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Abstract
Background: In resource limited settings access to laboratory monitoring of HIV treatment is limited and
therapeutic drug monitoring is generally unavailable. This study aimed to evaluate nevirapine concentrations in
saliva using low-cost thin-layer chromatography (TLC) and nevirapine concentrations in plasma and saliva using
high performance liquid chromatography (HPLC) methods; and to correlate nevirapine plasma concentrations to
HIV treatment outcomes in Ugandan patients.
Methods: Paired plasma and stimulated saliva samples were obtained from Ugandan, HIV-infected adults on
nevirapine-based ART. Nevirapine concentrations were measured using a validated HPLC method and a novel TLC
method. Plasma nevirapine concentrations <3.0 mg/L using HPLC were considered subtherapeutic. Negative/positive
predictive values of different thresholds for subtherapeutic nevirapine concentrations in saliva were determined.
Virologic testing and, if applicable, HIV drug resistance testing was performed.
Results: Median (interquartile range, IQR) age of 297 patients was 39.1 (32.8-45.2) years. Three hundred saliva
and 287 plasma samples were available for analysis. Attempts failed to determine nevirapine saliva concentrations by
TLC. Using HPLC, median (IQR) nevirapine concentrations in saliva and plasma were 3.40 (2.59-4.47) mg/L and 6.17
(4.79-7.96) mg/L, respectively. The mean (coefficient of variation,%) nevirapine saliva/plasma ratio was 0.58 (62%). A
cut-off value of 1.60 mg/L nevirapine in saliva was associated with a negative/positive predictive value of 0.99/
0.72 and a sensitivity/specificity of 87%/98% for predicting subtherapeutic nevirapine plasma concentrations, respectively.
Only 5% (15/287) of patients had subtherapeutic nevirapine plasma concentrations, of which 3 patients had viral
load results > 400 copies/mL. Patients with nevirapine concentrations in plasma <3.0 mg/L had an Odds Ratio of
3.29 (95% CI: 1.00 – 10.74) for virological failure (viral load >400 copies/mL).
Conclusions: The low-cost TLC technique for monitoring nevirapine in saliva was unsuccessful but monitoring
nevirapine saliva and plasma concentrations using HPLC was shown to be feasible in the research/specialist context
in Uganda. Further optimization and validation is required for the low-cost TLC technique.
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Background
Access to antiretroviral therapy (ART) is improving in developing countries which experience the greatest disease
burden arising from HIV infection. The successful roll-out
of ART was achieved by adopting a public health approach
to HIV care and treatment involving cost minimization
strategies, delegation of tasks from highly skilled to less
skilled health workers and simplification of the routine laboratory tests that are used to monitor ongoing efficacy of
ART [1,2]. Due to cost constraints, laboratory monitoring
of ART efficacy is often limited to the CD4 cell count - a
test that has low accuracy for identifying patients experiencing treatment failure to ART [3]. The gold standard for
treatment failure, viral load testing, is largely unavailable
because of its complexity and costs. Low-cost laboratory
tests are needed to optimize ART monitoring in developing countries.
Nevirapine, a non-nucleoside reverse transcriptase inhibitor, is one of the most widely used components of
first-line ART, because of its low cost, good long-term
tolerability, and high efficacy [4,5]. However, a disadvantage of nevirapine is the emergence of drug resistant
virus due to its long elimination half-life and low genetic
barrier to resistance, as one single resistance mutation
can result in complete loss of virologic efficacy [6]. Notably, suboptimal plasma concentrations of antiretroviral
drugs may increase the risk of treatment failure [7]. For
therapeutic drug monitoring (TDM) of nevirapine a trough
plasma concentration >3.0 mg/L is suggested [8,9]. However, nevirapine pharmacokinetics exhibit marked interpatient variability that can be explained in part by genetic
differences, drug-drug interactions, pregnancy and other
(ethnic) factors [10-12].
Adherence to ART is critical for treatment success,
but routine clinical measures of adherence (e.g. patient
self-report) are subjective and can be prone to social desirability bias. To date, there are no recommended laboratory tests to directly evaluate adherence to ART in
developing countries [13,14]. Confirmation of treatment
failure is limited by the high cost of definitive diagnostics
(e.g. HIV viral load and resistance testing). Consequently,
in resource-limited settings, it is often difficult to distinguish patients who are non-adherent from patients with
treatment failure arising from the emergence of drugresistant virus. International guidelines recommend that
patients with suspected treatment failure to nevirapinebased ART are switched to second-line regimens being
significantly more expensive than first-line regimens
[2,15]. Thus, TDM can be used to identify non-adherent
patients and thereby prevent unnecessary switching to
more expensive ART regimens [16,17].
However, TDM can only be recommended if such
methods are accurate, robust, available and affordable in
developing countries. To this end, one African study

Page 2 of 6

validated the use of a TLC technique as a low cost alternative to HPLC for TDM in patients using nevirapine
[18]. Nevirapine concentrations are generally measured
in blood samples, but saliva has been reported to be an
acceptable alternative matrix [19,20]. Saliva sampling is
less invasive than blood sampling and so it may be preferable for certain special populations (e.g. children).
However, clinical experience is limited and therapeutic
cut-offs for nevirapine in saliva have not yet been evaluated in relation to virologic failures.
This study aimed to validate nevirapine concentration
measurements in saliva samples using TLC and nevirapine concentrations in saliva and plasma using standard
validated HPLC method. Furthermore, we aimed to correlate subtherapeutic nevirapine levels with virological
outcome of ART and HIV drug resistance development
in a cohort of Ugandan adults on (long-term) ART.

Methods
This was a cross-sectional pharmacokinetic study, which
was conducted at three clinical sites (Mbale, Fort Portal
and Kampala) of the Joint Clinical Research Centre - a
major provider of ART in Uganda. The study was designed as a sub-study within a longitudinal prospective
antiretroviral monitoring study: the Pan African Studies
to Evaluate Resistance (PASER) program (http://aighd.
org/projects/paser/). Ethics approval was obtained from
the Joint Clinical Research Clinic (JCRC) Institutional
Review Board, Kampala, Uganda and the Academic
Medical Center Institutional Review Board, Amsterdam,
The Netherlands. Written informed consent was obtained
from all patients prior to participation in the study.
Participants were HIV-1 infected adults receiving nevirapine as part of their ART regimen for at least 24 months.
In order to reach the target sample size of 300 patients,
additional non-PASER patients attending ART clinics at
the three study sites were recruited. The study excluded
patients with oral lesions or ulcers or serious illness requiring immediate treatment or hospitalization. With a
sample size of 300 subjects and assuming a 10% rate of
sub-therapeutic values, the proportion of patients with
sub-therapeutic nevirapine concentrations in saliva and
plasma could be measured with a 95% confidence interval
of 7.4% to 12.6%.
Study patients underwent a full clinical assessment including collection of demographic data, WHO clinical
stage and self-reported adherence in the last 3 and
30 days before sampling [21]. Routine laboratory results
including CD4 cell count, viral load and hemoglobin
were obtained from local laboratory records. Prior to
pharmacokinetic blood and saliva sampling, participants
provided information on the time of last intake of nevirapine and use of any concomitant medicines over the
preceding 24 hours.
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Venous whole blood samples were obtained from
study participants and EDTA anti-coagulated plasma
specimens were stored at −80°C. Saliva samples were obtained using a dental cotton roll impregnated with citric
acid (Salivette®, Sarstedt, Etten-Leur, The Netherlands).
From each patient, approximately 5 mL of saliva was isolated by centrifugation of the cotton roll. Two aliquots
of each saliva sample were stored at −80°C.
Nevirapine concentrations were measured in paired
plasma and saliva samples using a validated HPLC method
at the Infectious Diseases Institute, Kampala, Uganda
(lower limit of quantification 0.05 mg/L) [18]. The accuracy of the HPLC assay ranged from 94 – 96% for saliva
and 94 – 99% for plasma. Individual and mean nevirapine
saliva/plasma ratios were determined. Plasma nevirapine
concentrations below 3.0 mg/L were considered subtherapeutic.
Nevirapine concentrations in saliva samples were also
measured at the JCRC reference laboratory in Kampala,
Uganda using an earlier described TLC technique which
reported a sensitivity of 92% and specificity of 99% when
compared to plasma concentrations determined by HPLC
[18]. For HPLC measurements, we determined the negative and positive predictive values of different thresholds
for sub-therapeutic saliva concentrations of nevirapine
for predicting nevirapine plasma concentrations above
or below 3.0 mg/L.
HIV-RNA determination and genotypic resistance testing if HIV-RNA was >1000 copies/mL was performed,
as described elsewhere [22]. Drug resistance mutations
were scored according to the 2013 International AIDS
Society-USA list [23]. Subtypes were determined using
the SCUEAL HIV-1 subtyping tool [24] and additional

analysis with the REGA algorithm version 2.0 [25], if
required.
Clinical and demographic data were summarized and
were presented as median values with interquartile
ranges and numbers percentages for categorical values.

Results
A total of 297 patients were enrolled in the study: 120
(40.4%) were co-enrolled from the PASER-M cohort and
the remaining 177 (59.6%) were enrolled from antiretroviral clinics in the three study sites. Demographic characteristics are shown in Table 1.
Two hundred and ninety seven saliva samples and 287
plasma samples were available for analysis. Median
(IQR) nevirapine concentrations in saliva and plasma
was 3.40 (2.59-4.47) mg/L and 6.17 (4.79-7.96) mg/L, respectively. Corresponding mean (standard deviation)
concentrations for saliva and plasma were 6.71 (3.39)
and 3.72 (2.16) mg/L, respectively.
We found a strong positive correlation between nevirapine concentrations in plasma and saliva (Spearman’s
rho, 0.886, p <0.001).
Only 15 patients (5%) had nevirapine plasma concentrations below 3.0 mg/L by using HPLC. The mean (coefficient of variation,%) nevirapine saliva-to-plasma ratio
was 0.58 (62%). A cut-off nevirapine concentration of
1.60 mg/L in saliva was associated with the highest negative and positive predicted values of 0.99 and 0.72, respectively and with the highest sensitivity and specificity
of 87% and 98%, respectively for predicting nevirapine
plasma concentrations below 3.0 mg/L. Area under the
receiver operating characteristic curve was 0.924 (95%
confidence interval (CI), 0.83 - 1.00).

Table 1 Baseline characteristics of study patients
Characteristic

Total (n = 297)

Nevirapine plasma
conc. ≥3.0 mg/L (n = 282)

Nevirapine plasma
conc. <3.0 mg/L (n = 15)

Sex, female

201 (67.7)

192 (68.1)

9 (60.0)

Age (years)

39.1 (32.8-45.2)

39.2 (33.1-45.2)

33.3 (30.9-42.8)

Time on ART (months)

28.5 (25.8-33.5)

28.1 (25.9-32.6)

31.1 (24.4-41.2)

235 (79.1)

223 (79.1)

12 (80.0)

19 (6.4)

17 (6.0)

2 (13.3)

21 (8.9)

18 (8.1)

3 (23.1)

260 (91.6)

248 (91.9)

12 (85.7)

95- < 100%

19 (6.7)

18 (6.7)

1 (7.1)

<95%

5 (1.8)

4 (1.5)

1 (7.1)

NRTI backbone
zidovudine
tenofovir
HIV-RNA >400 copies/mL*
30-day adherence
100%

3-day adherence (any pills missed)
CD4 cell count (cells/mm3)

9 (3.3)

6 (2.3)

3 (20.0)

363 (265–509)

385 (269.5-511)

299 (211–354)

Baseline characteristics stratified by patients with therapeutic (≥3.0 mg/l) or subtherapeutic (<3.0 mg/L) nevirapine plasma concentrations.
Values in brackets are n (%) for categorical variables and median (interquartile range, IQR) for continuous variables. * HIV-RNA results from 235 patients
were available.
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Despite multiple attempts, it was not possible to determine nevirapine concentrations in saliva samples following
the TLC technique used by L’homme et al. in Tanzania
[18]. There were no nevirapine spots detectable on the
TLC plates or spots from the validated by HPLC nevirapine reference solutions. Structured trouble-shooting by
following a step-by-step procedure to locate the error in
the assay was unsuccessful. Therefore, analysis using the
TLC method was terminated from the current study.
As stated, 5% (15/287) of study patients had subtherapeutic nevirapine plasma concentrations. Thirteen
of these patients had a viral load result available and 3
patients (23%) had a viral load result of > 400 copies/mL,
see Table 2. Patients with sub-therapeutic nevirapine
concentrations in plasma (<3.0 mg/L) had an Odds Ratio
(OR) of 3.29 (95% CI: 1.00 – 10.74) for virological failure
(viral load >400 copies/mL) than patients with adequate
nevirapine plasma concentrations. Among the 21 patients with viral load >400 copies/mL, genotypic resistance mutations were detected in 14 out of 15 patients
with available genotyping results. Only 2 of these patients had sub-therapeutic nevirapine concentrations in
plasma (Table 2). The most common nevirapine-associated
HIV drug resistance mutations were K103N, Y181C and
G190A.

Discussion
Using HPLC, monitoring nevirapine concentrations in
saliva and plasma samples was shown to be feasible and
potentially useful in a specialist and research facility in
Uganda. In contrast, the low-cost TLC technique did
not appear robust. For unknown reasons, in Uganda, attempts to set-up the TLC assays for nevirapine in saliva
failed, while in neighbouring Tanzania the same method
was successful and validated [18]. In other studies, the
TLC technique was successful for the semi-quantitative
determination of nevirapine in saliva and other matrices
[26-29]. In these studies, the low-cost TLC method was
reported as sensitive, specific, robust, and able to detect
sub-therapeutic concentrations of the drug, and the results compared well with HPLC.
However, the TLC method suffers from two key shortcomings: the reliance on the laboratory technicians’ visual acuity for estimation of drug content, and the lab
technicians’ skills for manually applying sample solution
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spots on the chromatographic plate with adequate precision [30]. In our study, the laboratory technicians were
well trained for this procedure and no definite cause was
established for the failure of the TLC technique in the
present study. Hypotheses to explain the failure of the
nevirapine TLC assay include the influence of local
temperature and humidity on the TLC plates that were
stored at the site approximately 18 months during the
conduct of the study.
As determined by HPLC, nevirapine concentrations in
plasma were within the expected range and the calculated nevirapine saliva-to-plasma ratio of 0.58 was consistent with previous reports [18,21]. Factors influencing
the penetration of drugs into saliva include molecular
size, plasma protein binding, saliva flow rates and lipid
solubility of drugs [31]. Indeed, approximately 60% of
nevirapine in plasma is bound to plasma proteins and
the free fraction of nevirapine could drive significant
quantities of nevirapine into saliva and other matrices.
For instance, a cerebrospinal fluid to plasma ratio of
0.45 has been reported for nevirapine [32].
We determined the cut-off value for nevirapine in saliva
was 1.60 mg/L with a high positive and negative predictive
value for identifying a patient with a sub-therapeutic nevirapine concentration in plasma. Previously, cut-offs of
1.5 mg/L and 1.75 mg/L have been used [13,29].
Although patients with sub-therapeutic concentrations
of nevirapine had increased odds of having a viral load >
400 copies/mL, the magnitude of odds ratio was small
and the lower bounds of the 95% confidence interval included the no-effect boundary of 1. In contrast, an observational cohort analysis in Netherlands which followed up
189 patients and obtained untimed nevirapine plasma
samples at approximately 6 months after commencing
nevirapine-based ART, found that subtherapeutic nevirapine concentrations were associated with increased
risk of subsequent virologic failure (relative risk 5.0
95% CI, 1.8 – 13.7).
Due to the cross-sectional nature of the current study
that was conducted at 2 years after commencement of
ART, the study population could be prone to selection
bias arising from drop-outs within the first two years of
ART. It is conceivable that prior to the second year of
ART, some patients with sub-therapeutic concentrations
could experience treatment failure and switch therapy,

Table 2 Characteristics of patients with virological failure (HIV-RNA >400 copies/mL) and nevirapine plasma
concentrations below 3 mg/L
Patient ID

sex

Age (years)

Nevirapine plasma conc. (mg/L)

30-day adherence

Viral load (copies/mL)

NNRTI DRMs

NRTI DRMs

MBA029

female

30

0.44

100%

40768

K103N

M184IMV

JCR089

female

32

0.21

95- < 100%

966

ND

ND

JCR086

male

48

0.03

100%

696298

G190A

None

NNRTI = non-nucleoside reverse transcriptase inhibitor, NRTI = nucleoside reverse transcriptase inhibitor, DRM = drug resistance mutation (as identified Stanford
Genotypic Resistance Interpretation Algorithm), ND = no data available.
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experience opportunistic infections that would preclude
them from study participation or die. Importantly, such
a scenario would likely bias towards the null an association between sub-therapeutic concentrations and viral
loads >400 copies/mL. In the current study, the proportion of patients with sub-therapeutic nevirapine concentrations was 5%, which was lower than the estimate of
10% which was utilized in sample size calculations. In
two Tanzanian studies, sub-therapeutic nevirapine concentrations in plasma were observed in 9% [18] and
13.2% [29] of samples. Consequently, a Type II error in
the current study cannot be ruled out.
An important study limitation is that adherence was obtained by patient self-report and it is possible that this was
overestimated, particularly among subjects with negligible
nevirapine concentrations. Furthermore, the study was
cross-sectional in design and as such temporal variation in
adherence over time was not captured. This limitation
could have resulted in the poor correlation of adherence
to virologic failure as it is possible that previously nonadherent patients who develop virologic failure could subsequently improve on their adherence. Moreover, this
study design cannot be used to determine the effectiveness
of TDM. Instead, prospective, randomized studies in resource limited settings should be considered to address
this question.
Due to financial and technical constraints monitoring
conventional viral load and HIV-drug resistance testing
is infrequently performed in resource-limited settings.
However, recent technological advances are likely to enable lower test costs, to simplify sample storage using
dried blood spots and to utilize equipment that require
less technical expertise [33]. These novel tests are currently being piloted at various locations in sub-Saharan
Africa. In developing countries, non-invasive saliva sampling, in combination with the use of a robust and low
cost assay could complement viral load testing and potentially become an attractive alternative to resistance
testing among patients who are suspected to be primarily non-adherent. Our findings suggest that the low-cost
TLC technique may not be sufficiently robust for widespread implementation. In contrast, the HPLC assay was
shown to be robust in a resource-limited setting. Furthermore, the availability of HPLC in countries like
Uganda would diminish the need for TLC methodology.
However, when compared to virologic monitoring, it is
unlikely that the HPLC monitoring would be costeffective in these settings given the high set-up costs and
the limited clinical role of results from pharmacologic
tests.

Conclusions
In conclusion, while the low-cost TLC technique for monitoring nevirapine in saliva was unsuccessful, monitoring
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nevirapine saliva and plasma concentrations using HPLC
was feasible in a specialist and research centre in Uganda.
While HPLC technology may not be adaptable for widespread use in resource-limited settings, investment in this
technology may be justified in specialist centres that provide support to large ART clinics or multiple clinical sites.
Further optimization and validation is required for the
low cost TLC technique.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
TRW, CK, DB and CM conceptualized and supervised the study. KS, QF ML,
AB, JK and LNK were responsible for data collection. QF, KS and ML analysed
the data. ML, QF, and KS developed the first draft of the manuscript. All
authors reviewed the manuscript and approved the final version of the
manuscript.
Acknowledgements
This study was funded through a grant (2006083) from Aids Fonds,
Amsterdam, The Netherlands.
Author details
1
Infectious Diseases Institute, Makerere University College of Health Sciences,
Kampala, Uganda. 2Department of Pharmacy, Radboud University Medical
Centre, Nijmegen, The Netherlands. 3Department of Global Health and
Department of Internal Medicine; Academic Medical Center, University of
Amsterdam; Amsterdam Institute for Global Health and Development,
Amsterdam, The Netherlands. 4Joint Clinical Research Centre, Kampala,
Uganda. 5Trinity College Dublin, Dublin, Ireland. 6Northwestern University,
Chicago, USA.
Received: 2 April 2014 Accepted: 29 August 2014
Published: 1 September 2014
References
1. WHO: A public health approach to antiretroviral treatment: overcoming
constraints. Geneva: World Health Organization; 2003.
2. WHO: Antiretroviral therapy for HIV infection in adults and adolescents.
Recommendations for a public health approach (2010 version). Geneva,
Switzerland: World Health Organization; 2010.
3. Reynolds SJ, Nakigozi G, Newell K, Ndyanabo A, Galiwongo R, Boaz I, Quinn TC,
Gray R, Wawer M, Serwadda D: Failure of immunologic criteria to appropriately
identify antiretroviral treatment failure in Uganda. Aids 2009, 23:697–700.
4. WHO: Antiretroviral therapy for HIV infection adults and adolescents in
resource limited settings: towards universal access. Geneva: World Health
Organization; 2006.
5. Havlir D, Cheeseman SH, McLaughlin M, Murphy R, Erice A, Spector SA,
Greenough TC, Sullivan JL, Hall D, Myers M: High-dose nevirapine: safety,
pharmacokinetics, and antiviral effect in patients with human
immunodeficiency virus infection. J Infect Dis 1995, 171:537–545.
6. Wainberg MA: HIV resistance to nevirapine and other non-nucleoside
reverse transcriptase inhibitors. J Acquir Immune Defic Syndr 2003,
34(Suppl 1):S2–S7.
7. Quiros-Roldan E, Torti C, Lapadula G, Ladisa N, Micheli V, Patroni A, Cusato M,
Pierotti P, Tirelli V, Uccelli MC, Di Giambenedetto S, Castelnuovo F, Gargiulo F,
Manca N, Carosi G: Adherence and plasma drug concentrations are
predictors of confirmed virologic response after 24-week salvage
highly active antiretroviral therapy. AIDS Patient Care STDS 2007, 21:92–99.
8. de Vries-Sluijs TE, Dieleman JP, Arts D, Huitema AD, Beijnen JH, Schutten M,
van der Ende ME: Low nevirapine plasma concentrations predict virological
failure in an unselected HIV-1-infected population. Clin Pharmacokinet 2003,
42:599–605.
9. DHHS: Panel on Antiretroviral Guidelines for Adults and Adolescents. Guidelines
for the use of antiretroviral agents in HIV-1-infected adults and adolescents.
Department of Health and Human Services; 2012. Available at http://
aidsinfo.nih.gov/ContentFiles/AdultandAdolescentGL.pdf.

Lamorde et al. BMC Infectious Diseases 2014, 14:473
http://www.biomedcentral.com/1471-2334/14/473

10. Saitoh A, Sarles E, Capparelli E, Aweeka F, Kovacs A, Burchett SK, Wiznia A,
Nachman S, Fenton T, Spector SA: CYP2B6 genetic variants are associated
with nevirapine pharmacokinetics and clinical response in HIV-1-infected
children. Aids 2007, 21:2191–2199.
11. Lamorde M, Byakika-Kibwika P, Okaba-Kayom V, Ryan M, Coakley P, Boffito M,
Namakula R, Kalemeera F, Colebunders R, Back D, Khoo S, Merry C: Nevirapine
pharmacokinetics when initiated at 200 mg or 400 mg daily in HIV-1
and tuberculosis co-infected Ugandan adults on rifampicin. J Antimicrob
Chemother 2011, 66:180–183.
12. Penzak SR, Kabuye G, Mugyenyi P, Mbamanya F, Natarajan V, Alfaro RM,
Kityo C, Formentini E, Masur H: Cytochrome P450 2B6 (CYP2B6) G516T
influences nevirapine plasma concentrations in HIV-infected patients in
Uganda. HIV Med 2007, 8:86–91.
13. Bangsberg DR, Acosta EP, Gupta R, Guzman D, Riley ED, Harrigan PR, Parkin N,
Deeks SG: Adherence-resistance relationships for protease and non-nucleoside
reverse transcriptase inhibitors explained by virological fitness. Aids 2006,
20:223–231.
14. Nachega JB, Hislop M, Dowdy DW, Lo M, Omer SB, Regensberg L, Chaisson
RE, Maartens G: Adherence to highly active antiretroviral therapy
assessed by pharmacy claims predicts survival in HIV-infected South
African adults. J Acquir Immune Defic Syndr 2006, 43:78–84.
15. Sempa J, Ssennono M, Kuznik A, Lamorde M, Sowinski S, Semeere A,
Hermans S, Castelnuovo B, Manabe YC: Cost-effectiveness of early
initiation of first-line combination antiretroviral therapy in Uganda. BMC
Public Health 2012, 12:736.
16. Hugen PW, Burger DM, Aarnoutse RE, Baede PA, Nieuwkerk PT, Koopmans
PP, Hekster YA: Therapeutic drug monitoring of HIV-protease inhibitors to
assess noncompliance. Ther Drug Monit 2002, 24:579–587.
17. Hugen PW, Langebeek N, Burger DM, Zomer B, van Leusen R, Schuurman R,
Koopmans PP, Hekster YA: Assessment of adherence to HIV protease
inhibitors: comparison and combination of various methods, including
MEMS (electronic monitoring), patient and nurse report, and therapeutic
drug monitoring. J Acquir Immune Defic Syndr 2002, 30:324–334.
18. L’Homme RF, Muro EP, Droste JA, Wolters LR, van Ewijk-Beneken Kolmer
NW, Schimana W, Burger DM: Therapeutic drug monitoring of nevirapine
in resource-limited settings. Clin Infect Dis 2008, 47:1339–1344.
19. van Heeswijk RP, Veldkamp AI, Mulder JW, Meenhorst PL, Beijnen JH, Lange JM,
Hoetelmans RM: Saliva as an alternative body fluid for therapeutic drug
monitoring of the nonnucleoside reverse transcription inhibitor nevirapine.
Ther Drug Monit 2001, 23:255–258.
20. Rakhmanina NY, Capparelli EV, van den Anker JN, Williams K, Sever JL,
Spiegel HM, Soldin SJ: Nevirapine concentration in nonstimulated saliva:
an alternative to plasma sampling in children with human
immunodeficiency virus infection. Ther Drug Monit 2007, 29:110–117.
21. Hamers RL, Oyomopito R, Kityo C, Phanuphak P, Siwale M, Sungkanuparph S,
Conradie F, Kumarasamy N, Botes ME, Sirisanthana T, Abdallah S, Li PC,
Ngorima N, Kantipong P, Osibogun A, Lee CK, Stevens WS, Kamarulzaman A,
Derdelinckx I, Chen YM, Schuurman R, van Vugt M, Rinke de Wit TF:
Cohort profile: The PharmAccess African (PASER-M) and the TREAT
Asia (TASER-M) monitoring studies to evaluate resistance–HIV drug
resistance in sub-Saharan Africa and the Asia-Pacific. Int J Epidemiol
2012, 41:43–54.
22. Sigaloff KC, Hamers RL, Wallis CL, Kityo C, Siwale M, Ive P, Botes ME,
Mandaliya K, Wellington M, Osibogun A, Stevens WS, van Vugt M, de Wit TF:
Unnecessary antiretroviral treatment switches and accumulation of HIV
resistance mutations; two arguments for viral load monitoring in Africa.
J Acquir Immune Defic Syndr 2011, 58:23–31.
23. Johnson VA, Calvez V, Gunthard HF, Paredes R, Pillay D, Shafer RW, Wensing AM,
Richman DD: Update of the drug resistance mutations in HIV-1: March 2013.
Top Antivir Med 2013, 21:6–14.
24. Kosakovsky Pond SL, Posada D, Stawiski E, Chappey C, Poon AF, Hughes G,
Fearnhill E, Gravenor MB, Leigh Brown AJ, Frost SD: An evolutionary
model-based algorithm for accurate phylogenetic breakpoint mapping
and subtype prediction in HIV-1. PLoS Comput Biol 2009, 5:e1000581.
25. de Oliveira T, Deforche K, Cassol S, Salminen M, Paraskevis D, Seebregts C,
Snoeck J, van Rensburg EJ, Wensing AM, van de Vijver DA, Boucher CA,
Camacho R, Vandamme AM: An automated genotyping system for
analysis of HIV-1 and other microbial sequences. Bioinformatics 2005,
21:3797–3800.

Page 6 of 6

26. Chi BH, Lee A, Acosta EP, Westerman LE, Sinkala M, Stringer JS: Field
performance of a thin-layer chromatography assay for detection of
nevirapine in umbilical cord blood. HIV Clin Trials 2006, 7:263–269.
27. Dubuisson JG, King JR, Stringer JS, Turner ML, Bennetto C, Acosta EP:
Detection of nevirapine in plasma using thin-layer chromatography. J Acquir
Immune Defic Syndr 2004, 35:155–157.
28. Gandhi M, Yang Q, Bacchetti P, Huang Y: A Low-Cost Method for Analyzing
Nevirapine Levels in Hair as a Marker of Adherence in Resource-Limited
Settings. AIDS Res Hum Retrovir 2014, 30:25–28.
29. George L, Muro EP, Ndaro A, Dolmans W, Burger DM, Kisanga ER: Nevirapine
Concentrations in Saliva Measured by Thin Layer Chromatography and
Self-Reported Adherence in Patients on Antiretroviral Therapy at Kilimanjaro
Christian Medical Centre. Ther Drug Monit: Tanzania; 2013.
30. Kaale E, Risha P, Layloff T: TLC for pharmaceutical analysis in resource
limited countries. J Chromatogr A 2011, 1218:2732–2736.
31. Mullangi R, Agrawal S, Srinivas NR: Measurement of xenobiotics in saliva:
is saliva an attractive alternative matrix? Case studies and analytical
perspectives. Biomed Chromatogr 2009, 23:3–25.
32. Boehringer Ingelheim Pharmaceuticals, Inc: VIRAMUNE® (nevirapine)
tablets, for oral use; VIRAMUNE® (nevirapine) oral suspension, for oral
use. Full prescribing information. Ridgefield, CT 06877 USA: Boehringer
Ingelheim Pharmaceuticals, Inc.; 2014.
33. Wu G, Zaman MH: Low-cost tools for diagnosing and monitoring HIV
infection in low-resource settings. Bull World Health Organ 2012, 90:914–920.
doi:10.1186/1471-2334-14-473
Cite this article as: Lamorde et al.: Therapeutic drug monitoring of
nevirapine in saliva in Uganda using high performance liquid
chromatography and a low cost thin-layer chromatography technique.
BMC Infectious Diseases 2014 14:473.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

