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Preface

The objective of this PhD thesis is to describe asylum seekers’ and refugees’ health and 

investigate how long-distance migration may affect their health. While a range of dis-

eases are of public health interest, the main focus in the thesis will be on infectious dis-

eases—going into detail with intestinal parasites and antimicrobial resistance—and 

post-traumatic stress disorder. The four papers included in the thesis were planned as a 

succession: beginning with a general overview in the form of a literature review of in-

fectious diseases, proceeding with a prevalence study of colonisation with intestinal 

parasites and antimicrobial-resistant bacteria. I conclude by presenting two papers de-

veloping a general methodology to combine propensity score weighted analysis and 

multiple imputation and applying this methodology to study the change in prevalence of

post-traumatic stress disorder after long-distance migration.

In Chapter 2, the literature on refugees’ and asylum seekers’ health and the methodolo-

gical challenges in such studies will be described and the burden of disease focusing on 

parasite infections and antimicrobial resistance and post-traumatic stress disorder will 

be reviewed. The chapter is completed with a discussion of the methods that can be used

to combine propensity score-weighted analysis and multiple imputations. Chapter 3 

presents the aims and hypotheses and Chapter 4 provides a summary of the methods and

materials applied in each of the four papers included in this thesis. In Chapter 5, I sum-

marise the results of the four papers leading into the discussion and conclusion in 

Chapter 6.

There is no worldwide consensus regarding the terms “asylum seeker” and “refugee” 

[1]. In Denmark we use these terms to specify the stage in the asylum process, whereas 

in Lebanon “refugee” is used to refer to all foreigners who have come to Lebanon for 

refuge. I will use “refugee” (and its plural form) synonymously with “asylum seeker” 

unless stated otherwise.
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1. - Introduction

1. Introduction

By the end of 2019, Denmark hosted more than 37,000 refugees [2]. In comparison, 

Lebanon hosted more than a million registered refugees, making it world-leading re-

garding the number of refugees relative to its autochthonous population (one refugee 

per seven autochthonous) [3,4]. Additionally, a substantial number of unregistered 

refugees live in Lebanon. Globally, in 2019, the majority of refugees—more than six 

million individuals—came from Syria; in Denmark, the Syrian refugee population 

accounted for approximately 20,000 individuals, and in Lebanon the equivalent 

group was around 900,000 individuals [3,4].

There is a paucity of evidence on refugees’ health and healthcare needs, resulting in 

public health interventions and clinical decisions being based on best guesses rather 

than available scientific evidence [5]. The majority of previous publications have fo-

cused on maternal and mental health [6,7], but the available literature indicate that 

refugees in Europe may be disproportionately affected by both communicable [8], 

non-communicable (NCDs) [9–12], and psychiatric [10,13–15] diseases compared 

with the autochtonous population.

This thesis aimed to explore asylum seekers’ and refugees’ health and investigate 

how long-distance migration affects their health.
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2. Background

2.1 Migrant health
A short digression to the somewhat more developed research area “migrant health” 

is appropriate: despite on average having lower socio-economic status (SES) and 

higher prevalence of a broad range of diseases, an overall survival advantage has 

been reported for migrants compared with the autochthonous populations [16–20]. 

This paradox has given rise to several hypotheses, amongst others “the healthy mi-

grant effect”, i.e. that it is the healthiest individuals who migrate to/reach the host 

country; “the numerator-denominator bias”, i.e. that migrants may return for shorter 

or longer stays in the country of origin, thus contributing hidden risk time [21]; and 

“the salmon bias”, i.e. that migrants that get critically ill tend to migrate back to the 

country of origin. Wallace and Kulu [22] examined these and other biases that could 

explain the survival advantage in a heterogeneous migrant group in England and 

Wales, however, reaffirmed a lower mortality when comparing with the autochthon-

ous population. Razum and Twardella [23,24] presented the “health transition” the-

ory proposing that the host country is typically in a more advanced health transition 

phase compared with the country of origin. This results in an immediate improve-

ment in health care with mortality and morbidity from maternal and child health and 

infectious diseases approaching the levels of the autochthonous population. Having 

accumulated less exposure to the risk factors for NCDs that prevail in most migrant 

receiving countries (e.g. unhealthy food, sedentary lifestyle, etc.) results in lower 

morbidity and mortality from NCDs immediately following immigration. After im-

migration, the exposure to risk factors for NCDs gradually approaches the level of 

the autochthonous population, which may increase morbidity and mortality from 

NCDs after a latency period. 
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2. - Background

2.2 Refugee health
The above described theories may also apply in refugee populations, but the evidence

is sparse [16,25,26]. Studies in high-income countries have found an over-all survival

advantage [27,28], whereas a review in low-income countries found no difference in 

mortality comparing refugees with the autochthonous populations [29]. This also re-

flects that, in general, studies on refugees’ risk of disease and ill-health are ambigu-

ous [6,30], which may, at least in part, be due to the applied study designs: refugees 

are a “difficult-to-reach” study population [31] that requires careful attention to 

sampling, inclusion, analysis and interpretation of the data [32]. This may be one of 

the reasons why refugees continue to be under-represented in health and medical re-

search [33,34]. 

The health effect of the migration process itself has rarely been subjected to investig-

ation though it may introduce adverse events for several disease categories (for ex-

ample, “trauma” as risk factor for mental health diseases and “starvation” and “in-

jury” as risk factors for both infectious diseases and NCDs) [35–37]. Furthermore, 

even when not aiming at estimating the effect of the migration, its effect must be 

considered: one could imagine studying the difference in some health outcome (Y) 

between refugees and the autochthonous population in the host country. Here, coun-

try of origin and SES affect the means of transportation during migration, which in 

turn affects the chance of being included in the study (for example through surviving 

to reach the host country), thus, possibly introducing selection bias in the measures 

of association (Figure 2.1 page 4). Ethnicity—representing genetics, physical pheno-

type, parental physical phenotype and cultural context—may further confound the 

study if not handled appropriately [38]. Thus, knowledge about the migration process

may have important implications for the interpretation of the study findings.

3
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4

Figure 2.1 DAG of hypothetical study of country of origin and health outcome (Y).  
Example of introducing selection bias by failing to consider factors introduced in the 
migration “Transport”. Abbreviations: Coo, country of origin; Transport, means of 
transportation during migration; S, selection node (being included, i.e. reaching the 
the host country, living as registered citizen etc.); Health, health status; SES, socio-
economic status; Ethnic, ethnicity representing genetics background, physical 
phenotype, parental physical phenotype and cultural context.



2. - Background

2.3 Intestinal parasites & antimicrobial-
resistant bacteria in refugees
In the following chapter, I will shortly introduce the classification, symptoms, risk 

factors and prevalence in the general population and in refugee populations for each 

of the two distinct entities: intestinal parasite colonisation and colonisation with anti-

microbial resistant bacteria. 

Intestinal parasites are a diverse group of organisms that may or may not cause ill-

ness in its host. Symptoms of colonisation or infection depend on the agent in ques-

tion and range from predominantly asymptomatic (e.g. Entamoeba spp. [39]), 

through abdominal pain, diarrhoea and weight loss (e.g. Giardia intestinalis [40] and 

Blastocystis [41,42]) to organ failure in severe malaria. Parasites in immigrants and 

the potential of transmission to the host population is a traditional concern in migrant

health; however, there is little evidence to support a general threat of dissemination 

between otherwise segregated populations [43,44]. Risk factors are very much re-

lated to the environment (e.g. vector-borne diseases that require a certain climate) 

and the public health situation with hygiene being an important factor for several 

agents (e.g. faecal-oral route in contaminated foods, water or person-to-person con-

tact) [45]. In general, limited knowledge exist with regard to intestinal parasitic in-

fection in refugees [46,47]. Table 1 summarises three recent studies of intestinal 

parasites in refugees.

5



Asylum Seekers’ and Refugees’ Changing Health

Table 1 Recent studies on prevalence of intestinal parasites in refugees 

Study by first author

Study Mockenhaupt DeVetten Sulekova

Study site GeoSentinel sites
(worldwide)

Canada, (Calgary, Alta) South Italy

Inclusion period 2011-2013 2011-2013 2017

Study population Syrian refugees Refugees, any country Refugees, any country,
including children

Sampling procedure Convenience No sampling (popula-
tion wide register)

Convenience

Sample size, n 44 1390 
From “Middle East”: 171

364

Main findings No cases of parasites
were found.

Subcohort from “Middle
East”, prevalence of
Blastocystis h.: 15%

D. fragilis: 10%
E.hist. or E. dispar: 8%

Prevalence of one or
more intestinal para-

sites: 21% (most com-
monly Blastocystis spp.

and Entamoeba coli)

All studies were cross-sectional by design. Studies: Mockenhaupt [48]; DeVetten 
[49]; Fontanelli [50]. Abbreviations: Blastocystis h., Blastocystis hominis; D. 
fragili, Dientamoeba fragilis; E. hist, Entamoeba histolytica; E. dispar, Entamoeba 
dispar.

Antimicrobial resistance constitutes a wide range of different resistance patterns in-

cluding methicillin-resistant Staphylococcus aureus, extended-spectrum beta-

lactamase (ESBL)-producing Enterobacteriaceae and carbapenemase-producing En-

terobacteriaceae (CPO). Colonisation by antimicrobial-resistant bacteria (e.g. Sta-

phylococcus aureus on the nasal mucosa) is not a cause of disease in itself; however,

infection with antimicrobial-resistant bacteria may cause difficulties in treatment 

[51]. Fear of antimicrobial resistance spreading from refugees to the autochthonous 

population is widely unfounded [43]. Microbial resistance is a consequence of the 

interaction between bacteria and antibiotics (such as penicillin), and antimicrobial-

resistant bacteria spread and infect people the same way as non-antimicrobial bac-

teria [52]. Table 2 summarises three recent studies on antimicrobial-resistant bacteria

in refugees.

6
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Table 2 Recent studies on prevalence of antimicrobial resistance in refugees

Study by first author

Study Ravensbergen Aro Ehlkes

Study site Netherlands Finland Germany

Inclusion period 2014-2015 2010-2017 2016-2017

Study population Asylum-seekers Refugees attending re-
search hospital

Refugees, any country,
including children

Sampling proced-
ure

No sampling (population
wide register)

No sampling (population
wide)

Convenience

Sample size, n 973 447
Subcohort from Syria: 43

1544

Main findings Prevalence of
MRSA:10%
ESBL: 20%

The total cohort, 
prevalence of

MRSA: 21%
ESBL: 33%

The Syrian subcohort,
prevalence of

MRSA: 21%
ESBL: 49%

Prevalence of
ESBL: 19%

CPO: 0%

All studies were cross-sectional by design. Studies: Ravensbergen [53]; Aro [54]; 
Ehlkes [55]. Abbreviations: MRSA, methicillin-resistant Staphylococcus aureus; 
ESBL, extended-spectrum beta-lactamase-producing Enterobacteriaceae; CPO, 
carbapenemase-producing Enterobacteriaceae

2.4 Post-traumatic stress disorder in 
refugees
It is well-established that the prevalence of post-traumatic stress disorder (PTSD) is 

high in refugees compared with other population groups including other migrants 

[13]. However, the contributions of adverse events in the stages of migration—in the 

home country, during migration and during resettlement in the host country—have 

yet to be investigated in detail. 

Post-traumatic stress disorder is predominantly a chronic disorder that may develop 

after a traumatic event and is associated with significant loss of functioning and in-

creased morbidity and mortality [56–58]. Symptoms of PTSD include intrusion (e.g. 

7
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“flash-backs” and nightmares), avoidance and arousal characterised by persistent 

perception of threat which may result in sleep deprivation, irritability and inability to

concentrate [59,60]. Risk factors for developing PTSD include multiple traumas, fe-

male sex, being spouseless, ethnicity, lower educational status, comorbid mental dis-

orders and type of trauma (e.g. intentional trauma, sexual assault, etc.). In addition, 

gene-environment interactions may play a key role [57,59]. Dysfunction of the amy-

gdala (emotional learning and memory modulation) and medial prefrontal cortex 

(executive function) play central roles in PTSD, and the disease is associated with 

epigenetic changes, increased blood levels of norepinephrine, and decreased blood 

levels of glucocorticoids [59]. 

Table 3 Recent studies on prevalence of post-traumatic stress disorder in 
refugees

Study by first author

Study Tinghög Kazour Nesterko

Study site Sweden Lebanon Germany

Inclusion period 2016 2017 2017-2018

Study population Syrian refugees, adults Syrian refugees living in
camps, adults

Refugees, any country

Sampling proced-
ure

Simple randomised
sample

Convenience Convenience

Sample size, N 1215 452 569

Instrument Harvard Trauma Ques-
tionnaire

Mini International Neuro-
psychiatric Interview

PTSD-Checklist-5

Main findings, pre-
valence of PTSD

Females: 29%
Males: 31%

Females: 55%
Males: 45%

Females: 39%
Males: 33%

All studies were cross-sectional by design. Studies: Tinghhög [15]; Kazour [61]; 
Nesterko [62]. 

The life-time prevalence of PTSD in the general population is estimated to be 

around 5% for males and 10% for females [59,63]. In comparison, a recent meta-

8
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analysis produced a summary prevalence estimate for PTSD in refugees of 31% [13] 

with little difference between males (29%) and females (34%) though with consider-

able variation between the country of origin, host countries and diagnostic tools, and 

no distinction between migration history. In a meta-analysis of studies in conflict-af-

fected populations, the Years Lived with Disability for any anxiety disorder, includ-

ing PTSD, was estimated to be 23 years [64]. Table 3 summarises three recent stud-

ies on PTSD in refugees.

2.5 Multiple imputation in propensity 
score-weighted analysis
A straight-forward method to examine the effect of the migration itself would be to 

set up a clinical trial randomising refugees to seek refuge in their country of origin, 

in a neighbouring country or in a country further away. Of course, this is neither eth-

ically sound nor feasible. To emulate a randomised trial we are left with observa-

tional study designs and advanced statistical methods such as propensity score-

weighting [65–68]. This requires careful attention in designing the study to limit the 

risk of residual confounding and selection bias [69]. The propensity score method is 

based on a solid foundation of probability theory, however, its implementation in 

real-world settings is an active area of research [70–75], not least in combination 

with other methodological challenges such as the handling of missing data [76–81].

Here, I consider the statistical methodological problems in combining multiple im-

putation to handle missing data and propensity score-weighting to adjust for con-

founding beginning with a short chapter on missing data. Throughout, I will exem-

plify the problems using the data described in Paper III; further details and additional

examples are given in Paper IV. 

9
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2.5.1 Missing data
In applied epidemiological research the primary interest is whether valid inference 

can be drawn in spite of missing data, that is, if the missingness mechanism is ignor-

able and many statistical methods, including many methods to handle missing data, 

rely on the hypothesised missingness mechanism. Often researchers state that data is

“missing at random” and therefore multiple imputation-based inference is con-

sidered valid. In the following, I define “missing data” and discuss its importance for

valid inference, drawing primarily on Seaman et al. [82]. 

Recent papers [82,83] extend the ubiquitous “missing at random” and “missing com-

pletely at random” terminology [84] with “realised” and “everywhere” versions. 

Seaman et al. [82] defined missing at random based on parametric models for the 

data,Z, and the missingness indicator vector, M. Specifically, the missingness indic-

ator m equals one when z is observed and zero otherwise, thus, o ( z , m ) is the ob-

served part of z and in a particular study, with realised data ~z and realised missing-

ness ~m, the realised observed part of z is o (~z ,~m ). Finally, let Prφ (m|z ) be the probab-

ility of m given z, f θ ( z ) be the density function for z and parameters (φ ,θ )∈Ω. The 

data is realised missing at random if for any φ,Prφ (~m∣z )= Prφ (~m∣~z ) for all z so that

o ( z ,~m )=o (~z ,~m). In other words, in realised missing at random we assume that the 

realised missingness pattern is independent of the missing data given the observed 

data. For example, in a hypothetical study, information on “country of origin”, “year 

of residency”, “age”, “sex” and “PTSD status” was collected. The realisation may be

~z=[
ES 2013 40 Male PTSD
FT 2015 24 Female Not PTSD
GU 2000 75 Female Not PTSD
ES 2015 13 Male Not PTSD

GU 1999 23 Female PTSD
]~m=[

1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1

] (2.1)

i.e. no missing data and the researcher would be very happy.

10
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However, more realistically, some data would be missing, for example resulting in 

the following realised observed data

~z=[
ES 2013 40 Male PTSD
FT 2015 24 Female Not PTSD
GU 75 Female Not PTSD
ES 2015 13 Male Not PTSD

GU 23 Female PTSD
]~m=[

1 1 1 1 1
1 1 1 1 1
1 0 1 1 1
1 1 1 1 1
1 0 1 1 1

] (2.2)

The true missingness mechanism is unknown to the researcher, but it could be that 

best available evidence and subject matter knowledge let us to conclude that those 

from “country of origin” “GU” are more likely not to report “year of residency” (for 

instance because of fear of persecution). Then, the realised observed data in (2.2), 

satisfy being realised missing at random because ~m is independent of the missing 

elements in ~z given the observed values o (~z ,~m ), that is, for any φ,

Prφ (1 ,1 , 0 ,1 , 0∣~z ,(2013 ,2015 , a , 2015 , b))=
Prφ (1 , 1 ,0 , 1 , 0∣~z ,(2013 ,2015 , c , 2015 , d))

(2.3)

for all values of a, b, c, d in the sample space of the third and fifth elements of “year 

of residency”. In assuming realised missing at random, only the realised missingness 

pattern and the realised observed data is considered: it is irrelevant whether for in-

stance “age” could be missing for person 1 or “PTSD status” missing for person 3. 

However, if the realised observed data was instead such that, for any φ,

~z=[
2013 40 Male PTSD

FT 2015 24 Female Not PTSD
75 Female Not PTSD

ES 2015 13 Male Not PTSD
GU 23 Female PTSD

]~m=[
0 1 1 1 1
1 1 1 1 1
0 0 1 1 1
1 1 1 1 1
1 0 1 1 1

] (2.4),

the data would not be realised missing at random because the corresponding equality

(2.3) does not hold: the probability of the realised missingness pattern differ accord-

ing to the values in the first and third sample space of “country of origin”.

11
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Everywhere missing at random is a generalisation of realised missing at random so 

that for any φ and all m Prφ (m|z )=Prφ (m|z ' ) for all z and z’, where

o ( z , m )=o ( z ' , m), i.e. we no longer restrict our inference about the missingness pat-

tern to what is actually observed: in everywhere missing at random the realised data 

set is irrelevant and the data has to be realised missing at random for all possible 

realisations. Additional examples of the missingness mechanism are considered in

Paper IV.

After discussing the missingness mechanism above, the question of interest can fi-

nally be addressed: when is the missingness mechanism ignorable? Seaman et al. 

[82] show that from a “frequentist likelihood framework” point of view, the missing-

ness mechanism needs to be everywhere missing at random to be ignorable. Thus, in

principal, for all possible missingness patterns the researcher should justify the real-

ised missing at random assumption (i.e. independence of that specific missingness 

pattern and the missing data given the observed data). This is of course an insur-

mountable task; assuming independent and identically distributed missingness 

mechanism reduces the discussion to a single individual, however, may not be valid 

(for example if one common event for several participants led to an increased prob-

ability of missing).

2.5.2 Multiple imputation
It has been known for a while that many “traditional” statistical methods, for ex-

ample traditional outcome-regression, produce biased estimates if the missingness 

mechanism is not missing completely at random [85]. Multiple imputation is a 

widely used method to handle the problem of missing data [86] and was developed 

in a Bayesian context [87] although commonly-used in frequentist settings with 

some theoretical justification [87–89]. Multiple imputation gives unbiased estimates 

if the missingness mechanism is ignorable [84,87] and the multiple imputation 
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model is correctly specified and congenial with the (correctly specified) substantive 

model including any relevant interactions and non-linearity [86,88,90]. 

Multiple imputation can be viewed as a refinement of the “prediction-imputation” 

approach [91]: the missing values are replaced (imputed) with a random draw from a 

predicted distribution based on the observed data in multiple copies of the dataset 

[86]. This is repeated a number of times, giving multiple complete data sets. Several 

approaches to set up the multiple imputation model have been proposed; one that is 

widely implemented is chained equations: For each partially observed variable, miss-

ing data are imputed by fitting a model based on the distribution of the observed val-

ues conditional on other variables [90], however, the other variables may also have 

missing data and iterative methods must be implemented to estimate the synthetic 

values. The estimate of interest is traditionally calibrated by taking the average of the

estimates from the multiple datasets and the standard error reflecting the uncertainty 

introduced by the predictions using Rubin’s rules. Recent studies have proposed that 

bootstrapping before multiply imputations may produce percentile confidence inter-

vals (CI) that are robust to slight uncongeniality or misspecification of the multiple 

imputation model [81,88,92].

2.5.3 Propensity score-weighting
The propensity score, ê i, is estimated for each individual as the propensity, i.e. the 

conditional chance of exposure, given a relevant set of predictors, Pr (E=1∣Z). 

Propensity score-weighted estimation was introduced in 1958 as the “Horowitz-

Thompson estimator” as a means to control for time-varying confounding [81]; Joffe 

et al. [93] discussed the advantages of extending its use to confounder control in 

other settings and laid out the general workflow: 

1) model the conditional probability of exposure from the covariate, logistic re-

gression being a traditional choice when the exposure of interest is binary

13
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2) derive appropriate weights for each individual from the predicted probabilit-

ies

3) use the weights to create a pseudo-population and,

4) obtain the estimate of interest using standard weighted regression method. 

The propensity score model should include all potential confounders and must not 

include the outcome of interest. The goal is to ensure that two individuals with the 

same propensity score have the same probability of exposure. Ultimately, this raises 

the question of whether the researcher has (collected) sufficient information on each 

participant to proceed with the planned analysis. 

The propensity score can be applied in several ways one being converted into 

weights. For example, the “Standardised-Mortality-Ratio” weights, wSMR, which 

gives the association of interest in a population with risk factor distribution resem-

bling that of the exposed and is calculated as the probability of having the exposure 

(Z = 1) given the covariates (X=xi) divided by the conditional probability of the ac-

tual realised exposure status (Z=Zi) [68,94]

wSMR = Pr (Z=1 ∣ X=x i) / Pr (Z=zi∣ X=x i) (2.5)

In this way, “the denominator works to control confounding (…) [and] the numer-

ator reweights the pseudo-population to give it the distribution of covariates in the 

target population” [68]. From (2.5) it is evident that exposed individuals are as-

signed a weight of 1 and unexposed individuals are assigned a weight equal to the 

ratio of the conditional probability of receiving the exposure and the conditional 

probability of not receiving the exposure. Using these weights, a pseudo-population 

is created where each individual from the study population enters a number of times 

equal to their weight. The interpretation of a standardised-mortality-ratio-weighted 
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estimate is the change in outcome attributable to the exposure in a population with 

covariate distribution similar to the exposed. Or simply, “what is the effect of expos-

ure in those who were actually exposed?”. This is also known as the “average treat-

ment effect in the treated” or “ATT-estimate”. 

Propensity score-weighting gives unbiased estimates under assumptions of ex-

changeability, positivity, consistency and no misspecification of the propensity score 

model [65,95]. Model misspecification may be the overarching factor in introducing 

bias in propensity score-weighted analysis [70,96]. To obtain a valid CI, the uncer-

tainty introduced in the two-step propensity score-weighting procedure (estimation of

the propensity scores and estimation of the weighted measure of association) must be

taken into account, for example, using bootstrapping or “Rubin’s rules” [97,98]. Gen-

eral concerns are extreme weights representing a very low or high probability of hav-

ing the exposure and an unsaturated propensity score model, both of which increase 

uncertainty in the estimate [67]. There is a trade-off between obtaining a low stand-

ard error and introducing bias: in the former case, considerations could lead to ex-

cluding weak confounders and interaction terms that change the estimate minimally 

but introduce extreme weights as well as truncating the weights [96]; in the latter 

case, one may consider stabilised weights [99,100]. Extreme weights might indicate 

model-misspecification or violation of the positivity assumption and should be given 

attention [99], however, in propensity score-weighted analysis the goal is to obtain 

covariate balance between exposure groups; thus, the focus should be on the expos-

ure-stratified (absolute) mean difference for each proposed propensity score model 

[66]. Although debatable, balance is often considered acceptable when the standard-

ised difference is less than 10% [65]. There is some empirical evidence that suggests 

that in obtaining balance in the weighting variables (i.e. the variables that enter in the

propensity score model) balance is also improved for other variables, corresponding 

to unobserved confounders in randomised trials [93].
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2.5.4 Combining multiple imputation and 
propensity score-weighting
When combining multiple imputation and propensity score analysis, the multiple 

imputation model must be defined so that congeniality with the propensity score 

model is secured (the latter being the substantive regression model). Among the few 

theoretical studies on propensity score-weighted analysis after multiple imputation, 

consensus seems to be that the “within” procedure (“impute, compute, combine”) 

gives the least biased estimate as compared with the “across”  procedure (“impute, 

combine, compute”) [77–79,92,101]. To compute a valid CI when combining mul-

tiple imputation and propensity score analysis, theoretical papers have suggested us-

ing bootstrapping [79,81], but this approach does not seem to be given much atten-

tion in the literature. Figure 2.2 gives a graphical representation of the “within” pro-

cedure. 
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Figure 2.2 Flow-chart of proposed methodology to combine multiple imputation 
and propensity score weighting. *The bootstrap is repeated multiple times, for 
example 1000, to be able to estimate the 95-percentile confidence interval. (From
Paper IV)



  Terbol, Lebanon
(c) Andreas Halgreen Eiset, 2018



3. - Aims & Hypotheses

3. Aims & Hypotheses

The aim of this thesis was to investigate the health of refugees and how long-distance

migration—moving through Europe—affects refugees’ health by focusing on infec-

tious diseases, particularly intestinal parasites and antimicrobial-resistant bacteria 

and PTSD.

Paper I was a literature review aiming at producing an overview of the current literat-

ure on infectious diseases in refugees. Paper II was an exploratory study aiming to 

estimate the prevalence of parasite and antimicrobial bacteria colonisation among 

Syrian asylum seekers in Denmark. Thus, I do not put forth hypotheses in Paper I 

and Paper II. In Paper III, we estimated the association between long-distance migra-

tion and PTSD, hypothesising that long-distance migration was associated with an 

increase in the prevalence of PTSD among Syrian refugees. In Paper IV, a new meth-

odology to combine multiple imputation and propensity score-weighting was de-

veloped and described in detail.
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4. Materials & methods

Table 4 Summary of material and methods

Paper I Paper II Paper III Paper IV

Data source Secondary Primary Primary
Theoretical, ap-
plied to data

Study design Literature review Cross-sectional Cross-sectional Theoretical

Study site Multiple Denmark
Denmark & Le-
banon

Applied: Denmark
& Lebanon

Study population Migrants* Syrian refugees Syrian refugees
Applied: Syrian 
refugees

Inclusion period 1 January 2010 – 
3 July 2016

1 June 2016 – 1 
April 2017

1 November 2016
– 31 December 
2019†

NA

Sampling proced-
ure

Systematic search
of PubMed 

One-stage cluster 
randomisation

Stratified one-
stage cluster ran-
domisation

NA

Sample size NA 113 599† Applied: 712

Main exposure NA
Long-distance mi-
gration

Applied: long-dis-
tance migration

Outcomes Infectious dis-
eases

Parasite infection; 
Antimicrobial res-
istance

PTSD Applied: PTSD 

Statistical analysis Prevalence
Prevalence, 
Wilson 95%CI

PS weighting & MI PS weighting & MI

Model adjustment NA NA Yes Applied: Yes

Missing data ana-
lysis No Yes Yes

Applied: Children 
and Age

*Here, used to mean refugees, asylum seekers, foreign-born, border crossers, family-
reunified. †In Lebanon; inclusion in Denmark as for Paper II.  Abbreviations: NA, 
not applicable; PTSD, post-traumatic stress disorder; 95%CI, 95% confidence 
interval; PS, propensity score; MI, multiple imputation

21



Asylum Seekers’ and Refugees’ Changing Health

Below, I will give a summary of the materials and methods applied in each paper. 

Data collection for papers II and III was practically identical and a chapter on relev-

ant materials and methods in common for the two studies will precede the two paper 

specific chapters in which only the relevant parts for the specific study will be de-

scribed. The study protocol supplied in Chapter 13 offers a detailed description of 

the material and methods in Papers II and III.

All data management, analysis and plots were done in R [102] with heavy reliance 

on packages “tidyverse” [103] for data wrangling and plotting, “Hmisc” [104] for 

statistical treatment of the data, “prodigenr” [105] for computational housekeeping, 

“smcfcs” [106] for SMC-FCS multiple imputation; “WeightIt” [107] and “cobalt” 

[108] for estimation of propensity score weights and assessment of covariate bal-

ance; “boot” [109] for parallelized bootstrapping and “furrr” [110] for further paral-

lelizing procedures. The directed acyclic graphs were made in “dagitty” [111].and 

other diagrams in “draw.io” (https://app.diagrams.net/). The R code for all computa-

tions, plots and tables in this thesis and in each of the papers are available from ht-

tps://github.com/eiset/

4.1 Paper I: Review of infectious 
diseases
To review the literature on infectious diseases in refugees and asylum seekers, we 

developed a search strategy based on Medical Subjects Headings (MeSH) terms in 

consultation with a research librarian. Searching PubMed, we included papers pub-

lished in English between 1 January 2010 and 3 July 2016 that defined refugees or 

asylum seekers as either the study population or a subpopulation and reported strati-

fied estimates of the prevalence or risk of infectious diseases including parasite in-

fections or antimicrobial resistance (Appendix 1: “Disease reported by study”). A 

separate search for vaccine-preventable diseases in children was carried out also 
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based on MeSH terms in PubMed. The searches were supplemented with a Google-

search of grey literature as well as inspection of the included studies’ reference lists. 

The literature search is described in detail in Paper I together with a flow-chart over-

view of the inclusion and exclusion procedures. The study selection and data extrac-

tion were carried out by the first author according to a pre-specified list of variables. 

Aiming at collecting the scientific evidence, a summary measure or a formal assess-

ment of bias was not produced; rather, the findings and the quality of each paper 

were discussed in detail, and individual estimates were presented by disease and mi-

grant group. 

4.2 In common for Papers II & III

4.2.1 Design, inclusion & exclusion criteria
A cross-sectional design with one-stage cluster randomised sampling was applied in 

both Lebanon and Denmark [112,113]. 

The implemented inclusion criteria were: (a) adult (≥18 years of age), (b) Syrian-

born, (c) had left Syria after the onset of the ongoing civil war (after February 2011), 

(d) arrived in Lebanon or Denmark less than 12 months prior to inclusion and (e) res-

ident in the Lebanese settlements or Danish asylum seeker centres at the time of in-

clusion. Exclusion criteria were physical or mental illness that prevented participa-

tion.

4.2.2 Data collection
Data collection teams of two to four healthcare professionals were instructed during 

several pre-collection sessions in the practicalities and ethical considerations in-

volved in the task: this included obtaining written and informed consent; appropriate 

handling of confidential information; and collection of the questionnaire data, the 

mental health self-rating scales, clinical measurements and the biological samples. 
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The author of this thesis was part of the data collection team in all instances in Den-

mark and the majority of instances in Lebanon.

After giving informed consent, the participant was instructed to independently com-

plete a background questionnaire and four mental health scales; detailed descriptions

of these are given in The study protocol (Chapter 13). The data collectors and, when 

required, an interpreter assisted those who could not read or write or had further 

questions regarding the study. Afterwards, the participant was invited to a semi-

structured clinical interview including medical history, use of medications and cur-

rent medical complaints. Finally, a physical examination including anthropometrics 

and blood pressure measurement was performed and biological specimens were col-

lected (see Chapter 4.3.2 and The study protocol in Chapter 13). Participants could 

at any time opt out of parts or the entirety of the data collection; if choosing to do so 

the participant was asked to provide a reason. Also, individuals who were invited but

refused to participate were asked for a short non-structured interview including basic

demographics and reason for refusal.

The procedure was piloted in its entirety in Denmark and included 10 participants in 

an asylum seeker centre, resulting in minor adjustments to the workflow.

4.2.3 Background information questionnaire
A 20-item questionnaire on three constructs was developed to assess 1) socio-demo-

graphics, 2) migration history and 3) health status and behaviour. To secure validity 

in both settings, the questionnaire was developed in Danish, translated by a bilingual

and bicultural translator (Syrian and Danish, mother-tongue Syrian-Arabic) into Syr-

ian-Arabic, back-translated into Danish by two independent translators (mother-

tongue Arabic, other dialects than Syrian), adjusted accordingly (only minor adjust-

ments were required), re-translated into Syrian-Arabic by the first translator and fi-
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nally critically evaluated by three medical doctors in Lebanon (mother-tongue Le-

banese-Arabic). 

4.3 Paper II: Intestinal parasites and 
antimicrobial resistance

4.3.1 Setting & sampling frame, Denmark
Denmark is a country of about 6 million people living in an area of approximately 

50,000 km² [114]. The Danish asylum seeker centres are run by the Danish Immigra-

tion Services but outsourced to different operators. Asylum seekers are allocated to 

an accommodation centre at random (personal communication with The Danish Im-

migration Service) shortly after arrival in Denmark. Of five available operators, three

responded to enquire about participating in the study, all accepting to participate, rep-

resenting a total of 10 accommodation asylum centres. All eligible residents in a ran-

dom sample of these centres were invited. 

4.3.2 Definition of outcomes
Table 5 provides details of the collection, storage, shipment and analysis of the 

samples. 

Throat swab

Samples from both tonsils and any oral lesion were collected from participants and 

shipped to Statens Serum Institute for culturing and analysis for Corynebacterium 

diphtheriae and methicillin-resistant Staphylococcus aureus (MRSA).

Faeces sample

The participants were instructed in collection and storage (refrigerated) of three fae-

ces samples from different defecations during the following five days. Three labelled

specimen containers were provided with matching transportation vials. The samples 
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were collected from the participants and shipped to Statens Serum Institute and 

tested for intestinal parasites and bacteria exhibiting antimicrobial resistance.

Table 5 The biological samples collected and outcomes of analysis

Material
Collection instru-
ment

Storage Shipment
Outcome of 
interest

Analysis

Faeces

Specimen contain-
ers with spoon, pro-
tective shipment 
container Refrigerated, 

+5 ºC

Regular postal 
service, in pro-
tective ship-
ment con-
tainer

ESBL & CPO Culturing 

Bacteria MALDI-TOF

Ova & para-
sites & fungi

Microscopy & 
Next-genera-
tion sequen-
cing

Throat 
swab

BD ESwabTM collec-
tion kit regular 
flocked swab sys-
tem

MRSA & C. 
diph. Culturing

Abbreviations: ESBL-Enterob., ESBL-producing Enterobacterales; CPO, 
carbapenemase-producing organisms; MRSA, methicillin-resistant Staphylococcus 
aureus; C. diph., Corynebacterium diphtheriae; MALDI-TOF, Matrix-assisted laser 
desorption-ionisation. (From Paper II)

4.3.3 Statistical analysis
For each of the outcomes of interest, prevalence estimates were computed with its 

95% Wilson CI that secures better coverage than both “exact” Clopper-Pearson and 

Wald intervals for proportions [115–117]. To secure a CI no wider than ±7%-point, 

we aimed at including 220 participants, setting the survey design effect to one be-

cause of the random allocation to the asylum centre (i.e. the clusters) [112,113]. We 

estimated to be able to include at least 40 participants at each asylum seeker centre, 

thus needed to recruit participants from six asylum seeker centres.

To qualify the discussion of selection bias and thus generalisability [118], we 1) ex-

amined differences in socio-demographic characteristics in the subpopulations that 

26



4. - Materials & methods

delivered and did not deliver faeces samples and 2) plotted the missing data fraction 

for each variable.

4.4 Paper III: Long-distance migration 
and post-traumatic stress disorder
At conception of this study, the authors of Paper III discussed and agreed upon a dir-

ected acyclic graph (DAG) Figure 4.1 as representing current best evidence regard-

ing PTSD in refugees and migration.

4.4.1 Setting & sampling frame, Lebanon
Lebanon is a country of about 6 million people living in an area of approximately 

10,500 km² [119]—comparable in size to the two major Danish islands (Zealand and 

Funen). Since 2015, Lebanon has not accepted asylum applications from Syrians 

seeking refuge in Lebanon. Nevertheless, being a close neighbour, in both distance 

and culture, the influx of refugees from the Syrian war has continued. During the in-

clusion period, the majority of Syrian refugees in Lebanon lived in structures ranging

from regular (though dilapidated) buildings to improvised shelters clustered in in-

formal gatherings scattered across Lebanon [120].

We stratified Lebanon into five regions (Table 6 on p. 30) based on geography, infra-

structure and insights about local concerns (political, religious etc.). In each region, 

we collaborated with the local health service operators to draw up the sampling 

frame and from this randomly decided on the inclusion sites, where all eligible for in-

clusion were invited to participate (i.e. stratified cluster sampling [113,121]). We ob-

tained permission to include participants in all regions of Lebanon, that is, we had 

access to include participants in areas that are normally outside the reach of research-

ers due to “security considerations”. We did however, refrain from including parti-

cipants at specific sites that were deemed unsafe for the data collectors or parti-
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cipants at the scheduled time of inclusion. In these cases we relocated to the closest 

setting deemed appropriate within the same region.

For the data collection in Danish asylum seeker centres, see Chapter 4.3.1.
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Figure 4.1 Directed acyclic graph: assumptions of the association between long-distance-
migration and post-traumatic stress disorder. Abbreviations: S, selection variable, variables 
going into this define the study population; LDM, long-distance migration (the exposure of 
interest); PTSD, post-traumatic stress disorder (the outcome of interest); SES, socio-economic 
status; Psyc_comorbid, psychiatric co-morbidity; Phys_health, physical health; Violence, 
exposure (directly or indirectly) to violence. Ethnicity is used to capture genetics background, 
physical phenotype, parental physical phenotype and cultural context. Likewise, age and sex 
is collapsed in this depiction after securing no loss of information. Colour code: Green, 
exposure; Blue, outcome; Grey, covariates that are controlled for by design; White, other 
covariates.
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4.4.2 Definition of exposure
The exposure was “long-distance migration” thus, the exposed subpopulation were 

participants included in Denmark. This represents both the migration process itself 

(travelling through Europe) and arriving in a country far (in distance and culture) 

from the country of origin. The effect of living in the host country was minimised 

through the inclusion criteria.

4.4.3 Definition of outcome
The Harvard Trauma Questionnaire: post-traumatic stress disorder

The Harvard Trauma Questionnaire was developed in 1992 amongst others to assess 

symptoms of PTSD according to the DSM-IV criteria (part IV) [122]. The The Har-

vard Trauma Questionnaire part-IV (HTQ) has been validated in multiple settings, 

languages and populations [123–125]. Each of the initial 16 items, corresponding to 

the 17 DSM-IV post-traumatic stress disorder symptoms, is scored on an ordinal 

scale from “not at all” (item score = 1) to “extremely” (item score = 4). To obtain the 

DSM-IV score, the mean is calculated and a cut-off score of 2.5 or more is often 

taken to indicate PTSD. It is debated whether the cut-off score transportable in cross-

cultural settings [126]. The validated Arabic 2007 version [123] was utilised.

4.4.4 Statistical analysis
The analysis plan was specified a priori and is supplied at https://github.com/eiset/

Sample size and strata

We aimed at a sample size of 1100 participants in Lebanon and 220 participants in 

Denmark. In an independent two-group design without continuity correction this al-

lows us to show a statistically significant difference between a prevalence of 5% and 

12% (representing the cut-off under which the outcome was deemed “rare” and the 

cut-off above which the outcome was deemed “not uncommon”) with a statistical 
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significance level of 5%, power of 80% and survey design effect of one assuming 

random allocation to clusters [113]. In Lebanon, proportional allocation in each re-

gion was secured by estimates of the source population using UNHCR statistics 

[127,128] resulting in sample size aims in each strata as presented in Table 6.

Table 6 Sample size aim for strata with proportional allocation

Estimated source population
N=1,011,366 (100%)

Sample size aim
N=1100 (100%)

Bekaa valley 362,069 (35.8%) 395 (35.9%)

North 264,978 (26.2%) 286 (26.0%)

Mount Lebanon 168,898 (16.7%) 186 (16.9%)

South 125,409 (12.4%) 133 (12.1%)

Beirut 121,364 (12.0%) 100 (9.1%)

For each stratum, the estimated source population and the aimed sample size, both 
with percentage of the reference population. The estimated source population 
constitute the entire Syrian refugee population, including for example children, in 
the given strata at the time of initiating data collection in Lebanon. It was not 
possible to obtain an estimate of the source population that fulfilled the inclusion 
criteria. (From Paper III)

The propensity score-weighted estimate of association

The methodology described in detail in Paper IV and its related chapters in this 

thesis (2.5, 4.5, 5.4 and 6.5) was utilised to estimate the prevalence difference of 

PTSD between the exposure groups. Variables to include to control confounding and

potential confounding were age, sex, mental health co-morbidity, experience of viol-

ence and SES. Three propensity score models with increasing complexity was pro-

posed (Table 7 in Chapter 4.5) and covariate balance in the exposure groups was as-

sessed with no truncation, truncation at 1st and 99th percentile and at 5th and 95th 

percentile. The simplest model with the least amount of truncation that obtained ac-

ceptable balance, defined as an absolute mean difference less than or equal to 10% 

for all covariate, was used for the propensity score analysis.
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Missing data

Based on critically evaluating each variable and the exploratory plots (https://github.-

com/eiset/) we deemed it reasonable that the missingness mechanism was approxim-

ately ignorable and decided to proceed with multiple imputation to handle the miss-

ing data (see Chapter 4.5 page 32 for an example of the discussion for the variables 

“age” and “number of children”). To diminish the model misspecification, the meth-

odology and multiple imputation technique detailed in Paper IV were utilised, in 

which the substantive model (here the propensity score model) entered separately 

and a “prediction model” (used here to describe a model to predict the value of the 

covariate in question given the other covariates and possible auxiliary variables) was 

specified for each partially observed covariate and any auxiliary variables. The res-

ulting “response-and-predictor matrix” and details of how each variable was treated 

is supplied in Appendix 2: “Predictor matrix”.

Sensitivity analysis

To evaluate the robustness of the results of the analysis, the following analyses were 

planned:

• Evaluating the model choice for the propensity score analysis using other 

models (Table 7) that obtained acceptable balance on all covariates.

• The cut-off value of the HTQ score to indicate PTSD was set to the “stand-

ard” ≥2.5. The estimates and corresponding 95% CI from models with cut-off

values at ≥2.3 and ≥2.7 is supplied.

• Assessing the impact of non-ignorable missingness mechanism by forcing all 

missing in the “socio-economic status” covariate in participants from Le-

banon to be “Do not know/refuse to answer” and forcing all missing in the 

“Expierenced violence during migration” covariate in participants from Den-

mark to “Yes”. In both scenarios all other missing were kept as imputed.
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4.5 Paper IV: Multiple imputation in 
propensity score-weighted analysis
I describe in detail how the considerations laid out in Chapter 2.5 are applied to the 

data described in Chapter 4.4. I begin by setting up the propensity score model and 

discussing the possibility of residual confounding and the technicalities of the 

propensity score model. Next, I consider the assumption of ignorable missingness 

mechanism detailing the multiple imputation model and provide examples of the 

considerations necessary for the variables “age” and “number of children”. I com-

plete this chapter by outlining my strategy for checking the robustness of the model 

choices.

Figure 4.1 page 28 illustrates our assumptions about the association between long-

distance migration and PTSD. Following the advice of Rosenbaum and Rubin 

[65,129] we iteratively add complexity to the propensity score model and assess co-

variate balance using diagnostic plots of the absolute standardised differences 

between the exposure groups with different weight-truncation percentiles [66,99] 

(Figure 4.3 page 36). We proposed the three models outlined in Table 7.

The fraction of missing values for each variable is illustrated in Figure 5.2 (page 44).

An example of the discussion of missing data follows using the variables “Children”

(i.e. the participant’s number of offspring) and “Age” (i.e. the participant’s age in 

years at time of inclusion). A relatively large proportion of participants did not 

provide information on Children—more so in Denmark compared with Lebanon. 

While Children is not in the substantive model (i.e. does not enter the propensity 

score model) and could be considered less important, it holds information on a very 

important variable: Age and therefore it enters as an auxiliary variable in the predic-

tion model for Age (Figure 4.2). The missing data in Children must be imputed by 

specifying a prediction model with Children as the response (Appendix 2: “Predictor

matrix”) and the validity of multiple imputation must be discussed for Children. The
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assumption of ignorability of the missingness mechanism requires that the missing-

ness mechanism is at least everywhere missing at random, i.e. that any possible miss-

ingness pattern of Children is independent of the missing values in Children given 

the covariates and the observed values for Children. 

Table 7 Covariates in the three proposed propensity score models and how 
they enter. “Long-distance migration” is the response in all models

Enter as
Model 1:
“simple”

Model 2: 
“intermediate”

Model 3: 
“complex”

Age 3-knots restricted 
cubic spline

x x x

Sex Dichotomous x x x

WHO-5 3-knots restricted 
cubic spline

x x x

Violence Dichotomous x x x

SES 3-level ordinal x x x

Sex & age Interaction, no trans-
formation

x x

Sex & WHO-5 Interaction, no trans-
formation

x

Age & WHO-5 Interaction, no trans-
formation

x

Abbreviations: Interact., interaction term; WHO-5, the WHO-5 quality of life scale; 
SES, socio-economic status; Violence, experience (direct or indirect) of violence 
during migration (From Paper IV).
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This corresponds to (2.3) on page 11 replacing “year of residency” with “number of 

children”. If it is more likely that an individual with no children did not answer the 

question and if no other variables are considered, then the missingness mechanism 

can at most be realised missing at random (if all instances of Children = 0 is real-

ised, which we cannot know). In the case of Children, amongst others low age seems

to increase the probability of data being missing (Figure 4.2). Assuming independent

and identical missingness mechanism, we consider the possible missingness patterns

and the observed data and judge that the missingness mechanism is approximately 

everywhere missing at random. The assumption of correctly specified multiple im-

putation depends on whether the substantive model of interest is correctly specified 
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Figure 4.2 Number of offspring against the participant’s age. Violin plots with over-layered 
boxplots. The relative point size and colour gradient indicate the density of observations at 
each space. It is clear that the number of children is a fairly good predictor of age (e.g. in the
case of 2 versus 3 children the “best guess” of the age of a participant with missing 
information on age would change from approximately 25 years old to approximately 33 
years old). *Missing values in Age are plotted as (minimum value – mean absolute 
deviation). 
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and whether it is possible to build a multiple imputation model that captures the en-

tirety of the data generating process. Again, this relies on subject matter insight, a 

thorough discussion of the proposed model and a deep understanding of the applied 

methods. 

I will briefly go through Age as another example: we again rely on sufficient vari-

ables being observed so that we may predict the missingness pattern and assume 

missingness mechanism is approximately everywhere missing at random (same as-

sumptions as above). Finally, we set up a prediction model for Age, deciding on a 

linear regression model with logarithmic transformation of Age and include amongst 

others systolic blood pressure as a predictor (or rather: its three-knots restricted cubic

spline derivative [130] see Appendix 3: “Systolic blood pressure against age”). Since 

systolic blood pressure is not in our propensity score model, it is an auxiliary vari-

able, and having missing values it also needs imputing…

When satisfied that the assumptions of multiple imputation is not violated we pro-

ceed by combining the multiple imputation and propensity score models. An example

of our proposed procedure is as follows: for the point estimate, we impute 10 times, 

compute the propensity score-weights and calculate the weighted point estimate in 

each imputed dataset. The multiple imputation estimate of association is the average 

of these 10 estimates. For the CI, we produce 999 bootstrap datasets, ds_b1, ds_b…, 

ds_b999 (with replacement, including missing data); and for each of these data sets, 

we use the procedure above to find a multiple imputation estimate, resulting in 999 

bootstrap estimates. The 95-percentile CI is the 2.5th and 97.5th percentiles of the 

ordered 999 bootstrap estimates Figure 2.2 page 17 illustrates the proposed proced-

ure.
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Figure 4.3 Balance plots of the propensity score model candidates. The three complexities of
the propensity score model and the three cut-offs for weight truncation. Abbreviations: 
WHO5, WHO (five) Well-being Index; rcs, three-knots restricted cubic spline term; SES, 
socioeconomic status; avg, average; Violence, exposure to violence; X, interaction term.
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In my thesis, I have not gone into detail with the bootstrap method, although, much 

akin to multiple imputation, it is a widely used method and often little attention is 

given to its underlying assumptions or to its different implementations and applica-

tions [131]. Most importantly, the bootstrap method gives valid CI under the assump-

tions that the realised sample is independent and representative of the target popula-

tion. We have discussed the independence of the study sample in Paper III and fur-

ther treat both assumptions in the Discussion. In the propensity score analysis of Pa-

per III, we report the percentile CI, recognising that the bias corrected and acceler-

ated (BCa) method is considered by many to obtain better coverage because it allows

for skewed distribution of the bootstrap estimates. However, the BCa method is com-

putationally intensive and requires more bootstrap replicates compared with the per-

centile method. We supplement the propensity score analysis and the complete-case 

analysis with BCa, “normal” and “basic” confidence intervals and produce histo-

grams to check the assumption of symmetrical distribution of the bootstrap estimates 

(Appendix 4: “Estimates of association with…” and Appendix 5: “Diagnostic plots 

of bootstrap estimates”).
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5. Results

5.1 Paper I: Review of infectious 
diseases
A total of 108 papers and 19 “grey-literature” publications were identified and 

screened. Included in the review were 51 publications, of these 36 reported primary 

data and specified the subpopulation with respect to ethnicity and/or migrant status. 

Of these 36 publications, prevalence estimates were most commonly reported for 

tuberculosis (n = 25), viral hepatitis B (n = 13) and human immunodeficiency virus 

(n = 11). For nine of the infectious diseases, two publications at most were found 

(see Appendix 1: “Disease by study”). Considering infectious diseases reported on by

more than two studies, prevalence was high in all studies for latent tuberculosis (9.1-

45.5%) and syphilis (1.1-2.6%). The prevalence estimates for the other infectious 

diseases were inconsistent. Figure 5.1 gives a graphical summary of the prevalence 

estimates.

Very few studies stratified the prevalence estimates according to the country of ori-

gin; region of the world being the most common grouping, which may likely result in

heterogeneity in the study population. No studies examined the effect of migration on

the risk of acquiring infectious diseases.
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Figure 5.1  Disease prevalence by study. Abbreviations: Child, childhood diseases, vaccine 
preventable; Entamoe, Entamoeba Histolytica; Giardia, Giardia Intestinalis; Hbv, Hepatitis B virus 
infection; Hcv, Hepatitis C virus infection; Hiv, human immunodeficiency virus; Leishmani, 
Leishmaniasis; Ltbi, latent tuberculosis infection; Tb, tuberculosis.
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5.2 Paper II: Intestinal parasites and 
antimicrobial resistance
We reached and invited 20% of the source population and secured a response rate of 

93% equalling 113 included individuals. Table 9 (p. 43) provides a statistical sum-

mary of the inclusion process and evaluation of non-participation. About half of the 

participants were female and the average age was 30 years old. Table 10 (“Ob-

served”, “Denmark”) gives a statistical summary of the population demographics.

The prevalence of being colonised with any intestinal parasite was 73.2% (n=30/41, 

95% CI [58.1%; 84.3%]) and the prevalence of colonisation with any bacterial infec-

tion, including selected antimicrobial-resistant bacteria, was 12.5% (n=6/48, 95% CI 

[5.9%; 24.7%]). More specifically, the prevalence estimate for Blastocystis sp. was 

34.6% (n=28/41, 95% CI [53.0%; 80.4%]), for Giardia intestinalis 7.3% (n=3/41, 

95% CI [2.5%; 19.4%]) and for MRSA 6.7% (n=7/104, 95% CI [3.2%; 12.9%]). One

individual had ESBL while none had CPO. None of the participants reported any of 

the gastrointestinal symptoms that may be associated with intestinal parasites includ-

ing abdominal pain, weight loss, diarrhoea or constipation. Individuals that provided 

faeces samples were on average older and less likely to be female (Table 8), how-

ever, in the missing data analysis there was no association between data being miss-

ing and any of the other variables, given the observed data. 

While 92% (n=104/113) of the included accepted a throat swab, only 43% 

(n=48/113) accepted to deliver three faeces samples and seven of these individuals 

delivered too little material to examine for parasites and ova.
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Table 8 Demographics and health characteristics of the study population that
did and did not provide faeces samples

 
No samples provided

(N=65)
Samples provided

(N=48)
Age, years old 27 (12.5) 32 (9.8)

Missing 6 (9.2%) 4 (8.3%)

Sex, female 34 (52.3%) 19 (39.6%)

Missing 0 0

Smoking status, 
currently use

32 (49.2%) 23 (47.9%)

Missing 3 (4.6%) 1 (2.1%)

Alcohol status, 
currently use

15 (23.1%) 10 (20.8%)

Missing 5 (7.7%) 2 (4.2%)

Blood pressure, 
systolic, mmHg

115 (25.8) 122 (18.5) 

Missing 3 (4.6%) 0

BMI, kg/m² 24.4 (6.5) 25.6 (14.9)

Missing 7 (10.8%) 1 (2.1%)

Categorical variables and missing are represented as n (%), while continuous 
variables are represented as median (interquartile range).

5.3 Paper III: Long-distance migration 
and post-traumatic stress disorder
A total of 599 individuals were included in Lebanon and 113 were included in Den-

mark. Table 9 below gives a statistical summary of the inclusion process and non-

participation. 

The study populations differed on key variables such as sex (female: 73% in Le-

banon, 47% in Denmark) and experience of violence (24% in Lebanon, 39% in Den-

mark), and there were missing values for all variables except long-distance migra-

tion. Table 10 gives a detailed summary of the study population characteristics for 

both the observed realisation and the imputed data set including missing for each co-
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variates in the observed data. Figure 5.2 illustrate the missing proportion of key vari-

ables stratified on exposure status.

Table 9 Summary of the inclusion in Denmark and Lebanon

 
Denmark

n (%)
Lebanon

n (%)

Source population 613* 1,011,366*

Examined for eligibility 124 641

Excluded 3 11

Invited 121 (100%) 630 (100%)

Refused to participate 8 (7%) 31 (5%)

Sex, female 2 5#

Age† All between 20 and
30 years old

All younger than 50
years old

Reasons‡

Mistrust 5 1

No time 2 4

No personal gain 0 2

No answer 1 24

Included (participation 
rate)

113 (93%) 599 (95%)

*The number given for the source population represents a maximum and includes, for
example, children. It was not possible to obtain a more precise estimate of the study 
population. #Sex was only recorded for eight non-participants in Lebanon. †Only few 
non-participants provided age (two in Denmark and two in Lebanon), thus a best 
guess is provided.  ‡Reasons provided from the non-participants, aggregated into 
smallest possible number of strata. (From Paper III)

The unadjusted prevalence of PTSD was higher in Denmark (60.18%) than in Le-

banon (55.12%). In the propensity score analysis, the study population included in 

Lebanon was standardised to the study population in Denmark using propensity 

43



Asylum Seekers’ and Refugees’ Changing Health

score-weights based on age, sex, mental health co-morbidity, having experienced vi-

olence and SES (Table 7). This increased the prevalence difference from 5.05 per-

centage points in the crude complete case analysis to 8.76 percentage points (95-per-

centile CI [-1.39; 18.62 percentage points]) in the propensity score analysis. Table 

11 page 46 summarises the estimates for the crude, propensity score, complete case 

and imputed analysis as well as sensitivity analyses. 

In the sensitivity analysis, the intermediate propensity score model with weight trun-

cation at 1st and 99th percentiles also obtained acceptable covariate balance. It pro-

duced similar point estimate and CI as the simple propensity score analysis. All 

other sensitivity analysis produced estimates in the same direction as the simple 

propensity score model. Furthermore, the magnitude of the association was compar-

able for all sensitivity analysis except for when forcing all missing in the variable 

“Violence” to be “Yes” in the exposed study population (i.e. those included in Den-

mark).

44

Figure 5.2 Missing fraction plot of variables included in the PS 
and MI models. Abbreviations: HTQ-IV, Harvard Trauma 
Questionnaire part IV; WHO-5, WHO-5 Mental-health scale; 
Violence, exposure (directly or indirectly) to violence; HSCL-
anxeity, Hopkin Symptom Check List, anxiety part; Bp.sys, systolic 
blood pressure.
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Table 10 Comparison of summary statistics of key variables in observed (with missing) and 
imputed data set stratified on exposure group

Observed data Imputed data

Lebanon
(n=599)

Denmark
(n=113)

Lebanon
(n=599)

Denmark
(n=113)

Age - years old 35 (20) 30 (12.5) 35 (20) 30 (12.86)

Missing
n=58 

(9.68%)
n=10 

(8.85%)

Sex - female 72.73% 46.90% 72.70% 46.90%

Missing
n=38 

(6.34%)
n=0

WHO-5-score 24 (32) 24 (48) 24 (32) 24 (48)

Missing
n=47 

(7.85%)
n=4 

(3.54%)

Experienced
violence - yes 23.84% 39.47% 23.76% 39.65%

Missing
n=37 

(6.18%)
n=37

(32.74%)

Socioeconomic
status

Below average 25.46% 24.66% 25.29% 23.19%

On average 63.38% 50.68% 63.41% 50.0%

Above average* 4.46% 2.74%
11.30%* 26.81%*Don’t know/refuse 

to answer*
6.70% 21.92%

Missing
n=61

(10.18%)
n=40

(35.40%)

HTQ score 2.56 (0.94) 2.62 (1) 2.56 (0.95) 2.62 (1)

Missing
n=33 

(5.51%)
n=0

PTSD (HTQ score ≥2.5)

Overall 55.12% 60.18% 54.89% 60.18%

Female 59.35% 66.04% 59.08% 66.04%

Male 44.67% 55.00% 43.73% 55.00%

Missing
n=33 

(5.51%)
n=0

Categorical variables are represented as % of observations, while continuous variables are 
represented as median (interquartile range). Missing is given as n and percentage (%) of all included 
participants for the observed data set.*In the substantive model, and thus in the multiple imputation, 
the strata “Above average” and “Don’t know/refuse to answer” was collapsed due to numerical 
problems in the multiple imputation. (From paper III)
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Table 11 Estimated prevalence difference in crude, propensity score analysis 
and sensitivity analysis

 
Prevalence difference;

point estimate [95%  CI]*
C

om
pl

et
e

ca
se

Crude 5.05 [-4.64; 15.03]‡

Simple model† 5.11 [-5.02; 16.07]‡

PS
-w

ei
gh

te
d

an
al

ys
is

Simple model† 8.76 [-1.39; 18.62]‡

Se
ns

iti
vi

ty
 a

na
ly

si
s

Intermediate model† 7.96 [-1.39; 17.77]

HTQ score threshold for PTSD: 
2.3 (simple model)

10.56 [0.60; 18.33]

HTQ score threshold for PTSD: 
2.7 (simple model)

7.23 [-3.06; 16.70]

Missing in “SES” in non-ex-
posed forced to “Don’t know/
refuse to answer”

9.48 [-0.11; 19.61]

Missing in “Violence” in ex-
posed forced to “Yes”

4.24 [-5.38; 14.84]

All numbers are percentage point. †Refers to the propensity score model, see Table 7
page 33 page.*The 95-percentile confidence interval is used for all estimates; 
‡based on 999 bootstrap replications, otherwise based on 250 bootstrap replications.
See also Appendix 6: “Estimate of association with…”. Abbreviations: HTQ, 
Harvard Trauma Questionnaire; SES, socioeconomic status; Violence, experience 
(direct or indirect) of violence during migration. (From Paper III)

5.4 Paper IV: Multiple imputation in 
propensity score-weighted analysis
For the propensity score analysis, the “simple” model (i.e. no interaction terms, see

Table 7, page 33) with weight truncation at 1st and 99th percentile obtained accept-

able covariate balance (Figure 4.3 page 36) and was used as the substantive model 
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throughout the propensity score analysis: The multiple imputation model was defined

to be congenial with this model followed by estimation of the propensity score 

weights using the same model. 

Parameters for the multiple imputation procedure were chosen conservatively at the 

expense of computing time: Each partially observed covariate was imputed 10 times 

(five times is often recommended as sufficient [132]). Assessing convergence plots, a

sampling distance of 20 iterations was sufficient; we doubled this to 40 and the rejec-

tion limit was set to 800 guided by warning messages obtained with lower limits. To 

obtain a valid 95-percentile CI we followed the recommendations in [131] and re-

peated the entire procedure 999 times producing 9990 imputed data sets. Numerical 

problems in the multiple imputation meant that two strata of two variables—one of 

which was part of the substantive mode—had to be collapsed. This was regrettable, 

however, not completely unexpected, taking the complex analysis into consideration.

The procedure was coded to secure reproducibility and flexibility: the implementa-

tion in R allows running the procedure in chunks, defined by the explicitly chosen 

seed(s), of a given number of bootstraps occupying a defined number of cores, pos-

sibly divided on multiple computers running at convenient times. The time to pro-

duce the 9990 multiply imputed data sets ranged from 8 to 48 hours depending on the

computer system (all “standard” laptop and desktop PCs).

6. Discussion

We found that the most commonly investigated infectious diseases in refugees were 

tuberculosis, viral hepatitis B and human immunodeficiency virus, and studies repor-

ted in the literature consistently found high prevalence of latent tuberculosis and 

syphilis, however, a large proportion of studies provided little or no detail on the 

study population. We supplied the available evidence with a study showing that col-
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onisation with intestinal parasites or antimicrobial resistant bacteria was common in 

the adult Syrian refugee population, however, without causing symptoms. Based on 

this we do not recommend routine screening for parasites in asymptomatic newly ar-

rived Syrian refugees, however it may be reasonable to include MRSA screening in 

a “health reception” screening.

We developed and applied a new methodology to combine propensity score-

weighted analysis and multiple imputation and found that long-distance migration 

gave rise to an increase in PTSD among Syrian refugees in Denmark.

In general, the strengths of the presented studies are careful attention to the defined 

study population, which increases the validity of the results. For example, I use the 

term “newly arrived refugee” to describe individuals who have been in the host 

country for less than 12 months. A large number of previous studies use the same 

term, but the majority of these studies have been conducted in refugees that have ob-

tained residency, and thus, may have been in the country for years. In Denmark, the 

average time spend in an asylum seeker centre before obtaining refugee status is ap-

proximately 12 months [133], and several months must be added to account for time 

before handing of the asylum application, resettling to the assigned municipality, etc.

Arguably, by the time individuals have obtained residency, very few are “newly ar-

rived”. 

The presented studies also leave room for improvement. For example, a larger 

sample size would improve precision of the estimates; a nation-wide survey of Syr-

ian refugees in Lebanon may provide a more precise sampling frame, and even more

training of the data collectors could possibly decrease the proportion of missing data.

Furthermore, to secure the time order in Papers II and III, a longitudinal study 

design could be applied instead of the cross-sectional study design utilised (see dis-

cussion in Chapter 6.4). 
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Whether the results presented in this thesis are specific to Syrian refugees in Lebanon

and Denmark must be examined in future studies. We note that the association was 

consistent across different thresholds for PTSD (effectively lowering and raising the 

estimated prevalence for PTSD in the study population) and hypothesise that the as-

sociation will be reproducible at least in comparable populations and settings (for ex-

ample newly arrived adult refugees from a Middle Eastern country to a Western 

European country).

Below I provide a detailed discussion of the strengths and limitations in each study.

49



Asylum Seekers’ and Refugees’ Changing Health

6.1 Strengths & limitations

Table 12 Summary of strengths & limitations for each study

Paper I Paper II Paper III Paper IV

Strength Summary of pub-
lished data

Randomised 
sampling

Randomised 
sampling

No risk of misclas-
sification of ex-
posure

Theoretical, builds
on accepted 
probability theory

Limitations & bias

Study design Unspecific out-
come resulting i 
high heterogen-
eity

No risk of bias as-
sessment of in-
cluded studies

Causal relation-
ship cannot be 
established

Potential reversal 
of time order

Potential misspe-
cification of mul-
tiple imputation 
and/or propensity
score model

The proposed 
methodology 
needs implement-
ation to be valid-
ated

Selection bias Only one data-
base was 
searched

Only publications 
in English were in-
cluded

Potential inclusion
of healthier indi-
viduals

Potential inclusion
of healthier indi-
viduals

NA

Information 
bias

Potential publica-
tion bias

Potential misclas-
sification of dis-
ease status in the 
included studies

Potential misclas-
sification of dis-
ease status

Potential misclas-
sification of out-
come

NA

Confounding NA NA Potential residual 
confounding

NA
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6.2 Paper I: Review of infectious 
diseases
Few studies reported strata-specific estimates of the prevalence of infection in differ-

ent migrant populations. Of those that did, tuberculosis, viral hepatitis and human 

immunodeficiency virus were most commonly reported. This is in agreement with a 

more recent literature review focusing on Syrian and Eritrean refugees [47]. An out-

break of leishmaniasis in Syrian refugees in Syria and neighbouring countries [134] 

led to a surge of studies on this topic in recent years [135]. 

The very broad scope—to include all infectious diseases in refugee and populations 

of asylum seekers—lead to great heterogeneity in the study-populations, methods 

and reporting in the included studies, which complicates any clear conclusion. A nar-

rower scope to include only specified diseases or a more strict focus on one migrant 

group could have alleviated this. Meanwhile, Paper I was meant to serve as an over-

view of the currently available evidence on infectious diseases in refugees.

At the time of publication of Paper I, only around half of the EU countries had imple-

mented guidelines for screening of newly arrived asylum seekers, and the majority 

only screened for tuberculosis [136]. From the academic literature, it seems that little

has changed since [137].

6.3 Paper II: Intestinal parasites and 
antimicrobial resistance
In this paper, a high prevalence of parasites was found which is in accordance with a 

recent report from South-Italy [50]. No participants reporting gastrointestinal com-

plaints. Regarding antimicrobial resistance, a high prevalence of MRSA was found, 

while CPO was not detected in any individuals, which is in agreement with previous 

studies [48–50]. However, the low numbers of ESBL (n=1) is in contrast to the same 

51



Asylum Seekers’ and Refugees’ Changing Health

previous studies [48–50]. A recent observational study from Germany found a sev-

eral-fold increase in the abundance of antimicrobial-resistant bacteria in the gut mi-

crobiome of refugees compared with native Germans [138].

During the inclusion period, new policies were put in place in Denmark and the EU 

that meant an immediate drop in the number of Syrian asylum seekers reaching Den-

mark. Consequently, we did not reach the intended study size of 220  individuals but

were able to include only 113 participants. This is reflected in the broad confidence 

intervals, which ranged from negligible to a substantial public health concern for 

outcomes such as ESBL-producing Escherichia coli (95% CI [0.1%; 11%], and a 

point prevalence that would double with just one more positive test). For other 

agents, the exact estimate may be imprecise; however, even the lower bound of the 

95% CI indicates a notable public health concern. For example, for MRSA (point 

prevalence of 6.7%, 95% CI [3.3%; 13.3%]), a prevalence of 3% is comparable to 

findings in nursing home residents in Europe [139,140].

Great care was taken to secure generalisability of the results to the group of Syrian 

refugees in Denmark. While it was not possible to obtain a simple randomised 

sample (i.e. create a sampling frame of all eligible for inclusion in Denmark) ran-

domisation at the level of the asylum centres was secured (one-stage cluster random-

isation). The survey design effect was set to one since upon lengthy communications

with The Danish Immigration Service, it was evident that, disregarding unaccom-

panied minors and severely disabled individuals, newly arrived asylum seekers were

allocated to asylum seeker centres at random (though keeping families together). A 

high participation rate and low-to-moderate fraction of missing values (Table 9 p.

43) was secured; however, the possibility of selection bias due to the implemented 

inclusion and exclusion criteria (4.2.1 p. 23) and risk of self-selection bias [32] must 

still be addressed. Only three individuals were excluded, all due to severe acute 

mental health disease. Eight individuals (7%), two females and six males, all 

“young”, refused to take part in the study (Table 9 p. 43). The participants that re-
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fused to provide three faeces samples differed on several parameters and had a higher

proportion of missing data in most of the other variables (Table 8 p. 42). This may in-

dicate that those that did deliver the faeces samples were not representative of the en-

tire target population. We do not find it plausible, however, that participating in the 

study or providing faeces samples was associated with a higher or lower prevalence 

of intestinal parasites or antimicrobial resistance, particularly given that none of the 

participants reported any gastrointestinal symptoms. 

Misclassification cannot be ruled out, but was not likely a major concern in this study

as gold standard methods at Statens Serum Institute including cross-validation of the 

results were used, for example, by performing both microscopy and microbiome ana-

lysis for intestinal parasites. 

The study was descriptive in design and aim [141]. We do not attempt to estimate 

any causal links or test a hypothesis but to provide estimates of value for public 

health interventions (for example, based on our findings we do not find evidence that

supports routine screening of asymptomatic refugees for intestinal parasites) and 

clinicians in meeting newly arrived refugees (for example, the clinician should have 

raised awareness of MRSA when attending to a patient belonging to the target popu-

lation). A natural next step is to investigate whether long-distance migration affects 

the risk for intestinal parasites and antimicrobial-resistant bacteria, exploring whether

migration or the immediate reception in the host country increases the risk of faecal-

oral exposure.

6.4 Paper III: Long-distance migration 
and post-traumatic stress disorder
This study aimed at estimating the association between long-distance migration and 

prevalence of PTSD. The estimate of association corresponded to 88 additional cases

of PTSD for every 1000 Syrian refugees that migrated to Denmark instead of Le-
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banon. This estimate showed little variation across sensitivity analyses. The 95% CI 

indicated that, under the model, the estimate may be as high as 186 additional cases 

or as low as 14 cases less per 1000 refugees. Thus, the point estimate did not reach 

statistical significance, which may in part be ascribed to the relatively low number 

of participants. The targeted sample size was not reached: in Lebanon, the wide-

spread unrest in 2019 followed by the COVID-19 outbreak and later a devastating 

explosion in the capital Beirut in mid-2020, laying both the economy and infrastruc-

ture at waste, it was not possible to reach the aim of including 1100 participants. See

discussion of the inclusion in Denmark in chapter 6.3 page 51). 

To the best of the authors’ knowledge this is the first investigation of the association 

of long-distance migration and PTSD in a refugee population. A recent study by 

Strømme et al. [142] of Syrian refugees in Lebanon and Norway found a prevalence 

of PTSD (assessed as HTQ score ≥ 2.5) of 4% in Lebanon and 7% in Norway. How-

ever, Strømme et al. conflated groups of asylum-seekers with very different length 

of stay in the host country and different migration history (for example not taking 

into account differences in groups that had travelled through Europe and awaited the

result of their asylum application and “quota refugees” under UN protection picked 

for direct “transfer” to Norway). Strømme et al. presented a number of regression 

models and amongst other found that “Host country, Norway” was associated with 

an average increase in HTQ score of 3% (95% CI [-5%; 12%]) after adjusting for 

age and sex. Strømme et al. did not provide estimates of how this would translate 

into the number of participants with PTSD; however, with a mean HTQ score of 

1.49 in the study population in Lebanon, the number of additional cases in Norway 

due to “host country” would likely be marginal. 

In the present study, the prevalence estimates of PTSD were high in both Lebanon 

and Denmark compared with previous studies in Syrian refugees [13,15,143,144]. 

This could be explained by the instrument used for measuring PTSD (the HTQ 

score). However, several previous studies have used this instrument [145], and it is 

54



6. - Discussion

considered valid across multiple settings and diagnostic classification systems [146] 

although the specific cut-off has been debated [126]. The sensitivity analyses showed

little change in the estimate of association due to changing the HTQ score cut-off. 

An effort was made to make the data collection in Lebanon and Denmark as compar-

able as possible; however, differences may exist that introduced information bias. For

example, differential misclassification cannot be ruled out if, during data collection 

in Denmark, doubt remained among the participants whether specific answers would 

affect their asylum application. This may explain the difference in prevalence of 

PTSD in Lebanon and Denmark; however, judged from extensive exploratory plot-

ting of the covariates, there was no difference between the exposure groups in the as-

sociation of the reported HTQ score and WHO-5 (general mental well-being) or de-

pression- or anxiety-scores (exploratory plots at https://github.com/eiset/); thus, the 

participants would have had to be very consistent in their misclassification of own 

mental health. Differential misclassification may also explain the relatively high pro-

portion that refused to answer, or did not know what to answer, regarding the ques-

tion on SES in Denmark (22%) compared with participants in Lebanon (7%). After 

discussing this variable with Syrian natives, we conclude that the large proportion of 

missing data may be explained by the question not defining “socio-economic status” 

in sufficient detail for all participants to be able to reflect on the question. This does 

not explain the difference between Lebanon and Denmark in the proportion of miss-

ing unless it was more difficult for the refugees in Lebanon to answer or they did not 

get the same guidance from the data collectors. The sensitivity analysis showed that, 

had the missingness mechanism in Lebanon been such that missing in “socioeco-

nomic status” was equal to “Don’t know” the point estimate would increase by ap-

proximately one percentage point. This also show the impact of one scenario of non-

ignorable missingness mechanism, which arguably may not pose a large problem in 

this case. Possibly because we had good information to impute the “socioeconomic 

status” such as “educational level” which was obtained with much lower proportion 
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of missing data (5%) and was correlated in univariate plots (exploratory plots at ht-

tps://github.com/eiset/). We explored another scenario of non-ignorable missingness 

mechanism: setting all missing in the “experienced violence” variable to “Yes” in 

the exposed study population. In this scenario the prevalence difference halved; we 

notice that even in this quite extreme scenario—raising the prevalence of a key vari-

able by almost 2/3 in one of the exposure groups—we still conclude that long-dis-

tance migration is associated with a statically non-significant increase in cases of 

PTSD.

With randomised sampling and very high participation rates, we consider the risk of 

selection bias low. However, it was not possible to retrieve or create a precise 

sampling frame in Lebanon, and thus our estimate was based on the best information

available at the time, knowing that refugees move around regularly and there is little 

registration of individuals outside the formalised refugee camps. 

In the present study, the causal interpretation of the effect of long-distance migration

on PTSD is, of course, limited by the cross-sectional study design. Most importantly,

the time order may be reversed so that instead of long-distance migration leading to 

higher risk of PTSD, it may be that PTSD affects the “risk” of undertaking long-dis-

tance migration. The time order (exposure before outcome) is the only property of a 

cause that is necessary (the cause must precedence the effect) and thus it is central in

claiming causality [147–149]. A positive association between long-distance migra-

tion and PTSD was found; thus, a reversal of the time order would mean that indi-

viduals with PTSD are more likely to undertake long-distance migration. Although 

this cannot be entirely rejected, taking into account the classical symptoms of PTSD 

such as difficulties in concentrating and planning, this interpretation of the result 

seems far less likely than our hypothesis: that leaving behind almost everything what

is known, to embark on an, at times, dangerous travel and to be received in a strange

country with uncertainty about the near future, increases the risk of PTSD. 
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Other considerations need to be discussed to make a causal claim [65,95]. We have 

included confounders and potential confounders in the propensity score model to 

control for confounding according to our current best knowledge (Figure 4.1 page 28

illustrates some of our assumptions). This does not alleviate us from speculating on 

the existence of other covariates that may change the estimate. Furthermore, the col-

lapsing of two levels of the SES covariate diminishes the information this variable 

contains and thus may be a source of residual confounding in both the multiple im-

putation and in the propensity score-weighted analysis. To qualify the discussion of 

correctly specified propensity score and multiple imputation models, the entire ana-

lysis was repeated with the intermediate model, which resulted in a negligible change

in the estimate of association with slightly better precision (Table 11 page 46 and Ap-

pendix 6: “Estimates of association with…”). Finally, the exposure—to have immig-

rated to Denmark instead of Lebanon—was, by design, precisely defined for all indi-

viduals and the authors judge that the consistency assumption was fulfilled. 

In conclusion, we found that long-distance migration may be associated with an in-

crease in the prevalence of PTSD after controlling for confounding with propensity 

score-weighting. The estimate did not reach statistical significance, thus, the possibil-

ity exist that instead the true association is reversed (i.e. a lower prevalence of PTSD 

following long-distance migration) or there is no association at all.

6.5 Paper IV: Multiple imputation in 
propensity score-weighted analysis
This paper focus on describing in detail the assumptions behind propensity score-

weighting and multiple imputation and propose a methodology to combine the two 

using bootstrap to get a valid CI. 

Our proposed methodology is demanding of the researcher in requiring careful con-

siderations of choosing the substantive model of interest, the truncation percentiles, 
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modelling of all partly-observed covariates and auxiliary variables and the paramet-

ers in the SMC-FCS multiple imputation algorithm. All based on the data at hand, 

for example through exploratory plots, and best evidence. We do not consider this a 

shortcoming. Most of the considerations outlined above are paramount in producing 

valid estimates of association and our methodology brings this to the forefront of the

researchers’ attention. 

It is also a time-demanding methodology: in our case, if run only on one “standard” 

computer, it lasted about two days to run the entire propensity score analysis and 

about 10 hours to run each sensitivity analysis. Our algorithm is programmed for 

maximum flexibility and with ever faster computers and statistical packages (for ex-

ample “Julia” [150]) we do not consider the computing time a large issue.

Some numerical problems was encountered in the multiple imputation with strata of 

low numbers. This was unfortunate, however, not unexpected. By collapsing these 

strata we may have introduced bias in violating the assumption of correctly specified

multiple imputation model. We could have explored the amount of this bias by pro-

ducing estimates for the model collapsing the problematic strata with other strata of 

the covariate in question. 

Throughout setting up the proposed methodology a number of choices were made: 

we chose to use the propensity score to model the exposure, however, we could have

used another g-method [151] or modelled the outcome directly [152]. We chose to 

use propensity score-weighting, but the propensity score can be utilised in several 

ways [65] with another popular choice being matching [73]. We chose to model the 

propensity score using “standard” logistic regression while other approaches are 

available for example using machine learning algorithms [71,75]. Some of these 

methods may be preferable in situations with misspecified propensity score model 

[96]. We chose to use truncation to deal with extreme weights [66], although, stabil-

ised weights are recommended by some authors [99,153]. However, a recent study 
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[97] found no difference between stabilised and “ordinary” weights when using 

propensity score-weighting in a Cox proportional-hazards model. We chose to define 

all parameters of the multiple imputation model and procedure, however, many 

“automated” procedures exist and may produce unbiased estimates of the missing 

data [89]. Finally, we chose to following the strategy of previous simulation studies 

[79,88] and bootstrap the entire “impute, compute, combine” procedure to produce a 

percentile CI, however, a study showed that a simpler—and much faster—approach 

using “Rubin’s rules” gives valid estimates in practice [81]. 

We have made the above choices based on available evidence and best guesses to 

propose a methodology that produces valid point estimates and confidence intervals 

when combining propensity score-weighting and multiple imputation. Whether dif-

ferent choices will decrease bias, improve precision or lower computational costs (or 

several of these) should be sought in future studies.

7. Conclusions

The aim of this thesis was to explore asylum seekers’ and refugees’ health. In two 

cross-sectional studies of adult Syrian refugees in Lebanon and Denmark, the aim 

was to estimate the prevalence of infectious diseases and the effect of long-distance 

migration on PTSD. In obtaining the latter, propensity score-weighting and multiple 

imputation were studied, and a new methodology to combine these methods was de-

veloped. 

In the thesis, I present evidence that indicate that in a heterogeneous refugee popula-

tion, the prevalence of latent tuberculosis and syphilis may be high, while variable 

for other infectious diseases. Using primary data on newly arrived adult Syrian 

refugees in Danish asylum seeker centres, we found a high prevalence of apathogenic

intestinal parasites, Giardia intestinalis and MRSA, while a very low prevalence of 
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ESBL and CPO was found, and all participants were asymptomatic. Finally, also us-

ing primary data, migrating to Denmark instead of Lebanon was associated with 88 

additional cases of PTSD per 1000 refugees, although this estimate may be as low as

14 less cases or as high as 186 additional cases. 

After careful considerations of the existing approaches, we propose a new methodo-

logy to produce unbiased estimates of association with incomplete data using 

propensity score-weighting and multiple imputation. While taxing and computation-

ally intensive, we argue, that the prior may be a reminder of some of the many as-

sumptions that are often implicit in the data analysis and the latter may be of minor 

concern in most research projects.

8. Perspectives

With this PhD project, I have exemplified one way to approach the study of refugee 

health and quantify the effect of the migration process itself. An effort was made to 

secure high internal validity by randomised sampling, however, the generalisability 

beyond Syrian refugees in Denmark and beyond migrating to Denmark versus Le-

banon may be more questionable. Furthermore, a single study does not suffice to 

draw inference [154]: whereas the qualitative interpretation of the prevalence estim-

ates of intestinal parasites and antimicrobial-resistant bacteria (for example “high” 

prevalence of MRSA) is in line with several previous studies in diverse refugee pop-

ulations, we do not know of any previous studies on the association between long-

distance migration and PTSD to compare our result with. We hypothesise that sim-

ilar associations will be present in other refugee populations and other host coun-

tries.

As touched upon in Paper I and further elaborated in Seedat et al. [137], health 

screening of newly arrived refugees has been very variably implemented in the 
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European countries. Our findings suggest that screening for MRSA and PTSD may 

be reasonable in newly arrived adult Syrian refugees with possible generalisation to 

other refugee groups. We did not find evidence to support screening for intestinal 

parasites in asymptomatic individuals.

8.1 Future research
The methodology presented and utilised in Papers III and IV has broad applicability. 

Going forward, I expect to utilising and further develop this approach to investigate 

other health outcomes as laid out in the study protocol (Chapter 13). Comparison 

with other migrant groups in which equivalent studies have been undertaken 

[155,156] is of interest to establish the different effects of forced and voluntary mi-

gration [157]. Furthermore, establishing a cohort for follow-up could address some 

of the limitations in cross-sectional studies. This may be straight-forward in Denmark

where the large majority of Syrian refugees will obtain residency and thus be in-

cluded in the Danish national registers. However, in Lebanon the Syrian refugee pop-

ulation is highly volatile and nation-wide registries accessible for researchers are 

very limited. Thus, a large random sample with regular follow-up by telephone, e-

mail or on a social media platform may be a better approach in the Lebanese setting 

though with the usual limitations induced by “self-inclusion” [32].

8.1.1 The future of Global Health
The term “global health” is still debated [158]. However, with COVID-19 raging as 

the year 2020 comes to its end, it has become evident that only by collaborative 

global efforts the health consequences of the pandemic may be effectively countered 

[159]. This is indeed the case for most diseases including NCDs [160–162]. 

Global health is public health [163] recognising that public health research will cease

to be relevant if it only concerns the WEIRD (“Western, Educated, Industrialized, 

Rich, and Democratic”) populations [34]. This also commit global health researchers 
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to reach beyond publications of summary estimates of data collected in geographic-

ally or ethnically distant populations and to ask questions that reflect the challenges 

in a complex world. One example of such is whether the pharmacological treatment 

of PTSD should be individualised to account for ethnicity and type of trauma (e.g. 

violent assault, natural disasters etc.) knowing that both are associated with different

presentations of the disease [164,165]? 

While the basic epidemiological principles should be the foundation of all global 

health research [69,166], developments in other areas of research should be em-

braced to bring about the best possible evidence. One example of this is the inclu-

sion of geospatial data [167] for example to account for environmental exposures 

during migration. This requires training, collaboration and careful consideration of 

decisions throughout the research project [154,168]. Besides adhering to the highest 

ethical standards, global health research should also be at the forefront when it 

comes to sharing research: from the protocol through the data, analysis plan and 

code to the final published product [169,170]. This may be time consuming and dif-

ficult to prioritise when faced with the “pressure to publish” [171] but nevertheless 

worthwhile in cementing global health research as the standard in public health.
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9. Danish abstract

Flere studier tyder på, at flygtninge er i høj risiko for en lang række sygdomme. Der 

er dog kun få studier på området og disse er ofte udført i studiepopulationer med for-

skellig a priori risiko, forskellig eksponeringshistorie og forskellig opholdstid i 

værtslandet. Endelig er inddrager de færrest studier effekten af migrationsprocessen 

når data fortolkes.

Afhandlingen sigter mod at undersøge flygtninges sundhed samt at undersøge asso-

ciationen mellem specifikke sygdomme og migration over stor afstand samt at un-

dersøge og evt. udvikle en metodologi til at opnå dette.

Ph.d.-projektet omfatter et litteraturreview af infektionssygdomme blandt flygtninge 

og indsamling af data fra syriske flygtninge i Libanon og Danmark. Prævalensen af 

tarm-parasitter og antibiotikaresistente bakterier estimeres fra indsamlede fæcesprø-

ver og svælgpodninger. De statistiske og metodiske problemer med at kombinere 

propensity score-vægtning (PSw) og multipel imputation (MI) diskuteres og vi 

udvikler og applicerer en metodologi til at estimere associationen mellem migration 

og posttraumatisk belastningsreaktion (PTSD).

Kun 36 af de gennemgåede studier præsenterede data fra veldefinerede flygtnin-

gepopulationer. På tværs af disse, var prævalensen af latent tuberkulose (9.09-

45.5%) og syfilis (1.06-2.55%) høj sammenlignet med baggrundspopulationen. 

Prævalensen var 73.2% (n=30/41, 95% konfidensinterval (CI) [58.1%; 84.3%]) for 

tarmparasitter og 6.7% (n=7/104, 95% CI [3.3%; 13.3%]) for methicillinresistente 

Staphylococcus aureus (MRSA). Med anvendelse af vores metodologi estimerede vi 

at migration over stor afstand var associeret med 88 yderligere tilfælde af PTSD per 

1000 flygtninge, det sande estimat kan dog være så lavt som 14 færre og så højt som

186 yderligere tilfælde.
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Vi beskriver en metodologi med generel anvendelse til at opnå valide estimater ved 

at kombinere PSw og MI. Vores fund indikerer at nyligt tilkomne voksne flygtninge 

fra Syrien bør tilbydes screening for MRSA og PTSD og kan muligvis generaliseres 

til andre flygtningepopulationer. Derimod finder vi ikke evidens for at screene 

asymptomatiske Syriske flygtninge for tarmparasitter.
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10. English abstract

Refugees may be at increased risk of diseases. However, there is a paucity of re-

search in this field and most previous studies suffer from conflating study popula-

tions with different a priori risk, different exposure history and different length of 

stay in the host country, to name a few. Furthermore, the effect of the migration itself

is seldom taken into account.

The thesis aimed to explore refugees’ health and its association with long-distance 

migration and to develop new methodologies to accomplish this.

The PhD project includes a literature on infectious diseases in refugees and primary 

data collection in Syrian refugees in Lebanon and Denmark. The prevalence of in-

testinal parasites and antimicrobial-resistant bacteria is estimated from collected 

faecal samples and throat swabs. The statistical methodological problems of combin-

ing propensity score-weighting and multiple imputation is considered and a method-

ology is developed and utilised to estimate the association of long-distance migra-

tion and post-traumatic stress disorder (PTSD).

Only 36 of the reviewed studies presented data from a well-defined refugee popula-

tion. Across these, latent tuberculosis (9.09-45.5%) and syphilis (1.06-2.55%) 

showed consistently high prevalence in refugees. In our primary data, the prevalence

of any intestinal parasite was 73% (n=30/41, 95% confidence interval (CI) [58.1%; 

84.3%]) and the prevalence of methicillin-resistant Staphylococcus aureus (MRSA) 

was 6.7% (n=7/104, 95% CI [3.3%; 13.3%]). Utilising our proposed methodology 

long-distance migration was associated with 88 additional cases of PTSD per 1000 

refugees, although possibly as low as 14 less cases or as high as 186 additional 

cases.
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We propose a general methodology to obtain unbiased estimates by combining 

propensity score-weighting and multiple imputation. Our findings suggest that 

screening for MRSA and PTSD may be reasonable in newly arrived adult Syrian 

refugees with possible generalisation to other refugee groups. We did not find evid-

ence supporting screening for intestinal parasites in asymptomatic individuals.
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Disease reported by study Diseases closer to the bottom are reported most frequently. 
Abbreviations: Child, childhood diseases, vaccine preventable; Entamoe, Entamoeba 
Histolytica; Giardia, Giardia Intestinalis; Hbv, Hepatitis B virus infection; Hcv, Hepatitis C virus 
infection; Hiv, human immunodeficiency virus; Leishmani, Leishmaniasis; Ltbi, latent 
tuberculosis infection; Tb, tuberculosis.
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Systolic blood pressure against age. The area and colour of each circle represent number of observations 
with the given combination of age and blood pressure. The relative point size and colour gradient indicate 
the density of observations at each space. It is clear that the blood pressure is a good predictor of age (in 
accordance with our subject matter knowledge). *Missing values are plotted as (minimum value minus 
mean absolute deviation). 

*



Estimate of association with each of the bootstrap confidence interval types. From the top: the 
propensity score-weighted (“substantive model”) and the two complete case (no imputation) 
estimates with 999 bootstrap replications. The five sensitivity analysis are at the bottom, each 
with 250 bootstrap replications (and thus no BCa 95% CI). Abbreviations: BCa, bias-corrected 
and accelerated bootstrap CI; CI, confidence interval; PS, propensity score; Cc, complete case; 
HTQ, Harvard Trauma Questionnaire part IV; SES, socioeconomic status;  Violence, exposure 
(directly or indirectly) to violence.
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AbstrACt
Introduction By end of 2018, the European Union 
countries hosted approximately 2.5 million refugees and 
Lebanon alone hosted more than 1 million. The majority 
of refugees worldwide came from Syria. The prevailing 
study design in published studies on asylum seekers’ and 
refugees’ health leaves a number of fundamental research 
questions unanswerable. In the Asylum seekers’ and 
Refugees’ Changing Health (ARCH) study, we examine the 
health of a homogeneous group of refugees and asylum 
seekers in two very different host countries with very 
different migration histories. We aim to study the health 
impact of the migration process, living conditions, access 
to healthcare, gene–environment interactions and the 
health transition.
Methods and analysis ARCH is an international multisite 
study of the health of adult (>18 years old) Syrian refugees 
and asylum seekers in Lebanon and Denmark. Using a 
standardised framework, we collect information on mental 
and physical health using validated scales and biological 
samples. We aim to include 220 participants in Danish 
asylum centres and 1100 participants in Lebanese refugee 
camps and settlements. We will use propensity score 
weights to control for confounding and multiple imputation 
to handle missing data.
Ethics and dissemination Ethical approval has been 
obtained in Lebanon and Denmark. In the short term, 
we will present the cross- sectional association between 
long- distance migration and the results of the throat 
and wound swab, blood and faeces samples and mental 
health screenings. In the longer term, we are planning to 
follow the refugees in Denmark with collection of dried 
blood spots, mental health screenings and semistructured 
qualitative interviews on the participant’s health and 

access to healthcare in the time lived in Denmark. 
Here, we present an overview of the background for 
the ARCH study as well as a thorough description of the 
methodology.

IntroduCtIon
By end of 2018, the European Union 
hosted approximately 2.5 million refugees 

strengths and limitations of this study

 ► In the Asylum seekers’ and Refugees’ Changing 
Health study, we examine the physical and mental 
health of a vulnerable and hard to reach population.

 ► We examine the health of a homogeneous group of 
refugees and asylum seekers in two very different 
host countries with very different migration histories 
which allows us to approach a range of research 
questions not possible with the traditional compar-
ison to the autochthonous population in the host 
country.

 ► While we implement state- of- the- art epidemiolog-
ical and statistical methods including ‘standard- 
mortality- ratio- weighted’ analysis on multiple 
imputation and comprehensive bias analysis to in-
form our analysis, our study is observational by na-
ture with risk of residual confounding.

 ► Refugees are a difficult- to- reach population and 
thus the risk of selection bias is high and the sam-
pling frame in Lebanon may be inaccurate despite 
efforts to secure the opposite.

 ► Inclusion in Lebanon and Denmark has commenced 
and is planned to continue until end of 2019.
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Figure 1 Possible research questions according to studied 
population and stage in migration. Modified from Spallek 
et al6. a: Autochthonous population versus immigrant 
pop. Differences in exposures; vulnerability of migrants; 
differences in access to healthcare; gene/environment 
effects. b: Immigrant population 1 versus immigrant 
population 2: differences in living conditions and healthcare 
facilities; probability of migrating to host country 1 versus 
host country 2; gene/environment effects. c: Migrating pop. 
versus immigrant pop: the health effects of migration; living 
conditions and healthcare facilities in host country; gene/
environment effects. d: Non- migrating pop. versus migrating 
pop: healthy migrant effect. e: Non- migrating pop. versus 
immigrant pop: living conditions and healthcare facilities in 
host country; healthy immigrant effect; gene/environment 
effects. Comparing a country’s non- migrating population 
with the migrating population (ie, those that has decided 
to migrate but has not yet immigrated to the host country; 
scenario a) is the most direct way of evaluating the healthy 
migrant effect. However, it may be very difficult to define and 
include these populations, particularly in refugee situations. 
The same is the case when comparing the non- migrating 
population with the immigrant population (scenario b) which 
allows for investigating the healthy immigrant effect—that 
is if those who actually immigrated to the host country are 
more healthy than those that did not migrate to begin with. 
Comparing the autochthonous population and the immigrant 
population (scenario c) is the most frequently used design 
in migrant research and allows for a range of possible 
research questions. Scenario d compares a population before 
and after migration, while scenario e compares immigrant 
populations from the same country of origin in two different 
host countries. The first allows for an estimate of the health 
effects of migration while the latter could give information on 
the health effects of differences in the health reception in the 
host country, living conditions and access to healthcare.

(excluding asylum seekers). Of these, Germany hosted 1 
million and Denmark hosted 36 000.1–3 In comparison, 
Lebanon hosted more than 1 million registered refugees, 
making Lebanon the country with the highest ratio of 
refugees to autochthonous population, even when disre-
garding the substantial number of unregistered refugees, 
resulting in a shut down of the asylum- seeking system 
for Syrians seeking refugees in Lebanon. By the end of 
2018, the majority of refugees worldwide came from Syria 
(6.7 million), Afghanistan (2.7 million) and South Sudan 
(2.3 million). Most of the registered refugees in Lebanon 
came from Syria (944 181) and Iraq (4458); the majority 
of refugees in Denmark came from Syria (19 698) and 
Eritrea (4610).4

By far, the most common study design applied in 
migrant and refugee health research is a cross- sectional 
comparison, most commonly of a heterogeneous group 
of ‘migrants’ with the autochthonous population (ie, the 
‘host- country denominator’).5 6 This allows investigating 
differences in exposures between the autochthonous 
and migrant populations as well as health system and 
policy research; however, the design makes important 
confounders and biases difficult to disentangle and leaves 
many questions unanswerable (see figure 1, scenarios a, b, 
c, d and e). In this way, conflicting evidence has emerged: 
several studies have reported an apparent health advan-
tage of migrants in general7–16 and for asylum seekers and 
refugees specifically,11 16–18 which has fuelled in particular 
the theory of ‘the healthy migrant effect’ (derived from 
‘the healthy worker effect’). This theory, originally put 
forth by Marmot et al19 in a study of presumably primarily 
economic immigrants to England, postulates that it is 
the healthiest individuals who reach the host country, 
even though such a claim should be investigated using a 
‘country of origin denominator’ (figure 1).20 In contrast, 
other studies report that migrants are disproportion-
ately affected by communicable, non- communicable 
and psychiatric diseases compared with the host popula-
tion.5 21–35 35 36 On a side note, this confounding of the 
effect of migration on health has only been examined for 
immigrants in high- income countries where other drivers 
of migration may be at work compared with immigration 
to low- income and middle- income countries.20 37 Razum 
and Twardella proposed the health transition theory to 
try to accommodate these paradoxical findings.38 Their 
theory posits an immediate decrease in maternal, child 
and communicable disease morbidity and mortality as 
the immigrants settle in the host country and a gradual 
rise in morbidity and mortality from non- communicable 
diseases prevailing in most migrant receiving countries. In 
short, the health transition theory proposes a ‘regression 
to the mean’ line of thought to the changing health in 
migrants. However, a number of biases may be underlying 
those findings,39 including the indiscriminate dichotomi-
sation of migrants versus ‘non- migrants’.40 41

For a better understanding of asylum seekers’ and 
refugees’ health, one would need to consider the unique 
circumstances of this population and approach the 
research questions accordingly6 42 43 using appropriate 
and modern epidemiological methods in line with other 
fields of health research.44–50 We do not claim to have fully 
accomplished this task; however, we present an ongoing 
research project to compare newly arrived refugees in 
two substantially different host countries and with very 
different migration histories. This allows us to investigate 
the health impact of the migration process, differences 
in living conditions and access to healthcare, and gene–
environment interactions (figure 1, scenarios a, b, and c). 
Furthermore, with follow- up in Denmark, we plan to inves-
tigate the health transition in this refugee population. A 
short illustrative example follows using post- traumatic 
stress disorder (PTSD) as the outcome of interest: PTSD 
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Table 1 Variables collected in the study

Dimension Item Instruments

Demographics Sex; age; family; marital, educational, employment, and socioeconomic 
(before migration and present) status; number of children and persons in 
household; number of rooms in household; Syrian governorate of origin

Questionnaires and 
scales

Migration history Date of emigration and immigration; means of and companions during 
migration; witness to or involved in violent events during and after migration

Health behaviour Food and drink (intake and access); smoking and vaccine status; alcohol 
consumption

Healthcare Access to healthcare professionals and medication; time since last seen by 
a medical doctor or registered nurse

Mental health PTSD; anxiety; depression; general mental health well- being O

Health status Medical history; family history; current medical complaints; 
anthropometrics; blood pressure

Clinical interview, 
physical examination 
and biological samplesMicrobiological resistance 

pattern
ESBL, CPO, MRSA O

Communicable diseases Hepatitis B; bacteria, fungi and parasites; leishmaniases; diphtheria O

Non- communicable 
diseases

Type 2 diabetes; micronutrient status O

CPO, carbapenemase- producing organisms; ESBL, extended- spectrum beta- lactamase; MRSA, methicillin- resistant Staphylococcus 
aureus; O, outcome; PTSD, post- traumatic stress disorder.

is a psychopathological result of exposure to a traumatic 
event with core symptoms of hypervigilence, avoidance to 
reminders of the triggering event, altered cognition and 
mood, sleep disturbance and pervasive sense of imme-
diate threat.51 Risk factors include occupational exposure 
to traumatic events, female sex, childhood trauma, lower 
educational status and prior mental disorders. We want 
to investigate how migration—moving through Europe—
affects PTSD prevalence in refugees. To answer this, 
we will compare the PTSD prevalence in Syrian asylum 
seekers in Denmark (exposed) with the PTSD prevalence 
in Syrian refugees in Lebanon (non- exposed). However, a 
simple comparison would be biased by confounding (eg, 
age) and selection (eg, survival). Our goal is expressed 
in the counterfactual framework,52 to compare the PTSD 
prevalence in a population that would have migrated 
through Europe with the prevalence in the population 
that in fact did migrate through Europe—that is, two 
populations that are alike on all relevant variables except 
the exposure. This challenge is conceptually equivalent 
to comparing two populations with different age distri-
butions and in this way our approach can be thought of 
as indirect standardisation using ‘standardised mortality 
ratio’ weights, though with complex covariate distribu-
tion that generates the weights. We have planned studies 
of the association of other psychiatric diseases as well as 
communicable and non- communicable diseases (see 
table 1), to give a better understanding of asylum seeker’s 
and refugee’s health.

MEthods
To study the health effects of migration and living as a 
refugee, we include a relatively homogenous population: 

adults from the same country of origin who have migrated 
in the same time period and who have spent less than 12 
months in the host country. This is in line with current 
recommendations for studies of refugees’ health.53–55

setting and study population
We will use the terms ‘refugees’ and ‘asylum seekers’ for 
participants in Lebanon and Denmark, respectively. This 
terminology reflects the local practice and the fact that 
Lebanon does not accept Syrian asylum seekers since 
2015. We include participants shortly after their arrival 
to refugee camps in Lebanon or Danish accommodation 
centres.

The Lebanese settlements for Syrian refugees are 
to a large extent informal gatherings scattered across 
Lebanon. The types of shelter range from regular struc-
tures to improvised tents. In 2017, more than half of the 
shelters did not meet minimum humanitarian standards, 
with a slight deterioration in 2018.56 57 Both the predomi-
nant shelter type and the general condition of the shelter 
vary according to region in Lebanon.

Danish asylum centres are under the supervision of 
Danish Immigration Services, while the day- to- day oper-
ation is outsourced to a number of operators.58 59 There 
are different types of asylum centres in Denmark: a recep-
tion centre (the first place for an asylum seeker to stay 
on arriving in Denmark; here, the asylum seeker must 
officially apply for asylum in Denmark), accommodation 
centres (after applying for asylum at the reception centre, 
the asylum seeker is transferred to one of the accommo-
dation centres which are scattered across Denmark. The 
specific centre to which a refugee is allocated is chosen at 
random according to vacancy), special centres (accom-
modation centres for unaccompanied minors and for 
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seriously ill asylum seekers), and departure centres (for 
individuals whose asylum application has been rejected). 
For the vast majority of asylum seekers, the larger part 
of their time spent in the Danish asylum system is in the 
accommodation centre.

recruitment
In both Lebanon and Denmark, the inclusion criteria are 
(1) Syrian- born, (2) adult (>18 years old), (3) fled Syria 
after February 2011 (ie, after the onset of the current 
Syrian war), (4) arrived in the host country less than 12 
months prior to inclusion and (5) resident in the settle-
ment or centre (in Lebanon or Denmark, respectively) 
at the time of inclusion. We exclude individuals who are 
physically and/or mentally incapable of participating in 
the data collection. In both settings, we use a one- stage 
cluster sample design.60 61

For the inclusion in Lebanon, we divide the country 
into five regions: Beirut, North, South, Bekaa and Mount 
Lebanon. In each region, we collaborate with local oper-
ators of health services for Syrian refugees and decide on 
inclusion sites at random: health clinics, the settlements 
or at natural gatherings, although excluding sites consid-
ered unsafe at the time of inclusion. In collaboration 
with the local operators, we identify and invite all eligible 
individuals to participate. Furthermore, after inclusion, 
we ask each participant to spread the word (ie, network 
sampling).

For the inclusion in Danish asylum centres, we approach 
all operators, except one due to difficulties in reaching 
this operator’s centres (on the island of Bornholm), 
to allow inclusion of participants at their centres. We 
include participants at a random sample of the accommo-
dation asylum centres identifying and inviting all eligible 
residents at the chosen centres in collaboration with the 
asylum centre staff.

data collection
For the inclusion, teams of two to four healthcare profes-
sionals visit the selected settlements and asylum centres in 
Lebanon and Denmark, respectively.

In both Lebanon and Denmark, individuals are 
invited to participate in the research project with oral 
and written information available in Arabic. At consent, 
the participant is handed the questionnaire and mental 
health scales (please see "Questionnaires" below) and 
instructed to complete it independently. If the partici-
pant is not able to read or write or have questions to the 
questionnaire or scales, one of the healthcare profes-
sionals assists the participant, with help from an inter-
preter if required. Afterwards, the participant is invited to 
a clinical interview and examination by a trained medical 
doctor. A venous blood sample, throat swab, and, where 
applicable, wound swab and biopsy are collected. Finally, 
the participant is provided with utensils and instructions 
for taking and handling three stool samples. All data 
are collected the same day, except for the stool samples, 
which are delivered within 1 week to a designated person 

or office (please see "Questionnaires" below and table 1 
for further details). The participant is allowed to opt out 
for parts of the data collection and continue with the rest. 
If doing so, the participant is encouraged to provide a 
reason. Individuals who are invited but refuse to partici-
pate are asked for a brief non- structured interview on the 
grounds for refusal, and if we are allowed to include basic 
demographic data on her/him. If, during answering 
the questionnaire, the interview or the examination the 
participant withdraws his/her consent or the healthcare 
professional learns that the participant does not meet 
the inclusion criteria or meet the exclusion criteria, data 
collection is stopped and the collected data and biolog-
ical material are destroyed.

The data collection was piloted in Denmark, including 
10 participants in an accommodation centre and minor 
adjustments were made to the workflow accordingly.

Questionnaires
We developed a 20- item questionnaire on four constructs: 
the participant and his/her family, educational back-
ground, health and risk factors and migration history 
(see table 1 for the full set of variables collected). The 
questionnaire was translated by bilingual and bicultural 
translators: from Danish into Arabic by a translator whose 
mother tongue was Syrian Arabic and back translated by 
two translators whose mother tongue was Arabic (other 
dialects than Syrian). After minor corrections, each item 
was evaluated, and the translated questionnaire was 
approved in its final form by three Lebanese medical 
doctors (mother tongue Lebanese Arabic).

We employ a set of three validated self- rating scales on 
four dimensions of mental health:

WHO (Five) Well-being Index
Developed in 1998 as a condensed version of the WHO 
(Ten) Well- being Index, this five Likert items self- report 
scale is well validated for measuring subjective quality 
of life—with no diagnostic specificity—across settings 
and cultures.62–64 The items are all positively phrased 
generic statements (measuring ‘subjective positive well- 
being’64 65), and the respondent is asked to indicate how 
he or she has felt during the past 2 weeks (from ‘All of 
the time’ (item score=5) to ‘At no time’ (item score=0)). 
The item scores are summed and multiplied by 4 (to get 
the ‘percentage score’). A cut- off percentage score ≤50 
indicates a risk of poor well- being. A percentage score 
<13, or any one item score of 0 or 1, indicates poor well- 
being and in this case formal diagnostics for depression 
and mental health issues are recommended. We use the 
Arabic 1999 version66 validated by Sibai et al.67

Harvard Trauma Questionnaire (HTQ)
Developed in 1992 for an Indo- Chinese refugee popula-
tion,68 the HTQ has been adapted and validated in a range 
of different languages and populations.69–71 It was devel-
oped as a three- section self- report scale to assess the pres-
ence of symptoms of PTSD according to the Diagnostic 
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and Statistical Manual of Mental Disorders, 4th edition 
(DSM- IV) criteria (part IV) and to allow a description of 
traumatic experiences including torture (parts I and II). 
A section to evaluate head injury was later added (part 
III).68 69 72 We employ the initial 16 four- level Likert items 
of part IV corresponding to the 17 DSM- IV PTSD symp-
toms (giving the ‘DSM- IV- score’). The respondent is asked 
to rate 16 statements according to how much he/she has 
been bothered by the symptom in question during the 
past week (from ‘Not at all’ (item score=1) to ‘Extremely’ 
(item score=4)). The mean score of the items is calcu-
lated with a recommended cut- off score ≥2.5 indicating 
PTSD, although debated in a cross- cultural setting.73 We 
used the Arabic version developed for and validated in an 
Iraqi refugee population by Shoeb et al.69

Hopkins Symptom Checklist-25 (HSCL)
Developed in late 1970s for a non- refugee population 
from the original 90- item scale,74 75 this 25 4- level Likert 
items self- report scale has been adapted and validated 
across multiple languages and populations, including 
refugees.71 76 77 The HSCL-25 was developed to assess the 
presence of symptoms of anxiety (the first 10 items) and 
depression (the final 15 items) according to the DSM- 
III- R criteria. The respondent is asked to rate 25 symp-
toms/problems according to how much he/she has 
been bothered or distressed by the symptom in question 
during the past week (from Not at all (item score=1) to 
Extremely (item score=4)). Three mean scores are calcu-
lated corresponding to the items included (‘total mean’, 
‘anxiety mean’ or ‘depression mean’). Different cut- offs 
have been proposed30 with the mean score ≥1.75 most 
widely used to indicate significant emotional distress 
(any mean) or specifically indicating anxiety or depres-
sion (anxiety mean or depression mean, respectively). 
The scale has been reported not to be completely robust 
to the setting,78 and it has been discussed whether the 
proposed cut- off should be higher for Arabic speaking 
individuals.71 The Arabic version used in the present 
study has been widely used for a number of years in clin-
ical settings across Denmark; however, it was not possible 
to determine its origin.

Clinical examination
The clinical examination includes medical history, a 
range of measurements and collection of specimens. See 
table 1 for the full list of variables.

specimens
Dried blood spot
We collect dried blood spot (DBS) specimens by applying 
freshly drawn venous blood to two filter paper cards 
(Whatman 903 Protein Saver(c)) per participant. The 
DBS cards are handled according to WHO guidelines.79 
In short, the cards are allowed to dry in dry racks, packed 
in a gas- impermeable plastic ziplock bag with four 1 g 
desiccant packs and one humidity indicator card (Multi-
sorb, Humonitor(c)), and stored at −80°C. We check the 

humidity level in the bags regularly and change the desic-
cant packs and humidity indicator at signs of humidity. All 
cards are signed with participant identification number 
and date of collection.

Throat swabs
We collect cultures from both tonsils and any oral lesions 
using the BD ESwab (TM) collection kit regular flocked 
swab system for detection of methicillin- resistant Staphy-
lococcus aureus (MRSA) and Corynebacterium diphtheriae. In 
Lebanon, the labelled collection tubes are stored at +5°C 
until being permanently stored at −20°C with added 20% 
glycerol (same day).80 81 The specimens are shipped by 
carrier to Denmark and further stored at −20°C before 
final shipment by regular postal service to the labora-
tory for analysis. In Denmark, the specimens are stored 
at +5°C immediately and shipped the following day by 
regular postal service to the laboratory for analysis.

Wound swabs
If a participant has an infected or chronic wound, we 
collect wound swab using the BD ESwab (TM) collection 
kit regular flocked swab system for detection of MRSA 
and C. diphtheriae. The same procedures for storage and 
shipment as described above are implemented.

Stool samples
We collect stool by asking the participants to deliver 
samples from three different defecations. The partic-
ipants are provided with three labelled specimen 
containers with three matching transportation vials. We 
instruct the participant on how to collect the sample and 
the amount necessary for each sample. The participants 
are given 5 days to deliver the samples that are stored in a 
refrigerator (+5°C). On collection, the samples are pack-
aged and shipped by regular postal service to the labo-
ratory for detection of pathogens and resistant bacteria. 
Briefely, the samples are analysed for ova and parasites by 
microscopy of concentrated stool. Detection of extended- 
spectrum beta- lactamase (ESBL)- producing Enterobac-
terales and carbapenemase- producing organisms (CPE) 
are done by plating 10 µL of medium on a chromogenic 
culture media (chromID ESBL; Biomerieux, France) for 
detection of ESBL and 1 µL on SSI enteric medium (SSI 
diagnostics, Denmark) with a meropenem Neo- Sensitabs 
(Rosco, Denmark) for detection of CPE (using a break-
point of 27/27 mm) and incubated aerobically at 36 °C. 
The plates are examined after 18–24 hours of incubation. 
Confirmation of ESBL production is performed by the 
ESBL +AmpC Screen Kit (Rosco, Denmark). Confirma-
tion of CPE is performed by the ROSCO Rapid CARB 
Screen kit (Rosco, Denmark) according to the European 
Committee on Antimicrobial Susceptibility Testing stan-
dards. Identification of bacteria is done by use of Matrix- 
assisted laser desorption- ionisation (MALDI- TOF; 
Bruker, Germany). Moreover, we also perform micro-
biome analysis on stool samples by DNA extraction with 
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subsequent profiling of 16S and 18S (nuclear ribosomal 
genes of bacteria, fungi and parasites) as described 
elsewhere.82

statistics
Power and sample size
We aim at including 1100 participants in Lebanon and 
220 participants in Denmark (corresponding to a ratio 
5:1 to represent the 5 regions in Lebanon) to be able to 
show a statistically significant difference between a preva-
lence of 5% and 12% (representing the condition being 
‘rare’ and ‘not uncommon’, respectively) with a 5% statis-
tical significance level and 80% power in an independent 
two- group design without continuity correction.

In Lebanon, we estimate the source population using 
United Nations High Commissioner for Refugees data.83 
To secure proportional allocation, we aim to include the 
following number of participants in each region: South, 
n=133, North, n=286, Beirut, n=100, Mount Lebanon, 
n=186, Bekaa valley, n=395.83 84

In Denmark, we estimate the source population from 
the official number of asylum applicants from Syria 
during the inclusion period and 1 month prior.85 We esti-
mate to be able to reach an average of 40 participants 
at each accommodation centre thus requiring visiting six 
different centres. Since asylum seekers are allocated to 
the accommodation centres at random (see the Setting 
section), we have not powered our study to investigate 
any cluster effect.

Planned analysis
To obtain an unbiased estimate of the association 
between exposure (eg, long- distance migration, see 
figure 1, scenario b and c) and outcome (eg, PTSD, see 
table 1) in a population with risk factor distribution that 
resembles that of the exposed, we will compute propen-
sity score weights, based on confounders and potential 
confounders informed by directed acyclic graph,86 to 
balance out the differences between the populations (ie, 
by a ‘standard- mortality- ratio- weighted’ marginal struc-
tural model).87–89 Bias and missing data patterns will be 
analysed, and multiple imputation will be performed 
to allow for analysis of the full data set and report non- 
parametric bias corrected and accelerated bootstrapped 
CI for maximum validity.90–96 See table 1 for the full list of 
outcomes and covariates.

Study data are collected and stored using REDCap elec-
tronic data capture tool hosted at Aarhus University.97 
Data management, analysis and plots will be carried out 
using R.98

Patient and public involvement
It is not possible to involve the participants in the design, 
conduct or dissemination of this research project. The 
chief investigator presents the project to collaborators 
at all study sites and all participants that are interested 
beyond the written and oral description at inclusion.

CurrEnt stAtus
The Asylum seekers’ and Refugees’ Changing Health 
(ARCH) study is currently enrolling participants. As of 
April 2019, we have enrolled 113 participants in Denmark 
and 179 participants in Lebanon. Inclusion will continue 
through 2019 or until we have reached our target of 1100 
participants in Lebanon and 220 participants in Denmark.

dIsCussIon
There is no indication that the future will bring less migra-
tion between countries and regions of the world. Thus 
far, the health of migrants has mainly been studied in an 
undefined migrant population without accounting for the 
heterogeneity on all relevant levels (eg, country of origin 
(including disease epidemiology, healthcare system and 
vaccine coverage), ethnic variation and related genetic 
disposition, reason for migration, means of migration, 
immigrant status in host country) leading to conflicting 
results and stifling clinical and academic advances. There 
is an increasing focus on this lack of specificity by design 
and some of the more recent studies have managed to 
specify the study population resulting in interpretable 
results and meaningful conclusions.35 99 100 The vast 
amount of studies published on migrant health—not to 
mention those that actually specify a study population 
such as refugees—report comparisons to the autochtho-
nous population in the host country (figure 1, scenario 
a). This allows for a limited number of research ques-
tions leaving more fundamental questions unanswerable 
(such as the healthy migrant effect and the health effects 
of migration, see figure 1). Advances in epidemiological 
methods to analyse health outcomes have the potential 
to inform both design and analysis of difficult to reach 
populations, such as many subpopulations of migrants, 
but they have yet to make their way into the majority 
of migrant health research. While we do not claim to 
have fully accomplished this, the ARCH study presents a 
comparison of a carefully specified study population in 
two different host countries with very different migration 
histories. In studying the health changes that happen 
during the actual migration, we are limited by the fact 
that we cannot provide a truly longitudinal design (not 
to speak of a trial), but instead are limited to a cross- 
sectional comparison, hindering a causal interpretation 
of this part of the ARCH study. By implementing a coun-
terfactual framework—computing the average effect in 
the treated (ie, migrated)—we do, however, expect to be 
able to give a much more precise estimate of the associa-
tion between migration and health status to inform clini-
cians and future research. Despite our efforts to handle 
biases, we recognise that the results of the ARCH study 
are vulnerable to this: for example, the cold chain and 
transportation of the collected specimens have to be 
adapted to the two different settings as described in the 
methods section. If this affects the measurement error of 
the lab results, it creates a differential measurement error 
of these outcomes. The information bias could potentially 
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be dependent (eg, if individuals suffering from PTSD 
consistently show higher degree of recall bias). Selection 
bias and missing data may arise, for example, due to self- 
selection into the study or if we have misspecified the 
sampling frame. We consider the risk of the latter very low 
in Denmark though not unlikely in Lebanon where the 
refugees regularly move around and there is little regis-
tration of the individuals. We plan to do quantitative bias 
analysis101 to qualify the discussion of biases in our results.

Ethics and dissemination
All necessary permissions have been obtained prior to the 
beginning of inclusion; this includes from the Lebanese 
Ministry of Health (archives number 2018/4/38918), 
Lebanese University, Faculty of Medical Sciences (journal 
number D 144/232018), Mount Lebanon Hospital’s 
Ethics’ Committee (MLH code PSY-2018-005, PSY-2018-
006 and PSY-2018-007) and the Danish Data Protection 
Agency (journal number 2015-41-4500).

The inclusion, analysis and reporting comply with 
International ethical guidelines for health- related 
research involving humans and the Strengthening 
the Reporting of Observational Studies in Epidemi-
ology guidelines.102 103 The chief investigator (AHE) is 
formally trained in Responsible Conduct of Research and 
Research Integrity for Biomedical Sciences. All persons 
involved in data collection, handling and analysis have 
been thoroughly trained for their assignment. All biolog-
ical samples are collected and handled according to the 
best practice guidelines. The R code and codebook for 
published results will be made freely available from the 
first authors GitHub account (https:// github. com/ eiset). 
Deidentified participant data will be available on reason-
able request to the first author to the degree that this is 
preserved according to national and international law. 
A number of publications are planned on the results of 
the ARCH study in both academic and popular scientific 
journals: in short term, we will present the results of cross- 
sectional comparisons of the throat and wound swab and 
mental health screenings. In the longer term, we are plan-
ning to follow the refugees in Denmark with collection of 
DBSs, mental health screenings and semistructured qual-
itative interviews on the participant’s health and access to 
healthcare in the time lived in Denmark.
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Abstract

An unprecedented rise in the number of asylum seekers and refugees was seen in
Europe in 2015, and it seems that numbers are not going to be reduced considerably
in 2016. Several studies have tried to estimate risk of infectious diseases associated with
migration but only very rarely these studies make a distinction on reason for migration.
In these studies, workers, students, and refugees who have moved to a foreign country
are all taken to have the same disease epidemiology. A common disease epidemiology
across very different migrant groups is unlikely, so in this review of infectious diseases
in asylum seekers and refugees, we describe infectious disease prevalence in various
types of migrants. We identified 51 studies eligible for inclusion. The highest infectious
disease prevalence in refugee and asylum seeker populations have been reported for
latent tuberculosis (9–45%), active tuberculosis (up to 11%), and hepatitis B (up to 12%).
The same population had low prevalence of malaria (7%) and hepatitis C (up to 5%).
There have been recent case reports from European countries of cutaneous diphtheria,
louse-born relapsing fever, and shigella in the asylum-seeking and refugee population.
The increased risk that refugees and asylum seekers have for infection with specific
diseases can largely be attributed to poor living conditions during and after migration.
Even though we see high transmission in the refugee populations, there is very little
risk of spread to the autochthonous population. These findings support the efforts
towards creating a common European standard for the health reception and reporting
of asylum seekers and refugees.
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Background
In 2015, asylum applications in the EU+ region amounted to approximately 1.35 mil-

lion—a record since data collection began in 2008 and more than twice the number of

applications in 2014 [1]. The available evidence on health problems among asylum

seekers and refugees is limited in general with the best documentation on infectious

diseases and mental and maternity health and almost non-existing for chronic diseases

and childhood illnesses [2, 3].

In the EU, a number of communicable diseases have been reported to spread in the refu-

gee population including acute respiratory tract infections, louse-borne relapsing fever, cu-

taneous diphtheria, scabies, measles, meningococcal meningitis, shigellosis, typhoid fever,

hepatitis A, tuberculosis, and malaria [4]. Across studies, tuberculosis—particularly
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latent—and hepatitis B are the most commonly reported diseases [5–7]. A recent study in-

cluding only Syrian refugees found leishmaniasis, tuberculosis, hepatitis, and vitamin D in-

sufficiency to be the most prevalent health concerns [8].

The disease epidemiology of the country of origin is sometimes used to allocate the

individual asylum seeker to a specific screening programme in the receiving country

[9]. While this could be a quick approach and possibly reliable for quota refugees, most

asylum seekers arrive to their destination after a period in transit and have been subject

to poor living conditions and changing disease epidemiology. Further, the asylum

seekers can often be considered a subgroup in their home country and as such the esti-

mate for the general population is not applicable. One example of this is the debated

healthy migrant effect that hypothesises that those who migrate are in a favourable

health and/or socio-economic condition compared to those who stay in the country of

origin [10–12].

When a study focuses on a sub-population of migrants (e.g. asylum seekers), country

of origin, the reason for migration, the migration process itself, and the resettlement

conditions are just some of the important factors that may influence the health of mi-

grants. Very few studies take this into account in the analysis or reporting [3]. In the

following, we present a literature review of the infectious diseases of special interest in

the current asylum seeker and refugee populations including studies on health system

utilisation and screening strategies. We pay special attention to the reporting on the

definition of migrants in each study: Whether or not the studies account for the type of

migrant and country of origin in the reported analysis either by design or as a variable.

Methods
We included original studies and reviews on infectious diseases in asylum seeker and refu-

gee populations published between January 1, 2010, and July 3, 2016. Publications with a

main objective specifically related to other migrant subgroups than asylum seekers or refu-

gees were excluded, as were studies concerned with health literacy and education. Studies

that did not specify sub-population of migrants were included as well. After consulting a li-

brarian we applied the following search strategy in PubMed: “[disease]”[MeSH Terms] AND

“epidemiologic studies”[MeSH Terms] AND “refugees”[MeSH Terms] AND (“2010/01/

01”[PDAT]: “2016/07/03”[PDAT]) AND “adult”[MeSH Terms] where “[disease]” was

substituted with each of the diseases commented on below. Furthermore, we searched refer-

ences and conference abstracts for additional publications and unpublished material. Also

included were a number of relevant reports from the European Centre for Disease Preven-

tion and Control (ECDC) and WHO. For childhood diseases, we used the PubMed search

strategy: “[disease]”[MeSH Terms] AND “epidemiologic studies”[MeSH Terms] AND “refu-

gees”[MeSH Terms] AND (“2010/01/01”[PDAT]: “2016/07/03”[PDAT]) where “[disease]” was

substituted with “rubella”, “mumps”, “measles”, and “vaccine”, respectively. Studies that re-

ported on several diseases were only included once; data on all diseases were extracted. The

title and abstract were screened and included articles were retrieved and read in full. Arti-

cles excluded after screening or full read-through were categorised according to predefined

criteria and data were extracted according to predetermined variables (see “Availability of

data and materials”).

When reporting on the included studies, we subdivided the migrant population into

“foreign-born”, “refugee”, “family-reunificated”, “asylum seeker” and “border-crosser” as
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appropriate. Where no details were given on the sub-population of migrants, we used

the super-population term “migrants”.

Data management and a plot summarising the presented data were done using R

[13]. The R-code along with the data set and codebook are freely available (see “Avail-

ability of data and materials”).

The review conforms to the PRISMA statement checklist [14] (see Additional file 1).

Results
A total of 127 unique articles were identified and 51 of these included. A flow diagram

of the combined searches including the number and reasons for exclusion is presented

in Fig. 1. Of the included publications, the most commonly studied diseases were tuber-

culosis (29), hepatitis B (12), and HIV (8). Due to great heterogeneity, it was not pos-

sible to give a single measure for disease occurrence.

Eleven publications (23%) did not take into account the subgroup of migrant in the

analysis and 12 studies (25%) did not stratify on ethnicity; three studies did neither

[15–17]. Table 1 gives an overview of the included studies’ consideration of sub-

population of migrant and country or region of origin in reporting their result.

Below, we give a review of individual diseases with the related literature. Figure 2

gives a graphical representation of the prevalence presented in studies on a general

population of migrants including information on sub-population of migrant and coun-

try or region of origin in each study.

Tuberculosis

Active tuberculosis

Approximately 25% of tuberculosis (TB) cases reported in EU in 2010 were found in

foreign-born [18]. In Lebanon the TB incidence—decreasing from 1999 to 2006 but rising

thereafter—reached a high of 20/100,000 in 2013 including a sharp rise in the proportion

of multi-drug-resistant TB [19]. This rise was linked to the influx of Syrian refugees and

Ethiopians in Lebanon. A study including a selected population of 44 Syrian refugees resid-

ing in a European country found a prevalence of 11% (n = 5) [8]. The prevalence in African

asylum seekers in Malta during 2010 and 2011 was found to be 1%, in a migrant popula-

tion primarily consisting of Pakistani and Afghan migrants presenting at the Greek-

Turkish border during 2011 it was 8%, and in border-crossers in Europe 10% [7, 20, 21].

The latter study found TB to be the most prevalent infectious disease across border-

crossers from all world regions with higher prevalence in people from South Asia and

North and East Africa compared to those from South America and West Africa. In two

studies from the USA, the prevalence of LTBI was high among refugees form Middle East

(18%) and sub-Saharan Africa (43%) while active tuberculosis was rare [5, 22]. One study

found 7 cases among 31,470 screened asylum seekers from Syria from 2011 to 2015 [23].

The authors conclude that this indicates that the WHO estimate of the country-specific

TB incidence rate is a good approximation of the incidence in asylum seekers (for Syria this

was 17/100,000 person years in 2014 [24]).

Chest X-ray may be the preferred method for active-TB screening of asylum seekers

and refugees though a health interview has been proposed as a flexible and cost-cutting

alternative [25, 26].
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Latent tuberculosis

A CDC report found a latent tuberculosis infection (LTBI) prevalence of 14% in Iraqi

refugees in the period October 2007 to September 2009 [27]. In a small Syrian study,

the prevalence was 9% (n = 4) and in border-crossers in Europe 22% [7, 8]. Two stud-

ies from the USA found that the prevalence of LTBI was high among refugees from

the Middle East (18%) and sub-Saharan Africa (43%) while active tuberculosis was

rare [5, 22]. Predictors for LTBI among asylum seekers were as follows: origin from

Africa or a former Soviet Union country, having travelled by land and coughing at

presentation [28].

Most cases of TB in European countries are due to reactivation of LTBI acquired

pre-entry to the host country with studies reporting a range of 5–72% of migrants

Fig. 1 Flow chart of study selection
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testing positive for LTBI [29]. The risk of reactivation is highest in the years immedi-

ately after entry and decreases over time but remains increased compared to the au-

tochthonous population probably due to a mixture of time of infection, poor living

conditions in the host country, and considerable comorbidities and risk factors such as

diabetes [22, 29–31].

The prevalence of multi-drug-resistant TB in migrants in Finland was found to be 2%

with migrants from Somalia, Russia, and Estonia accounting for the vast majority of

cases [31] and the TB mortality rate ratio in a group of all foreign-born compared with

the autochthonous population in six European countries ranged between 0.56 (from

East Asia) and 23 (from Latin America except Caribbean) with a rate ratio of 3 for

foreign-born from North Africa [32]. The general decrease in TB incidence in Euro-

pean countries was not seen in the subgroup of foreign-born—thus the proportion of

TB cases in foreign-born increased—and the socio-economic status of those infected

differed between the autochthonous population and a group of foreign-born [18, 33].

The extent, the means, and the timing of screening of migrants are all subject of intense

debate. One extreme is limiting TB screening to active disease post-entry. The other ex-

treme is a very comprehensive screening effort pre-entry for LTBI including appropriate

treatment. The latter has been implemented with success in some countries and may be

cost-effective in populations from high-prevalence countries [17, 29, 34, 35]. A single blood

test for LTBI, HIV, hepatitis B, and hepatitis C has been proposed as a means of raising the

proportion of foreign-born that gets early diagnostics and treatment of these diseases in a

general practitioner setting in London [36]. Compared with the existing system in 2014 (no

formal screening programme for LTBI, hepatitis B, or hepatitis C), only LTBI was diagnosed

Fig. 2 Prevalence estimates as reported in the included studies of a number of the infectious diseases
of importance in the refugee and asylum seeker population in Europe in the 2010s. Colour indicates
the study country and symbol indicates the migrant sub-population. Some studies report on more
than one sub-population: in these cases only one is graphically depicted
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more often but the results were seriously hampered by lack of participation. Chest X-ray

may be the preferred method for active-TB screening of asylum seekers and refugees though

a health interview has been proposed as a flexible and cost-cutting alternative [25, 26].

Some evidence point towards severe diagnostic delay and worse outcome of TB infec-

tion in the migrant population though there may be great diversity according to mi-

grant status, time of residence in the host country, etc. [16]. Yet another study finds no

difference in either diagnostic delay or outcome [37]. The tuberculin skin test (TST) is

an affordable diagnostic for LTBI but means several visits to a health clinic. In a study

of refugees attending a health clinic in the USA, more than half had a TST > 5 mm and

most had a TST > 10 mm [38]. All patients were referred to a specialised unit but only

half of the patients were followed up with a median of 50 days. With interferon-gamma

release assays (IGRAs), it is possible to diagnose LTBI from one blood test. In a popula-

tion of 541 refugees in the USA, one out of every four had a positive IGRA and almost

all were asymptomatic [39]. In the same selected population mentioned above, only

61% of refugees from sub-Saharan Africa diagnosed with LTBI initiated treatment (79%

of refugees from Middle East), another study found that only 1% of asylum seekers di-

agnosed with LTBI were treated and only after a long delay, and finally, a study of refu-

gees in Australia found that particularly refugees from Eastern Mediterranean would

refuse treatment—only 44% of all refugees diagnosed with LTBI completed treatment

[22, 40, 41].

Important barriers to TB management in foreign-born populations are language and

fear of deportation [37]. It must be stressed though, that even under very difficult con-

ditions, such as in a refugee camp, it is possible to set up a strategy to ensure diagnos-

tics and treatment. In a screening programme in a Jordanian refugee camp, 10% of the

Syrian refugee population in Jordan were screened during the first 6 months of 2014

with X-ray and sputum examination if indicated and with a treatment adherence of

91% [42]. One study found seven cases among 31,470 screened asylum seekers from

Syria from 2011 to 2015 [23]. The authors concluded that this indicate that the WHO

estimate of the country-specific TB incidence rate is a good approximation of the inci-

dence in asylum seekers (for Syria this was 17/100,000 person years in 2014 [24]).

HIV

A small study conducted in late 2015 of 48 Syrian asylum seekers found no instances of

infection with HIV, hepatitis B, or hepatitis C [43]. This is in line with the findings in a

large study in the USA that found no instances of HIV infection in refugees from the Mid-

dle East and a prevalence of 3.3% in African refugees, a study that found a prevalence of

1% among all “border-crossers”, and CDC reporting of a prevalence of 0.7% in Iraqi refu-

gees [5, 27, 44]. This was mirrored in a European setting by three studies: One study of

migrants presenting at the Greek-Turkish border found only two cases (0.2% from

Morocco and Iraq), a study found a prevalence of 1.5% in African refugees with a predom-

inance of males, and finally a study found a prevalence of 4% in all asylum seekers in the

UK [20, 45, 46]. Another study reported an overall prevalence of 7% for border-crossers

in the EU, with the highest prevalence among East Africans (15%) and the lowest in South

Asians (1%) [7]. In general, it has been found for all countries in the EU that the HIV inci-

dence is higher among migrants than the autochthonous population. It is pointed out that
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restricted access to HIV prevention, testing, and treatment means that especially migrant

sex workers are at risk [30]. As for tuberculosis, socio-economic status seems to be associ-

ated with the risk of HIV infection. Contrary to tuberculosis treatment, studies show that

refugees have the same prevalence of sub-optimal adherence to HIV treatment as the au-

tochthonous population [47].

Hepatitis B

A study from Italy of 529 asylum seekers found 8.3% to be HBsAg positive and 45.6% to be

anti-HBc positive [46]. This is remarkably higher than reported in a study from Germany

on a population twice the size with predominantly migrants from Eastern Mediterranean,

where numbers were 3.6 and 32.5%, respectively [48]. In a small study on 44 Syrian refu-

gees, the prevalence for chronic HBV was 7% (3 cases) [8]. A review found the prevalence

in asylum seekers in the UK to be between 6 and 12%, and other studies found it to be 12%

for border-crossers into EU and 11% for all migrants in Spain, respectively [5, 45, 49]. In the

USA, prevalence ranged between 11% (West Africa) and 2% (Eastern Europe) in both

border-crossers and in a refugee population [5, 50]. There was some diversity in the re-

ported association with region of origin: One study reported the highest prevalence among

border-crosser from Southeast Asia and North Africa, and lowest in South Americans,

while another study found a higher prevalence among sub-Saharan migrants [7, 49]. In a re-

view from 2012, Asians had a high seroprevalence of HBV compared with other immigrants

and there was an indication that refugee status may be an independent risk factor for HBV

together with region of origin [51]. Compared with the autochthonous population in Italy,

migrants with chronic HBV were found to be younger and predominantly females [52, 53].

Fewer immigrants had liver morbidities and fewer received antiviral treatment.

Although there is large variation of the prevalence, as well as the systems to survey

and report cases of HBV between European countries, studies show that migrant popu-

lations from high endemic regions have increased prevalence compared to the autoch-

thonous population [30]. In general, the migrants had a very low knowledge on

hepatitis virus infection transmission routes [48] and one study found that only little

more than one in ten eligible foreign-born were tested in the UK [54].

Hepatitis C

In the study of 529 asylum seekers referred to above, 4.5% were anti-HCV positive, pre-

dominantly males and Asian refugees [46]. This is considerably higher than the 1.9%

found in a German study and also higher than the one case that was found in a study

of Syrian refugees in Europe but on par with another European study that found an

overall prevalence of 5%, ranging from 1% in West and North Africans to 6% in East

Africans [7, 8, 48]. A meta-analysis from 2015 found that—unlike for HBV—refugee

status was not a risk factor for HCV [55]. Region of origin was, however, a strong risk

factor particularly for individuals from sub-Saharan Africa, Asia, and Eastern Europe.

The study found that migrants from one of these high endemic countries may benefit

from targeted screening. In the Middle East, the prevalence in the general population

was recently found to be very low [56] which indicates that HCV screening may not be

a high priority in this large refugee population.
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Malaria

The prevalence of malaria among border-crossers was found to be 7% (highest among

Southeast Asians and lowest in South Americans and North Africans) [7]. While mal-

aria infection is very rare in the Middle East and North Africa, refugees from these re-

gions often pass through countries where Plasmodium vivax transmission is possible,

yet still rare, such as Greece and Turkey [57]. Conversely, refugees from sub-Saharan

Africa and Asia could be infected before migration and there is a risk of (re-)introduc-

tion of the parasite in areas with competent vectors such as the Anopheles mosquito. It

has been suggested that this is the likely explanation for the six cases of locally acquired

Plasmodium vivax during the summer months in Greece in 2015 [57].

Childhood diseases, vaccine preventable

Our search confirmed the lack of evidence on infectious diseases in refugee and asylum

seeker children that has previously been pointed out [3, 30].

Children that are either refugees themselves or have parents who are refugees often

lack routine vaccinations—either because of their parents’ unawareness of the vaccin-

ation programmes or because of unwillingness to participate [30]. Outbreaks of mea-

sles, rubella, and other childhood infections have been suggested to be associated with

migration from low-coverage regions. In one study set at the Greek-Turkish border in

2011, 52.5% of migrant children needed vaccination against diphtheria, tetanus, and

pertussis and 13.2% against measles, mumps, and rubella [20]. A study of refugee chil-

dren under 5 years of age found the prevalence of rubella immunity to be 14% in Afri-

can, 34% in Middle Eastern, 44% in Asian, and 71% in American refugee children [58].

The study found 50% to have measles immunity with no variation on world region.

Other infectious diseases

Shigella

The ECDC have estimated the incidence of shigellosis to be 1.4/100,000 in 2014 in the

EU/EAA, with the majority of infections (57%) to be travel-related. Several cases have

been reported in refugees having the same migration route in common: through Turkey

and Greece via the Balkans to Central Europe [59]. The ECDC concludes that it is not

unexpected to see such cases given the hygienic conditions during the migration as well

as in the reception facilities; furthermore, there is a high prevalence of shigella in many

of the home countries and some of the countries the refugees travel through.

Cutaneous diphtheria

According to the ECDC, three European countries have reported a total of nine (seven

toxigenic and two non-toxigenic) cases of cutaneous diphtheria in refugee populations

in 2015 [60]. Since national health systems may have low sensitivity to cutaneous diph-

theria among refugees due to the often limited access to health care, the number could

be higher. Cutaneous diphtheria is a way for transmission of diphtheria. The high

prevalence in many of the migrants’ country of origin combined with crowded and poor

living conditions during and after migration are perfect conditions for the spread of

diphtheria. Also, travellers that have not received vaccinations are at risk of infection.
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Louse-born relapsing fever

There have been recent reports of 27 cases of louse-born relapsing fever among refu-

gees taking the route through Libya to Italy and on to Central Europe [61]. The ECDC

concludes that most cases developed in the home country or en route because of ex-

posure to body lice. Yet, two cases were infected in Italy several years after arrival,

probably due to shared living quarters with newly arrived asylum seekers. Again, the

risk of infection is closely related to poor living conditions and there is very low risk of

spread to the general population. Health care workers are also considered to be at low

risk when taking the normal precautions such as wearing gloves during examination.

Leishmaniasis

There has been a steep rise in the number of cases of leishmaniasis among Syrian refu-

gees in Lebanese refugee camps [62]. A total of 1033 cases were reported in 2013, of

which 998 were Syrian refugees. Numbers from the first months of 2014 indicate no

change from 2013. A recent study found that 32% (n = 14) of Syrian refugees in Euro-

pean countries had cutaneous leishmaniasis [8].

MRSA and ESBL/CPO

Staphylococcus aureus MRSA were isolated in rectal (2 of 3), pharyngeal (1 of 6), and

nasal (3 of 16) swabs in Syrian refugees in Italy in 2015 [43]. In the same study, ESBL-

producing gram-negative bacteria were found in rectal (6 of 27) and pharyngeal (1 of 5)

swabs.

Sexually transmitted diseases

The prevalence of chlamydia was 3.3 and 1.4% in refugees from the Middle East and

Eastern Europe, respectively, and 0.2% for gonorrhoea in refugees from sub-Saharan

Africa and Southeast Asia [44]. In comparison, a study from the USA found a preva-

lence of 0% for both of these subgroups. The prevalence of syphilis was reported to be

2 and 1% for refugees from Africa and the Middle East, respectively [44, 46], and in a

CDC report on adult Iraqi refugees, the prevalence was 2.6% [27]. In the same CDC re-

port, Giardia intestinalis and Entamoeba histolytica were found with a prevalence of

3.1 and 1.2%, respectively.

Conclusions
With this review, we have aimed to give a broad overview of many of the infectious dis-

eases of concern in the refugee and asylum seeker populations in present time. We

present the available literature on infectious diseases in migrants, with an effort to sub-

divide this very heterogeneous population, to be able to draw conclusions on important

infectious diseases in the current refugee and asylum population.

The prevalence of tuberculosis rises during conflict—e.g. as seen in Iraq where the

prevalence rose from 62/100,000 in 2000 to 74/100,000 in 2011 [42]—and is thus a

concern in every asylum seeker and refugee population. We found latent tuberculosis

to be the most prevalent infectious disease in the current asylum seeker and refugee

population. Hepatitis B is another health concern for the current asylum seekers and

refugees while both hepatitis C and HIV have low prevalence in this population. Chla-

mydia and syphilis were the most frequently reported sexually transmitted disease in

this population. Malaria is very much related to the means and route of transportation

as are a number of other infectious diseases that have been reported on a case basis
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but represent a risk of outbreaks due to reintroduction into areas where the disease has

previously been eradicated, although only reported once.

Infectious diseases are among the significant health issues faced in the population of

asylum seekers and refugees. The risk of transmission to the autochthonous population

is very low, though outbreaks in the asylum seeker and refugee population should be

considered due to poor living conditions and suboptimal vaccination, not least among

children [4, 20, 63]. In late 2015, the ECDC published a set of recommendations in-

cluding systems to ensure health assessment immediately after arrival to the host coun-

try, adequate living conditions, and free of charge access to diagnosis and treatment of

any communicable disease [64]. A recent study found that little more than half of the

EU countries have national or sub-national guidelines for screening of newly arrived

migrants [15]. The most common screening program was targeted at tuberculosis

screening and only a third of the EU countries screened for other infectious diseases

such as hepatitis, HIV, or vaccine-preventable diseases. The most common place for

screening was in asylum centres and only very few countries conducted screening at

the pre-entry or entry stage of migration.

Few studies analysed data taking into account the reason of migration, the import-

ance of which is illustrated by the possible association found between refugee status

and HBV infection and the stronger evidence against such association to HCV [51, 55].

Most studies presented analysis accounting for world region of origin or did not con-

sider ethnicity at all. While world region is preferable to the latter, this will still likely

represent an extremely heterogeneous group in both risk epidemiology, reason for mi-

gration, and health knowledge.

The very broad scope of this review is a limitation, as it is not possible to provide an

in-depth analysis of any one disease. Also, we have implemented a search strategy with

MeSH terms exclusively. While this allows a high specificity in our search results, it

may have excluded the most recently published articles. In our review we have included

several studies on other migrant sub-populations than those of primary interest (refu-

gees and asylum seekers) and even on the super-population “migrants”. We have done

this to be able to present the best evidence on the subject at the moment and have

taken great care to be specific on the sub-population in question.

The great diversity and often suboptimal reporting on the sub-population of migrants

under study as well as the general lack of evidence in this area of research hampers infer-

ence on the health of asylum seekers and refugees and limits comparability across studies

and countries. Published research on the health of a “migrant population” including all of

foreign nationality should be clear on why such broad definition is warranted. While sev-

eral studies include analysis of region of origin, and few studies do include migrant status

as a factor in the analysis, the independent effect of fleeing and living as a refugee is still

to be examined. The very different estimates of both HBV and HCV infection in the Ital-

ian and the German study is a good example of the difficulties of comparing or even

reporting estimates for such heterogeneous groups [46, 48]. Even though the two coun-

tries are likely receiving migrants from the same areas (albeit set with 2 years apart), one

study does not define migrants at all whereas the other defines migrants as asylum

seekers; one chooses to group some countries, the other chooses another subdivision.

In a clinical setting, European countries should seek to accommodate this new and

very heterogeneous subpopulation, e.g. by developing migrant health clinics that
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specialises to handle the health care needs of this diverse group as is seen for instance

at the Odense University Hospital in Denmark [65]. This will help to strengthen the ef-

forts already taking place in the receiving countries’ health care system and by a num-

ber of NGOs [3, 66]. The ECDC has developed a handbook for clinicians for health

assessment of refugees and migrants in the EU/EEA [67]. Together with training of

health care professionals, such initiatives are a step towards high quality and equal stan-

dards of health care in the reception of asylum seekers and refugees in the European

countries.

As Clark and Mytton [45] put it “Without further healthcare services development

and research, the prevalence of communicable diseases in asylum seekers and refugees

will continue to remain the subject of speculation rather than fact. This will result in

continuing policy development that is not evidence-based and insufficient treatment

for this vulnerable sub-section of society.”
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a b s t r a c t 

Introduction: Concerns have been raised regarding the emergence of antimicrobial-resistance and parasitic infec- 

tions in the European refugee population. Here, we estimated the prevalence of intestinal parasites and selected 

antimicrobial-resistant bacteria in newly arrived asylum seekers in Denmark. 

Materials and methods: Using a cross-sectional one-stage cluster sample design, adult Syrian asylum seekers were 

included upon arrival in Denmark. Faecal samples were collected and tested for ova and parasites, extended- 

spectrum beta-lactamase-producing Enterobacterales (ESBL-E) and carbapenemase-producing organisms (CPO). 

Throat swabs were collected and analysed for methicillin-resistant Staphylococcus aureus (MRSA) and Corynebac- 

terium diphtheriae . 

Results: We invited 121 eligible individuals (20% of the source population) from six different asylum centres to 

participate, of whom 113 agreed. Throat swabs and faecal samples were received from 104 and 48 participants, 

respectively. Seven individuals did not provide enough material for the entire panel of faecal analyses. Three 

individuals (7.3%, 95%CI: 2.5–19.4%) were colonised with Giardia intestinalis and 28 (68.3%, 95%CI: 53.0–

80.4%) with Blastocystis sp. (subtypes 1 [ n = 5], 2 [ n = 9] and 3 [ n = 14]). Seven individuals (6.7%, 95%CI: 

3.3–13.3%) were colonised with MRSA and one with ESBL-E. None had CPO or Corynebacterium diphtheriae and 

none reported any gastro-intestinal symptoms. 

Discussion: Even with the most conservative estimates, the prevalence of Giardia intestinalis, Blastocystis sp. and 

MRSA was high in this asymptomatic refugee population. 

Conclusions: We highlight the importance of raised awareness of antimicrobial-resistant bacteria when attending 

to newly arrived Syrian refugees. Meanwhile, our data suggest that routine screening for intestinal parasites in 

this population is of limited clinical relevance. 
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. Introduction 

By the end of 2018, the European Union (EU) hosted almost 2.5

illion refugees of whom approximately 36,000 lived in Denmark

 The World Bank, 2019 , UNHCR, 2019 , UNHCR popstats, 2019 ). In

omparison, in 2014, the number of refugees in the EU and Den-

ark was about 1 million and 18,000, respectively. The large major-

ty of refugees in the EU are from the Middle East, and a traditional,
Abbreviations: ESBL-E, extended-spectrum beta-lactamase-producing Enterobacte  

taphylococcus aureus ; C. diph, Corynebacterium diphtheriae ; MALDI-TOF, Matrix-ass  

onfidence interval; ANOVA, Analysis-Of-Variance. 
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Table 1 

Overview of sample collection and analyses. 

Material Collection instrument Storage Shipment Outcome of interest Diagnostic methods 

Faeces Specimen containers 

with spoon, protective 

shipment container 

Refrigerated, + 5 °C Regular postal service, 

in protective shipment 

container 

Resistance pattern: 

ESBL & CPO 

Culture 

Bacteria MALDI-TOF 

Ova and parasites Microscopy & 

Next-generation 

sequencing 

Throat swab BD ESwab(TM) 

collection kit regular 

flocked swab system 

MRSA & C. diphtheriae Culture 

Abbreviations: ESBL-E, extended-spectrum beta-lactamase-producing Enterobacterales ; CPO, Carbapenemase-producing organisms; MRSA, Methicillin-resistant 

Staphylococcus aureus; C. diphtheriae , Corynebacterium diphtheriae ; MALDI-TOF, atrix-assisted laser desorption-ionization time-of-flight. The microbiological proce- 

dures are described in detail in ( Eiset et al., 2020 ). 
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en, USA, and Canada ( Benzeguir et al., 1999 , DeVetten et al., 2017 ,

eterson et al., 2001 ) and abdominal pain —an unspecific symptom of-

en linked to being colonised with gastrointestinal parasites —is consis-

ently found to be one of the most common complaints among refugees

een in primary care or in the emergency department ( Eiset and We-

se, 2017 , Padovese et al., 2014 , Sariaydin et al., 2018 , Xu et al., 2018 ).

ntimicrobial-resistant bacteria is a public health concern in general

nd in particular in migration health because of the risk of dissemination

f the antimicrobial-resistant genes to otherwise susceptible organisms

 accessed November 26, 2020 , MacPherson et al., 2009 ). Previous stud-

es of asylum seeker populations residing in EU countries have reported

 high prevalence of methicillin-resistant Staphylococcus aureus (MRSA)

 Aro and Kantele, 2018 , Fulchini et al., 2019 , Heudorf et al., 2016 ,

avensbergen et al., 2017 ) and extended-spectrum beta-lactamase

ESBL)-producing Enterobacterales ( Fulchini et al., 2019 , Heudorf et al.,

016 , Ravensbergen et al., 2017 , Ehlkes et al., 2019 , Angeletti et al.,

016 ), but very rarely reported on carbapenemase-producing organisms

CPO) ( Fulchini et al., 2019 , Ehlkes et al., 2019 ). 

Many of these studies are limited by small sample sizes, suboptimal

ampling frames and very heterogeneous study populations, exempli-

ed by the grouping of refugees from markedly different countries of

rigin, with different migration history and different time spent in the

ost country. Finally, in 2015, three EU countries reported nine cases

f cutaneous diphtheria in refugees (one in Denmark) seven of which

ere toxigenic ( ECDC, 2015 ). This situation developed into an outbreak

ut drew the attention of public health practitioners to asylum seek-

rs’ living conditions as a risk factor for local outbreaks with a poten-

ially high fatality risk. In this paper, we aimed to estimate the preva-

ence of colonisation with intestinal parasites and ESBL-producing En-

erobacterales, CPO, MRSA, Corynebacterium diphtheriae ( C. diphtheriae )

n a Syrian-born asylum seeker population newly arrived in Denmark. 

. Methods 

The study was part of the “Asylum seekers’ and Refugees’ Chang-

ng Health ” (ARCH) project which is described in detail in the study

rotocol ( Eiset et al., 2020 ). Briefly, adult Syrian asylum seekers were

ncluded shortly after arriving in Denmark during 2016 through 2018

sing a cross-sectional design with one-stage cluster sampling, setting

he design effect to one due to random allocation to the asylum cen-

res [22]. The inclusion criteria were: (a) Syrian-born, (b) adult ( > 18

ears old), (c) fled Syria after February 2011 ( i.e. , after the onset of

he current Syrian war), (d) arrived in Denmark less than 12 months

rior to inclusion and (e) resident in a refugee centre at the time of in-

lusion. We excluded individuals physically and/or mentally incapable

f participating. As part of the general clinical examination undertaken

y health-care professionals, participants were asked for a throat swab

nd three faecal samples, and their medical history was recorded. In-

ormed consent (both written and oral) was secured from each indi-
v  

2 
idual before enrolment. Participants were informed of their right to

ithdraw from the study at any time, to refuse to give information on

ny question and to submit one or more of the requested samples. The

articipants were thoroughly informed that their participation would

ave no consequences for the processing of their asylum application.

he reporting conforms to the STROBE statement ( Vandenbroucke et al.,

007 ); a filled-out checklist is provided in Supplementary Data 1. The

 code for all analyses, including those in the appendices, is avail-

ble from the first author’s GitHub page: https://github.com/eiset/

RCH _ Asylum- seekers- and- Refugees- Changing- Health 

.1. Background information 

A 20-item questionnaire on four constructs were developed to col-

ect information on socio-demographics, health status, health behaviour

nd migration history. The questionnaire was translated into Arabic and

ack-translated into English, and the final edition approved by the first

uthor and a team of collaborators in Lebanon. 

.2. Throat swabs and faeces samples 

Table 1 provides a summary of specimen collection, storage, ship-

ent and analyses. For the throat swabs, we cultured material from

oth tonsils and any oral lesions on selective media for MRSA (chro-

ID MRSA; Biomerieux, France) and C. diphtheriae (Selenite plate, SSI

iagnostics, Denmark). For the faeces samples participants were pro-

ided with three labelled specimen containers and instructed to sub-

it samples from three different defecations over the following five

ays. Screening for ova and parasites was based on both microscopy

nd amplicon-based next-generation sequencing as described elsewhere

 Krogsgaard et al., 2018 , Ring et al., 2017 , Stensvold et al., 2020 ). The

aeces samples were cultured by plating 10 𝜇L of medium on a chro-

ogenic culture media (chromID ESBL; Biomerieux, France) for detec-

ion of ESBL and 1 ul on SSI enteric medium (SSI diagnostics, Denmark)

ith a meropenem Neo-Sensitabs TM (Rosco, Denmark) for detection of

PE (using a breakpoint of 27/27 mm) and incubated aerobically at

6 °C. The plates were examined after 18–24 h of incubation. Confirma-

ion of ESBL production was performed by the ESBL + AmpC Screen Kit

Rosco, Denmark). Confirmation of CPE was performed by the ROSCO

apid CARB Screen kit (Rosco, Denmark) according to EUCAST stan-

ards (The European Committee on Antimicrobial Susceptibility Test-

ng. Breakpoint tables for interpretation of MICs and zone diameters

sing a breakpoint of 0.25/0.25 ug/ml. Identification of bacteria was

one by use of Matrix assisted laser desorption-ionization (MALDI-TOF;

ruker, Germany) . 

.3. Statistics 

Prevalence estimates were calculated with 95% confidence inter-

als (CI). We aimed to include 220 individuals to ensure that the CI

https://github.com/eiset/ARCH_Asylum-seekers-and-Refugees-Changing-Health
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Table 2 

Demographics and selected clinical data of the study population. 

Total study population( N = 113) One or more parasites detected( N = 30) No parasites detected( N = 11) 

Sex 

Female 53 (46.9%) 12 (40.0%) 5 (45.5%) 

Male 60 (53.1%) 18 (60%) 6 (54.5%) 

Missing 0 0 0 

Age (years old) 30 (25.0–37.0) 33 (25.0–37.5) 32 (31.2–38.8) 

Missing 10 (8.8%) 3 (10%) 1 (9.1%) 

Time in Denmark (months) 8.5 (5.0–11.0) 8 (6–11.2) 12 (9.5–12) 

Missing 5 (4.4%) 2 (6.7%) 0 

Area of origin in Syria 

Aleppo 27 (38%) 7 (23.3%) 3 (27.3%) 

Damascus 13 (18.3%) 1 (3.3%) 2 (18.2%) 

Al-Hasakah 10 (14.1%) 4 (13.3%) 1 (9.1%) 

Tartus 5 (7.0%) 1 (3.3%) 1 (9.1%) 

Other 16 (22.5%) 3 (10.0%) 2 (18.2%) 

Missing 42 (37.2%) 14 (46.7%) 2 (18.2%) 

Followed child vaccination programme 

Yes 86 (80.4%) 23 (76.7%) 10 (91.0%) 

No 9 (8.4%) 2 (6.7%) 0 

Do not know 12 (11.2%) 4 (13.3%) 1 (9.1%) 

Missing 6 (5.3%) 1 (3.3%) 0 

Diagnosed with one or more diseases ∗ 

Yes 33 (41.2%) 9 (30.0%) 6 (54.5%) 

No 47 (58.8%) 10 (33.3%) 4 (36.4%) 

Missing 33 (29.2%) 11 (36.7%) 1 (9.1%) 

Categorical variables are represented as n (%), while continuous variables are represented as median (interquartile range). 
∗ For simplicity, we do not report all diseases registered. No participant reported gastrointestinal related diseases or symptoms. 
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Fig. 1. Flow-chart of inclusion, reason for non-participation and number of de- 

livered samples 
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idth would be no wider than ± 7 percentage points, no matter the ob-

erved proportion. In short, we estimated the prevalence of colonisa-

ion and antimicrobial-resistance and its corresponding Wilson 95% CI

 Agresti and Coull, 1998 , Dean and Pagano, 2015 ). Finally, to qualify

he discussion of the internal and external validity of our results, we per-

ormed missing data analysis by plotting the fraction of individuals with

issing data on key variables, performing hierarchical cluster analysis

nd logistic regression and Analysis-Of-Variance (ANOVA) to identify

he conditional missingness of data on outcomes. Data was entered and

tored in the REDCap database ( Harris et al., 2009 ) hosted at the first

uthors’ research institution. All analyses and plots were made using the

 software ( R Core Team 2020 ). 

The study was planned, conducted and reported in accordance

ith the Recommendation for the Conduct, Reporting, Editing and Pub-

ication of Scholarly work in Medical Journals ( http://www.icmje.org/

ecommendations/ ) and approved by the Danish Data Protection Agency

file number 2015-41-4500). According to Danish law, no further per-

ission was required for this type of study. 

. Results 

Of an estimated source population of 613, we reached and invited

 random sample of 121 eligible individuals from six different asylum

entres, of whom 113 agreed to participate, resulting in a participation

ate of 93.4% ( n = 113/121). From these, a throat swab and at least one

aecal sample were obtained and analysed from 92% ( n = 104/113,) and

3% ( n = 48/113) participants, respectively. Of the 48 individuals that

elivered faecal samples seven delivered too little material to include the

arasite analysis. The majority were relatively young (between 25 and

7 years old), from the two major Syrian cities (Aleppo and Damascus),

ad been in Denmark for eight and a half months prior to inclusion in

he study, and had followed the vaccination programme in Syria which

as good coverage of the most important vaccine-preventable diseases

 WHO, 2020 ). Fig. 1 provides a graphical overview of the inclusion pro-

ess and details on reasons for refusing to participate, and Table 2 pro-

ides an overview of the demographics of the study population and sub-

opulations according to parasite colonisation status. 

r  

3 
Thirty individuals tested positive for at least one intestinal parasite,

orresponding to a parasite detection rate of 73% ( n = 30/41), and eight

ndividuals had antimicrobial-resistant bacteria in the throat or intestine

seven had MRSA only, one had ESBL only; i.e. , none had both). Table 3

rovides detailed information on the laboratory results. Blastocystis sp.

as the parasite most commonly found: of the 28 Blastocystis sp.-positive

ndividuals, 18 were co-colonised with one ( n = 9), two ( n = 7) or three

 n = 2) other organisms (Supplementary Data 2). All three cases of Gia-

dia intestinalis were co-colonised with Blastocystis, and two cases were

http://www.icmje.org/recommendations/
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Table 3 

Microbiology test results 

n Prevalence in % (95%CI) 

Throat swabs ( N = 104) 

MRSA 7 6.7 (3.3; 13.3) 

Corynebacterium diphtheriae 0 NA 

Faeces - Bacteria and antimicrobial-resistance ( N = 48) 

Escherichia coli 6 12.5 (5.9; 24.7) 

ESBL-producing Escherichia coli 1 2.1 (0.1; 10.9) 

CPO 0 NA 

Faeces - Parasites ( N = 41) 

Blastocystis spp. 28 68.3 (53.0; 80.4) 

Blastocystis subtype 1 5 12.2 (5.3; 25.5) 

Blastocystis subtype 2 9 22.0 (12.0; 36.7) 

Blastocystis subtype 3 14 34.1 (21.6; 49.5) 

Dientamoeba fragilis 9 22.0 (12.0; 36.7) 

Entamoeba dispar 1 2.4 (1.3; 12.6) 

Entamoeba coli 6 14.6 (6.9; 28.4) 

Endolimax nana 3 7.3 (2.5; 19.4) 

Entamoeba hartmanni 3 7.3 (2.5; 19.4) 

Giardia duodenalis 3 7.3 (2.5; 19.4) 

Iodamoeba bütschlii 1 2.4 (1.3; 12.6) 

Abbreviations: ESBL, Extended-spectrum beta-lactamase; CPO, Carbapenemase-producing organ- 

isms; MRSA, Methicillin-resistant Staphylococcus aureus ; NA, not applicable. 
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lso positive for MRSA. The median age of the subpopulation with one

r more intestinal parasites was 33 years (IQR, 25.0–37.5); in the sub-

opulation with no intestinal parasites detected it was 32 years (IQR:

1.2–38.8). The average length of stay in Denmark at the time of test-

ng was shorter in the subpopulation colonised with one or more intesti-

al parasites or ESBL (both median of eight months) compared with the

ubpopulation not colonised with parasites nor with ESBL (both median

f 12 months), whereas the opposite was true for the subpopulation

olonised with MRSA (median of of 11 months) compared with the sub-

opulation not colonised with MRSA (median of eight months). None

f the participants who delivered faecal samples reported any gastroin-

estinal symptoms such as abdominal pain, weight loss, diarrhoea or

onstipation, nor any current or prior treatment for gastrointestinal is-

ues, except for one participant, who reported regular use of loperamide

antidiarrhoeal drug) and who tested negative for all outcomes; the indi-

idual could not remember the reason for initiation of this drug. Missing

ata analysis showed that refusal to deliver throat swab or faeces sam-

les were independent of all covariates (see Supplementary Data 3–7 for

lots and a detailed discussion). 

. Discussion 

We found a high prevalence of parasites that have been associated

ith abdominal pain, anorexia, diarrhoea and weight loss (in particu-

ar Blastocystis sp. was common); and also a high prevalence of so-called

on-pathogenic intestinal amoebae (such that Entamoeba coli, Endolimax

ana, Entamoeba hartmanni ). The 95% CI for the prevalence estimate for

iardia intestinalis colonisation ranged from 2.5% to 19.4%, which is

oticeably higher than the prevalence estimate for the general popula-

ion of 1% reported in a study from Finland ( Kyrönseppä, 1993 ) and

enmark < 1% in Denmark ( Krogsgaard et al., 2018 ) (Supplementary).

hese results suggest that many participants had been exposed to faecal-

ral contamination, however, none of the colonised individuals reported

astrointestinal complaints. In general, intestinal parasite infection is a

are cause of hospitalisation ( Dam Larsen et al., 2017 ) and our study

upports the hypothesis that in most cases, symptoms related to these

arasites may be absent or mild. In accordance with previous studies, we

ound a high MRSA prevalence with 95% CI ranging from 3% to 13% and

o individuals with CPO ( Aro and Kantele, 2018 , Fulchini et al., 2019 ,

eudorf et al., 2016 , Ravensbergen et al., 2017 , Ehlkes et al., 2019 );

owever, contrary to these studies, we found a low prevalence of ESBL

one individual). With no cases of C. diphtheriae detected, we reaffirmed
4 
revious studies finding a very low prevalence of C. diphtheriae among

yrian refugees ( Meinel et al., 2016 ) which is also in accordance with a

eported high immunisation coverage ( WHO, 2020 ). 

Due to practicalities, such as collecting specimens in asylum centres

nd refugee camps, we were limited to analysing only one swab site

the throat) and did not include multiple swab sites even though this

ould have increased the sensitivity of MRSA tests ( Ahmad et al., 2019 ,

l-Bouri and El-Bouri, 2013 ). During participant inclusion, new policies

ere put in place in Denmark and the EU, leading to a remarkable drop

n the number of Syrian asylum seekers arriving in Denmark. Thus, we

id not reach our aim of including 220 participants. Moreover, less than

alf of the participants submitted stool samples for testing, and a large

roportion of the participants did not deliver the instructed amount of

aeces or number of samples. Together, this is reflected in uncertainty

nd instability about the prevalence estimates in question: for exam-

le, 48 individuals were tested for ESBL Escherichia coli of which one

ere positive resulting in a 95% CI ranging from negligible (0.11%) to

uite common (10.90%), and a prevalence estimate that would double

ith just one more positive individual. For other agents, the point es-

imate may be imprecise, but the limits of the 95% CI is noteworthy

onetheless: for example in the case of MRSA, the lower bound of the

5% CI was 3% which corresponds to the reported MRSA prevalence in

tudies of nursing home residents in Europe ( Aschbacher et al., 2016 ,

atour et al., 2019 ). We secured a random sample with participation

ate of 93% that constituted almost 1/5 of the entire source population.

lthough the absolute numbers are low, this participation rate is among

he highest for studies in difficult-to-reach populations ( Ahlmark et al.,

014 , Enticott et al., 2017 , Nesterko et al., 2019 , Tinghög et al., 2017 ).

n Table 2 we provide demographic data for the study population and

ubpopulations stratified on colonisation status. With a difference of 4

onths on average since arrival in Denmark this gives an indication

hat the burden of parasitic colonisation may be highest in the very

ecently arrived refugees, however further studies would have to in-

estigate this more thoroughly. The missing data analysis, followed by

iscussions of possible missingness mechanisms among the authors, did

ot identify any predictors of non-acceptance to provide throat swabs

r stool samples among the other variables measured, supporting that

on-acceptance was not systematic and thus did not introduce data bias.

his suggests that our results can be generalised to an adult population

f Syrian asylum seekers hosted in European countries. Finally, our find-

ngs indicate that policy recommendations are warranted; we find there

s a considerable yield to gain from adding screening for gastrointesti-
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al pathogens and MRSA in refugee health assessments, which are cur-

ently conducted with vast differences according to varying local poli-

ies ( Seedat, 2018 ). 

. Conclusions 

This study showed a high prevalence of intestinal parasites and

RSA. Our results indicate that routine screening for intestinal parasites

n asymptomatic adult Syrian refugees is not justified: although the ma-

ority tested positive for one or more intestinal parasites, these individ-

als reported no symptoms. MRSA is a public health threat, particularly

f disseminated in vulnerable populations such as in hospitals. Thus,

e emphasise the importance of a raised awareness of antimicrobial-

esistant bacteria when attending to Syrian refugees in particular when

ospitalised; furthermore, it may be reasonable to incorporate screening

or MRSA and gastrointestinal pathogens in refugee health assessments.
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