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Abstract

Background

Febrile illness is frequent among patients in the tropics. It is caused by a wide variety of com-

mon diseases such as malaria or gastrointestinal infections but also by less common but

highly contagious pathogens with epidemic potential. This study describes the clinical fea-

tures of adult and paediatric patients with febrile illness in in the largest tertiary referral hos-

pital in south-eastern Guinea, a region at high risk for viral haemorrhagic fever outbreaks.

The study further compares their diagnostic characteristics, treatments and outcomes with

non-febrile patients in order to contribute to the local epidemiology of febrile illness.

Methods

We used retrospective data collection to record demographic and clinical data of all incom-

ing patients during a study period of three months. For the follow-up study of inpatients, we

retrospectively reviewed patient charts for diagnostic characteristics, diagnoses and

outcomes.

Results

Of the 4317 incoming patients during the study period, 9.5% had a febrile illness. The most

used diagnostic measures to identify causative agents in febrile patients were point-of-care

tests and most treatments relied on antibiotics. Most common discharge diagnoses for

febrile inpatients were malaria (9.6% adults, 56.7% children), salmonella gastroenteritis/

typhoid (10.6% adults, 7.8% children) and respiratory infection/pneumonia (5.3% adults,

18.7% children). Inpatient mortality for children was significantly higher in febrile than non-

febrile children (18.5% vs. 5.1%, p<0.001) and considerably higher in febrile than non-febrile

adults (29.8% vs. 25.0%, p = 0.404).
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Conclusions

Malaria, respiratory infection and gastroenteritis are considered the main causes for febrile

illness. The wide reliance on rapid diagnostic tests to diagnose febrile patients not only risks

to over- or under-diagnose certain diseases but also leaves the possibility of highly infec-

tious diseases in febrile patients unexplored. Furthermore, the heavy reliance on antibiotics

risks to cause antimicrobial resistance. High mortality rates in febrile patients, especially

children, should be of concern to public health authorities.

Background

Fever is a common reason for patients to seek healthcare in the tropics [1–3]. It is usually associ-

ated with non-specific gastrointestinal or respiratory symptoms but may also present itself as an

isolated symptom. Fever is often used synonymously with the term “febrile illness”, which is

defined as an illness with an elevated body temperature of at least 38.0˚C or higher [4]. Possible

causes of febrile illness include a wide spectrum of pathogens such as bacterial bloodstream

infections (e.g. Salmonella entertica subtypes), mycobacterial bloodstream infections (e.g. Myco-
bacterium tuberculosis), bacterial zoonosis (e.g. brucellosis), protozoal infections (e.g. African

trypanosomiasis), fungal infections (e.g. cryptococcus) and viral infections (e.g. rhinoviruses)

[5]. In malaria endemic regions, malaria is often the default diagnosis for febrile illness, partly

because of its high prevalence and partly because of the predominance of malaria eradication

programs in the past decade which led to the over-diagnosing of malaria [6–8]. Especially in

low-resource healthcare settings, identifying non-malarial febrile illness can be challenging due

to impaired diagnostic capacities and few point-of care tests for most microorganisms [9].

While adequate treatment of febrile illness ideally depends on the identification of the causative

agent, febrile illness in low-resource healthcare settings is usually treated with calculated antimi-

crobial and/or antimalarial medications, increasing the risk of drug resistance [10].

Next to more common causes of febrile illness in the tropics, certain pathogens with epi-

demic potential have emerged as equally important causes for febrile illness [11]. Notably, the

2014–2016 West African Ebola virus outbreak as well as the recent 2021 Ebola virus outbreak

in south-eastern Guinea highlighted the importance of pathogen-specific screening and sur-

veillance in West Africa for potentially infectious patients presenting with fever–fever being

one of the most common symptoms amongst patients infected with Ebola virus [12, 13].

Guinea–one of the poorest African nations with a fragile healthcare system–was amongst the

most affected countries by the Ebola virus epidemic [14]. Particularly its south-eastern region

is now considered at high risk for outbreaks of viral haemorrhagic fevers such as Ebola virus

disease, Marburg virus disease, Lassa fever and Crimean-Congo haemorrhagic fever [15–20].

All of these highly contagious diseases are known to cause febrile illness in patients at an early

stage of infection [21–24]. But also other potentially fatal infectious diseases causing febrile ill-

ness such as meningitis, leptospirosis or dengue have been reported in the region [25–29].

In this study we describe epidemiological, clinical and diagnostic characteristics, current

treatment strategies, and outcomes of adult and paediatric patients with febrile illness treated

at the largest referral hospital in south-eastern Guinea. We further compare these clinical fea-

tures of febrile patients with non-febrile patients. Our study provides a profile of a typical

Guinean provincial referral hospital by highlighting its procedures and capacities in regard to

diagnosing and treating febrile illness. Thereby, we hope to contribute to a better
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understanding of the local epidemiology of febrile illness in a region at risk for infectious dis-

ease outbreaks. We point to further management needs in Guinean healthcare structures

regarding febrile illness amongst patients.

Methods

Study setting

Our study was carried out at the Hôpital Régional de N’zérékoré (N’zérékoré Regional Hospi-

tal, HRNZ), a tertiary provincial referral hospital in south-eastern Guinea. N’zérékoré is Guin-

ea’s second largest city with more than 300,000 inhabitants and is the capital of Guinea’s

forested region, also known as Guinée Forestière with a population of over two million [30].

Bordering Sierra Leone, Liberia and Ivory Coast, the region has a tropical climate with a wet

season lasting approximately from May until November and the dry season from December

until April. Guinée Forestière is in south-eastern Guinea and is known as the region where the

2014–2016 West African Ebola outbreak most likely started [31]. A new Ebola outbreak close

to N’zérékoré city was declared in early 2021 and several cases were hospitalized in the HRNZ

prior to being laboratory confirmed [32].

With a capacity of approximately 175 beds and services in Internal Medicine, Surgery,

Intensive Care, Gynaecology/Obstetrics, Ophthalmology and Dental Care, the HRNZ is

amongst the three largest hospitals in the country. It is the largest referral hospital in Guinée
Forestière receiving emergency patients as well as patients requiring specialized care from sur-

rounding urban and rural areas. The hospital laboratory is equipped for basic serological, hae-

matological, bacteriological and clinical biochemistry testing. Furthermore, an additional

laboratory for viral haemorrhagic fevers was established in 2014. Supply shortages may, how-

ever, constrain laboratory diagnostic capacities. The only possibilities for imaging purposes

are one X-ray and one ultrasound machine. An overview of the most relevant diagnostic tests

for infectious diseases can be found under in S1 Table.

Upon hospital-entry, triage staff records main symptoms and body temperatures of all non-

emergency patients in order to orient patients to the hospital’s different outpatient services.

Severely ill patients are immediately directed to the emergency room. At the outpatient ser-

vices, physicians may decide that patients require inpatient care and will send them to the

emergency room for further examinations and inpatient admission. Patients requiring obstet-

ric care or seeking access to the specialized HIV clinic located within the hospital compound

may bypass hospital triage. Thus, all inpatients except HIV clinic and obstetric patients are

handled at the level of the emergency room.

The emergency room separates paediatric, adult medical and surgical patients. Paediatric

surgical patients are treated in the adult surgical ward. Physicians examine patients, administer

mRDT if necessary and initiate first treatments. They further decide whether patients require

inpatient care or not.

Patient records are kept in various registers at hospital triage and the emergency room

while patient charts are compiled only for inpatients at the level of the emergency room.

Data sources and study-design

Using a retrospective study design, we analysed data of all in- and outpatients who came to

the HRNZ between December 2, 2018 and March 1, 2019 (dry season), except obstetric

and HIV clinic patients. Details on study design and data sources are well-explained else-

where [33]. Data was extracted from hospital records and patient charts at three levels.

First, triage data for all incoming patients comprised socio-demographic characteristics,

symptoms, measured body temperatures and referral service. Second, we recorded
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diagnostic results, treatments, hospitalization status, suspected diagnoses (the most impor-

tant three) and outcomes for all adult and paediatric emergency patients, except surgical

patients, deceased patients during emergency treatment and patients whose body tempera-

tures had not been recorded; these patients were excluded. Third, laboratory diagnostics,

primary discharge diagnoses and outcomes of adult and paediatric medical inpatients were

extracted from patient charts by the authors MR (adults) and DD (children) after patients

were discharged and patient charts completed at the end of each week. We transferred and

coded the above hand-written information from patient charts into digital line lists and

reviewed each other’s data transfer and results. When differences were discovered, MR and

DD reviewed the weekly patient charts together to come to a common conclusion. When

patient charts were incomplete or unclear, we consulted the responsible healthcare worker

for missing information.

For this study, we stratified patient data of all incoming patients (in- and outpatients) by

measured axillary body temperatures (cut-off 38.0˚C). In our data, medical adult and paediat-

ric emergency patients are subdivided into two groups (without fever: < 38.0˚C and with

fever:� 38.0˚C). They are described and compared by the variables age, symptoms, suspected

diagnosis, diagnostics, initial treatment and admission status (inpatient vs. outpatient). Febrile

and non-febrile patients requiring inpatient care are further compared to add more details

regarding laboratory diagnostics, discharge diagnoses and outcomes.

Next to the above, we calculated an approximation for the average inpatient healthcare

costs per adult and per paediatric inpatient based on laboratory costs, costs for medications

and hospitalization costs per patient. Laboratory costs were calculated based on hospital price

lists and all laboratory and imaging diagnostics performed on inpatients. Costs for medications

were calculated based on the average amount of medications prescribed per inpatient and the

average price per medication as indicated by the hospital pharmacy. We excluded the ten most

expensive, yet rarely used medications from our approximation to reduce risk of skewed over-

estimating inpatient medication costs. Hospitalization costs were calculated based on price

lists as provided by the hospital administration.

Data analysis

Patient symptoms and diagnoses were coded according to the International Classification of

Primary Care, 2nd edition (ICPC-2). All data was recorded and coded with Microsoft Excel 16

and analysed using IBM SPSS 25. Descriptive statistics were generated and proportions were

compared using Pearson’s-Chi2 Test and Exact Fisher Test. Statistical significance was deter-

mined at p� 0.05. Because of extreme outliers in age, we used non-parametric median and

interquartile range (IQR) to describe the age of all incoming patients.

Ethical considerations

Ethical approval for this study was granted by the Guinean Ethics Committee for Research in

Health (opinion number 103/CNERS/18) and the Ethics Committee for Medical Research at

the Ludwig-Maximilians-Universität (LMU), Munich, Germany (opinion number 18–834).

Before its implementation, the study was presented to the regional health authorities and the

HRNZ directorate who both consented to its implementation. Since data was collected as part

of routine clinical practice and for the purpose of this retrospective study extracted in an anon-

ymized fashion, and in the further analysis presented in an aggregate manner, no informed

consent was asked from patients.

PLOS ONE Febrile illness in a tertiary hospital in south-eastern Guinea: A retrospective longitudinal cohort study

PLOS ONE | https://doi.org/10.1371/journal.pone.0262084 January 10, 2022 4 / 22

https://doi.org/10.1371/journal.pone.0262084


Results

General characteristics of all incoming patients

4317 patients were registered as in- and outpatients during our study period. Of those patients,

2616 patients (60.6%) were handled by triage, 1178 patients (27.3%) by the adult emergency

room and 523 patients (12.1%) by the paediatric emergency room (Table 1). In total, 67

patients (1.6%) deceased in the emergency room during treatment, of which 56 in the adult

emergency room and 11 in the paediatric emergency room. Almost half of all the patients were

male (2121/4317; 49.1%), the other half female (2193/4317; 50.8%). The majority of all patients

(3375/4317; 78.2%) came from urban areas, the rest (795/4317; 18.4%) from rural areas. While

patients reported fever as the most frequent primary reason for seeking care at the hospital,

none of the 2616 patients handled by triage had a measured axillary body temperature

�38,0˚C (febrile). However, with regard to the emergency facilities, 15.4% (182/1178) of adult

emergency patients and 43.8% (229/523) of paediatric emergency patients resulted to be

febrile, amounting to a total 9.5% (411/4317) of all incoming patients being febrile upon hospi-

tal entry. For 274 patients (6.3%) no body temperature was recorded. Of all patients, most

febrile patients were within the age group 0–4 years (4.3%; 174/4043; Fig 1). The three most

frequent referral services were internal medicine (35.4%), paediatrics (20.2%) and surgery

(14.5%). Deceased patients, surgical patients and patients where body temperature was not

recorded were excluded from the following analysis.

Table 1. Characteristics of all incoming patients.

Total Triage Adult emergency room Pediatric emergency

room

Total Number of Patients N 4317 2616 1178 523

General Characteristics

Median Age–years (IQR) 27 (11–45) 29 (16–45) 35 (23–55) 1 (1–4)

Male Sex–n/N (%) 2121/4317 (49.1) 1134/2616 (43.3) 691/1178 (58.7) 296/523 (56.6)

Female Sex–n/N (%) 2193/4317 (50.8) 1482/2616 (56.7) 484/1178 (41.1) 227/523 (43.4)

Sex not registered–n/N (%) 3/4317 (0.1) 0/2616 (0.0) 3/1178 (0.3) 0/523 (0.0)

Residence in urban area–n/N (%) 3375/4317 (78.2) 2127/2616 (81.3) 863/1178 (73.3) 385/523 (73.6)

Residence in rural area–n/N (%) 795/4317 (18.4) 487/2616 (18.6) 183/1178 (15.5) 125/523 (23.9)

Residence not registered–n/N (%) 147/4317 (3.4) 2/2616 (0.1) 132/1178 (11.2) 13/523 (2.5)

Referred Service

Internal Medicine–n/N (%) 1527/4317 (35.4) 840/2616 (32.1) 687/1178 (58.3) 0/523 (0.0)

Pediatrics–n/N (%) 872/4317 (20.2) 360/2616 (13.8) 0/1178 (0.0) 512/523 (97.9)

Surgery–n/N (%) 625/4317 (14.5) 190/2616 (7.3) 435/1178 (36.9) 0/523 (0.0)

Ophthalmology–n/N (%) 446/4317 (10.3) 446/2616 (17.0) 0/1178 (0.0) 0/523 (0.0)

Gynecology–n/N (%) 353/4317 (8.2) 353/2616 (13.5) 0/1178 (0.0) 0/523 (0.0)

Dental Clinic–n/N (%) 220/4317 (5.1) 220/2616 (8.4) 0/1178 (0.0) 0/523 (0.0)

Ear Nose Throat (ENT) Clinic–n/N

(%)

182/4317 (4.2) 182/2616 (7.0) 0/1178 (0.0) 0/523 (0.0)

Not recorded–n/N (%) 25/4317 (0.6) 25/2616 (1.0) 0/1178 (0.0) 0/523 (0.0)

Deceased during treatment–n/N (%) 67/4317 (1.6) 0/2616 (0.0) 56/1178 (4.8) 11/523 (2.1)

Body Temperature

<38˚C–n/N (%) 3632/4317 (84.1) 2585/2616 (98.8) 781/1178 (66.3) 266/523 (50.9)

�38˚C–n/N (%) 411/4317 (9.5) 0/2616 (0.0) 182/1178 (15.4) 229/523 (43.8)

Not recorded–n/N (%) 274/4317 (6.3) 31/2616 (1.2) 215/1178 (18.2) 28/523 (5.4)

Most frequent primary reasons for

consultation

Fever, Musculoskeletal injury, Eye

problems

Eye problems, Fever,

Chest pain

Musculoskeletal injury, Abdominal

pain, Head injury

Fever, Asthenia,

Cough

https://doi.org/10.1371/journal.pone.0262084.t001
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Clinical features of medical adult and paediatric emergency patients:

Febrile vs. non-febrile patients

Of 1119 medical adult and paediatric emergency patients whose body temperatures were

recorded, 34.9% (391/1119) were febrile, with the larger proportion of febrile patients

being paediatric patients (26.1% adults vs. 46.3% children; Table 2). Overall, asthenia

(52.6%; 589/1119), loss of appetite (36.9%; 413/1119), vomiting (30.8%; 345/1119) and

cough (30.3%; 339/1119) were the most frequently reported symptoms amongst medical

emergency patients. Adult febrile patients were more likely than non-febrile patients to

report asthenia (50.0% vs 36.1%, p = 0.002), diarrhoea (17.7% vs 10.1%, p = 0.020) and

cough (25.6% vs. 11.0%, p<0.001). They were also more likely to receive a mRDT upon

hospital entry (65.9% vs. 49.2%, p<0.001). In total, 45 adult patients (7.2%; 45/629) had a

positive mRDT result, of which 19 patients were febrile and 26 patients non-febrile

(11.6% vs. 5.6%, p = 0.014). For children, none of the reported symptoms were more spe-

cific for febrile in comparison to non-febrile patients. MRDTs were performed on all but

one paediatric patient with results being almost equally distributed between febrile and

non-febrile children: 50.0% of all children (47.1% febrile vs 52.5% non-febrile, p = 0.277)

received a negative mRDT result and 49.8% (52.4% febrile vs. 47.5% non-febrile,

p = 0.319) a positive result.

Fig 1. Proportions of non-febrile and febrile patients by age group.

https://doi.org/10.1371/journal.pone.0262084.g001
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Table 2. Clinical features of febrile vs. non-febrile medical adult and paediatric emergency patients.

Total Adult medical patients Pediatric medical patients

Total Febrile

N = 164

Non-febrile

N = 465

p-value Total Febrile

N = 227

Non-febrile

N = 263

p-value

Total Number of Patients

N–n/N (%)

1119 629 164/629 (26.1) 465/629 (73.9) 490 227/490 (46.3) 263/490 (53.7)

Most frequent symptoms

(besides fever)

General symptoms
Asthenia–n/N (%) 589/1119 (52.6) 250/629 (39.7) 82/164 (50.0) 168/465 (36.1) 0.002 339/490 (69.2) 163/227 (71.8) 176/263 (66.9) 0.281

Loss of appetite–n/N (%) 413/1119 (36.9) 158/629 (25.1) 50/164 (30.5) 108/465 (23.2) 0.075 255/490 (52.0) 123/227 (54.2) 132/263 (50.2) 0.415

Headache–n/N (%) 194/1119 (17.3) 171/629 (27.2) 46/164 (28.0) 125/465 (26.9) 0.761 23/490 (4.7) 12/227 (5.3) 11/263 (4.2) 1.000

Dizziness–n/N (%) 113/1119 (10.1) 112/629 (17.8) 33/164 (20.1) 79/465 (17.0) 0.406 1/490 (0.2) 0/227 (0.0) 1/263 (0.4) 1.000

Digestive symptoms

Vomiting–n/N (%) 345/1119 (30.8) 111/629 (17.6) 35/164 (21.3) 76/465 (16.3) 0.094 234/490 (47.8) 98/227 (43.2) 136/263 (62.0) 0.070

Diarrhea–n/N (%) 224/1119 (20.0) 78/629 (12.4) 29/164 (17.7) 49/465 (10.5) 0.020 146/490 (29.8) 65/227 (28.6) 81/263 (30.8) 0.622

Abdominal pain–n/N (%) 221/1119 (19.7) 176/629 (28.0) 40/164 (24.4) 136/465 (29.2) 0.266 45/490 (9.2) 21/227 (9.3) 24/263 (9.1) 1.000

Respiratory symptoms
Cough–n/N (%) 339/1119 (30.3) 93/629 (14.8) 42/164 (25.6) 51/465 (11.0) <0.001 246/490 (50.2) 114/227 (50.2) 132/263 (50.2) 1.000

Dyspnoea–n/N (%) 104/1119 (9.3) 72/629 (11.4) 17/164 (10.4) 54/465 (11.6) 0.774 32/490 (6.5) 14/227 (6.2) 18/263 (6.8) 0.855

Malaria rapid diagnostic

test (mRDT)

Negative–n/N (%) 537/1119 (48.0) 292/629 (46.4) 89/164 (54.3) 203/465 (43.7) 0.023 245/490 (50.0) 107/227 (47.1) 138/263 (52.5) 0.277

Positive–n/N (%) 289/1119 (25.8) 45/629 (7.2) 19/164 (11.6) 26/465 (5.6) 0.014 244/490 (49.8) 119/227 (52.4) 125/263 (47.5) 0.319

Not performed–n/N (%) 293/1119 (26.2) 292/629 (46.4) 56/164 (34.1) 236/465 (50.8) <0.001 1/490 (0.2) 1/227 (0.4) 0/263 (0.0) 0.463

Most frequent suspected

diagnosis

Malaria–n/N (%) 632/1119 (56.5) 163/629 (25.9) 57/164 (34.8) 106/465 (22.8) 0.002 469/490 (95.7) 221/227 (97.4) 248/263 (94.3) 0.118

Gastroenteritis–n/N (%) 376/1119 (33.6) 285/629 (45.3) 73/164 (44.5) 212/465 (45.6) 0.855 91/490 (18.6) 42/227 (18.5) 49/263 (18.6) 1.000

Pneumonia/Respiratory

infection–n/N (%)

356/1119 (31.8) 51/629 (8.1) 22/164 (13.4) 29/465 (6.2) 0.007 305/490 (62.2) 140/227 (61.7) 165/263 (62.7) 0.852

Gastroduodenal Ulcer–n/

N (%)

106/1119 (9.5) 106/629 (16.9) 25/164 (15.2) 81/465 (17.4) 0.305 0/490 (0.0) 0/227 (0.0) 0/263 (0.0)

Stroke–n/N (%) 54/1119 (4.8) 54/629 (8.6) 6/164 (3.7) 48/465 (10.3) 0.009 0/490 (0.0) 0/227 (0.0) 0/263 (0.0)

Selected emergency

medications

Antibiotics
Ampicillin–n/N (%) 650/1119 (58.1) 316/629 (50.2) 89/164 (54.3) 227/465 (48.8) 0.239 334/490 (68.2) 149/227 (65.6) 185/263 (70.3) 0.285

Metronidazole–n/N (%) 189/1119 (16.9) 69/629 (11.0) 18/164 (11.0) 51/465 (11.0) 1.000 120/490 (24.5) 54/227 (23.8) 66/263 (25.1) 0.753

Gentamycin–n/N (%) 103/1119 (9.2) 1/629 (0.2) 1/164 (1.0) 0/465 (0.0) 1.000 102/490 (20.8) 46/227 (20.3) 56/263 (21.3) 0.824

Ceftriaxone–n/N (%) 97/1119 (8.7) 47/629 (7.5) 13/164 (6.7) 34/465 (7.3) 0.863 50/490 (10.2) 23/227 (10.1) 27/263 (10.3) 1.000

Amoxicillin–n/N (%) 22/1119 (2.0) 6/629 (1.0) 1/164 (1.0) 5/465 (1.1) 1.000 16/490 (3.3) 4/227 (1.8) 12/263 (4.6) 0.124

Ciprofloxacin–n/N (%) 8/1119 (0.7) 7/629 (1.1) 2/164 (1.2) 5/465 (1.1) 1.000 1/490 (0.2) 1/227 (0.4) 0/263 (0.0) 0.463

Antipyretic/Analgesic
Paracetamol–n/N (%) 514/1119 (45.9) 350/629 (55.6) 119/164 (72.6) 231/465 (49.7) <0.001 164/490 (33.5) 123/227 (54.2) 41/263 (15.6) <0.001

Diclofenac–n/N (%) 26/1119 (2.3) 26/629 (4.1) 3/164 (1.8) 23/465 (4.9) 0.109 0/490 (0.0) 0/227 (0.0) 0/263 (0.0)

Antimalarials
Artesunate–n/N (%) 231/1119 (20.6) 22/629 (3.5) 11/164 (6.7) 11/465 (2.4) 0.014 209/490 (42.7) 103/227 (45.4) 106/263 (38.0) 0.273

Artemether/

Lumefantrine–n/N (%)

28/1119 (2.5) 14/629 (2.2) 3/164 (1.8) 11/465 (2.4) 1.000 14/490 (2.9) 8/227 (3.5) 6/263 (2.3) 0.430

Hospitalization status

Inpatient–n/N (%) 865/1119 (77.3) 418/629 (66.5) 121/164 (73.8) 297/465 (63.9) 0.021 447/490 (91.2) 209/227 (92.1) 238/263 (90.5) 0.632

Outpatient–n/N (%) 254/1119 (22.7) 211/629 (33.5) 43/164 (26.2) 168/465 (36.1) 0.021 43/490 (8.2) 18/227 (7.9) 25/263 (9.5) 0.632

https://doi.org/10.1371/journal.pone.0262084.t002
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The three most frequently suspected diagnoses as per adult medical emergency patient

were salmonella gastroenteritis/typhoid (45.3%; 286/629), malaria (25.9%; 163/629) and gas-

troduodenal ulcer (16.9%; 106/629). Only malaria was significantly more often diagnosed

amongst febrile as compared to non-febrile adults (34.8% vs. 22.8%, p = 0.002). With regard to

all diagnoses suspected in adult medical emergency patients combined, 58.5% (594/1016)

belonged to the diagnosis group infectious diseases, 16.3% (166/1016) to non-infectious dis-

eases of the gastrointestinal tract and 11.2% (114/1016) to non-infectious cardiovascular dis-

eases (Fig 2). In children, the three most frequently suspected diagnoses were malaria (95.7%;

469/490), respiratory infection/pneumonia (62.2%; 305/490) and gastroenteritis (18.6%; 91/

490). There was no significant difference in the proportion of suspected diagnoses between

febrile and non-febrile children. In total, 70.0% (892/1275) of all suspected diagnoses com-

bined amongst children in the emergency room belonged to the diagnosis group infectious

diseases, 12.2% (156/1275) to non-infectious diseases of the blood system and 6.4% (82/1275)

to non-infectious diseases of the gastrointestinal tract (Fig 3).

Treatments for medical emergency patients consisted mainly of antibiotic, analgesic/anti-

pyretic and antimalarial treatment. For adult patients, ampicillin (50.2%; 316/629) and para-

cetamol (55.6%; 350/629) were by far the most commonly used medications. For children,

ampicillin was given to 68.2% (334/490) of patients, artesunate to 42.7% (209/490) of patients

and paracetamol to 33.5% (164/490) of patients. For both adults and children metronidazole

was another frequently prescribed antibiotic (11.0% adults, 24.5% children). Furthermore,

Fig 2. Suspected diagnosis group in medical adult emergency patients.

https://doi.org/10.1371/journal.pone.0262084.g002
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gentamycin was often used for paediatric patients (20.8%; 102/490). Altogether, only paraceta-

mol was significantly more often used in the groups of febrile adult patients (72.6% vs. 49.8%,

p<0.001) and febrile paediatric patients (54.2% vs. 15.6%, p<0.001) in comparison to non-

febrile patients.

Diagnostics, discharge diagnoses and outcomes of medical adult and

paediatric inpatients: Febrile vs. non-febrile patients

Of the 1119 medical emergency patients, 418 adults and 447 children were admitted as inpa-

tients. 100 adult inpatients (23.9%; 100/418) and 55 paediatric inpatients (12.3%; 55/447) were

lost to follow-up, leaving 94 febrile (29.6%; 94/318) and 224 non-febrile (70.4%; 224/318) adult

inpatient charts and 178 febrile (45.4%; 178/392) and 214 non-febrile (54.6%; 214/392) paedi-

atric inpatient charts for review (Fig 4).

On average, adult febrile inpatients were hospitalized for almost one day longer than non-

febrile inpatients (5.9 days vs. 5 days; Table 3). Paediatric inpatients stayed hospitalized less

days than adults: 3.5 days on average for febrile children and 3.2 days for non-febrile children.

Overall, 56.8% (403/710) of all inpatients were discharged with improved health, 24.3% (172/

710) either self-discharged against medical advice or without notifying hospital staff and 18.0%

(128/710) deceased in inpatient care. The larger proportion of deceased inpatients was

amongst adults (26.4% adults vs. 11.2% children). However, febrile children were significantly

more likely to die during hospitalization than non-febrile children (18.5% vs. 5.1%, p<0.001),

Fig 3. Suspected diagnosis group in medical paediatric emergency patients.

https://doi.org/10.1371/journal.pone.0262084.g003
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which only reached a level of a trend for adult inpatients (29.8% vs. 25.0%, p = 0.404). The

main causes of death were respiratory infection, malaria and gastroenteritis for children and

stroke, gastroenteritis and malaria for adults.

The most frequent diagnostic tests performed amongst all inpatients were mRDT (78.6%;

558/710), thick blood smear (TBS, 38.3%; 272/710), Widal TO/TH test (23.7%; 168/719) and

HIV antibody screening test (8.7%; 62/710), which was mainly used in adult inpatients. Over-

all, there were no significant differences in the proportion of positive malaria tests between

febrile and non-febrile patients. MRDT were positive in 6.3% (20/318) of all adult inpatients

(6.6% febrile vs. 8% non-febrile, p = 1.000) and in 48% (188/392) of all paediatric inpatients

(50.6% febrile vs. 45.8% non-febrile, p = 0.416). TBS showed presence of P. falciparum in 4.4%

(14/318) of adult inpatients (4.3% febrile vs. 4.5% non-febrile, p = 1.000) and in 8.7% (34/392)

of paediatric inpatients (9.6% febrile vs. 7.9% non-febrile, p = 0.594).

Of all inpatients who were tested for malaria by means of mRDT, 67 adult inpatients and

172 paediatric inpatients were also tested for malaria through TBS (Table 4). For adult inpa-

tients, a positive TBS was significantly more likely when the mRDT had been positive: 27.3%

(3/11) of adult inpatients with a positive TBS were also tested positive by means of mRDT

whereas only 3.6% (2/56) with a negative TBS were tested positive by means of mRDT (2/56,

p = 0.006). In other words, 72.7% (8/11) of adult inpatients with a positive TBS received a neg-

ative mRDT while 96.4% (54/56) of adult inpatients with a negative TBS also received a nega-

tive mRDT result. For children, 5.9% (2/34) of inpatients with a positive TBS were also tested

positive by means of mRDT and 4.3% (6/138) with a negative TBS were tested positive by

means of mRDT. In other words, 94.1% (32/34) of paediatric inpatients with a positive TBS

received a negative mRDT while 95.7% (132/138) of paediatric inpatients with a negative TBS

received a negative mRDT result.

Overall, the most frequent discharge diagnoses of inpatients were malaria (31.3%; 222/710),

respiratory infection/pneumonia (11.7%; 83/710) and salmonella gastroenteritis/typhoid

(9.7%; 69/710). Within the diagnosis group infectious diseases, most common discharge diag-

noses for adult inpatients were salmonella gastroenteritis/typhoid (34.2%; 40/117), malaria

Fig 4. Study flowchart.

https://doi.org/10.1371/journal.pone.0262084.g004
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Table 3. Diagnostics and outcomes of febrile vs. non-febrile medical adult and paediatric inpatients.

Total Adult medical inpatients Paediatric inpatients

Total Febrile

N = 94

Non-febrile

N = 224

p-value Total Febrile

N = 178

Non-febrile

N = 214

p-value

Total Number of Patients

N–n/N (%)

710 318 94/318 (29.6) 224/318 (70.4) 392 178/392 (45.4) 214/392 (54.6)

Days hospitalized–Mean in

days (SD)

4.3 (3.0) 5.3 (4.0) 5.9 (4.1) 5.0 (3.9) 3.3 (2.0) 3.5 (1.8) 3.2 (2.1)

Most frequently performed

diagnostics and results

Malaria rapid diagnostic test
(mRDT)
Positive–n/N (%) 208/710 (29.3) 20/318 (6.3) 6/94 (6.4) 14/224 (8.0) 1.000 188/392 (48.0) 90/178 (50.6) 98/214 (45.8) 0.416

Negative–n/N (%) 350/710 (49.3) 148/318 (46.5) 59/94 (62.8) 89/224 (39.7) <0.001 202/392 (51.5) 87/178 (48.9) 115/214 (53.7) 0.361

Thick blood smear (TBS)
Positive–n/N (%) 48/710 (6.8) 14/318 (4.4) 4/94 (4.3) 10/224 (4.5) 1.000 34/392 (8.7) 17/178 (9.6) 17/214 (7.9) 0.594

Negative–n/N (%) 224/710 (31.5) 85/318 (26.7) 38/94 (40.4) 47/224 (21.0) 0.001 139/392 (35.5) 59/178 (33.1) 80/214 (37.4) 0.397

Widal TO/TH
Positive–n/N (%) 129/710 (18.2) 53/318 (16.7) 20/94 (21.3) 33/224 (14.7) 0.187 76/392 (19.4) 37/178 (20.8) 39/214 (18.2) 0.608

Negative–n/N (%) 39/710 (5.5) 11/318 (3.5) 4/94 (4.3) 7/224 (3.1) 0.737 28/392 (7.1) 13/178 (7.3) 15/214 (6.5) 1.000

Cerebrospinal fluid
Pathological (indicating

bacterial infection)–n/N (%)

11/710 (1.5) 2/318 (0.6) 2/94 (2.1) 0/224 (0.0) 0.087 9/392 (2.3) 5/178 (2.8) 4/214 (1.9) 0.737

Normal–n/N (%) 3/710 (0.4) 0/318 (0.0) 0/94 (0.0) 0/224 (0.0) 3/392 (0.8) 1/178 (0.6) 2/214 (0.9) 1.000

Stool microscopy parasites
Positive–n/N (%) 3/710 (0.4) 2/318 (0.6) 1/94 (1.1) 1/224 (0.4) 0.504 1/392 (0.3) 0/178 (0.0) 1/214 (0.5) 1.000

Negative–n/N (%) 18/710 (2.5) 10/318 (3.1) 2/94 (2.1) 8/224 (3.6) 0.729 8/392 (2.0) 4/178 (2.2) 4/214 (1.9) 1.000

HIV antibody test
Positive–n/N (%) 20/710 (2.8) 20/318 (6.3) 11/94 (11.7) 9/224 (4.0) 0.020 0/392 (0.0) 0/178 (0.0) 0/214 (0.0)

Negative–n/N (%) 42/710 (5.9) 41/318 (12.9) 16/94 (17.0) 25/224 (11.2) 0.198 1/392 (0.3) 1/178 (0.6) 0/214 (0.0) 0.455

Syphilis TPHA
Positive–n/N (%) 8/710 (1.1) 8/318 (2.5) 2/94 (2.1) 6/224 (2.7) 1.000 0/392 (0.0) 0/178 (0.0) 0/214 (0.0)

Negative–n/N (%) 26/710 (4.1) 25/318 (7.9) 9/94 (9.6) 16/224 (7.1) 0.496 1/392 (0.3) 1/178 (0.6) 0/214 (0.0) 0.455

Toxoplasmosis IgG/IgM
Positive–n/N (%) 5/710 (0.7) 5/318 (1.6) 2/94 (2.1) 3/224 (1.3) 0.634 0/392 (0.0) 0/178 (0.0) 0/214 (0.0)

Negative–n/N (%) 4/710 (0.6) 4/318 (1.3) 0/94 (0.0) 4/224 (1.8) 0.323 0/392 (0.0) 0/178 (0.0) 0/214 (0.0)

Sputum Tuberculosis
Positive–n/N (%) 1/710 (0.1) 1/318 (0.3) 0/94 (0.0) 1/224 (0.4) 1.000 0/392 (0.0) 0/178 (0.0) 0/214 (0.0)

Negative–n/N (%) 3/710 (0.4) 3/318 (0.9) 1/94 (1.1) 2/224 (0.9) 1.000 0/392 (0.0) 0/178 (0.0) 0/214 (0.0)

Hbs Antigen
Positive–n/N (%) 7/710 (1.0) 7/318 (2.2) 1/94 (1.1) 6/224 (2.7) 0.678 0/392 (0.0) 0/178 (0.0) 0/214 (0.0)

Negative–n/N (%) 19/710 (2.7) 19/318 (6.0) 6/94 (6.4) 13/224 (5.8) 0.801 0/392 (0.0) 0/178 (0.0) 0/214 (0.0)

Outcomes

Improvement of health–n/N

(%)

403/710 (56.8) 140/318 (44.0) 43/94 (45.7) 97/224 (43.3) 0.712 263/392 (67.1) 115/178 (64.6) 148/214 (69.2) 0.207

Transferred–n/N (%) 7/710 (1.0) 6/318 (1.9) 1/94 (1.1) 5/224 (2.2) 0.674 1/392 (0.3) 0/178 (0.0) 1/214 (0.5) 1.000

Deceased–n/N (%) 128/710 (18.0) 84/318 (26.4) 28/94 (29.8) 56/224 (25.0) 0.404 44/392 (11.2) 33/178 (18.5) 11/214 (5.1) <0.001

Self-discharge against

medical advice–n/N (%)

85/710 (12.0) 64/318 (20.1) 17/94 (18.1) 47/224 (21.0) 0.646 21/392 (5.3) 10/178 (5.6) 11/214 (5.1) 1.000

Self-discharge without

notice–n/N (%)

87/710 (12.3) 24/318 (7.5) 5/94 (5.3) 19/224 (8.5) 0.484 63/392 (16.1) 20/178 (11.2) 43/214 (20.1) 0.019

https://doi.org/10.1371/journal.pone.0262084.t003
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(20.5%; 24/117) and HIV (17.9%; 21/117). Particularly HIV was posed more frequently as dis-

charge diagnosis than as suspected diagnosis (Fig 5). For paediatric patients, the most frequent

discharge diagnoses within the diagnosis group infectious diseases were malaria (65.3%; 198/

303), respiratory infection/pneumonia (24.1%; 73/303) and salmonella gastroenteritis/typhoid

(9.6%; 29/303). Within this group, particularly malaria was posed more frequently as discharge

diagnosis than as suspected diagnosis (Fig 6).

Altogether, malaria was diagnosed significantly more often compared to other diagnoses

when mRDT or TBS showed positive test results (Table 5). However, 62 of 710 patients (8.6%)

received a different discharge diagnosis than malaria even though positive mRDT or TBS

Table 4. Malaria RDT vs. TBS results of medical adult and paediatric inpatients where both mRDT and TBS were performed.

Total Adult medical inpatients Pediatric medical inpatients

Total TBS positive

N = 11

TBS negative

N = 56

p-value Total TBS positive

N = 34

TBS negative

N = 138

p-value

Total Number of

Patients–n/N (%)

239 67 11/67 (16.4) 56/67 (83.6) 172 34/172 (19.8) 138/172 (80.2)

mRDT positive–n/N

(%)

13/239 (5.4) 5/67 (7.5) 3/11 (27.3) 2/56 (3.6) 0.006 8/172 (4.7) 2/34 (5.9) 6/138 (4.3) 0.704

mRDT negative–n/N

(%)

226/239 (94.6) 62/67 (92.5) 8/11 (72.7) 54/56 (96.4) 0.006 164/172 (95.3) 32/34 (94.1) 132/138 (95.7) 0.704

https://doi.org/10.1371/journal.pone.0262084.t004

Fig 5. Proportions of diagnosed infectious diseases in medical adult patients.

https://doi.org/10.1371/journal.pone.0262084.g005
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indicated infection with P. falciparum. Similarly, 91 of 710 patients (12.8%) received malaria as

discharge diagnosis even though mRDT or TBS did not indicate infection with P. falciparum.

Inpatient expenses

We calculated average inpatient healthcare expenses for all adult and paediatric inpatients

based on laboratory expenses, expenses for medications and hospitalization costs (Table 6).

Fig 6. Proportions of diagnosed infectious diseases in medical paediatric patients.

https://doi.org/10.1371/journal.pone.0262084.g006

Table 5. Malaria as final diagnosis vs. malaria diagnostic test results.

Total Adult medical inpatients Pediatric medical inpatients

Total Diagnosis

malaria

N = 24

Other

diagnosis

N = 294

p-value Total Diagnosis

malaria N = 198

Other

diagnosis

N = 194

p-value

Total Number of

Patients–n/N (%)

710 318 24/318 (7.5) 294/318 (92.5) 392 198/392 (50.5) 194/392 (45.5)

Patients with mRDT

positive–n/N (%)

208/710 (29.3) 20/318 (6.3) 7/24 (29.2) 13/294 (4.4) <0.001 188/392 (48.0) 152/198 (76.8) 36/194 (18.6) <0.001

Patients with

mRDT negative–n/N (%)

350/710 (49.3) 148/318 (46.5) 16/24 (66.7) 132/294 (44.9) <0.001 202/392 (51.5) 44/198 (22.2) 158/194 (81.4) <0.001

Patients with TBS

positive–n/N (%)

48/710 (6.8) 14/318 (4.4) 6/24 (25.0) 8/294 (2.7) <0.001 34/392 (8.7) 29/198 (14.6) 5/194 (2.6) <0.001

Patients with TBS

negative–n/N (%)

224/710 (31.5) 85/318 (26.7) 8/24 (33.3) 77/294 (26.2) <0.001 139/392 (35.5) 7/198 (3.5) 132/194 (68.0) <0.001

https://doi.org/10.1371/journal.pone.0262084.t005
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Average laboratory expenses per adult inpatient were 51,700 Guinean Francs (GNF; 9000

GNF = approximately 1 USD), for medications GNF 35,9000 and hospitalization costs GNF

85,000, amounting to average healthcare expenses per adult inpatient of GNF 49,5700 or

around 207 purchasing power parity (PPP) for actual health (2400 GNF = approximately 1

PPP actual health expenditure). Average laboratory expenses per paediatric inpatient were

GNF 19,700, for medications GNF 229,000 and hospitalization costs GNF 80,000, amounting

to average healthcare expenses per inpatient of GNF 328,700 or roughly 137 PPP for actual

health.

Discussion

With this study we hope to provide more insight into the local epidemiology of febrile illness

in south-eastern Guinea, a region at high risk for outbreaks of diseases with epidemic potential

such as Ebola virus disease. We described the clinical and diagnostic characteristics, treatments

and outcomes of patients with febrile illness and compared them to non-febrile patients. Based

on our findings, we can point to some management needs regarding diagnostic practices and

treatments of febrile illness, side-lined by an estimation of the economic burden for patients

seeking healthcare.

Febrile illness is a frequent reason for patients seeking healthcare in south-eastern Guinea.

During our study period, the typical febrile patient came to the emergency room with asthenia,

loss of appetite, headache, cough and abdominal pain. Together with fever, these symptoms

guided clinicians towards suspecting the most common diseases in the region: malaria, diar-

rheal diseases/gastroenteritis and respiratory infection [34].

Table 6. Inpatient healthcare expenses.

Medical adult

inpatients

Medical paediatric

inpatients

Medications

Average price per medication (excluding 10 most expensive

drugs)

51,700 GNF 51,700 GNF

Total medications taken by patients 2210 1735

Total number of patients 318 392

Average medications per patient 7 4

Total cost for medications—in GNF 114,257,000 GNF 89,699,500 GNF

Average cost for medications per patient—in GNF 359,000 GNF 229,000 GNF

Other

Emergency room fee—in GNF 15,000 GNF 10,000 GNF

Hospitalization fee—in GNF 70,000 GNF 70,000 GNF

Totals

Laboratory costs per patient—in GNF 51,700 GNF 19,700 GNF

Medication costs per patient—in GNF 359,000 GNF 229,000 GNF

Hospitalization costs per patient—in GNF 85,000 GNF 80,000 GNF

Total costs per patient—in GNF 495,700 GNF 328,700 GNF

Total costs per patient—in PPP 207 143

Average GNI per capita in Guinea (2018)—in USD $850 $850

Total inpatient cost per patient—in % of GNI 6.5% 4.4%

Average per capita spending on healthcare in Guinea (2017)—

in USD

$34 $34

Average per capita spending on healthcare in Guinea (2017)—

in % of GNI

4.1% 4.1%

https://doi.org/10.1371/journal.pone.0262084.t006
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Malaria

Since malaria (P. falciparum) is endemic in south-eastern Guinea, it is evidently assumed to be

the most common cause for febrile illness [35]. Ruling out malaria in febrile patients is a pri-

mary task for emergency medicine in the region [6, 10]. While mRDT are commonly used for

this task, our study shows that mRDT test results do not necessarily correspond to malaria as

suspected or discharge diagnoses. Furthermore, a large proportion of mRDT test results do

not correspond to TBS results. In our study, 12.8% of all patients received malaria as discharge

diagnosis despite negative diagnostic test results. Thus, point-of-care and laboratory diagnostic

procedures seem to be only partly relevant when diagnosing malaria in south-eastern Guinea.

Studies have indicated that mRDT and TBS in field settings miss roughly between 10–20% of

malaria infections [36, 37]. This means that clinical experience is an important factor when

diagnosing malaria. However, it has been pointed out that the practice of misdiagnosing

malaria–due to malaria being the most ready-at-hand diagnosis for febrile illness–plays an

equally important role in low-resource African healthcare settings and leads to an over-con-

sumption of resources as well as more antimalarial drug resistance development [38, 39]. Since

our study is only descriptive in regard to local diagnostic practices of febrile illness, we cannot

ascertain true or false positive malaria cases. We can only emphasize that in malaria endemic

regions at high risk for outbreaks of less common but highly infectious diseases with epidemic

potential, investigation into the causes for febrile illness should at times go beyond the most

probable entity, here malaria. This is in agreement with the Guinean national guidelines

regarding malaria: when mRDT or TBS rule out malaria as the cause for febrile illness, other

causes should be considered and investigated [40]. Furthermore, the assumed index case of the

2021 Ebola outbreak in south-eastern Guinea went unrecognized and was reportedly only

treated against malaria by a number of different clinics as mRDT indicated infection with P.

falciparum. Already the 2014–2016 West African Ebola virus epidemic has produced studies

highlighting the relevance of malaria-sensitive screening tools for non-malarial illness such as

Ebola virus disease and cases with coinfection [41, 42].

Salmonella gastroenteritis

Besides malaria, salmonella gastroenteritis/typhoid as diarrheal disease is another common

diagnosis in south-eastern Guinea in patients with febrile illness, especially in adults. Widal TO/

TH agglutination test is widely used and plays a major role in ascertaining this diagnosis. While

this low-cost point-of-care test may be indicative of enteric fever in certain clinical situations

and may be used according to Guinean national guidelines, its use is often discouraged due to

its low specificity [43, 44]. In our study, 18.2% of all inpatients had a positive Widal TO/TH test

result and a considerable proportion of patients was treated with antimicrobial drugs com-

monly used for gastroenteritis, namely ampicillin, metronidazole and ceftriaxone. A false diag-

nosis of enteric fever through Widal TO/TH agglutination test may result in the unnecessary

use of antimicrobial drugs and provoke the development of drug-resistant bacteria [45, 46].

Moreover, it may lead to the non-consideration of diseases with epidemic potential as the cause

for febrile illness [47]. Further strengthening of diagnostic capacities, particularly the possibility

to perform blood cultures and antibiograms would undoubtedly improve identification and

treatment of febrile illnesses caused by common gastrointestinal and systemic diseases.

Respiratory infection/pneumonia

The third most important infectious disease entity frequently assumed in febrile patients is

respiratory infection, especially in children. Due to the high fees and therefore low use of

radiological imaging (x-ray), calculated antimicrobial treatment is the default option for
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suspected respiratory infection/pneumonia. Other diagnostic tests for respiratory infections

are only used sporadically. Our study shows that a large majority of patients (58.1%) is treated

with ampicillin and only rarely with amoxicillin. National guidelines recommend the use of

amoxicillin for the treatment of respiratory infections. One reason for the observed preference

of ampicillin over amoxicillin might be the fact that it can be administered intravenously,

which is the case for its use at the HRNZ, as it is the case for the use of paracetamol at the

HRNZ as well. Social scientific research on vaccination in Guinea has shown that Guineans

favour intravenous application of therapeutic agents because local understandings of medical

therapies attribute a higher power and efficacy to injections over orally administered medica-

tions [48]. However, excessive use of these antimicrobial agents against respiratory infections

may lead to drug resistance [49, 50]. In addition, unnecessary parenteral application of antibi-

otics and other medications bears higher risks of complications such as venous catheter infec-

tions. We believe that Guinean healthcare structures could highly benefit from antimicrobial

stewardship programs specifically designed for low-resource settings [51].

Further, at the time of writing (July 2021), more than 23000 COVID-19 cases have been

reported in Guinea [52]. RT-PCR testing for SARS-CoV-2 is currently being expanded in For-

est Guinea [53]. Studies on the knowledge, attitudes and practices of Guinean healthcare work-

ers towards COVID-19 show that knowledge, awareness and infection prevention and control

practices regarding COVID-19 may still be improved through regular trainings and interven-

tions [54]. However, it is still unclear how COVID-19 will be handled in the long-term clinical

routine in low-resource settings. For Guinea, we think that COVID-19 should be integrated as

a potential differential diagnosis for febrile illness and respiratory infection alongside more

common diseases without giving it priority over others or side-lining more relevant causes for

respiratory infection. The nationally reported total death toll for COVID-19 in Guinea since

March 2020 is still considerably low (n = 353) compared to the toll respiratory infections/

pneumonia take on the general population and especially children [55].

HIV, tuberculosis, meningitis viral haemorrhagic fevers

We showed that HIV, tuberculosis and meningitis are possibly amongst leading causes for

febrile illness in Forest Guinea. Furthermore, viral haemorrhagic fevers, especially Ebola virus

disease will remain important differential diagnoses in the region, considering the new role

survivors play in sparking regional outbreaks years after recovery [56, 57]. HIV and tuberculo-

sis in the region are mainly diagnosed and managed through internationally funded and coor-

dinated programs. As mentioned, suspect HIV and Tuberculosis patients in the hospital

setting are screened through antibody-antigen testing (HIV) or clinical presentation (tubercu-

losis) and usually referred to the corresponding programs for further diagnosis and treatment.

Bacterial meningitis is diagnosed at the HRZN through cerebrospinal fluid examination

and is usually treated with antimicrobial drugs. However, isolation of suspect and confirmed

cases is uncommon. Furthermore, viral meningitis can neither be diagnosed due to missing

PCR capacities nor properly treated due to the high costs of antiviral medications such as Aci-

clovir. Every meningitis is treated as bacterial meningitis. Moreover, the high use of antibiotics

at the level of the emergency room risks to render cerebrospinal fluid diagnostics less effective.

We thus reiterate our call for antimicrobial stewardship while hoping that international and

public funds made available to the Guinean healthcare system due to Ebola and COVID-19

will be able to address issues of lacking diagnostics and treatments for meningitis.

Viral hemorrhagic fever diagnostic capacities and trainings were scaled up in Forest

Guinea, particularly after the resurgence of Ebola in February 2021. As a consequence, some

facilities in the region are currently undergoing fundamental changes in terms of triaging and
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screening febrile patients. It seems that viral hemorrhagic fevers are now being taken seriously

[58]. While these steps are doubtlessly important, it has been argued that establishing trust

between patients and healthcare workers in the case of viral hemorrhagic fever screening is as

important as an adequate biomedical response [59, 60].

Inpatient mortality and healthcare expenses

During our study period, overall mortality of medical inpatients was fairly high (18.0%) and

even higher for febrile patients in comparison to non-febrile patients. Inpatient mortality in

West African hospitals are roughly between 5–25% even though comparison of mortality rates

is difficult due do different reporting practices and varying mortality rates in different services

[61–64]. Nevertheless, our reported inpatient mortality rate is considerable and speaks to a

wide array of interconnected issues such as patient morbidity, underlying factors regarding

health-seeking behaviour and the quality of healthcare in some West African countries [65].

One particular reason for the delayed treatment of patients–a factor causing increased mortal-

ity for certain diseases–is economic constraint coupled with high out-of-pocket user fees in

proportion to income [66–68]. We calculated that an adult inpatient spends roughly around

6.5% (in children 4.4%) of the per capita gross national income in Guinea as in 2018 [69]. This

measures up to an enormous economic burden on inpatients and their families. Structural

improvements in healthcare such as enhanced diagnostic capacities and advances in treat-

ments for certain diseases as currently envisaged in post-Ebola Guinea must go hand in hand

with propositions for better access [70].

Limitations of the study

The first limitation of our study is that we only collected patient data at one particular hospital.

This reduces generalizability of our findings. However, the epidemiology, the socio-economic

conditions and healthcare provision in the little-accessible border region of south-eastern

Guinea, Sierra Leone and Liberia are fairly similar and we thus believe that our findings are

very important for this high-risk zone for outbreaks of diseases with epidemic potential [71].

Second, a study period of three months is relatively short. Our data does not capture sea-

sonal disease patterns potentially causing a changing epidemiology of febrile illness. Data was

collected during the dry season where transmission of malaria is usually lower than in the wet

season, meaning that the average annual proportion of diagnosed malaria and positive malaria

tests may actually be higher than reported in our study [72].

Third, our study was not designed to verify the aetiology of febrile illness in patients. Its

aim was simply to describe the local epidemiology of febrile illness as it is produced in a low-

resource setting. Despite its disadvantages, we believe that this approach increases understand-

ing of local clinical practices and highlights potential sites for improvement.

Fourth, our calculation regarding average inpatient expenses rely on a rough estimation on

fees for medicines. We were only able to review the amount of medications each inpatient

used but not the specific medications themselves. We adjusted average prices for medicines by

eliminating the ten most expansive medications from our calculations to reduce skewing and

hence risk of over-reporting medication fees. Nevertheless, our calculations remain rough esti-

mates and should only be understood as a means to underscore the high economic burden of

inpatient care.

Conclusions

Our study highlights the importance of malaria, salmonella gastroenteritis/typhoid and respi-

ratory infection in patients with febrile illness in south-eastern Guinea. These diseases are
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mainly diagnosed on clinical grounds and rapid point-of-care diagnostic tests. Common sero-

logical and other diagnostic measures to ascertain aetiology of febrile illness are rarely used or

only partially regarded. This practice risks to miss signal cases of highly infectious diseases

such as Ebola virus disease. Diagnostic capacities in regions at risk for diseases with epidemic

potential, such as south-eastern Guinea, should be enhanced. Furthermore, antimicrobial

medications play a major role in treating febrile illness, increasing the possibility for drug resis-

tance. Guinean hospitals would benefit from antimicrobial stewardship. Patients with febrile

illness have a high inpatient mortality rate and the economic burden of inpatient care on

patients and families is considerable. This underscores the importance of linking structural

improvements in healthcare provision to increased access to healthcare.
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for their collaboration. We further wish to acknowledge all patients whose data was used for

this study.

Author Contributions

Conceptualization: Manuel Raab, Lisa M. Pfadenhauer, Dansira Doumbouya, Guenter

Froeschl.

Data curation: Manuel Raab, Dansira Doumbouya.

Formal analysis: Manuel Raab, Guenter Froeschl.

Funding acquisition: Manuel Raab, Lisa M. Pfadenhauer.

Investigation: Manuel Raab, Dansira Doumbouya.

Methodology: Manuel Raab, Lisa M. Pfadenhauer.

Project administration: Manuel Raab, Lisa M. Pfadenhauer, Guenter Froeschl.

Software: Manuel Raab.

Supervision: Lisa M. Pfadenhauer, Guenter Froeschl.

Visualization: Manuel Raab.

Writing – original draft: Manuel Raab.

Writing – review & editing: Manuel Raab, Dansira Doumbouya, Guenter Froeschl.

References
1. Prasad N, Murdoch DR, Reyburn H, Crump JA. Etiology of Severe Febrile Illness in Low- and Middle-

Income Countries: A Systematic Review. PLOS ONE. 2015; 10:e0127962.

2. Prasad N, Sharples KJ, Murdoch DR, Crump JA. Community prevalence of fever and relationship with

malaria among infants and children in low-resource areas. Am J Trop Med Hyg. 2015; 93:178–80.

https://doi.org/10.4269/ajtmh.14-0646 PMID: 25918207

3. Crump JA, Newton PN, Baird SJ, Lubell Y. Febrile Illness in Adolescents and Adults. In: Holmes KK,

Bertozzi S, Bloom BR, Jha P, editors. Major Infectious Diseases. 3rd edition. Washington (DC): The

PLOS ONE Febrile illness in a tertiary hospital in south-eastern Guinea: A retrospective longitudinal cohort study

PLOS ONE | https://doi.org/10.1371/journal.pone.0262084 January 10, 2022 18 / 22

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0262084.s001
https://doi.org/10.4269/ajtmh.14-0646
http://www.ncbi.nlm.nih.gov/pubmed/25918207
https://doi.org/10.1371/journal.pone.0262084


International Bank for Reconstruction and Development / The World Bank; 2017. http://www.ncbi.nlm.

nih.gov/books/NBK525177/. Accessed 21 Nov 2020.

4. Crump JA, Gove S, Parry CM. Management of adolescents and adults with febrile illness in resource

limited areas. BMJ. 2011;343. https://doi.org/10.1136/bmj.d4847 PMID: 21824901

5. Maze MJ, Bassat Q, Feasey NA, Mandomando I, Musicha P, Crump JA. The epidemiology of febrile ill-

ness in sub-Saharan Africa: implications for diagnosis and management. Clin Microbiol Infect. 2018;

24:808–14. https://doi.org/10.1016/j.cmi.2018.02.011 PMID: 29454844

6. Guidelines for the treatment of malaria—Third edition. https://www.who.int/publications-detail-redirect/

9789241549127. Accessed 31 Dec 2020.

7. Stoler J, Awandare GA. Febrile illness diagnostics and the malaria-industrial complex: a socio-environ-

mental perspective. BMC Infec Dis. 2016; 16:683. https://doi.org/10.1186/s12879-016-2025-x PMID:

27855644

8. Crump JA, Morrissey AB, Nicholson WL, Massung RF, Stoddard RA, Galloway RL, et al. Etiology of

Severe Non-malaria Febrile Illness in Northern Tanzania: A Prospective Cohort Study. PLOS Negl Trop

Dis. 2013; 7:e2324. https://doi.org/10.1371/journal.pntd.0002324 PMID: 23875053

9. Petti CA, Polage CR, Quinn TC, Ronald AR, Sande MA. Laboratory medicine in Africa: a barrier to effec-

tive health care. Clin Infect Dis. 2006; 42:377–82. https://doi.org/10.1086/499363 PMID: 16392084

10. WHO | IMAI district clinician manual: Hospital care for adolescents and adults. WHO. https://www.who.

int/hiv/pub/imai/imai2011/en/. Accessed 31 Dec 2020.

11. Endy TP. Viral Febrile Illnesses and Emerging Pathogens. Hunter’s Tropical Medicine and Emerging

Infectious Diseases. 2020:325–50.

12. Team WER. After Ebola in West Africa—Unpredictable Risks, Preventable Epidemics. N Engl J Med.

2016; 375:587–96. https://doi.org/10.1056/NEJMsr1513109 PMID: 27509108

13. Rojek A, Horby P, Dunning J. Insights from clinical research completed during the west Africa Ebola

virus disease epidemic. Lancet Infect Dis. 2017; 17:e280–92. https://doi.org/10.1016/S1473-3099(17)

30234-7 PMID: 28461209

14. WHO Ebola Response Team. Ebola Virus Disease in West Africa—The First 9 Months of the Epidemic

and Forward Projections. N Engl J Med. 2014; 371:1481–1495. https://doi.org/10.1056/

NEJMoa1411100 PMID: 25244186

15. Pigott DM, Deshpande A, Letourneau I, Morozoff C, Reiner RC, Kraemer MUG, et al. Local, national,

and regional viral haemorrhagic fever pandemic potential in Africa: a multistage analysis. Lancet. 2017;

390:2662–72. https://doi.org/10.1016/S0140-6736(17)32092-5 PMID: 29031848

16. Bausch DG, Schwarz L. Outbreak of Ebola Virus Disease in Guinea: Where Ecology Meets Economy.

PLoS Negl Trop Dis. 2014;8. https://doi.org/10.1371/journal.pntd.0003056 PMID: 25079231

17. Bausch DG, Demby AH, Coulibaly M, Kanu J, Goba A, Bah A, et al. Lassa Fever in Guinea: I. Epidemi-

ology of Human Disease and Clinical Observations. Vector-Borne Zoonot Dis. 2001; 1:269–81. https://

doi.org/10.1089/15303660160025903 PMID: 12653127

18. Magassouba N, Koivogui E, Conde S, Kone M, Koropogui M, Soropogui B, et al. A Sporadic and Lethal

Lassa Fever Case in Forest Guinea, 2019. Viruses. 2020; 12:1062. https://doi.org/10.3390/v12101062

PMID: 32977629

19. Kernéis S, Koivogui L, Magassouba N, Koulemou K, Lewis R, Aplogan A, et al. Prevalence and Risk

Factors of Lassa Seropositivity in Inhabitants of the Forest Region of Guinea: A Cross-Sectional Study.

PLOS Negl Trop Dis. 2009; 3:e548. https://doi.org/10.1371/journal.pntd.0000548 PMID: 19924222

20. Fichet-Calvet E, Rogers DJ. Risk Maps of Lassa Fever in West Africa. PLOS Negl Trop Dis. 2009; 3:

e388. https://doi.org/10.1371/journal.pntd.0000388 PMID: 19255625

21. World Health Organization. Clinical management of patients with viral haemorrhagic fever: a pocket

guide for front-line health workers: interim emergency guidance for country adaption. Geneva, Switzer-

land: World Health Organization; 2016.

22. Racsa LD, Kraft CS, Olinger GG, Hensley LE. Viral Hemorrhagic Fever Diagnostics. Clin Infect Dis.

2016; 62:214–9. https://doi.org/10.1093/cid/civ792 PMID: 26354968

23. Kortepeter MG, Bausch DG, Bray M. Basic Clinical and Laboratory Features of Filoviral Hemorrhagic

Fever. J Infect Dis. 2011; 204 suppl_3:S810–6. https://doi.org/10.1093/infdis/jir299 PMID: 21987756

24. Bah EI, Lamah M-C, Fletcher T, Jacob ST, Brett-Major DM, Sall AA, et al. Clinical Presentation of

Patients with Ebola Virus Disease in Conakry, Guinea. N Engl J Med. 2015; 372:40–7. https://doi.org/

10.1056/NEJMoa1411249 PMID: 25372658

25. Zunt JR, Kassebaum NJ, Blake N, Glennie L, Wright C, Nichols E, et al. Global, regional, and national

burden of meningitis, 1990–2016: a systematic analysis for the Global Burden of Disease Study 2016.

Lancet Neurol. 2018; 17:1061–82. https://doi.org/10.1016/S1474-4422(18)30387-9 PMID: 30507391

PLOS ONE Febrile illness in a tertiary hospital in south-eastern Guinea: A retrospective longitudinal cohort study

PLOS ONE | https://doi.org/10.1371/journal.pone.0262084 January 10, 2022 19 / 22

http://www.ncbi.nlm.nih.gov/books/NBK525177/
http://www.ncbi.nlm.nih.gov/books/NBK525177/
https://doi.org/10.1136/bmj.d4847
http://www.ncbi.nlm.nih.gov/pubmed/21824901
https://doi.org/10.1016/j.cmi.2018.02.011
http://www.ncbi.nlm.nih.gov/pubmed/29454844
https://www.who.int/publications-detail-redirect/9789241549127
https://www.who.int/publications-detail-redirect/9789241549127
https://doi.org/10.1186/s12879-016-2025-x
http://www.ncbi.nlm.nih.gov/pubmed/27855644
https://doi.org/10.1371/journal.pntd.0002324
http://www.ncbi.nlm.nih.gov/pubmed/23875053
https://doi.org/10.1086/499363
http://www.ncbi.nlm.nih.gov/pubmed/16392084
https://www.who.int/hiv/pub/imai/imai2011/en/
https://www.who.int/hiv/pub/imai/imai2011/en/
https://doi.org/10.1056/NEJMsr1513109
http://www.ncbi.nlm.nih.gov/pubmed/27509108
https://doi.org/10.1016/S1473-3099(17)30234-7
https://doi.org/10.1016/S1473-3099(17)30234-7
http://www.ncbi.nlm.nih.gov/pubmed/28461209
https://doi.org/10.1056/NEJMoa1411100
https://doi.org/10.1056/NEJMoa1411100
http://www.ncbi.nlm.nih.gov/pubmed/25244186
https://doi.org/10.1016/S0140-6736(17)32092-5
http://www.ncbi.nlm.nih.gov/pubmed/29031848
https://doi.org/10.1371/journal.pntd.0003056
http://www.ncbi.nlm.nih.gov/pubmed/25079231
https://doi.org/10.1089/15303660160025903
https://doi.org/10.1089/15303660160025903
http://www.ncbi.nlm.nih.gov/pubmed/12653127
https://doi.org/10.3390/v12101062
http://www.ncbi.nlm.nih.gov/pubmed/32977629
https://doi.org/10.1371/journal.pntd.0000548
http://www.ncbi.nlm.nih.gov/pubmed/19924222
https://doi.org/10.1371/journal.pntd.0000388
http://www.ncbi.nlm.nih.gov/pubmed/19255625
https://doi.org/10.1093/cid/civ792
http://www.ncbi.nlm.nih.gov/pubmed/26354968
https://doi.org/10.1093/infdis/jir299
http://www.ncbi.nlm.nih.gov/pubmed/21987756
https://doi.org/10.1056/NEJMoa1411249
https://doi.org/10.1056/NEJMoa1411249
http://www.ncbi.nlm.nih.gov/pubmed/25372658
https://doi.org/10.1016/S1474-4422(18)30387-9
http://www.ncbi.nlm.nih.gov/pubmed/30507391
https://doi.org/10.1371/journal.pone.0262084


26. de Vries SG, Visser BJ, Nagel IM, Goris MGA, Hartskeerl RA, Grobusch MP. Leptospirosis in Sub-

Saharan Africa: a systematic review. Int J Infect Dis. 2014; 28:47–64. https://doi.org/10.1016/j.ijid.2014.

06.013 PMID: 25197035

27. Zimmermann S, ter Meulen A, Calvet E, Koivogui L, Sylla O, Goris M, et al. Seroprevalence and reser-

voirs of leptospirosis in Conakry (Guinea). Int J Antimicrob Agents. 2007; 29:S49.

28. Jentes ES, Robinson J, Johnson BW, Conde I, Sakouvougui Y, Iverson J, et al. Acute Arboviral Infec-

tions in Guinea, West Africa, 2006. The Am J Trop Med Hyg. 2010; 83:388–94. https://doi.org/10.4269/

ajtmh.2010.09-0688 PMID: 20682888

29. Butenko AM. Arbovirus circulation in the Republic of Guinea. Med Parazitol (Mosk). 1996;:40–5. PMID:

8926934

30. N Zerekore—Guinea—Area Database—Global Data Lab. https://globaldatalab.org/profiles/region/

GINr108/. Accessed 22 Nov 2020.

31. Baize S, Pannetier D, Oestereich L, Rieger T, Koivogui L, Magassouba N, et al. Emergence of Zaire

Ebola Virus Disease in Guinea. N Engl J Med. 2014; 371:1418–25. https://doi.org/10.1056/

NEJMoa1404505 PMID: 24738640

32. Guinea: Information bulletin: Ebola Virus Disease Outbreak—Guinea. ReliefWeb. https://reliefweb.int/

report/guinea/guinea-information-bulletin-ebola-virus-disease-outbreak. Accessed 21 Feb 2021.

33. Raab M, Pfadenhauer LM, Nguyen V-K, Doumbouya D, Hoelscher M, Froeschl G. Period prevalence

and identification challenges of viral haemorrhagic fever suspect cases in a tertiary referral hospital in

Guinea: a cross-sectional, retrospective study of triage and emergency room patient profiles. BMC

Infect Dis. 2020; 20:838. https://doi.org/10.1186/s12879-020-05573-8 PMID: 33183252

34. Mamady K, Hu G. A step forward for understanding the morbidity burden in Guinea: a national descriptive

study. BMC Public Health. 2011; 11:436. https://doi.org/10.1186/1471-2458-11-436 PMID: 21645358

35. World malaria report 2019. https://www.who.int/publications-detail-redirect/9789241565721. Accessed

23 Nov 2020.

36. Berzosa P, de Lucio A, Romay-Barja M, Herrador Z, González V, Garcı́a L, et al. Comparison of three

diagnostic methods (microscopy, RDT, and PCR) for the detection of malaria parasites in representa-

tive samples from Equatorial Guinea. Malar J. 2018;17. https://doi.org/10.1186/s12936-017-2160-x

PMID: 29316929

37. Mfuh KO, Achonduh-Atijegbe OA, Bekindaka ON, Esemu LF, Mbakop CD, Gandhi K, et al. A compari-

son of thick-film microscopy, rapid diagnostic test, and polymerase chain reaction for accurate diagno-

sis of Plasmodium falciparum malaria. Malar J. 2019; 18:73. https://doi.org/10.1186/s12936-019-2711-

4 PMID: 30866947

38. Bisoffi Z, Buonfrate D. When fever is not malaria. Lancet Glob Health. 2013; 1:e11–2. https://doi.org/10.

1016/S2214-109X(13)70013-5 PMID: 25103578

39. Chandler CI, Jones C, Boniface G, Juma K, Reyburn H, Whitty CJ. Guidelines and mindlines: why do

clinical staff over-diagnose malaria in Tanzania? A qualitative study. Malar J. 2008; 7:53. https://doi.org/

10.1186/1475-2875-7-53 PMID: 18384669
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que. 2021. https://anss-guinee.org/assets/document/DOC_16245508506315663860d4adc2a7a06.

pdf. Accessed 8 Jul 2021.

53. Tropenmedizin B-N-I für. Mission made possible trotz COVID19: BNITM hilft bei Eindämmung des

Ebola-Ausbruchs in Guinea. 2021. https://www.bnitm.de/aktuelles/mitteilungen/7680-mission-made-

possible-trotz-covid19-bnitm-hilft-bei-eindaemmung-des-ebola-ausbruchs-in-guinea/. Accessed 4 Jul

2021.

54. Camara I, Toure A, Camara A, Marcis FL, Bangoura ST, Kpamou C, et al. Preparing for the COVID-19

pandemic response in a country emerging from an Ebola Epidemic: Assessment of health workers

knowledge, attitudes and practices on coronavirus (COVID-19) in Guinea. JPHE. 2020; 12:318–28.

55. Liu L, Oza S, Hogan D, Chu Y, Perin J, Zhu J, et al. Global, regional, and national causes of under-5

mortality in 2000–15: an updated systematic analysis with implications for the Sustainable Development

Goals. Lancet. 2016; 388:3027–35. https://doi.org/10.1016/S0140-6736(16)31593-8 PMID: 27839855

56. Kritsky AA, Keita S, Magassouba N, Krasnov YM, Safronov VA, Naidenova EV, et al. Ebola virus dis-

ease outbreak in the Republic of Guinea 2021: hypotheses of origin. bioRxiv. 2021:2021.04.23.440924.

57. Fairhead J, Leach M, Millimouno D. Spillover or endemic? Reconsidering the origins of Ebola virus dis-

ease outbreaks by revisiting local accounts in light of new evidence from Guinea. BMJ Glob Health.

2021; 6:e005783. https://doi.org/10.1136/bmjgh-2021-005783 PMID: 33893144

58. Roth E. Key Considerations: 2021 Outbreak of Ebola in Guinea, the Context of N’Zérékoré. Social Sci-
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