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Abstract

Objectives:This study aimed to estimate the relapse risRlasmodium vivaxinder national
chemotherapy scheme using a novel method, and assessed its pattern in Kahnooj, a malaria endem-
ic area in Iran.

Methods:The authors traced repeated episodes of malaria attack between 1994 and 2001 and then,
estimated the risks of secondary attaclk.ofivax classified by the species in their primary attack.

It is suggested that the difference between the secondary attack rate in those who were infected by
P. falciparumandP. vivaxin their primary attack may estimate tRevivaxrelapse rate indirectly.

Results:This method showed that the relapse risk.ofivaxwith in one and two years after the
primary attack were 16.8 and 24.5% respectively. The risks of relapse before three or after 18 months
were very low.

Interpretation & conclusionThe relapse pattern & vivaxwas compatible with the dominant
pattern in most of the temperate areas. In addition, the relapse risk was very close to the estimated
relapse risks in clinical trials on anti-relapse drugs. Therefore, we concluded that the anti-relapse
therapy in the study area was effective; albis thethod may estimate the relapse risR.ofivax
accurately.
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Introduction sive, and difficult to be used in the field, also in many
cases they could not address the question accdrately

Multiple disease episodes of malaria within a person
might be attributable to treatment failure, re-infectidhshould be added that there is a relapse risk of around
or relapse irPlasmodium vivaxDifferentiation of 25 up to 55%, even with anti-relapse therapy.of
reinfection from relapse is very difficult; thereforevivax with primaquin&® Therefore, the high inci-
most papers reported a combined risk or rate of resi@nce of secondary attack does not imply the low co-
fection and relapse, or estimated the relapse rnskage or compliance of antirelapse therapy.
based on the frequency Bf vivaxduring the non-
transmission seasbf Although molecular epidemi- P. vivaxis the dominant malaria species in many parts
ology introduced new methods to discriminate tlug middle east countries, particularly Iran, but our
reinfection from relapse, the methods are very expé&nowledge about its relapse pattern is limited. In re-
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cent years, >80% of malaria cases in Iran wemports and also the results of independent studies, it
P. vivax infections. Manscdtdescribed three relapseseems that nearly all cases are enrolled in the surveil-
patterns of. vivax:(i) tropical pattern with short lance form&. All cases infected witR. vivaxreceive
latency (1-3 months) between attacks; (ii) temperateatment based on WHO recommendations—a
pattern with a latent period of 6—14 months, followetiday course of chloroquine, followed by a 14-day
by renewed parasite activity in the form of one @ourse of primaquine as anti-relapse treatment.
more relapses with short intervals between each Health workers actively follow the cases to receive
lapse; and (iii) intermediate fo®. Although, it their medications on time.

seems that the relapse in Iran is compatible with tem-

perate pattern, we do not have any specific evidernehis study, copies of the original monthly surveil-
available right now. According to the above explan&nce forms from rural health centres were collected.
tion, this study was designed to estimate the relafgeese forms had: names of patients and their parents,
risk of P. vivaxin Iran using a new method. In addiage, sex, type of surveillance (active or passive), type
tion, this study explored the relapse patterh @ivax of accommodation (permanent or temporary), nation-

in the study area. ality (Iranian or Afghani), location (name of village),
and the date of taking and reading blood films. For
Material & Methods this study, case data from @flMarch 1994 (Iranian

New year) to the end of 2001 were collected.
This research was carried out in Kahnooj which is a
district of Kerman province in southern Iran with hdbata were double entered in the computer and the re-
dry weather and an area of approx. 32,008 &ntl peated episodes within subjects were identified using
around 2,50,000 population. Annually around 1,008S-Access programme. The cases were traced, based
to 5,000 malaria cases were diagnosed in Kahnoojdortheir names, parents’ names, date of birth and also
last 15 years, mostly. vivax(> 80%).P. ovaleand their locations. Those records suspected for repeated
P. malariaehave not been reported. episodes of a subject were reevaluated by exploring

their paper forms and even their records within health
The national health policy of Iran dictates that the dientres.
agnosis of malaria disease should depend on visual-
isation of parasites by light microscopy of Giems#ccording to the species in the former and latter ep-
stained blood smear in febrile cases. There are acisgles, the subjects with multiple attacks were cate-
and passive surveillance systems in this district. glorised into four group<. falciparum-P. falci-
febrile cases, family and neighbours of a definiparum, P. falciparum-P. vivax, P. vivax- P. vivand
malaria case and a random sample of the populat®wvivax-P. falciparumin this analysis, only the data
are regularly screened for malaria using microscopkthe second and third groups were enrolled. We
ic methods. Microscopists are experts and their acassumed that the secondary attacR.ifalciparum-
racy is being supervised constantly. Rural healhvivaxgroup was due to reinfection. However, the
workers and microscopists are reporting their casesondary attack in tHe vivax-P. vivaxvas due to
to the district health organisation weekly. The privagither reinfection or relapse. Therefore, we assumed
sector does not have access to the diagnostic labsthatthe difference of secondary attack in these two
also antimalaria drugs and the diagnosis and tregridups can estimate the relapse risk.ofivax
ment is free of charge in public sectors. In addition,
the private sector is forced to refer all suspected cAseording to the above explanation, we estimated the
es to public sector. Based on the local and natiorate of secondary attacks in these groups using Cox
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regression method to reduce the potential confound-Table 1. The gap between two consecutive attacks
ing effect of differences in the seasonal patterns of according to the species in the first

P. vivaxandP. falciparum Then, the risks of relapse and second attacks

in the first and second years after the primary attack

were estimated. Stata version 7.0 was used for Ibhghe gap Species in the first attack/Species in
- . etween two the second attack
statistical analysis. attacks (months)
P. falciparum/ P. vivax/
Results P. vivax(%) P. vivax(%)
<1 15 (4.3) 28 (3.1)
Between March 1994 and March 2001, 18,268 ma-
laria attacks were recorded in Kahnooj, of that 12,3]37'Z 25 (7.1) 59 (6.5
(67.5%) were infected witR. vivax 5,858 (32.1%) 3-5 22 (6.2) 72 (7.9)
with P. falciparum and 73 (0.4%) had mixed infece-8 22 (6.2) 79 (8.7)
tions. Sixty percent of attacks (10,680) were detegty; 40 (11.3) 149 (16.4)
ed in passive surveillance, and 40% (7,150) were 36 (10.2) 134 (14.8)
identified in active surveillance. ' '
>18 193 (54.7) 387 (41.6)
The 18,268 malaria attacks were recorded in 16,29/, 353 (100) 908 (100)

persons. About 14,799 (91%) of cases had just one; : -
and 1,169 (7_2%) had two attacks; <2% of cases ﬁgﬂgap bet\zlveen two episodes was compared using Kruskal-
> 2 attacks. The frequency of more than two attacdfll's testx®= 12.7:df = 1; p<0.001.

was low, nevertheless, the following results hayg, ojose hefore 3 and after 18 months gap—the esti-
been adjusted for within person clustering effeqiateq relapse rate was trivial before 3 and after 18
Also, only 73 cases had mixed infections witionths. The relapse rates were considerable be-
P. falciparumandP. vivax of that only 23 showedy,een 3 and 18 months, however, they were statisti-
repeated attacks. These 23 mixed infected cases hay significant only between 6 and 18 months. The

been excluded from the analyses related to the $RBnthly relapse rates in 3-5, 67, 8-12 and 12—17

cies in the former and latter attacks. In total, 33 thg after the initial infection were 10.9, 15.7, 31.9
subjects ha@. falciparum-P. vivaattacks, while 908

subjects hadP. vivax-P. vivaxepeated attacks; the
gap between two attacks in these two groups w
statistically different (Kruskal-Wallig?=12.7, df =1,
p<0.001) (Table 1).
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Fig. 1 compares the rates of secondary attack in th
who had primary infection withP. vivax and
P. falciparum classified by the gap between two at
tacks. The patterns of changes in both the groups v
comparable; they had a sharp peak around one y
which reflected the annual variationRfvivax In

other words, irrespective of the previous history

of P'asmOdiU”Bpp infections, the risk d?. \_/ivax Fig. 1: Monthly secondary attack rates, classified by the gap
episode had an annual cycle. These two lines were  and the species in the first and second attacks
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and 15.1 per 1000 persons-month respectively onratapse + reinfection rate. Hence, their differences
average, the relapse rate in the first two years afteritiy estimate the relapse ratePolivaxindirectly.
primary attack was 1.2 per 1000 persons per month.
Converting the monthly rates to annual risks, the tdewever, this method has its own limitations. First-
lapse risk in one and two years after the primary Bt-it cannot differentiate the relapse from re-infection
tack were 16.8 and 24.5% respectively. in individuals—it estimates an overall relapse risk in
the population. Secondly, we assumed that immunity
The difference between relapse risk in males and dgainstP. vivaxobtained in the primary episode is
males were comparable. The relapse risk within twwre or less equal to the cross-immunity between
years after the primary attack in males and femakdalciparumandP. vivax In other words, we assum-
were 24.9 and 24.1% respectively; the differened thatP. falciparuminduces the same immunity as
was not statistically significant (p = 0.21). Having. vivaxdoes to the acquisition of néRvvivaxinfec-
entered the age of subjects (at the time of the fitisn. Based on this assumption, we crossed out the
attack) as a covariant in the Cox model, the relapsée of acquired immunity in these two groups.
pattern has not changed considerably. In addition, the
interaction between the pattern of relapse and dgseems that this assumption does not violate our re-
was not statistically significant (p = 0.35); whiclsults by far. The protective effect of immune system
implies that the relapse rate in age groups was misremall in low endemic ar€a? and even in highly

or less comparable. endemic area, protective immunity is generated after
multiple attacks which without booster effect of
Discussion repeated infection, its protective effect is shétt

Therefore, in a low endemic area such as Iran, we do
This study showed that the relapse rate. ofivaxin not expect that the acquired immunity changes our
the first three months after the primary attack and alesults.
after 18 months is very low. The peak of relapse was
observed between 9 and 12 months after the prirBéce the seasonal variations of these two species are
ry attack. The estimated relapse risks in one and tmai similar in many areas, we suggest that season or
years after the primary attack were 16.8 and 24.58%en month of either primary or secondary infec-
respectively. In addition, the frequency of more thaion is entered in the regression models. Our results
two attacks was rare in this study. showed that Cox regression model without the cova-

riant of month of primary infection underestimate
We presented a new method to estimate the risk oftree relapse risk, which is just because of the differ-
lapse inP. vivaxinfection. Because of limitation inent seasonality pattern Bf vivaxandP. falciparum
the current methods in differentiation of re-infectionherefore, we suggest that the results of regression
from relapse, we suggest that this simple method e¢aadels should be adjusted for the month or season of
estimate the relapse risk indirectly. The logic behimafections.
this method is very simple. It compares the second-
ary attack rate dP. vivaxin those who had primaryThe relapse pattern 8f vivaxin Kahnooj was com-
infection of P. falciparum(group 1) andP. vivax patible with its temperate pattern. The results showed
(group 11). The secondary attack rate in the first grotipat theP. vivaxrelapse rate before three or after eigh-
(P. falciparum-P. vivakestimates the reinfectionteen months was very low and its maximum rate was
rates byP. vivax while the secondary attack rate iobserved around one year after the primary attack.
the second groupP( vivax-P. vivaxestimates the Moreover, few cases showed more than two attacks.
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These characteristics were compatible with the tem- of Plasmodium vivagausing initial symptomand causing
perate pattern of relapse which was explained by relapseSoutheast Asian J Trop Med Pub HI898;29(3):
MansoH. 519-24.

5. Kirchgatter K, Delportillo HA. Molecular analysis of
The estimated risk d®. vivaxrelapse was around PIasmoFiium vivaxelapses. using the MSP1 molecule as
25% in two years. This risk was very close to the re- & 9enetic marked Infect Dis1998,1772): 511-5.
lapse risks which had been observed by Rowland &nd Gogtay NJ, Desai S, Kadam VS, Kamtekar KD, Dalvi SS,
Durranf in Pakistan in the treatment arm with 14-day '&iﬂﬁ:ﬁj sNtﬁ('j)?El[aZpSS?? f:‘;tees”é'?&\s;;“xoﬂggjgzgc

rimaquine regime and by Prasstél' and Lesliest . : _

2I7. Tr(:lereforeg,J from the Bpl)ractical point of view, it Phys India2000;43(11): 1085-6.
seems that the anti-relapse treatment was effectivé-inLeslie T, Rab MA, Ahmadzai H, Durrani N, Fayaz M,

Kahnooi. The national protocol in Iran has recom- Kolaczinski J, Rowland M. Compliance with 14-day
J- P primaquine therapy for radical cure of vivax malaria—a

me_nded a 14-day regime of primaqUin_e under super- randomized placebo-controlled trial comparing unsuper-
vision of health workers and unpublished reports vised with supervised treatmefitans R Soc Trop Med

from a few locations in Kahnooj show that around Hyg2004;98(3): 168-73.
80-90% of cases receive a 14-day regime. 8. Rowland M, Durrani NRandomized controlled trials of

5- and 14-days primaquine therapy against relapses of
The difference of secondary attack rates in subjects vivax malaria in an Afghan refugee settlement in Pakistan.
with P. falciparum-P. vivaandP. vivax-P. vivaxmay ~ 'rans R Soc Trop Med Hy(99,93(6): 641-3.
estimate the relapse ratePoivivaxindirectly. Based 9. Manson JPatterns oPlasmodium vivaxecurrence in a
on this method, the relapse riskoivivaxin one and high-incidence coastal area of El Salvador, G\ J Trop
two years after the primary attack were 16.8 and Med Hygl975;24(4): 581-5.
24.5% respectively, and its pattern was compatill@ Haghdoost AA. Assessment of seasonal and climatic

with the pattern in most temperate areas. effects on the incidence and species composition of
malaria by using GIS methods (Dissertation). London:

London School of Hygiene and Tropical Medicine 2004:
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