Supplementary file VIII: Risk-of-bias assessments
Risk of bias assessment for the quality of epidemiological studies included in this systematic review 

The likelihood that the reported prevalence of leptospirosis cases or presence of leptospiral antibodies in this review approximates the truth depends on the validity of the included studies. Therefore, risk of bias was assessed for each eligible study, using a tool extracted and modified from an evidence based developed tool designed to assess the risk of bias in population-based prevalence studies.1
 Two authors (SDV+ BJV) assessed the validity of the eligible studies (cohort studies, cross-sectional studies, case-control studies and case-series) with design specific criteria. Results of the assessment of risk bias for individual studies are shown in the table below, with the final scoring of both reviewers and an explanation in case of any discrepancies. 
Supplementary table: Risk of bias assessment for studies included in the systematic review (cross-sectional studies and cohort studies)
	
	External validity
	Internal validity 
	Summary 

	Reference 
	Target population close representation regional population?


	Sampling frame true/close representation target population

And / Or 

In- and exclusion criteria defined for cohort?
	Random selection OR census
	Likelihood nonresponse bias minimal? (not applicable to cross sectional studies, only cohort)

 
	Was the study period defined and / or seasonal influences corrected? (study period > 1 year)
	Data collected directly from subjects AND same mode of data collection from all subjects? 
	Study instrument valid & reliable?
	Acceptable case definition used?

	Numerator/denominator appropriate?
	Were age- and sex- specific rates determined or can they be calculated from the data?

(maybe  
	Summary overall risk of study bias (10 lowest risk)
BJV 
(Reviewer 2)
	Summary overall risk of study bias (10 lowest risk)
SDV (Reviewer 1) 

	West Africa
	
	
	
	
	
	
	
	
	
	
	
	

	Tagoe et al. 2010

2

 
	Yes

Accra
	Yes

Clear in- and exclusion criteria
	Unknown

Not completely clear how was enrolled but most likely consecutive
	Yes 

Single sera
	Yes 

Year
	Yes
	Yes

IgM ELISA + MAT
	Yes 

MAT pos > 1:200
	Yes
	No
	8
	8

	Tagoe et al. 2011

3

 
	Yes 

Greater Accra region + northern Ghana)
	Yes

Clear in- and exclusion criteria
	Unknown

Not completely clear how was enrolled but most likely consecutive 
	Yes 

Single sera
	Unknown

NR
	Yes


	Yes

IgM ELISA + PCR
	Yes

ELISA positive when > 1.1, PCR =
	Yes
	No
	7
	7

	Bonney et al. 2011

4


	Yes

Six areas Northern region 
	Unknown

NR
	Unknown

NR
	Unknown

NR
	Yes

June 2008 – Oct 2009
	Unknown
	Unknown
	Unknown
	Yes
	Unknown
	3
	3

	Kronmann et al. 2009

5


	Yes

2 hospitals greater Accra region 
	Yes

Clear in- exclusion criteria
	Unknown

Not completely clear how was enrolled but most likely consecutive
	Yes

13.1% dropout
	Yes 

June 08 – October 09
	Yes
	Unknown

NR
	Probably

A 4x rise in titre was used but again, not stated what test
	Yes
	No
	6
	6

	Ngbede et al. 20136

	No

Only abattoir workers in Zaria
	Unknown

NR how many workers in total, only inclusion criterion working in abattoir
	No

No census, selection: voluntary enrolment
	Not applicable

Questionnaire study
	Not applicable

Questionnaire study
	Yes
	Probably

Questionnaires – not seen
	Yes
	Yes
	No
	4
	4

(assessment not completely applicable for this kind of study)

	Zimmerman et al 20077

	Yes

Inhabitants of several resource-poor neighbourhoods
	Yes

Participant from all areas
	Unknown

NR
	Yes

Single serum
	Doubtful

Performed just after rainy season so anticipated on higher prevalence
	Yes

Serum collection
	Yes

MAT + IgM + IgG ELISA
	Unknown

NR
	Yes
	Unknown

NR
	6
	6

	Awosanya et al. 20138

	No

Workers in a specific kennel
	Yes

Clear in- and exclusion criteria
	No

Case control setup in small population
	N.A.
	Yes

Inclusion crietium was illness between Feb – December, thia includes rainy season
	Yes

Serum + questionnaires
	Yes

ELISA antibody 
	Yes

1:200 translated titre
	Yes
	Yes
	7
	7

	Agunloye et al 2001

9


	Yes

6 geographical separated states
	Yes 

Actually came from different areas
	Yes

Random selection of samples
	Yes 

Single serum 
	Unknown

NR
	Yes

Serum collection
	Yes 

MAT, IgM ELISA. PHA less valid but two reliable methods used
	Yes

Positive ≥ 1:100
	Yes
	Yes
	9
	9 


	Onyemelukwe et al.

199310

	Yes

Two large provinces
	Yes

Wide distribution occupational and geographical groups
	Unknown

NR
	Yes

Single serum
	Yes 

January 1990 – March 1991
	Yes

Serum collection and questions by researchers
	Yes

MAT
	Yes

Positive ≥ 1:100
	Yes
	No

But there is information on occupation 
	8
	8

	Ezeh et al 1991*11

	Yes

Plateau state
	Yes

Inclusion criteria, wide distribution occupational 
	No

Voluntary enrolment, no census
	Yes

Single serum
	Yes 

January 1984 – February 1985
	Yes

Serum collection questionnaires
	Yes

MAT
	Yes

Positive ≥ 1:100
	Yes
	No

But there is information on occupation
	8
	8

	Sebek et al 1989 12

	Yes

Two islands in Cape Verde region
	Yes

Clear inclusion criteria 
	Unknown 

NR
	Yes

Single sera
	Unknown

Exact dates NR
	Yes

Serum collection


	Yes

MAT
	Yes

Positive ≥ 1:100
	Yes
	Yes 
	8
	8

	Hogerzeil et al (1) 198613

	Yes

Large district
	Yes

Clear inclusion criteria
	Doubtful

No census, consecutive enrolment of febrile pts, no data on enrolment of healthy subjects
	Yes

Single sesra
	Unknown

Exact data NR
	Yes

Serum collection
	Yes 

MAT
	No, but correctable

Positive ≥ 1:20 – this is too low. But prevalences with higher titres are retracable from text
	Yes
	No

But there is information on occupation
	7
	7

	Hogerzeil et al (2) 198614

	Yes
	Yes

Clear in-/exclusion criteria
	Yes

Consecutive enrolment, census of hospital consultations
	Yes

22% dropout 
	Yes

More than a year
	Yes

Serum collection
	Yes

MAT, IgM ELISA, cultures
	Yes

4x rise in MAT titre, single titre of 2560 is high. 

ELISA def correct
	Yes
	Yes
	10
	10

	Sankale et al 197615

	Yes

Dakar
	Yes

Pt presenting in hospitals Dakar 
	Unknown

NR
	Yes

Single serum
	Yes

5 years (1967 – 1972)
	Yes

Serum collection
	Yes

MAT


	Yes

Positive ≥ 1:100
	Yes
	No
	8
	8

	Kinebuchi et al. 1973 16

	Yes

Ashanti & Volta region
	Yes

Clear inclusion criteria
	Unknown

NR
	Unknown

No information on FU loss
	Unknown

NR
	Yes

Serum collection
	Yes

MAT 
	Doubtful

Positive ≥ 1:300 (should be 1:400)
	Yes
	No
	5
	5

	Central Africa
	
	
	
	
	
	
	
	
	
	
	
	

	Bertherat et al 199917

	Yes

Five villages northeast Gabon
	Yes

Inhabitants of those villages
	Unknown

NR
	Yes

Single serum study
	No

2 weeks
	Yes
	Probable

MaAT is less sensitive
	Unknown

Titres NR
	Yes


	Yes
	6
	6 (take lower sensitivity MaAT in consideration

	Perret J.L. 199618

	No

Just military Frenchman 
	Yes

Clear in-/exclusion criteria 
	Unknown

NR
	Yes

Single serum 
	Yes 

1992-1994
	Yes
	Probable

MaAt before reference test MAT + IgM ELISA, lowers sensitivity
	Probable 

Screening MaAT not sensitive but MAT Positive ≥ 1:100 good definition
	Yes
	No
	5
	5

(considering MaAT)

	Delacollette et al. 199519

	Yes

Kivu mountains
	Yes 

Well defined in-/exclusion criteria, but wrong sampling frame 
	Yes

Consecutive enrolment
	Yes 

No drop outs
	No

3 months
	Yes
	Yes

IgM ELISA
	Yes

4x rise in IgM ELISA
	Yes
	No
	8
	8

But the target population doesn’t seem right for LS research

	East Africa
	
	
	
	
	
	
	
	
	
	
	
	

	Biggs et al. 2011

20


	Yes

Two hospitals that serve a large region with mixed population
	Yes

Clear in- and exclusion criteria, normal distribution age + sexes
	Yes

Participants were consecutively enrolled. 
	Doubtful

Study does not give information on 48% drop-outs (consecutive sera)
	Yes

> 1 year
	Yes
	Yes

MAT 
	Yes

MAT with a 4x rise for confirmed diagnosis, ≥ 800 for probable and ≥ for exposure
	Yes
	Yes
	9
	9 

	Warupa et al. 2011

21


	Yes
	No

Most patients from one particular area in Nairobi
	Unknown
	Unknown
	No

 < 1 year (days) - outbreak investigation
	Yes
	Yes

PCR and IgM ELISA
	Yes

ELISA + PCR
	Yes
	No
	5
	5 

	Njorgoge et al. 2011

22


	Yes

Provincial hospital
	Yes

Clear inclusion criteria
	Yes

Consecutive enrolment
	Yes

Single sera
	Yes

12 months
	Yes
	Probably

RT-qPCR but no speifics + length of disease
	Yes

PCR
	Yes
	No
	8
	8

	Ari et al.2011

23


	Yes  

Small sample size, but region-wide search
	Doubtful 

Clear in/exclusion criteria but selection of pt from one particular area
	No
Retrospective case-search – 
	Doubtful
Single sera, but no information on how many people were approached
	No

 < 1 year outbreak investigation 
	Yes
	Yes

IgM ELISA
	Yes 

Presence of IgM antibodies – see 8)
	Yes
	Yes
	5
*Point 1: sample size too small
	6

	Schoonman and Swai 200924

	Yes

Inhabitants in and around Tanga City, different jobs (famer/city) 
	Yes

Seems to be a good representation of the target population 
	Doubtful 

A census was undertaken but enrolment type NR
	Doubtful
Single sera, so no non-response - not reported how many refused to enrol
	No

1 month
	Yes,

Questionnaires administered by local, trained interviewers 
	Yes

MAT and surveys in the local language 
	Yes

MAT > 160


	Yes
	Yes
	7
	7

	Yimer et al. 200425

	No 

Quite a small area, most residents work at sugar factory – no regional representation 
	Yes 

Normal distribution age / sex, 


	Doubtful

Census recently done, but enrolment NR
	Yes

No non-responders – single testing
	No

April to May (3 months)
	Yes
	Doubtful

See 8) Single testing reduces the sensitivity of the DriDot test to 50%!
	No 

(See 8)
	Yes 
	Yes
	5
	5 



	Machangu et al 199726

	Yes

Several regions in Tanzania
	Unknown

NR
	Unknown

NR
	Yes

Single sera
	Unknown

NR
	Yes
	Yes

MAT
	Unknown

Definition not in abstract
	Yes
	No
	5
	5

	Macharia 198927

	Yes

Two large districts
	Yes

Subject came from various parts of the districts
	Yes

Census was done, random sampling


	Yes

No non-responders – single testing
	Unknown

NR
	Yes

Serum samples only 
	Yes

MAT
	Yes

Positive ≥ 1:100
	Yes
	No
Incomplete data
	7
*No information attrition 
	8

	Terpstra et al. 

1987*28


	Yes

3 areas 
	Yes

All patients
	Yes

Consecutive enrolment
	Yes

Single sera
	Unknown

NR


	Yes

Serum collection
	Yes

ELISA +  MAT
	Yes

MAT Positive ≥ 1:80
	Yes
	No
	8
	8 

	Cacciapuoti et al. 1982 29

	Yes

Participants from 3 different areas
	Yes


	Doubtful

No census, enrolment NR 
	Yes

Single sera
	Yes

Months not given so not clear if it was > 1 year
	Yes

Serum samples
	Yes

MAT
	Yes

Positive ≥ 1:100
	Yes
	No
	8
	8

	De Geus,

1969, 1977

30-34



	Yes

Several large provinces
	Yes

Clear in-/exclusion criteria
	Yes

Consecutive selection of pt with fever
	Doubtful 

In 2/3 studies > 75% dropout without further investigation
	Yes

The 3 studies cover all months of a year in total
	Yes

Paired sera in all studies collected after 2-4 weeks
	Doubtful
Screening with MaAt lowers sensitivity;MAT and culturing reliable and valid. 
	Doubtful
Screening with MaAT lowers the sensitivity AND MAT ≥ 1:3000 is very strict so high chance of underestimation 
	Yes
	Yes
	7-8
	7-8
(take the lower sensitivity of MaAt in consideration) 

	Southern Africa
	
	
	
	
	
	
	
	
	
	
	
	

	Saif et al 201335
 (thesis)
	Unknown

Not reported where human samples were collected
	Unknown

No data on sample collection or criteria


	Yes 

Residual sera were used – so probably random selection
	Yes 

25.4% dropout because of insufficient amounts
	Yes

1.5 years
	Yes

Serum-only
	Yes 

IgM ELISA and nested PCR
	Yes 


	Yes
	No
	7
	7 

	Fortes-Gabriel et al 201336

	Yes

Several provinces
	Yes

People with fever
	Unknown

NR
	Yes 

Single sera
	Unknown

NR 
	Yes
Probably - no information on questionnaires 
	Yes

MAT
	Yes

Positive ≥ 1:100
	Yes
	No
	7
	7 

	Taylor et al.200837

	Yes

Cato crest area
	Yes

Several designated areas from which participants came
	No
Voluntary enrolment, no census 
	Yes 

Again, single sera
	Unknown

NR 
	Yes


	Yes

MAT
	Unknown 

No case definition given 
	Yes
	Yes
	7
	7

	Collares et al 1997

38


	No

One specific shanty town (Chamanculo) in Maputo 
	Yes

Clear in-/exclusion criteria  
	Yes

Consecutive enrolment
	Yes 

Single sera
	No

3 weeks
	Yes
	Yes

MAT
	Yes 

Positive ≥ 1:100
	 Yes
	Yes
	8
	8

	Dalu & Feresu

199739

	No

Two specific farms
	Yes

In/ex defined
	No

Voluntary enrolment
	Yes

14.8% dropout
	Yes

2 years 
	Yes
	Yes

MAT
	Yes

Positive ≥ 1:100
	Yes
	No
	7
	7

	Wessels et al. 198640

	Yes

Onyalai pt and healthy controls Kavango region
	Yes

Different groups
	Unknown

NR how controls were selected
	Yes

Single sera
	Unknown

NR
	Yes

Serum collection
	Yes

MAT
	Unknown

NR

	Yes
	No
	6
	6


Total number of studies assessed: 35
CODING MANUAL FOR EPIDEMIOLOGICAL STUDIES 

(Distracted and modified from Hoy and colleagues1
 and the LERG recommendations41
) 

External validity

1.
Was the target population a close representation of the regional population / was it a population-based study?

The target population refers to the group of people or entities to which the results of the study will be generalised. Examples:

· The study was a national health survey of people 15 years and over and the sample was drawn from a list that included all individuals in the population aged 15 years and over. The answer is: Yes (LOW RISK).

· The study was conducted in two main hospitals, serving a complete region with a representative population for the region. The answer is: Yes (LOW RISK).
· The study was undertaken in one village only and it is clear this was not representative of the national population. The answer is: No (HIGH RISK).
2.
Sampling frame true/close representation target population and / or in- and exclusion criteria defined for cohort.

The sampling frame is a list of the sampling units in the target population and the study sample is drawn from this list. Examples: 

· The sampling frame was a list of almost every individual within the target population. The answer is: Yes (LOW RISK).

· The cluster sampling method was used and the sample of clusters/villages was drawn from a list of all villages in the target population. The answer is: Yes (LOW RISK).

· The sampling frame was a list of just one particular ethnic group within the overall target population, which comprised many groups. The answer is: No (HIGH RISK).
3.
Random selection OR census

A census collects information from every unit in the sampling frame. In a survey, only part of the sampling frame is sampled. In these instances, random selection of the sample helps minimise study bias. Examples:

· The sample was selected using simple random sampling. The answer is: Yes (LOW RISK).

· The target population was the village and every person in the village was sampled. The answer is: Yes (LOW RISK).

· The nearest villages to the capital city were selected in order to save on the cost of fuel. The answer is: No (HIGH RISK).
4.
Likelihood nonresponse bias minimal? (not applicable to cross sectional studies, only cohort)

There is a low risk when either the response rate for the study was >/=75%, OR, an analysis was performed that showed no significant difference in relevant demographic characteristics between responders and non-responders.  

Internal validity

5. 
Was the study period defined and / or seasonal influences corrected? (study period > 1 year)

Investigations of less than one year are more likely to introduce higher estimates of disease because they were most likely performed during epidemics or in periods of high seasonal leptospirosis transmission. 
6.
Data collected directly from subjects AND same mode of data collection from all subjects?

To prevent bias, all data should be collected directly from the subjects and in the same way. 

7.
Study instrument valid & reliable?


The following study instruments are considered valid & reliable:

· PCR for acute leptospirosis

· Microscopic Agglutination Test 

· Presence of IgM antibodies by enzyme-linked immunosorbent assay (ELISA)

· Presence of IgM antibodies by Immunofluorescence assay (IFA) 

The following study instruments have a lower sensitivity and specificity and should be handled with consideration: 

· Macroscopic Agglutination test: is considered to have a lower sensitivity and will therefore give an underestimation42
 

· Three Rapid Diagnostic Tests were recently reviewed for diagnostic accuracy43
 and were found to have the sensitivity and specificity: 

LeptoTek Dri Dot 75% respectively 96% 

LeptoTek Lateral Flow 78% respectively 95% 

Leptocheck-WB 78% respectively 98%

Based on the 1st submitted sample the sensitivity was low (51% for LeptoTek Dri Dot, 69% for LeptoTek Lateral Flow, and 55% for Leptocheck-WB), but substantially increased when the results of paired samples were combined, although accompanied by a lower specificity (82% respectively 91% for LeptoTek Dri Dot, 86% respectively 84% for LeptoTek Lateral Flow, and 80% respectively 93% for Leptocheck-WB).

8. 
Acceptable case definition used?
Laboratory-confirmed cases of leptospirosis were defined as: 

· Clinical signs and symptoms consistent with lept​ospirosis and any one of the following: 

· Fourfold increase in MAT titre in acute and conva​lescent serum samples; 

· MAT titre ≥1:400 in single or paired serum samples; 

· Isolation of pathogenic Leptospira species from normally sterile site; 

· Detection of Leptospira species in clinical samples by histological, histochemical or immunostaining technique; 

· Pathogenic Leptospira species DNA detected by PCR; 

Probable cases of leptospirosis were defined as: 

· Clinical signs and symptoms consistent with lept​ospirosis and one of the following: 

· Presence of IgM or a fourfold increase in IFA antibody titre in acute and convalescent serum samples; 

· Presence of IgM antibodies by enzyme-linked immunosorbent assay (ELISA) or dipstick; 

· MAT titre ≥1:100 in single acute-phase
Seroprevalence studies of healthy people:

· MAT titre ≥ 1:100 

· Presence of IgM antibodies by ELISA or IFA

9. 
Numerator/denominator appropriate?

There may be errors in the calculation and/or reporting of the numerator and/or denominator.

10.
Were age- and sex- specific rates determined or can they be calculated from the data?
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