analyses for 2010–2016. PLoS Med. 2018, 15, e1002508. [Google Scholar] [CrossRef]

	



Camara, B.S.; Delamou, A.; Diro, E.; Béavogui, A.H.; El Ayadi, A.M.; Sidibé, S.; Grovogui, F.M.; Takarinda, K.C.; Bouedouno, P.; Sandouno, S.D.; et al. Effect of the 2014/2015 Ebola outbreak on reproductive health services in a rural district of Guinea: An ecological study. Trans. R. Soc. Trop. Med. Hyg. 2017, 111, 22–29. [Google Scholar] [CrossRef]

	



Roberts, L. Nigeria hit by unprecedented Lassa fever outbreak. Science 2018, 359, 1201–1202. [Google Scholar] [CrossRef]

	



Purushotham, J.; Lambe, T.; Gilbert, S.C. Vaccine platforms for the prevention of Lassa fever. Immunol. Lett. 2019, 215, 1–11. [Google Scholar] [CrossRef]








[image: Microorganisms 09 00586 g001 550] 





Figure 1. Lassa fever screenings at Kenema Government Hospital by admission status, 2012–2019. Note. Admitted refers to subjects admitted to KGH Lassa Fever Ward following confirmed Lassa fever diagnosis. 
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Figure 2. Annual fatality rates by Lassa fever serostatus. (a) Acute LF exposure; (b) Recent LF exposure (Ag−/IgM+); (c) Non-LF or prior LF exposure (Ag−/IgM−). 
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Figure 3. Receiver Operating Characteristic (ROC) analyses for subject age at clinical presentation for suspected Lassa fever cases. (a) ROC results for determining patient survival outcome on clinical presentation; (b) ROC result for determining acute Lassa fever seropositivity on clinical presentation. The leftmost numbers inside the plot are the age values, and the middle and rightmost values correspond to their respective sensitivity and 1-specificity values. 
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Figure 4. Suspected and confirmed Lassa fever cases screened at Kenema Government Hospital, 2012–2019. (a) Presentations between 1 January 2012 and 31 December 2013; (b) Presentations between 1 January 2014 and 31 December 2014; (c) Presentations between 1 January 2016 and 31 December 2017; (d) Presentations between 1 January 2018 and 31 December 2019. Following the 2014–2016 Ebola epidemic, suspected and confirmed cases were observed in closer proximity to Kenema District. 
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Figure 5. Monthly distribution of suspected LF cases by serostatus. Month of clinical presentation was determined according to the date the initial ELISA Ag and IgM tests were performed. (a) Acute Lassa fever exposure (Ag+), (b) Recent Lassa fever exposure (Ag−/IgM+); (c) Non-Lassa fever cases or prior Lassa fever exposure (Ag−/IgM−). All tests were for suspected LF cases defined according to its suspected case definition. The blue-shaded regions represent the seasonal rainfall period in Sierra Leone (May to October). 
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Table 1. Characteristics of Lassa fever screenings by serostatus, Kenema Government Hospital, 2012–2019. Note. All results expressed as frequencies and percentages unless indicated otherwise. Those characteristics with aggregate frequencies less than their respective aggregate serostatus group sample sizes reflect missing characteristic responses. Ag+ = Samples testing positive according to Ag ELISA (acute Lassa exposure); Ag−/IgM+ = Samples testing negative according to Ag ELISA and positive according to IgM ELISA (recent Lassa exposure); Ag−/IgM− = Samples testing negative according to both Ag and IgM ELISA.
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Characteristic

	
Serostatus

	
p Value d




	
Ag+

(n = 195)

	
Ag−/IgM+

(n = 838)

	
Ag−/IgM−

(n = 2244)






	
Admission status

	

	

	

	




	
    Admitted

	
106 (54)

	
159 (19)

	
163 (7)

	
<0.001




	
    Not admitted

	
89 (46)

	
679 (81)

	
2081 (93)

	




	
Gender

	

	

	

	




	
    Female

	
101 (52)

	
435 (57)

	
1071 (56)

	
0.471




	
    Male

	
92 (48)

	
326 (43)

	
850 (44)

	




	
Age in years

	

	

	

	




	
    <5

	
35 (19)

	
84 (13)

	
180 (12)

	
<0.001




	
    5–14

	
33 (17)

	
97 (14)

	
175 (11)

	




	
    15–40

	
103 (55)

	
363 (55)

	
890 (57)

	




	
    >40

	
17 (9)

	
117 (18)

	
307 (20)

	




	
District of residence

	

	

	

	




	
    Bo

	
12 (9)

	
42 (12)

	
79 (12)

	
0.712




	
    Kenema

	
104 (79)

	
265 (75)

	
506 (77)

	




	
    Other

	
16 (12)

	
47 (13)

	
72 (11)

	




	
Survival outcome a

	

	

	

	




	
    Died

	
106 (79)

	
67 (31)

	
259 (54)

	
<0.001




	
    Discharged

	
29 (21)

	
149 (69)

	
222 (46)

	




	
Time since illness onset

	

	

	

	




	
    <7 days

	
47 (43)

	
145 (43)

	
357 (66)

	
<0.001




	
    ≥7 days

	
62 (57)

	
192 (57)

	
184 (34)

	




	
IgG serostatus b

	

	

	

	




	
    Positive

	
42 (23)

	
291 (37)

	
682 (33)

	
0.001




	
    Negative

	
140 (77)

	
492 (63)

	
1369 (67)

	




	
Season of presentation c

	

	

	

	




	
    Dry

	
110 (56)

	
323 (39)

	
1162 (52)

	
<0.001




	
    Rainy

	
85 (44)

	
513 (61)

	
1067 (48)

	








a Patient survival outcome was determined at hospital discharge (or following initial consultation for subjects not admitted to KGH). b IgG serostatus = Immunoglobin G ELISA test result for detecting convalescent Lassa exposure. c Rainy and dry seasons were defined as 1 May–31 October and 1 November–30 April, respectively. d Calculated using Pearson’s chi-square test assessing general differences in proportions between serostatus groups.
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Table 2. Characteristics of suspected Lassa fever screenings by season of clinical presentation, Kenema Government Hospital, 2012–2019. Note. All results expressed as frequencies and percentages unless indicated otherwise. Those characteristics with aggregate frequencies less than their respective aggregate serostatus group sample sizes reflect missing characteristic data.






Table 2. Characteristics of suspected Lassa fever screenings by season of clinical presentation, Kenema Government Hospital, 2012–2019. Note. All results expressed as frequencies and percentages unless indicated otherwise. Those characteristics with aggregate frequencies less than their respective aggregate serostatus group sample sizes reflect missing characteristic data.





	
Characteristic

	
Season of Presentation e

	
p Value f




	
Rainy

(n = 1665)

	
Dry

(n = 1595)






	
Admission status

	

	

	




	
    Admitted

	
209 (13)

	
219 (14)

	
0.320




	
    Not admitted

	
1456 (87)

	
1376 (86)

	




	
Gender

	

	

	




	
    Female

	
769 (58)

	
834 (54)

	
0.073




	
    Male

	
562 (42)

	
698 (46)

	




	
Age, years

	

	

	




	
    <5

	
177 (15)

	
121 (10)

	
0.005




	
    5–14

	
141 (12)

	
163 (14)

	




	
    15–40

	
663 (55)

	
691 (58)

	




	
    >40

	
219 (18)

	
220 (18)

	




	
District of residence

	

	

	




	
    Bo

	
70 (12)

	
63 (11)

	
0.335




	
    Kenema

	
427 (77)

	
446 (76)

	




	
    Other

	
59 (11)

	
76 (13)

	




	
Survival outcome a

	

	

	




	
    Died

	
136 (42)

	
295 (58)

	
<0.001




	
    Discharged

	
187 (58)

	
212 (42)

	




	
Time since illness onset

	

	

	




	
    <7 days

	
267 (54)

	
280 (57)

	
0.347




	
    ≥7 days

	
227 (46)

	
211 (43)

	




	
Ag serostatus b

	

	

	




	
    Positive

	
85 (5)

	
110 (7)

	
0.031




	
    Negative

	
1580 (95)

	
1485 (93)

	




	
IgM serostatus c

	

	

	




	
    Positive

	
559 (34)

	
356 (22)

	
<0.001




	
    Negative

	
1106 (66)

	
1239 (78)

	




	
IgG serostatus d

	

	

	




	
    Positive

	
541 (34)

	
467 (33)

	
0.763




	
    Negative

	
1057 (66)

	
934 (67)

	








a Patient survival outcome was determined at hospital discharge (or following initial consultation for subjects not admitted to KGH). b Ag serostatus = Antigen ELISA test result for detecting acute Lassa fever exposure. c IgM serostatus = Immunoglobin M ELISA test result for detecting recent Lassa fever exposure. d IgG serostatus = Immunoglobin G ELISA test result for detecting convalescent Lassa fever exposure. e Rainy and dry seasons were defined as 1 May–31 October and 1 November–30 April, respectively. f Calculated using Pearson’s chi-square test assessing general differences in proportions between serostatus groups.
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Table 3. Characteristics of suspected Lassa fever cases before, during, and after the 2014–2016 Ebola epidemic, Kenema Government Hospital, 2012–2019. Note. All results expressed as frequencies and percentages unless indicated otherwise. Those characteristics with aggregate frequencies less than their respective aggregate serostatus group sample sizes reflect missing characteristic responses. Date classifications for comparisons between the pre- and post-Ebola periods were based on the first and last reported cases at KGH (25 May 2014 and 7 November 2015, respectively).






Table 3. Characteristics of suspected Lassa fever cases before, during, and after the 2014–2016 Ebola epidemic, Kenema Government Hospital, 2012–2019. Note. All results expressed as frequencies and percentages unless indicated otherwise. Those characteristics with aggregate frequencies less than their respective aggregate serostatus group sample sizes reflect missing characteristic responses. Date classifications for comparisons between the pre- and post-Ebola periods were based on the first and last reported cases at KGH (25 May 2014 and 7 November 2015, respectively).





	
Characteristic

	
Time Period

	
p Value f




	
Pre-Ebola

n = 1384

	
Ebola e

n = 783

	
Post-Ebola

n = 1110






	
Admission status

	

	

	

	




	
    Admitted

	
306 (22)

	
24 (3)

	
98 (9)

	
<0.001




	
    Not admitted

	
1078 (78)

	
759 (97)

	
1012 (91)

	




	
Gender

	

	

	

	




	
    Female

	
811 (59)

	
213 (49)

	
583 (55)

	
0.036




	
    Male

	
564 (41)

	
222 (51)

	
482 (45)

	




	
Age, years

	

	

	

	




	
    <5

	
158 (13)

	
17 (7)

	
124 (13)

	
0.346




	
    5–14

	
171 (14)

	
27 (11)

	
107 (11)

	




	
    15–40

	
676 (56)

	
141 (57)

	
539 (58)

	




	
    >40

	
212 (17)

	
61 (25)

	
168 (18)

	




	
District

	

	

	

	




	
    Bo

	
131 (16)

	
0 (0)

	
2 (1)

	
<0.001




	
    Kenema

	
569 (69)

	
18 (95)

	
288 (96)

	




	
    Other

	
124 (15)

	
1 (5)

	
10 (3)

	




	
Survival outcome a

	

	

	

	




	
    Died

	
131 (34)

	
215 (96)

	
86 (40)

	
0.120




	
    Discharged

	
260 (66)

	
10 (4)

	
130 (60)

	




	
Serostatus b

	

	

	

	




	
    Ag+

	
85 (6)

	
21 (3)

	
89 (8)

	
<0.001




	
    Ag−/IgM+

	
504 (36)

	
151 (19)

	
183 (16)

	




	
    Ag−/IgM−

	
795 (58)

	
611 (78)

	
838 (76)

	




	
Time since illness onset

	

	

	

	




	
    <7 days

	
314 (46)

	
7 (44)

	
228 (80)

	
<0.001




	
    ≥7 days

	
373 (54)

	
9 (56)

	
56 (20)

	




	
IgG serostatus c

	

	

	

	




	
    Positive

	
295 (22)

	
342 (44)

	
378 (43)

	
<0.001




	
    Negative

	
1070 (78)

	
430 (56)

	
501 (57)

	




	
Season of presentation d

	

	

	

	




	
    Rainy

	
767 (55)

	
470 (60)

	
428 (39)

	
<0.001




	
    Dry

	
617 (45)

	
309 (40)

	
669 (61)

	








a Patient survival outcome was determined at hospital discharge (or following initial consultation for subjects not admitted to KGH). b Ag+ = Samples testing positive according to Ag ELISA (acute Lassa fever exposure); Ag−/IgM+ = Samples testing negative according to Ag ELISA and positive according to IgM ELISA (recent Lassa exposure); Ag−/IgM− = samples testing negative according to both Ag and IgM ELISA. c IgG serostatus = Immunoglobin G ELISA test result for detecting convalescent Lassa fever exposure. d Rainy and dry seasons were defined as 1 May–31 October and 1 November–30 April, respectively. e LF screenings over this period were skewed as suspected LF cases were not regularly seen or tested at KGH between 25 May 2014 to 17 November 2014. f Calculated using Pearson’s chi-square test comparing pre- and post-Ebola time periods.
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