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Failure of large-dose erythromycin in combination with
a standard dose of chloroquine or quinine in the
treatment of human falciparum malaria

LORRIN W. PANG,' ELLEN F. BOUDREAU,' GEORGE E. CHILDS,' H. KYLE WEBSTER,,'
CHUMPOL SUPANANTALERK,2 & PANU SOMUTSAKORN2

In eastern Thailand, falciparum malaria is highly chloroquine-resistant and is quickly
becoming quinine-resistant. In the present study, ten patients withfalciparum malaria were
given large doses oferythromycin, combined with standard doses of chloroquine; the cure
rate was 0 out of 10 (4 RIII failures, 6 RII failures). A further ten patients were given
erythromycin with standard doses ofquinine; 2 ofthe lO patients were cured (8 RIfailures).
These regimens thus appear to have no appreciable effect against falciparum infections in
eastern Thailand.

Human infections with Plasmodium falciparum in
eastern Thailand have been shown to be resistant to
treatment with chloroquine (1-4), pyrimetha-
mine-sulfadoxine (5) and, recently, quinine (6-8).
Currently, the recommended treatment for patients
with multiresistant strains is a combination of
quinine, which rapidly alleviates symptoms, and
tetracycline, which effects radical cure (9-12). While
the 7-day regimen is highly effective, tetracycline is
often withheld from young children, since it can cause
tooth discoloration (4).

Recent evidence has suggested that erythromycin,
in combination with either chloroquine or quinine,
may be effective in the treatment of multiresistant
malaria. Erythromycin has been shown to act syn-
ergistically with chloroquine against a strain of
P. berghei that was resistant to both chloroquine and
quinine in a mouse model. However, this synergism
was diminished against strains that were quinine- or
chloroquine-sensitive (13).

In a clinical study of Thai children with falciparum
malaria (14), erythromycin in combination with
quinine effected radical cure in 12 of 15 patients
(80%o). In comparison, the cure rate was only 20% for
patients treated with quinine alone (15).

Recently, a regimen of erythromycin in combi-
nation with chloroquine was tested for efficacy
against falciparum malaria in 16 patients in eastern
Thailand. Only 3 of the patients had radical cure (16).
It was suggested (17) that the failures in this series
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may have been due to inadequate dose and duration
of the erythromycin therapy as compared with the
dosages required to cure the chloroquine-resistant
strains of P. berghei in the mouse model (13).
The present study was undertaken to investigate

whether larger doses of erythromycin, comparable to
those used in the animal model, administered in com-
bination with a standard dose of either chloroquine or
quinine would effect radical cure in patients with
natural infections of P. falciparum. Erythromycin
administration was extended over 10 days, with
frequent monitoring of parasitaemia to detect
whether cures were related to a synergistic effect and
whether the combinations were curative. In vitro
assays were used to determine the sensitivities of para-
sites to chloroquine and quinine.

MATERIALS AND METHODS

Patient selection

Study subjects were Royal Thai Marines and
volunteer soldiers referred to Fort Taksin Hospital,
Chantaburi, Thailand, between August 1983 and
February 1984. These subjects had contracted falci-
parum malaria while stationed along the Thai-
Kampuchean border. Subjects were males over 20
years of age, who gave written consent to enter the
study, and who had no recent history of sulfonamide
or 4-aminoquinoline antimalarial therapy (confirmed
by urine tests). Those included in the erythro-
mycin/chloroquine group had parasitaemia of less
than 10 000 parasites per mm3 of blood, while those
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given erythromycin and quinine had less than 100 000
per mm3. None of the subjects had serious compli-
cations (cerebral or renal involvement, severe
vomiting, or dehydration), and there were no signs or
symptoms of active liver disease.

Prior to treatment, blood samples were taken for
parasite culture and drug sensitivity testing, complete
blood count, liver function tests, and measurement of
blood urea. In a non-blind fashion, 10 subjects
received concomitantly: quinine, 650 mg, every 8
hours for 3 days, and erythromycin estolate,
1000 mg, every 8 hours (with food) for 10 days.
Another 10 subjects were administered con-
comitantly: chloroquine, 600 mg loading dose, then
300 mg at 6, 24 and 48 hours, and erythromycin esto-
late, 1000 mg, every 8 hours (with food) for 10 days.
For 6 subjects, chloroquine and erythromycin were

started simultaneously, and for the remaining 4
subjects, the first dose of erythromycin was given at
least one hour after the loading dose of chloro-
quine.

If subjects became severely symptomatic or
demonstrated prolonged or rising parasitaemia, the
test regimens were discontinued and standard therapy
of quinine and tetracycline was given. All subjects
were hospitalized at Fort Taksin (a malaria-free area)
for 21 days and were followed up on an outpatient
basis for an additional 7 days. Daily physical
examinations were performed and body temperature
was measured every 4 hours until patients became
afebrile. Follow-up laboratory work included:
malaria smears twice daily and complete blood counts
once daily until 2 consecutive negative smears were
obtained (a minimum of 200 fields being examined),
and further smears and blood counts on days 7, 14, 21
and 28; liver function tests and blood urea
measurements performed on days 3, 7, 10, 14, 21 and
28; analysis of quinine and sulfa drug levels in blood
on days 3, 7, 10, 14, 21 and 28. The only additional
medications administered were paracetamol,
mebendazole (on days 18-20 after admission), and in
3 patients, metoclopramide, an antiemetic, and
bismuth subsalicylate for nausea and abdominal
pain.

For in vitro drug sensitivity testing, isolates were

collected from venous blood, washed three times in
RPMI 1640 by centrifugation, suspended to give an
erythrocyte volume fraction of 0.014, and added to
wells of flat-bottomed plates containing twofold
serial dilutions of chloroquine or quinine (18). Plates
were incubated in an airtight box, with a gas mixture
of 90/o N2, 5%02, and 5% CO2. Cells were harvested
after 24-48 hours and prepared as thick smears, and
the numbers of schizonts per 200 parasites were
counted. The median inhibitory concentration (IC5o)
was defined as the concentration of drug, as

determined by non-linear regression analysis, that
reduced the number of schizonts in the control wells
by 50%o. In some cases, parasites did not grow in
culture.

RESULTS

Of 10 subjects given the chloroquine and eryth-
romycin regimen, all were clinical treatment failures
(4 at RIII and 6 at RII level). None of the 10 patients
was cleared of parasites. Only one subject remained
well enough to complete the 10-day course of
erythromycin. All other subjects were discontinued in
the study after 5-8 days of therapy because of their
worsening clinical condition. Of the 9 subjects who
presented with fever, 2 were still febrile at the time
they were changed to standard therapy of quinine and
tetracycline (at 6 and 7 days after admission). Seven
patients became afebrile while taking chloroquine
and erythromycin.

In the quinine and erythromycin treatment group,
all 10 subjects completed their course of therapy;
there were 2 cures and 8 recrudescences (all at RI
level), giving a 20%o cure rate (4 cases showed
recrudescence 14 days after the start of therapy, 2
after 17.days, 1 after 19 days, and 1 after 20 days). Of
the 9 subjects who were febrile at the time of
admission, all became afebrile.
The details of the malaria infections and the

erythromycin dosage are outlined in Table 1. Side-
effects (Table 2) attributable to the drugs were mostly

Table 1. Characteristics of treatment groups

Chloroquine/ Quinine/
erythromycin' erythromycin'

Cure rate (%) 0 20

Mean initial 4778 10 630
parasite count (2200-7500) (1200-36 100)
(per mm3 of blood)

Mean parasite None cleared 102 (86.5-118.5)
clearance time
(hours)

Mean fever 58.6 (4-116) 66 (10-116)
clearance time
(hours)

Mean patient 54.8 (50-60) 55.1 (50-60)
weight (kg)

Mean daily 54.7 (50-60) 54.5 (50-60)
erythromycin dose
(mg/kg of body
weight)

History of malaria 70 60
in previous year 1%)

' Figures in parentheses give range of values.
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Table 2. Percentage of patients with side-effects
attributable to treatment with chloroquine/erythromycin
or quinine/erythromycin

Chloroquine/ Quinine/
erythromycin 1%) erythromycin

Nausea 40 40
Vomiting 30 40
Diarrhoea 10 20
Abdominal pain 10 0
Tinnitus 0 40
None 40 30

gastrointestinal, and lasted a maximum of 2 days.
Some patients on quinine therapy experienced
tinnitus. Of the 20 subjects who took erythromycin,
one had a transient rise in serum bilirubin after 3 days
of drug administration. Of the subjects who entered
the study with normal alanine aminotransferase and
aspartate aminotransferase values, about 1801o
showed an increase in at least one of these enzymes
within 7 days after initiation of therapy, and an
additional 30% of patients had elevated enzymes by
day 14. In 75% of these cases the enzyme levels were
decreasing or had returned to normal at the time of
discharge. The remaining cases showed enzyme
elevation near the time of discharge; for these patients
no follow-up enzyme levels were obtained. It is not
clear whether the above changes (including the
gastrointestinal symptoms) were a result of drug
therapy or of the underlying malaria infections.
Patients who entered the study with normal alkaline
phosphatase or blood urea levels did not show any
elevation in these parameters during their
hospitalization. If patients vomited within 2 hours of
receiving a drug, the medication was readministered.
This occurred in 2 of the patients treated with
chloroquine and erythromycin and in 1 patient given
quinine and erythromycin. The drug sensitivity of the
parasites was assessed for each patient by in vitro
tests. Chloroquine and quinine resistance was found
in all isolates tested (Table 3).

Table 3. Results of in vitro tests of drug sensitivity of
isolates

IC50 of isolates
(ng/ml)a

Patient group Chloroquine Quinine

Chloroquine/ 99.5 121.5
erythromycin (38.2-350.4) (42.7-318.0)

Quinine/ 244.7 134.3
erythromycin (46.2-560.5) (38.0-321.0)

° Figures in parentheses give range of values. In comparison,
the ICsos for the chloroquine- and quinine-sensitive Uganda strain
are: to chloroquine, 6 ng/ml; to quinine, 20 ng/mI.

DISCUSSION

This study showed that the combination of large
doses of erythromycin with standard doses of
chloroquine or quinine is a very poor curative regimen
for falciparum malaria. Relief of symptoms occurred
in the majority of subjects, but this effect may be
attributed to the chloroquine or quinine component
alone (19). Since the efficacy of chloroquine plus
erythromycin was unknown at the start of the study,
only patients with low initial parasite counts were
admitted to this group. The estolate form of
erythromycin was chosen because it is better tolerated
and produces higher serum drug levels than the
propionate, succinate and base formulations (20-24).
While gastrointestinal side-effects were not un-
common (30%/), they were not severe enough to
warrant discontinuing therapy. Therapy was discon-
tinued only in the event of a worsening of the patient's
clinical condition. Finally, in vitro tests showed that
the parasite strains were highly chloroquine- and
quinine-resistant. It was in such highly drug-resistant
strains that the maximum synergistic effect of
erythromycin and chloroquine was demonstrated in
animal models.

Warhurst's data from the animal model (13)
suggested that the minimum synergistic dose of
erythromycin for a standard chloroquine dose of
10 mg/kg of body weight per day (8) was approxi-
mately 50 mg/kg of body weight per day for 4 days.
Phillips, in his study on human patients (16), used a
smaller erythromycin dose for 2j days. By admin-
istering a standard dose of chloroquine but extending
the course of erythromycin to 10 days at 50 mg/kg of
body weight per day, we hoped to detect if and when
the synergistic effect of the drugs caused a resolution
of symptoms and parasitaemia, and to determine if a
sufficiently long course of erythromycin therapy
would produce a radical cure. In addition, a quinine/
erythromycin regimen was tested to evaluate the
curative effect of this combination. In vitro, this
latter regimen was shown by Howells (25) to be
initially antagonistic (24-hour assay), then additive
(48-hour assay), while Chongsuphajaisiddhi's study
in humans (14) suggested enhancement of effect.
Another goal of the present study was thus to
determine if the addition of erythromycin enhanced
or antagonized the curative effect of quinine.

Since our cure rate (0/10) for the chloroquine plus
erythromycin regimen was in fact poorer than that
seen in Phillips' study (3/16) (16), we conclude that
there are inherent difficulties when extrapolating
from animal to human malaria models (17).

Currently, a combination of quinine (3 days) and
tetracycline (7 days) is commonly used in Thailand
(26) to treat P. falciparum infection and the cure rate
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varies from 8307 to 100%o. It was hoped that eryth-
romycin would be at least as effective as tetracycline,
in such a combination. However, our cure rate of 2
out of 10 was definitely worse than that obtained with
a quinine and tetracycline combination, and as low as
that with quinine alone, implying that erythromycin
had no effect at all. Our results differ noticeably from

Chongsuphajaisiddhi's (14) but this discrepancy may
be a result of small study sizes and differences in the
P. falciparum strains involved.
We conclude that the administration of 3000 mg of

erythromycin per day, combined with standard doses
of chloroquine or quinine, had no recognizable effect
against falciparum infections in humans.

RESUME

ECHEC DE L'ASSOCIATION ERYTHROMYCINE A FORTE DOSE ET CHLOROQUINE OU QUININE A DOSE NORMALE
DANS LE TRAITEMENT DU PALUDISME A FALCIPARUM

Deja tres forte vis-a-vis de la chloroquine et de
I'association sulfadoxine-pyrimethamine, la resistance de
Plasmodiumfalciparum dans 1'est de la Thailande s'accroit
rapidement vis-a-vis de la quinine. Les etudes anterieures
avec P. bergei chez la souris permettaient d'esperer que
l'association de la chloroquine a l'erythromycine pourrait
etre efficace dans le traitement du paludisme refractaire a la
quinine et a la chloroquine.
Le but de la presente etude etait d'essayer l'association de

fortes doses d'erythromycine et de doses normales de
chloroquine dans le traitement du paludisme a falciparum.
Afin d'evaluer plus a fond I'activite antipaludique de
l'erythromycine, on a egalement employe une association
quinine-6rythromycine. L'etude s'est deroulee dans l'est de
la Thailande oui les epreuves in vitro ont montre que la
resistance des isolements de P. falciparum a la chloroquine
et a la quinine est tres elevee. Dix sujets ont requ de la
chloroquine (600 mg comme dose d'attaque puis 300 mg a
6, 24 et 48 h) et de l'erythromycine (1000 mg toutes les 8
heures pendant 10 jours). Aucune guerison n'a ete obtenue
dans ce groupe: 4 sujets ont manifeste une resistance du type
RIII et 6 une resistance du type RII. Un sujet seulement est

reste en suffisamment bonne condition pour pouvoir
terminer la cure de 10 jours d'erythromycine, les autres n'en
ayant requ que pendant 5 a 8 jours. Dix autres sujets ont e
traites par la quinine (650 mg toutes les 8 heures pendant 3
jours) et 1'erythromycine (1000 mg toutes les 8 heures
pendant 10 jours). La totalite de ces sujets sont alles
jusqu'au bout du traitement qui s'est solde par 2 guerisons et
8 echecs (resistance RI). Des nausees, des vomissements et
une diarrhee sont survenus chez 30 a 40% des patients dans
les deux groupes mais les sympt6mes etaient ordinairement
sans gravite et ont dure 2 jours au plus. Environ 20%o des
sujets ont presente une augmentation transitoire de la
bilirubinemie ou des enzymes hepatiques, mais sans qu'on
sache vraiment si c'etait une consequence de la chimio-
therapie ou du paludisme. La sensibilite medicamenteuse a
e etudiee in vitro sur 14 isolements qui se sont tous reveles
resistants a la chloroquine et a la quinine.

Cette etude avait et concue comme une etude pilote
preludant a un essai d'efficacite a plus grande echelle. On
peut cependant conclure, a la lumiere des premiers resultats,
que l'erythromycine est a exclure dans le traitement du
paludisme humain a falciparum.

REFERENCES

1. HARINASUTA, T. ET AL. Chloroquine-resistant falci-
parum malaria in Thailand. Lancet, 2: 657 (1965).

2. CADIGAN, F. C. ET AL. Surveys on chloroquine-resistant
P. fakiparum in Thailand. Transactions of the Royal
Society of Tropical Medicine and Hygiene, 62: 562-566
(1968).

3. BOURKE, A. T. C. ET AL. Prevalence of malaria
exhibiting reduced sensitivity to chloroquine in
southern Thailand. Transactions of the Royal Society
of Tropical Medicine and Hygiene, 60: 225-229
(1966).

4. Ministry Report. Bangkok, Malaria Division, Depart-
ment of Communicable Disease Control, Ministry of
Public Health, 1982, p. 28.

5. DiXON, K. E. ET AL. A comparative trial of mefloquine
and Fansidar in the treatment of falciparum malaria:

failure of Fansidar. Transactions of the Royal Society
of Tropical Medicine and Hygiene, 76: 664-667
(1982).

6. CLYDE, D. F. ET AL. Treatment of falciparum malaria
caused by strains resistant to quinine. Journal of the
American Medical Association, 213: 2041-2045
(1970).

7. CHONGSUPHAJAISIDDHI, T. ET AL. In vivo and in vitro
sensitivity of falciparum malaria to quinine in Thai
children. Annals of tropical pediatrics, 1: 21-26
(1981).

8. MIGASENA, S. ET AL. A case of P. fakciparum malaria in
Thailand apparently resistant to quinine. Annals of
tropical medicine and parasitology, 74: 243-244
(1980).



TREATMENT OF MALARIA WITH ERYTHROMYCIN AND CHLOROQUINE OR QUININE 743

9. BRUCE-CHWATT, L. J. ET AL. Chemotherapy of
malaria, 2nd ed. Geneva, World Health Organization,
1981 (Monograph Series No. 27), p. 132.

10. COLWELL, E. J. ET AL. Minocycline and tetracycline
treatment of acute falciparum malaria in Thailand.
American journal of tropical medicine and hygiene. 21:
144-149 (1972).

11. COLWELL, E. J. ET AL. Tetracycline treatment of
chloroquine-resistant falciparum malaria in Thailand.
Journal of the American Medical Association, 220:
684-686 (1972).

12. COLWELL, E. J. & HICKMAN, R. L. Quinine-tetra-
cycline and quinine-Bactrim treatment of acute falci-
parum malaria in Thailand. Annals of tropical
medicine and parasitology, 67: 125-132 (1973).

13. WARHURST, D. C. ET AL. The chemotherapy of rodent
malaria. XXIV. The blood schizontocidal action of
erythromycin upon Plasmodium berghei. Annals of
tropical medicine and parasitology. 70: 253-258
(1976).

14. CHONGSUPHAJAISIDDHI, T. ET AL. In vivo and in vitro
sensitivity of falciparum malaria to antimalarials in
Thai children. In: Malaria research, Thailand, 1983,
Bangkok, Malaria Division, Ministry of Public Health,
1983, p. 88.

15. SUNTHARASAMAI, P. ET AL. Chemotherapy of chloro-
quine-resistant falciparum malaria: double-blind
randomised trial of quinine and quinidine. In: Malaria
research, Thailand, 1983, Bangkok, Malaria Division,
Ministry of Public Health, 1983, p. 101.

16. PHILLIPS, R. ET AL. Failure of chloroquine-
erythromycin and chloroquine-tetracycline combi-
nations in treatment of chloroquine-resistant falci-
parum malaria in eastern Thailand. Lancet, 1: 300
(1984).

17. Chemotherapy of malaria in mouse and man. Lancet,
1: 318 (1984).

18. DESJARDINS, R. ET AL. Quantitative assessment of anti-
malarial activity in vitro by a semiautomated micro-
dilution technique. Antimicrobial agents and chemo-
therapy, 16: 710-718 (1979).

19. HARINASUTA, T. & BUNNAG, D. Clinical response of
patients with RI, RII and RIII type of Plasmodium
falciparum infection. In: Malaria research, Thailand,
1983, Bangkok, Malaria Division, Ministry of Public
Health, 1983, p. 107.

20. WELLING, P. G. ET AL. Plasma levels following single
and repeated doses of erythromycin estolate and
erythromycin stearate. Journal of pharmaceutical
sciences, 68: 150-155 (1979).

21. MEADE, R. H. Drug therapy reviews: antimicrobial
spectrum, pharmacology and therapeutic use of eryth-
romycin and its derivatives. American journal of
hospital pharmacy, 36: 1185-1189 (1979).

22. GRIFFITH, R. S. & BLACK, H. R. Erythromycin. Medical
clinics ofNorth America, 54: 1199-1215 (1970).

23. DISANTO, A. R. ET AL. Comparative bioavailability
evaluation of erythromycin base and its salts and esters.
1. Erythromycin estolate capsules versus enteric-coated
erythromycin base tablets. Journal of clinical pharma-
cology, 20: 437-443 (1980).

24. YAKATAN, G. J. ET AL. Single- and multiple-dose bio-
equivalence of erythromycin pharmaceutical alter-
natives. Journal of clinical pharmacology, 20: 625-638
(1980).

25. GERSHON, P. D. & HOWELLS, R. E. Combination of
the antibiotics erythromycin and tetracycline with three
standard antimalarials against Plasmodium falciparum
in vitro. Annals of tropical medicine and parasitology,
78: 1-11 (1984).

26. PINICHPONGSE, S. ET AL. An evaluation of five regimens
for the outpatient therapy of falciparum malaria in
Thailand 1980-81. Bulletin of the World Health
Organization, 60: 907-912 (1982).


