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Abstract 

Objectives: To investigate the diagnostic accuracy of molecular amplification tests for HAT and 

reasons for variation in accuracy amongst HAT diagnostic tests. 

Data Source: Medline from January 1984 to June 2010, tracking references, grey literature. 

Selection criteria: Studies assessing molecular amplification tests for Human African Trypanosomiasis 

(HAT) in patients suspected of HAT using microscopy as the reference test. Articles that report total 

numbers of true positive, false positive, true negative and false negative values or from whose results 

these values can be calculated.  

Methods: Study quality was assessed using the QUADAS list and selected studies were analysed 

using the bivariate random effects model. 

Results: 19 articles (38 studies) evaluating molecular amplification tests fulfilled the inclusion criteria, 

and 11 articles (15 studies) were included in the meta-analysis. Summary sensitivity for PCR on blood 

was 99.6% (95% CI 88.5 to 99.9) and the specificity was 97.9% (95% CI 90.3 to 99.50). Different types 

of PCR, differences in study design and target did not significantly change these estimates. Results for 

NASBA tests could not be pooled because the studies were too few, but the sensitivity ranged between 

89% (95% CI 75 to 96) and 97% (95% CI 85 to 100), and specificity between 14% (95% CI 0 to 58) and 

99% (95% CI 96 to 100).   

Conclusion: Based on this review, PCR analysis on blood may be adopted for routine HAT diagnosis 

as an alternative to microscopy without need for further assessment of accuracy. No conclusion could 

be made on the accuracy of NASBA tests because there were too few studies, therefore more studies 

may be needed to precisely assess the diagnostic accuracy of these particular molecular amplification 

tests and determine their added value to both PCR and microscopy.  
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Introduction  

Human African trypanosomiasis (HAT), also known as sleeping sickness, is a parasitic disease caused 

by single-celled, eukaryotic protozoa called trypanosomes. Two subspecies of T. brucei namely T. b. 

gambiense and T. b. rhodesiense, cause the disease in West and Central and in East Africa 

respectively (1, 2). It is estimated that 50,000 to 70,000 people become infected by HAT annually (3). 

The reference standard diagnostic test for HAT is microscopy, whereby demonstration of parasites in 

the body fluids confirms active infection (3). Microscopy is a compelling diagnostic tool due to its high 

specificity, ease of use, lack of cold chain, lack of electricity requirements and hence ability to be taken 

into rural areas where HAT exists. However, its lack of sensitivity (approximately 10,000 parasites/ml for 

wet blood film examination) means that many patients may not be positively diagnosed (false negative) 

as has been reported by Jamonneau et al., 2000 (4). Only with concentration methods such as 

microhaematocrit centrifugation (5), quantitative buffy coat technique (QBC) (6) and mini-anion-

exchange centrifugation technique (mAECT) (7, 8) can microscopy detect parasitaemia as low as 100 

parasites/ml.  Irrespective of the low sensitivity, microscopy still remains the basis of HAT diagnosis, 

disease staging and after-treatment follow-up because this method is 100% specific.  

 

HAT comprises two stages of disease; stage one affects the blood, lymph and peripheral organs; stage 

two occurs when parasites enter the central nervous system. Currently, staging of HAT is achieved by 

microscopic examination of cerebrospinal fluid (CSF) for presence of parasites and an increased white 

blood cell (WBC) count (9). Patients with stage one HAT should be treated with pentamidine (T.b. 

gambiense) or suramin (T. b. rhodesiense), drugs that cause only mild side effects (10). On the other 

hand, stage two drugs must be able to cross the blood brain barrier (BBB); melarsoprol is the most 

commonly administered drug for treatment of this stage but it causes severe adverse effects including 

reactive encephalopathy with sometimes fatal outcome (11). It is therefore, crucial to reduce false 

positives and therefore wrong treatment by accurate stage determination and appropriate treatment. 

 

Recently, a range of molecular amplification techniques have been developed for the diagnosis of HAT, 

with polymerase chain reaction (PCR) at the forefront (12-19). These tests are not commonly used in 

endemic areas due to the necessity of continuous electricity, trained staff, sophisticated equipment, and 

the requirement of a cold chain. Isothermal reactions such as loop-mediated isothermal amplification 

(LAMP) (20, 21) and nucleic acid sequence-based amplification (NASBA) (22, 23) have also been 

proposed for the diagnosis of HAT. These diagnostic tests may be more applicable for HAT diagnosis 

because they do not require the expensive equipment and post-amplification handling requirements that 

are imposed by PCR testing. If the available molecular amplification diagnostic tests are to be safely 

used to support HAT diagnosis, they must have high diagnostic sensitivity as well as specificity to 

ensure that the dangers of wrong treatment are avoided.  
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As laboratory strengthening in endemic areas increases, it is expected that the applicability of molecular 

tests will increase. However, careful evaluation of these tests against the current reference standard, 

microscopy, must precede implementation. Therefore we have investigated the published diagnostic 

accuracy of molecular amplification tests for HAT compared to microscopy. Furthermore, we 

investigated reasons for variation in accuracy amongst HAT diagnostic tests. 

 

Methodology 

Identification and selection of studies using standardised quality assessment criteria  

Abstracts of study articles published between the 1st of January 1984 and the 21st of June 2010 were 

identified electronically in Medline. Unpublished data were sought from scientific conference abstract 

books, symposia, books and experts (Institute of Tropical Medicine, Antwerp, Belgium; Makerere 

University Kampala, Uganda and Centre International de Recherche-Dévelopement sur l’Elevage en 

Zone Humide, Bobo Dioulasso, Burkina Faso). The reference lists of included studies were checked to 

identify additional studies for inclusion. 

 

We searched PubMed with a combination of the following search terms as MeSH (Medical subject 

headings) terms or free text words;  "polymerase chain reaction", "pcr", "self-sustained sequence 

replication", “Nucleic acid sequence based amplification”, "NASBA", “Loop-mediated isothermal 

amplification”, “LAMP”, Nucleic Acid Amplification Techniques", “Trypanosoma". (see Table: SEARCH 

STRATEGY). In order to minimise chances of missing relevant studies, search filters were not used in 

the search as recommended by earlier studies, (24). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Search strategy 

 
 ((("polymerase chain reaction"[MeSH Terms] OR ("polymerase"[All Fields] AND "chain"[All Fields] AND 

"reaction"[All Fields]) OR "polymerase chain reaction"[All Fields] OR "pcr"[All Fields]) OR ("self-sustained 

sequence replication"[MeSH Terms] OR ("self-sustained"[All Fields] AND "sequence"[All Fields] AND 

"replication"[All Fields]) OR "self-sustained sequence replication"[All Fields] OR "nasba"[All Fields]) OR "lamp"[All 

Fields]) OR ("Nucleic Acid Amplification Techniques"[Mesh])) OR "Proteomic fingerprint"[All fields] OR 

("Proteomic"[All Fields] AND "Fingerprint"[All Fields]) OR "Proteomic analysis"[All Fields] OR ("Proteomic"[All 

Fields] AND "Analysis"[All Fields]) AND ((("Trypanosoma"[Mesh]) OR (Trypanosoma[tw])) NOT 

("Animals"[MeSH] NOT ("Humans"[MeSH] AND "Animals"[MeSH]))) 
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Study selection was conducted by two authors independently (CM and EA), in the case of 

disagreements a third author (either KB or ML) acted as a mediator. First, articles were selected on 

basis of title only, after which the abstracts of remaining articles were printed and assessed. Final 

inclusion was based on the full text. Inclusion criteria were: any diagnostic accuracy study designs (case 

series, case-control, cohort, cross-sectional); use of a gold standard (microscopy) and at least one 

molecular amplification index test; data extraction in the form of either sensitivity or specificity or both (or 

data to derive this information from), and evaluation of human clinical samples. We excluded all review 

articles, articles that were only about non-HAT trypanosomes, articles that only concentrated on tsetse 

flies, animal studies, only analysed non clinical samples, articles about serological tests, and those 

articles that are not about diagnostic tests.  

 

 
Figure 7. 1. A flow chart showing the selection procedure of the study 
 

 

Articles selected for screening abstract 
(n=124) 

Studies that are potentially relevant from 
electronic searches of Medline (n=568) 

Excluded after reading title only (n= 449) 
 

Elimination by abstract (n=70)  
- Reviews/short reports (n=15), 
- tsetse fly studies (n=8), 
- animal studies (n=12),  
- no clinical samples (n=11),  
- serological tests (n=4), 
- cell biology (n=20) 

Articles selected for full text screening 
(n=55) 

Articles selected for systematic review 
(n=19) 

Eliminated after reading full text (n=36) 

Reference of reviews 
and of eligible articles 
(n=1)  

Inclusion/exclusion criteria 

Articles selected for (Meta-) analysis (n=11), 
comprising of 15 two-by two tables  

Gray literature (n= 5) 
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Articles that were included in the systematic review were those that fulfilled the inclusion criteria, 

whereas articles that were included in the meta- analysis were those where both the sensitivity and 

specificity could be calculated. 

 

Data-extraction and quality assessment 

Data for two-by-two tables, data about patient spectrum and data about quality were extracted 

independently from the included articles by two researchers (CM and EA) and recorded onto a standard 

form. Discrepancies were resolved by mediation of a third researcher (ML or KB). Quality assessment 

was based on QUADAS (Quality Assessment of Diagnostic Accuracy studies) (25). In articles where 

more than one set of diagnostic test results were reported, the accuracy of each set was recorded and 

analysed individually in separate two-by-two tables.  

 

Data analysis 

In order to summarise the data in the most clinically relevant way, we analysed the following subgroups; 

i) molecular test ii) detection methods of index test, iii) type of clinical material assessed (blood, lymph 

node aspirate, cerebrospinal fluid (CSF)), iv) target gene of index test and v) infecting T. brucei 

subspecies. Variation in index test results was assessed by considering the disease and study 

characteristics such as study type.  

We generated forest plots of the sensitivity and specificity simultaneously, and generated receiver-

operating characteristic (ROC) plots for results generated in studies. Hierarchical receiver-operating 

characteristic summary (HSROC) plots were used to summarize diagnostic test accuracy results, 

provide a summary estimate and to allow investigation of differences between tests and if/how they 

relate to study characteristics (26, 27).  For the meta-analysis we excluded articles in which we could 

not develop a two-by-two contingency table and studies that concentrated on staging of the disease and 

not for accuracy.  

 

Results 

The electronic search yielded 568 articles, reference tracking yielded one article and 5 articles were 

identified from grey literature (see figure 7.1).  Nineteen (19) articles were selected for inclusion in the 

systematic review; they varied in sample size from 34 to 1858 patients (median 69). The reference test 

used for diagnosis of HAT was microscopy of trypanosomes in blood, lymph node aspirate or 

cerebrospinal fluid (CSF). The index tests used were all molecular amplification tests; PCR (n=14), 

NASBA (n=3) and LAMP (n=2).  

 

Table 7.1 shows the characteristics of the 15 studies included in the meta analysis. In the review there 

were 10 case-control studies, 5 diagnostic studies, 2 case series, and two studies designed to  



 

 

 

 
 

 Table7.1: characteristics of studies included in the meta-analysis. The capital bold letters between brackets, i.e. (A) or (B), refer to different data sets that have 
been used for the review. These sets may differ in clinical specimen studied, target gene or amplification technology applied. 
 
Article ID Sample size Index 

test  
Target  Copy 

number 
Infecting 
Subspecies  

Detection 
Level  

Clinical 
sample  

Study design 

Matovu et al., (A) 2010b 330 PCR-OC 18SrDNA 100  T.b.g/T.b.r Species Blood Case control 
Deborggraeve et al., 2006 104 PCR-OC  18SrDNA 100 T.b.g Species Blood Case control 

Picozzi et al., (A) 2005 263 PCR SRA gene 1 T.b.r Subspecies Blood Case control 
Koffi et al., 2006 501 PCR  Satellite DNA 15,000  T.b.g Species Blood Diagnostic 
Penchenier et al., 2000 1858 PCR Satellite DNA 15,000 T.b.g Species Blood Diagnostic 
Solano et al., 2002 75 PCR Satellite DNA 15,000  T.b.g Species Blood Diagnostic 
Kyambadde et al., (A) 2000 35 PCR Satellite DNA 15,000  T.b.g Species Blood Case series 
Radwanska et al., 2002a 51 PCR TgsGP gene 1 T.b.g Subspecies Blood Case series 
Picozzi et al., (B) 2005 123 PCR TgsGP gene 1 T.b.g Subspecies Blood Case control 
Kabiri et al., 1999 59 PCR ESAG 6/7 20 T.b.g Species Blood Diagnostic 
Kyambadde et al., (B) 2000 34 PCR  Satellite DNA 15,000 T.b.g Species CSF Case series 
Matovu et al., (B) 2010b 330 NASBA-

OC 
18S rRNA   10,000 T.b.g/T.b.r Species Blood Case control 

Mugasa et al., (A) 2009 63 NASBA-
OC 

18S rRNA 10,000  T.b.g/T.b.r Species Blood Case control 

Mugasa et al., (B) 2009 51 NASBA-
OC 

18S rRNA 10,000 T.b.g/T.b.r Species CSF Case control 

Mugasa et al., 2008 59 NASBA-
RT 

18S rRNA  10,000  T.b.g/T.b.r Species Blood Case control 

T.b.r- Trypanosoma brucei rhodesiense, T.b.g- Trypanosoma brucei gambiense  
 



 Chapter 7 104 

 

 

 

 
 

determine stage of HAT. Thirteen studies tested blood and 2 studies tested CSF, while in twelve studies 

the index test was species specific, three were subspecies specific. Two out of 15 studies used frozen 

samples (liquid nitrogen), the others tested fresh samples (4-20°C).  

 

General quality of study reports 

The patient spectrum was not representative in six out of 19 studies, this may lead to a bias and the 

criteria used in selection of the patients was only clearly described in 5 of the 19 studies (items 1 and 2 

of the QUADAS checklist). The reference standard (microscopy) that was used in all articles correctly 

classified the target condition (HAT). Similarly, in all articles the reference standard was completed 

independently of the index test (item 7 of QUADAS) and the execution of the later was sufficiently 

described (item 8) in all articles except one: Penchenier et al., 2000 (28). Most of the studies reported 

efforts to prevent partial and differential verification (items 5 and 6 respectively) of results and in all 

studies there was no incorporation bias (item 7).  In all articles, all the samples were subjected to the 

reference test, except in one article (34) where some patients were selectively chosen for microscopy, 

this study was not included in the subsequent meta-analysis None of the articles presented information 

on whether the results of the reference standard were interpreted without knowledge of the index test 

results or vice versa (items 10 and 11 of QUADAS). The aspect of withdrawals (item 14) was not 

applicable for many of the studies, as most were case-controls and cross-sectional designs; only 1 

article (29) explained why the patients were excluded from the study (see Table 7.2).  

 

Diagnostic accuracy of molecular amplification tests for HAT 

Eleven articles were included in the meta- analysis, of which fifteen two-by-two contingency tables were 

extracted (Table 7.1). Out of the 8 studies that were excluded, sensitivity or specificity could not be 

calculated in 6 studies, and 2 studies were about staging HAT and not diagnostic accuracy. Sensitivity 

and specificity of each study are presented in a forest plot (Figure 7.2). Overall, the sensitivity ranged 

from 82% (95% CI 75 to 88) to 100% (95% CI 98 to 100) while specificity ranged from 14% (95% CI 0 to 

58) to 100% (95% CI 95 to 100).  

 

PCR based tests 

Ten studies analysed PCR in blood; their pooled sensitivity was 99.6% (95% CI of 88.5 to 99.9) and the 

pooled specificity was 97.7 (95% CI of 90.3 to 99.5) as shown in Table 7.3. Only one study analyzed 

PCR in CSF (37) and had the lowest specificity (62%). 

There were 2 PCR-OC tests (32, 40) with a sensitivity of 82% and 100% and specificity of 97% and 

100% respectively. When these tests were excluded from a meta-analysis the PCR-OC had a summary 

sensitivity of 99.4% (95% CI 97.4 to 99.9) and specificity of 95.5 (95% CI 88.2 to 99.0). 
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Figure 7.2: Overview of all 2 by 2 tables with forest plot (TP = true positives; FP = false positives; FN = false negatives; TN = true negatives; CSF = cerebrospinal fluid; PCR = 
polymerase chain reaction; NASBA = nucleic acid sequence based amplification; OC = oligochromatography; RT = real-time). Capital A or B refers to different set of data from 
the paper. These sets may differ in clinical specimen studied, target gene or amplification technology applied. See table 1 for the study characteristics 

Study

Matovu 2010b (A)

Deborggraeve 2006

Picozzi(A) 2005

Koffi 2006

Penchenier 2000 

Solano(A) 2002

Kyambadde(A) 2000

Radwanska 2002 

Picozzi(B) 2005

Kabiri 1999 

Kyambadde(B), 2000

Matovu 2010b (B)

Mugasa(A) 2009

Mugasa(B) 2009

Mugasa 2008

TP

117 

26

231 

36

154 

26

14

14

91

20

13

129 

35

39

31

FP 

6

0

0

47

53

4

6

0

0

1

8

2

11

6

10

FN

26

0

0

2

1

0

0

0

0

3

0

14

1

5

2

TN 

181 

78

32

416 

1650 

45

15

37

32

35

13

185 

16

1

16

Blood versus CSF

blood

blood

blood

blood

blood

blood

blood

blood

blood

blood

CSF

blood

blood

CSF

blood

Test type

PCR-OC 

PCR-OC 

PCR

PCR

PCR

PCR

PCR

PCR

PCR

PCR

PCR

NASBA-OC

NASBA-OC

NASBA-OC

NASBA RT

Sensitivity

0.82 [0.75, 0.88]

1.00 [0.87, 1.00]

1.00 [0.98, 1.00]

0.95 [0.82, 0.99]

0.99 [0.96, 1.00]

1.00 [0.87, 1.00]

1.00 [0.77, 1.00]

1.00 [0.77, 1.00]

1.00 [0.96, 1.00]

0.87 [0.66, 0.97]

1.00 [0.75, 1.00]

0.90 [0.84, 0.95]

0.97 [0.85, 1.00]

0.89 [0.75, 0.96]

0.94 [0.80, 0.99]

Specificity 

0.97 [0.93, 0.99]

1.00 [0.95, 1.00]

1.00 [0.89, 1.00]

0.90 [0.87, 0.92]

0.97 [0.96, 0.98]

0.92 [0.80, 0.98]

0.71 [0.48, 0.89]

1.00 [0.91, 1.00]

1.00 [0.89, 1.00]

0.97 [0.85, 1.00]

0.62 [0.38, 0.82]

0.99 [0.96, 1.00]

0.59 [0.39, 0.78]

0.14 [0.00, 0.58]

0.62 [0.41, 0.80]

Sensitivity

0 0.2 0.4 0.6 0.8 1

Specificity

0 0.2 0.4 0.6 0.8 1
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Table7.2 Summary of QUADAS results of the quality of the HAT diagnostic accuracy study articles. 
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1. Representative Patient Spectrum? 1 1 0 0 1 0 1 0 0 1 0 1 1 1 1 1 1 1 1 
2. Selection criteria clearly described? 0 0 0 0 0 0 1 0 0 1 0 0 0 1 0 0 1 0 1 
3. Appropriate Reference Standard?  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
4. Time interval short enough? 1 1 1 1 U 1 1 U 1 1 1 1 1 1 1 1 1 U 1 
5. Partial verification prevented? 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 
6. Differential verification prevented? 1 1 1 U 1 1 1 1 0 1 1 1 1 1 1 1 0 1 1 
7. No incorporation bias? 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
8. Index test described well? 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 
9. Reference standard described well? 0 1 1 0 0 0 0 0 0 1 0 0 0 1 0 0 1 1 1 
10. Index test blinded for reference standard? U U U U U U U U U U U U U U U U U U U 
10. Reference standard blinded for index test? U U U U U U U U U U U U U U U U U U U 
12. Same clinical data available as in practice? U 1 0 0 U 0 1 U 1 1 1 1 1 1 U 1 1 0 1 
13. Reporting of intermediate results? n.a n.a 1 1 n.a 1 1 n.a 1 1 1 n.a 1 1 1 1 n.a n.a 1 
14. Reporting of withdrawals? n.a n.a n.a n.a n.a n.a n.a n.a n.a 1 n.a n.a n.a n.a n.a n.a n.a n.a n.a 
 
n.a- not applicable; U- unclear response 
0=No, 1=Yes 
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Table7.3. Meta analysis for PCR tests done on blood, a comparison     (sensitivity meta-analyses for PCR tests tested on blood samples) 

 n=  Sensitivity (Se) Se 95% CI Specificity (Sp) Sp 95% CI 
All PCR tests together on blood 10 99.6% 88.5 to 99.9 97.7% 90.3 to 99.5 
PCR tests on blood, excluding PCR-OC 8 99.4% 94.7 to 99.9 96.5% 88.2 to 99.0 
PCR tests on blood targeting satellite DNA 4 98.3% 93.8 to 99.5 91.7% 82.5 to 96.3 
PCR tests, excluding PCR-OC on T.b.g. in blood  7 99.1% 93.6 to 99.9 95.3% 87.7 to 98.3 
PCR tests done on blood, excluding case control studies+ 4 97.5%      89.8 to 99.4 94.5% 90.0 to 97.0 
      
*+ Analysis done in SAS instead of STATA OC;  Oligochromatography T.b.g. Trypanosoma brucei gambiense;  

 

Table 7.4. Specific microscopic techniques used as reference standard 

Study Microscopic examination 

 Thick 
smear 

Lymph wet 
smear 

mAECT HCT QBC Single centrifugation of 
CSF 

Double centrifugation of CSF 

Mugasa et al., 2008 X  X X    
Mugasa et al., 2009 X   X  X  
Matovu et al.,(grey) X X X X    
Kyambadde et al., 2000   X X   X 
Picozzi et al., 2005*        
Solano et al., 2002  X X     
Penchenier et al., 2000  X   X   
Kabiri et al., 1999*        
Radwanska et al., 2002   X     
Koffi et al., 2006  X X     
Deborggraeve et al., 2006*        
        
*- microscopic technique was not specified 
mAECT = mini-anion-exchange centrifugation technique, HCT = haematocrit centrifuge technique ; QBC = quantitative buffy coat technique ; CSF = cerebrospinal fluid 
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The included studies varied in: i) target gene of index test ii) infecting T. brucei subspecies and iii) 

clinical sample used and iv) study design (Table 7.1). We were also interested in the role of varying 

reference standard performance in the variation of diagnostic accuracy; unfortunately, these could not 

be quantitatively assessed as there were not enough studies to pool the results.  

 

NASBA based tests 

Four studies assessed a NASBA assay, three studies assessed NASBA combined with 

Oligochromatography (NASBA-OC) and one study (22) a real-time NASBA assay (RT-NASBA). Three 

studies were performed on blood and one was on CSF.  

All of the NASBA studies were case-control studies. The sensitivity of NASBA based tests ranged from 

89% to 97% and their specificity showed a very large range from 14% to 99% (see Figure 7.3b). The 

four studies were too heterogeneous (different samples, i.e. blood versus CSF, different index tests, i.e. 

OC, RT) and therefore their results could not be pooled. The sensitivity did not range much for these 

different studies; however the specificity seemed to range more based on both RT versus OC, and 

blood versus CSF.  

 

Target of the index test 

PCR was performed on four different targets: TgsGP gene (34, 17)  and SRA gene (34), both  occurring 

in 1 copy per trypanosome, ESAG 6/7 genes (15) that occur in 20 copies per trypanosome and the 

177bp satellite DNA occurring in approximately 15,000 copies was used in the remaining four PCR 

studies (35, 28, 32, 22). Of the 5 studies completed on satellite DNA, 1 was on CSF, leaving 4 studies 

on blood to be pooled. Sensitivity remained high at 98.3% (95% CI 94.7 to 99.9; and the specificity was 

91.7% (95% CI 88.2 to 99.0) as shown in Table 7.3.  

PCR-OC and the NASBA assays were done using the 18SrDNA and 18SrRNA as targets for the index 

tests. These targets exist in 100 and 10,000 copies per parasite respectively.  

 

Infecting subspecies 

Of the eight PCR studies on blood one tested T. b. rhodesiense (33) and seven for T. b. gambiense (15, 

17, 32, 34, 35, 36, 37) as shown in Table 7.1.  

Analysis of the T. b. gambiense studies together resulted in a sensitivity of 99.1% (95% CI 93.6 to 99.9) 

and a specificity of 95.3% (95% CI 85.3 to 98.5). The pooled sensitivity remains unchanged, and the 

pooled specificity is slightly lower when removing the T. b. rhodesiense study and the confidence 

intervals became wider. 
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Figure 7.3: All study results presented in a receiver-operating curve; all test types are presented here 
(PCR, PCR-OC, PCR RT; NASBA-OC; NASBA RT).  
 
 

 

 

 

Clinical sample used 

Measuring trypanosomes in blood or in CSF may relate to a different target condition (stage I versus 

stage II sleeping sickness), we therefore deemed it not appropriate to include studies on CSF and on 

blood together. As every test (PCR or NASBA) was evaluated only once in CSF, these studies could not 

be pooled at all. However, Kyambadde et al., 2000 (37) demonstrated that PCR on CSF showed similar 

sensitivity but lower specificity than studies on PCR in blood. Similarly, Mugasa et al., 2009 (23) showed 

decreased sensitivity of NASBA-OC on CSF, and much lower specificity than NASBA studies on blood. 

Both studies show small sample sizes (23, 37).  

 

Study design 

Of the eight PCR studies done on blood, four were consecutive suspects diagnostic accuracy studies, 

the other four were either case control studies or case series. When we analysed the remaining four 

PCR studies on blood, the sensitivity showed a small but not significant reduction 97.5% (95% CI 89.8 
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to 99.4) and specificity of 94.5% (95% CI 90.0 to 97.0); sensitivity and specificity remain high (see 

Figure 7.3a). 

 

 

Figure 7.4: All PCR tests done on blood Meta analysis (including OC, excluding CSF) 
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Point estimates: This is a graphical representation of the results from meta-analysis presented on a 
summary receiver operating characteristic (SROC) plot.  The display includes: a summary point showing 
the summary Sensitivity (SE)  99.6% and Specificity (Sp)  97.7%; a confidence contour outlining the 
confidence region for the summary point; and the HSROC curve from the hierarchical summary ROC 
(HSROC) model. 
 
 

Reference standard 

Microscopy was the reference standard used in this review, however there were variations in performing 

the technique (Table 7.4). There were many combinations of microscopy used in these studies; from 

these results we did not see any direct differences in the diagnostic accuracy of the index tests based 

on the microscopy-combination employed. In all, there was not enough data on this aspect to run a 

sensitivity analysis.  

 

 

 



Chapter 7 

 

 

Diagnostic accuracy study for molecular amplif icat ion tests for Human 
Afr ican Trypanosomiasis – A systematic review 

111 

Discussion and conclusion 

Molecular tests have been sought after as a more sensitive method of diagnosing HAT, however the 

accuracy of these tests for diagnosis has not yet been fully verified. In order to better guide adoption of 

these tests as supportive, replacement or add-on diagnostic tests, systematic reviews where data from 

multiple studies can be pooled and analysed, are necessary to determine if the available data supports 

the use of these tests in practice. In this systematic review we aimed to assess the quality of primary 

test accuracy studies of HAT, as well as to interpret the accuracy results of the diagnostic tests. 

Generally, molecular amplification tests that are used for HAT diagnosis are employed to support 

microscopy results and not as replacement tests. For the molecular tests to replace microscopy, they 

must not only have high sensitivity, but must have equally high specificity. Thus, in this review we 

investigated the diagnostic accuracy of molecular amplification diagnostic tests for HAT using 

microscopy as the reference and the potential reasons for variation in accuracy.  

 

In this review, our search yielded few (n=19) original studies of diagnostic test accuracy in HAT. This 

may have been due to the poor indexing of diagnostic studies (24, 42), but may also be a true indication 

of the extent of research on diagnostic tests for HAT, further testimony that this is a neglected disease. 

The molecular amplification tests used for HAT diagnosis in this review included PCR, LAMP, and 

NASBA of which the majority are PCR tests. The potential sources of variation that we discussed in this 

review included type of molecular test, type of administration of the test, (i.e. conventional, OC, RT), 

type of microscopy used, clinical sample used, type of study design, quality of studies and the target of 

interest. We could not account for all of these in our pooled analyses due to the small number of studies 

found, and because we have only pooled data homogeneous enough to substantiate it. 

Studies analysing LAMP were not included in meta-analysis, as we could not calculate both diagnostic 

sensitivity and specificity. Studies analysing NASBA were too heterogeneous and few for their results to 

be pooled, so the results of the individual studies were discussed separately. Hence, only the results of 

PCR have been pooled in this review.  

 

The ten studies that analyzed PCR tests on blood, had a summary sensitivity of 99.6% (95% CI 88.5 to 

99.9) and a specificity of 97.7% (95% CI 90.3 to 99.5). Different types of PCR (for example when 

removing the PCR-OC tests) and the differences in study design (for example, excluding all case-

controls studies) did not significantly change these estimates. This implies that application of OC 

detection system in PCR does not lead to variation in the sensitivity of the test, although more studies 

on diagnostic accuracy need to be carried out to substantiate the practical implication of using OC 

instead of gel electrophoresis. The two studies done on PCR-OC were both case-control studies and 

could experience an overestimation. To determine the robustness of these results, they must be 

replicated in the future in consecutive suspect patients’ diagnostic accuracy studies. If these results are 
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shown to be robust, then this could potentially have a substantial impact of the application of PCR; as 

this simple and fast detection method could be adopted and used widely in HAT diagnosis to replace 

the cumbersome, lengthy and potentially harmful gel detection of PCR products (43, 32).  

 

The sensitivity analysis of PCR tests that targeted satellite DNA only yielded relatively lower (91.7%) 

specificity compared to all PCR tests pooled together although the difference is not significant. The 

other targets (SRA, TgsGP and ESAG 6/7) employed in the various studies could not be analysed 

together due to few studies per target. This lower specificity is unexpected since this target gene is 

highly conserved among the Trypanozoon trypanosomes of which only Trypanosoma brucei species 

cause HAT (12).  

 

To explore the role of study design in variation of PCR test accuracy, we excluded the case-control 

studies from the pooled estimates;   the sensitivity and specificity results did not differ from the overall 

pooled values of PCR on blood. This implies that study design did not cause variation in test accuracy, 

despite suggestions that case control studies tend to lead to overestimation of test accuracy (44, 45)  

 

In this review we found only one study that analysed T. b. rhodesiense, thus concluding that more 

studies on the diagnostic accuracy on this subspecies are necessary. Two studies (37, 23) analysed 

CSF, these two studies showed the lowest specificity. This lower specificity may be because the 

molecular tests detect parasite nucleic acid (R/DNA) rather than the living parasites, therefore may 

detect circulating trypanosome nucleic acid that may have leaked from the blood through the blood–

brain barrier or alternatively, originate from non-surviving parasites as a consequence of the suboptimal 

CSF survival environment (46). On the other hand, the false positive results may indeed be true positive 

cases if microscopy actually missed to detect the trypanosomes in CSF as would be in case there is 

time lapse between lumbar puncture and microscopy, since trypanosomes become less mobile and 

may start to lyse within 10 minutes, thus making their detection by microscopy difficult (46, 42).  

This implies that CSF may not be a reliable clinical sample for initial HAT diagnosis but rather for 

staging the disease (severity of disease based on presence of parasite in CSF) and hence treatment 

choice, as is the clinical application (38, 29) and presently advised by the World Health Organization (3). 

 

From pooled PCR tests on blood, we found both high sensitivity and specificity indicating that the PCR 

based tests are at least as good as microscopy. Although microscopy is not a perfect diagnostic test 

(43, 48), it is still the test to guide therapy due to its high specificity (3) because the drugs used for 

treatment may have side effects (49, 11). If our results reflect the true situation in the field, then using 

the PCR instead of microscopy would mean that of all the patients that would be treated on basis of a 

positive microscopy, only 0.7% would be missed. This means that if we expect annually 1000 suspected 
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patients of HAT and that of these 20% (mean prevalence from the consecutive suspect patient 

diagnostic studies presented in this review) indeed have HAT, the PCR would miss 1 to 2 patients per 

year. On the other hand, of the 80 patients not having HAT, 1% will be treated unnecessarily, meaning 

approximately 1 patient unnecessarily treated per year. As it is generally believed that PCR based tests 

are able to detect lower numbers of parasites than microscopy (15, 28, 39) the question remains 

whether this one patient is unnecessarily treated, being truly false positive or may be a real patient and 

rightly treated, because of the more sensitive PCR test. The high sensitivity exhibited by PCR is to be 

expected as this technology is able to amplify a small amount of DNA thus making detection of very low 

numbers of parasites feasible (40, 50). This is very relevant in HAT infections where the parasitaemia 

may be notoriously low, such as early infections or in T. b. gambiense infections (4). PCR may also be 

used to detect HAT in early stage and allow for timely treatment thereby prevention of disease 

progression to the more fatal and difficult to treat second stage (29, 38).  

Microscopy was used as a reference test in this review, despite reports of low sensitivity (48), and thus 

may have incorrectly classified patients. However, due to the highly toxic treatment administered to HAT 

patients, World Health Organization recommends that patients be treated only after demonstration of 

parasites in body fluids (9). In this review we considered that the reference test was 100% accurate and 

therefore accurately classified the tested patients in the various studies. However according to previous 

studies, microscopy has been estimated to miss 20-30% positive HAT cases especially in T. b. 

gambiense infections where the parasitaemia may be as low as 100- 1000 parasites per ml. (51, 52). 

From a practical point of view, with the relatively low sensitivity of microscopy, it may be that the index 

tests correctly classify patients and non patients that have been incorrectly classified by the reference 

standard. In such cases the accuracy of the index test is underestimated. However theoretically, if there 

are any disagreements between the reference standard and the index test then it is assumed that the 

index test is incorrect (53). This has however a risk, because patients may be denied treatment on the 

basis of negative microscopy, despite being infected. 

Therefore, a question arises from this systematic review, as to whether microscopy alone should remain 

the gold standard for diagnostic accuracy studies of HAT, or should we look for additional options, i.e. 

several tests as the references standard together or even when following-up patients. Diagnostic 

accuracy studies always suffer from the fact that the index test by definition can never be better than the 

reference standard, even in circumstances where the reference standard used is not perfect (i.e. not a 

gold standard) as is the case for HAT. To overcome possible effects of an imperfect reference standard 

on clinical decisions, correcting or constructing the reference test by combining multiple tests may be 

done (54). 

 

From this review we conclude the following; i) PCR tests have acceptably high specificity and sensitivity 

for diagnosis of HAT using blood samples. ii) although many potential sources of variation in PCR test 
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accuracy have been highlighted, we have not seen any real variation present. iii) currently little can be 

inferred about the accuracy of the NASBA tests nor their potential causes of variation. iv) to assess 

diagnostic accuracy of molecular amplification tests for HAT diagnosis further studies must be 

performed in populations with comparable demographic characteristics with  standardised setup, study 

design and execution in order to gain more insight in the performance of the various tests and whether 

they can be employed broadly.  

 

In conclusion, a range of sensitive molecular diagnostic tests of HAT have been developed since the 

advent of PCR more than two decades ago, but these tests have been confined to research laboratories 

only. This means that the HAT patients that need these tests actually do not benefit from them, despite 

the favourable accuracy they exhibit. Based on the diagnostic accuracy results in this review, PCR 

analysis on blood may be employed as an alternative reference standard for the diagnosis of first stage 

HAT. The employment of PCR as an alternative diagnostic test will be one step closer to combat HAT, a 

global plan of World Health Organization (55).  
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