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Abstract. The contribution of humoral immunity to the therapeutic response in acute falciparum malaria was
assessed in a case-control study. Forty adult Thai patients with acute falciparum malaria who had subsequent recru-
descent infections and 40 patients matched for age, therapeutic regimen, and disease severity who were cured by Day
28 were studied. All cured patients had positive immunoglobulin (Ig) G to ring-infected erythrocyte surface antigen
(RESA) in their admission plasma, compared with only 60% of patients who failed to respond to tred®ment (
0.001). The proportion of IgM-positive cases at admission was also higher in the successfully treated group than in
the group with failure (70% versus 30%4) € 0.001). The geometric mean (95% confidence interval) reciprocal 1gG
titer at admission was significantly higher in cured patients (187.0 [83.5—-418.3]) compared with those who experienced
treatment failure (11.6 [5.1-26.5]P(< 0.001). The patients with uncomplicated malaria who were both IgG and
IgM positive at admission had significantly shorter fever clearance times and lower admission parasitemia levels
compared with those who were negative= 0.01 andP = 0.02, respectively). The median (range)itro parasite
multiplication rate was significantly lower in cultures containing positive anti-RESA antibody plasma compared with
those containing normal plasma (0.7 [0.1-3.5] versus 2.6 [0.1-1R.4];0.001). These results suggest that antima-
larial antibodies may play an important supportive role in the therapeutic response to antimalarial drugs during acute
falciparum malaria.

INTRODUCTION those who were cured. These cured patients were selected
) ) ) ] from a large series of previously untreated patients entered
It is well known that immunity contributes to the thera- jni5 prospective studies of antimalarial drug efficacy be-
peutic response in malaria, with better treatment outcomes,yeen November 1998 and April 1999 for whom serial sam-
in patients with background immunityin high-transmission a5 were available. The patients’ series were selected before

a;]t?lzs, spor&taréecl)us EreSOIl_Jt'?n of malaria is usual in Orl]derantibody assays were performed. None of the patients had
children and adults. Even In low-transmission areas suc Smixed infections detected microscopically at admission or

Thailand, background immunity may contribute significantly underlying diseases, and they had not received previous an-

to _T_T]e th_era[_)efutlct: rdesporzﬁe. t ‘ " RESA/ timalarial therapy. World Health Organization critéfizvere
e ring-infected erythrocyte surface antigen ( used to define severe or uncomplicated malaria. All patients

P.f155) IS a.spe'cmc antigen d.en.ved froﬁias |.cd|um. fal- . were treated with short-acting antimalarial drugs (artesunate
ciparum during intraerythrocytic infection. This antigen is - o . ) .
alone or in combination with azithromycin or artemether

deposited in the red blood cell membrane shortly after mer- - o L
o . . . plus lumefantrine). This investigation was part of compara-
ozoite invasion and can be detected as membrane stamlngf ) . . . .
. . R ive studies of antimalarial efficacy approved by the Ethics
of ring-stage infected red blood cells by modified immuno- . . . .

: . Committee of the Faculty of Tropical Medicine, Mahidol
fluorescence asséy'. Antibodies to RESA have been asso- Uni iv B kok Thailand. All patient fully in-
ciated with protection from malaria and shown to inhiBit ; n|ve2|5| Y antg ok, Thalfand. patients gave fully in
falciparum growth in vitro efficiently>*! For a time, this org:e dconserll_. d - Serial blood
antigen was considered as a potential vaccine canditigte. ood sampling and processing. serial venous bloo

Antibodies to RESA can be used as markers of the broadersamp,IeS (?_3 mL .fr.om each patient) were collected pro-
humoral immune response!s To assess the contributory spectively in heparinized tubes before and after treatment at

role of humoral immunity to the therapeutic response, we 2dmission (Day 0), on Days 7, 14, 21, and 28, and on the
compared the time profiles of anti-RESA antibodies (im- Qay of recrudescence. The plasma was collected,. heat inac-
munoglobulin [Ig] G and IgM) and the titers between pa- tvated at 56C for 30 min, and stored at70°C until use.
tients with acute falciparum malaria who were cured (treat- Air-dried and methanol-fixed monolayer blood slides (para-

ment success) and those who developed subsequent recriitémia ~ 5%, mostly ring stages) were prepared from a
descent infections (treatment failure). blood group O patient with acute falciparum malaria and

stored at—70°C until use.
Parasite count and routine laboratory tests. Parasite
counts were performed at 6 hour intervals in severe and at

Patients. Adult Thai patients with acute falciparum ma- 12 hour intervals in patients with uncomplicated malaria un-
laria who were admitted and remained for 28 days in the til parasite clearance and daily thereafter. The counts were
Hospital for Tropical Diseases, Bangkok, Thailand, were expressed as numbers of asexual parasites per microliter of
studied. Plasma samples from patients who developed sub-blood and were calculated from the numbers of parasitized
sequent recrudescent infections (without reexposure) aftercells per 1,000 erythrocytes in a thin film or per 200 leu-
antimalarial treatment were matched for age, therapeutic reg-kocytes in a thick film stained with Field’s stain. Routine
imen, and disease severity and analyzed with samples fromhematological and biochemical tests were performed at ad-
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mission and were repeated daily for 1 week and then weekly crudesced (Table 1). Of these, 26 patients (13 with treatment
thereafter for severely ill patients, and repeated weekly only success and 13 with treatment failure) had severe falciparum
for uncomplicated cases. malaria, and 54 patients (27 with treatment success and 27
Antibody assays. Indirect immunofluorescence assays with treatment failure) had uncomplicated falciparum malar-
were performed for detection of anti-RESA antibodies as ia. Patients with severe malaria had significantly higher ad-
described previoushB Briefly, 10 pL of diluted plasma in mission parasite levels compared with those with uncompli-
phosphate-buffered saline (PBS) from studied patients andcated infection P < 0.001). Overall, 35% (28 of 80) of
from a malaria-negative healthy Thai donor (as a negative patients had a history of having at least one malaria attack.
control) were placed on demarcated areas of air-dried andThe admission parasite density was significantly lower in the
fixed monolayer blood slides, incubated in a humidified group with previous malaria attacks compared with the
chamber for 30 min at room temperature, and washed twice group with primary infections = 0.02). Within each group
in PBS. Then SuL of affinity purified rabbit antihuman 19G  f patients, admission parasite counts and other laboratory
(y-chain specific) or IgM |{-chain specific) (Dako A/S, Co-  4ata were not significantly different between patients with
penhagen, Denmark) conjugated with fluorescein isothioCy- 44 \ithout recrudescent infections (Table 1). A summary
anatg was added to the pl_'eV|0ust stained areas on t_he Sl'deﬁf demographic and clinical data of the patients at admission
and incubated for. 30 min u_nder the same cond|.t|0n5 oas is shown in Table 2. The overall mean (standard deviation)
above. After washlng,_ t_he slides were_mounted W'th 50% times toP. falciparum recrudescence onset in the treatment
g_lycer_ol n PB.S containing 1Qg/m|‘ _ethldlum bror_mde to failure groups were 21 (2.9) days for severe and 17 (3.4)
visualize the intraerythrocytic parasites. The stained slides days for uncomplicated caseB € 0.001). Parasite density,

were then examined with an ultraviolet light microscope at and parasite or fever clearance times at recrudescence did
X1,000 magnification. Plasma samples were tested initially para: - - .
not significantly differ between patients with severe and un-

at 1:50 dilution, and if the tests were negative, they were ” . -
9 y complicated malaria. Of all patients, 8 (10%) developed sub-

repeated at 1:5 dilution as the cutoff point of positivity or . . - 53 aft
negativity. To compare the antibody titers between the two seque.nt vivax pgrasnemlas DaYS, 7,_ arter treat.mgnt.
Antibody profiles and seropositivity rate at admission.

groups of patients (cured and treatment failure), antibody ' - A - - s
titration was established from the admission samples for spe-With positive antibody defined as a titeraf1:5, all patients

cific IgG antibodies by use of serial 5-fold dilution from 1; With treatment success from the severe (13 of 13) and un-
5 to 1:15,625. The assays were performed in a blinded fash-complicated (27 of 27) malaria groups had consistently pos-

ion by personnel without knowledge of the microscopic and itive 19G to RESA from Day O until Day 28. In contrast,
Clinical results of the patients_ Only 38% (5 Of 13) Of severe and 70% (19 Of 27) Of uncom-

Effects of plasma containing anti-RESA antibodies on plicated malaria patients, whose infections recrudesced sub-
parasite multiplication inhibition in vitro. In order to study sequently, had positive 1gG at admission samples (Table 2)
the effect of plasma from the patients with positive admis- (P = 0.002, and 0.004 respectively). However, all the sub-
sion antibodies to RESA on parasite multiplication, plasma sequent samples (from Day 7 to day of recrudescence) of
from these patients were pooled and incorpordteditro these patients had positive 1gG. There was no difference in
cultures and compared with normal human plasma as con-the proportion of patients with admission positive IgG be-
trols!” The malaria culture media containing 1:5 (v/v) of tween the severe and uncomplicated malaria grofps- (
pooled plasma from studied patients or plasma from a ma- 0.09).
laria-negative healthy donor (control) were used in cultures  In contrast to IgG, not all patients with treatment success
for one falciparum laboratory strain (TM267R) and 20 fal- had positive IgM to RESA at presentation. Overall, 70% (28
ciparum isolates collected from 6 patients with severe and of 40) of the cured patients and 30% (12 of 40) of the pa-
14 with uncomplicated malaria. The cultures were started tients with subsequent recrudescent infections had positive
with synchronous ring-form parasites. After one cycle (48 |gM to RESA at admissionR < 0.001). In the patients with
hr), the multiplication rate (deﬁned as the ratio of final par- uncomp"cated ma|aria, the proportion of positive |g|\/| pa-
asitemia percentage to initial parasite percentage) was astients was higher in the cured patients (78%) (21 of 27)
sessed and compared between parasites cultured in plasmgompared with those with treatment failure (37%) (10 of 27)
from studied patients and those in normal plasma. Parasite(p = 0.004), but there was no difference within the severe
counts were performed in a blinded fashion. malaria group. All except 2 patients, who were IgM negative

Statistical analysis. Data were analyzed by SPSS 8.0 for  4; agmission, became IgM positive on follow-up days (either
V\.lln(?lows computer software (SPSS, Chicago, IL). Normally by Day 7 or Day 14). The proportion of positive IgM tests
distributed data were compared by Studettsst and non- at admission was also significantly higher in the patients

nMormawh.(:istriButtedt palramtetersf Wered co(;nt;?]ared with th de with uncomplicated (31 of 54, 57%) than in severe (9 of 26,
ann-WhitneyU-test or log transformed and then compare 34.6%) malaria® = 0.04).

by Student'st-test. Co_rrel_atlon was assessed by Pgarsons Antibody titers. The geometric mean (95% confidence
method for normally distributed data and Spearman’s meth- . . - o :
o . .., interval) reciprocal IgG titer to RESA at admission was sig-
od for nonnormally distributed data. The chi-square test with .. . . : ) h
nificantly higher in cured patients compared with those with

:)(fa';erzug(;rrectlon or Fisher's test was used for comparison treatment failures both in the severe (141.5 [41.7—-479.8] ver-
sus 3.4 [1.1-13.7]P < 0.001) and uncomplicated (213.7
[71.9-634.7] versus 20.9 [7.6-57.07, = 0.002) malaria
groups (Figure 1). The patients with a history of previous
A total of 80 patients were studied, comprising 40 patients malaria had also higher antibody titers compared with those
who were cured and 40 patients whose infections later re- whose infections were primary (176.5 [62.5-498.3] versus

RESULTS
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TABLE 1
Laboratory baseline data of patients with severe and uncomplicated malaria*

Uncomplicated malarian(= 54)

26)

Severe malarian

Total
(n = 54)

22,542
(15,424-32,946)

Treatment failure

Cure
(n=27)

18,264
(11,690—28,543)

Treatment failure Total

Cure
(n = 13)

127,673
(53,753-303,179)

(n=27)

28,048
(14,771-53,260)

(n = 26)

112,124
(62,460—201,326)

(n = 13)

98,243
(39,391-244,963)

Variable

(95% confidence interval)

Parasitemia (parasited/), geometric mean
Hematocrit (%)

35.8
(7.0)

38.0

(6.5)

33.6
(7.0)

33.4 33.8
(8.9)

(10.2)

34.1
(7.9)

Total bilirubin (mg %)

(1.0-26.3) (0.6-7.5) (0.5-6.9) (0.5-7.5)

(1.0-26.3)

(1.0-21.5)

108.9
(49.0)

104.3

(37.8)

126.9 113.6
(58.6)

(61.7)

146.2
(73.2)

107.6
(42.0)

Alkaline phosphatase (U/L)

425
(12.0-203)

47.0
(17.0-351.0)

Serum glutamic oxaloacetic transaminase (U/L)t

(21.0-164)

(17-351) (12.0-203)

(37.0-315.0)

43.0
(5.0-165)

42.0
(5.0-133.0)

35.5
(10-266)

Serum glutamic pyruvic transaminase (U/L)t

(15.0-165)

(17.0-266.0)

(10.0-82.0)

Serum creatinine (mg %)

Blood urea nitrogen (mg %)

MAYXAY AND OTHERS

* All values are expressed as mean (standard deviation) unless otherwise indicated.

T Median (range).

22.8[10.5-49.2]P = 0.002). The antibody titers were lower
in the patients with severe malaria (22.1 [7.0—69.5]) com-
pared with those with uncomplicated disease (66.8 [30.5—
146.4]), but the difference was not statistically significaht (

> 0.05).

Correlates of anti-RESA antibodies. In uncomplicated
malaria, the fever clearance times were significantly longer
in patients who were 1gG or IgM negative at admission com-
pared with those who were IgG or IgM positive & 0.03
and P = 0.008, respectively). In addition, the patients who
were both IgG and IgM negative at admission also had lon-
ger fever clearance times compared with those with both IgG
and IgM positive P = 0.01). Overall, there was a significant
negative correlation between admission reciprocal antibody
titers and fever clearance times € —0.56; P < 0.001).
This correlation was significant within the uncomplicated
malaria group, but not in the severe group. The admission
parasite density was significantly higher in the patients who
were 1gG or IgM negative compared with those who were
IgG or IgM positive in patients with uncomplicated malaria
(P = 0.02 andP = 0.006, respectively), but not those with
severe malaria. There was no significant difference in para-
site clearance times between the patients who were 1gG or
IgM positive and those who were negative for both severe
and uncomplicated malaria groups.

Effects of plasma containing anti-RESA antibodies on
parasite multiplication. Starting at the same parasitemias
(~1%) in ring-stage cultures, the parasitemia levels after
schizogony were compared between culture media contain-
ing normal plasma (from malaria-negative healthy donors)
and plasma from the patients with positive RESA antibodies.
The median (range) multiplication rate of parasites cultured
in the media containing positive antibodies was significantly
lower than those cultured in media containing normal plasma
from the malaria negative healthy donors (0.7 [0.1-3.5] ver-
sus 2.6 [0.1-12.1]P < 0.001) (Figure 2).

DISCUSSION

In this case-control study, the proportion of patients with
positive anti-RESA antibodies and the geometric mean an-
tibody titers at admission were significantly higher in pa-
tients whose malaria was cured compared with those who
experienced treatment failure despite similar antimalarial
treatment regimes. This suggests a supportive role for hu-
moral antibodies in the therapeutic response to antimalarial
drugs. The evidence that antimalarial treatment responses in
immune patients were always better than those in nonim-
mune patients was observed first during the malaria therapy
of general paralysisSince then, the phenomenon that ma-
laria treatment responses in endemic areas improve with age
has been well described. This has been interpreted as a re-
flection of immunity, but this has not been proved. Further-
more, the components of the immune response that are re-
sponsible for this effect have not been characterized.

In hyperendemic malarial areas such as in much of Africa,
people are repeatedly exposed to infections and thereby gain
a form of immunity which does not prevent all infections,
but controls malaria symptoms or eliminates parasitemia
spontaneously. The contributory role of antibodies in limit-
ing malaria infections was evident even in this low-trans-
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TABLE 2
Admission demographic, clinical, and antibody data at the time of admission of patients with severe and with uncomplicated malaria*

Severe malarian(= 26) Uncomplicated malarian(= 54)
Cure Failure Total Cure Failure Total
Variable (n=13) (n=13) (n = 26) (n=27) (n=27) (n = 54)
Age (years)t 23.8 (8.4) 24.1 (7.6) 23.9 (7.9) 23.1 (54) 23.3 (6.3) 23.2 (5.8)
PCT (hr)t 43.1 (12.2) 44.6 (8.5) 43.9 (10.3) 43.8 (8.1)f 52.8 (16.7) 48.2 (13.7)
FCT (hr)§ 37.0 (18-156) 100.0 (26-148) 50.5 (18-146) 28.0 (0-144) 37.5 (8-84) 35.0 (0—144)
IgG positive 13 (100) 5 (38) 18 (69) 27 (100) 19 (70) 46 (85)
1gG negative( 0 8 (62) 8 (31) 0 8 (30) 8 (15)
IgM positive( 7 (54) 2 (15) 9 (35) 21 (78) 10 (37) 31 (57)
IgM negative 6 (46) 11 (85) 17 (65) 6 (22) 17 (63) 23 (43)

*1g = immunoglobulin; FCT= fever clearance time; PCF parasite clearance time.
T Mean (standard deviation).

F Significant difference from treatment failure group <F0.05).

§ Median (range).

9 Number (%).

mission area of Southeast Asia. In this study, patients with a protective role for IgM antibodies against malaria infec-
a previous history of malaria had higher antibody titers and tion'®1° or disease severit§y. The shorter fever clearance
lower parasite densities at admission compared with thosetimes found in patients with positive anti-RESA antibodies
who had their first malaria infections. This is consistent with (IgM and IgG) at admission suggests that these and other
a previous study indicating that anti-RESA antibody titers antimalarial antibodies may have a role in the control of
are related to exposupeThe finding that the proportion of  clinical manifestations during acute falciparum malaria.
patients with positive IgM at admission was higher in the This is in agreement with previous studies, which showed
uncomplicated compared with severe groups could be inter-both a significant association between the presence of anti-
preted as indicating a possible role of IgM for controlling RESA antibodies and resistance to clinical mal&riand

the severity of disease. Previous studies have also suggestedemonstrated a significant correlation between anti-RESA

Reciprocal titre

15625 o OO
31254 O O 0000000 @)
6254 OOOOO 00006 000
2] cco @ cco @ 8333
25 00 O 0000 000 ¢
54 OO Q00 000000 000
N 3888 ¢ 3888

Cure Treatment failure Cure Treatment failure

Severe malaria Uncomplicated malaria

§ Mean (SD)

Ficure 1. Distribution of anti-ring-infected erythrocyte surface antigen (RESA) antibody titers in patients with falciparum malaria who
responded to treatment and in patients who failed to respond to treatment.
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FIGURE 2. Invitro parasite multiplication rates in cultures containing anti-ring-infected erythrocyte surface antigen (RESA) antibody plasma
and those containing normal plasma.

antibodies and low parasitenfid.It was suggested that an- areas antimalarial antibody, and other aspects of host-de-
tibodies against parasite antigens expressed in the red bloodense, may eliminate the very rare, spontaneously generated,
cell membrane may be of importance for controlling para- drug resistant parasite mutants even in the absence of effec-
sitemia. The fact that parasite clearance times were not sig-tive drug activity

nificantly different between IgG and IgM positive and neg-
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