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Chloroquine resistant falciparum malaria among security forces personnel
in the Northern Province of Sri Lanka
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Abstract
Objective To determine the occurrence and species
distribution of malaria and the extent of chloroquine
resistance among security forces personnel in a selected
region of the Northern Province of Sri Lanka.
Design A descriptive study.
Setting Mannar District in the Northern Province.
Methods Nine hundred and seventy five security personnel
were screened for malaria by microscopy. Those who were
positive were treated with chloroquine and were subjected
to 28 day in vivo assay to determine chloroquine resistance.
In vitro microtest assay was performed to determine the
response of Plasmodium falciparum isolates to chloroquine
in vitro.
Results Of the 975 personnel screened, 181 (18.6%) were
positive for malaria. P. falciparum was the predominant
species (n = 125; 69.1%). The rest were due to P. vivax
(n = 42; 23.2%) and mixed infections (n = 14; 7.7%). This
was an inversion of the usual species distribution pattern
in the country. In vivo assay revealed 38 (53.5%)
P. falciparum infections as chloroquine resistant. Fifteen
of 23 (65.2%) P. falciparum isolates showed evidence of
resistance in vitro. None of the P. vivax infections showed
evidence of chloroquine resistance. There was no
significant difference in the severity of clinical disease
between chloroquine resistant and sensitive infections at
first presentation. Recrudescent P. falciparum infections
had significantly lower mean parasite densities as well as
lower clinical scores at recrudescence than at first
presentation.
Conclusion Results demonstrate the high prevalence of
malaria and chloroquine resistance in the study area and
explains several contributory factors for this. There is an
urgent need to review antimalarial drug policies in
Sri Lanka.

Introduction
Chloroquine still remains the first-line drug for treatment of uncomplicated malaria in Sri Lanka. Sulfadoxinepyrimethamine (S-P) is used as the main second-line drug.

Resistance of P. falciparum to both drugs has been reported in the country. Chloroquine resistance was first
reported in 1984 [1] and its spread has been identified by
the national malaria control programme [2, 3] as an important factor influencing the malaria transmission pattern
in the country. The true extent of chloroquine resistance
is not known, but one study found that 30% to 55% of
P. falciparum isolates from both endemic and non-endemic areas showed some degree of resistance [4]. Several
cases of S-P resistance have been reported [5, 6], but it is
not yet considered a widespread problem.
Much of the morbidity and mortality due to malaria
in Sri Lanka now occurs in the Northern and Eastern
Provinces, which have been affected by armed conflict
since the early 1980s. More than 60% of new cases and
more than 90% of deaths due to malaria reported in 2001
were from these two provinces [3]. Malaria surveillance
and control activities have been virtually paralysed for
more than 20 years in these areas, and published annual
figures probably underestimate the true prevalence. Apart
from the local inhabitants, thousands of security forces
personnel have been stationed in the Northern Province
for the last 20 years. Many are from non-endemic areas,
and therefore, at a greater risk of contracting malaria, and
carrying it to other parts of the country.
Our study was done to determine the malarial species
distribution and the efficacy of chloroquine as the firstline treatment for uncomplicated malaria in security forces
personnel in a selected region of the Northern Province
of Sri Lanka.

Materials and methods
Study site and population
This study was carried out in an operational area
situated in the Mannar district, about 28 km east of Mannar
on the main supply route to Vavuniya (Figure 1). The population consisted of Sri Lankan armed forces and Police
personnel.
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in a thick film assuming an average WBC of 8000/μL of
blood. The Dill-Glazko test was performed on a urine sample
from each patient to detect urinary 4-aminoquinolones [9].
Treatment and follow up
All positive patients were treated with chloroquine
as recommended by the national Anti-Malaria Campaign,
600 mg on day 1, 600 mg on day 2 and 300 mg on day 3.
Primaquine was also given as recommended for P. vivax
and P. falciparum, i.e. 7.5 mg twice a day for 14 days
and a 45 mg single dose. In addition, paracetamol was
administered to all febrile patients. Enrolled patients were
reviewed on days 1, 2, 7, 14, 21 and 28. During each
follow up visit, patients were reassessed clinically and
parasitologically.
The parasitological response was determined using
modified WHO criteria [10]. If the reappearance took
place on days 8 to 14, it was defined as an early recrudescence, and as a late recrudescence if it was between days
15 to 28. Those who showed evidence of any form of
chloroquine resistance were treated with the recommended single dose of 1500 mg + 75 mg S-P. All drugs
were administered under supervision and re-administered
if the patient vomited within 30 min.

Figure 1. Map of Sri Lanka showing the main supply route
from Vavuniya to Mannar (z-indicates the study area).

Study participants and protocol
Patients with any symptoms suggestive of acute
malaria were screened by examining a thick blood smear
stained with 2% Giemsa. At least 100 fields were examined before a patient was confirmed as negative. Patient
enrolment was based on the following criteria: (a) an elevated axillary temperature of or more than 37.50C at
presentation or a history of fever in last 24 hours,
(b) mono-infection of P. falciparum or P. vivax with >250
asexual parasites per microliter, (c) absence of severe
malaria [7], (d) absence of a history of allergy to either
chloroquine or S-P and absence of a history of G6PD
deficiency, and (e) willingness to provide informed consent to participate in the study.
On enrolment each patient was examined and evaluated
by a medical officer for symptoms, duration of the illness,
antimalarial therapy during the last four weeks, previous
malaria episodes, duration of stay in this area and axillary
temperature. Information was recorded in a pre-tested
questionnaire. The severity of each infection was determined
using a previously validated clinical scoring system [8].
Five ml of venous blood was collected from each on the
day of enrolment (day 0) using a sterile disposable
syringe. Parasite density was calculated by counting the
number of asexual parasites/200 white blood cells (WBC)
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In vitro assessment of parasite response to
chloroquine
Patients were selected for this assay according to
the guidelines given by WHO [11]. Chloroquine resistance of P. falciparum was evaluated using in vitro micro-test plates provided by the Vector Control Research
Unit, Malaysia. At least 10% of schizont maturation in
the control well was considered as the criterion for a successful test. An isolate was considered to be chloroquine
resistant if it showed schizont maturation at or beyond
8 pmol concentration of chloroquine [11].
Approval for this study was obtained from the Ethics Committee of the Faculty of Medicine, University of
Kelaniya. Data analysis was done using independent
t test for two means and Fisher’s exact test. Log transformations were used for positively skewed distributions and
comparison was done using the independent t test for logtransformed data. P value less than 0.05 was considered
as significant.

Results
In all, 975 patients were screened during the period
January–June 2002; 181 (18.6%) were found positive for
malarial parasites. Of these, 125 (69.1%) had P. falciparum, 42 (23.2%) had P. vivax, and 14 (7.7%) had mixed
infections. From those who were malaria positive, 137
(75.7%) patients, including 102 P. falciparum and 35 P.
vivax infections were enrolled for the study. All were men.
Of the total number enrolled, 94 (68.6%) completed
the 28 days follow up period. This included 71 with
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P. falciparum and 23 with P vivax infections. Of the
P. falciparum infections that completed follow up, 38
(53.5%) showed evidence of chloroquine resistance.
Thirty three (86.8%) of these belonged to the R1 group
and five (13.2%) showed R11 resistance. Of R1 group,
36.4% recrudesced early, implying that chloroquine resistance is increasing in severity. None of the
P. falciparum infections showed R111 grade resistance.
None of the P. vivax infections showed evidence of
chloroquine resistance.
Table 1 summarises the characteristics of patients
with chloroquine resistant and sensitive infections in vivo.
The geometric mean of parasite density (5376.7/μL) and
mean axillary temperature of chloroquine resistant
P. falciparum primary infections were significantly higher
than the chloroquine sensitive infections (2339/μL)
(t=2.050, p<0.05, 95% CI 1–5.25, and t=3.57, p<0.001,
95% CI 0.44–1.56). There were no significant differences
between the mean clinical scores (16.5 and 13.7) and
geometric mean of number of previous malaria attacks
(1.94 and 2.9), and duration of stay in the area (7.6 and
13.5 months).
Table 1. Comparison of patients with chloroquine resistant
and chloroquine sensitive P. falciparum infections

Characteristic

CQ resistant
(n = 38)

CQ sensitive
(n = 33)

Geometric mean of
duration of stay in
this area (months)

7.6 (s.d. of logs =
0.57, r=1–60)

Geometric mean of
number of past
malaria infections

1.94 (s.d. of logs =
0.37, r=0–15)

Mean initial
temperature (0F)

101.3 (s.d. = 1.237,
r=99.6–104)

13.5 (s.d of
logs = 0.54,
r= 1–60)
2.9 (s.d. of
logs = 0.49,
r= 0–37)
100.4
s.d.=1.071,
r=99.5–104)

Mean temperature at
reappearance of
parasitaemia (0F)

99.6 (s.d. = 1.201,
99.5–102.3)

Mean initial clinical
score

16.5 (s.d. = 6.705,
r=2–30)

Mean clinical score
at reappearance of
parasitaemia
Geometric mean
of initial parasite
density (per μL)

6.6 (s.d. = 7.394,
r=0–30)

Parasite density at
reappearance of
parasitaemia
(per μL)

5376.7 (s.d. of
logs= 3.73,
r=320–132000)

13.7 (s.d. = 7.191,
r=1–27)

2339 (s.d. of
logs = 3.37,
r = 320–
76240)

1316.9 (s.d. of
logs = 3.12,
r=40–52160)

CQ = chloroquine , r = range, s.d. = Standard deviation

The geometric mean of parasitaemia of chloroquine
resistant P. falciparum primary infections (5376.7/μL)
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was significantly higher than the recrudescent infections
(1316.9/μL) (t=3.33, p<0.01, 95% CI 1.86–8.91).
Moreover, the mean axillary temperature and the clinical
score (16.5) were also significantly higher than the
recrudescent infections (6.6) (t=6.43, p<0.001, 95% CI
1.24–2.36 and t=6.11, p<0.001, 95% CI 6.68–13.12).
In 26 in vitro assays performed, 23 (88.5%) were
successful; 15 (65.2%) of the successful assays showed
evidence of chloroquine resistance. The distribution of
the percentage of schizont maturation inhibition in relation
to different chloroquine concentrations is given in
Table 2. When compared with in vivo results, there were
five infections that showed evidence of chloroquine
resistance in vitro only. The mean clinical score and
geometric mean of duration of stay, number of previous
malaria episodes and parasite density of these five
infections were 13.2, 29.7 months, 3.6 and 4746.8/μL.
The mean clinical score and geometric mean of parasite
densities of the five infections were lower than the
respective mean figures of in vivo chloroquine resistant
P. falciparum primary infections and the figures for
duration of stay and number of previous malaria attacks
were higher than those of the in vivo chloroquine resistant
P. falciparum group indicating a likelihood of higher level
of immunity against malaria in the five patients.

Table 2. Percentage of schizont maturation inhibition at
different chloroqine concentrations

Chloroquine concentration
(pmol)

Schizont maturation
inhibition (%)

0
1
2
4
8
16
32
64

0
20
36.6
56.5
73.8
89.9
99.8
100

Of 137 patients enrolled for this study, 85 (62%)
claimed that they were on weekly prophylactic
chloroquine. This included 69 with P. falciparum
infections and 16 with P. vivax infections; 51 (60%) of
those on prophylactic chloroquine had not taken it on a
regular basis. There was no significant difference between
chloroquine resistant and chloroquine sensitive infections
(p>0.50) regarding the regularity of chemoprophylaxis.

Discussion
We report for the first time in Sri Lanka, the high
prevalence of malaria and chloroquine resistance among
security forces personnel in an operational area in the
Northern Province. This is also the first report on the
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situation of malarial and antimalarial resistance in the
Mannar district, one of the five districts of Northern
Province, from where no proper data has so far been
reported [12–14].
The inversion of the normal pattern of species
distribution was a striking finding. Contrary to the usual
predominance of P. vivax in Sri Lanka, P. falciparum
has become the predominant species in this study area.
More than 50% of P. falciparum isolates showed some
degree of resistance to chloroquine in vivo, and an even
higher proportion showed resistance in vitro. Since many
of the study population had been exposed to malaria for
several years in this area, it is possible that they may have
acquired a certain degree of immunity. Thus, the fact that
the response of an individual to antimalarials depends on
the pharmacodynamic and pharmacokinetic properties of
the drug as well as the individual’s level of immunity to
infection may explain the difference between in vivo and
in vitro assays [15].
It has been shown that the selection of drug resistant parasite strains takes place with inappropriate and
continuous use of a particular drug in a disease endemic
area [4, 16], resulting in predominance of the selected
isolates. In our study area we found that many patients
were diagnosed on clinical suspicion and repeatedly
treated with chloroquine, in the absence of diagnostic and
follow up facilities. Many were taking prophylactic chloroquine on an irregular basis leading to maintenance of
sub-therapeutic levels of chloroquine in infected individuals. This facilitates the selection and the emergence of
chloroquine-resistant strains. The vector control efforts
and malaria surveillance have also become inefficient due
to lack of collaboration between security forces and the
local authorities, resulting in an enhanced transmission
of selected isolates and underestimation of the true prevalence of malaria in this area. These factors may explain
the predominance of P. falciparum and high prevalence
of chloroquine resistance. With the signing of a Memorandum of Understanding between the Government of
Sri Lanka and the Liberation Tigers of Tamil Eelam
(LTTE) in February 2002, movement of people between
the Northern Province and the rest of the country has
increased, and therefore, the risk of transmission of chloroquine resistant strains to other parts of the island is increasing.
Our results indicate that the treatment failure rate
with chloroquine in this area was higher than the most
recommended levels for change of first-line antimalarial
treatment [17–20]. A previous study has also shown that
the level of chloroquine resistance in a different geographical
setting was as much as 55% [4]. Hence, we believe that
there is an urgent need for revision of the current firstline antimalarial policy in Sri Lanka. It may be necessary
to conduct studies in other parts of the country to confirm
the geographical extent of chloroquine resistance, but
because of the time taken to formulate and implement
50

new national policies, current policy regarding the use of
chloroquine in the Northern Province alone, may need
more immediate revision.
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An audit of state sector intensive care services in Sri Lanka
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Abstract
Objective To survey the facilities, functioning characteristics,
bed strength, manpower, operational practices and the
distribution of the Intensive Care Units (ICU) of Government
Hospitals in Sri Lanka.
Design A cross-sectional observational study.
Method Interview of the sister or the nurse in charge of
each unit by telephone using a structured questionnaire.
Setting Department of Anaesthesiology, Faculty of Medicine,
University of Peradeniya.

medical, four (8.2%) general surgical and the remainder
were of medical, surgical and paediatric subspecialities.
The minimum acceptable standard of a ventilator: bed
ratio of 1:1 was seen in 28 (57%) and a nurse : bed ratio
of 1:1 was seen in 37 (75.5%) ICUs. A 24-hour resident
medical officer was available in 46 (93.9%) of the 49 ICUs.
ICUs are mostly located in larger cities. The lowest ICU
coverage (one ICU for about 1.2 million people) was seen
in the Uva Province.
Conclusions ICUs in Sri Lanka are mainly located in
teaching hospitals. The standards and management
strategies vary widely.

Study population All intensive care units of the government
hospitals in Sri Lanka.
Measurements Bed strength, facilities, functioning
characteristics, manpower and equipment.
Results Fifty two intensive care units were identified in the
island. Two units could not be contacted over the telephone
and one refused to participate. Of the 49 ICUs studied
28 (57.1%) were located in teaching hospitals, six (12.2%)
in provincial hospitals, 13 (26.5%) in base hospitals and
two (4.1%) in special hospitals. Twenty five (51%) of the
49 ICUs were multidisciplinary, three (6.1%) general

Introduction
Intensive care has emerged as a distinct speciality
in the world over the last 40 years [1]. The importance
of mechanical ventilation was realised during polio
epidemic in Copenhagen in 1952 where the mortality rates
reduced from 90% to 40% following its introduction [2].
This led to the recognition of the importance of close
monitoring and vital function support in the treatment of
life-threatening diseases.

Lecturer, 2 Senior Lecturer, Department of Anaesthesiology, Faculty of Medicine, University of Peradeniya, Sri Lanka.
Correspondence: CDAG, e-mail: <cgoonase@slt.lk >(Competing interests: none declared). Received 1 December 2003
and revised version accepted 10 Febuary 2004.
1

Vol. 49, No. 2, June 2004

51

