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Abstract

Background Thrombocytopenia is a frequent finding
among ill returned travellers and may be caused by a large
number of different conditions, including infectious dis-
eases specific or typical for tropical and subtropical
regions. In order to assess the diagnostic significance of
thrombocytopenia we investigated a large cohort of
returned travellers.

Methods This was a comparative study in which data
collected on 19,473 returned travellers who consulted the
outpatient travel clinic of the the University of Munich
Hospital between 1999 and 2009 were analysed. Of these,
732 (3.8%) travellers were diagnosed with thrombocyto-
penia, and their data were compared with those of the
remaining 18,741 travellers with normal platelet counts.
Results Thrombocytopenia was significantly more fre-
quent among patients with malaria (63%), acute human
immunodeficiency virus infection (48%), dengue fever/
dengue haemorrhagic fever (DF/DHF; 47%), Epstein—Barr
virus infectious mononucleosis (23%), paratyphoid/typhoid
fever (14%), and rickettsiosis (12%). Malaria and DF/DHF
caused 25% of all cases of thrombocytopenia (platelet
count <140,000/ul) and 75% of all cases of severe
thrombocytopenia (platelet count <30,000/pl). Sex, age,
country of origin, duration and type of travel were not
significantly correlated with thrombocytopenia. The most
frequent travel destinations were Asia (42%), Africa
(33%), and Latin America (14%). Travellers to Sub-
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Saharan Africa (high risk for malaria) and to South/South-
east Asia (high risk for DF/DHF) had the highest relative
risk for thrombocytopenia.

Conclusion Platelet count among returned travellers is an
essential screening parameter, as thrombocytopenia is
highly correlated with important infectious diseases, par-
ticularly with malaria and DF/DHF.
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Introduction

Thrombocytopenia (TP), generally defined as a platelet
count of <150,000 thrombocytes per microlitre of blood
(t/pl) [1], can be caused by a large number of congenital or
acquired diseases. Platelet function and counts (normal
150,000-400,000 t/pl)] do not vary with age to any clini-
cally significant degree. Patients with a platelet count of
>60,000 t/pl usually do not present with clinical signs of
haemorrhagic diathesis, such as petechiae, haematomas
and mucocutaneous bleedings, whereas platelet concen-
trations between 30,000 and 60,000 t/pl are associated
more frequently with effusions after minor trauma. Severe
TP is generally defined as a platelet count of <30,000 t/pl
and is associated with an increased risk of spontaneous
bleeding [2].

Several infectious diseases induced by different proto-
zoa, viruses, and bacteria are included in the large number
of acquired causes of TP. Protozoal diseases such as bab-
esiosis [3, 4], visceral leishmaniasis [5], toxoplasmosis
[6, 7], African trypanosomiasis (sleeping sickness) [8, 9],
American trypanosomiasis (Chagas disease) [8, 10] and
especially malaria [11, 12] are known to cause TP, as are
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various viruses, such as dengue virus [13, 14], human
immunodeficiency virus (HIV) [15-17], Epstein—Barr
virus (EBV) [18, 19], hantavirus [20, 21], and cyto-
megalovirus [22]. TP is a also common manifestation of
all bacterial tick-borne diseases [23], especially rickett-
sioses (including Q-fever and ehrlichiosis) [24-26],
paratyphoid or typhoid fever [27, 28], borreliosis [29],
leptospirosis [30, 31], congenital syphilis [32], brucello-
sis [33, 34] and infections due to Escherichia spp.
(especially the haemolytic—uraemic syndrome caused by
E. coli O157:H7 [35]).

As the majority of these infectious diseases are typical
or specific to tropical and subtropical regions [1], travellers
going to such destinations are particularly at an elevated
risk of acquiring TP. Data on this subject are rare, and no
systematic study on infection-induced TP among travellers
has been reported to date.

The aim of this study was to identify cases of TP caused
by infectious diseases among travellers seeking treatment
or presenting for a medical check-up at the outpatient
travel clinic of the Department of Infectious Diseases and
Tropical Medicine (DITM) of the Ludwig-Maximilians
University, Munich, following their return from tropical
and non-tropical countries. We also evaluated risk factors
for infection-induced TP among returned travellers by
analysing their demographic, travel and clinical data and
by comparing these data with those of returned travellers
without TP.

Patients and methods
Study population and inclusion criteria

From January 1999 through December 2009, 42,863
patients with symptoms suggestive of travel-related infec-
tions or individuals seeking a medical check-up presented
at the DITM. Two criteria for inclusion in our study were
defined: (1) the concentration of thrombocytes had been
assessed (28,169 individuals fulfilled this criterion: 65.7%)
and (2) the destination and the duration of travel was
known (22,560: 52.6%). Overall, 19,473 (45.4%) travellers
fulfilled both criteria and were enrolled in the study (study
population).

Specimen collection and assessment of platelet count

Blood was collected in EDTA (ethylenediaminetetraacetic
acid) tubes, and the concentration of thrombocytes in the
collected blood was immediately assessed on a Sysmex
KX-21 N blood analyser (Sysmex, Hamburg-Norderstedt,
Germany) without prior storage.
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Definition of TP

A case of TP was defined as a returned traveller with a
platelet count at admission or first presentation of less (or
more) than 140,000 t/pul according to in-house standards.
Those travellers with a concentration of <60,000 t/ul (or
30,000 t/pl) were defined as cases of pronounced (or
severe) TP. The data of travellers diagnosed with TP were
compared with those of travellers with normal platelet
counts.

Analysed variables

Demographic data were analysed for the whole study
population of 19,473 travellers. Analysis of travel and
clinical data were performed only among of 16,795 trav-
ellers (586 travellers with TP, 16,209 travellers without
TP) of German origin to avoid confounding by country of
origin. The diagnosis of infectious diseases among these
travellers was confirmed by laboratory testing and was not
based solely on clinical suspicion.

Statistical analysis

Approximative tests (x° tests) and 7 tests as the parametric
test were conducted using Stata software ver. 9.0. (Stata
Corp, College Station, USA) and Epilnfo ver. 3.3.2.
(Centers for Disease Control and Prevention, Atlanta, GA).
Significant differences were defined as p values of <0.05 or
as those not overlapping the 95 percent confidence inter-
vals (95% CI) of proportions.

Results
Demographic data

Among the 19,473 returned travellers comprising the study
population, 732 (3.8%) were determined to be travellers
with TP and 18,741 (96.2%) to be travellers without TP.
Males travellers accounted for 9,707 (49.8%) of the study
population, but the proportion of men (70.8%) was sig-
nificantly (p < 0.01) higher among the returned travellers
with TP than among those without TP (49.0%). The age of
all travellers ranged from 0.5 to 97 years, with the majority
(14,990, 77.0%) falling in the age group 20-49 years. The
mean age of travellers with TP (40.7 years; 95% CI
39.6-41.8 years) was significantly higher than of travellers
without TP (37.6 years; 95% CI 37.4-37.8 years). Among
travellers with TP, the proportion of travellers in age group
2049 years (67.6%) was significantly (p < 0.01) lower
than that among travellers without TP (75.3%); in contrast,
among travellers with TP, the proportion of travellers in
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Table 1 Demographic data for the 19,473 returned travellers (cases: 732, 3.8%; controls: 18,741: 96.2%) presenting for the first time at the
Department of Infectious Diseases and Tropical Medicine (DITM) of the University of Munich, Germany, between 1999 and 2009

Variables Cases® (%) Controls® (%) Total (%) P°
Travellers (n) 732 18,741 19,473 NA
Sex (n)
Male 518 (70.8) 9,189 (49.0) 9,707 (49.8) <0.01*
Age (years)
Range 1.2-84 0.5-97 0.5-97 NA
Median 373 35.0 35.1 NA
Mean 40.7 37.6 37.7 NA
95% CI 39.6-41.8 37.4-37.8 37.5-37.9
Age groups (n)
0-19 (years) 32 (4.4) 902 (4.8) 934 (4.8) 0.58
2049 (years) 495 (67.6) 14,109 (75.3) 14,604 (75.0) <0.01*
50-97 (years) 205 (28.0) 3,730 (19.9) 3,935 (20.2) <0.01*
Origin (n)
Germany 586 (80.1) 16,209 (86.5) 16,795 (86.2) <0.01*
Western Europe 22 (3.0) 781 (4.2) 803 (4.1) 0.12
Africa 85 (11.6) 667 (3.6) 752 (3.9) <0.01*
Eastern Europe 9(1.2) 470 (2.5) 479 (2.5) 0.03*
Asia 17 (2.3) 282 (1.5) 299 (1.5) 0.08
Latin America 6 (0.8) 194 (1.0) 200 (1.0) 0.57
North America® 7 (1.0) 112 (0.6) 119 (0.6) 0.22
Oceania 0 (0) 20 (0.1) 20 (0.1) 0.38
Unknown 0 (0) 6 (<0.1) 6 (<0.1) 0.63

95% CI 95% Confidence interval, NA not applicable

* p < 0.05. In this table, p value is used to compare cases and controls

 In this study, a case (or control, respectively) was defined as a returned traveller with a concentration of <140,000 (or >140,000, respectively)

thrombocytes per microlitre of blood
o Chi-square test or Fisher’s exact test (if at least one cell n < 5)
¢ USA and Canada

age group 50-97 years (28.0%) was significantly (p < 0.01
each) higher than that among travellers without TP
(19.9%).

Among travellers with TP, the proportion of travellers of
German (80.1%) and Eastern European (1.2%) origin was
significantly lower (p < 0.01 and 0.03, respectively), and
the proportion of travellers with African origin (11.6%)
was significantly higher (p < 0.01), than those among
travellers without TP (86.5, 2.5 and 3.6%, respectively)
(Table 1).

Travel data

The most frequent travel destinations of the 16,795
returned travellers (with TP: 586, 3.5%; without TP:
16,209, 96.5%) of German origin were Asia (7,071,
42.1%), Africa (5,529, 32.9%) and Latin America (3,134:
18.7%), followed by Western Europe (393, 2.3%), Eastern

Europe (352, 2.1%), Oceania (199, 1.2%), and North
America (117, 0.7%). Among the travellers with TP, the
proportion of those returning from Asia was significantly
(p = 0.03) higher, and those returning from Latin America
was significantly (p = 0.04) lower, than those of travellers
without TP.

About one-third of each group of travellers (those with
TP and those without) had been abroad for 1-14 days,
15-30 days and more than 30 days, respectively. Adven-
ture travel (47.3%) was the most frequent type of travel,
followed by all-inclusive (20.1%) and business travel
(15.4%). No significant association was found between the
duration or type of travel and presence of TP (Table 2).

Clinical data

Among the 16,209 travellers of German origin, the symp-
toms fever, headache, and arthralgia were significantly

@ Springer



376 K.-H. Herbinger et al.

Table 2 Travel and clinical data for the 16,795 returned travellers (cases: 586, 3.5%; controls: 16,209: 96.5%) of German origin presenting for
the first time at the DITM of the University of Munich, Germany, between 1999 and 2009

Variables Cases® (%) Controls® (%) Total (%) P’
Travellers (n) 586 (100) 16,209 (100) 16,795 (100) NA
Travel destination (n)
Asia 273 (46.6) 6,798 (41.9) 7,071 (42.1) 0.03*
Africa 190 (32.4) 5,339 (32.9) 5,529 (32.9) 0.79
Latin America 90 (15.4) 3,044 (18.8) 3,134 (18.7) 0.04*
Western Europe 17 (2.9) 376 (2.3) 393 (2.3) 0.36
Eastern Europe 7(1.2) 345 (2.1) 352 (2.1) 0.12
Oceania 5(0.9) 194 (1.2) 199 (1.2) 0.45
North America® 4.(0.7) 113 (0.7) 117 (0.7) 0.97
Duration of travel (n)
1-14 days 184 (31.4) 5,165 (31.9) 5,349 (31.8) 0.81
15-30 days 221 (37.7) 5,663 (34.9) 5,884 (35.0) 0.17
>30 days 181 (30.9) 5,381 (33.2) 5,562 (33.1) 0.24
Type of travel (n)
Adventure travel 276 (47.1) 7,664 (47.3) 7,940 (47.3) 0.93
All-inclusive tour 122 (20.8) 3,260 (20.1) 3,382 (20.1) 0.68
Business travel 90 (15.4) 2,492 (15.4) 2,582 (15.4) 0.99
DAW, missionary 14 2.4) 530 (3.3) 544 (3.2) 0.24
Students’ exchange 13 (2.2) 470 (2.9) 483 (2.9) 0.33
Other or unknown 71 (12.1) 1,793 (11.1) 1,864 (11.1) 0.42
Symptoms (n)
Diarrhoea 122 (20.8) 5,546 (34.2) 5,668 (33.7) <0.01*
Fever 363 (61.9) 3,593 (22.2) 3,956 (23.6) <0.01*
Headache 184 (31.4) 2,736 (16.9) 2,920 (17.4) <0.01*
Nausea 94 (16.0) 2,631 (16.2) 2,725 (16.2) 0.90
Skin disorders 83 (14.2) 2,286 (14.1) 2,369 (14.1) 0.97
Arthralgia 115 (19.6) 1,568 (9.7) 1,683 (10.0) <0.01*
Dyspnoea 41 (7.0) 985 (6.1) 1,026 (6.1) 0.36
Infectious diseases® (n)
Malaria 75 (12.8) 44 (0.3) 119 (0.7) <0.01*
Plasmodium falciparum 40 (6.8) 20 (0.1) 60 (0.4) <0.01*
P. vivax 24 (4.1) 14 (0.1) 38 (0.2) <0.01*
P. ovale 4 (0.7 4 (<0.1) 8 (<0.1) <0.01*
P. malariae 3 (0.5) 2 (<0.1) 5 (<0.1) <0.01*
Not known 4 (0.7 4 (<0.1) 8 (<0.1) <0.01*
DF/DHF 66 (11.3) 75 (0.5) 141 (0.8) <0.01*
Acute HIV infection 12 (2.0) 13 (0.1) 25 (0.1) <0.01*
EBV-IM 10 (1.7) 34 (0.2) 44 (0.3) <0.01*
Rickettsiosis 6 (1.0) 51 (0.3) 57 (0.3) <0.01*
Para-/typhoid fever 3(0.5) 18 (0.1) 21 (0.1) 0.01*

DAW Development aid workers, DF/DHF dengue fever/dengue haemorrhagic fever, EBV-IM Ebstein—Barr virus infectious mononucleosis
*p < 0.05. In this table, p value is used to compare cases and controls

% For definition of cases and controls, see footnote to Table 1

o Chi-square test or Fisher’s exact test (if at least one cell n < 5)

¢ USA and Canada

d Only patients with a laboratory-confirmed diagnosis for the infectious diseases listed above were considered and used for this calculation
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more (p < 0.01 each) associated with TP, and diarrhoea
was significantly less associated (p < 0.01). Nausea, skin
disorders, dyspnoea, and other symptoms (cardiac, neuro-
logical, urological, genital, or psychiatric disorders) were
not significantly associated with TP.

A significant correlation (p < 0.01 each) was found
between TP and malaria, dengue fever/dengue haemor-
rhagic fever (DF/DHF), acute HIV infection, EBV infec-
tious mononucleosis (EBV-IM), rickettsiosis, and also for
para-/typhoid fever (p = 0.01). Among the 119 patients
with malaria, 63.0% were diagnosed with TP. The pro-
portion of travellers with TP among patients with other
infectious diseases was: 46.8% of patients with DF/DHF,
48.0% of those with acute HIV infection, 22.7% of those
with EBV-IM, 10.5% of those with rickettsiosis, and 14.3%
of those with para-/typhoid fever. No other infectious dis-
ease was detected to be significantly correlated with TP in
this study (Table 2).

Destinations and infectious diseases

Among all 586 travellers of German origin with TP who
returned from abroad, the proportions of patients with the
most frequently infectious diseases were: 12.8% (75 cases)
with malaria, 11.3% (66) with DF/DHF, 2.0% (12) with
acute HIV infection, 1.7% (10) with EBV-IM, 1.0% (6)
with rickettsiosis, and 0.5% (3) with para-/typhoid fever.

Among the 163 travellers with TP returning from Sub-
Saharan Africa, there was a significantly (p < 0.01) higher
proportion (50/163, 30.7%) of patients with malaria and a
significantly (p < 0.01) lower proportion (1/163, 0.6%) of
patients with DF/DHF. Among the 260 travellers with TP
returning from South/South-east Asia, there was a signifi-
cantly (p < 0.01) higher proportion (55/260, 21.2%) of
patients with DF/DHF and a significantly (p < 0.01) lower
proportion (20/260, 7.7%) with malaria. Of the six returned
travellers with TP diagnosed with rickettsiosis, four
(66.7%) travellers were returning from South Africa, and
one each from Turkey and Malta. Of the three travellers
with TP diagnosed with para-/typhoid fever, all were
travellers returning from India. Among travellers with TP,
no significant correlation was found between acute HIV
infections or EBV-IM and destination. Most of cases of TP
were detected among travellers returning from Thailand
(88 cases: 1 case diagnosed with malaria; 23 cases diag-
nosed with DF/DHF), India (57 cases: 2, 10), Indonesia (37
cases: 6, 8), and South Africa (24 cases: 1, 0).

Pronounced and severe TP
Among the 586 travellers with TP of German origin, there

were 36 (6.1%) cases of pronounced TP and 12 (2.0%)
cases of severe TP, including one single case diagnosed

with 16,000 t/pl caused by falciparum malaria and result-
ing in severe haemorrhagic diathesis with disseminated
intravascular coagulation.

The proportion of pronounced TP was significantly
elevated in the presence of the variables malaria (p < 0.01)
and DF/DHF (p = 0.02). Of 36 cases of pronounced TP,
there were 17 (47.2%) cases of malaria, eight (22.2%)
cases of DF/DHF, and one (2.8%) case of acute HIV
infection. For the remaining 10 (27.8%) cases of pro-
nounced TP, no infectious disease was detected as potential
cause.

Of the 12 cases diagnosed with severe TP, there were
seven (58.3%) cases of malaria (four cases of Plasmo-
dium falciparum infection, two cases of P. vivax infec-
tion, one case of P. ovale infection) and two (16.7%)
cases of DHF with petechiae but without serious haem-
orrhagic diathesis. For the remaining three (25.0%) cases
diagnosed with severe TP, no infectious disease was
detected as potential cause.

Among 119 patients with malaria, 17 (14.3%) cases of
pronounced TP (including 7 cases of severe TP), 58
(48.7%) cases of not pronounced TP, and 44 (37.0%)
travellers without TP were detected. Among 141 patients
with DF/DHF, eight (5.7%) cases of pronounced TP
(including 2 cases of severe TP), 58 (41.1%) cases of not
pronounced TP, and 75 (53.2%) travellers without TP were
detected. Among 25 patients with acute HIV infection, one
(4.0%) case of pronounced TP, 11 (44.0%) cases of not
pronounced TP, and 13 (52.0%) travellers without TP were
detected.

Discussion

This is the largest comparative study on infection-
induced TP among travellers returning from tropical and
non-tropical countries reported to date. In this study, we
analysed the demographic, travel and clinical data of 732
returned travellers with TP and compared these data with
those of 18,741 returned travellers without TP. We also
assessed risk factors for acquiring TP among travellers,
and we evaluated several significant associations between
potential risk factors (independent variables: demo-
graphic, travel and clinical data) and TP (dependent
variable). However, most of these associations were
confounded by malaria and DF/DHF. Of 19,473 travel-
lers returning from abroad and presenting at the outpa-
tient travel clinic of the DITM, 3.8% were diagnosed
with TP. Approximately 35% of all cases with TP were
caused by infectious diseases, particularly malaria (13%)
and DF/DHF (11%). No potentially causative infectious
or non-infectious agent was detected in the remaining
65% of patients with TP.
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The variables sex, age, and African origin appeared to
be risk factors, whereas German and Eastern European
origin appeared to be protective factors for TP. These
findings are due to the fact that more males, more travellers
of age >50 years, and more travellers of African origin, but
fewer travellers of German and Eastern European origin,
travel to Sub-Saharan Africa. In this study, sex, age and
origin were not assessed to be significant risk or protective
factors for TP because correlations were confounded by
travelling to malaria endemic regions.

TP was significantly correlated with the symptoms
fever, headache and arthralgia. These correlations were
highly confounded by infectious diseases, such as malaria,
DF/DHF, acute HIV infection, EBV-IM, rickettsiosis,
paratyphoid and typhoid fever. Most of these diseases
typically develop fever, headaches and arthralgia.

The risk to acquire TP was reduced among patients with
diarrhoea. One possible explanation is dehydration, which
may lead to an elevated concentration of platelets. Diarrhoea
was a less frequent symptom among patients with malaria (in
9%) and DF/DHF (in 20%), whereas it was the most common
symptom in the total study population (34%).

The highest prevalence of TP (63%), pronounced TP
(14%) and severe TP (6%) was found among patients with
malaria, whereas no differences between falciparum, ter-
tian or quartan malaria could be found. In two other
studies, the prevalence of TP was estimated to be higher for
infections with P. falciparum (73-90%) than for infections
with P. vivax (70%), whereas the prevalence of severe TP
was estimated in the same range (9 and 2%, respectively)
as in our study [11, 12].

Among patients with DF/DHF, the prevalence of TP
(47%), pronounced TP (6%) and severe TP (1.4%) was
comparable with that of these conditions among patients
with acute HIV infection (48, 4, 0%, respectively). As
shown in other studies, about one-half of individuals
infected with one of these viruses develop TP, whereas
severe TP is rare [13, 15-17].

TP was diagnosed in 23% of patients with EBV-IM,
whereas no case of severe TP was detected in this study.
This result corresponds to those published earlier showing
that severe TP is a rare complication of acute EBV infec-
tion [18, 19].

The prevalence of TP among patients with rickettsioses
has been described to vary from <10% up to >90% [24—
26] because many different species of the family Rickett-
siaceae cause rickettsioses. In our study, this prevalence
was calculated to be 12%. The prevalence of TP among
patients with para-/typhoid fever has been described to be
<50% [27, 28]; in comparison, it was calculated to be 14%
in our study.

Travelling in Sub-Saharan Africa, especially in Central
and West Africa, is a clear risk factor for acquiring malaria,
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whereas travelling in South and South-east Asia, espe-
cially in Thailand, are risk factors for DF/DHF. The
great majority of patients with rickettsiosis had travelled
in South Africa, whereas all patients with para-/typhoid
fever had travelled in India. Taking into account the
number of air passengers flying to a certain destination,
the highest risk for TP was assessed for travellers in
high endemic regions for malaria, namely, Central, West
and East Africa, followed by travellers in high endemic
regions for DF/DHF, i.e. South-east and South Asia.
Compared with the risk for acquiring TP during travel-
ling in tropical or subtropical regions, the relative risk
was almost threefold higher for travellers in Sub-Saharan
Africa and twofold higher for travellers in South/South
East Asia.

As malaria and DF/DHF were the main causes for
infection-induced TP, the typical risk factors for TP among
travellers were assessed to be the same as for these two
infections. About 60% of adult travellers who presented
with fever and TP in the outpatient travel clinic after
returning from West Africa or Central Africa were diag-
nosed with malaria. More than 60% of adult travellers who
presented with fever, arthralgia and TP after returning from
South or South East Asia were diagnosed with DF/DHF.

There are a number of limitations to our study. First,
travellers diagnosed with TP might have received more
extensive diagnostic workups from the healthcare providers
than those without TP. Secondly, no data on the prevalence
of TP before travelling were available for assessment;
consequently, the absolute risk for acquiring TP during
travel could not be assessed.

Conclusion

Platelet count among returned travellers is an inexpensive
and easy-to-perform laboratory test and essential for the
diagnosis of TP, the occurrence of which, in turn, is highly
correlated with major infectious diseases that are specific
for or typical of tropical and subtropical regions, such as
malaria, DF/DHF, acute HIV infection, EBV-IM, rickett-
siosis and paratyphoid and typhoid fever. The most fre-
quent infectious diseases were malaria and DF/DHF, which
caused about 25% of all cases of TP, about 70% of all cases
of pronounced TP and about 75% of all cases of severe TP.
These results may provide valuable information to those
clinicians working with patients with TP who have
returned from tropical and subtropical regions.
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