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Abstract

Background

Dengue is one of the most common diseases in the tropics and subtropics. Whilst mortality

is a rare event when adequate supportive care can be provided, a large number of patients

get hospitalised with dengue every year that places a heavy burden on local health systems.

A better understanding of the support required at the time of hospitalisation is therefore of

critical importance for healthcare planning, especially when resources are limited during

major outbreaks.

Methods

Here we performed a retrospective analysis of clinical data from over 1500 individuals hospi-

talised with dengue in Vietnam between 2017 and 2019. Using a broad panel of potential

biomarkers, we sought to evaluate robust predictors of prolonged hospitalisation periods.

Results

Our analyses revealed a lead-time bias, whereby early admission to hospital correlates with

longer hospital stays - irrespective of disease severity. Importantly, taking into account the

symptom duration prior to hospitalisation significantly affects observed associations

between hospitalisation length and previously reported risk markers of prolonged stays,

which themselves showed marked inter-annual variations. Once corrected for symptom

duration, age, temperature at admission and elevated neutrophil-to-lymphocyte ratio were

found predictive of longer hospitalisation periods.
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Conclusion

This study demonstrates that the time since dengue symptom onset is one of the most sig-

nificant predictors for the length of hospital stays, independent of the assigned severity

score. Pre-hospital symptom durations need to be accounted for to evaluate clinically rele-

vant biomarkers of dengue hospitalisation trajectories.

Author summary

Dengue places a significant burden on healthcare settings. Especially in low and middle

income settings and during large outbreaks, allocation of limited resources to those at

high risk of morbidity and mortality can be critically important. Various risk factors of

severe infection outcomes and hospitalisation, such as secondary heterologous infection,

have been described, yet reliable biomarkers predictive of prolonged stays once hospital-

ised are still lacking. In this work we analysed dengue hospitalisation data collected over a

period of three consecutive years in Northern Vietnam, which revealed an unexpected

negative correlation between dengue severity and length of hospitalisation. Further analy-

sis showed that this was primarily driven by a longer period between symptom onset and

admission in those patients with a higher severity score. Moreover, we found that this

delay negated other observed correlates of prolonged hospital stays, which themselves

revealed significant inter-annual variations. Taken together, this work demonstrates that

time to admission is one of the strongest predictors of hospitalisation length and that this

needs to be taken into consideration for finding reliable biomarkers of predicted health-

care needs in patients admitted to hospital due to dengue.

Background

Dengue is a mosquito-borne viral disease caused by infection with any of the four antigenically

distinct serotypes of the dengue virus (DENV). Dengue is highly prevalent in many tropical

and sub-tropical regions around the world, placing a significant burden on public health sys-

tems and local economies. Incidence geographical distribution of dengue has increased signifi-

cantly in recent decades [1,2], with an estimated 400 million infections annually, of which

around 96 million present clinical symptoms [3]. The outcome of an infection is highly vari-

able, ranging from asymptomatic infections to life-threatening disease, with the most impor-

tant risk factor for the development of severe disease being a secondary, heterotypic infection

through the phenomenon of antibody-dependent enhancement [4,5].

Despite low mortality rates, a large number of patients get hospitalised with dengue each

year, which poses a considerable economic burden on local health systems, especially in low-

and middle-income countries (LMICs) [6]. The length of hospital stay, and thus medical atten-

tion required, can vary from a few days to weeks. Currently, besides prophylactic measures

there is no licensed anti-viral therapy, and treatment is limited to supportive clinical care,

including management of fever and fluid balance. It is not yet clear to what degree supportive

care can directly influence the immunopathology of dengue and how this in turn affects the

clinical course of the infection.

To date, extensive scientific research has concentrated on identifying immunopathologic

markers associated with or predictive of the severity of an infection (see e.g. [7–15]). On the
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other hand, only a few studies have focused on hospitalisation length and factors associated

with this [16–19]. Although these have put forward a wide variety of predictive markers, such

as aspartate-aminotransferase (AST) or platelets [20], no clear consensus on their associations

with hospitalisation length has yet been reached [8,17]. An added complication is that the

length of a hospital stay may be affected by external factors related to health resource require-

ments and availability, which themselves can vary from year to year. That is, dengue’s complex

epidemiology is characterised by multi-annual oscillations and replacement of dominant sero-

types, both of which have a direct influence on disease incidence and thus frequency of hospi-

tal admissions. In LMICs, these epidemiological changes have implications for the medical

care of patients during major and prolonged outbreaks when health resources are scarce.

In this study we analysed dengue hospitalisation data collected in Vietnam over a three-

year period to improve our understanding of risk factors associated with prolonged hospital

stays. Our analysis reveals an unexpected correlation between markers of disease severity and

hospitalisation length, which can be resolved by taking the period of dengue symptoms prior

to hospitalisation into account. These results may have important health economic implica-

tions in Vietnam and other LMICs where dengue is endemic.

Methods

Data

A total of 1852 patients admitted to the 103 Military Central Hospital, Viet Nam Military Med-

ical University and the 108 Military Central Hospital, Hanoi, Vietnam, between 2017 and 2019

with a recorded dengue severity score at the time of admission and a hospital stay� 1 day

were evaluated. For each patient, up to 47 variables were collected at admission and during the

course of hospitalisation (see S1 Table). Peripheral blood was taken from the first until the

eighth day post admission, although here we analysed only the very first measure with respect

to a number of biomarkers associated with disease severity score (1, 2, or 3; see below for

details) or hospitalisation length. Despite the availability of different variables and repeated

measurements taken during hospital stay, due to a high degree of missingness (i.e. incomplete

records) we restricted our analysis to the following list of demographic and diagnostic data:

age, temperature on admission, gender, blood group, pulse rate, blood pressure, disease symp-

toms (such as headache, rash, bleeding, etc), days since symptom onset (here referred to as

symptom days), length of hospital stay, disease severity, and blood values (incl. leukocytes

(WBC), lymphocytes (LYM), erythrocytes (RBC), haemoglobin (Hb), haematocrit (HCT),

platelets (PLT), and neutrophils (NEU)). Note, even though many of the blood markers con-

sidered here showed a high degree of missingness, their numbers were still sufficient to derive

statistically robust inferences.

Data selection for analysis

Of the 1852 patients, 5 died (2017: n = 1; 2019: n = 4); these were excluded from the analysis

due to the lack of additional clinical and meta data. We further excluded patients with

recorded hospital stays of>21 days as well as those with a recorded severity score of 3. Finally,

we omitted patients whose severity score changed during the course of hospitalisation, result-

ing in a total of N = 1593 patients for downstream analysis. The reason for excluding individu-

als with a severity score of 3 is that the numbers were too small to derive statistically

meaningful inferences, and the exclusion of individuals with hospital stays>21 days was due

to the distribution of hospital stays showing a sharp drop off after 10 days, resulting in 95% of

all records having a recorded hospital stay of<21 days, with the remaining 5% being almost

uniformly distributed between 21 and 300 days.
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Clinical presentation

In suspected cases of dengue infection, patients undergo a rapid dengue test consisting of NS1

antigen, IgM and IgG rapid test. The final decision on admission is made considering the

patient’s condition and the results of the rapid test. The patient’s condition depends on the co-

existing diseases, social situation and severity of the disease.

The severity of the disease is graded in a three-level scale according to the WHO "Guide-

lines for Diagnosis, Treatment, Prevention and Control of Dengue Fever", 2009 edition,

released for use by the Vietnamese Ministry of Health in July 2023. The three grades [1 to 3] of

severity of dengue infection are: dengue fever without warning signs (severity 1), dengue fever

with warning signs (severity 2), and severe dengue fever (severity 3). These are assigned

according to the following criteria.

Dengue without warning signs (severity 1): living or travelled to the endemic areas, fever

within 7 days, and at least two of the following signs: nausea/vomiting, skin rash, joint and

muscle pain, positive tourniquet test, thrombocytopenia, NS1 (+) or dengue IgM (+).

Dengue with warning signs (severity 2): diagnosed with dengue infection and having one of

the following signs: abdominal pain or tenderness, persistent vomiting, fluid accumulation

(ascites or pleural effusion), mucosal bleeding, lethargy, restlessness, liver enlargement greater

than 2 cm. Another laboratory criterion considered as a warning sign is an increase in haema-

tocrit accompanied by a rapid decrease in platelet count.

Severe dengue cases (severity 3): diagnosed with dengue infection and having one of the fol-

lowing signs: severe plasma loss leading to shock, which could lead to shock or respiratory fail-

ure (due to fluid accumulation), severe bleeding, severe organ failure (incl. liver failure (AST

or ALT > = 1000 U/L), renal failure (creatinine > upper limit of normal range), coma (mental

disorder), myocarditis / heart failure, other organ failures).

Note, in this work we refer to dengue severity exclusively in the context of the assigned

severity score at admission; patients whose severity score was changed during their hospital

stay were not considered in this analysis.

Statistical analysis

Unless stated otherwise, associations between severity scores and biomarkers were assessed

using 2-sided t-tests. The effects of measured biomarkers on length of hospital stay were

inferred using generalised linear models (GLM) with a Poisson error structure. All statistical

analyses were performed in R version 4.2 (www.R-project.org).

Results

Patient characteristics on admission

A total of 1593 hospital admitted patients with a diagnosis of dengue and a severity score

between 1 and 2 according to WHO definitions were analysed (see Methods). Table 1 provides

an overview of the data, stratified by disease severity score. (S1 Table provides an overview of

the entire dataset, including clinical variables not considered here and of those patients with

severity score 3).

The most common symptoms on admission were headache (98%) and body ache (97%).

Fever was seen in around two thirds of patients on admission, although the vast majority of

individuals (96%) reported a fever episode before admission. Signs of bleeding, such as nose,

muscle or gum but also including positive Tourniquet test, petechia and purpura, was reported

in 33% of patients and, as expected, was positively correlated with severity score (21% vs 76%
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Table 1. Overview of patient characteristics.

Severity 1 (N = 1238) Severity 2 (N = 355) Total (N = 1593) p value

Year 0.023

2017 935 (75.5%) 258 (72.7%) 1193 (74.9%)

2018 162 (13.1%) 38 (10.7%) 200 (12.6%)

2019 141 (11.4%) 59 (16.6%) 200 (12.6%)

Age < 0.001

Mean (CI) 39.6 (38.7, 40.5) 35.5 (34.1, 37.0) 38.7 (37.9, 39.5)

Range (Min - Max) 13.0–91.0 13.0–78.0 13.0–91.0

Sex 0.206

female 605 (48.9%) 187 (52.7%) 792 (49.7%)

male 633 (51.1%) 168 (47.3%) 801 (50.3%)

Day of illness < 0.001

Mean (CI) 3.5 (3.4, 3.6) 4.8 (4.7, 5.0) 3.8 (3.7, 3.9)

Range (Min - Max) 1.0–10.0 1.0–8.0 1.0–10.0

Hospital stay [days] < 0.001

Mean (CI) 5.6 (5.4, 5.7) 4.8 (4.6, 5.0) 5.4 (5.3, 5.5)

Range (Min - Max) 1.0–18.0 1.0–15.0 1.0–18.0

Pulse < 0.001

Mean (CI) 90.2 (89.5, 90.9) 86.12 (85.0, 87.3) 89.2 (88.6, 89.9)

Range (Min - Max) 55.0–150.0 56.0–120.0 0.0–150.0

Missing 15 1 16

Temperature < 0.001

Mean (CI) 38.2 (38.2, 38.3) 37.9 (37.8, 38.0) 38.2 (38.1, 38.2)

Range (Min - Max) 35.0–40.6 35.2–41.0 35.0–41.0

Missing 31 5 36

Systolic blood pressure < 0.001

Mean (CI) 114.5 (113.6, 115.3) 111.0 (109.5, 112.4) 113.7 (112.9, 114.4)

Range (Min - Max) 80.0–181.0 80.0–170.0 80.0–181.0

Missing 15 0 15

Diastolic blood pressure 0.087

Mean (CI) 70.8 (70.3, 71.4) 69.8 (68.8, 70.8) 70.6 (70.1, 71.1)

Range (Min - Max) 50.0–130.0 40.0–100.0 40.0–130.0

Missing 15 0 15

Headache 0.957

no 27 (2.2%) 8 (2.3%) 35 (2.2%)

yes 1197 (97.8%) 347 (97.7%) 1544 (97.8%)

Missing 14 0 14

Body ache 0.732

no 37 (3.0%) 12 (3.4%) 49 (3.1%)

yes 1187 (97.0%) 343 (96.6%) 1530 (96.9%)

Missing 14 0 14

Fatigue 0.026

no 346 (28.0%) 121 (34.1%) 467 (29.3%)

yes 891 (72.0%) 234 (65.9%) 1125 (70.7%)

Missing 1 0 1

Bleeding < 0.001

no 977 (78.9%) 87 (24.5%) 1064 (66.8%)

yes 261 (21.1%) 268 (75.5%) 529 (33.2%)

(Continued)
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for severity score 1 and 2, respectively; P<0.001, Chi-square test). Surprisingly, rash, a com-

mon sign of dengue, was only seen in around 5% of patients.

The range in patient age was similar between females and males and also between severity

score 1 and 2. However, the age distribution of females of severity score 1 showed strong signs

of bimodality, with a first peak around 25 years and the second one around the age of 55–60

years (see Fig 1). In contrast, the age distributions for disease severity score 2 were similar

between males and females. The reason why there is such a pronounced increase in middle-

aged women is currently not known.

With respect to self-reported number of days of symptoms before being admitted to hospi-

tal, there were no differences between males and females but a clear difference between sever-

ity score 1 and 2, with the average number of symptom days being higher in patients with

more severe dengue (3.5 vs 4.8 days, P<0.001, Welch Two Sample t-test).

Table 1. (Continued)

Severity 1 (N = 1238) Severity 2 (N = 355) Total (N = 1593) p value

Rash 0.002

no 1176 (96.2%) 327 (92.1%) 1503 (95.2%)

yes 47 (3.8%) 28 (7.9%) 75 (4.8%)

Missing 15 0 15

Leucocytes (WBC) < 0.001

Mean (CI) 5.7 (5.2, 6.2) 3.8 (3.4, 4.2) 5.4 (4.9, 5.8)

Range (Min - Max) 0.1–81.8 1.2–7.8 0.1–81.8

Missing 887 277 1164

Neutrophils (NEU) < 0.001

Mean (CI) 66.9 (65.1, 68.7) 50.1 (45.9, 54.3) 63.9 (62.1, 65.6)

Range (Min - Max) 14.9–91.8 14.2–87.3 14.2–91.8

Missing 887 278 1165

Lymphocytes (LYM) < 0.001

Mean (CI) 19.4 (18.0, 20.8) 30.7 (27.2, 34.2) 21.5 (20.1, 22.8)

Range (Min - Max) 2.2–67.6 5.4–66.9 2.2–67.6

Missing 887 278 1165

Erythrocytes (RBC) 0.006

Mean (CI) 4.5 (4.5, 4.6) 4.8 (4.6, 4.9) 4.6 (4.5, 4.6)

Range (Min - Max) 3.0–7.1 3.5–5.9 3.0–7.1

Missing 887 278 1165

Hemoglobin (Hb) 0.007

Mean (CI) 133.9 (132.3, 135.6) 139.4 (135.7, 143.2) 134.9 (133.4, 136.5)

Range (Min - Max) 76.0–178.0 92.0–171.0 76.0–178.0

Missing 887 278 1165

Hematocrit (HCT) 0.014

Mean (CI) 0.4 (0.4, 0.4) 0.4 (0.4, 0.4) 0.4 (0.4, 0.4)

Range (Min - Max) 0.0–0.5 0.3–0.5 0.0–0.5

Missing 887 278 1165

Platelets (PLT) < 0.001

Mean (CI) 142.4 (135.7, 149.1) 73.4 (61.4, 85.4) 130.0 (123.6, 136.4)

Range (Min - Max) 11.0–371.0 7.0–210.0 7.0–371.0

Missing 887 278 1165

https://doi.org/10.1371/journal.pntd.0011922.t001
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The temperature profile differed marginally between severity score 1 and 2. Individuals

with a higher severity score had on average a slightly lower temperature on admission than

those with severity score 1 (37.9 vs 38.2, P<0.001, Welch Two Sample t-test).

Blood biomarkers of disease

Biomarkers of interest were lymphocyte and neutrophil counts as representatives of both the

innate (neutrophils) and the adaptive immune response (lymphocytes) to an infection. As

expected, both neutrophil and lymphocyte counts showed significant associations with disease

severity (Fig 2A and 2B, respectively). However, individuals with a higher severity score were

characterised by lower neutrophil (50% vs. 67%, P<0.001, Welch Two Sample t-test) and

higher lymphocyte counts (31% vs. 19%, P<0.001, Welch Two Sample t-test), leading to an

overall lower NLR’s in patients with a higher disease severity score (2.7 vs. 6.3, P<0.001,

Welch Two Sample t-test, Fig 2C).

A similar picture emerges when looking at other blood markers of disease, except erythro-

cytes (RBC). Individuals with severity score 2 had on average a lower white blood cell (WBC)

count (3.8 vs. 5.7, P<0.001; Fig 2E) and less platelets (73 vs. 142, P<0.001; Fig 2F).

Fig 1. Age, symptom day and temperature distribution at admission stratified by disease severity. There are marked differences in the distribution of (A)

patient age and (B) pre-hospitalisation periods between disease severity 1 and 2. Further, females showing a pronounced bimodal age distribution, in particular

those diagnosed with severity score of 1. (C) The distribution of temperature on admission was similar between men and women but was on average higher in

individuals with severity score 1.

https://doi.org/10.1371/journal.pntd.0011922.g001
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Hospitalisation length

The next question we addressed was how the length of hospital stay is affected by disease sever-

ity and the various markers thereof. The data showed that hospitalisation length was on aver-

age lower in patients who were admitted with a higher dengue severity score (4.8 vs. 5.6 days,

P<0.001, Welch Two Sample t-test; Fig 3A). On the other hand, hospital stay was positively

correlated with age, NLR and temperature on admission (P<0.001 in all cases, GLM with Pois-

son error structure, Fig 3B, 3C and 3D).

Of interest, when testing the other infection makers (RBC, WBC, and PLT), all showed a

significant association with the length of hospital stay irrespective of dengue severity score

(P<0.05; P = 0.02; P<0.001; GLM with Poisson error structure). Taken together, despite the

aforementioned negative correlation between dengue disease severity score and hospitalisation

Fig 2. Distribution of blood markers of disease stratified by severity. (A) Neutrophils and (B) lymphocytes show significant differences between

severity score 1 and 2, leading to a negative correlation between NLR and diagnosed severity (C). (D) Red blood cell counts (RBC) are similar between

individuals with a severity score of 1 and 2, whereas both (E) leucocyte (WBC) and (F) platelet (PLT) counts show a negative correlation. Statistical

significance denoted as *: P<0.05, **: P<0.01, ***: P<0.001. Note, NLR (C) is plotted on a log-scale.

https://doi.org/10.1371/journal.pntd.0011922.g002

PLOS NEGLECTED TROPICAL DISEASES Markers of prolonged hospitalisation in severe dengue

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0011922 January 30, 2024 8 / 16

https://doi.org/10.1371/journal.pntd.0011922.g002
https://doi.org/10.1371/journal.pntd.0011922


length, traditional non-specific infection markers appeared predictive of prolonged hospital

stays.

Symptom days and lead time bias

As shown in Fig 1, there was a significant difference in the average number of symptom days

before being admitted to hospital between individuals with a disease severity score of 1 or 2.

We next examined how much this influenced the diagnostic picture of patients at the time of

hospitalisation admission as well as the length of their subsequent stay.

As demonstrated in Fig 4 (left column), there was a clear negative correlation between diag-

nostic markers of disease (temperature, WBC, PLT, and NLR) and the number of symptom

days prior to hospitalisation. However, when stratified by symptom days we find that the pre-

viously observed difference between disease severity disappears. In fact, adding symptom days

to the regression model revealed that severity is no longer associated with these markers

(P>0.5 in all cases, ANOVA), suggesting that the measured responses are driven

Fig 3. Markers of prolonged hospital stays. (A) Disease severity is negatively correlated with the length of stay. (B) Patient age, (C) temperature on admission

and (D) neutrophil-to-lymphocyte ratio (NLR) shows a positive relationship with the duration of hospitalisation. Best fit regression lines based on GLMs are

shown in black.

https://doi.org/10.1371/journal.pntd.0011922.g003
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predominantly by symptom days. Furthermore, we observed a strong negative correlation

between pre-and post-admission periods, irrespective of the assigned severity score at admis-

sion (S1 Fig), akin to a lead-time bias where early diagnosis associates with prolonged hospita-

lisation periods.

Fig 4. Severity-stratified diagnostic markers in relation to symptom and total disease days. All four diagnostic markers

(NLR, temperature, leucocytes (WBC) and platelets (PLT)) show a strong, negative correlation with pre-hospitalisation

symptom days with little difference between disease severity scores 1 and 2. These correlations disappear when regressing

against the total number of disease days, leading to more pronounced differences between dengue severity scores. Note, NLR is

plotted on a log-scale to better illustrate the trend.

https://doi.org/10.1371/journal.pntd.0011922.g004
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With this in mind we defined a new variable, total disease days, which spans the entire dura-

tion from symptom onset to hospital discharge. Plotting the diagnostic markers, taken at the

point of admission, against total disease days shows almost no discernible pattern (Fig 4, right

column), meaning that their previous associations with hospitalisation length was predomi-

nantly driven by how long patients had dengue-specific symptoms for before being admitted

to hospital. However, the difference between dengue severity becomes more apparent. Note

also, although not all disease markers that associated with severity also showed a trend against

the duration of symptoms, they all showed a remarkable stable distribution when stratified by

total disease days (S2 Fig).

Temporal robustness of hospitalisation markers

The importance of considering symptom duration before hospital admission is further con-

firmed through regression analyses, with the length of stay in hospital as the response variable.

The model was run based on all years combined (Fig 5A) and stratified by year (Fig 5B). As

shown, age, temperature on admission and symptom days showed the most consistent effect

on hospitalisation length. In addition, NLR also appeared to have an effect, with higher values

associated with longer stays, but its signal was more uncertain, especially when stratified by

year. In fact, statistical inference revealed substantial variations in parameter estimates when

comparing different years, implying that the year of sampling can have a critical effect on both

the magnitude and even the direction of observed associations between diagnostic markers

and length of hospital stay.

Discussion

Finding reliable markers of hospitalisation periods following a dengue infection, and with it

the extent of medical care required, is important for health care management and planning.

This is particularly the case in resource limited settings and more so during larger than average

outbreaks. The aim of this study was to find minimal but robust signatures to help predict a

patient’s hospital stay and thus likely health care requirements based on routine clinical diag-

nostics at time of hospital admission. For this we analysed data of patients admitted with den-

gue sampled over a period of three years in a number of hospitals in Vietnam.

Previous studies have alluded to the role of various blood biomarkers in differentiating dis-

ease severity [7–15] or extended hospitalisation lengths [16–19]. Of note, many of these are

unspecific markers of an acute infection that correlate with morbidity or mortality of disease

in general, such as leukocytes, neutrophils, or lymphocytes. The ratio of the latter two, the neu-

trophil-to-lymphocyte ratio, or NLR, has gained much prominence over recent years as a pre-

dictive marker of poor infection outcomes for a diverse set of diseases [21,22]. Our study

corroborated these associations and demonstrated how an elevated NLR correlates with longer

hospital stays. On the other hand, we found some unexpected directionalities with regards to

disease severity, here referred to as the assigned severity score at admission, which was nega-

tively correlated with hospitalisation length.

Further analysis taking into consideration the self-reported duration between symptom

onset and hospital admission clearly demonstrated how the various markers of disease attenu-

ated with an increased time to admission. That is, the longer the period from symptom onset,

the less likely they were found to have elevated temperatures, high levels of neutrophils, or low

numbers of leukocytes compared to those who were admitted soon after symptom onset, cor-

roborating previous studies who also highlighted the temporal dynamics of various disease

biomarkers since the onset of disease symptoms [12,13,15].
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An important aspect to consider is that some patients may try to stay home for as long as

they can manage and only get hospitalised if more severe disease or complications are sus-

pected, which usually happens in the critical period around day 4–6. As a result, a proportion

of patients might get better and never hospitalised, such that those with a higher probability of

progressing to more severe disease have longer periods between symptom onset and hospitali-

sation. On the other hand, patients admitted sooner were found to stay in hospital longer on

average than those who were admitted after prolonged symptom periods, and vice versa, akin

to a lead-time bias. Similar results have previously been reported in a study by Prattay et al.
[23], who also observed a positive correlation between later hospitalisation and faster recovery

time. Taking this into consideration we found that total number of disease days, i.e. the period

between symptom onset to discharge, showed a limited association with our selection of bio-

markers at the time of admission. Although differences between severity score 1 and 2 were

pronounced, these remained stable when plotted against total disease days. What this in turn

implies is that these markers are more indicative of the timepoint during the course of the

infection than infection or hospitalisation length itself. Note, however, our selection did not

include all biomarkers previously put forward as being predictive of dengue severity or infec-

tion outcome (e.g. [12,13,24]).

In a predominantly self-limiting infection with very low mortality and no causal therapy,

such as dengue, one could expect that the timepoint of hospitalisation has limited influence on

the actual length of disease. The window of observation in our study is mainly the time of hos-

pitalisation, but the duration of the pre-hospitalisation phase changes the relative magnitude

of biomarkers. It is tempting to speculate that other self-limiting diseases without causal thera-

pies might also be subject to this variant of a lead-time bias.

Based on our analyses, we hypothesise that differences in pre-hospitalisation periods might

also account for some of the other reported associations between disease markers and hospital

Fig 5. Importance of disease markers for predicting length of hospitalisation stay. Estimated means and 95% confidence intervals based on

Poisson regression considering all years combined (A) or stratified by year of sampling (B).

https://doi.org/10.1371/journal.pntd.0011922.g005
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stays. For example, Lytton et al. [25] observed a positive relationship between viraemia at

admission and length of stay but also a negative association between symptom days and length

of stay, both for primary and secondary infections. In other words, patients admitted to hospi-

tal shortly after symptom onset had higher viral loads and longer stays than those who were

admitted many days after symptom onset like in our study. The difference between the average

number of symptom days before hospitalisation between primary and secondary infections

could therefore explain why primary infections were characterised by higher viraemia levels

than secondary infections, despite the fact that secondary heterologous infections can be

linked with more severe disease and higher viral titres through the phenomenon of ADE [26–

29]. It would thus be interesting to re-evaluate other observed differences between primary

and secondary infections to understand how much these could be explained simply through

differences in admission delays. Unfortunately, in our study we do not know whether patients

had their primary or subsequent infection.

Analysis of data sampled over three consecutive years from the same hospitals revealed

another important source of uncertainty influencing biomarker discovery. That is, the only

risk factor that showed a consistent relationship with a patient’s hospital trajectory across all

years was their age, which was positively correlated with prolonged stays. Although pre-hospi-

talisation period, temperature and NLR might also be considered as markers for longer periods

until discharge, they showed greater variation between consecutive years than age. More con-

cerning was that the inferred relationships between hospitalisation and other disease markers

can swing between positive and negative, raising serious doubts about their use as reliable pre-

dictors of health care requirements following dengue hospitalisation. An interesting observa-

tion is that the average age of hospital admitted patients was significantly higher in 2017 (37.8

years) than in 2018 (40.1 years) or 2019 (42.6 years). Further studies are required to elucidate

how the age distribution itself may influence the inferred relationships between these biomark-

ers and hospitalisation length.

Hospitalisation costs count for the majority of the health economic burden of dengue,

which is a particular problem for low- and middle-income countries [6,30–34]. Understand-

ing, or rather predicting the health care requirements for patients hospitalised with dengue

would therefore be of significant benefit in resource limited settings and during large, pro-

longed epidemic outbreaks. In fact, the data analysed here strongly suggest that the length of

hospital stays is subject to resource limitations, with 2017, the year with a large dengue out-

break, having on average the shortest hospitalisation periods. In these cases, having access to

reliable indicators of low-risk patients and estimated duration of hospitalisations would help

to free up valuable resources for those in greater need.

In summary, our results show that various biomarkers predictive of prolonged hospital

stays are strongly influenced by the time between symptom onset and hospital admission. The

onset of symptoms as an easily obtainable information can be a valuable asset in avoiding pre-

dictive pitfalls. Case-to-case variations, as well as broader shifts of underlying factors, pose the

threat of making general predictive factors too unspecific for single patients. Our results fur-

ther support the notion that dengue is in most cases a self-limiting disease when adequate

health care can be provided.

Supporting information

S1 Table. Overview of patient characteristics and disease markers at time of hospitalisa-

tion.

(PDF)
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S1 Fig. Length of hospitalisation vs. pre-hospital symptom days. Duration of hospitalisation

is negatively correlated with the reported number of days since symptom onset prior to hospi-

talisation, irrespective of diagnosed disease severity.

(TIF)

S2 Fig. Severity-stratified diagnostic markers in relation to symptom and total disease

days. Four diagnostic markers (systolic blood pressure, pulse, haemoglobin (Hb) and haema-

tocrit (HCT)) show different correlations with pre-hospitalisation symptom days with little

difference between disease severity scores 1 and 2. Any temporal correlations disappear when

regressing against the total number of disease days, leading to more pronounced differences

between dengue severity scores.

(TIF)

S1 Data. Data file containing underlying dengue hospitalisation data analysed in this

work.

(CSV)
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