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Clinical Evaluation of the Modified Faine Criteria in Patients Admitted with Suspected
Leptospirosis to the Territorial Hospital, New Caledonia, 2018 to 2019
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Cécile Cazorla,? and Elise Klement-Frutos'?

Centre Hospitalier Territorial de Nouvelle Calédonie, Service des Maladies Infectieuses et Médecine linterne, Dumbéa, New Caledonia; Zinstitut

Pasteur de Nouvelle Calédonie, Nouméa, New Caledonia

Abstract. Leptospirosis is endemic in New Caledonia. Clinical diagnosis is often difficult and its evolution can be
fatal. Leptospirosis requires specific management before biological confirmation. Modified Faine criteria (Faine Score)
have been suggested to diagnose leptospirosis on epidemiological (parts A and B) and biological (part C) criteria. The
main objective of our study was to assess the relevance of the epidemiological—-clinical modified Faine score, parts A and
B (MF A + B), in patients with suspected leptospirosis in New Caledonia. A monocentric case-control study was con-
ducted in suspect patients for whom a Leptospira polymerase chain reaction (PCR) test was done within the first 7 days
of signs onset at the tertiary hospital from January 2018 to January 2019. Cases and control subjects were matched 1:2
in the gender and age categories. Bivariate, and then multivariable, analyses studied the association between the MF A
+ B score and a positive Leptospira PCR test, adjusted on the variables retained. In all, 35 cases and 70 control subjects
matched for age and gender were analyzed. Multivariable analysis by logistic regression found a significant association
between an MF A + B score taken from the categories “possible leptospirosis” (score, 20-25) and “presumed lep-
tospirosis” (score, > 26), and the case or control subject status (P < 0.0001). Model performance was high, with an area
under the curve value of 99.27%, 93.55% sensitivity, and 96.36% specificity, which classified subjects correctly in
95.35% of cases. Our study suggests using the MF A + B score to identify possible cases of leptospirosis and initiate
antibiotic therapy before biological confirmation in New Caledonia. This score should be evaluated in areas where more

differential diagnoses exist and where PCR is not widely available.

INTRODUCTION

Leptospirosis is a ubiquitous bacterial zoonosis with a
yearly incidence estimated at more than 1 million symptom-
atic cases each year." Although most infections remain
symptom free, leptospirosis is a potentially severe infection
with a case fatality rate among hospitalized cases ranging
from less than 5% to more than 30%, depending on the
availability and quality of health care." Its clinical presenta-
tion varies greatly. Most cases present as an undifferentiated
acute and self-resolving flu-like illness, making clinical diag-
nosis difficult in tropical settings. In some cases, this is fol-
lowed by aggravation with signs including sepsis of rapid
onset, myalgia, headaches, eye redness, or Weil's dis-
ease.?® Pulmonary signs, polyuria, and meningism may also
be present.*® Jaundice typically appears in the second/
immunological phase. In severe cases, sepsis progresses to
multiple organ failure—usually renal, liver, and/or pulmo-
nary—leading to hemorrhaging and coma.®’ Aside from
prompt referral to intensive care if needed, timely probabilis-
tic antibiotic treatment may reduce lethality.® Increased
monitoring is also warranted in leptospirosis. Clinicians in
endemic areas therefore must initiate adequate manage-
ment without, or while waiting for, diagnostic confirmation.
Polymerase chain reaction (PCR) testing is a specific and
rapid diagnostic tool, but is not accessible in many affected
countries. Withholding antibiotics while waiting for serology
or microscopy agglutination test (MAT) results would likely
jeopardize patient survival. In 1982, the WHO published a
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clinical, epidemiological, and bacteriological score referred
to as “Faine’s criteria.”® This score was revisited in 2012 as
the “modified Faine (MF) criteria,” adding a clinical variable
and molecular biological test results.® Other scores have
been developed by teams in Thailand'®'" and Sri Lanka,'?
but these scores also integrate biological variables and
therefore require access to a laboratory.

New Caledonia is a French island territory in the Pacific.
Like many other Pacific Island countries and territories, it is
highly endemic for leptospirosis, especially in rural areas
with limited access to health structures and diagnostic facili-
ties.2 The lack of syndromic diagnosis for timely pre-test
assessment may lead to the overuse of probabilistic antibiotic
therapy in patients with a disease other than leptospirosis, as
well as an underuse in patients with leptospirosis who may
need it the most. We conducted a study to evaluate the
usefulness of Faine’s modified epidemiological and clinical
criteria in predicting Leptospira PCR test results in patients
admitted to the Territorial Hospital for New Caledonia (THNC).

METHODS

Our study was monocentric and conducted at the tertiary
care THNC. Data were documented retrospectively in hospi-
tal records for patients admitted between January 1, 2018 to
July 31, 2018, and prospectively for patients admitted
between August 1, 2018 and April 1, 2019. Diagnostic real-
time PCR was conducted at THNC on 1,000 uL of blood
serum using EasyMag (Laboratoire Biomérieux, Lyon,
France) and it targeted the lipL32 gene.'® Leptospirosis real-
time PCR has optimal sensitivity and specificity within the
first week after signs onset.'* A case of leptospirosis was
defined as a clinically symptomatic adult patient (= 18 years
old) for whom a medical doctor suspected leptospirosis and
prescribed a PCR test that returned positive within 7 days
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after signs onset. A control subject in our study was a clini-
cally symptomatic patient for whom a medical doctor sus-
pected leptospirosis, but in whom PCR return negative
within 7 days after signs onset. Because leptospirosis risks
are very age dependent, control subjects were frequency-
matched to cases 2:1 on gender at birth and age using two
categories: 18 to 44 years and 45 to 77 years. To achieve 2:1
matching, the more numerous control subjects were
selected randomly using a random number generator. Clini-
cians documented the sociodemographic (including self-
declared ethnicity), anamnestic, epidemiological, and clinical
characteristics of cases and control subjects using an ano-
nymized questionnaire. Modified Faine criteria were defined
per the literature.® Epidemiological factors were documented
for 30 days before signs onset.

Data were entered using EpiData (v. 4.6.0.2; EpiData
Association, Odense, Denmark). The database were
imported and analyzed using Stata (v. 13; Stata Corp., Col-
lege Station, TX). After database cleaning and correction, the
data were described and recategorized. The score was com-
puted based on part A + part B modified criteria values and
the probabilistic leptospirosis status established based on
modified score thresholds.'® Clinical categories were termed
“improbable” (score, < 20), “possible” (score, 20-25), and
“presumed” (score, >25) leptospirosis. Bivariate analysis
tested the association between variables and patients’ case
or control subject status. Clinical variables were excluded
from multivariable analysis because the latter included the
modified score values to which they contributed. The associ-
ation between percentages and status were tested using a
x> test or a Fisher test, as applicable. The association
between quantitative variables and status was tested using
a non-parametric Wilcoxon-Mann-Whitney test. A x?-for-
trend test was undertaken to explore the dose—response
relationship between patient status as cases or control sub-
jects and their Faine modified criteria score category. After
dichotomization or categorization, a multivariable analysis
explored the association between patient status and score
category after adjustment for other variables using a stepwise
ascending procedure. The variables included in the model
were those associated statistically at the 0.2 significance
threshold in bivariate analysis. Regardless of whether they
were associated significantly with case or control subject sta-
tus, variables composing the modified Faine, parts A and B
(MF A + B) score were not included individually in the multi-
variable analysis, but were aggregated into the score result,
and then the statistical significance of composite score values
with case and control subject status was assessed.

Admission C-reactive protein (CRP) titers were analyzed
by category (<10mg/L, 10-39mg/L, 40-79mg/L, and
=80mg/L). These limits were chosen specifically to match
results delivered in daily clinical practice when using the
semiquantitative BIOSYNEX® CRP (Biosynex, Strasbourg,
France) semiquantitative rapid tests, as is the case in most
community health centers in New Caledonia.

The variables year and month are linked to seasonality
and epidemic years and were forced into the model.
Models were tested for interaction between variables.
Respective model performance was compared using several
criteria: McFadden r%; area under the receiver operating
characteristic (AUC) curve, Akaike’s criterion, and number of
patients included. The performance of the final model was

documented using AUC, sensitivity, specificity, and percent-
age classified correctly. All associations were tested using a
0.05 statistical threshold. The THNC ethics committee
approved the study.

RESULTS

Between January 1, 2018 and April 1, 2019, 165 adult
patients were admitted to THNC with clinically suspected
leptospirosis and underwent PCR texting within 7 days after
symptoms onset (Figure 1). Of these patients, 40 (24.2%)
had PCR-confirmed leptospirosis. Five of the 40 patients
were excluded from the study: one refused to participate,
three were insufficiently documented to compute the MF
score, and one died before interview. The remaining 35
patients were all included as cases in the study. PCR test
results were negative in 125 patients (75.8%). Thirty-six of
these patients (28.8%) were insufficiently documented or
could not be contacted to participate in the study. Of the
remaining 89 PCR-negative patients, 70 control subjects
were selected and matched randomly on gender and age
with the 35 cases. Of these control subjects, final diagnosis
included dengue in 20 (28.6%), bacterial pneumonia in 11 of
70 (15.7%), and undetermined etiology in eight patients
(11.4%). Etiologies are shown in Supplemental Table S1.
Patient age ranged from 18 to 77 years (median, 45 years).
Twenty-seven of 35 cases (77.1%) were male, as were
matched control subjects (Table 1). Self-declared ethnicity
was most frequently Melanesian (Kanak, 61 of 105; 58% of
all patients). Among the clinical criteria for the MF A + B
score, acute headache, eye redness, meningism, muscle
tenderness, and jaundice were significantly more frequent
among cases compared with control subjects (P < 0.001;
Table 2). Albuminuria and oligoanuria were also significantly
more frequent among cases (P < 0.001). The presence of
fever was not significantly different among the two groups.
Among the epidemiological criteria for the MF A + B score,
recent rains, high-risk environments, and animal contacts
were significantly more frequent among cases compared
with control subjects (Table 3). The median delay to THNC
admission after signs onsets was 3 days among PCR-
positive cases (interquartile range [IQR], 2-5 days) and
2days among PCR-negative control subjects (IQR, 1-3
days), with delays ranging from 0 to 7 days in both groups.
The difference in medians was significant (P = 0.0016). CRP
titers differed significantly between groups with a median of
235.5mg/L (IQR, 177-334mg/L) among 34 documented
cases and 56mg/L (IQR, 17-187mg/L) among 63 control
subjects (P < 0.0001).

Bivariate analysis found a statistically significant associa-
tion between the MF A + B score and the “possible” (A + B
score, = 20) and “presumed” (A + B score, > 25) leptospiro-
sis status of cases and control subjects (P < 0.001; Table 4).
As leptospirosis progressed from the systemic phase to the
immune phase, the Faine criteria performance score was
assessed, taking into account the time elapsed since signs
onset. In our study, the difference in the MF A + B score
between cases and control subjects remained statistically
significant after stratification for time elapsed, but not after
adjustment for other variables. Other significantly associated
variables in bivariate analysis were age category (18-44
years and 45-77 years), province of residence, year
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Adult patients with
clinically-suspected leptospirosis
admitted to NCTH within seven

days of signs onsets.

PCR+
n =40
Excluded:
m Refusal: n=1
m Incomplete data: n=3
m Death before interview: n=1
Total n=5
PCR+ cases
n=35

n =165

PCR-
n=125

Excluded:

m Refusal: n=1

m Incomplete data: n=10

m Loss to follow-up: n=25
Total: n=36

Random selection and
matching

PCR- controls
n=70

Ficure 1. Patient flow, CaledoFaine study, New Caledonia, 2018 to 2019. NCTH = New Caledonia Territorial Hospital; PCR = polymerase

chain reaction.

(2018 and 2019) and month (March and April) of diagnosis,
time to referral, and ethnicity (Oceanians of non-European or
non-Asian ancestry). Compared with the “unlikely lep-
tospirosis” group used as reference, bivariate regression
estimated the unadjusted odds ratio between “possible”
(A + B score, = 20) and “presumed” (A + B score, > 25)
leptospirosis status of cases at 25.41 points (95% CI,
5.75-112.31) and 447.5 points (95% CI, 44.18-4,529.51),
respectively (P < 0.0001).

Logistic regression multivariable analysis found a statisti-
cally significant association between patient status and MF
A + B score, with odds ratios of 67.24 (95% Cl,
2.04-2,214.47) for “possible leptospirosis” (A + B score,
=20) and of 148,426.9 (95% Cl, 1.54-1.4 x 10'% for
“presumed leptospirosis” after adjustments for other varia-
bles (P < 0.0001). The final model was based on 84 patients
documented for all variables included in the model. The AUC
curve was 99.27%, sensitivity was 93.55%, specificity was
96.36%, and 95.35% of patients were categorized correctly
as cases or control subjects (Figure 2). Including CRP titers
led to lower model performance (AUC curve, 96.24%).

DISCUSSION

Since 1982, the WHO has recommended using a score to
establish a diagnostic probability of leptospirosis after exam-
ining clinical (part A), epidemiological (part B), and biological
(part C) criteria.® This score was evaluated and modified by a
team in India in 2012 to improve its performance, resulting in

a sensitivity and specificity of 39.39% and 79.41%, respec-
tively, when only A + B criteria were considered.® Score per-
formance rose in that study only when biological diagnosis
results (part C, Leptospira PCR or MAT) were included.
Based on clinical and epidemiological criteria alone, the MF
score had excellent predictive probability of Leptospira PCR
test results in patients with clinically suspected leptospirosis
within 7 days of signs onset in New Caledonia in 2018 to
2019. After adjusting for other factors, score sensitivity and
specificity were estimated at 93.55% and 96.36%, respec-
tively, resulting in 95.35% patients being categorized
correctly as cases or control subjects in our study. All epide-
miological and clinical modified criteria were more often pre-
sent among cases and control subjects, except for fever. A
study was conducted in Thailand to identify predictive fac-
tors of leptospirosis and develop a prediction score.” The
Thai Lepto study, a recently published prospective multicen-
ter study from Thailand, examined the performance of a pre-
diction score among hospital inpatients.’® The Thai Lepto
score was based on three clinical criteria (hypotension, jaun-
dice, and myalgia) as well as four biological criteria (acute
kidney failure, anemia, neutrophilia, and hypokalemia with
concurrent hyponatremia). It had moderate statistical perfor-
mance, with an AUC curve of 0.78. Jaundice, myalgia, or
meningism were especially discriminant in our study, the lat-
ter being present in 57.1% of cases but in only 2.8% of con-
trol subjects. Hypotension was not observed frequently in
our study, which is in line with findings published in 2003.1*
The presence of rats in the house or area of residence was
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TaBLE 1

Sociodemographic characteristics of study participants and association with patient status as cases or control subjects, CaledoFaine study,
New Caledonia, 2018 to 2019

Factors Cases (n = 35) Control subjects (n = 70) Total (N = 105) P value*
Age, y; median (IQR) 43 (33-56) 45 (30-61) 45 (31-59) 0.539
Age category, y
18-24 3 (8.6%) 11 (15.7%) 14 (13.3%)
25-44 15 (42.9%) 22 (31.4%) 37 (35.2%)
45-54 8 (22.8%) 9 (12.9%) 17 (16.2%)
55-64 7 (20.0%) 14 (20.0%) 21 (20.0%)
65+ 2 (5.7%) 14 (20.0%) 16 (15.23%)
Age matching category
18-44 18 (51.4%) 33 (47.1%) 51 (48.6%) 0.685
45+ 17 (48.6%) 37 (562.9%) 54 (51.4%)
Gender
Male 27 (77.1%) 54 (77.1%) 81 (77.1%) 1.0
Female 8 (22.9%) 16 (22.9%) 24 (22.9%)
Self-declared ethnicity
Kanak (Melanesian) 25 (71.4%) 36 (51.4%) 61 (58.1%)
European 2 (5.7%) 23 (32.9%) 25 (23.8%)
Ni-Vanuatu 0 (0%) 0 (0%) 0 (0%)
Tahitian 1(2.8%) 2 (2.9%) 3 (2.9%)
Vietnamese 0 (0%) 0 (0%) 0 (0%)
Wallisian/Futunian 1(2.8%) 6 (8.6%) 7 (6.6%)
Other Asian 1(2.8%) 0 (0%) 1 (0.9%)
Caledonian 0 (0%) 0 (0%) 0 (0%)
Other 1(2.8%) 0 (0%) 1 (0.9%)
Mixed 3 (8.6%) 0 (0%) 3 (2.9%)
ND 1(2.8%) 3 (4.3%) 4 (3.8%)
ONENA 27 (77.1%) 44 (62.9%) 71 (67.6%) 0.185
Province (ND = 4)
Southern province 19 (54.3%) 57 (81.4%) 76 (72.4%) 0.01
Northern province 13 (37.1%) 6 (8.6%) 19 (18.1%)
Island province 0 (0%) 6 (8.6%) 6 (5.7%)
Substance abuse
Alcohol 17 (48.6%) 18 (52.9%) (ND = 36) 35 (50.7%) 1.000
Tobacco 25 (71.4%) 22 (59.5%) (ND = 33) 47 (65.3%) 0.329
Kava 2 (5.7%) (ND = 2) 0 (0%) (ND = 40) 2 (3.2%) 0.493
Long-term treatment 8 (22.8%) 25 (35.7%) 33 (31.4%) 0.265

IQR = interquartile range; ND = Nondocumented; ONENA = Oceanians of non-European or non-Asian ancestry.

* Fisher or Wilcoxon tests.

also highly discriminant and was found in 54.3% of cases
and 10.1% of control subjects (P < 0.001).

Another score was tested in outpatients in Thailand.! The
outpatient department Lepto score was tested in primary
care patients with suspected leptospirosis. The study

included 262 patients with suspected leptospirosis, includ-
ing 82 confirmed cases. Many criteria were evaluated and
five of them showed high discrimination: exposure to wet
soil at work (mainly paddy fields), contact with a water
source used by animals, presence of protein and/or blood in

TABLE 2

Clinical and paraclinical variables and associations with patient status as cases or control subjects, CaledoFaine study, New Caledonia,
2018 to 2019

Control subjects, n (%) Cases, n (%)
Variable No Yes No Yes Total, N P value*

Headache with brutal onset 32 (45.7) 38 (54.3) 4 (10.4) 31 (88.6) 105 < 0.0001
Fever 5(7.2) 65 (92.8) 2 (5.7) 33 (94.3) 105 1
Fever = 39°C 54 (73.2) 16 (22.8) 14 (40) 21 (60) 105 0.299
Clinical signs of inflammation

Eye redness 21 (80.0) 14 (20.0) 16 (53.3) 14 (46.6) 105 < 0.0001

Meningism 68 (97.2) 2 (2.8) 15 (42.9) 20 (57.1) 105 < 0.0001

Myalgia 30 (42.9) 40 (57.1) 3 (8.6) 32 (91.4) 105 < 0.0001

All three signs 68 (97.2) 2 (2.8) 20 (57.1) 15 (42.9) 105 < 0.0001
Jaundice 68 (97.2) 2 (2.8) 15 (42.9) 20 (57.1) 105 < 0.0001
Proteinuria or oligo-anuria 34 (48.6) 36 (51.4) 3 (8.6) 32 (91.4) 105 < 0.0001
Hemoptysis/dyspnea 55 (79.6) 15 (21.4) 12 (34.3) 23 (65.7) 105 < 0.0001
Rainfall or flooding 31 (44.3) 39 (55.7) 2 (5.7) 33 (94.3) 105 < 0.0001
Contact with contaminated environment (water and/or soil) 35 (50) 35 (50) 1(2.9) 34 (97.1) 105 < 0.0001
Presence of rats (home or area) 41 (59.6) 29 (41.4) 2 (5.7) 33 (94.3) 105 < 0.0001

* Fisher text.
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TaBLE 3

Modified Faine criteria part A and part B score categories among cases and control subjects, bivariate analysis and ? for trend, CaledoFaine
study, New Caledonia, 2018 to 2019

Score category Cases, n Control subjects, n Total, N Unadjusted odds ratio Mantel Haenszel (compared with reference) P value
Leptospirosis unlikely 3 61 64 1 1 -
Possible leptospirosis 10 8 18 25.42 25.42 < 0.00001
Presumed leptospirosis 22 1 23 447.33 447.33 < 0.00001
Total 35 70 105 - - -

For Faine’s modified A + B criteria: leptospirosis presumed if A score = 26 or A + B score = 25, leptospirosis possible if score between 20 and 25.

urine, and a predominance of neutrophils > 80% of white
blood cells. These findings were published after we imple-
mented our study. We did not investigate biological markers
because our study focused on syndromic screening. We did,
however, take into account urine dipstick and CRP results,
because these are routinely available to clinicians in commu-
nity centers in New Caledonia.

A study conducted in French Guyana compared CRP
titers among leptospirosis cases and control subjects with
confirmed Dengue virus. That study showed that a CRP
value of > 50 mg/L was strongly in favor of leptospirosis and
was associated with an odds ratio of 168 (95% ClI,
23.3-1,212)."® Integrating CRP titers in our syndromic
screening score in New Caledonia, however, reduced model
performance, with the percentage of correctly classified sub-
jects decreasing from 95.35% to 92.55%. This is likely the
result of our study comparing leptospirosis not only to den-
gue, but also to a host of conditions (including dengue, but
also those of bacterial origin) that are real-world differential
diagnoses in tropical or subtropical areas such as New
Caledonia.

Our study may suffer from several biases and limitations.
First, it focused solely on patients admitted to the THNC.
This may have introduced a selection bias because most
patients resided in the southern province, which has a more
urban population and a higher socioeconomic status than
New Caledonia’s two other provinces.!” The risk of leptospi-
rosis is closely linked with the environment and socioeco-
nomic activities, and therefore varies across provinces. The
number of control subjects residing in the northern province,
which is known for a greater leptospirosis risk, was low (6 of
70). The number of cases residing in that province, however,
was high (13 of 35). Furthermore, the diseases considered
as differential diagnoses are ubiquitous in New Caledonia.
The validity of the MF criteria is therefore likely maintained
across populations referring to health centers in all three
provinces.

Second, the only intensive care department in New Cale-
donia is located at the THNC, the reference hospital.
Patients admitted to peripheral health structures with a
deteriorating condition are transferred to the THNC, thus
introducing a recruiting bias and overrepresenting severe
leptospirosis even in its early phases. However, we stratified
the analysis of the MF A + B score by time elapsed since
disease onset. The score remained discriminant between
cases and control subjects, whether within the first 4 days or
the last 3 days. We therefore believe this score remains rele-
vant, especially as the most severe cases may benefit the
most from early probabilistic antibiotic treatment and man-
agement of complications.

Third, there is a statistically significant difference in the
time elapsed between disease onset and admission among

cases and control subjects. As explained earlier, this is a
result of frequent initial admissions in a peripheral health
center and secondary transfer to the THNC. New Caledonia,
however, is a territory of limited size with good road and air
connections. Although IQRs differ, the difference in median
time elapsed between cases and control subjects is only 1
day. The performance and relevance of the MF A + B score
should therefore not be affected unduly.

Fourth, Leptospira PCR-positive patients began to be
documented comprehensively at the THNC on January 1,
2018. Control subjects only began to be documented after
August 1, 2018. Cases were therefore included over a longer
period than control subjects, which included the rainy sea-
son months of March and April in 2018 and 2019, during
which peak leptospirosis transmission is observed.'® The
likelihood is therefore greater that cases have more evident
epidemiological risk factors of leptospirosis than control
subjects. New Caledonia is malaria free. Our results there-
fore may not be applicable to areas where malaria, yellow
fever, or other diseases that can also cause jaundice and
acute kidney failure circulate intensely.'® The principle differ-
ential diagnosis during peak leptospirosis transmission in
New Caledonia is Dengue virus, which also peaks during the
rainy season. Based on our study and clinical experience,
the MF A + B score seems sufficiently able to distinguish
between leptospirosis and its habitual differential diagnoses
in New Caledonia despite the 7-month difference in case
and control documentation.

Fifth, our evaluation of this first-line score focused in part
on patients who had been referred to the THNC by periph-
eral health centers. Cases and control subjects not associ-
ated with the same degree of baseline clinical suspicion may
have generated some information bias. Cases and control
subjects, however, were classified on the basis of laboratory
confirmation, not clinical suspicion, and our study assessed
retrospectively the performance of epidemiological and
clinical criteria. Furthermore, even referral centers in
leptospirosis-endemic areas widely lack access to biological
confirmation methods for leptospirosis, and referred patients
are admitted with the same information limited to epidemio-
logical and clinical findings as they would be in first-line
centers.

Sixth, patients were categorized as either cases or control
subjects based on Leptospira PCR results obtained within 7
days after disease onset. Beyond that optimal period, other
tests such as MAT are needed to confirm leptospirosis.
The latter are difficult to perform and interpret, and require
sequential blood samples that are often hard to obtain from
patients after they have been discharged. We therefore
restricted our study to PCR confirmation, which may
have limited the sample size and power of our study, and
introduced classification bias in control subjects with
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Sensitivity
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Ficure 2. Area under the receiver operating characteristic (ROC)
curve and performance of the multivariable model, CaledoFaine
study, New Caledonia, 2018 to 2019.

false-negative PCR test results or in those who would have
had positive MAT results. The reference MAT confirmation
tests, however, are now performed rarely in routine clinical
practice in New Caledonia. Furthermore, we show that
patients with symptomatic leptospirosis are referred to the
hospital early in New Caledonia, and cases and control sub-
jects were included in the study if they were admitted within
the first week of symptoms, during which PCR tests have
the greatest likelihood of being positive.

Seventh, patients with leptospirosis had a presentation that
likely was more highly evocative of leptospirosis than control
subjects. This may have led to a greater degree of PCR pre-
scription than among patients with the same presentation as
control subjects and artificially dichotomized patients. Table 2,
however, shows that although there was a difference in preva-
lence of various signs, these signs were present to some
degree among control subjects. Our study shows that the MF
A + B criteria are highly predictive of a positive Leptospira
PCR test result when comparing cases to control subjects
that referred with a clinical presentation ambiguous enough
that a Leptospira PCR test was prescribed.

Eighth, control subjects were defined as not having a posi-
tive Leptospira PCR test result. Several control subjects,
however, were discharged without a diagnosis. It cannot be
excluded that some of these patients did suffer from lepto-
spirosis despite negative PCR test results. The fact that febrile
patients may be discharged without a diagnosis is a daily real-
ity in the real-world health-care setting. A possible classifica-
tion bias would have reduced the performance of the MF A +
B score. Our results show, however, that the score remained
highly performant in New Caledonia. Our findings may there-
fore not be applicable to all cases of leptospirosis infection,
but are of great importance for patients with clinical leptospi-
rosis who likely most benefit from early, probabilistic antibiotic
treatment and early management of complications of severe
forms of the disease in real-world conditions.

Ninth, our sample size is comparatively modest and
matching age categories, quite large. This may over- or
underestimate the association between the MF A + B score
and patient case or control subject status, but is no likely
cause for systematic bias.

Last, there is a risk of recall bias when using case—control
studies that include patient interviews. Patients found posi-
tive for leptospirosis may more often recall having been envi-
ronmentally exposed than control subjects, regardless of
whether this is truly the case. Furthermore, investigators
may be more insistent when documenting exposure among
confirmed leptospirosis cases and may introduce a docu-
mentation bias. The PCR results, however, were not yet
available to the investigators when interviewing most of the
patients, and environmental exposure was assessed only
within the previous 30 days.

Notwithstanding these caveats, our study was carried out
in real-world conditions. Our study conclusions on score
performance can therefore be extrapolated easily to the daily
clinical setting. Ours is the first effort to explore the useful-
ness of epidemiological and clinical MF criteria as a proba-
bilistic score for leptospirosis in New Caledonia and, to our
knowledge, in the Pacific. Our results show a very strong
association between score results and patient Leptospira
PCR test status. This score is quick and can be used by
medical and non-medical staff alike. It can be computed
using the THNC digital patient files, and pops up automati-
cally when a Leptospira PCR test is prescribed. This compu-
tational module can also be developed as a mobile phone
app and made accessible to health centers, doctor clinics,
and pharmacies across the territory. Time will tell whether
this scoring system will be used by clinicians and whether it
will translate into improved management and survival for lep-
tospirosis patients in New Caledonia. The performance of
epidemiological and clinical MF criteria should be tested in
other leptospirosis-endemic areas where PCR is not readily
available to clinicians, especially in highly leptospirosis-
endemic Pacific Island countries and territories.
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